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DEPARTMENT 1: Reference Systems and Geodynamics
SECTION 1: Time, Earth Rotation, and Space Geodesy

Introduction:

Mission and objectives

The mission of the Section 1 “Time, Earth Rotatiamd Space Geodesy” is to contribute to the
elaboration of reference systems (terrestrial askbstial) and timescales, theoretically as well as
observationally, to integrate Belgium in the intgfanal reference frames (concerning space geaatasdy
time), and to obtain information on the Earth’senbr, rotation, dynamics, and crustal deformatian,
local, regional, and global levels. The ultimatelgaare the understanding of the dynamics of thtéhisa
interior and surface deformation.

Additionally to the planet Earth, these objectihese been extended to the other terrestrial plahktss,
Venus, and Mercury, and to the large moons of tier system planets. These missions are included in
long-term vision, closely related to the interna#b activities and opportunities, and to the atési
described in the statute of the Royal ObservatbBetgium (ROB) as well as in the strategic plaroaf
Director.

The activities of Section 1 are grouped into thgeeeral themes: (1) Time and timescales, (2) Space
geodesy with GNSS, and (3) Rotation and internaictire of the Earth and the other planets that are
mentioned in the strategic plan of the ROB. Inltttay are divided into four different scientificgpects
(research and/or operational projects). Here wertbesthe present objectives of the projects andjme
important milestones reached this year for eacthem. A further description is also provided in the
introduction of some projects.

(a) Project 1 ‘TIME — TIME TRANSFER’ (Operational ad research project)

The scientists involved in this project have thgpmnsibilities to establish the Belgian time sqal@C
(ORB)) and to participate in international timegsaby incorporating Belgium in these timescales. We
maintain presently six high-quality clocks for peigation in two international timescales: the
International Atomic Time (TAI) and the InternatednGNSS Service Timescale (IGST). The present
requirement for the clock precision and stabilgyat the level of the nanosecond over one day,wdan

only be achieved with high-quality clocks, whendted in temperature-controlled environment. Our six
clocks are located in such an environment and thaiformances are continuously monitored by inter-
comparison between themselves and also with atolmaks of other laboratories participating to TA.
order to perform these comparisons, as well agatwster time at the centres where the computafians
the international timescale are performed, we needhods which insure a time-transfer precision
matching the required precision of the timescalémse comparisons are usually performed using code
measurements of GPS satellites in common view. sEientists involved in the project mainly work on
the improvement of the time transfer by using baitdle and phase measurements of geodetic receivers,
in order to enhance its precision and accuracys féguires the establishment of new analysis sfiege
new error modelling, and new computer codes, ardrktallation and adaptation of the procedures to
new equipments. The scientists of this project td&e care of the legal issues related to the lege.

An additional important part of the work is relatedthe quality control and maintenance of the kdo@s

our involvement in the definition of internatiortahescale impose us a quasi perfect reliability.



Milestones reached this yeatl) We have pursued the development of the tomrfdum” dedicated to
time transfer at the picosecond level and basethenGPS Precise Point Positioning (PPP) approach
(1.1) by incorporating better weighting, (1.2) byplementing an optional Kalman filter allowing a
continuous operation across midnight using only lsmatrices and an evolution through near-real time
applications, (1.3) by extending the tool develofoedsPS time and frequency transfer to GLONASE; (2
we have developed a new analysis of GPS carriersghan order to remove the day boundary
discontinuities, which are due to the code noise] hence to provide a continuous solution for the
clocks; (3) we have developed a combined leastrecuaalysis of the GPS and the data from the Two-
Way Satellite Time and Frequency Transfer (TWSTiRTQrder to get a combined solution of time
transfer which takes advantage of the good calibrabf the TWSTFT and the good stability of the GPS
phase analysis.

(b) Project 2 ‘GNSS’ (Operational and research peaf)

The year 2007 has seen the departure of René Wdfraiject ‘Effect of the Earth atmosphere in Space
Geodesy’) and an important part of his team (Selweg, J. Spits, and M. Bavier) to the Royal
Meteorological Institute. The procedure for reptacR. Warnant in the permanent staff is in placettoel
selection procedure has not yet started. This tiggatriggered a reflection on the structure of Gi¢SS-
related projects and it was decided to merge tlogeqis ‘Effect of the Earth atmosphere in Space
Geodesy’ and ‘GNSS-based Geodesy and Geodynamits'rh a new project ‘GNSS’. The new project
reflects the natural symbiosis between the GNS®ehamtmospheric monitoring and GNSS-based
geodesy as both are using the same data and be¢htie potential to improve each other through a
mutual process of validation.

The objective of the ‘GNSS’ project is to integraBelgium in international terrestrial coordinate
reference systems through the integration of a murobcontinuous observing GNSS reference stations
in international GNSS observation networks. Wittliat frame, the ‘GNSS’ project contributes actively
to the European and global development of GNSSreasen networks, their products and applications
since more than ten years. This has resulted umaar of responsibilities within the EUREF Permanen
GNSS Network (EPN) and the International GNSS Serv(IGS). The continuation of these
responsibilities, and the services associated thigm, is one of the main objectives of this projdat
addition, as it was the case in several Europeaenéigs simultaneously involved in the EPN data
analysis and performing tropospheric research etlaesivities found a natural synergy and led to the
involvement in the EUMETNET E-GVAP project as onfeits near real-time GNSS analysis centres.
Also the E-GVAP service will be continued in théuie.

The “Space Weather” (SW) service for the GNSS suorepreviously operated by the project ‘Effect of

the Earth atmosphere in Space Geodesy’ is conginuitder the SIDC website and is managed at the
Meteorological institute. The SW activities of thew ‘GNSS’ project are now targeting the high-end

GNSS user community and scientific applicationsadidition, it will take advantage of the GNSS data

available in the international services to which pinoject is contributing.

The service activities described above are basea slid dose of research that also guaranteeshbat
services are of the highest level. The researcleezros the modelling, mitigation and understandihg o
the GNSS error sources affecting the services meadi above. Examples are the investigation of the
influence of the reference frame, the GNSS anteratiiration, the troposphere and the ionosphere on
GNSS-based positioning and deformation monitoring.

At the moment, a part of the services is alreadsetiaon multiple GNSS, more specifically on GPS and
GLONASS (Russian equivalent of GPS) observationgh ¥e upcoming GALILEO positioning system,
the scientists involved in this project will als@fk on the incorporation, treatment, and enhancémwien
GALILEO precise positioning in the research anddeevices they maintain.

Milestones reached this yeafl) Our permanent GPS station in Uccle has beepctedl by the
consortium responsible for the development of titop/pe Galileo Geodetic Service Provider (GGSP)




as candidate for the future Galileo Terrestrial &eihce Frame (GTRF) network. (2) 16 new GNSS
stations were integrated in the EPN tracking netw(8) we have set up new additional short-latency
coordinate estimation (available within 1 day de&fter the observations). This solution is sentyd&

the EUREF combinations centre. (3) We demonstrdtatit is impossible to determine for each GNSS
antenna type a universal value indicating the diffiee between coordinates obtained with relativd an
absolute calibrations. In fact, the coordinate eliffince is strongly dependent on the processed ohetho
the processed network, and the way the refereramefris defined. (4) We have shown that several
regional GNSS-based coordinate solutions have biagth respect to each other and that it is necgssa
to add global GPS stations to a regional GPS nekwiarorder compute reliable coordinates.

(c) Project 3 ‘EARTH ROTATION’ (Research project)

The objectives of the project ‘Earth rotation’ @aoebetter understand and model the Earth rotatiwh a
orientation variations, and to study physical prape of the Earth’s interior and the interactietvieeen

the solid Earth and the geophysical fluids. Theknisrbased on theoretical developments as wellnas o
the analysis of data from Earth rotation monitoramgd general circulation models of the atmosphere,
ocean, and hydrosphere. The scientists involvatiignproject work on the improvement of Very Long
Baseline Interferometry (VLBI) observations as vadlof analytical and numerical Earth rotation niede
They study the angular momentum budget of the cemgystem composed of the solid Earth, the core,
the atmosphere, the ocean, the cryosphere, anblyttresphere at all timescales. This allows them to
better understand the dynamics of all the companehthe Earth rotation, as Length-of-day variation
(LOD), polar motion (PM), and precession/nutatias well as to improve their knowledge and
understanding of the system, from the externatiflayers to the Earth deep interior.

Milestones reached this yeafl) in our theoretical work, we have establishedamalytical method to
compute the topographic coupling at the core-mahtendary and its effects on nutations; (2) in our
analysis of Very Long Baseline Interferometry (ML&ta, we have studied the contamination of the
analysis strategy to Earth Orientation Parametdf©P) determination and shown that this can be at a
couple of tens of microarcsecond on the nutatiopldandes and at the level of a few tenths of d#®0(1
days) on the FCN (FICN respectively); FCN and FI€fdnd for Free Core Nutation and Free Inner
Core Nutation respectively; (3) concerning the F@BNe mode, we have estimated its time variable
amplitude from VLBI data and our model has beerppsed for the International Earth rotation and
Reference frame Service (IERS) conventions andrstioat the atmosphere could globally excite the
FCN but the atmospheric data (in the current staft¢he-art) could not reproduce the exact time
variability of the observed FCN amplitude; (4) ugsia Bayesian approach we have estimated from the
analysis of VLBI data in time domain the boundamethin which the geophysical parameters may be
expected to change, and in particular, to whicheagtthe inner core parameters and precession may
vary; we have shown that, in particular for the énncore parameters, the error on the adopted
parameter values, were underestimated; (5) we hage estimated the FCN free mode with this
approach and shown that both results are coherent.

(d) Project 4 ‘GEODESY AND GEOPHYSICS OF TERRESTRIARLANETS’ (Research project)

The project aims at a better understanding of taeity field, the rotation and orientation variati
(polar motion, precession, nutations, and librat)prand the tides of the terrestrial planets amgela
natural satellites in order to gain insight inteithinterior structure and composition. Geodetitadan the
gravity field and rotation of a planet can be ofta from landers or/and orbiting spacecraft. In our
project, radio science data from Mars Global SuvéWGS), Mars Odyssey, Mars Express (MEX), and
Venus Express (VEX) are the principal source obimfation. Radio science data from the future
ExoMars mission to Mars and from the BepiColombasgian to Mercury will be treated in the future.
For the analysis of the data, and for simulatiohduture experiments, large and complex computer
programs are used and developed, such as GINS/DYBIAWhich is one of only a few codes in the
world that can compute accurate orbits of spacecfedm radio science data. Besides the data-aealys
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the project has a strong theoretical research coemgp which is oriented towards the construction of
detailed mineralogical models for the interior loé tplanets and the dynamical response of theselsnode
to both internal and external forcing. The timeiable gravitational interaction with the other pbts)
moons, and the Sun is particularly important faarades in the gravity field and rotation. Therefdhe,
orbital motion of the large bodies of our Solar t8ys is also investigated, both theoretically and
observationally.

Milestones reached this yeafl) The Lander Radio-science experiment, LaRa, heen officially
selected as part of the ‘Humboldt’ payload on theder platform of the ExoMars mission and the
industrial partner has started the development; A2)heory for the deflection of a spherical thirelsh
with varying rigidity has been developed and putgi in order to better understand the structur¢hef
crust and lithosphere of terrestrial planets; (3) &xtended invited review paper on the rotationhef
terrestrial planets has been written and publishied the Elsevier reference work ‘Treatise on
Geophysics’; (4) A model has been developed foelietrical conductivity of iron-rich minerals iriew

of the interpretation of electromagnetic data frepace missions; (5) From an analysis of eight yeérs
MGS/Odyssey tracking data, we have obtained the wamiations of gravity coefficients induced by the
seasonal changes in the atmosphere and ice capgelhas a degree-two Love numberok about 0.12,
which implies that the core of Mars is liquid; (§he determinations of the mass and ephemeris of
Phobos have been improved by using MEX radio-trackiata; (7) Several papers on the libration of
Mercury have been published; in particular, we hathewn that planetary perturbations lead to forced
librations in longitude with periods on the ordef several years and amplitudes of several tens of
arcseconds; (8) Observation strategies have begeldped for the determination of Mercury’s libratio
from camera images; (9) The orbital evolution of tRalilean satellites and the tidal energy dissipat

in Jupiter and lo have been determined from anreskte set of astrometric observations; (10) We have
shown that libration observations of the Galileanan Europa can be used to determine the existehnce o
a sub-surface ocean and to estimate the thickriese acy shell.

Links between the different projects of Section 1

The four projects within Section 1 all fit in thieeimes (1) Time and timescales, (2) Space geodeby wi
GNSS, and (3) Rotation and internal structure ef Barth and the other planets. They have multiple
mutual links. The project ‘Time and Time-transfeises in Brussels the same GPS receivers as the
‘GNSS'’ project; the interaction with the GNSS pugjeoncerns choice, installation, and optimum use o
the receivers, as well as data analysis strategresyear 2007 has seen the kickoff of the STCEepto
(Solar and Terrestrial Center of Excellence) aindhg better understanding of Space Weather (i@t

in the Sun-Earth environment, mainly originatingnfr solar activity) and its effects on Earth and in
particular on GPS. This topic is deeply addressethb projects ‘GNSS’ and ‘Time and Time-transfer’.
The Earth rotation variations and Earth orientatibanges, studied by the scientists of the prdeath
Rotation’, are deduced from global measurement&eo§ Long Baseline Interferometry (VLBI), Satellite
and Lunar Laser Ranging (SLR and LLR), and also @&, to which the GNSS project contributes.
The project ‘Geodesy and Geophysics of other ptarettends the geodesy research performed in the
project ‘Earth rotation’ to the rocky planets ardediites of our solar system. As such, the methugles

are common between these two projects. Moreover lithited amount of planetary data is a strong
stimulus for developing methods utilizing synergietween different experiments. Such methods have
also been applied to Earth with unprecedentedtsesul
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A.

Research Theme “Time and Time Transfer”

A.1l. Operational and Research project “Time and Time Trasfer”

A.1.1. Objectives

To maintain high-quality clocks for participation the international timescales (mainly TAI and
IGS), and for the realization of a local high-qtiatimescale UTC(ORB) close to UTC,;

To develop strategies and tools for GNSS time fearia order to improve the precisions of remote
clock comparisons, and to perform high-performaamtalyses of the data gathered at ROB;

To maintain the official Belgian time called UTC(BRwithin one hundred of nanosecond with
respect to TAI,

To define a legal Belgian time and to include RQB the international Mutual Recognition
Agreement (MRA);

To provide UTC to Belgian users via NTP.

A.1.2. Progress and results

The Time Laboratory of the Royal Observatory ofddain is one of the 50 time laboratories over the
world in which are distributed the 300 atomic cleelsed by the BIPM (Bureau International des Peids
Mesures, Paris) for the realization of the Inteioratl Atomic Time (TAI).

A.1.2.1Service

During the year 2007, we maintained our 3 cesiusmat clocks and 3 hydrogen masers in operation
and continued the near-real time monitoring of docks by comparison with the other laboratories’
UTC(K) with a one day delay, at the nanosecondl lazeuracy. The plot for each clock is available
in near-real time on private web-pages as welhasbmparison between our realization of UTC and
the true UTC, as presented in the picture herewhelo problems with the H-maser used for the
generation of UTC(ORB), our time scale was lesklstdnan during previous years, but still remained
in a 150 nanosecond range.

100

50

nanosecond

january 2007 UTC-UTC(ORB)

50

december

2007

54100 54200 54300 54400
Figure 1. Evolution of UTC-UTC(ORB) over the year 207.

We have performed the management of the clock lsigreeded for GNSS receivers BRUS, ZTBR,
PLB2 and BRUX;

The NTP servers are now fully operational for thi#udion of UTC(ORB) via internet, and are
continuously monitored. All the servers and PCshef 3 institutes (ROB, RMI, BISA), as well as a
huge number of external anonymous clients, usettie® sources (about 25 requests per minute);
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We have continued the procedure to get UTC(ORBgquiivalent realizations of UTC, as legal time
for Belgium;

We have negotiated with the Metrology Service fotlaboration in the frame of the Mutual
Recognition Agreements (MRA) in the frame of thalimation of a precise timescale in Belgium;

We have prepared a JD for the next IAU General ibde (2009): set up of the SOC, invited talk,
rationale and draft program;

We have participated in the calibration campaigrhef Ashtech Z-XII3T receivers and Septentrio
receivers for time applications, organized by tHENB and aiming at obtaining the hardware time
delay of the clock, the needed periphery, and $sedated cables;

We have prepared the part 5 (Time scales and Tanefer) of the EFTF 2008 as chair of that part.

A.1.2.2Results
We modernized the software R2CGGTTS (getting th&5TTS' files using geodetic receivers, and
the ionospheric free code #3used by the BIPM (project TAIP3: using GPS linkased on
R2CGGTTS for the realization of TAI) in order tccinde a more precise correction for tropospheric
delays.
We have developed and improved the tool “Atomiuratlidated to precise time transfer only, in the
Precise Point Positioning (PPMyode, using more appropriate weighting; the objeatf that work
is to transfer time from one single station to Arotone at a few hundreds of picoseconds or better.
We have implemented the Kalman filtering in GPSieaphase and code analysis for time transfer
with Atomium; this implementation aims at an evaattowards quasi-real time applications;

We have extended the tool Atomium developed for @8 and frequency transfer to GLONASS
and to the combined analysis GPS+GLONASS; we hdwewvs that the present GLONASS
constellation, when added to the GPS one, doesliaw to improve the quality of the time and
frequency transfer based on GNSS, compared to GRS ib prepares us however for the future
treatment of combined GPS+GALILEO future data.

iPS+GLONASS) 1GS-Single Difference (GPS+GLONASS)
iPS only) aF 1GS-Single Difference (GPS only)

1GS-Single Difference (GPS+GLONASS) ¥
1GS-Single Difference (GPS only)
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&

ium) (ns)

030F

]
T

2

o
SPT0-KHAJ (IGS-Atomium) (ns)

ONSA-WTZR (1GS-Atomium) (ns)

ONSA-SPTO (IGS-Atom
&

010F

. \ \ . . \ . . L L . .
54367 54369 54371 54373 54367 54369 54371 54373 54367 54369 54371 54373
MID MID MID

Figure 2. Differences between the IGS solution an@PS (in blue) and GPS+GLONASS (in red) time transfiein sin-
gle differences for the links ONSA-SPTO (short link ONSA-WTZR (long link) and SPTO-KHAJ (very long link).

1 Format compiled by the CCTF Group on GNSS Timen$ier Standards (CGGTTS). CCTF stands for Consulta-
tive Committee for Time and Frequency.

2 P3 is software recently developed at ROB for tiraesfer using geodesic receivers and worldwide .use

3 Precise Point Positioning (PPP) is a method teefbpms precise position determination as welleeiver clock
solution using a single GPS receiver. This positigrapproach arose from the advent of widely abdglgrecise

GPS orbit and clock data products and has accatattye centimetre level.
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We developed software to provide simulated orhits @ocks for GALILEO satellites in the standard
format used by the IGS (sp3) in order to prepanefowre work on adding GALILEO in the treat-

ment of time transfer and to investigate

the impenct improvements.

We have developed a new analysis
of GPS carrier phases in order {o
get a continuous solution for the
clocks; we have shown the high
sensitivity of the method to part
ticular parameters, the necessity
use compatible station positions
and satellite orbits at the sub-cm
level, and the necessity to use IGS
rapid rather than final satellite or-
bits and clocks; the improvement is
shown in Figure 3. where the
“phase-only  solution”  (black
curve) corresponds to our new
treatment; the results are compared

ellite orbits discontinuities (see thecode

Se-10

-5e-10

Time link BRUS-NRC1 during GPS week 1410

IGS solution
—— phase-only solution
—— Atomium PPP solution

drift removed : y= - 1.4502e-09 * x

54114 54115 54116 54117 54118 54119

and carrier phase data.

54120
with those of IGS and the presentrigure 3. Frequency transfer with GPS phase-onlyralysis pro-
PPP solution; small jumps still ap-vides a continuous solution (black curve), which isot the case in
pear in the solutions due to the satelassical PPP or IGS solutions, based on a combinadalysis of

54121

passage at day 54116) but the improve-

ment is already very good.

We have developed a combined lea
square analysis of the GPS-based tif
transfer data and the data from the Tw
Way Satellite Time and Frequeng
Transfer (TWSTFT) in order to get

combined solution of time transfer whic
takes advantage of the good calibrati
of the TWSTFT and the good stability g
the GPS phase analysis; we have sho
a large improvement in medium baselir
(1000 km) for which the day boundar
jumps of the GPS-only solution are ré
duced in the combined GPS+TW sol
tion; there are still some imperfections
the inter-continental baselines to I
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J-Figure 4. Comparison between the time links obtaied
Myith GPS (IGS or SDiff) and with the combination of GPS

54142

We have shown that residual ionospheric effectsbeanbserved in the L3 (phase), P3 (code) iono-
spheric-free combination used Byomiumduring strong ionospheric perturbations. This baras-
sessed by observing the presence of jumps in gineasi of the station clock synchronization errars, i
particular by observing that the sigmas are sukiathnhigher on that GPS day compared with quiet

days.

A.1.3. Perspective for next years

To continue the development of the GPS time anquigacy transfer analysis tool “Atomium”; to
perform comparisons between the different techriqoietime transfer and the different software

available in the scientific community;
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To investigate the impact of adding GALILEO and amted GPS on time transfer;
To continue the investigation of the impact of addGLONASS on time transfer;
To continue the procedure to propose UTC(ORB) asslar legal time in Belgium;

To prepare the Quality Criteria for the Time laliorg (norm 1SO17025 for calibration certification),
necessary for the key comparisons of the MRA;

To continue the development of the tool for contimsi frequency transfer based on phase-only analy-
Sis;

In collaboration with the BIPM, to study the effedtcombining the results of GPS phase-only analy-
sis and two-way (TWSTFT) links in the TAI computatj

To use ionospheric maps in Atomium to improve i@hesic corrections, either using IONEX files
provided by IGS, or local Total Electron ContenE() maps provided by SWACI (N. Jakowski), or
any other “on-the-market” maps;

To implement higher order ionospheric correctionfomium.

A.1.4. Personnel involved
Scientific staff: P. Defraigne, C. Bruyninx, F. Roosbeek, Q. BeeRireaux

Technical staff: F. Coutereel, E. Driegelinck

A.1.5. Partnerships
Without grants

BIPM (Bureau International des Poids et MesuresP@it, F. Arias) (scientific exchange in the
construction of TAI, see 8th perspective)

NRL (US Naval Research Laboratory: K. Senior)

DLR (Institute of Communications and Navigation r@ean Aerospace Center: A. Moudrak)
National collaboration: Septentrio (J.-M. Sleewagggreparation of GALILEO receiver data
analysis)

INRIM (Italian Institute for Metrology, Turin)

NRCan (F. Lahaye)

CNES (J. Delporte)

Jean-Pierre Barriot (Laboratoire Terre-Océan, Olageire Géodésique de Tahiti)

Norbert Jakowski (DLR) (exchange of informationionospheric maps)

Visitors

12 March 2007: Pasquale Nardone, ULB, preparatidheoexpo “Jeunesses Scentifiques”
30 May 2007 to December 3, 2007: Mari-Carmen Magiftom Univ. of Alicante.
Graduating student: L. Tollet (UCL)

Grants/Projects used for this research/service
Quentin Baire got a “supplementary researcher’reshfrom BELSPO.
Sophie Pireaux got a contract within the Solar-@&rial Center of Excellence.

A.1.6. Publications

A.1.6.1Publications with peer system

[1] Defraigne P., Bruyninx C.
On the link between GPS pseudorange noise and daydary discontinuities in geodetic time
transfer solutions,
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GPS solutions, 11(4), pp. 239-249

[2] Defraigne P.,Banerjee P., Lewandowski W.
Time transfer through GPS,
Indian Journal of Radio and Space Physics, 363@p-312

[3] Le Poncin-Lafitte C.Lambert S.B.
Numerical study of relativistic frequency shift tmld-atom clock experiments in space
Class. Quantum Grav. 24, 801

A.1.6.2Publications without peer system

[4] P. Defraigne,C. Bruyninx
Multipath mitigation in GPS-based time and frequetransfer,
Proc. EFTF 2006, March 2006 (CD-rom)

[5] Roosbeek F., Defraigne P.
Long Term Study of the H-Maser Clocks at the ROyeervatory of Belgium,
Proc. EFTF 2006, March 2006 (CD-rom)

[6] Petit G.,Defraigne P, Warrington B., Uhrich P.,
Calibration of dual frequency GPS receivers for ,TAI
Proc. EFTF 2006, March 2006 (CD-rom)

[7] Defraigne P., Baire Q., Guyennon N.
Time and Frequency Transfer from PPP using GLON&A®SGPS data,
Proc 27 EFTF, Geneva, May 2007 (CD-rom)

[8] Jiang Z., Petit GDefraigne P.
Combination of GPS Carrier Phase Solution with ditated Time Transfer Link,
Proc 27 EFTF, Geneva, May 2007 (CD-rom)

[9] Defraigne P., Guyennon N., Bruyninx C.
PPP and Phase-only GPS time and frequency transfer;
Proc 27 EFTF, Geneva, May 2007 (CD-rom)

[10] Defraigne P., Bruyninx C.
On the impact of multipath in GPS-based time aaduency transfer,
Proc. IGS Workshop, May 2006, Darmstadt, Germariy-(@m)

A.1.6.3Publications in press

[11] Defraigne P., Guyennon N., Bruyninx C
GPS Time and Frequency Transfer: PPP and Phaseamdlysis,
Submitted to Intern. Journ. of Navigation and Otaton, 2007.

[12] Petiteau A., Auger G., Halloin H., Jeannin Bireaux S, Plagnol E., Regimbau T., Vinet J-Y.
LISACode: A scientific simulator of LISA
Physical Review D, accepted in November 2007

[13] PireauxS.,Chauvineau B.
Relativistic versus Newtonian orbitography: RMIta@ire, illustration with the LISA mission
Submitted to Gravitation

A.1.6.4Reports, thesis, etc.

[14] Altamimi Z., Barruol G., Barriot J.P., Biancale Bonnefond P., Cazenave A., Cretaux J.F., F.
Deleflie, Exertier P., Francou G., Gambis D., GenA.-M., Kasser M., Lalancette M.F., Marty
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J.-C., Metris G., Perosanz F., Pierron F., RemyPeaux S, Samain E., Souchay J., Willis P.,
Woppelmann G.

GRGS - Rapport d’Activité 2003 — 2006. Avril 20PTésenté par Nicole CAPITAINE, Prési-
dente du Conseil Scientifique et Michel KASSERedD#ur Exécutif.
www.oca.eu/heberges/grgs/publications/index.html

[15] Tollet L.

Utilisation du filtre de Kalman pour les comparaisod’horloges a distance par GPS,
Mémoire UCL

A.1.7. Scientific outreach

A.1.7.1Meetingpresentations

[1] Jiang Z., Petit GDefraigne P.
Combination of GPS Carrier Phase Solution with dilated Time Transfer Link
27" EFTF, Geneva, May 2007

[2] Defraigne P., Guyennon N., Bruyninx C.
PPP and Phase-only GPS time and frequency transfer
27" EFTF, Geneva, (poster), May 2007.

[3] Defraigne P., Baire Q., Guyennon N.
Time and Frequency Transfer from PPP using GLONM®SGPS data
27" EFTF, Geneva, (poster), May 2007.

A.1.8. Missions
Research missiongassemblies, symposia, workshops, etc): 5
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B. Research Theme “Space Geodesy with GNSS"

The research theme “Space Geodesy with GNSS” camdbe application of GNSS, like GPS, GLON-
ASS and later Galileo, to the observation and naoinigy of Earth systems, as well as the modellinig; m
gation and understanding of the GNSS error sowffesting these various applications.

B.1. Operational and research project “GNSS”

B.1.1. Objectives

The goal of the ‘GNSS’ project is to maintain tmegration of Belgium in international coordinate
reference frames through operational, service aséarch activities.

On the operational level, the project maintainsumlmer of continuous observing GPS reference sttion
distributed over the Belgian territory and integsathem in international GNSS observation networks.
The project has been contributing to the Europeas global development of GNSS observation
networks, their products and applications sinceentban ten years. This has resulted in a number of
responsibilities within the International GNSS See\IGS) and especially the EUREF Permanent GNSS
Network (EPN). The continuation of these, interoadily recognized, responsibilities and serviceanis
important part of this project for example the ngeraent of the EUREF Central Bureau and the
activities related to our EPN GNSS data analysistree In addition, as it was the case in several
European Agencies simultaneously involved in theNEta analysis and performing tropospheric
research, these activities found a natural synargyled to the involvement in the E-GVAP project as
one of its near real-time GNSS analysis centreSMAP is a EUMETNET project in which specialized
GNSS analysis centres (like we at ROB) troposphéeitith Path Delays computed using near-real time
GNSS data to the European meteorological institutgch are testing their assimilation for the
improvement of their numerical weather models.

The service activities described above are basea solid dose of research that also guaranteeshbat
services are of the highest level. The researcleezros the modelling, mitigation and understandihg o
the GNSS error sources affecting these applicatiBramples of such error sources are the reference
frame, the troposphere and the ionosphere.

B.1.2. Progress and results

B.1.2.1Maintenance of GPS Observation Network (operati@adivities)

The daily maintenance of the ROB network of permar@PS stations has been continued (Figure 5).
The data are integrated in international obsermatietworks (IGS and
EPN) and are distributed to the user communityveyors, scientists,
other ROB projects) using the Internet. Two GP8asta have been up . o
graded with a new Septentrio receiver (WARE & BREE) :

In 2007, our permanent GPS station in Uccle ha® Ise¢ected by the
consortium responsible for the development of thetgtype Galileo
Geodetic Service Provider (GGSP) as candidate Herftiture Galileo
Terrestrial Reference Frame (GTRF) network.

BRUX®BRUS  WaRE
o JALH

DOUR
)

B.1.2.2EUREF Permanent Network Central Bureau (service/aigs) Figure 5. Network of con-
The project hosts the EPN Central Bureau (CB) arfbpms the daily | tinuous operating GPS refer-
management of the EPN, the European network ofreamis observing &nce stations

GNSS reference stations serving multi-disciplinapplications and covering 38 European countries, se
[3], [5], [17], [18], [19], and [23]. We act as thiaison between EPN station operators and anatysis
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tres and ensure that the datasets meet the requiterof the analysis by performing daily checkshef
GNSS data flow and data quality. A large part @& Work is dedicated to the maintenance and continu-
ously updating of the EPN CB web site (http://epooia.be/).

In 2007, 16 new GNSS stations were integratedenBRN tracking network and 5 were decommis-
sioned, bringing the total of EPN stations to 2€&e(Figure 6 and Figure 7).

The real-time GNSS data transfers in the EPN h@aen leclared as an official part of the routine
EPN operations and the procedures for checkindatieacy and meta-data of these real-time GNSS
data transfers have been put in operation.

As a growing number of EPN stations are observih@SASS as well as GPS satellites, our GNSS
data quality check software has been updated tochlsck the quality of GLONASS observations.

A new rapid coordinate solution is now generatetth@t=PN CB in order to allow a quick monitoring
of the EPN station coordinates.

MDVJ

Figure 6. Network 6f EPN stations. Stations indicad in blue have been added to the EPN in 2007
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B.1.2.3GNSS Analysis Centre contributing to internatiosevices (service activities)

Since 1996, the project is operating a GNSS arsmbetre providing weekly coordinate estimates to
EUREF for a network of GNSS stations in and aroBethium in order to maintain the European
Coordinate Reference System (ETRS89), see [1],ad, [14]. In 2007, we have set up new addi-
tional short-latency coordinate estimation (avdéahith a 1-day delay after the observations) which
is submitted to EUREF.

Number of stations included in daily solution h
90| -90 N
8014 with IGS precise orbits =" ~80 3 If"
ég: "o with IGS rapid orbits T ] iﬁ;ﬁ ’H;; ¥
50- -50 A | A
* T ] e o el B e T -40 ** \‘- G
20 -30 i U ol
1 — -20 e | gl
104 110 il ;’ ‘
0) )l ): ;I (J= : (3: ‘JI ‘3! ‘3= (3: ‘Dl ‘jl 0 4 ‘I v
%% % %% %% % %% %
Year 4 ‘ .
Figure 8. Number of GNSS stations included in thg g
weekly (red) and daily (blue) EUREF positioning 3 - '
service since 1996. / -

In 2007, our EUMETNET E-GVAP solution (see Figure | ! -
9) was revisited in order to adhere to new stargjasdch i
as the new IGS05 reference frame, the introduatfotme - .
new absolute phase centre models, and the inclusfion Figure 9. GNSS stations included in near
GLONASS data. Presently, the new solution has been real-time E-GVAP service

ning successfully since one month for validationposes.

Since 2007, ROB'’s contribution to E-GVAP is perfedrwithin the frame the Solar Terrestrial Centre
of Excellence collaboration between the ROB, thgdR®leteorological Institute and the Belgian In-
stitute for Space Aeronomy).

B.1.2.4Determination of deformations of the Earth’s crusing GNSS (research activities)

Deformations of the Earth’s crust are determinedccomputing regularly the positioning of permanent

GPS stations and then by combining these positiogsether to obtain their time evolution, and, if

possible, their linear velocities.
In 2007, a new re-processing of recent and histb@NSS data (covering 11 years) of the ROB
and EPN permanent GPS stations in and around Belgas been performed using the most re-
cent modelling schemes used by the Bernese 5W@Wageft significantly reducing the noise on the
resulting coordinate time series (see Figure 10[&8}). Based on these results also the velocities
of our geophysical stations located at Bree anduMea have been re-estimated (collaboration
with seismology section) indicating that no sigrafit deformations occur across the Feldbiss
fault zone in Northern Limburg.
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Figure 10. Left: old coordinate time series of BRUSRIight: new reprocessed coordinate time series 8RUS.

A GPS station has been installed in Nov and De@y 2tear the future Belgian Antarctic Base with
the goal to test the GPS equipment that will béalfesd in 2008 within the frame of the GIANT pro-
ject (collaboration with RMA and NGI). GIANT is arggram of collocated geophysical measure-
ments in the Belgian Antarctic Base (collaboratioth seismology section of ROB).

B.1.2.5Influence of the different error sources on GNSStpming (research activities)

The influence of recently published new GNSS ardecalibration models on the European coordi-

nate reference frame (ETRS89) has been evaluateP3falifferent antenna/radome combinations.

The results demonstrate that it is impossible terd@ne for each antenna/radome type a universal
value for the difference between the coordinatdsained with new and old calibrations. In general

the height component is mostly affected by the gkaof the calibration model and the agreement
between results obtained for different statio

with the same antenna/radome combinatior] is B
mostly at the 5-10 mm level [21]. For stations v e s
located in central Europe, the change of cali-

bration model causes mean coordinate differ-

ences mostly below 1 cm for the vertical and
below 2 mm for the horizontal components.
But, for stations located at the border of
Europe, the coordinate differences reach ug to
3 cm for the height component and 5 mm for
the horizontal components.

The influence of the reference frame on.. L . .
GNSS-based station coordinates has b‘%l ure 11. Position differences between the regiah

: .~ T Cumulative solution in IGS05 and the regional cumu-
evaluated. The comparison of the coordinatgi e solution in ITRE2005.

differences (Figure 11) between two regional
networks where one is tied to the IGS05 and therath the ITRF2005, showed coordinate differ-

ences reaching up to 1 cm in the vertical, a til @ bias of about 3 mm. These differences are
caused by the regional (European) difference beti@&05 and ITRF2005 reference frames. In ad-
dition, we showed that several regional solutioagehbiases with respect to each other and that it i

necessary to add global GPS stations to a regi®R&8l network to compute reliable coordinates.

The study of the influence of the ionospheric agtion GNSS-based deformation monitoring using
kinematic positioning was started late 2007. Hiesults, obtained with GNSS data gathered during
an ionospheric (super)storm in Oct. 2003, showgaifitant degradation of the positioning results
for stations located in Northern Europe and leggattation for Central Europe (see Figure 12).

7]
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Figure 12. 1-hour position repeatability for station BRUS (left) and VARSuzr"iEht) for Up, East and
North components. The red lines delimitate the iomepheric storm. The date is modified Julian date.

B.1.3. Perspective for next years

Continue the maintenance of the ROB GPS netwoekE®PN service activities (EPN Central Bureau,
EPN Data Centre, EPN Analysis Centre)

Continue the replacements of the old GPS receiv&zd for the ROB GPS stations by new ones and
replace the ISDN lines by ADSL lines

Continue to contribute to E-GVAP as real-time GN®@lysis centre

Continue to improve the GPS data modelling andréfpeocessing of historical GNSS data, and the
estimation of site coordinates and velocities

Continue to investigate the potential of the Peeé&lsint Positioning (PPP) technique
Continue to investigate the optimal way of fixitgtreference frame of a regional GPS network
Continue to investigate the influence of ionosphadtivity on GNSS-based deformation monitoring

Investigate the sensibility of the troposphericitepath delay estimation to the parameterizatibn o
the GNSS data analysis

Contribute to GIANT project with installation of@GPS station at Belgian Antarctic Base and analysis
of the GPS data.

B.1.4. Personnel involved

Scientific staff: C. Bruyninx, N. Bergeot, F. Coutereel, O. Khadla,egrand, M. Moins, E. Pottiaux, F.
Roosbeek

Technical staff D. Mesmaker, A. Moyaert, R. Laurent

B.1.5. Partnerships
List of national partners without grant

P. Voet, Nationaal Geografisch Instituut (NGI)
A. Muls, Royal Military Academy (RMA)

List of international partners without grant

A. Kenyeres, FOMI Satellite Observatory, Hungary

C. Volksen, Bayerische Kommission fuer die Inteiorale Erdmessung (BEK), Germany

G. Stangl, Institute of Space Research, Austria

H. Habrich, G. Weber, W. Sohne, Bundesamt fiir Kaeiphie und Geodasie (BKG), Germany
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Z. Altamimi, X. Collilieux, IGN/LAREG, France

H. Van der Marel, TU Delft, Netherlands

M. Diament, V. Ballu, Institut de Physique du GlabeParis

M. Bouin, Laboratoire de Recherche en Géodésie

M. Régnier, Bernard Pelletier, Stéphane Calmastijtin de Recherche pour le Développement

Grants/Projects used for this research/service

BELSPO Action 1, MO/33/12, "Study of the impactusing combined GALILEO and modern-

ized GPS measurements for high accuracy positioamd) timing applications", Jan. 2005 —
March 2007, M. Moins

BELSPO Action 1, MO/33/19, "European ground defdrores obtained from GNSS observation

networks", Jan. 2007 — Dec. 2008, J. Legrand

BELSPO fellowship for non-EU post-doc researchérdluence of the absolute GNSS antenna
phase centre models on the European Reference 'Fiigiaeh 2007- Feb. 2008: O. Khoda

Solar Terrestrial Center of Excellence: N. Berg€oCoutereel, E. Pottiaux
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Bruyninx C., Carpentier G., Roosbeek F
The EUREF Permanent Network: Monitoring and On-Resources
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[20]

[21]

[22]

[23]

IAG Proceedings, GRF, Springer, in press

Kenyeres A.Bruyninx C.
Noise and Periodic Terms in the EPN Time Series
IAG Proceedings, GRF, Springer, in press

Khoda O., Bruyninx C.

Switching from Relative to Absolute Antenna Phaset& Variations in a Regional Network:
Stability of the Coordinates Differences

Proc. EUREF symposium, June 2007, London, in press

Moins M., Bruyninx C.
Relative Positioning in Europe: Influence of the$3@alileo Satellite Geometry
Proc. EUREF symposium, June 2006, Riga, in press

Torres J.A., Z. Altamimi, C. Boucher, E. Brockmaith, Bruyninx, A. Caporali, W. Gurtner,
H. Habrich, H. Hornik, J. Ihde, A. Kenyeres, J. M, H. v. d. Marel, H. Seeger, J. Simek, G.
Stangl, G. Weber

Status of the European Reference Frame (EUREF)

Submitted to IAG Proceedings, IUGG Perugia

B.1.6.4Reports, thesis, etc

[24]

[25]

[26]

Bastos L.,Bruyninx C., Becker M., B. Ambrosius, M. Davilla, HJ. Eulei\. Nocquet, R.
Fernandes, C. Prati, W. Spakman, G. Stangl, H. @é|rderbini S.

PLEGG: Platform for European GNSS based GeoProdub&tabase and Solutions

Reply to FP7-INFRASTRUCTURES-2007-1 call, 146 pages

Bergeot N
Etude du cycle sismique du Vanuatu par GPS
PhD Thesis, the Institut de Physique du Globe dis Pa

Legrand J.

Champ de Vitesses de I''TRF, Propriétés Cinémagigieela Crolte Terrestre et Condition de
Non Rotation Globale

PhD Thesis, Observatoire de Paris

B.1.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

Camelbeeck T., Vanneste K., Alexandre P., Bruyning. and Van Camp M.

Relevance of geodetic, seismicity and active fagilstudies to assess lithospheric deformation
and long term earthquake activity in intraplate Mavest Europe (poster)

EGU 2007 General Assembly, April 15-20, 2006, Vigustria

Legrand J., Altamimi Z. and Jamet O.

Explicit application of the No-Net-Rotation Conditi over an interpolated ITRF2005 velocity
eld using least squares collocation method

EGU 2007 General Assembly, 15-20 April 2007, Vienhastria

Vanneste K., Verbeeck K., Bruyninx C. and CamelbedcT .

Paleoseismic re-interpretation of a trench acrdss Geleen fault near Born (The Netherlands),
Lower Rhine Graben area (poster)

EGU 2007 General Assembly, April 15-20, 2006, VignAustria

Khoda O., Bruyninx C.
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[5]

[6]

[7]

[8]

[9]

[10]

[11]

Switching from Relative to Absolute Antenna Phaset& Variations in a Regional Network:
Stability of the Coordinates Differences (poster)
EUREF 2007, June 4-6, 2007, London, UK

Bruyninx C., Roosbeek F
EPN Status and New Developments (invited)
EUREF 2007, June 4-6, 2007, London, UK

Bruyninx C., De Vidts B.Roosbeek F.Voet P.
National Report of Belgium
EUREF 2007, June 4-6, 2007, London, UK

Weber R.Bruyninx C.

The Use of GNSS for Reference Frames Report ofS8GL.2 and the IGS GNSS Working
Group (poster)

IUGG General Assembly, July 2-13, 2007, Perugdy It

Torres J., Altamimi Z., Boucher C., Brockmann Bruyninx C., Caporali A., Gurtner W.,
Hornik H., Kenyeres A., Makinen J., V. D. Marel Kimek J., Ihde J., Habrich H., Stangl G.,
Seeger H., Weber G.

Status of the European Reference Frame (EUREF)

IUGG General Assembly, July 2-13, 2007, Perugay It

Ihde J., Altmamimi Z.Bruyninx C., Torres J.A., Weber G.
EUREF- the continental ITRF and IGS densificatiorfELirope
International Committee on Global Navigation SateBystems (ICG), Sept. 4-7, Bangalore

Bruyninx C., Legrand J.
Sensibility of the reference frame definition in @&gional network (poster)
AGU Fall Meeting 2007, December 10-14, 2007, Sam€isco, US

Legrand J., Altamimi Z. and Jamet O.
Explicit Application of the No-Net-Rotation ConditiUsing ITRF2005 Velocity Field
AGU Fall Meeting 12007, December 10-14, 2007, Saméisco, US

Websites

B.1.8.

The EPN CB websitéttp://epncb.oma.bdias been improved: all web pages are now fully dy-
namical reducing the number of web pages by 50%o0 &te first interactive plots have been in-
troduced. Each month, more than 3000 unique visadocess the EPN CB web site.

The web-sitehttp://www.gps.oma.behas received during 2007 a monthly average of 2500
unique visitors.

A new web sitenttp://www.epnch.oma.be/EUREF20@f&s created in preparation of the EUREF
2008 symposium which will be organized by ROB, Nt RMA in Brussels in June 2008.

Missions

Assemblies, symposia (number): C. Bruyninx (1), N. Bergeot (1), J. Legrand (4),Hottiaux

(1), F. Roosbeek (1)

Commissions, working groups (days):  C. Bruyninx (5)
Research visits (days): C. Bruyninx (6), J. Legrand (4)
Field missions (days): D. Mesmaker (1), A. Moyaert (3), F. Roosbeek (2)
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C. Research Theme “Rotation and internal structure ofthe Earth
and the other planets”

The research aims at better understanding thaawtaf the Earth and of the other terrestrial ptare
satellites, their interior, and the relation betwéweir rotation and their interior.

C.1. Research project “Earth Rotation”

C.1.1. Objectives

Long-term objectivesto understand and model the Earth rotation chaagdsorientation variations i.e.
length-of-day, precession, nutations, libratiomg] golar motion; to understand the associated physi
the Earth interior and the interaction betweensthlel Earth and the geophysical fluids.

C.1.2. Progress and results

C.1.2.1Analysis of VLBI data

Very Long Baseline Interferometry (VLBI) measuraffedtential arrival time of radio signals from
distant radio sources (e.g., quasars) on antengagell quite uniformly on the continents. Although
very distant, these radio sources are not poietdikd are not observed on a regular basis. A global
data reduction to determine astrometric positidrallodadio sources can lead to an unstable calesti
reference frame. By unstable, we mean rotatingveitid axes randomly moving. The goals of the
study performed during the year 2007 were (i) targify the effect of the celestial frame instalilit
propagated in the Earth Orientation Parameters JE@®erminations, and (ii) to quantify the
propagation of the effect from EOP to the most sersgeophysical parameters (e.g., resonant
frequencies of the outer and inner cores, or Frare Glutation (FCN) and Free Inner Core Nutation
(FICN), that are commonly adjusted on the obserugdtion amplitudes). In practice we generated
several VLBI global solutions, analyzing VLBI detapccumulated from 1984 to 2007, and using
different constraints on the radio source positidnsobtain nutation offset time series. Then we
analyzed the nutation time series obtained front gdabal solution, from which we extracted some
prominent spectral components reflecting non rigaith’s response to the external tidal potential.
Finally we deduced values of the outer and innee cesonant frequencies from each solution. We
showed that the error propagated in VLBI analysie tb instability in the celestial reference frame
can produce an additional error in the estimatesudétion spectral components of d@és for the
18.6-yr term, and decreasing for shorter periodigs Ted to an uncertainty of a few tenths of day on
the FCN period and of less than 200 on its quéditgor, and an uncertainty of roughly 100 days on
the FICN period and of 100 on its quality factoheTvalues yielded for the outer and inner core
resonant frequencies are nevertheless close tdAth® values within the error bars. See papers
published [2, 4, 16, 17] and in press [19, 23].

From VLBI nutation series, one can derive inforroation the fluid core, such as the resonant
frequency associated with the retrograde FCN. fraguency has been determined, along with other
parameters, in recent literature. The values ateatways the same and we have thus tried to
understand the reason for that. We have lookedeasénsitivity of the FCN frequency with respect
to three factors not considered before: the sththesart VLBI analysis strategy, the effect of
possible changes with time, and the atmospheritribation. For that purpose, we have used several
geodetic VLBI nutation data sets, we have estimdtecamplitudes of various forced nutations, from
which we have deduced the resonant FCN frequemeyKgure 13 for the period and quality factor
of the FCN); time stability has been checked usingliding window. We have shown that the
resonant period is stable within half a day frome oviLBI data set to another. Atmospheric
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contribution has been assessed using the 6-hr NGCEMR Reanalysis data and we have found
important effects on the amplitude of the nutato even an impact on the geophysical parameters
determined from nutation. This work has been ptblis[2].

Figure 13. Time variation of the estimates of the griod and quality factor the FCN from VLBI residual s for

different VLBI nutation series.

We have estimated the Earth interior parametenms fpoecession and nutation observations in the
time domain, in collaboration with O. de Viron (IPGFrance). We have studied how well the
parameters can be retrieved from two approaches:

(1) The Earth interior parameters are estimaterh filoe nutation amplitudes which are determined
from the VLBI data time series.

(2) The Earth interior parameters are estimateectir from the nutation data time series. We use a
probabilistic (Bayesian) inversion method as itsloet require the model to be linear and allows for
an easy incorporation of the model uncertaintid¢ss Bllows to use all the available information of
the data time series and to take into accouniniee tariable error on the data.

We have compared the estimation of the parametetsdatermined realistic error bars that can be
derived from the a priori knowledge of the dataertainties. We have shown that, in particular for
the inner core parameters, the error on the adgyateimeter values, were underestimated (see Figure
14).

In addition to the forced nutation due to the giaional torque, a free oscillation due to the txci
tion of the free FCN (Free Core Nutation) modehmsy geophysical fluids can be observed in the data.
We have estimated the time-dependent amplituddisfascillation by means of the least-squares
method on a sliding window. Our estimation of timeetdependent amplitude of the free mode is in
agreement with that performed by Herring et al0@0and with the values obtained above.

See Papers [18, 21, 24].
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Figure 14. Empirical marginal posterior distributio ns for the coupling constants, obtained from the Bgesian
inversion of the nutation data. The dashed verticalines represent the 3 range of values obtained by
Mathews et al. (2002).

C.1.2.2Theory of nutation

The tidal potential generated by bodies in therssfatem contains Poisson terms, i.e., periodioger
with linearly time-dependent amplitudes. The inflae of these terms in the Earth's rotation,
although expected to be small, is of interest fighhaccuracy modeling, and has thus has been
computed. Starting from Liouville’s equations (censtion of angular momentum), and following
an analytical treatment, we have obtained theioglataccounting for Poisson terms in the forcing
and providing the solution for the wobble. We hab®wn that the transfer function for nutations
must be supplemented by additional terms propatitm the amplitude of the Poisson term of the
potential. The highest contribution to the nutatisnat the level of several microseconds. A
contribution to the obliquity rate at the level&8 pas/cy is found as well. This work has been done
in collaboration with Marta Folgueira. Paper puféd [1] and in press [22].

A new nutation model and a new evaluation from okst@n of the geophysical parameters have
been presented by G. Krasinski (Institute of Appliéstronomy, Saint Petersburg, Russia). In
collaboration with N. Capitaine (Observatoire dei$)aand S. Mathews (Madras University, India),
we have carefully examined and found importantreramd misunderstanding in this new theory. We
have commented this in a paper available on ArAstro-ph). Paper [9].

We have worked with M. Folgueira (Univ. Compluterde Madrid, Spain) on the topographic
coupling at the core mantle boundary and we haveldped an analytical approach to compute the
effects on the FCN and on the nutation. Paperes$j20].

We have continued our work in collaboration withHuang (Shanghai Observatory, China) on the
electromagnetic coupling at the CMB and its effectqiwutation. Paper published [15].

C.1.2.3Numerical integration for nutation

Second order/non-linear effects on nutation hawenksudied by using a numerical integration of a
simple non-linear Earth rotation model. The inéri@ad visco-magnetic couplings have been

introduced in the numerical model in order to abtaimore complete response of the Earth to the
forcing including the planetary interactions. Wevéanalyzed the nutation amplitude in the time

domain for the solid Earth and the core in contiimmaof the work done last year. Nutations of the

whole Earth from this numerical integration metihade been obtained. The results of this fully non-
linear method for nutation in the time domain, whincludes inertial and visco-magnetic core-

mantle boundary couplings, have been compared thvittprecise analytical solutions. A paper is in

preparation and another is accepted [25].
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We have analyzed the impact of plate tectonicshen@MB flattening and therewith on the FCN
period and examined the range of possible FCN geradues. We have computed the resonance
effects on the nutation in the time domain. A papen preparation.

We have analyzed the impact of Earth rotation cearand coupling mechanisms at the CMB (in
particular the electromagnetic coupling) on the F@Bbnance and we have examined the changes in
the amplitude of the Earth response to planetamsirfg, i.e. the changes in the nutation amplitudes,
induced by this resonance in the Earth history. M&ee found that the increase of nutations due to
the resonance is very small below 50 milliarcsesoidpaper is in preparation.

C.1.2.4Book and review paper on nutation

We have worked in collaboration with S. Mathews @ Univ., India) on an invited paper for the
Treatise of Geophysics. This paper has been reaiségublished. Paper published [3].

We have advanced in the preparation of the finadiga of the book on ‘Precession, Nutation, and
Wobble of the Earth’ (in collaboration with S. Matks, Madras Univ., India).

C.1.3. Perspective for next years

C.1.3.1Analysis of VLBI data

In collaboration with Observatoire de Paris, wellsegamine in full detail the observed nutation
series for a better determination of their amphsid/NVe shall work in particular on the first stagi
combination between GNSS data and VLBI data.

We shall finish and publish the work on the estiorabf the Earth interior parameters from a time
domain approach applied on the VLBI precessionratdtion observations, in collaboration with O.
de Viron (IPGP, France).

We shall finish and publish the work on the estiorabf the amplitude of the free FCN mode jointly
with the geophysical parameters, in the Bayesiaméwork already developed, in collaboration with
O. de Viron (IPGP, France).

From the Bayesian inversion of the VLBI data, walkkstimate the “compliances” describing the
ability of the Earth and fluid core to deform undewveral forcings. We plan to interpret these esti-
mated compliances in terms of Earth interior propersuch that, for example, anelastic properties o
the mantle.

We shall work on the computation of the atmosphewiatribution to nutations in order to be able to
better correct prior to our VLBI-based geophysipatameter determinations, in collaboration with
O. de Viron (IPGP, France).

C.1.3.2Theory of nutation

We shall finish the work with M. Folgueira (Univ.o@plutense de Madrid, Spain) on the
topographic coupling at the core mantle boundaxy/we have developed an analytical approach to
compute the effects on the FCN and on the nutation.

A paper on the influence of electromagnetic coredieacoupling on the rotation of the Earth will be
finished (in collaboration with ChengLi Huang).

We shall begin the computation of nutation (andaliion) for a triaxial planet. A numerical method
to calculate rotation variations of a planet withigaxial ellipsoidal form will be extended to incle
tri-axial planets. This method will serve to detare a more accurate theoretical nutation series fo
the Earth and to study accurately the librationdViercury and the large synchronously-rotating
natural satellites (see part research on planets).

We shall finish the book on Nutation with S. Matlsefniv. Madras, India).
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C.1.3.3Theory of long term Earth rotation

We shall finish the work on the electromagneticimg at the core mantle boundary and its effect
on the Earth history in collaboration with NicoRambaux (IMCCE, Observatoire de Paris).

C.1.4. Personnel involved
Scientific staff: V. Dehant, S. Lambert, L. Koot, T. Van Hoolst

Technical staff: R. Laurent, L. Van Camp

C.1.5. Partnerships
List of international partners without grant

P.M. Mathews, Department of Theoretical Physicgylsf Madras, India
M. Folgueira-Lopez, Universidad Complutense de NehdBpain

S. Lambert, N. Rambaux, and N. Capitaine, Obseireatie Paris, France
O. de Viron, IPGP, France

Grants/Projects used for this research/service

BELSPO-Action 1, 1-MO/33/013, Interaction planéteiches fluides : Effet sur la rotation pla-
nétaire, S. Lambert

FNRS Aspirant, L. Koot

EU, Descartes Prize 2003, M. Folgueira (visits)Rdmbaux (6 months)

Visitors:

O. de Viron, IPGP, France, 2-3 January
M. Folgueira-Lopez, Universidad Complutense de Mhdpain, 1 March-31 March, 16-20 July

C.1.6. Publications

C.1.6.1Publications with peer review
[1] Folgueira M., Dehant V., Lambert S.B., Rambaux N

Impact of tidal Poisson terms to non-rigid Earthaton,
Astron. Astrophys., 469(3), pp. 1197-1202, DOI:10%1/0004-6361:20066822.

[2] Lambert S.B., Dehant V.
The Earth's core parameters as seen by the VLBI,
Astron. Astrophys., 469, pp. 777-781, DOI: 10.10804-6361:20077392.

[3] Dehant V., Mathews M.P.
Earth Rotation Variations,
In: Treatise of Geophysics, invited paper, Elsefabl., Vol. 3 ‘Geodesy’, eds. T. Herring and
J. Schubert, pp. 295-349.

[4] Souchay JlLambert S.B., Le Poncin-Lafitte C.
A comparative study of rigid Earth, non rigid Earthtation theories and observational data,
Astron. Astrophys., 472, pp. 681-689, DOI: 10.10804-6361:20077065.

[5] Le Poncin-Lafitte C.L.ambert, S.B.
Numerical study of relativistic frequency shift tmid-atom clock experiments in space,
Class. Quantum Grav., 24(4), pp. 801-808, DOI: 08810264-9381/24/4/003.
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C.1.6.2Publications without peer review

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Capitaine C., Andrei A.H., Calabretta NDehant V., Fukushima T., Guinot B., Hohenkerk C.,
Klioner S., Kovalevsky J., Kumkova I., Ma C., Mc@gr D.D., Seidelmann P.K., Wallace P.
Report of Division | Working Group on 'Nomenclatfwe Fundamental Astronomy' (NFA),

In: IAU Transactions, Vol. 26A, Reports on Astronp2002-2005, Ed. O. Engvold, Cambridge
University Press, pp. 59-62, DOI: 10.1017/S174398084340.

Dehant V., Brzezinski A., Capitaine N., Dickey J., Fukushiia Gambis D., Gross R., Hefty

J., Huang C., Ma C., Malkin Z., Poma A., Ray Jcif&r B., Ron C., Rothacher M., Sidorenkov
N., Soffel M., Vondrak J.

Report of Commission 19 on Earth Rotation and Refeg System,

In: IAU Transactions, Vol. 26A, Reports on Astronp2002-2005, Ed. O. Engvold, Cambridge
University Press, pp. 29-50, DOI: 10.1017/S174398084315.

Fukushima T., Vondrak J., Capitaine ®ehant V., Krasinsky G., Matsakis D., Milani A.,
Platais I.

Report of Division I: Fundamental Astronomy,

In: IAU Transactions, Vol. 26A, Reports on Astronp2002-2005, Ed. O. Engvold, Cambridge
University Press, pp. 1-1, DOI: 10.1017/S174392080D7X.

Mathews P. M., Capitaine NDehant V.
Comments on the ERA-2005 numerical theory of Haitktion,
Reprint arXiv:0710.0166, 12 p., DOI: 2007arXivOD66M.

Rummel R., Beutler GDehant V., Gross R., llk K.H., Plag H.-P., Poli P., Rothachgr Stein
S., Thomas R., Woodworth P.L., Zerbini S., Zlotmi¢k

Understanding a dynamic planet: Earth science regaents for gravimetry,

In: The Global Geodetic Observing System: Meethng tequirements of a global society on a
changing planet in 2020, the Reference Document &@@20, May 2007, pp. 54-61.

Zumberge J.F., Border J.®ehant V., Folkner W.M., Jones D.L., Martin-Mur T., Oberst J.,
Williams J.G., Wu X.

Geodesy: foundation for exploring the planets,gblkar system and beyond,

In: The Global Geodetic Observing System: Meethng tequirements of a global society on a
changing planet in 2020, the Reference Document &£@&@20, May 2007, pp. 95-100.

Dehant V.

Report of Commission 3 on Earth Rotation and Geanyos,

Geodesist's Handbook, J. Geodesy, 78(9-12), Partn@@ssion reports, Commission 3, 10 p;
also in: IAG Travaux, publication on the web, Raommission reports, Commission 3, 17 p.

Dehant V., de Viron O., Capitaine N.

The 3D representation of the new transformatiomftbe terrestrial to the celestial system,

In: Proc. JD 16, IAU XXVI General Assembly, Praguel-25 August, 2006, Highlights of
Astronomy, Vol. 14, Cambridge University Press, pp486-486, DOI:
10.1017/S174392130701160X.

Capitaine N., Andrei A., Calabretta MDghant V., Fukushima T., Guinot B., Hohenkerk C.,
Kaplan G.H., Klioner S.A., Kovalevski J., Kumkova,Ma, C., McCarthy D.D., Seidelmann
K.P., Wallace P.T.

Proposed terminology in fundamental astronomy bagetAU 2000 resolutions,

In: Proc. JD 16, IAU XXVI General Assembly, Praguel-25 August, 2006, Highlights of
Astronomy, Vol. 14, Cambridge University Press, pp474-475, DOI:
10.1017/S1743921307011490.
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[15]

[16]

[17]

Huang C.-L.Dehant V., Liao X.-H., de Viron O.Van Hoolst T.

Does The Magnetic Field In The Fluid Core Contréi Lot To Earth Nutation?

In: Proc. JD 16, IAU XXVI General Assembly, Praguel-25 August, 2006, Highlights of
Astronomy, Vol. 14, Cambridge University = Press, pp483-483, DOI:
10.1017/S174392130701157X.

Lambert S.B., Bizouard C.Dehant V.

The winter dance of the Earth's pole,

In: Proc. SF2A 2006, Eds. D. Barret, F. CasoliContini, G. Lagache, A. Lecavelier, and L.
Pagani, extended abstract, pp. 31-32.

Lambert S.B., Gontier A.-M., Dehant, V.

Some issues about the Earth's core and inner ¢woaigh VLBI

In: J. Boehm et al. (Eds.), Proc. 18th European MdB Geodesy and Astrometry (EVGA)
Working Meeting, Geowissenschaftliche Mitteilungéteft Nr. 79, Schriftenreihe der Studien-
richtung Vermessung und Geoinformation, Technidd¢hizersitaet Wien, 206-208.

C.1.6.3Publications in press, submitted

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Dehant V., Lambert S.B., Rambaux N, Folgueira M.Koot L.

Recent advances in modeling precession-nutation,

In: Proc. Journées Systemes de Références Spatpmtels, Paris, France September 2007, Ed.
N. Capitaine, in press.

Lambert S.B., Dehant V.,Gontier A.-M.

Some issues in the Earth's interior exploratiorhwit Bl

In: Proc. Journées Systemes de Références Spatpmtels, Paris, France September 2007, Ed.
N. Capitaine, in press.

Folgueira M. Dehant V.

Estimation of the topographic torque at the corentteboundary on the nutation,

In: Proc. Journées Systémes de Références Spatimtels, Paris, France September 2007, Ed.
N. Capitaine, in press.

Koot L., Rivoldini A., de Viron O.Dehant V.
Estimation of Earth interior parameters from a Baiga inversion of nutation time series
Proceedings des Journées Systemes de Référenicetepadorels 2007, in press.

Dehant V., Folgueira M.Rambaux N., Lambert S.B.
Contributions of tidal Poisson terms in the theofyhe nutation of a nonrigid Earth,
In: IUGG proceedings Perugia, Italy, in press.

Lambert S.B., Dehant V.,Gontier A.-M.
Celestial frame instability in VLBI analysis and impact on geophysics,
Astron. Astrophys., in press.

Koot L., Rivoldini A., de Viron O., Dehant V.
Estimation of Earth interior parameters from a Bsiga inversion of VLBI nutation time series,
J. Geophys. Res., accepted.

Rambaux N.
Centrifugal librations of Earth's rotation,
Astron. Astrophys., accepted.

33



C.1.7. Scientific outreach
Meeting presentations

[1] Lambert S.B., Gontier A.-M.,Dehant V.
Some issues about the Earth's core and inner ¢woaigh VLBI
18th European VLBI for Geodesy and Astrometry (EVJ&¥orking Meeting, Vienna, Austria,
April 12-13, 2007.

[2] DehantV., Lambert S
Physics of the Earth outer core and inner core f\dbBlI,
AGU Spring Meeting, Invited oral presentation, Aakgo, Mexico, May 2007.

[3] DehantV.
Report of activities of Commission 3 on GeodynawucsEarth Rotation,
IUGG General Assembly, Perugia, Italy, July 2-1d02.

[4] Folgueira M.,Rambaux N., Lambert S., Dehant V
Second order Poisson terms in the non-rigid Earttation theory,
IUGG General Assembly, Perugia, Italy, July 2-1d02.

[5] Dehant V., Lambert S.B.,Gontier A.-M.
VLBI analysis strategy and geophysical parameters,
IUGG General Assembly, Perugia, Italy, 2-14 JuQ2

[6] Dehant V.
Contribution to theory from Commission 3 on Geodyita and Earth Rotation,
IUGG General Assembly, Perugia, Italy, July 2-2d07.

[7] Dehant V.
Report of the convener of Session GS003 on Geodysand Earth Rotation,
IUGG General Assembly, IAG Closing Ceremony, Peautialy, July 2-14, 2007.

[8] Koot L., Rivoldini A., de Viron O.,Dehant V.
Estimation of Earth interior parameters from a Baig® inversion of nutation data in the time
domain,
Journées Systémes de Référence Spatio-temporgks, France, September 17-19, 2007.

[9] Dehant V.,de Viron O.
Necessary improvements of ocean models to meeééus of geodesy,
SLIM annual meeting, October 5, 2007.

[10] Koot L., Rivoldini A., de Viron Q, Dehant V.
Les nutations et |la structure interne de la Terre,
Colloque du Groupement de Recherche G2, Grenotdack, November 21-23, 2007.

Websites
Updating of website on Earth rotation
T. Van Hoolst: Responsible for the SBC website

C.1.8. Missions

Assemblies, symposia (number): V. Dehant (4), L. Koot (1), T. Van Hoolst (1), ISambert (2)
Commissions, working groups (days): S. Lambert (1)

Research visits (days): V. Dehant (2), L. Koot (2)

Field missions (days): V. Dehant (7)
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C.2. Research project: “Geodesy and Geophysics of Terregml Planets”

C.2.1. Introduction

Although it is generally accepted that the interbrthe four terrestrial planets is similar to tluditthe
Earth, even basic questions on the global intestiarcture and composition of Mercury, Venus, andsMa
remain unanswered. The Earth’s interior structa® lreen successfully investigated through the aisaly
of the propagation of seismic waves in the Eartloléd and liquid internal layers. For lack of se@smne-
ters on the other planets — though they are plaforddars and some seismic data on the Moon has bee
obtained by the Apollo missions — planetary geods®ne of the primary means for probing the iteri
structure of planets. At ROB, Section 1 is involvedtudies of the gravity field and rotation ofrestrial
planets and large natural satellites.

The gravity field of planetary bodies can best tuglied through the precise monitoring of the trajec

of passing or orbiting spacecrafts. Because theitgrield of a planet is determined by the plasdti-
ternal mass distribution, spatial and temporalatams in the gravity field can be used to deteamin
physical properties of the planet. Since the begmof the space age, the large-scale structurdeof
gravity field of planets and moons has been subtdéssised to determine the moment of inertia, vihic
is a measure of the radial density distributione Thoment of inertia is considered as one of theomaj
constraints on the interior structure of planets @nge moons. Constraints on planetary interiarsaiso
be obtained from rotation variations. Three brokdses of rotation variations are usually considtere
rotation rate variations, orientation changes witbpect to inertial space (precession and nutataong
orientation changes with respect to the rotatida gpolar motion). They are due to both internalgiaar
momentum changes between solid and liquid layens) external (gravitational torques) causes. By
studying rotational variations of a terrestrialn@g more can be learnt about the excitation pssses
Moreover, as the rotational response depends oplémet’s structure and composition, also insigl i
the planetary interior can be obtained. This igipaarly so for the rotational variations due telw
known external gravitational causes, such as famgte for the nutations of Mars and the libratidn o
Mercury.

The geophysical interest of these studies is tadw our knowledge of the interior, atmosphere, and
dynamics of rocky planets and large natural sgslliFor that purpose, we investigate the relaifonta-
tion variations, gravity field, and tidal variat®mvith interior and atmosphere properties and aflpio-
tion characteristics. These studies rely on thazletdevelopments as well as on analyses of radiki

ing data of spacecrafts in orbit around or landedhese planets or satellites

C.2.2. Objectives

ESA’s Mars Express mission to Mars has startedaisnce phase in January 2004, and we are involved
in its radio-science experiment MaRS (at Co-l IEv@ur main objectives are to determine accurae-gr

ity maps of selected areas on Mars for a betteergt@hding of properties of the crust and lithosplaad

to obtain the time-variable part of the low-deggeavity field for studies of Mars’ interior.

BepiColombo is an ESA mission to Mercury schedddgdaunch in 2013. Our group is involved at Co-I
level in the radio science, the altimeter, andddmmera teams. The radio-science experiment wilkoea
Doppler shifts of radio links between the Earth ahe lower of two Mercury orbiters (MPO) of the
BepiColombo project. From the three experiments,ritation variations (called librations) and gtavi
field of Mercury will be determined. The resultsliviie used to determine the interior structure epd
namics of the innermost planet of our solar syst&rpoint of main interest is the determination loé t
physical state (liquid or solid) and size of Mescarcore, which will have large implications for rou
knowledge of the formation and evolution of temestplanets. In 2007, we have focused on theaktic
studies of the rotation, interior and gravitatiofield of Mercury, and have performed numerical \demn
tions of the mission. We have also extended thetselées to large satellites of the Solar System.
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For the interpretation of gravity and rotation dataerms of interior properties, models of theshir
structure and composition of terrestrial planetd kEmge moons are an essential requirement. A major
objective therefore is the development of intestvucture models of terrestrial planets. For thappse,

we use recent data on material properties at higéspre and temperature.

We have continued preparations for the radio-seieperiment LaRa of the future ExoMars mission to
Mars. In particular, technical studies for the depment of an X-band transponder and antenna have
started in collaboration with the Belgian comparnyi®and with CSL.

C.2.3. Progress and results

C.2.3.1Mars: General space mission results

A review of the Mars Express Orbiter Radio Scie(daRS) Experiment, in which we collaborate at
Co-l level, has been published [29].

We are involved at Co-I level in a proposal foutufe mission to Mars called MEMO (Mars Escape
and Magnetic Orbiter), which has been retained &EXT mission for the AURORA program of
ESA [19, 25, 37, 38, 45].

We are involved in the Science Definition Team ($DOTthe MarsTwin mission proposal, which has
been retained as a NEXT mission for the AURORA paiogof ESA [44]. MarsTwin is a network of
landers equipped with geophysical and geodeticungtnts, and includes a radio-science experiment.
The mission has been combined with MEMO and has belkected by ESA for Phase A study.

C.2.3.2Mars: MEX data processing

Our Mars data base consists of radio tracking détaeveral space missions and their associated
ancillary data. About 300 shell and fortran codesehbeen developed over time to manage and
process them. In 2007, the codes for processingi&/Enpress (VEX), Mars Global Surveyor (MGS),
and Mars Reconnaissance orbiter (MRO) data hava beiten. Several tools for automatic data
handling have been developed (see [58]).

For the analysis of the data we use the GINS/DYNAM®itography codes (developed by
GRGS/CNES and being continuously adapted to planedaplications at ROB), which allows
obtaining the orbit of the spacecraft, the glolravgy field, and its time variations.

All MEX tracking data until the end of 2007 havesbecollected, archived and processed for inclusion
in the GINS/DYNAMO codes.

C.2.3.3Mars: LaRa

The lander platform of the ExoMars mission will Beua radio-science experiment called LaRa
(Lander Radioscience). The official selection oRlaaas part of the ‘Humboldt’ payload on the lander
platform has been decided in 2007. LaRa has besgras to transpond an X-band signal transmitted
from the Earth ground stations back to the Earthe Telative radial velocity between the Martian
lander and the Earth is inferred from Doppler éfeneasured at the Earth ground stations and &ill b
used to determine accurately the rotation of M&nst versions of the “LaRa Interface Document”
and the “LaRa Instrument Requirements” have beah@# to ESA to outline the interfaces with the
platform and the generic performances desiredldseccollaboration with CSL, a statement of work
has been established for the industrial partngroresible for developing LaRa. The proposal contract
(phase B) and associated planning have been defiokaling all activities needed to reach the PDR
(Preliminary Design Review) milestone. A detailedjpct structure and documents have been drafted
to improve the communication between the differpattners of the consortium and to manage
efficiently the current critical issues (see [4§)57
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We have studied in detail the link budget of LalRae main objective of this link budget analysisois
identify and include all the significant contribotis to the radio link. The required factors inclilde
performance of LaRa itself, the configuration apd
performance of the uplink and downlink Earth

ground stations (DSN 70m/34m) and the impact of the
propagation medium in the frequency band of inte(¥s
band).

We have performed preliminary numerical simulatiaris
the Doppler measurements in order to quantify tleeipion
that can be obtained on the orientation of Marsré&fore,
GINS software routines have been developed and
implemented for a direct-to-Earth radio link by (1)
modelling the direct-to-Earth Doppler measuremeni§gyre 15. X-band radio link between
between a Martian lander and the tracking statmmshe | the lander at the surface of Mars and
Earth, (2) implementing this model in the softwa(8) | the ground stations on Earth.

coding and validating the partial derivatives aé thoppler

data with respect to the lander position and thesMaentation parameters.

With the same codes developed, we have startecegsing the direct-to-Earth data from the Mars
Pathfinder and Viking lander missions.

C.2.3.4Mars: crust and lithosphere

The investigation of the internal structure of thartian crust and lithosphere is conducted by
performing gravity observations during the perieergassage of the Mars Express spacecraft in its
orbit around Mars. In 2007, there was no new passeathe Tharsis area, which is the focus of our
work on Mars, and we have treated a series of ni@e 100 unofficial MEX gravity passes, dating
between 2004 and 2006. These data are widelyrdisp@on Mars and are generally not of sufficient
quality to influence the estimates of geophysiaimeters. Targeted gravity data on Venus remains
scarce, with only two successful passes in 2006haneé in 2007.

New tools for the use of gravity data in the inigegion of the lithospheric structure of telluritapets
have been developed. Part of the theoretical pesgnas been published in a paper [26] on theytheor
of the deflection of a spherical thin shell withryiag rigidity. A numerical code for the solutiaf

the flexure equations derived in the above papsrieen optimized and extended to include lateral
loading, which cannot be neglected when computiress fields.

Preliminary stress and strain maps for various gypeloading and compensating mechanisms have
been generated.

C.2.3.5Mars: interior structure, rotation and tides

An extended invited review paper on the rotationtld terrestrial planets has been written and
published in the Elsevier reference work ‘TreatinsegGeophysics’ [17].

A brief overview of the use of rotation variaticias the determination of properties of the interhmd
atmosphere of Mars has been published [11].

A paper on the modelling of the electrical condittiof iron-rich minerals has been published [1].

In collaboration with Christophe Monnier and Piekfacher (Nantes University), a procedure has
been developed to compute the oxide compositiamusital rocks, which are produced as partial melts
of the mantle.

Two papers on the physics of bodily tides in terialsplanets have been published [8, 10].

The interior structure models of Mars have beenatgml to incorporate the most recent data on
thermoelastic properties of liquid metal alloys d@hdir melting properties. Our model results show
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that the published geodetic data on Mars imply riredy liquid core with radius of about (1720+50)
km.

Figure 16. Core radius as a function of the k2 Loveaumber for hot (black) and cold
(grey) mantles, for different crust densities and hicknesses, for different core sulfur
fractions, and for the two mantle mineralogies. Thehorizontal dimension of the grey
shaded area corresponds to the uncertainty on the2kvalue of Konopliv et al. (2006). An
increase of that precision as expected with LaRa Wiurther constrain the core radius.

We have shown that the new interior models leasigpificantly larger nutation amplitudes than did
previous basic interior models, which had a smaiee.

From an analysis of eight years of MGS/Odysse\ingcdata, we have obtained a degree-two Love
numberk, of about 0.12, which is lower than recent Ameriemtimates of about 0.15. This value
indicates that Mars has a liquid core. The diffeesbbetween the estimates reflects that the Love
number cannot be accurately determined yet becafuge small effect on spacecraft dynamics. A
similar study on MGS tracking data has been pubtdB, see also 65].

Our model for the joint inversion of geodetic, sdis, and electromagnetic data in terms of mantle
temperature and composition has been extendedbte fr uncertainties on thermoelastic properties

of mantle minerals. We have found that most ofdsimated parameter values, with the exception of
the temperature values in the lowest part of thatlmand the global volume fraction of the mineral

olivine, are quite robust with respect to the idtroed uncertainties on the mineral data.

A study has been finished and submitted for putiiceon the use of the MOLA altimeter onboard the

MGS spacecraft to determine Mars’ rotation variai¢39]. It has been shown that altimeter data at
ground track crossing points can be used to détechutations of Mars. Information on the Martian

core, which is contained in the nutations, is diffi to retrieve because the core contribution to
nutations is at the level of the accuracy of thethm@é. Simulations also demonstrate that the
observational determination of the libration ampi and obliquity of Mercury can be improved by

using the BELA laser altimeter of the BepiColombission to Mercury.

C.2.3.6Mars: atmosphere and polar caps

A paper has been published on the atmospheric escaphabitability with particular emphasis on the
effect of the magnetic field evolution on the Marticlimate [7, see also 22].
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In a semi-analytical approach, the effect of impamt the atmospheric evolution of Mars has been
studied. Meteorite impacts cause atmospheric @rdsut also deliver material and volatiles to the
planet. We have shown that meteorite impacts atam@ot explain the possible existence of a denser
atmosphere on the early Mars [43].

Participation in a review paper on the habitabitifjMars in collaboration with E. Javaux (ULg) [42]

The variations in the seasonal and long-term (dkerlast 500 kyr) C®and HO surface loadings
have been calculated by using a Martian Generatu@tion Model (GCM) and the long-term
insolation variations. These data were used toshiyate the effect of the Martian interior on suda
deformation and rotation variations of Mars. Omlyrface displacements can be used to infer
estimates of the mantle viscosity of Mars with pinesent observational precision [35].

A paper has been published on the effect of thernat structure of Mars on seasonal deformations
due to loading [27].

In a continuing study of the time-variable, low-deg gravity field of Mars, analysis of 8 years of
MGS and ODY
tracking data has
resulted in a slightly
smaller variation of

the degree-threg
zonal gravity
coefficient than
published values

using 6 vyears of
tracking data. These
gravity variations are
geophysically

interesting  because
they are linked with
the CQ sublimation
and condensation
cycle of Mars’
atmosphere. A
similar study on a reduced set of MGS tracking tiasbeen published [3, see also 65].

By using numerical simulations, we have shown tratio-tracking of an orbiter with orbital
inclination of about 77 or 50 degrees in additionite nearly polar orbiters would result in a I0es
better determination of the time-variable, low-dssgigravity field of Mars than currently possible.
This would allow accurately measuring the seas@@l mass exchange between the atmosphere and
the polar caps.

Figure 17. Determination of thedCsofrom MGS and Mars Odyssey spacecratft.

C.2.3.7Mars: moons

A paper on the ephemerides of the Martian moond&as published [4].

With M. Efroimsky (USNO, USA) and P. Gurfil (Teclam, Israel) a paper has been published on the
long-term evolution of orbits about a precessingtbplanet [5].

We have shown on synthetic data that the main featof the interior density distribution in Phobos
can be inferred from its mass and principal momehtgertia as the only data by using a numerical
method with a discretization of the volume in 3Dbcigs. This study prepares the analysis of future
MEX radio-science data during close flybys of Plelffee [63].

By improving the precision of the reconstructed MBMXits around Mars by a factor of at least 2 with
respect to the navigation orbit provided by thedpean Space Operation Center (ESOC), the mass of th
largest of the two Martian moons Phobos has be¢grdmed with a better uncertainty than recently
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published by an American team using the Mars Gldhaiveyor (MGS) and Mars Odyssey (ODY)

spacecraft. MEX is well-suited for these kindsstfdies since it can pass closer to the moonsttiean

other spacecraft on account of its far more edgdtiorbit and it therefore is more sensitive to the
gravitational attraction of the mass of the Martimoons. A paper on the Phobos mass and the
improvement of the Phobo
ephemeris has been submitted
and accepted for publication
[34, see also 32].

C.2.3.8Mercury: interior
structure

An invited review paper
on the interior structure
rotation, and tides of
Mercury has been
published [16].

Mantle and crust
mineralogies have been
calculated from publisheg
geochemical models fol
Mercury. In collaboration
with Pascal Tarits (Institut
Universitaire Européen de
la Mer, France), we have
shown that, due to the
very different
oxide/silicate ratios, the

geochemical models hav
very different | Figure 18. Rms value of the overlap differences. ®y correspond to the
electromagnetic rms of the MEX position differences between success 7 days data-arcs
signatures. As a result, OVer overlap duration of 21 hours.
](a) along-track direction, (b) normal to the orbit plane, and (c) radial di-
rection.

D

future measurements witl
the magnetometers
onboard the forthcoming MESSENGER and BepiColombo
missions to Mercury will help differentiating beterethe models
and will shed light on Mercury’s formation.

We have continued our efforts to develop stateiefdrt interior
structure models of Mercury. The models are basethe mass
and radius of Mercury and on assumptions on thee g¢or
composition and mantle mineralogy, and incorpotat most
recent data on thermoelastic properties of liquetahalloys and
their melting properties. The sensitivity of futugeodetic
observations of the rotation and tides of Mercuoy Key
parameters of the interior (such as core size antgposition) has
been studied. This study will serve to specify regl
observational precisions for the BepiColombo missito
Mercury and to determine the interior structuréigrcury when
rotation and tide results become available. Figure 19. Our Phobos GM value

. . . L (MEX(ROB)) compared with other
The simulation of flow circulation in the core ofevtury has published values.
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been initiated with colleagues of ULB.

We have computed the effects of tides on altimeteasurements from a spacecraft orbiting around a
planet, and we have evaluated the possibility thude information on the interior of the planet from
these measurements. The altimetry range measuréraenan orbiting spacecraft has been expressed
analytically as a function of the topography of tplanet, its tidal radial deformations and the
gravitational pull of the tidally distorted planetn the spacecraft position. Altimetric range
measurements were simulated around Mars, Mercutyeanopa, and the contribution of the tides was
estimated at 1 m, 35 m and 30 m, respectively. iblisstrategies were determined that maximize the
tidal content of the data, which can be used tadedformation on the interior of the planet [64].

We are involved at Co-I level in the laser altimeteperiment of BepiColombo (BELA), see [6]

C.2.3.9Mercury: libration

In collaboration with S. Peale (UCLA Santa Barbamdl J.-L. Margot (Cornell University), we have
shown that planetary perturbations lead to fordections in longitude with periods on the order of
several years and amplitudes of several tens skaonds. We further showed that the measurement
of the 88-day libration amplitude for the purposdésdetermining Mercury’s core properties is not
compromised by the additional librations, becaudh® latter’'s small amplitude and long period. The
results have been published in Icarus [9].

A study has been initiate
to investigate the possiblé
excitation of the free
libration of Mercury.
Although the free libration
is expected to be damped
on a relatively short time
scale, recent observation
by Margot et al. (2007) of
Mercury’s rotation suggest
it to have a non-negligible
amplitude. Preliminary
results show that 4
resonant excitation of the
libration would be
possible if the period of
the free libration is close
to the orbital period of
Jupiter (11.85 years).

Papers on Mercury’'s
libration [2, 24, 40], on
Mercury's obliquity [13],
and on the spin-orbit
resonance and precession
of Mercury have been
published [14].

D

)

Figure 20. Power spectral densities of the libratio, semi-major axis, eccentricity
and longitude of perihelion.
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Repeated photographi
measurements of
selected target position
on the surface of
Mercury are central to
the BepiColombo
strategy to determine
the  obliquity and
libration in longitude of
Mercury. We simulated
these measurements in
order to estimate the
expected libration

7

U7

Figure 21. Possible number of camera images foréiBepiColombo MPO orbiter.

accuracy as a functior
of the number of measurements, the number of diftetargets and their locations on the surface of
the planet, and the spacecraft initial conditiddBservation strategies (timing and position of scef
positions to be measured) are developed as a @mnofi spacecraft orbit initial conditions that will
optimize the scientific results. The numerical cddes been extended to allow similar analyses of
other solar system bodies, and first results ferlifbration of the Galilean satellite Europa haeei
obtained. See [61].

c.2.3.10. Earth

Joint inversions of PREM densities, PREM acougtigesls and electromagnetic apparent resistivities
have been studied to determine the thermal staterémeralogy of the lower mantle [36]. Our results
on synthetic data show that the mineralogy and icontent are well recovered but that the
determination of the temperature from inversionpriblematic due to sparse and inaccurate data on
apparent resistivities.

The previously devised lower mantle model whiclow# for the computation of density, acoustic
wave velocity, and electromagnetic surface impedanderms of temperature and composition has
been extended to include the electrical condugtieitthe upper mantle. Inversion of the extended
model is ongoing.

C.2.3.11. Venus
Our involvement at Co-I level in VeRa has impliedtgipation in several publications [15, 20, 21].

In order to study the circulation of the atmosph&r®enus and its effects on the rotation and gyavi
field, a GCM has been installed at ROB.

c.2.3.12. Natural satellites

We participated in defining and writing the propo$ar the LAPLACE Jupiter-Europa mission
submitted to ESA’s Cosmic Vision programme [59].

In collaboration with Antoine Mocquet (Nantes Unisi¢y), a new method based on a Monte-Carlo
approach has been developed to invert seismic wavieal times measured by the Apollo

seismometers on the Moon. The originality of thethuod is that there is no need for an a priori
assumption on the nature of the waves or for thlaliwation and time of the Moonquakes to be
known, conditions which have limited the scientifige of the seismic Moon data.

A comparison of analytical and numerical methods tfee study of the rotation of the Galilean
satellites has been published [12].

The orbital evolution of the Galilean satelliteddahe tidal energy dissipation in Jupiter and leéha
been determined from an extensive set of astromelservations and by using an accurate numerical
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model for the orbital evolution of natural satelitdeveloped at ROB. The rate of tidal energy
dissipation in lo is in close agreement with theaslved heat flux suggesting that lo is close tontiaé
equilibrium.

We have extended the
classical Radau equatio
for the calculation of the
moment of inertia from the
observed flattening of g
rotating planet to satelliteg
that rotate synchronously
with their orbital motion
and are flattened by
rotation and tides [28].

Several lines of evidence
suggest that large icy
satellites have a subsurfage
ocean beneath an icy shell.
The Galilean moon Europa
is thought to have a thin
icy shell, but its thicknesg
is not well constrained. A

new method has been
developed to determine theFigure 22. Energy dissipation rate (solid horizontaline) compared to es-

thickness of the icy shel timates of the global heat flux at the surface ofd

by means of librations (rotation variations). Wevdahown that the internal gravitational coupling
between the icy shell and the solid interior is dioeninant coupling relevant for libration and wevda
derived an analytical expression for it. By usihg tmass, radius, and mean moment of inertia as
constraints, we have calculated interior structomedels of Europa and we have shown that the
libration amplitude differs by about 10% betweendels with a thin and thick shell. A paper is in
press in Icarus [28, see also 31].

We have shown that a free libration of Europa caweha period equal to the period of the forced
libration for shell thicknesses of about 1 km. TfHfere, the forced libration of Europa can be
resonantly enhanced when the icy shell is very. thin

A review paper on the rotation of Europa has begtten [41].

We have investigated whether Europa’s internal tigssipation can be measured through its effect on
the orbital motion of the Galilean satellites sashwe have recently done for lo’s tidal dissipatibn
turned out that the estimation of the dissipatiate rin Europa is strongly correlated with the
estimation of lo’s dissipation rate and that ihet possible to correctly estimate both dissipatetes
given the errors on the current ephemerides oGtildean satellites [23].

-
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For length-of-day
(LOD) variations of
the Earth on longer
time  scales than
several days, the cort
is known to exhibit
torsional oscillations in
which cylindrical
annuli coaxial with the
rotation axis rotate ag
rigid bodies. We used
a similar approach tg
study the effect of
motion in the ocean of
Europa on the libration
in longitude of Europa.
First results show that
the libration depends

on the ocean viscosity
but that the effect ofl Figure 23. Amplitude of the shell libration as a function of the thickness h of

the ocean dynamics is the icy shell of Europa. Colors correspond to diffeent shell densities.
very small for realistic viscosity values.

AY”

C.2.3.13. Varia
Participation in the Response to the Call for Terddean Apophis Explorer [60].

C.2.4. Perspective for next years

In the next few years, our current research prsjecil be continued but also extended in both
applications and methodologies. Mars Express, M@EB@DY tracking data will be further analyzed in
order to constrain (1) the interior structure antheralogy of Mars, (2) properties of the crust and
lithosphere at selected targets, and (3) the €@densation and sublimation cycle of the atmosphed
polar caps. Additional radio-tracking data to then&ican MER rovers will be taken into account.
Moreover, MOLA altimeter data at ground track ciogs will be interpreted in terms of rotation
variations of Mars. A similar study for simulatedta will be performed for Mercury. Analysis of Venu
Express radio science (VeRa) data will be staieée.will further develop and refine our models oé th
interior structure of terrestrial planets and lamggural satellites, with particular emphasis oe th
mineralogical composition and temperature. Thecaetand simulation studies to constrain the interio
structure of terrestrial planets by rotationalatjdyravitational, and orbital data will be contatiand the
effects of dissipation will be included. Our synstig approach to probe the interior of terrestplahets

by joint geodetic, seismic, and electromagneticmseaill also be further pursued and will be applied
the Earth, Mars, and the Moon. Lithospheric stagss$ strain fields will be modeled and compared with
observed tectonic features on Mdrs.view of the upcoming Mercury missions, the 33onance and
libration of Mercury will be modeled in more detafitrategies and numerical tools will be develofmed
determine the interior of Mercury from obliquity datibration measurements. Further attention will be
devoted to changes in the atmosphere of Mars and3/doth on short (seasonal) and long time scales,
and to their effects on planetary rotatiddur studies on the interior structure, rotation aices of
terrestrial planets will be extended to the largd imtermediate-size rocky and icy natural satsliof the
Solar System. We will further develop our Martidimate model in order to assess the habitability of
Mars and to understand the atmosphere evolutidviasé. We will continue the scientific and technical
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preparations for the radio-science experiment LaRthe ExoMars lander and will participate in the
development of new missions to the planets andisage
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Mitrovic (1), T. Van Hoolst (1), O. Verhoeven (55)).
Yseboodt (4)
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SECTION 2 & 3: Seismology and Gravimetry

Introduction:

Within the interiors of continent, large earthqualeee rare and why, where and when these earthgjuake
occur is poorly understood. New ideas about thesstipns have begun to emerge from studies within
continental interiors, including central and eastdorth America, Northwest Europe, China and Austra
lia. Due to their complex geological history, comits contain many fossil weak zones accumulated ov
billion of years, such as ancient rifts and faultgluding those along continental margin. At amyeg
time, only a few are seismically active. On shoriescales seismicity continues on presently acimec-
tures, in part because many events are afterslufdiasger past events. On longer timescales, gahe
seismicity migrates to other structures, whichaten unknown. Therefore, the seismic hazard isiskf
and complicated in both space and time. The presmtiiquake history can bias views of hazard and re
currence by giving attention on recently activetdess and focusing earthquake prevention in somasar
of past seismicity where large earthquakes willagaatur for a very long time, while it is neglectadap-
parently less active areas that are in fact mozardaus.

Based on these new ideas, we focus a part of ibats$ic activities (research topic: seismic adiw-
methodologies and regional studies the section on the methodologies to bettereustdnd the seismic
activity and the potential for large earthquakegsanthwest continental intraplate Europe. Evaluyatime
recurrence behaviour of large earthquakes alorigeafetults, when they have been identified, andesnd
standing the irregularity of the seismic cycle ianportant in the development of new methodologas f
seismic hazard assessment. Our section is condustioh specific studies along the North- and East-
Anatolian faults in Turkey to try to understand thechanical interaction between fault segmentsy Slo
active faults are studied in northwest Europe &edcentral Thracian depression in Bulgaria.

We are considering also evaluating correctly ounerability to such earthquakes, which is essemtial
adopt adequate prevention measures (research sepaic hazards and rigks

Other scientific activities of the section are debto conduct gravity measurements at the Earfai
with the purpose of studying geodynamical proces§hs normal Earth gravity field is defined at the
surface of an international referenced ellipsoicb(M/ Geodetic System 84). It reflects the effectid
attraction due to the Earth mass and the centdfidgice due to the Earth diurnal rotation. Thesrefice
equipotential surface of the gravity field, the gealoes not correspond to the ellipsoid. The me
sons of this difference are that the density diation inside the Earth is not homegeneous andgdat
dynamics phenomena prevent some regions from tstaigc equilibrium. Therefore, gravity measure-
ments are important to evidence geographical hgeemities in the underground and to study geody-
namical processes and their time evolution.

An important part of this scientific work (researntpic: present-day deformation of the lithosphese)
devoted to evaluate deformation of the lithosphesiag its imprint on the gravity signal. For thisrp
pose, the section is in charge of the scientifid tathnical follow-up of the superconducting grasier
installed in the Membach station, of an absolute/igneter and several field relative gravimeters.

In this context, the Royal Observatory of BelgiuROB) is also sheltering up to the end of 2007 the |
ternational Center for Earth Tides (ICET), whichtumnn is responsible of the database of the GlGesl-
dynamics Project (GGP), a network of more thantaians equipped with superconducting gravimeters
(research topic: Earth tides and gravimgtry

In order to support its scientific research, iteestific expertise and to provide pertinent infotioa to
the public and the authorities, the section deeliifierent operational projectgth the purpose of:

Monitoring the seismic activity in Belgium and saunding regions by analysing the data from
the Belgian seismic and accelerometric stationgeldping and maintaining these networks;

Developing the ways to provide fast and reliabli@rimation to the authorities and the public
when an earthquake is felt or occurred in Belgium;
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Providing our measured seismic phases for worldwigismic events and waveform data from
specific well-calibrated stations to the seismataginternational centers;

Providing the scientists in other institutions, thélic, the administration and the private compa-
nies in Belgium with a scientific and technical exgse in earthquake seismology.

A. Research Theme “Seismic Activity — Methodologies ah

Regional Studies”

To characterize the seismic activity in a regions necessary to collect and analyse reliableriné&ion
on the active seismogenic zones and faults, aridrdspective earthquake activity.

The Royal Observatory of Belgium is conducting eliént research activities on the seismic activity i
northwest Europe_(project: seismicity in northwEsiropg.The data collected by the Belgian seismic
network allow us to evaluate precisely the locatibre magnitude and the focal mechanism of present
earthquakes in northwest Europe. The earthquakesded by this modern network, progressively im-
planted since 1985, form a list of events coveengry short time period compared to the duratiothe
mechanical processes generating large earthquakastive faults. Thus, to have a correct imagehef t
seismic activity, it is necessary to enlarge otorimation as far as possible in time and hencevesti-
gate historical documents to retrieve earthquakésegpast. The known earthquake history of ouioms)
begins around 700 AD. Until the XIVth century, tfa@e historical sources allow the establishmerd of
list of the strongest earthquakes, but few candhiehly assessed in terms of magnitude and location
Since the XIVth century, the number of differenusmes (chronicles, annotations, parish registars, a
count registers,...) has increased significantly. SEhgive more details on local effects and allowanor
reliable estimation of damage and felt areas ofet¢hquakes. It is possible to determine theibabte
epicentral area and also to estimate their magmitydcomparison with recent earthquakes for whieh t
magnitude was instrumentally determined.

As most large earthquakes provoke visible surfaferchation, it is possible to retrieve the trackpast
large earthquakes by their fingerprint in the mofphy and the geologic records. This is the objectf
paleoseismology. In continental intraplate Eur@mtive faults remain largely unidentified and tlotem-
tial for large earthquakes unknown. To evaluate futential (project: paleoseismology and activdt$a
in_continental intraplate regioyyshe problems to solve are different from thoseogintered in seismi-
cally active zones. Identifying active faults iglifficult problem mainly because their morphologiea-
pression is often not clear due to the low levetdeformation, the climatic regime and the strong an
thropic activity. On the other hand, the interptieta of deformations and their dating are very ctamp
due to the long duration of the seismic cycle whigbduces overlap between tectonic and climatic
events. The experience of our team in this donsaimoiv used in different other projects elsewhertén
world.

One of these studies, supported by a CEE MarieeQuject, concerns a specific study along theliNort
and East-Anatolian faults in Turkey to try to urgland the mechanical interaction between fault seg-
ments (project: understanding the irregularitylwf seismic cycle: a case study in Tudkey
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A.1l. Research Project “seismicity of northwest Europe”

A.1.1. Objectives

The main objectives of the project are to conderotectonic analysis of the seismic activity amth-
west Europe and to provide a reliable catalogueanthquakes in Belgium and the surrounding regions.
As instrumental earthquake data are available sinlge ~1900, they are not sufficient to obtainadistc

picture of the long-term seismic activity in nortéstern Europe. Historical seismicity studies aresth
essential to complement instrumental studies.

We investigate also the structure of the lithosevenich is important in the understanding of thisraee
activity, but also to provide reliable crustal mzder earthquake location.

A.1.2. Progress and results

A.1.2.1Instrumental seismicity

In cooperation with S. Stein (Northwestern Univgisiwe began an investigation to compare the
seismic activity in intraplate northwest Europe aedtral and eastern North America. Its main ob-
jective is to define a methodological frameworlet@luate long term seismic activity in stable conti

nental region, and to provide clues on where andmithe next large destructive earthquake should
occur.

Figure 24. Seismic activity in Belgium and the suwunding regions in 2007.

During the first year of his Phd-program, Thomasdas completed and homogenized the Belgian
earthquake catalogue (1985-2007) and began to sfuihe spatial distribution of hypocenters in the
Ardenne-Eifel region. Using relocation techniquese improved the relative location between
events. To achieve this, we installed and made sompeovements to the COMPLOC package. The



improvements were made at different levels, matolallow us to control how and how well the
program works. To have a control of the qualityhe relocation process, we compared two absolute
locations using our program HYPO2000: one befoaetisg the relocation, with the raw data from
the database and the second with the same datecteat for the station terms COMPLOC com-
puted. The first few tests confirm the location lgyamprovement.

In 2007, 60 earthquakes occurred in the part ofhmast Europe monitored by the Royal Observa-
tory of Belgium (Figure 24). They range from M.1 to 4.3.The strongest of magnitude 4.3 occurred
in Folkestone in England on April 28 and causedamatamages in the epicentral area. In Belgium,
the strongest earthquake occurred near La Gleizdomember 25 at 3h10m. Even if it was only of
magnitude M = 3.1 and located at a depth of 15 km, it wasgfisofelt in Spa and Theux.

A.1.2.2Historical seismicity

New research on the 18 September 1692 earthqurakiee northwest of Europe the strongest known
seismic event occurred on 18 September 1692. Hnthgake produced significant destructions in
the northern part of the Belgian Ardenne and cauwsddspread damage from Kent to the Rhineland
in Germany and to Champagne. The traditional cgtede and compilations of historical seismicity
give an overview of this earthquake from a limitagmber of sources contemporary of the event.
Moreover, in these catalogues the difference betvaeeoriginal document and a later copy is not
clearly specified. This lack of the rules of higtat criticism was the cause of many mistakes. iPrev
ous studies gave wrong epicentre locations forlh@? earthquake: for instance the area between
Brussels and Antwerp or Eastern Brabant (Tienehg flrst one who called the Brabant epicentre
into question is the Alsatian scientist Jean Va§8@). The new study of Alexandre and al. (in gress
confirms the Vogt's hypothesis about the locatiothe Verviers region and leads to draw a new map
of the macroseismic area (Figure 25). New discegan different libraries and archives, for ins&nc
in a very useful source, th&Jigliicks-Chronicg provide additional information on the effectstbé

18 September 1692 earthquake, mainly for localitiethe epicentral area and in Germany. In the
northern part of the Belgian Ardenne, substantidiédavy damage and sometimes complete destruc-
tion of houses and large buildings (castles andatias) is described, suggesting intensity values on
the EMS-98 macroseismic scale ranging from VII #dl.\German records allowed also to improve
the assessment of the intensities in large cilkeskdln, Mainz, Trier and Frankfurt and thus alkxlv

to better delimitate the isoseismals of intensitfeand VI towards the East. Based on the intensity
evaluation for the 220 localities for which conterary information is available, the magnitude of
the earthquake has been evaluated to range betwaed 6 2. A new list of the known aftershocks
of the 18 September 1692 earthquake is presengethier with maps indicating the localities in
which these have been reported.

New research on past seismic events from periogiczds (XVIIth-XXth centuriesHistorical data
from old newspapers are very useful for the studthe past earthquakes. "Gazettes" from the sec-
ond half of the XVIIth century until the end of t&&/1lith century, modern newspapers of the XIXth
and XXth century contain many data from local cgpendents, which ensure the determination of
local intensities of the telluric events. The dgédhered by Pierre Alexandre, Thierry Camelbeeck
and David Kusman (ULB) led to the drawing of newcnaseismic maps for the seismic crisis of the
years 1755-1762, with epicentres in the Lower RIEmbayment, and for the earthquakes of 23 Feb-
ruary 1828 (epicentre in Hesbaye), 30 May and Gedaiper 1911 (epicentre in Verviers area), and
11 June 1938 (epicentre in Oudenaarde area).

New research on the effects in Hesbaye of the #8&8quake In cooperation with A.-M. Barszez
(FPMons) and A. Sabbe (FPMons), A. Philipront andCamelbeeck collected original information
on the effects of the 23 February 1828 earthqualtke villages of Hesbaye. We developed a meth-
odology to study the earthquake impact in architettinheritage, mainly for historical earthquakes.

Historical earthquake Database of the Royal Obstmyaof Belgium With the cooperation of J.
Barthelemy, P. Alexandre and T. Camelbeeck contirtoeverify the historical data that have been

60



introduced in the earthquake database of the ROBtUnyents as holiday job. The data concerning
earthquakes that occurred during the XXth centbpukl be soon available on our web site.

Figure 25. Macroseismic area of the 18 September @8 earthquake (Alexandre et al., in press).

A.1.2.3Compilation study “Seismicity of Flanders” for tiféemish Government

In May 2007, the Department “Leefmilieu, Natuur Eemergie” of the Flemish Government issued a call
for a scientific compilation study concerning tleessnicity of Flanders, consisting of two main tasks

Study of seismic hazard, including time-independantors (geologic conditions, soil stability, ...)
and time-dependent factors (earthquake probakiijtighich should lead to the drafting of a seismic
hazard map;

Study of the earthquake history of Flanders antbsading areas, and its situation in the currect te
tonic context.

Considering the multidisciplinary aspect of sucktady, we submitted a project proposal togetheh wit
three other partners: the Belgian Geological Surtley Department Civil Engineering of the Univeysit
of Leuven, and the Laboratory for Soil Mechanicshef University of Gent. Our proposal was accepted,
but a number of administrative and juridical (stawe with subcontracts) difficulties have delayée t
start of the project, but all issues have beenesbhow. The project will be launched in March 20&8&d

will last one year.

61



A.1.2.4.Structure of the
lithosphere

In the framework of her
Phd-thesis, Els Sichiern
finalized the determina-
tion of the Moho depth
underneath Belgium
(Figure 26) using wide-
angle PmP and Sm$
waves reflected on the
Moho generated by loca
earthquakes and induced
and man-made events
recoded by the stations of
the Belgian seismic net
work. To enlarge our de-
termination  underneath
the Brabant Massif, we
installed two temporary|
stations in Ronse and
Markegem, so that we
could register more PmP¢
waves from North Se& Figure 26. The Moho depth underneath Belgium by usg arrival times of PmP-
explosions. waves

We also started the local seismic tomography owdgiBm. At first, we controled the data set andedet
mine the well-located earthquakes to be used inn¥ersion. In a second phase, we tested the progra
SIMULPS and determined the parameters needed forpea good tomography. We started testing the
program INVER3D, developed by Fabienne Collin & Royal Observatory of Belgium. This program
has never been used for a three-dimensionnal t@phygrof this size. After a few test, several paranse
had to be changed to make the program working toregraphy with a spatial scale of several tens of
km.

A.1.3. Perspective for next years

A.1.3.1Instrumental seismicity
The comparison of the earthquake activity in cétd& and northwestern Europe will be continued.

The quality of the relocation process of earthqaakeour region since 1985 will be determined using
new control tools. Once we will be sure that tHeaation is good, we will focus on the resultsjigyto
identify active structures by looking at alignmeatsd groups of events. These structures will then b
compared to known geological boundaries (on geoddghaps, if available), and we will try to idemtif
them on field. We will use aerial photographs teena first look at the geomorphology. We also gan
use satellite images for the same purpose.

We will reinstall programs written by T. Camelbeggldetermine fault plane solutions using the P &nd
wave complete signals and write scripts to crdaé input from our database, so they can be asteas
use as FPSOL on POSEIDON. Once we will have thks tearipts and database available, we will de-
termine as many fault plane solutions as we canmiirsfy with the Ardenne-Eifel region and expandiog
the whole catalog once done.
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A.1.3.2Historical seismicity

A part of the important documentation of historisaismicity gathered from 1985 by Pierre Alexandre
has not yet been exploited, that's to say it sheulgject these documents to the rules of histodGtt
cism, publish the original texts and insert théai#é data in the databank of the ROB. It wouldibeful
that this work was accomplished before the retirgroéP. Alexandre.

New investigations in archives and libraries tokldor documents on past seismicity are necessary to
complete the already gathered documentation opdkeseismicity of our regions; particularly thetiea
guakes of 4 April 1640, 20 January 1760, 23 Felgra828 and 2 September 1896 need new studies of
their area perceptibility and their effects and dgeon the buildings of the concerned area.

Many data already inserted in the ROB seismicitialank of the Belgian area must be checked to be
presented according the rules of sources criticism.

To lend one's support to this ROB databank, it wdnd necessary that the ROB publish in the nexisyea
the basis documentation of the historical seisgioftthe Belgian area, that's to say the origieats
from contemporaneous witnesses of the events, guithga catalogue of the worthless data from previ-
ous compilations. Moreover Th. Camelbeeck and Rx#hdre are working on a popularization book
concerning the seismicity of the Belgium area ftbm V1lith century.

A.1.3.3Structure of the lithosphere

The local tomography over Belgium should be ended the results interpreted in terms of geological
structure. We will also publish the results of Meho depth determination.

A.1.4. Personnel involved

Scientific staff: Alexandre Pierre (leader of the historical seistyistudies)
Camelbeeck Thierry (coordinator of the whole propnd routine seismic monitoring)
Collin Fabienne (routine seismic monitoring)
Lecocq Thomas (FRIA-FC76908)
Philipront Amélie (investigations on the 1828 bgrtake)
Sichien Els (IWT-43205, study on the crustal dinue)
Vanneste Kris (coordinator of the project: Comppilia study “Seismicity of Flanders”)

Technical staff: Castelein Stefaan, Martin Henri, Vandeputte Witljdriegelinck Eddy

A.1.5. Partnerships
List of international partners without grant

Seismic section at the KNMI in De Bilt (The Netfzarls)

European Center for Geodynamics and Seismologylamkrsity of Luxemburg (GD Luxem-
burg)

Seismic station Bensberg of the Cologne Univergitgrmany)

Bureau Central Séismologique Francais (EOPG Stuagho

Seth Stein (Northwestern University, Chicago)

Massimiliano Stucchi, Istituto di Ricerca sul RiscBismico, Milano

Jérdbme Lambert, Bureau de Recherches Géologiqidimiétres, Orléans

Gottfried Griinthal, GeoForschungsZentrum, Potsdam

List of national partners without grant

Alain Sabbe and Anne-Marie Barszez (FP Mons)

Claude de Moreau de Gerbehaye, Head of Departmimfives Générales du Royau-
me/Rijksarchief

Christian Dury, Archivist, Archives de I'Evéché ldége
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David Kusman (ULB)
Grants/Projects used for this research/service

PhD grant n° 43205 of the Institute for the Promotof Innovation through Science and Tech-
nology in Flanders (IWT-Vlaanderen).
PhD grant n°FC76908 of the Fonds de la Recherchelpdustrie et I'Agriculture (FRIA)

A.1.6. Missions

Commissions, working groups (days): Alexandre Pierre (2)

Research visits (days): Camelbeeck Thierry (4)

Field missions (days): Camelbeeck Thierry (2), Alexandre Pierre (7), Lecdto-
mas (6)

A.2. Research Project “Paleoseismology and active faultsn continental
intraplate regions”

A.2.1. Objectives

The research project “Paleoseismology and actiuésfaaims to develop and apply methodologies to
identify active faults and to search for evidentealeoearthquakes in the geologic record. Thas#ies
use a multidisciplinary approach combining invedstigns of the ground morphology, subsurface geo-
physical and geological investigations. For thiggese, the section seismology possesses a getatatic
station, the material to study aerial photos amdirtistruments to conduct resistivity, induced-pektion
and ground-penetrating radar measurements, andtfedsequipment to realize up to 6 m deep hand-
borings.

These investigations extend our knowledge of th&rge cycle of active faults in intracontinentalneo
texts but also plate boundaries, and thus con&ibota better assessment of seismic hazard. Igaesti
tions are focused on Belgium and neighboring ataasalso on other intraplate continental regionthe
world, Bulgaria and Tanzania.

A.2.2. Progress and results

A.2.2.1Fault activity in NW Europe and its relationshipgeismic activity

We continued our search for active faults in Namhierance. At two sites we did geophysical measure-
ments, H/V-seismic-noise and electrical resistiytgfiling, to locate possible faults. The sites wees-
tigated where located south of Saint-Amand-Les-Eauk at Wallers. The indications for faults on thes
two sites came from boreholes several hundredseténs apart and we centered our profiles on brisaks
the morphology that might represent fault scarpstibat could also be created by other processes. Th
result of these measurements is that along thamtistof our profiles there is no (long lasting)iact
fault. On both profiles we can interpret a smadiptficement of some meters, but the displaced layers
cretaceous deposits and thus too old for suchyaltgplacement. We also did a one-day field expiona

of the Bailleul fault between Bailleul and Hondeghelean-Pierre Colbeaux guided us to several sites
where the available borehole or vertical electrgmainding (VES) data suggested that the correlated

ers of Cretaceous where vertically displaced, sdathin by the supposed Bailleul Fault. This possible
fault is located at the southern margins of the &Wnted line of hills Kemmelberg, Rodeberg, Zwarte
berg, Mont des Cats, Mont des Recollets and Mosté&laThe observed topography at the sites we vis-
ited was however not convincing that this is arivactault. We decided to concentrate our futuremsf
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in the Artois region on the zone of faults betw¢@eolkestone, GB) Sangatte and Cambrai, for which we
have more indicators of their recent activity.

A.2.2.2 Active faults and past large earthquakes in the édpifhracian Depression, Bulgaria

During the visit of our colleagues from the BulgariAcademy of Sciences in September we finalized th
interpretation of the paleoseismic trenches in Kipaand Popovitsa, and started writing a manuscrip
that now has to be completed by our Bulgarian agiles.

In the month of November we conducted a geophys@@innaissance survey in the Upper Thracian De-
pression. Seven electric resistivity profiles weoected at three different sites:

Tatarevo site on Popovitsa fault: This site wasaeld by our Bulgarian colleagues as a candidate fo
future trenching. The passage of the fault at $ites was inferred from hand-auger holes. We re-
corded three profiles across the suspected faadetwith different recording parameters. All three
profiles show clear evidence vertically displacedtgyraphic layers, confirming the presence of the
fault at this site (Figure 27).

Site north of the Maritsa River: Contemporary sesrdescribe surface faulting across the riveren th
1928 earthquake, but so far we have not been aldetermine the position of the fault close to the
river. We recorded a long profile parallel to trerthern bank of the river, but again we did notlfin
any clear indication of a normal fault. Either fla@lt is located further northeast, or its vertiskp
component is strongly reduced.

Choba escarpment: This is a topographic escarpogeritO km north of, and parallel to the Chirpan
fault which we studied earlier. It has a similaogrphic expression as Chirpan fault, and would
therefore be a good candidate to extend our pakroseresearch. We recorded three profiles at
three different sites. The westernmost profile shavelear fault signature, but the two other pesfil
are more ambiguous. Further geomorphic researdh&ihecessary to distinguish between faulting
and fluvial incision at these sites.

Figure 27. Electric resistivity profile across Popuitsa fault at Tatarevo: the fault is clearly evideced by ver-
tical displacement of high-resistivity layer, and pxtaposition against low-resistivity layer in the @wnthrown
block.

A.2.3. Perspective for next years

In 2008, we intend to write a publication with fivgal conclusions from the paleoseismic investigiatbf

the Geleen fault in the Belgian Maas valley. Wel wiso cooperate with our Bulgarian colleagues to
submit a paper with our findings from Kopanite &wapovitsa trenches. A new trench at the Tatardeo si

in Bulgaria is scheduled for September. We will duaet targeted geophysical reconnaissance at one or
two of the most promising sites in the Boulonnarsaefs region in northern France. For the Boulormais
Artois region in northern France, we decided toutoour future efforts on the Sangatte fault and the
Marqueffles fault, for which indications of receattivity are relatively strong. We will conduct eagity
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profile across the Sangatte fault, to better pinptiiis structure, and if time permits, carry ontedectric
resistivity survey at one or more sites on the Maffies fault.

In the framework of the Phd-thesis of Thomas Lecaeg will begin investigations to identify active
faults in the Ardenne, by using the methodologiegetbped by our section during the last 10 years.

A.2.4. Personnel involved
Scientific staff: Camelbeeck Thierry, Petermans Toon, Vanneste Xedyeeck Koen

Technical staff Castelein Stefaan

A.2.5. Partnerships
List of international partners without grant

Michel Sébrier et Francoise Bergerat (Universitdsddl, Paris)

Jean-Pierre Colbeaux (Conseil scientifique desspagionaux Nord de la France)

Alexander Radulov, Geological Institute and Marlereneva, Geological Institute, Bulgarian
Academy of Sciences

List of national partners without grant

Sara Vandycke (Faculté Polytechnique de Mons)

Dimitri Vandenberghe, Luminescene Laboratory, Ursitg of Gent

Florias Mees, Laboratory of Mineralogy and Petrglddniversity of Gent

Etienne Paulissen, Physical and Regional Geogr&ggsearch Group, Katholieke Universiteit
LeuvenPerson, Institute

Visitors:

Alexander Radulov, Marlena Yaneva & Stefan Sha@®mglogical Institute, Bulgarian Academy
of Sciences, 11-16/09/2007

A.2.6. Missions

Field missions (days): Camelbeeck Thierry (2), Vanneste Kris (27), Verlxd€oen
(28), Petermans Toon (1)

A.3. Research Project “Seismic Cycles - Understanding éhirregularity of
seismic cycles: A case study in Turkey”

A.3.1. Objectives

This project is conducted in the framework of a Q#é&rie Curie Excellence support. It is seekinge o
tain a most extensive chronology of past eventsgatmth the North and the East Anatolian Faults. Fo
that purpose, we use a diverse array of complemetdahniques, involving trenching across the fault
combined with subsurface geophysics, dating oflaigul geomorphic features and drilling of lake sedi
ments along the fault trace. The objective of thgeet is to get an extensive chronology of pasthea
guakes along the Anatolia Fault system in Turkey.

A.3.2. Progress and results

We have made significant progress toward the dstatbént of an accurate earthquake chronology along
the North Anatolian Fault System combining mairfediént techniques: trenching across the fault with
subsurface geophysics and coring of lake sedinsotg the fault trace.
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Regarding the earthquake record obtained by pakoietrenching, the analysis of a first trench reas
vealed six major earthquakes in the last 3000 yehesfirst one being the known M=8 1668 historical
earthquakes. The Destek trench site was locatdtleeastern part of the central segment of thehNort
Anatolian Fault, that ruptured during the M=7.4 3%®hrthquake. The earthquake chronology should be
tightly constrained as we collected about 150 dativaterial, mostly charcoals that show very lititan-
tamination. We are expecting further radiocarbotindafrom our collaborator, Dr. Jeff Pigati (USGS
Arizona) to accurately constrain the timing of widual events. We would thus obtain the longestgal
seismic record of earthquakes on the North Anatdfault.

Collaboration with Dr. Jeff Pigati, a specialistgaochronology, was very successful unabling uasto
sess in depth (1) the reliability of our dating er&l, charcoal, looking for possible contaminasi@nd
(2) the usefulness of other dating materials likstgppod as chronometer in Turkey. The sharindsof i
expertise also provided a good training for ountéa radiocarbon dating.

Finally, we also developed a new promising techaithe mapping of physical properties, like the mag-
netic susceptibility, directly measured on trendllsv Point measurements of the magnetic suscétibi
done on trench walls in summer 2006, with a regsfscing vertically and horizontally, did provide a
physical property map of the sediments in the tnefitie latter was used to access sediment provenanc
independently of the trench log and helped idemifysediments related to earthquakes. The sucdess o
this technique has encouraged us to investigateigb&ulness of other physical/geochemical propertie
mappable in the field on the trench walls for tiagksedimentary deposits related to earthquakes.

The dissemination of the first results of this e¥sd occurred through the active participation turkw
shops and conferences (European Geophysical Urdod)we are waiting for the final readiocarbon dat-
ing results to write the first papers on that sabje

During summer 2007, we have opened a new succdesfich 150 km east of the previous site, where 4-
6 events could potentially be identified. The $itdocated on the eastern fault segment that ragtim
1939 during an M=7.9 earthquake. The site study ialsluded a complete geophysical survey (eledtrica
tomography, ground penetrating radar) to clearbntdy the different fault segments. On that trench
walls we measured the magnetic susceptibility &edelemental composition of the sediments using an
XRF scanner. We also collected dating material iiadal and gastropod) and sediment samples for fur-
ther laboratory analyses (grain size, Total Orgadécbon). Finally we also performed a geomorphic
study of the area particularly focusing on thecdeerraces associated with the Kelkit River.

Regarding the use of sedimentary cores to extraebahquake chronology, we analyzed short cores co
lected during summer 2006 to characterize the tugean the sediments of the recent sequence of M>7
earthquakes that occurred in 1939-1942-1943-194¢h@MNorth Anatolian Fault. We focus on six differ-
ent shallow lakes mostly located near paleoseisraicching sites and ran a range of analysis (geonehe
cal with an ITRAX X-ray core scanner, geophysicéhva Geotek core scanner, bulk mineralogy, grain
size, organic matter, d13C, Cesium and Lead datihgn selected short cores for each lake. Thin-ear
guake signature of the most recent large earthgutiet occurred at the sites under study will then
used to identify on long (3—-6 meters) cores theerothajor past earthquakes of the last few thousand
years.

Because of the lack of laboratory facilities fodiseentological studies at the Royal Observatoriaef
gium, we developed intensive collaborations witbhfPFagel, U. of Liege, for storage, basic sediragnt
analysis (grain-size, mineralogy, etc), TO&;; Prof. Cagatay, Eastern Mediterranean Cente®tman-
ography and Limnology (EMCOL), Istanbul Technical tor storage, ITRAX X-Ray core scanner; Prof.
Moran and Prof. King, U. of Rhodes Island, USA, @rotek, CCD imaging, Cesium and Lead dating.

The first results of this research were adverttbeough the active participation to workshops aonfer-
ences (European Geosciences Union, Internationahageology Congress — ILIC), but we are still wait-
ing for Cesium and Lead dating results to firmlienpret the results obtained and write the firgigra on
that subject.
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During the summer of 2007, long cores from 5 shallakes along the North Anatolian Fault have been
successfully obtained using coring material from@®&BL, Istanbul Technical U. We also acquired high
resolution seismic reflection profiles in each lakgng the rented EMCOL material. Seismic surveys
were necessary to select the best coring sitedefine the sediment architecture and to model ites s
response to earthquakes.

On the East Anatolian Fault, we focus our studytrenLake Hazar, which is a 20 km long, 5 km wide
and 210 m deep active pull-apart basin. The ldkesediments and its fault related structure haxemn
been studied before (no reliable bathymetric mapsgeophysical survey, no limnological survey ia th
deep part of the lake, no coring), even if it iImajor active structure capable of producing eardkgs of
magnitude greater than 7 and is located within Kr@f at least three dams on the Euphrates-Tigmes r
system. Two known historical earthquakes of magieit6.7 and greater than 7.1 occurred in that awea i
1874 and 1875, but possible associated fault raptare unknown.

We did collect short cores in the shallow parthef lake during summer 2006 that were successfobly a
lyzed in the same ways as the cores from lakegalmNorth Anatolian Fault.

The lack of existing scientific data and the higlestific interest of that tectonic lake lead usét up an
interdisciplinary study of the lake. The main pajgoal is still to understand the sedimentary leke
cord, the lake structure and extract the firstreprake chronology on the East Anatolian Fault. Mifst
data acquisition occurred during summer 2007, whereonducted:

a limnological/biological study in collaborationtWiTurkish biologists: Dr. Naime Arslan Eskisehir
Osmangazi University; Dr. Elif Neyran Soylu and Baruk Maraslioglu, Samsum Ondokuz Mayis
University.

a complete seismic survey in collaboration withfPktarc de Batist, Ghent U. and Prof. Namik Ca-
gatay, PhD student Emre Damci, EMCOL, Istanbul héexdl U. The later was required to select the
appropriate deep coring site, and was necessaigderstand the fault segmentation and the occur-
rence of the two historical earthquakes.

a coring campaign to extract 5 m long sedimentangs from two sites selected using the seismic
survey. The chronology of past earthquakes on #st Enatolian Fault will be obtained mainly us-
ing these long cores. Coring was done in collafbmmawith Prof. Namik Cagatay, EMCOL, Istanbul
Technical U. We had many technical problems with pkatform and coring system built by EM-
COL-ITU.

Unsuccessful paleoseismological trenching acros<Etist Anatolian fault (trenches without any re-
cent sediment able to record the occurrence ofigaakes). The dryness and the erosiveness of envi-
ronment are not favorable to the preservation engosediments capable of recording earthquakes
near the main fault trace.

more than 12 excavations on the major alluvialdathe south-western extremity of the Hazar Lake
that is bounded to the south by the East Anatdfiaumt. We logged (conventional logging plus mag-
netic susceptibility measurements) all exposurekitg for sedimentary disturbed structures, namely
seismites, and sampled all the exposures. Ourwasilto correlate the alluvial fan sedimentary re-
cord with the lake sediment record.
The Hazar lake area has been the focus of twoeaakies of magnitude greater than 5.5 in the last 4
years. Our Turkisk collegues, Prof. Cagatay, Reafrur from Istanbul Technical University and thepr
ject leader, Dr. Aurelia Hubert-Ferrari, gave regiband national TV interviews in which the projecis
advertised as well as the significant earthquakartuarelated to the East Anatolian Fault in thetar

A.3.3. Perspective for next years
Spring 2008
Paleoseismological trench studies:
a) Dating of charcoal samples from the Resadiy&tréo constrain the earthquake.
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b) Local geomorphic map of the trench site willdgreduced.

¢) Writing paper about frist trench site in Destek.
Sedimentological lake studies:

o0 Cores along the North Anatolian Fault (Ulas Avsénissis)

- Analyses (water content, LOI, mineralogy, Isotopasliege of short cores collected in
summer 2007

- Geotek —Geophysical- core scanning analysis inflAachen of short and long cores
collected during summer 2007

- ITRAX —Geochemical- core scanning analysis in lstdckholm of short and long cores
collected during summer 2007

- Anisotropy of the magnetic susceptibility in U. Gfrech of short and long cores col-
lected during summer 2007.

- Selection of dating material, and sending it td Pejati.
The analysis will continue until the fall.
0 Cores along the East Anatolian Fault- Hazar arei@f Boes’s Thesis)

- Geotek core scanning analysis in Rhodes Islandf dhort and long cores collected in
summer 2007

- ITRAX —Geochemical- core scanning analysis of slaod long cores collected during
summer 2007

- Cesium and lead dating in Rhodes Island U.
Selection of dating material, and sending it td Pejati.

Summer 2008
Paleoseismological trench studies — Golova Site

Paleoseismic trenchs are planned on the GolovaKiteire 24) selected during summer 2007 during
field work. The site is located near Asagitepeaikel, also studied in that project. At this site, aim to

get a good chronology of earthquakes using clagsataoseismological trenches, where past eartleguak
can be identify because they disrupt the stratlyyagpear the fault trace. The fault segment studigd
tured in 1939 during a M=7.9 earthquake, and wasaated with up to 8 m of right-lateral displacene
No paleoseismological data exist on that fault ssgnKris Vanneste, Koen Verbeeck and David Garcia
will help with the paleoseismological trench stigdie

Other Paleoseismological trench site study
We plan to try to find another site for Paleoseimgidal trenching along the NAF, and open a trench.

Lake studies — Compilation of Information about &dkvel changes, paleoclimate, additional short
cores taken on some key lakes

Ulas Avsar plan to compile information about Lak&edl changes, past climate at the site under stiiely.
may also take additional short cores needed fagpahgnetic study.

Fall 2008 — Paleoseismological trench studies:

- Most of our time will be devoted to the analysésnaterial collected in the field: paleoseismotogi
cal trench logs, and soil samples.

- Participation to AGU Fall meeting

Fall 2008 — Sedimentological trench studies:

- Analysis of sedimentary cores if not finishedidgrspring time
- Writing papers
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- Participation to AGU Fall meeting

A.3.4. Personel involved

Scientific staff Hubert-Ferrari Aurélia (project leader), Boésvia, Fraser Jeffrey, Avsar
Ulas, Garcia Moreno, Vanneste Kris (paleoseismickjyd/erbeeck Koen (pa-
leoseismic work), Lecocq Thomas (geophysical irigatibn)

A.3.5. Partnerships
List of international partners without grant

Erhan Altunel, Hatice Kutluk, Eskisehir Osmanganivérsity, Turkey
Naime Arslan, Eskisehir Osmangazi University, Tyrke

Moran Bradley, University of Rhode Island, Narraggth, USA
Namik Cagatay, Istanbul Technical University

Emin Demirbag, Istanbul Technical University

James Dolan, U. Southern California, USA

Neyran Soylu Elif, Samsum Ondokuz Mayis Universityrkey

Chip Heil, University of Rhode Island, NarragansetsA

King John, University of Rhode Island, Narragandg¢g8A

Jarg Pettinga, University of Canterbury, New Zedlan

Jeff Pigati, USGS Arizona, USA

Andy Nicol, Institute of Geological and Nuclear &ttes, New Zealand
Ludvig Loéwemark, Stockholm University, Sweden

List of national partners without grant

Nathalie Fagel, U. of Liege
Marc de Batist, Ghent University
Nadine Matielli, ULB

Philippe Claeys, VUB

Grants/Projects used for this research/service
Marie Curie Excellence Grant MEXT-CT-2005-02

Research visits (days): Avsar Ulas (65), Boés Xavier (100), Garcia Morenavid
(65), Hubert-Ferrari Aurélia (15), Fraser Jeffr@y (

Field missions (days): Avsar Ulas (110), Boés Xavier (45), Garcia Morenavid
(64), Hubert-Ferrari Aurélia (32), Fraser Jeffréy)X
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B. Research theme “Present-day deformation of the lithsphere”

B.1. Research Project “Deformations of the lithospheren northwest Europe
caused by climatic loading and tectonic strains — epphysical
instrumentation”

B.1.1. Objectives

In northwest Europe, modelling of the present daywe@ments and deformations of the lithosphere are
controlled by the glacial isostatic adjustment (5IAhese movements are in apparent contradictiom wi
those inferred from the study of the seismic atytj\in-situ stress, the geologic and geomorphiceua
nary investigations. Therefore, it is paramountrneestigate the relative contributions of the teato
forces and of the climatic loading.

Our goals in this project are:

1. To interpret the present-day deformations by iniclgdhe WALCORS and FLEPOS GPS networks
in the European network, in collaboration with $&ttl of ROB;

2. To perform absolute gravity measurements alongélg@in the Ardenne and Germany. Comparison
of these measurements with the GPS data will aliewto determine a stable reference, which is
paramount to ensure reliable long-term measurements

3. To better understand the relationship between ptat®y deformations and the observed ones in the
karst morphology in the Walloon caves. For thafppse strain measurements in the Rochefort cave
are essential to understand the local deforma#itesrand to relate them with the regional scale;

4. To model and correct the hydrological effects oodggic and geophysics measurements.

These investigations are favoured by the developmEgeophysical instrumentation for the Rochefort
laboratory, but also for the monitoring of the watels in Uccle and for the Lanzarote Geodynamica
Laboratories of Cuerva de los Verdes, Jameos deb/fA&gd Timanfaya. The long time series of these in-
struments are analysed using the HiCum softwareldped at the ROB. This program allows detecting
very weak stationary signals.

B.1.2. Progress and results

B.1.2.1Absolute gravity measurements

To better assess the present-day crustal defonmsatabsolute gravity measurements using the FG5-202
gravimeter have been conducted along a profileegwic/ear since September 1999. This 140 km long
profile includes 8 stations across the Belgian Argeand the Roer Graben. During the profile, th&+G
202 calibration is controlled at the Membach refieesstation. We also perform AG measurements in
Ostend yearly. Presently we observe an averagetygnate of change of +3#5.0 nm/s?/yr, which is
equivalent to a subsidence rate of #2% mm/yr (Inm/s2 0.5 mm). The observed rate provides an
upper limit on the possible uplift of the Ardenreesd does not contradict the subsidence predicted by
GIA models and GPS measurements 0.8 mm/yr according to Nocquet et al., 2005). Tikipara-
mount to evaluate the future impact of sea levsd.rThree stations worth of note are Jilich, Ostendd
Membach:

In Jiilich, a gravity rate of change of 37509 nm &/year equivalent to 18£3.0 mm/yr is due to an-
thropogenic subsidence. These measurements compl@tier geodetic measurements around the
brown coal mining region. This will allow us to gt insight into mass redistribution phenomena re-
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lated to gradual surface subsidence. The Jiliclereaqce demonstrates that anthropogenic subsi-
dence can reduce or eliminate the possibility ohitiaoing tectonic deformation in the Graben.

In Ostend, the AG measurements agree with tide egaaga, mean sea level and CGPS measure-
ments.

In Membach, differences in the rates observed sl®&6 and 1999 and comparison with global hy-
drological models indicate that long term environtaé effects may influence the inferred trend.

Our study indicates that, even in difficult conaiits, AG measurements repeated once a year camaesol
vertical land movements at the mm level, whichpprapriate to monitor GIA effects, present-day ice
mass changes, deformations at plate boundariagoeidence in river deltas, provided the instruments
carefully maintained. The seasonal variations dbimtuence the trend significantly if campaigns ar
repeated during the same season, but can prosaghia into ongoing hydrological processes. Thist
also confirms the need to measure for decadegy asicurate and stable geodetic techniques likef&G,
investigating slow deformation processes in ingpkontext.

The slow crustal deformations are also monitorédgu€GPS in Bree and Meeuwen. At Membach sta-
tion the CGPS measurements in Membach were inteddip 2003; a new station is operational in Jalhay
since 2006.

To monitor the stability of the Black Forest Obsdory, where a superconducting gravimeter should be
installed in 2008 or 2009, we were invited to parfabsolute gravity measurements in November. This
allowed us to initiate new projects in low-frequgrseismology (BFO is a leading observatory in that
field) and to bring our experience in supercondugtravimetry and hydrological effects on gravity.

B.1.2.2 Strain measurements in the Rochefort cave

Very recent fault activity has been observed ifedént caves of the Belgian Ardennes. To quantigse
movements and to understand their possible caspesific investigations have been conducted in the
karstic network of the Rochefort cave where thephological evidence of this activity is well visélA
geophysical laboratory was installed in the cavd987 to monitor the movements along some of the
faults in parallel with environmental parametershstemperature, atmospheric pressure and water flow
from stalactites. Specific instrumental devicesenbgen developed to be able to measure very slalv fa
movements. During the ten years of measurementseatault “Fontaine-Bagdad”, which presents the
most significant displacement in the karstic motpbg of the order of 0.3 m, a continuous relative
movement of 0.03 mm/year is evidenced in the dwagparallel to the observed slickensides. It sstge
that the total displacement could have occurrecesine end of the last glacial period and thattipe of
surface deformation is one of the expressions efdéformations of the lithosphere caused by the cli
matic cycles of loading and unloading of the laigee sheet. In relationship to gravity measurements,
pluviometric station has also been developped atic@mplement the environmental measurements in-
side the Rochefort site.

B.1.2.3Hydrological and other environmental effects

Membach:

We were the first to establish a reliable modetdaect hydrological effects on SG measurementis Th
model is based on comprehensive local hydrogedbgiwvestigations (Van Camp et al., JGR, 2006).
Remaining variations are partly due to atmosphiefluences that are not completely corrected ugireg

1D model based on the local barometric data. Usiagorrected time series, together with the Usiter

of Hanover, a 3D atmospheric model was appliechercbrrected Membach time series. The variance of
the remaining gravity residuals was then decreaget6%. Such a work was already done by different
authors but the improvements were mostly maskethbyuncorrected prevailing hydrological effects.
Because we are able to correct hydrological effeffisiently, 3D atmospheric models can be validate
accurately at the Membach station. This is pathefPhD thesis work of O. Gitlein (U. Hanover).
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For the first time we had also the opportunity pplst our hydrological model to improve the signalrh

a storm surge in the North Sea, which caused oleaiing deformations on the north-west European
shelf. This event was generated by winds over drtharn North Sea and the surge travelled souttsvard
as a Kelvin wave along the east coast of the Ukn¢gabout 9 hours to travel, with increasing amojplée,
from Scotland to the Thames estuary and then tgildal the Netherlands and Germany. In the Fratre-
pietro et al paper (GRL, 2006) we presented thigentce of such a storm surge on gravity at the Mem-
bach station in 2000. However, while the surge setadincrease the gravity, on the other hand, kecau
storms are accompanied by rainfalls, hydrologiffalots tend to decrease gravity at the Membaciostat
partly masking the loading effect of the surge2090 no hydrological data were available to corteet
rainfall effect, making difficult its detection. hwas not more the case during the large evemoof
vember 9, 2007.

Jilich:
At the Jilich site the seasonal variations are nesiused by changes in the shallow unconfinedfaqui
We took the data from wells recording around tla¢icn, modeled the gravity effect, and evaluated th

porosity that best reduces the seasonal variatidiesfound a value of 22%. The seasonal variatiaess,
well as a step-like function in fall 2003, are srf@al out.

Rochefort:

In karst aquifers, the void spaces consist of cares conduits, smaller fissures, and a porous matri
From a drainage point of view, they are structuretivo types of subsystems: the drains with lovemet
tion capacity and high permeability, and the ansystems with high capacity but weak connectivity to
the drain. The degree of interconnection or thengability of the different subsystems can vary over
several orders of magnitude. Because of the hetamity of such aquifers, it is not possible to kritwe
spatial distribution of the different subsystemshaf' the system is flooded, the rise of the wateleta
depends on the characteristics of the subsystelnesdiains are distinguished from the annex subsyste
by very short residence time of water. This dynaimiessentially nonlinear and does not permit bédia
predictions.

The main inputs of the Rochefort cave are swall@led of the Lomme River. The river is canalized;
however, in strong flood conditions, the waterlspilver the dyke and sinks into the Nou Maulin $oval
hole, connecting suddenly the cave network. Thisi@es very fast rises of the water table in theesav
causing fast gravitational effects that can bestigated using precise gravimetric methods. Thelats
gravimeter FG5-202 was installed on the groundaserfabove the cave during the winters 2005-2006
and 2006-2007 and monitored transient increaseawmity of about 100 nm/s? during the floods. This
moderate gravity variation suggests either a wepkewsity or that only the filling of the cave aocdn-
duits was responsible for the observed gravitatieffect. The role of the unsaturated zone aboee th
cave (“epikarst”) is questionable and should bestigated soon.

B.1.2.4Geophysical instrumentation and analysis of vergk\ggnals

We continued to design the loggers DigitROB whiglainew low-power acquisition system consuming
about 10 A which could continuously work over one year WaIAA ion batteries. We reached a resolu-
tion of the order of 18in the measurement of the variability of the datiibn periods of a vertical pendu-
lum. We also adapted in cooperation with RamonzgMINCN, Madrid) our picoDAS data logger (most
recent development of EDAS) for the seismic momigpiof volcanoes. It requires a clocking accuraty o
1/100" of second in absolute.

We start to develop the prototype of a new sea tahel tsunami monitoring sensor, including a ZIGBEE
wireless data transfer system compatible with tmaraunication networks of EDAS.
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We continued to optimize the procedure of sprirayimeters calibration with our inertial forces jdain
(Figure 28). A new microprocessor controls the stepor to produce maximum smooth vertical motion
of the platform. We set up the system equipped mithL&C Gravimeters.

We continued the experiments in
Uccle and Lanzarote with the spe-
cific instrumentation developed at
the ROB. In Uccle, we are moni-
toring the water levels since more
than 20 years, whereas in Lan-
zarote, three different sites are
equipped since a long time period
with 40 instruments dedicated to
monitor ground movements and
environmental parameters.

A Phd thesis has been undertaken
by Zhu Ping to identify very weak
stationnary signals (VWS project)
in geophysical recordings. During
the first year, Zhu Ping developed
part of the software, based on the
HiCum method, and already ap-

plied it to continuous recordings

Figure 28. Calibration of a spring gravimeter with the oscillating collected during specific ROB pro-

platform developed at the ROB.

jects: the barometric pressure in-
fluence on tidal gravity variations in Membach -a devel recordings in a lava tube in Lanzarotee- th
monitoring of strain, pressure and temperaturenénRochefort cave — ground water levels in theethre
upper aquifers in Uccle. Using this approach, ve® atudied the possible tidal triggering of earticps
and applied it to the Vrancea seismic zone in Roui@na

B.1.3. Perspective for next years

In collaboration with Olivier de Viron (IPG Paris)e intend to analyse the terrestrial gravity datan
northwest Europe (ROB database) to evaluate largle snechanical properties of the lithosphere and t
discriminate the origin of the gravity anomaliesouthern and northern Belgium.

In collaboration with S.D.P. Williams (POL) and Renna (U. Newcastle) we will investigate the geaavit
tional influence of the November 2007 storm surgthe North Sea.

In collaboration with the Nordic Geodetic Commissiave will continue to collaborate in order to shar
the AG data for better constraining GIA models.

The AG profile is a long-term project. We plan tmtinue the profile once a year; after 14-20 yeass,
should be able to constrain any possible long-teemd with accuracy better than 1 nm/s2/yr.

Different experimental development will be donghe geophysical laboratory. A specific attentiofl wi
be given to the clock synchronisation with GPS tmthe wireless transfer of data. A full digitalCPI

feedback will be designed for the gravitationalaoak and the LCR spring gravimeter. The lift platfo

to calibrate spring gravimeter will be reinstaliedthe gravimetric room of the ROB. We will alsonco

tinue our investigations on the tidal triggeringeairthquakes.

A FRFC project has been introduced to complemendB measurements by 6 more stations in northern
France and Belgium, but also to further investigagdrological effects on geodetic measurements in
Membach, Rochefort and Jilich and to include thayais of GPS data from the WALCORS and FLE-
POS networks, in collaboration with Section 1.

74



B.1.4. Personnel involved

Scientific staff: Camelbeeck T. (responsible for the investigatiariRochefort)
Van Camp M. (responsible of superconducting arsilaibe gravimeters)
Van Ruymbeke M. (responsible of the laboratorg@bphysical instrumentation)
Ping Zhu (action 2 Phd-thesis)

Technical staff: Bukasa B., Castelein S., Hendrickx M., Noél JRRpagnani G., Renders F.
Volunteers: de Kerchove E., Tuts G.

B.1.5. Partnerships
List of international partners without grant

Prof. H.-G. Scherneck (Onsala Space Observatory),GD Strykowski (The Danish National
Space Center), and the Working Group for Geodynswsifithe Nordic Geodetic Commission;
Prof. K.-G. Hinzen (U. of Cologne);

Dr E. Pomplun, Dr. E. Kimmerle and M. Moélimann-Coaéforschungszentrum Jilich);

Prof. O. Francis, Dr T. van Dam (U. of Luxembourg);

Dr. S.D.P. Williams (Proudman Oceanographic LalmyatUK);

Dr. Nigel Penna (U. of Newcastle);

Dr L. Timmen, O. Gitlein (U. Hanover);

Dr O. de Viron (IPGP, Paris) ;

Prof. B. Meurers (U. of Vienna);

Dr. W. Zirn, Dr. T. Forbrigger, Dr. R. Widmer (BFO, Karlsruhe, U. Stuttgart).

Prof. J.-P. Barriot (U. Polynésie Francaise, Tahiti

Pr Ricardo Vieira & E.Veles, Univ.Comput.Madrid

Pr R.Ortiz, Museo Nacional de Ciencias Naturaleadhél

Pr P.Bernard & Fr. Beauducel, IPGParis

Pr D. Zugravescu, Institute of Geodynamics of Raaradcademy, Bucharest, Romania

Pr Cai Wei Xin, BES-CEA (China)

Dr. F. Greco, Istituto Nazionale di Geofisica e dariologia, Sezione di Catania

Mr. S. Panepinto, Dipartimento di Chimica e Figiedla Tierra, Universita di Palermo

List of national partners without grant

Prof. A. Dassargues (ULg/KUL);

Prof. M. Vanclooster (UCL);

Prof. V. Hallet (FNDP, Namur);

Prof. Y. Quinif, Dr O. Kaufman (FPMS Mons);

Dr. P. Meus (DGRNE, Division de I'Eau, MET);

Ir J. Verstraeten (Afdeling Waterwegen Kust, Os&nd

Grants/Projects used for this research/service
Ph. D. action 2 grant W1/33/G02.

B.1.6. Missions
Commissions, working groups (days): Camelbeeck T. (7)

Field missions (days): Camelbeeck T. (1), Castelein Stefaan (29), No&. J1),
Van Ruymbeke (18), Van Camp M. (45)
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B.2. Metrology

B.2.1. Objectives

Gravimetry is a domain strongly related to metrglbgcausey enters in the determination of standards
derived from the kilogram (electrical intensityepsure, force) and is to play an essential rothémew
realization of the kilograng is also a key value to determine the geoid, thedyc surface of the Earth.
The Royal Observatory of Belgium possesses an alesgtavimeter and as such participated to the “key
comparisons” of AGs at the Bureau International Fesls et Mesure in Paris. The process is stilbeng
ing to designate the Observatory as responsiblgréonity in Belgium. In particular, the SPF Econoiny
waiting for a new law allowing this designation, ialhis necessary to be allowed to participate tori
“key comparisons”. Independently of these offi@amparisons in Paris, our absolute gravimeter @arti
pates in numerous intercomparison campaigns aaalilrating and controlling relative gravimeters.

Since Cavendish first measured Newton's Gravitaticonstant 200 years ago, "Big G" remains one of
the most elusive constants in physics. As an atamn to the classical torsion balance experimemés,
are developing at the ROB a static vertical penaulufeed-back loop control to determine G.

B.2.2. Progress and results

As high accuracy reference instrument, the Bel§i&b-202 AG also participates in numerous interna-
tional comparisons. In 2007 the FG5-202 was contpbarédlembach to the Luxemburg FG5-216 on 3-4
May and successfully participated to the IntermatlocComparison of Absolute Gravimeters in Walfer-
dange, 11-14 November.

A meeting was organized at the SPF Economie (Msie] 24 September 2007) and the process is still
ongoing to designate the Observatory as responéiblgravity in Belgium. In particular, the SPF
Economie is waiting for a new law allowing this g&tion, which is necessary to be allowed to parti
pate in future “key comparisons” of AGs at the BIPM

Experiments have been done in order to validateapparatus to determine G and to improve its sitmal
noise ratio.

B.2.3. Perspective for next year

As the absolute determination of the gravity iseesial in geophysics and metrology, new intercompar
son campaigns will take place in Luxemburg and iptsat other stations.

The next years will be devoted to the installatafrthe “G”-experiment in the gravimetry room of the
ROB in complement to the one installed in the ugdmind laboratory in Walferdange

B.2.4. Personnel involved

Scientific staff: Naslin S. (“G” experiment)
Van Camp M. (responsible of superconducting arsilaibe gravimeters)
Van Ruymbeke M. (responsible of the laboratorg@bphysical instrumentation)

Technical staff: Castelein S., Noél J.-P., Renders F.

B.3. Projects “GIANT: Geodesy for Ice in ANTarctica” and “LISSA:
Lithospheric and Intraplate Structure and Seismicity in Antarctica”

B.3.1. Objectives

GIANT: The University of Luxemburg and the ROB posed an experiment to utilize contemporary
geodetic techniques to provide information on teemass balance of the Antarctic Ice sheet, iwvithin-
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ity of the future Belgian station in Antarctica. i$texperiment will provide information which can be
used to convert the satellite altimetric data miss balance information.

We proposed to install two continuously operatingSGstations at a bedrock site (which is quite excep
tional in inland Antarctica) at the proposed Betghntarctic Observatory. In order to derive releabur-
face deformations, the GPS data will be analyseal dedicated manner taking into account the locatio
of the BAB and the extreme ionospheric conditidnsaddition, the proposed GPS observations will be
supported with annual observations of absoluteityrat the Belgian base itself. Given the noisetlos
absolute gravity and the GPS-based surface defammegsults, we expect to be able to extract useful
information on the mass balance of the region aa af 500 km) within 7 years.

LISSA: The ROB will also install a seismic broadtastation in the Belgian base. That station withal
to monitor the seismic activity in Antarctica, metframework of international seismological coofiera
and to study the properties of the lithospheraatimity of the base.

B.3.2. Progress and results

We participated in different meeting with the BalgiScience Policy and the International Polar Funca
tion in order to design the laboratory where thepigsical measurements will take place. This laiooya
should be build during the austral summer 2008-2009

B.3.3. Perspective for next years

If the construction works are on schedule, seismeasurements and possibly GPS and gravity measure-
ments may start in early 2009. Otherwise it is luojpestart in late 2009.

During the spring 2008 tests will be performedhat Membach station in order to check that the @mngp
that will be installed by the Royal Meteorologitastitute will not disturb the seismometer in Amtiica

B.3.4. Personnel involved

Scientific staff: Camelbeeck T. (responsible of the whole project)
Van Camp M. (ROB responsible for GIANT)

B.3.5. Missions
Commissions, working groups (days): Camelbeeck T. (4), Van Camp M. (2)

B.3.6. Partnerships
List of international partners without grant
Prof. O. Francis, Dr T. van Dam (U. of Luxembourg)
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C. Research theme “seismic hazards and risks”

To provide the decision makers (engineers, urbamr@rs...) with usable information to prevent the
worst consequences of future earthquakes, scemisoduced the concept of seismic hazard of erneg
or a site. It defines the characteristics of tmersy ground motions to consider in the design aldings,
taking into account their lifetime and their soalémportance (private house, public administratioos-
pital, school, power plant...).

Adequate preventive action requires studying tHaearability of the buildings. It defines their s@nsty

to the strong ground motions caused by earthquakesyulnerability concept includes the importante
the buildings in terms of costs, but also in teohansubstantial value or threat to human livee $ais-
mic risk, linked to the impact on buildings, denhe damage costs of a future earthquake in agive
construction. The stakes concern also the impaigtrins of human lives, number of injuries, econaiic
costs due to the activity interruption or pertuidrat social costs of homeless...

During the recent years, we developed methodoldgievaluate local seismic hazard in Belgium, basi-
cally by introducing site effects evaluation by ttwmbination of experimental techniques with 1-D nu
merical modeling. In cooperation with the Departimeh Architecture of the Polytechnic Faculty of
Mons, we began vulnerability and seismic risk stadi

C.1. Project: site effects — seismic hazard

C.1.1. Objectives

Many studies demonstrate that the seismic respoinaesite is largely dependent on the local gealalgi
conditions. The purpose of this project is to depednd integrate different methodologies, whiclvall
estimating site effects from ambient noise recadd numerical simulation. It aims to develop tech-
niques to be specifically used in urban areas.nBygrating the procedures into databases, it milrove
strongly the seismic hazard studies conductedeaRtBB and the expertise of the ROB for the increpsi
external requests in the field of seismic hazasg@ssment.

C.1.2. Progress and results

In 2007, we integrated deterministic seismic sdenalculations and a probabilistic seismic hazitdly
(partly done by Edouard Foriers at the ROB in 2008)the Brussels Capital Region. All these results
can be found in the final report of the projectdpel-Action 1 M0/33/016.

The Probabilistic assessment has been done usngRISIS software. We calculated the Peak Ground
Acceleration for a 10% probability of exceedancetf@ next 50 years, corresponding to a retureloger
of 475 years. The overall average result for Brigssssulting from 162 calculations including aletbn-
certainties using a logic tree approach is 0.05 g.

In the deterministic approach, we considered feisrsic scenarios:

The first one is a modelling of the 1938 Oudena&a¢hquake (Ms 5.0), which cause damages in
Brussels;

We modeled also a M 6.2 earthquake with an epieenitng the Bree fault scarp (part of the Feldbiss
fault system in the Roer Graben);

We also considered a M 4.8 earthquake in Hoei{aatO km of the centre of Brussels);

To provide response spectra usable in buildinggtlesie considered also real strong motion records
on the bedrock of the Campano Lucano of Novemb860 19 Italy (Ms = 6.9), that we rescaled to a
PGA of 0.5 m/s?
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We introduced the influence of site-effects by auiing the simulated earthquake signals obtained by
the FINSIM software with the transfer functionsdifie 29) of five distinct places in Brussels (Héyse
city centre, Louisa, ROB and Lot in the south otigsels). These transfer functions were calculated i
one of the first phases of the project. In genehal results of the deterministic approach liehie €xpec-
tations of the probabilistic approach with calcethtPGA values varying between 0.01 g (simulated
Oudenaarde event at Heysel location) to 0.173 gnf@2ao Lucano rescaled 0.05 g event at Lot). How-
ever, the ground accelerations and associated dnaaponse vary strongly with the sediment thicknes
and thus site-effects play an important role. s ffense, the calculated PGA at the surface cap be 3
times more in Lot in the south of Brussels, comgargh the other places, which is explained by the
higher resonance frequency of the transfer fungtidrot.

In 2007, ONDRAF/NIRAS asked the expertise of theBR® conduct investigations to validate the
choice of the Peak Ground Acceleration (PGA) taetakto account in the design of the building foe th
storage of the short-lived an
moderately active radioactiv
waste, located in Dessel. Th
regulation authorities
(AFCN/FANC) recom-
mended first providing a
evaluation of the stron
ground motions of possibl
large earthquakes occurrin
along the Rauw fault even i
their probability of occur-
rence is very low. For thi
purpose, we evaluated th
possible strong ground mo
tions for the Dessel site in

deterministic approach i
terms of expected pea
ground accelerations (PGA
and ground response spectra.
We did calculations for dif-

ferent scenarios, i.e. larg

earthquakes that are gener-

ated at nearby supposed agc-
tive Quaternary faults as the Figure 29. Seismic scenario of a 6.2 earthquake along the Bree fault scarp for

Rauw fault at 10 km and the the site of the ROB in Uccle/Ukkel. The convolvedgnal and frequency spec-
Geleen fault at 40 km. | " trum is in blue colour, the originals in green andhe transfer function in red.

these calculations, we considered also the sieetsfby integrating the soil profile and its gebtsdcal
characteristics (e.g. damping and shear wave \gJodihe calculations of the seismic scenarios were
executed with different software so that we coudthpare the linear strong ground motions modelling
with the non-linear strong ground motion modellihgthe non-linear modelling, the soil profile wills-
sipate by greater input accelerations more seigmégy so that the resulting ground response will b
more attenuated than by linear modelling. In otderalidate our soil model, we conducted four ambie
noise measurements to know the resonance frequartye soil. The calculated soil model fitted well
these measurements. All the results of these @dlonk are written in a confidential report for
ONDRAF/NIRAS.
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C.1.3. Perspective for next years

For the ONDRAF/NIRAS project, four seismometersl Wi installed in the beginning of 2008 around
the nuclear sites of Mol-Dessel. Two will be intdlat the grounds of Smet Boringen in Dessel,iore
borehole at 600 meters depth and one at the suifaestwo others will be installed at the grountithe
SCK in Mol, one in the Hades underground laboratdr200 meters depth and one at the surface. This
will improve our knowledge of the soil geotechnigairameters and real transfer functions can be ob-
tained in case of earthquakes.

In 2008, a probabilistic seismic hazard study tlconducted for the Dessel nuclear site. In caldrs-
cuss and verify proposed methods, seismic parasatet results, a working group was constituted with
people from the ROB, NIRAS/ONDAF, KULeuven, Traatthnd the Belgian Geological Survey.

We have been invited to participate to the prop&#ARE in the framework on the European Commis-
sion 7" program dedicated to the homogeneization of seifard in Europe.

C.1.4. Personnel involved
Scientific staff: Camelbeeck Thierry (responsible for the ONDRAF/NSRproject)
Petermans Toon

Technical staff: Castelein Stefaan

C.1.5. Partnerships
List of national partners without grant

Wim Cool and Laurent Wouters - ONDRAF/NIRAS
Alain Van Cotthem and Viviane Warnotte — Tractebel
Noél Vandenberghe - KU Leuven

Michiel Dusar - Belgian Geological Survey

Grants/Projects used for this research/service

Belspo-Action 1 “Seismic hazard — strong groundiomg: evaluation of site effects and lo-cal
seismic hazard in Belgium”: M0/33/016
ONDRAF/NIRAS Convention CCHO 2007-4177/00/00

C.1.6. Missions

Commissions, working groups (days): Camelbeeck Thierry (2)

Research visits (days): Camelbeeck Thierry (6), Petermans Toon (3)
Field missions (days): Castelein Stefaan (3). Petermans Toon (3)

C.2. Research Project “earthquake risks in Belgium”

C.2.1. Objectives

This project concerns the development of methodefotp evaluate seismic risks in Belgium. The proje
is done in cooperation with the Department of Arettiure of the Polytechnic Faculty of Mons. Three
different topics are considered: (1) the developneérstrategies to evaluate the seismic vulnerighbaf
buildings in Belgium; (2) the evaluation of the a#ng costs for the earthquakes that occurredesinc
1932 in Belgium, on the basis of the available rimfation (macroseismic inquiry at the ROB, archigés
the Disaster Fund ...) and; (3) the elaboration ofethodology for the identification of seismic pdtho
gies on architectural heritage and its applicaitioBelgium.
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C.2.2. Progress and results

We established an inventory of pathologies of chescin the epicentral area of the®Z3ebruary 1828
earthquake by their observation in the field (Feg80). Practical worksheets have been elaboraied us
the rules of the methodology and they were appiedeveral of the studied churches in Hesbaye. We
extended also our investigation to the churchesagah by the earthquake of 11 June 1938, including
search in the archives, inventory of churches teddby the earthquake, direct observations...

Figure 30. Location of churches for which historichsources mentioned damage caused by the 23 Febryar
1828 earthquake.

Using the methodology developed by Anne-Marie Bezgsee annual report of 2006), we begun to ana-
lyse the repairing costs of the known damages (filtenROB databank) during the 11 June 1938 earth-
guake.

C.2.3. Perspective for next years

We forecast to prepare publications on the differaathodologies developed to study the seismic pa-
thologies in the churches of Belgium and on theiirgpy costs of damages caused by earthquakes as a
tool to evaluate seismic risks.

C.2.4. Personnel involved
Scientific staff: Camelbeeck Thierry, Petermans Toon, Philipront kené

Technical staff Castelein Stefaan
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C.2.5. Partnerships

List of national partners without grant
Anne-Marie Barszez, Alain Sabbe and Hugues Wilgbaculté Polytechnique de Mons).
André Plumier et Hervé Degéé (Université de Liége)

C.2.6. Missions

Commissions, working groups (days): Camelbeeck Thierry (4), Philipront Amélie (3)
Field missions (days): Camelbeeck Thierry (3), Philipront Amélie (10)

82



D. Research Theme “Earth Tides”

D.1. Research Project “Global and Regional Earth Tides ®idies”

Earth Tidal research is performed in a widely inédional context, as the Royal Observatory of Retyi
(ROB) is sheltering the International Center fortealides (ICET), which in turn is responsible bt
database of the Global Geodynamics Project (GGRgtaork of more than 20 stations equipped with
superconducting gravimeters. These instrumentstemacterized by a very high sensitivity ¢4§) and a
very low instrumental drift, a few parts in i) and provide new possibilities in tidal gravitydies.
Many foreign scientists are thus collaborating with not only in the framework of GGP but also for
studies related to tidal phenomena in general.

D.1.1. Objectives

Interpretation of global earth tides observatioith\wmphasis on the fine spectrum of the tidal vgatiee
determination of the liquid core resonance effd&l@fW) in the diurnal spectrum and the detectiothef
effect of the polar motion on gravity. For that pose we use principally the global network of sapar
ducting gravimeters (SG), known as Global GeodyparRroject (GGP).

Gravimeters, clinometers and strain meters areused to monitor interactions between ground dederm
tion, tidal signals and meteorological parameters.

D.1.2. Progress and results

Until July, we prepared actively several workshapd meetings. At the “First Asia Workshop on Super-
conducting Gravimetry, Hsinchu, Taiwan, March 12-i@ presented 3 communications. Two commu-
nications were dedicated to the study of the GGivark observations with emphasis on the free core
nutation (FCN) on one side and the detection otitheforth-diurnal waves generated by the indireict
fect of the ocean tides. With S. Rosat we focusethe European GGP stations for the study of the.FC
European GGP stations are indeed a very suitablénd purpose as the ocean tidal loading is veny |

in the diurnal band. New results have been predesitehe EGU meeting in Vienna and at the IUGG
General Assembly in Perugia. Considering the fi@ahmeters of 16 European stations (including 7 GGP
stations) corrected for the ocean tidal loading, itiean tidal parameters for O1 and M2 agree within
0.1% with the DDW99 and the MATO1 models for anasédc Earth. Moreover the GGP stations recover
very well the FCN parameters. For that purposegtmeeralized least squares and Bayesian approaches
give compatible results, provided that a non-negaf)-value condition is imposed on the least square
During the stay of A. P. Venedikov we analysed veng records of ocean tides data to determine MSL
variations, focusing on the detection of discorities in the records. The results were presente@ein
rugia.

During the second half of the year we made a réyaisaof the Oostend tide gauge data based on a 60
years (1945-2006) series. Beside the accuratendiegion of tidal constituents, including non-limea
tides, the main goal was the determination of tH&l Mariations at Oostend. This work has been per-
formed with the collaboration of A. P. VenedikovdaHans Poppe (Vlaamse hydrografie - Agentschap
Maritieme Dienstverlening en Kust). With the helpJo C. Zhou we recomputed and evaluated global
tidal gravity parameters on a 0.5°x0.5° grid basedecent ocean tides models.

The final version of the paper summarizing the ltesebtained during the project “Earth Tidal Observ
tions in Siberia” sponsored by the S&T bilaterabpgeration agreement between Belgium and Russia
(convention BL/33/R09) has been published. Theaboltation with the “Istituto Nazionale di Geofisiea
Vulcanologia, Sezione di Catania” has been findlizg the submission of a paper.
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D.1.3. Perspective for next year

After his retirement, B. Ducarme will finalize tiseudy of the 60 years of tide gauge records andighub
the results.

D.1.4. Personnel involved
Scientific staffDucarme B.

Technical staffVandercoilden L.

D.1.5. Partnerships
List of international partners without grant

Prof. A.P. Venedikov, Institute of Geophysics, Barign Academy of Sciences

Dr. V.Y. Timofeev, Trofimuk Institute of Petroleu@eology and Geophysics SB RAS, Novosi-
birsk

Dr. H.P. Sun, Dr. X.G. Hu, Mr. Chen X.D., Mr.Zhou@. Institute of Geodesy and Geophysics,
Chinese Academy of Sciences, Wuhan

Dr. F. Greco, Istituto Nazionale di Geofisica e dariologia, Sezione di Catania

Mr. S. Panepinto, Dipartimento di Chimica e Figiedla Tierra, Universita di Palermo

List of national partners without grant

Dr. Séverine Rosat, Royal Observatory of Belgium
Ing. Guido Dumon and Hans Poppe, Vlaamse hydragrafigentschap Maritieme Dienstverle-
ning en Kust

D.2. Operational Project “International Center for Earth Tides (ICET)”

D.2.1. Objectives

The terms of reference of the International CeftteEarth Tides (ICET) are:
To collect all available measurements on EarthstaleWorld Data Center C;

To evaluate these data by convenient methods dfysasan order to reduce the very large amount of
measurements to a limited number of parametersha$hould contain all the desired and needed
geophysical information;

To compare the data from different instruments différent stations distributed all over the world,
evaluate their precision and accuracy from thetpoiirview of internal errors as well as external er
rors;

To build a data bank allowing immediate and easgparison of earth tides parameters with different
Earth models and other geodetic and geophysicahpeters;

To ensure a broad diffusion of the results andrmédion to all interested laboratories and indialdu
scientists.

D.2.2. Progress and results

Since 1997 ICET is the scientific responsible & tiGlobal Geodynamics Project-Information System
and Data Centre" (GGP-ISDC, http://ggp.gfz-potsdked). The data owners can upload themselves the
original minute sampled data. The data are cayefuttprocessed at ICET using a standard procetiure,
correct for tares and spikes. The data are themd#ed to one hour and analyzed. The analysistsesul
are directly communicated to the data owners. Tdlisw up is required to detect quickly the anoreali
that could affect the data. Each year CD-ROM'sedited with the raw and corrected minute data dk we
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as the log files and the auxiliary data, when add. In 2007 we edited the CD-ROM's ETGGP#9 and
ETGGP#9a with the data from July 2005 till June®00

The “Bulletin d’Information des Marées TerrestréBIM) n° 143 was printed in 300 copies. Some 275
copies are sent to libraries and individual scestall over the world. It is devoted to scientiiapers
concerning tidal research.

The complete collection of BIM has been scannedwitidoecome available on the ICET WEB site in
2008.

Global tidal gravity parameters have been compuied 0.5°x0.5° grid using the NAO99 ocean tide
model for 9 waves (Mf, Q1, O1, P1, K1, N2, M2, &2). Interpolation software is proposed on the
ICET WEB site to provide an input compatible witle tmost common tidal prediction software.

The ICET WEB site Http://www.astro.oma.be/ICETHas been updated and developed. Besides general
information including historical aspect and lasEICreports, it proposes to the visitors an acaess t

The general bibliography on Earth Tides from 18807l either by alphabetical order of the first
author or following a decimal classification;

The table of content of all the BIM issues, andtstg from BIM 133 an electronic version of the
papers;

Various tidal analysis and preprocessing softwaeglable directly or on request from ICET;
Ocean tides loading computations and the preditdetigravity parameters for all the tidal grav-
ity stations.

Interpolation software for predicted tidal gravipgrameters at any continental location in the
world.

D.2.3. Perspective for next year

ICET will move to the University of French Polynagirahiti) under the responsibility of its new dit@r
Prof. Jean-Pierre Barriot. During the first half26f08 the ROB will continue to provide a limitedpport
for the GGP data reduction and analysis, includthg edition of CD-ROM's ETGGP#10 and
ETGGP#10a with the data from July 2006 till Jun®20

D.2.4. Personnel involved
Scientific staff Ducarme B.

Technical staff: Vandercoilden L.

D.2.5. Partnerships
List of International partners without grant

D. Crossley, J. Hinderer: Global Geodynamics Ptqe&GP)
B. Rittschel: GeoForschungsZentrum Potsdam (D)
J. Bogusz: Warsaw University of Technology, Ins&taf Geodesy and Geodetic Astronomy
Jean-Pierre Barriot, Laboratoire des Sciences defig, Université de Polynésie Francaise a Ta-
hiti
Grants used for this research
Federation of Astronomical and Geophysical Services
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E. Operational projects for scientific research and egertise

In order to support its scientific research, iteestific expertise and to provide pertinent infotioa to
the public and the authorities, the section ofraelegy develops and maintains different tools. Thei
good working state is fundamental for the contiyoitthe different activities of the section.

E.1. Operational Project “seismic and accelerometric natorks — gravity
measurements — international data exchange”

E.1.1. Objectives

The section of seismology installed, is maintainamgl analysing the data from the seismic and accele
ometric Belgian networks and is continuing the Idraglition of the ROB in gravity measurements.

The Belgian seismic network, with 24 permanenti@tat is mainly dedicated to the monitoring and the
scientific study of the seismic activity in Belgiurihe ROB is managing 3 stations in Grand-Duchy of
Luxemburg (in cooperation with the European CefdaeiGeodynamics and Seismology) and one station
in The Netherlands (in cooperation with the Netlugtls Meteorological Institute). Earthquakes world-
wide with magnitude greater than 4.5 — 5.0 are rdmmb by the Belgian seismic network. The measure-
ments on these recordings are sent in routinegtdntiernational Centres (EMSC and ISC) where tha da
from the stations worldwide are analyzed to furrasplobal catalogue of earthquakes and phase krriva
time models. We provide also real-time seismic aligifirom some Belgian stations to the ORFEUS and
IRIS centres. In November 2006 the IRIS Board akBtors authorized admission of the Royal Observa-
tory of Belgium as “Foreign affiliate”.

The accelerometric network was installed to complenthe seismic network by furnishing reliable data
when strong ground motions saturate traditionarsemeters. It is an important tool for the profesals
in the field of earthquake engineering and engingeseismology.

The section maintains and analyses the data frem\@ absolute gravimeter FG5 and the SG supercon-
ducting gravimeter in Membach and by conductingvignatric measurements with spring gravimeters.
Since 2004, we are conducting gravity and magmagasurements in the Upper Thracian Depression in
Bulgaria to investigate the upper crustal structfréhese regions where two large earthquakes oexdur

in 1928. This study is done in parallel with ouvestigation on the active faults that generateddaheo
events. A convention has been signed in 2006 \wighWalloon Region to include the sites of the WAL-
CORS GPS network in the Belgian Gravimetric Basemdek BLGBN98. The WALCORS network in-
cludes 23 GPS stations, most equipped with spegcradrete pillars providing good conditions for gtav
measurements. For Geodetic purposes this new netmitbiinsure the collocation of two complementary
techniques. Moreover the integrity of these siteguaranteed. The interest for the Walloon Regson i
that, in case of anomalous behavior of the GPShaate it will be possible, by repeated gravity meas
urements, to check if this behavior is associatigd gravity changes and thus corresponds most pipba
with real vertical displacements of the antennaved campaigns, performed in spring and in autumn,
are scheduled to include the WALCORS points in BINGB and detect eventual seasonal variations. The
convention concerns 4 campaigns from September 200%pril 2008. Reiteration of the network is
planned after 5 years.

Since 1997 the SG of Membach participates in thab@| Geodynamics Project SG data base and since
2005, in the IRIS seismic data base to promote &@®g seismologists.

E.1.2. Progress and results

E.1.2.1Seismic network and instrumentation”
Status of the seismic network — management in 2007
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The control of the good working of the Belgian sg@is network is done on a daily basis. The firspste
this routine work is the visual inspection by thertemade program SAVEDATA of the 720 files of two
minutes data of the previous day from the statadfridembach, Sart Tilman, Dourbes and Seneffe, &nd o
the 360 files of four minutes data from Uccle. &k files with seismic events are automaticallygra
ferred to the directory dedicated for the daily swaments and a list of these events is createth Ea
night, this list is used to recall the event datahie other permanent seismic stations. The sestapdis
the control of the data that have been sent bydiffierent stations to our main server. If some dat&
lacking, an inspection of the origin of the problesrdone, and an adequate solution is providedliges

it. Table 1 furnishes the information concerning #itatus of the different seismic stations in therse of
2007. The violet color indicates the stations tieate a continous link with the seismic center irclec
The signals from these stations are also visibléhenveb site of the seismology section with ayela

10 minutes. The green cells correspond to periodsvhich data are available (the monthly number of
available files are indicated) in the differenttistias, the red cells to periods during which thegishs
were not working and the orange cells inform of ediailures in the station during the corresponding
month. Blue cells at the end of the year 2007 mgi¢hat all the data have not yet been transfdrosdl

the corresponding stations (BRQ, CTH, LES and MR®the only stations that are not linked to Uccle
by a telemetry link).

Table 1: status of the Belgian seismic network 2007

1028

STI
UCCS | 343 | 575 726 824 623 622 713 763 731 754 697 524
UCCH

VIA

WLF
ZEV

The inspection of the table indicates that we tefdtively few data. Therefore, the managementef t
Belgian seismic network working seems relativelgaqahate.

During 2007, we have to solve temporary or morenagient problems in some of the seismic stations. In
Bracquegnies (BRQ) we equipped the borehole with-& seismometer. We did the same operation at
the Couthuin (CTH) station. In Lessines (LES), tié PC was replaced by a new Linux PC with a re-
movable hard disk. At Opitter (OPT), we decidednttall a surface seismometer in the expectatioa of
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new borehole seismometer asked for in a LOTTO-mahd he station in Seneffe (SNF), which is one of
the six stations for which the phase measuremestsent to the international centres, has beerofout
work due to vandalism. It takes a few months tdaith& sufficiently safe infrastructure to reinsttdie
equipments.

The most important part of the daily routine is theasurement of seismic phases, amplitude and sénse
motions for the earthquakes and other seismic swenbrded by our seismic stations. There are fifvo d
ferent procedures, one to analyse the local andrragseismic events and one to analyse teleseismic
events. For teleseismic events, a database ofs(eriernal catalogliés based by the on-line analysis of
the daily or alert E-mails send automatically bg thiSGS (Unites States Geological Survey), the LDG
(Liaison et Détection Géophysique, CommissariatEadrgie Atomique, France) and the EMSC (Eu-
romediterranean Seismological Center). This catedogan be considered as complete with a delay of
around 10 days. Therefore, the different measuresrame conducted with a minimum delay of 10 days.
During the year 2007, 12 monthly messages of phpieging and 15 alarm messages for local earth-
qguakes were sent to CSEM and ING (Madrid). Afteredieping the new procedures, we were also able to
send our data to the ISC (International Seismict€gn

Local and regional earthquakes are analysed witlaxdmum delay of one day during the week and three
days after the week-end. Nevertheless, a partiatlention is given to local earthquakes, evenrdutine
week-end, by a regular look on the real-time saistraces on the web site of the section. Therefore,
when a local earthquake is clearly identified dgrthe week-end, it is also often analysed. After th
measurements of local earthquakes have been duneate introduced in the database. The procedure
allows to locate them and to determine their lanabnitude. When this is done, the events are atikoma
cally implemented in the internal catalogue

New infrastructures in seismic stations

To improve our capacity of providing as fast assgae reliable information to the Centre de crisease

of an earthquake in or near Belgium and to increasecapability in the international exchange dlre
time seismic data, we developed our infrastruciuréne stations of Rochefort and Eben-Emael. To im-
prove the quality of detection and location of setsevents in southern North Sea and near the &elgi
coast, we began also the project to install a regsc station in Oostende.

Rochefort (RCH)

On the Rochefort site, the 16 bits acquisition exystvill soon be replaced by a new 24 bits Quanterra
Q330 acquisition system. This decision was takdloviitng the good results we have had with such
equipment in Membach and the troubleshooting oblems due to the instability of the Quanterra self-
calibration we have achieved this year. The irstiath of new equipments in addition to the already
stalled equipments has rosen the interest for man@ent internet connection to this site. An inteoa-
nection will be installed with a fiber optic calieking the cave to the surface building. This siolo will

give a very good immunity to lightning issues. Mmrer the quality of the seismic data acquired os th
site make it, with the possibility to get the datareal time, a good station for conducting autdmat
events detection and localization, and also toideweal time data to the international centers BB
and IRIS.

Eben-Emael (EBN)

Concerning the remote access to measured dataavee dstablished a permanent internet connection
with our seismic station in Eben-Emael (EBN). Irder to lower the transition costs from ISDN to
ADSL, a preliminary study was conducted and anrdéble technical solution was identified and imple-
mented with success.

Oostende

Following our contacts with the scientific educatiprivate centre “Earth Explorer” in Oostende, re i
stall a seismometer at bedrock level, the Departrtlezefmilieu, Natuur en Energie” of the Flemish
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Government agreed to fund the drilling of a borehdbwn to bedrock. As part of the agreement, we
needed to draft a detailed specifications repostueing technical requirements for the boreholeese
specifications have been revised a number of timesgreement with all involved partners (Flemish
Government, Earth Explorer, Belgian Geological 8ynvand the ONDRAF/NIRAS), and were finally
approved. The Flemish Government assigned theawirtts Smet Boringen, and drilling of the borehole
will start in March 2008. We also asked for a fici@h support from the LOTTO to buy the borehole
seismometer for that station, but also to buy a besehole seismometer for the station in Opitter.

New developments for an improved seismic alert sy&n

The development of new infrastructures for themiisstations is strongly related to our developnwnt

a reliable alert system, with an automatic detectlocation and magnitude determination of seismic
events. For this purpose, a first stage will beetoeive continuously data from a maximum of seismic
stations and to develop the methodologies and addtio do the work.

Hence, after the installation of an internet cotio@cin Eben-Emael, it is planned to install intetfricon-
nections in other stations.

As part of this project for an automatic detectém location system of seismic events, we haveddt:
two meetings, each presenting the possibilitiesreff by software designed for this purpose. Trst fir
meeting, in Bucharest (Romania), showed the pds®biof the SeisComP software developed by the
GeoForschungsZentrum Potsdam (Deutschland). Thendameeting demonstrated in Rome (ltaly) the
capability of Earthworm software maintained by the American company ISVé& have first planned
to test the SeisComP software. We have then started the writing of thiddleware required to make
our own seismic station able to communicate wiieisComP in order to run the first tests.

Mobile stations

The modernisation of our seismic measuring infeestire has gone on with the completion of a 24 bits
mobile station prototype. The added features wadpect to the previous model are: a resolutiondof 2

bits instead of 16 bits, the possible choice betw®&®S and DCF for time synchronization and the sup-
port of the TCP/IP protocol for the remote accesthe acquired data. Moreover, their low power con-
sumption make it possible to power supply them wdlar panels.

Seismometer calibration

Concerning the calibration of our sensors, the ggedor calibrating L4-C and L4-3D seismometers has
been improved thanks to the development of autemascripts. The length of time required for proeess
ing the data of calibration has been shortenedlana/hole process is less tedious.

E.1.2.2Accelerometric network”

The network is working correctly and checked thgidy at the ORB once a week (Mol is checked twice
a week). The accelerometer of Membach (“MEMA”) tealown and was sent back to the manufacturer
for repair.

The stations of La Reid (THEA) and Sart-Tilman (8succesfuly recorded the 25 November 2007 La
Gleize M =3.1 earthquake (Figure 31). This earthquake wasnaall to trigger the other accelerometers.
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Figure 31. Accelerometric recordings at the statiomHEA for the La Gleize earthquake of 25 November Q07

E.1.2.3.“Gravity measurements”
Gravity measurements in Membach

Below 1.5 mHz the superconducting gravimeters (SiBs)competitive with the best spring gravimeters
and seismometers, and can achieve the lowest leviskat frequencies lower than ~1.0 mHz. SGs can
therefore make a significant contribution to thenlination of long-wavelength density heterogemesiin

the Earth’s mantle.

Since 1997, most of the SGs data are collectedruhdeframework of the GGP (Global Geodynamics
Project) global network that presently includeswi®#b instruments. Up to now the data are beirig-ga
ered in a specific database for geodesists, usgpgeific format. In order to promote the SG datoiag

the seismic community, in 2004, contacts with IRI®ouraged us to provide the IRIS database with on-
line data. Due to the complexity of the SEED fornmaitt also to test a standard seismic data logger o
SG and to provide data from the Giralp CMG-3ESPaBband seismometer, a Q330 data logger was
installed in 2005 at the Membach Geodynamic station

Connecting the Q330 on a SG was not easy. Firsttaldifferent technical problems we had to perfarm
standard exchange during the winter 2006-2007.rAftstalling a new Q330 in March 2007, we per-
formed different technical operations to both tii& &d the Q330 (e.g. removing parasitic grounddpop
to ensure a reliable DC level and a stable calidmafiactor (at the 0.1% level). This took time, hese
one needs several weeks after each operation o the stability of the system.

Today, in the tidal and the seismic free oscillatfrequency bands, the Q330 behaves as good as the
usual voltmeters. For longer periods, in the nedryg it will be interesting to see if the DC lewélthe
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Q330 remains stable: indeed, the Q330 performslfacaération to adjust the dynamic response to
maximize waveform integrity; the DC absolute caliion is deliberately sacrificed and therefore, the
long-term stability could be compromised. Thisrniscbntrast to the voltmeters that emphasize DC-accu
racy at the expense of frequency response, phaig, pund related issues that affect waveform iritgg

Project WALCORS

The spring 2007 campaign met several difficulti@se of the two gravimeters involved in the measure-
ments was not working properly and one of the altealeference stations was not accessible. Therefor
during the autumn campaign, the faulty instrumeas weplaced by a top quality SCINTREX CG5 gra-
vimeter and an additional absolute station wasugted in the network to strengthen it in the South o
Belgium. The following conclusions can be drawntlos basis of the already conducted three campaigns.
Three instruments have been used on the WALCOR®Sonet LCRD32 (NGI, B), LCR G402 (ROB),
Scintrex CG5 (ECGS, L). The precision of the adnesit of the scale factor of one individual gravienet
using several reference stations is limited t3. Ihe resulting bias on the 180mgal gravity differe of

the WALCORS network could thus reach 18 pgal. Haavetie use of two instruments on a single cam-
paign or the global adjustment of two different pamngns of the same instrument reduces the bigssso |
than 10 pgal. The scale of the CG5 instrumentpidectly the set absolute reference stations.sthée

of D32 is 1.0015 and the scale of G402 1.0010,greement with previous determinations on the
BLGBN98 gravity network. The adjustment error oreandividual point ranges between 5ugal and
10ugal. The difference between the adjusted andnitial value at the reference stations is gemeral
lower than 5ugal.

Comparison of different campaigns shows some disereies larger than 20ugal. It is sometimes due to
bad local conditions or to insufficient connectidonsthe neighboring stations. Unfortunately theyonl
spring campaign met some difficulties, so thatinm tonclusion can be drawn concerning possible sea
sonal effects. However large unexplained graviffedénces seem to exist in the area of the providice
Luxemburg between spring and autumn. These cowcisishould be confirmed by the next spring cam-

paign.

Gravity and magnetic measurements in Bulgaria

In 2007, 35 new gravity points have been measured ttal of 205 points. The limits of the Thracian
depression have been well imaged by the Bouguenalyo

Interpretation of Chinese potential field data

We used the methodologies developed at the ROBteopiret in terms of structural geology gravimetric
and magnetic data from the Sishuan region.

E.1.3. Perspective for next years

E.1.3.1Seismic network”

We will develop progressively the infrastructurelahe methodologies to realize automatic eventodete
tion, location and magnitude estimation.

Borehole seismometers should be installed in Odsteldessel and Opitter. A Quanterra acquisition sys
tem should be installed at the Rochefort statitmwdihg us to transmit in real time the data frore 8ta-
tion to IRIS and ORFEUS.

E.1.3.2Accelerometric network”

The accelerometers must be visited on regular i@smeaintenance and/or repair. In 2008 all thé@ta
will be controlled in situ by S. Castelein and ba#s replaced.
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E.1.3.3'Gravity measurements”

The superconducting gravimeter in Membach suffesmfnumerous interruptions of the power supply,
partly due to the Company “Intermosane”. We plaingiall a reliable uninterruptible power supply to
prevent for at least 36 hours the feedback ciftarh shuting down. This is paramount to avoid steps
the SG time series as this circuit controls thé&d&on of the superconducting sphere. These |astths

we also have had serious problems with the reaepficthe DCF77 signal, which ensures accurate gmin
of the data acquisition systems. Interferences ftbenintermosane network are suspected (correlation
between occurrence of the interferences and powsy.cThis should be solved in 2008 too.

Together with J. Steim we will continue investigatithe efficiency of the Q330 datalogger on the.S.G
and together with IRIS and GFZ Potsdam, workingrenimplementation of SG’s data on the IRIS data-
base.

A last campaign of the Walcors project is schediedpring 2008. The organization of this campaign
will be very similar to the last 2007 campaign. dngral compensation of the 4 campaigns will provide
an overall stability assessment of the WALCORS ityastations at the end of the convention.

We intend to conduct magnetic measurements in Balgad provide a complete interpretation of the
gravimetric and magnetic data collected since 2004.

E.1.4. Personnel involved

Scientific staff: Camelbeeck T. (responsible for the managemereopioject)
Coallin F. (control of the good-working of the smis network and of the daily meas-
urements)
Ducarme B. (participation to the Walcors project)
Everaerts M. (participation to the Walcors proj@ebject in Bulgaria and China)
Van Camp M. (responsible for the gravity measur@sje
Vanneste K. (charged of the contacts with the Har@overnment)

Technical staff: Rapagnani G. (developments for the seismic atetttle seismic stations)
Bukasa B. (maintenance of the seismic stations)
Castelein S. (maintenance and control of the aooeiletric stations)
Driegelinck E. (daily routine measurements)
Hendrickx M. (maintenance and control of the S®&embach)
Martin H. (control of the seismic network and o tiT infrastructure)
Vandeputte W. (daily routine measurements)

E.1.5. Partnerships
List of international partners without grant

Dr Tim Ahern, R. Benson (IRIS, USA);

B. Ritscheld (GFZ Potsdam);

Dr. J. Steim (Quanterra, USA);

Kinemetrics, USA;

Micro-g-LaCoste, USA;

GWR instruments, USA;

Prof. O. Francis (U. Luxembourg (GD Luxembourg));

Bureau International des Poids et Mesures, France;

Dr. Philippe Richard (METAS, Switzerland);

Dr. S. Williams (Proudman Oceanographic Laboratbii);

V.Y. Timofeev, Institute of Petroleum Geology aBdophysics SB RAS, Novosibirsk
Dimitar Dimitrov Central Laboratory of Geodesy Batian Academy of Science
Pascal Sailac, EOST Strasbourg
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P Keating Geological Survey of Canada

Junxian Chen Tongji University

R. Barzaghi — Director, International Geoid Seryieelytecnico Milano

H Duquenne Lareg IGN France

H. Denker — Institut fur Erdmessung, Univ. Hannover

S. Bonvalot — Director, Bureau Gravimetrique Intgional, CNES, Toulouse

List of national partners without grant

Laurent Wouters - ONDRAF/NIRAS

Michiel Dusar - Belgian Geological Survey

P. Lambot and C. Verteneuil, National Geographstilate
A. Demoulin, University of Liege

J. Yans, FUNDP in Namur

Grants/Projects used for this research/service

Convention de prestation de services concernagulibration gravimétrique du réseau Walcors,
passée entre la Région wallonne et 'ObservatoirgaRde Belgique (ORB)
Bilateral cooperation between Belgium and Bulgaria

E.1.6. Missions

Commissions, working groups (days): Camelbeeck Thierry (4), Ducarme B. (2), Everaerts(®),
Rapagnani G. (6), Vanneste K. (2)

Research visits (days): Everaerts M. (8)

Field missions (days): Bukasa B. (31), Everaerts M. (36), Rapagnani G), (Uar-
tin H. (15), Castelein S. (11)

E.2. Operational project “IT infrastructure - seismological database — web
site”

E.2.1. Progress and results

Different investigations have been conducted targwe our IT infrastructure and our web site.
Studying the market for buying and configuring arapplication server (seissrv3) ;

Studying the market for buying and configuring aafic web server for te section seismology (end
of 2007) ;

Analyzing the functions performed by the old apgpiicn and file server Terra. Gradually implement-
ing them on the application server Poseidon andfiteeserver Gaia. Data from the stations are
gradually managed by these two servers in ordegptiace the old one ;

Installation of an agenda for the section seismplmgintranet (seisweb.oma.be/calendar) ;
Installation of a ‘Wiki’ for the section seismology intranet (seisweb.oma.be/seismowiki) ;

Retrieving seismic measurement files (hypo71) arseriting them into the databank ( development
and implementation of the needed software ) ;

Integrating epicenter calculations into the progthat manages phase measurements ;
Adding information about the events and their cbtastics to the seismic traces on the website.
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Figure 32. Daily connections to the seismology sert web site during 2007

The statistics of the daily connections to the i of the section seismology is presented onrEiga.
Some peaks occurred the days of the occurrengeecife earthquakes. More than 500 connections have
been done on 25 November, after the occurrenceedf, t=3.1 La Gleize earthquake, strongly felt in the
region of Spa and Theux (60 answers to our onkfigairy, Figure 33)
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Figure 33. Results of the on-line web inquiry abouthe La Gleize earthquake on 25 November 2007. Inmsity
values are only indicative.

E.2.2. Perspective for following years

Installing and configuring the section seismologgtwserver (Extranet), including a site for content
version management ;

Testing and implementing effective operation of tieev application server designed to replace the
application server Poseidon ;

Replacement of the application/file server Terrd application server Poseidon by the new applica-
tion server. The biggest problem remains the reptent of our data analysis program “dp” ;

Setting up of a regular backup process on the maphication and file servers (poseidon replacement
server and Gaia).

E.2.3. Personnel involved

Scientific staff: Camelbeeck T., Vanneste K.

Technical staff: Rapagnani G. (software and hardware developments)
Devos F. (development of the web-site)

Hendrickx M. (maintenance and control of the S®&embach)
Martin H. (control of the seismic network and & tiT infrastructure)
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the Free Core Nutation (FCN) parameters

Accepted for publication in IAG Proc., Symp. GSO@arth Rotation and Geodynamics”,
XXIV IUGG General Assembly, Perugia, |.

FagelN., Boés X.

High Resolution clay mineral record in Lake Baikaldiments: the Holocene and Late Glacial
transition

Paleo 3. In press.

Hubert-Ferrari A ., G. King, Van Der Woerd J., Villa I., Altunel EArmijo R.

Long-term evolution of the North Anatolian fauleW constraints on its eastern termination

In Geodynamics of Collision and Collapse at theidsfArabia-Eurasia Subduction Zone, Edi-
tor R. Govers, Geological Society of London Spedatepted.

Panepinto S., Greco F., Dario Ducarme B.

Tidal gravity observations at Mt. Etna and Stromibi@sults concerning the modeled and ob-
served tidal factors

Submitted to Annals of Geophysics
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[33]

[34]

[35]

[36]

[37]

Rosset P Petermans T., Camelbeeck T

L’aléa sismique local en Belgique

In “Evaluation et prevention du risqué sismiqueR#&gion wallonne”, Aménagement et urba-
nisme, 9-23.

Sabbe A.Camelbeeck T., Barszez A.-M., Philipront A

Comment déceler l'origine sismique de certains ofies affectant le patrimoine architectural
et comment y remédier

Les cahiers de l'urbanisme.

Sichien E, Monfret T., Pardo M., Vera E., Gaffet S., Valie

Three-dimensional attenuation structure of Centthlile (30°-32°S) using local earthquakes:
evidences of a fluid and fractured medium relatethe 1997 Punitaqui (Mw = 7.2) intraslab
event

Submitted to Geophysical journal international

Vandenberghe D¥Yanneste K., Verbeeck K.,Paulissen E., Buylaert J.-P., De Corte F., Van
den haute P.

Late Weichselian and Holocene earthquake eventmyaloe Geleen fault in NE Belgium: OSL
age constraints

In press in Quaternary International, doi: 10.1pd64int.2007.11.017.

Vanneste K, Mees F.Verbeeck K.

Application of thin-section analysis to identifylgaearthquakes on the “slow”, active Geleen
fault, Roer Valley graben

In press in Tectonophysics Special Issue "Earthej@@édology: methods and applications”, doi:
10.1016/j.tecto.2007.10.011.

F.4. Reports, thesis, etc

[38]

[39]

[40]

[41]

[42]

[43]

Avsar U.

MEXT-CT-2005-025617: Seismic Cycles-Scientific Rreg) Report October2005-October2007
European Commission, Research Directorate Gerduahan Resources and Mobility; Marie
Curie Actions.

Boés X.

Seismic cycles EU-Project, the lakes sedimenty £2006-2007.

Document de Synthése de la mission de carottageajiet Marie Curie Understanding the ir-
regularity of Seismic cycles: A case Study in Tyitk®mmunauté européennklarie Curie
actions60 p.

Ducarme B., Vandercoilden L.
Global Geodynamics Project: CD-ROM ETGGP #9
International Center for Earth Tides

Ducarme B., Vandercoilden L
Global Geodynamics Project: CD-ROM ETGGP #9A
International Center for Earth Tides

Lecocq T.

Relocalisation de tremblements de terre en ArdéBedgique), Méthode d’'analyse et identifi-
cation de structures actives

Mémoire de DEA, ULB, June 2007, 22pp,French.

Lecocq T.
FRIA - Rapport d'activités 2006-2007
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[44]

[45]

[46]

[47]

[48]

G.

Report in order for the financial support to coanénfor 2007-2008, August 2007, 8pp,
French

Petermans T., Camelbeeck T

Evaluation of the strong ground motions at the [@ksgte generated by large earthquakes on
the Rauw and Feldbiss faults

Report for ONDRAF/NIRAS. Convention: CCHO: 2007-4100/00, pp 29.

Petermans T., Camelbeeck T
Note on the Belgium seismic catalogue of the ROYakervatory of Belgium
Report for ONDRAF/NIRAS. Convention: CCHO: 2007-4100/00, pp 3.

Petermans T., Camelbeeck T
The Spectral Ratio Slope method (SRS): Applicaidhe Uccle seismic stations
Report for ONDRAF/NIRAS. Convention: CCHO: 2007-4100/00, pp 6.

Petermans T., Rosset P., andamelbeeck T
Evaluation of site-effects and local seismic hazarBelgium
Final report - Research project MO/33/016 for tledgan Science Policy, 72 pp.

Sichien E.,Henriet J.-P.Camelbeeck T
Een studie van de structuur van de Belgische klwst locale seismische tomografie.
Voortgangsrapport 3de jaar.

Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Avsar U., Boes X., Hubert-Ferrari A., Fagel N.
Potential of Shallow Lake Systems to Trace Enviemtal Changes Caused by Earthquakes.
European Geosciences Union Meeting, Vienna, ApHRQ, 2007.

Barszez A.-M., Philipront A.

Pérennité du patrimoine béti et risque sismiquéBelgique

Symposium, « De la bonne idée a la réalisationiqurat..» CSTC, 28/11/07, Bruxelles, ab-
stract and poster.

Barszez A.-M., Philipront A.
Seismic Risk in Belgium through Post-Seismic Ghssgessment
Mercea 08", Italie, 7-11.July 2008, abstract.

Boés X., Avsar U.,Doner L., Heil C., King J.Moran B., Ranger M., Cagatay N., Hubert
Ferrari A

Assessment of Lake Sediment Sensitivity to Earktleguand Climate Cycles along the North
Anatolian Fault.

4™ International Limnogeology Congress - ILIC July14" 2007, Barcelona.

Boés X., Avsar U, King J, Bradley M., Cagatay Ndubert-Ferrari A.
Assessment of Lake Sediment Sensitivity alongdfte Nnatolian Fault
11e Congres francais de sédimentologie, Caen, @B25 oct.) Livre des résumés.

Boés X., Avsar U, King J, Cagatay NHubert-Ferrari A.

Assessment of Lake Sediment Sensitivity to Earktleguand Climate Cycles along the North
Anatolian Fault

European Geosciences Union Meeting, Vienna, A2Q, 2007.

Cadicheanu Nyan Ruymbeke M
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[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Research of tidal periodicities in the seismic hdgaof the Vrancea zone, Romania, (poster)
European geosciences union meeting, Vienna, A7 20

Camelbeeck T., Vanneste K., Alexandre P., Bruyning., Van Camp, M.

Relevance of geodetic, seismicity and active faglstudies to assess lithospheric deformation
and long-term earthquake activity in intraplate ovest Europe

EGU meeting, Vienna, April 15-20, 2007

Delvaux D., Macheyeki A.S., Kervyn RRetermans T., Verbeeck K, Temu E.B.

Earthquake geology of the Kanda fault system (Tayiga-Rukwa rift, SW highlands of Tanza-
nia)

EGU General Assembly 2007, Vienna, 15-20 April 20@@ster presentation)

de Viron O., Panet I., Mikhailov V{an Camp M., Diament M.

Retrieving Earthquake Signature in GRACE Data

AGU Fall meeting, San Francisco, USA, December4,02007.

Ducarme B., Vandercoilden L

GGP network: internal and external consistency apglications to the determination of the
FCN parameters

First Asia Workshop on Superconducting Gravimettginchu, Taiwan, March 12-16, 2007

Ducarme B, Venedikov A. P.
Localization and estimation of jumps and other pdyations in the tidal records
First Asia Workshop on Superconducting Gravimedttginchu, Taiwan, March 12-16, 2007

Ducarme B.,Zhou J. C., Sun H. P.
Detection of M4 ocean tide loading inside the G@Rwork
First Asia Workshop on Superconducting Gravimettginchu, Taiwan, March 12-16, 2007

Ducarme B.,Venedikov A. P., Vieira R., Dimitrov D.
Study of the mean sea level and its time variations
Symp. JGS002 “Global Sea Level Change”, XXIV IUG@n@ral Assembly, Perugia, I.

Ducarme B., Xu J. Q.Vandercoilden L., Sun H. P.

European tidal gravity observations: Comparisonhwiarth Tides models and estimation of
the Free Core Nutation (FCN) period

Symp. GS003 “Earth Rotation and Geodynamics”, XXINGG General Assembly, Perugia, .

Everaerts M.

Oral presentation: Progress report on seasonal gyacampaign carried out on permanent
GPS stations in Walloon region

Conference, etc 94 Journées Luxembourgeoise deyBa@mijue Gonderange Grand Duchy of
Luxemburg 12-14 november 2007

Fraser J., Pigati J. Hubert-Ferrari A., Vanneste K., Boés X., Avsar U. Altinok S.
Development of paleoseismic trench logging andhdatchniques: a case study on the Central
North Anatolian Fault

EGU General Assembly 2007, Vienna, 15-20 April 20@@ster presentation)

Francis O.Van Camp M., Williams S.D.P.

On the drift of a Superconducting Gravimeter angl Moise of an Absolute Gravimeter
International Symposium on Terrestrial Gravimetggatic and Mobile Measurements, St Pe-
tersburg, August 20-23, 2007.

Gitlein O., Timmen L.Van Camp M.
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[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Atmosphere Reduction for Terrestrial Absolute Graatry in the Fennoscandian Land Uplift
Network
Geodatische Wocheegipzig, 25-27 September 2007

Hubert-Ferrari A., Boés X., Fraser J., Avsar U., Vaineste K., Catagay N., De Batist M.,
Fagel N.

A Marie Curie Excellence Team Project at the Radyhkervatory of Belgium: Understanding
the irregularity of seismic cycles: A case studyimkey

BELQUA Workshop 2007, Brussel, 12 March 2007 (Quasentation by A. Hubert-Ferrari)

Hubert-Ferrari A., Boés X., Fraser J., Avsar U., Vaineste K, Catagay N, Altunel E.,de
Batist M., Fagel N.

Understanding the irregularity of Seismic cyclesCAse study in Turkey-A Marie Curie Excel-
lence Team Project

European Geosciences Union Meeting, Vienne, AprRQ, 2007.

Lecocq T., Petermans T., Alexandre P. Camelbeeck T

Seismicity of the Ardenne (Belgium): spatial disition and implications in terms of active tec-
tonics

EGU General Assembly (poster), Vienna, Austria,ilAl®-20, 2007.

Lecocq T.
Relocalisation de tremblements de terre en Ardenne
PhD seminar, ULB, Brussels, Belgium, June 21, 2007.

Lecocq T., Petermans T., Alexandre P., Camelbeeck T

Earthquake relocation in the Ardenne (Belgium)ntifgcation of active structures in Intraplate
context.

Geologica Belgica Doctoral Seminar, Brussels, BelgiOctober, 19 2007.

Lecocq T., Petermans T., Alexandre, P., Camelbeedk,

Earthquake relocation in the Ardenne (Belgium)ntifgcation of active structures in Intraplate
contex

AGU Fall Meeting poster) San Francisco, USA, December, 6-15 2007.

Macheyeki A.S., Delvaux D., Kervyn lPetermans T., Verbeeck K, Temu E.B.

Occurrence of large paleo-earthquakes along theomdanda fault system (Tanganyika-
Rukwa rift, SW highlands of Tanzania)

EGU General Assembly 2007, Vienna, 15-20 April 20@@ster presentation)

Minguely B, Averbusch OEveraerts M, Mansy J-L, Hanot F.

Oral presentation the geometry of northern Varisdanst front in the Artois area (northern
France) Insight from sismique imaging and 2.5 Duifsamodeling

Mechanic of Variscan Orogeny: A modern view on @mg research Orleans France 13-15
septembre 2007

Naslin S., van Ruymbeke M

Application of earth tides instrumentation in theeasurement of the universal constant of
gravitation G, description of the specificitiesafr experiment (Oral)

European Geosciences Union (EGU) General Asseiidyna, Austria (16/04/07)

Naslin S.
Thesis report (Oral), University of Luxembourg @A/07)

Petermans, T., Rosset P., Camelbeeck T.
Combining ambient noise Measurement with 1D nurakgoound Modelling to constrain Site
Effects in the Brussels-Capital Region, Belgium.
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[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Poster presentation at the EGU general assemlayndi Austria on 15-20 April 2007.

Philipront A.

Which are the effects of great earthquakes on tbhkit@ctural heritage in our areas? Applica-
tion to the churches of Hesbaye, inventory, meailomy and prospects.

BeSeiG, Belgian Seismic Group, meeting of bt September 2007, KUL, Leuven.

Rosat S.,Florsch N.Ducarme B.,Hinderer J., LIlubes M.

Analysis of the FCN resonance in SuperconductingviBreters data of the European GGP
sub-network using a Bayesian approach

EGU General Assembly, Vienna, Austria, 15 — 20 AP007

Sichien E.,Henriet J.-P.Camelbeeck T.
Estimating crustal thickness in Belgium using Moéflected waves itle of the presentation
Poster presentation at the EGU general assemlayndi Austria on 15-20 april 2007

Sichien E., Camelbeeck Tand Henriet J .P.

Estimating crustal thickness in Belgium using Moéflected waves and the three-dimensional
velocity structure of the Belgian crust

Oral presentation at the Geologica Belgica doctseahinar, Brussels, Belgium on 19 October
2007

Sun H. P., Xu J. QDucarme B.

Experimental Earth Tidal Models Based on Global @fations of the Superconducting Gra-
vimeters in Considering Earth’s Nearly Diurnal Frééobble of the Liquid Core

Symp. GS003 “Earth Rotation and Geodynamics”, XXINGG General Assembly, Perugia, I.

Van Camp M., van Dam T., Vanclooster M., Dassargues A., Git{@in

Are superconducting gravimeters expensive soil ton@probes?

94th Journées Luxembourgeoises de GéodynamiqueleGrge, Grand Duchy of Luxemburg,
November 12-14, 2007.

Van Camp M., Williams S.D.P., Hinzen K.-GCamelbeeck T.
Intraplate Vertical Land Movements Constrained lmgdlute Gravity Measurements
AGU Fall meeting jposte), San Francisco, USA, December 10-14, 2007

van Dam T.Van Camp M., Vanclooster M., Dassargues A.
Are superconducting gravimeters expensive soil ton@probes?
AGU Fall meeting, San Francisco, USA, December4,02007.

Vanneste K., Verbeeck K., Petermans T Yaneva M., Nikolov G., Béatse H.
New evidence for prehistoric co-seismic surfacaudpg in the Lower Rhine graben area
EGU General Assembly 2007, Vienna, 15-20 April 20@@ster presentation)

Vanneste K., Verbeeck K., Bruyninx C., Camelbeeck T

Paleoseismic re-interpretation of a trench acrdss Geleen fault near Born (The Netherlands),
Lower Rhine graben area

EGU General Assembly 2007, Vienna, 15-20 April 20@@ster presentation)

van Ruymbeke M., Beauducel Fr., Somerhausen A., Howard N&slin S, Cadicheanu N.,
Zhu P.

Description of the HiCum method dedicated to pedaldsignals analysis (poster)

EGU General Assembly 2007, Vienna, 15-20 April 2007

van Ruymbeke M., Beauducel Fr., Somerhausen A., Howard NRaslin S., Cadicheanu N.,
Zhu P.
Evaluation of the level of detection of very weakdynamics signals with the HiCum (poster)
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EGU General Assembly 2007, Vienna, 15-20 April 2007

[43] Verbeeck K., Radulov A.Vanneste K.,Yaneva M. Petermans T., Camelbeeck T.Shanov
S.
Paleoseismologic investigation of two well-docuradrttistorical large earthquakes in the Up-
per Thracian Depression, southern Bulgaria
EGU General Assembly 2007, Vienna, 15-20 April 2007

[44] Zhu P., van Ruymbeke M.
Solid earth-tide influence on the earthquakes ®ifigg and on wave velocity variations (oral
report)
EGU General Assembly 2007, Vienna, 15-20 April 2007

Expertise, Audit

Camelbeeck Thierry: expertise at the meeting caricgrthe applicability of Eurocode 8 code for
masonry building, organized by Wienerberger in lesug28 February 2007) - Presentation of the
seismic risk in Belgium to the “Belgian Seveso Cdtten”, Brussels (27 November 2007)

Meeting organization

Van Camp Michel: Chair of the G15 session, AGU Madleting, San Francisco, December 10-14,
2007 - Member of the jury of the “Geodesy Best StudPaper”, AGU Fall meeting, 2007.

Educational responsibilities (Seminars, students ...)

Boés Xavier: (1) séminaire Evaluation des cyclésatiques et des tremblements de terre dans les
carottes sédimentaires laminées par des technégbaeste résolution RX, Geotek, XRF et polyméri-
sation.Laboratoire EPOC, Bordeaux, FranfeQttobre 2007 ; (2) encadrement de la these dedoct
rat de Avsar Ulas.

Camelbeeck Thierry: (1) Member of the jury of thedis of agregation of Sara Vandycke: Déforma-
tions cassantes du nord-ouest européen, FaculfgeBtohique de Mons (29 January and 14 February
2007) — (2) Member of the jury of the thesis of Née#t Schevenels: The impact of uncertain dynamic
soil characteristics on the prediction of groundrations, Katholieke Universiteit Leuven (30 May
2007) — (3) Co-promotor of the MSc-thesis of Améikilipront: Quels sont les effets sur le patri-
moine architectural des séismes importants deégiens? Application aux églises de Hesbaye — In-
ventaire, méthodologies et perspectives, Facult@tddtinique de Mons (23 June 2007) — (4-7) Di-
rector of thesis of Thomas Lecocq and Jeff Fradeiversité Libre de Bruxelles), Els Sichien (Gent
Universiteit) and Valérie Calbini (Ecole et Obsdoiree des Sciences de la Terre de Strasbourg) — (8)
Responsible of the 1 month stage at the ROB of &&hamakh, student of the Faculté Polytechni-
que de Mons — (9) Presentation of a seminar Laigisismique est-il une réalité dans nos regions? In
the framework of the « Séminaires d’'urbanisme thefInstitut Supérieur d’'Urbanisme et de Réno-
vation Urbaine, Brussels (28 March 2007) — (10)sPnmation of a seminar on the seismic risks for
students in engineering at the Université LibréBdexelles (30 March 2007).

Everaerts M.: training in gravimetry for studenfsld.B and Gent University (1 day each) — co-
promotor of one Phd-thesis at the FUNDP in Namur.

Lecocq Thomas: La tomographie électrique et lag@oton radar, travaux pratiques pour étudiants
de I'ULB, February, 13 & 19, 2007.

Hubert-Ferrari Aurélia: Responsible of the PhD ihed Ulas Avsar and Jeff Fraser, and of master
thesis of David Garcia

Van Camp, M: séminaire « Apports de la gravimétée métrologie et en géophysique a
I'Observatoire Royal de Belgique », UCL, LouvainNauve, 2007-11-08 - Member of the jury of
the thesis of Gwendoline Pajot : Caractérisatiomlyse et interprétation des données de gradiomé-
trie en gravimétrie, IPGP (France), 2007-09-27.
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Websites

Aurélia Hubert-Ferrari: Creation of the present séb for the Seismic Cycle project
B. Ducarme, L. Vandercoilden: Website of the In&tional Centre for Earth Tides
Devos F.: website of the section seismology

Visitors

Thierry Camelbeeck welcomed:
David Kusman (Université Libre de Bruxelles) on @gh 2007.
Alain Bernard (Université Libre de Bruxelles) o2y 2007.
Frédéric Nguyen (Université de Liege) on 4 Juner200
Michiel Dusar (Belgian Geological Survey) on 158@007.
Rebecca Harrington (University of Los-Angeles) énJuly 2007.
Stefan Shanov and Alexander Radulov (Bulgarian Aoadof Sciences) from 10 to 14 Septem-
ber 2007.
De Vuyst (journalist of “Athéna”) on 11 October 200
Y. Yilmaz (Instanbul Institute of Geophysics) onQ6tober 2007.
Hans Havenith (Université de Liege) on 26 Octol)y72
Seth Stein (Northwestern University, Chicago) frdno 5 December 2007.
Michel Sébrier (Université Paris VI) on 19 DecemB@?.

B. Ducarme welcomed :
Angel Petkov Venedikov, Geophysical Institute arhtfal Laboratory of Geophysics, Bulgarian
Academy of Sciences, Sofia, 1 month (1-29 June)
Jean-Pierre Barriot, Laboratoire des Sciences deilee, Université de Polynésie Francaise, Ta-
hiti, 1 week (2-7 December)

M. Van Camp welcomed:
F. Dupont (BRGM, France) at the Sohier stationnasure the vertical gravity gradient and to
link the French Gravity Network to a reference dbtgogravity station (2007-01-26).
Olivier Francis (U. Luxembourg) at the Membachistatto compare his FG5-216 absolute gra-
vimeter with our FG5-202 one (2007-05-03 and 2057049).
Students from secondary school (2007-03-14 and-P@ers).
Seth Stein (Northwestern University, Chicago); Kl&linzen, Sharon Reamer and Claus Fleisher
(U. of Cologne) at the Membach station (2007-12-03)

K. Vanneste welcomed:
Stefan Shanov, Alexander Radulov and Marlena Yan@eslogical Institute of the Bulgarian
Academy of Sciences, 11-16 September

K. Verbeeck welcomed:
Stefan Shanov, Alexander Radulov and Marlena Yan@eslogical Institute of the Bulgarian
Academy of Sciences, 11-16 September

M. Van Ruymbeke welcomed:

Cadicheanu, N, Institute of Geodynamics of RomaAeademy, Bucharest, Romania (60days)
Short visits: number of persons 16
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H. Missions not specified in the projects

Assemblies, symposia:
Camelbeeck Thierry: European Geosciences Union i@eAssemby, Vienne, Austria, April 15-20
2007.

Ducarme Bernard: XXIV IUGG General Assembly, Peaudtaly, July 2-13, 2007 - First Asia
Workshop on Superconducting Gravimetry, Hsinchuw&a, March 12-16, 2007

Fraser Jeffrey: European Geosciences Union GeAssaimby, Vienne, Austria, April 15-20 2007.

Hubert-Ferrari Aurélia: European Geosciences U@eneral Assemby, Vienne, Austria, April 15-20
2007.

Everaerts M.: European Geosciences Union Genessmlgy, Vienne, Austria, April 15-20 2007.

Lecocq Thomas: European Gosciences Union Genesdmitdy, Vienna, Austria, April, 15-20 2007
and American Geophysical Union Fall meeting, Saan€isco, USA, December, 10-14 2007

Naslin Sébastien: European Geosciences Union GQeAssemby, Vienne, Austria, April 15-20
2007.

Petermans Toon: European Geosciences Union Gekssaimby, Vienne, Austria, April 15-20 2007.

Philipront Amélie: “Journée Risque Sismique”, préséion de résultats de recherches LCPC, Labo-
ratoire Central des Ponts et Chaussées, 28/09/Ba0is - « De la bonne idée a la réalisation prati
que...» CSTC, 28/11/2007, Bruxelles

Sichien Els: 15-20 april 2007 : EGU general assgnibienna Austria and 19 October 2007 : Ge-
ologica Belgica doctoral seminar, Brussels, Belgium

Vanneste Kris: 15-21/04/2007: EGU General Asser@bly7, Vienna, Austria.

Van Camp Michel: (a) NKG Working Group for Geodyriasp Tallinn, Estonia, 27-29 March 2007;
(b) 10 Jahre Seismik-AG, St Michael Gymnasium, Mdbasl, Germany, 5 May 2007; (c) “Subduc-
tion zone geodynamics”, Montpellier, France, 5-NneJ2007; (d) Journées Luxembourgeoises de
Geodynamique, Luxemburg, 12-14 November 2007; @YA-all meeting, San Francisco, USA, 10-
14 December 2007.

Van Ruymbeke Michel: European Geosciences Uniore@émssemby, Vienne, Austria, April 15-
20 20072007 - Symposium of Earth Tides, Jena, 3jusi— 5 September 2007.

Verbeeck Koen: 15-21/04/2007: EGU General Asserbly7, Vienna, Austria.

Zhu Ping: European Geosciences Union General Asgeviibnne, Austria, April 15-20 2007 - Sym-
posium of Earth Tides, Jena, 31 August — 5 Septe2®@y7.

Commissions, working groups:

Camelbeeck Thierry: (a) « Rhine-Maas Seismologistseetings, U. Cologne (Bensberg), 1 march
2007 and De Bilt, KNMI, 5 September 2007 — (b) 4den Seismic Group » meeting, ROB, 28 Feb-

ruary 2007, Liege, 5 June 2007, ROB, 29 August 20@uven, 11 September 2007 and ROB, 17
October 2007.

Lecocq Thomas: « Rhine-Maas Seismologists » megtiBgnsberg, Universitat zu Kdln, 2007-03-
01. and De Bilt, KNMI, 2007-09-05.

Philipront Amélie: BeSeiG, Belgian Seismic Groupeetings of 11 of September 2007, KUL, Leu-
ven and 28 of December 2007, Crisis Center, Bruxelles

Van Camp Michel: « RMS » meetings in U. Cologner(&®erg), 2007-03-01 and De Bilt, KNMI,
2007-09-05.

Vanneste Kris: 03/01/2007: Meeting of the Rhine-Be&eismologists, Bensberg, Germany.
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Research visits:

Camelbeeck Thierry: EOPG Strasbourg, collaborativek on site effects in the Upper Rhine graben
with Valérie Calbini (Phd student) and Michel Gra(®14 December 2007).

Everaerts M.: Tongji University in China from 71@ December 2007.

Lecocq Thomas: (a) MTMF seismic station inaugurgtiteismo at school project”, Monthermé,

France, 2007-10-12 — (b) COULOMB course, USGS Mé&ddk University, California, USA, 2007-
12-08.

Sichien Els: 5-9 November 2007: Geosciences aniversity of Nice, Sophia Atipolis, France
Van Camp Michel: (a) IPGP, Paris, 2007-03-26 (dismn of the ERC Sumatra project with M.
Diament); (b) University of Montpellier, 2007-06-@discussion about the gravity measurements in

karstic areas: comparison of the Rochefort anddarases); (c) Black Forest Observatory, 14-16
November 2007 (discussions on future projectsunflequency seismology and gravimetry).
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DEPARTMENT 2: Astrometry and Dynamics of CelestialBodies
SECTION 4: Astrometry of Solar System Bodies

Introduction

The Royal Observatory of Belgium has a long traditin excellent astrometry of asteroids and comets.
In the last years, worldwide asteroid astrometryagnew impetus thanks to several developmentst, Fi
there was the extension of the asteroid populatitim new groups, such as the Transneptunian objects
More influence came from the realisation that astisrmay pose a threat to civilisation if one woodd-

lide with the Earth. The Royal Observatory of Betg continues to provide excellent astrometry of as
teroids thanks to the RUSTICCA project, and pgstites when possible to international projects. The
activities within this project are described in preject "RUSTICCA".

Recently the section got involved, together witheotsections of the Royal Observatory, in the data
duction of the astrometric satellite Gaia, in theo@lination Unit dealing with solar system objecthe
activities within this project are described inegparate chapter.

The long-lasting activity of photographing the skythe department produced an important collectibn
astrophotographic plates, most of them under theagement of the section. In order to keep the data
accessible for modern research, they have to besdidy Since several years digitisation projdwse
been started at the Royal Observatory. Theseitaesiare described in the Theme "Digitisation”.

Finally the section is responsible for producing Wearbook of the Royal Observatory.
Some members of the section are also active ire@iowhich are not directly related to the nomanzl

tivities of the section, such as asteroseismologlgese activities are described in the reporthefsec-
tions in which these activities best fit.

A. Research Theme “Asteroids”

A.1. Project “RUSTICCA”

A.1.1. Objectives

The Project "RUSTICCA", standing for "Revalorisitige Ukkel Schmidt Telescope by Installing a CCD
Camera", started in 1993 and consists in the latah of a CCD camera on the Ukkel Schmidt Tele-
scope and modernising the telescope. The mairctdlgeof this camera is to continue the long-lagtin
tradition of excellent astrometric observationgvehor planets performed at Ukkel, but also othg@esy

of observations have been performed: photometrgatdiclysmic variables (discontinued since people
interested in this subject have left the Obseryat@hotometry of the mutual phenomena of the bl

of Jupiter and observations of possible occultatiohstars by minor planets. Recently we obseoed
cultations and eclipses of an asteroid by its s&teind we tried to observe mutual phenomena eftHt-
ellites of Uranus.

A.1.2. Progress and results

A.1.2.10Observations in 2007

In 2007 observations have been performed on 4Qsigh5 observers. They include H. Debehogne (4
nights, 108 frames), P. De Cat (11 nights, 455 @&®)nE. Elst (7 nights, 188 frames), T. Pauwels (25
nights, 2044 frames) and P. Vingerhoets (9 nigtdg,frames).

These observations concerned:
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Astrometry of minor planets: 31 nights (5 of whigiled to produce anything due to clouds or tech-
nical problems) covering 87 fields by 1068 imagesducing 1500 astrometric positions. Out of
these, 7 fields with 87 images produced 31 postimnobjects of the Near-Earth Objects confirma-
tion page. Observers: H. Debehogne, P. De C&lsE.T. Pauwels.

Occultations of stars by minor planets, the scecBfPlanoccult phenomena: 10 events attempted on 9
nights, with 70 images and films, producing 10 fighrves. Observers: P. De Cat, T. Pauwels, P.

Vingerhoets. None of these gave a positive ociioitameaning that in none of these cases Ukkel

turned out to be in the shadow path of the asteroid

Mutual phenomena (eclipses and occultations) dsteroid and its satellite: 5 events attempted on 6
nights (1 of which failed due to clouds), with 15@%ages, producing 5 light curves. Observers: P.
De Cat, T. Pauwels, P. Vingerhoets.

Mutual phenomena (eclipses and occultations) dallgas of Uranus, the so-called PHEURA phe-
nomena: 2 nights attempting 2 phenomena, 1 of wfddhd due to technical problems, while the
other gave no useful result due to haze. In ggi® images and films, no light curve could be pro-
duced. Observers: P. De Cat, T. Pauwels, P. Viogesh

Images for public outreach: 2 nights producing hi&slumages of comet Holmes (35 images without
scientific purpose). Observers: E. Elst, T. Paswel

Together they produced 2687 images and films.

A.1.2.20ther activities

Apart from the observations themselves, a lot ofkweas put routinely in the preparation of the alsae
tions (setting up the list of objects to observaha coming night, many times just in case the herat
might clear up), the reductions of the observatignaning the automatic processes, searching adsero
measuring them and identifying them), and finatynputing ephemerides for newly found objects.

In collaboration with the time service (C. Bruynjrtke exact coordinates (longitude and latitudethef
dome of the telescope were determined in the GB®my This is also useful to publish in the Yeakbo

We prepared everything to observe the mutual evarise satellites of Uranus that could be obsdevab
from Ukkel. Such events occur only during shogssms around the equinoxes of Uranus, once every 44
years. All potentially observable events from Ukkere in the period July 24, 2007 -- January Q&0
Unfortunately, all failed due to bad weather coodis. This is too bad because the next opportunity
observe such events will be no earlier than 2050.

The reduction software had only minor modificatiam2007.

The maintenance of the telescope also took a lattehtion. See the technical report in the irchiiei
report of T. Pauwels.

Finally, all raw data has been archived on CD-R@Mng with the necessary documentation to interpret
the observations in the future, adding another BIRDMs to the archive, containing 2789 images and
films.

A.1.2.3Summary of the results obtained since 1996

From 1996 to 2007 a total of 19 429 astrometridtjpps of minor planets and 73 astrometric posiion
of comets have been published in the Minor Plametiars. The number of 1400 published positions i
2007 is rather low compared to the top years 2@E2with around 3000 positions per year. This can
partly be explained by the weather, but also pdnyhya lack of staff. Apart from a few volunteettsere
was only 1.5 staff members available for the peenae at the telescope, and thus it is inevitatdé th
some clear nights were lost.

Excluding the Daily Orbit Updates, 265 positionsnaihor planets (NEOs) and comets have been pub-
lished in the Minor Planet Electronic Circulars.
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The total number of preliminary designations of oniplanets attributed to observations of the RUS-
TICCA project amounts to 293. With only 3 new desitjons attributed in 2007, all of them in mid-

December (until mid-December it looked as if we dofinish the year without any new designation!),

2007 has been the least productive year sincedhteo$ the project.

Figurg 34. Magnitude of minor planet.s discovered Figure 35. Number of minor planet discoveries
with RUSTICCA versus date of discovery. per month

Figure 34 analyses in how far this is due to thet fat potential discoveries are getting exhaustied
shows for each assigned preliminary designationhiscissa the date of discovery and in ordinate the
magnitude at the time of discovery. Dots are lyimgjde a triangle. The lower limit corresponds he t
limit magnitude of the telescope. In spite of tlffert to push the images to fainter objects (tetgbosure
times per field were typically 15 minutes in 199Wile they are around 50 minutes nowadays), this
lower limit does not show a clear departure fromizomtality, and the limit magnitude remains around
20.5. This could, however, be due to a differdmtpmetric reduction. On the other side, the upipat

is clearly diagonal. It represents the magnitudthefbrightest object that can still be discovered1996
there were still undiscovered asteroids of mageitlid.5, nowadays the brightest undiscovered adteroi
are around magnitude 19. A brute extrapolatiorhisf plot would put the last discovery from Ukkelthwvi
the current means around 2014.

Figure 35 shows the distribution of assigned prielary designations per half month slot, irrespecty
the year. The dip between May and August is duelidays, the short nights and the fact that thipec
(and the asteroids) is low in the sky around thmét The fact that January to April contains maessl
designations than September to December is eagilgiaed by the fact that in fall the ecliptic igh in
the sky in the second half of the night, i.e. wlgen can expect new objects to appear, while thatqgfa
the ecliptic is low in the sky in winter. But theamge feature is the very deep dip in the secaiddh
October and November. There is no explanationHat, texcept if it would turn out that in November
there would be systematically less clear nights the&5eptember or December.

171 of these minor planets with preliminary destgmeattributed to Ukkel are currently multiple aysp-
tion objects, and 93 have been permanently numbueiiéd the discovery attributed to a RUSTICCA ob-
servation. The discoverers with the number of dieoed minor planets are: H. Boffin (6 minor plangets
P. De Cat (4 minor planets), E. Elst (7 minor ptapeE. Elst and H. Debehogne (7 minor planetsgl&.
and S. Ipatov (4 minor planets), E. Elst and D.yhaens (1 minor planet), T. Pauwels (60 minor planet
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T. Pauwels and H. Boffin (1 minor planet), T. Palsaand P. De Cat (1 minor planet), T. Pauwels and S
Ipatov (2 minor planets).

A total of 43 light curves of cataclysmic variablesuld be established (1999-2003), 19 light cumves
mutual phenomena of the Galilean satellites oftdui 997 and 2003), and 8 light curves of mutumd-p
nomena of an asteroid and its satellite (2006 &0F R

The team observed 43 potential occultations ofsdbgr minor planets in the period 2003-2007. 11 of
these gave no results to due clouds, 2 others bedha target star turned out to be too faint, zapte-
nomena failed because of technical problems. 2érgihenomena gave a negative result, meaning that
we could deduce from the observations that theshad the minor planet missed Ukkel. 2 phenomena,
both in 2005, gave a positive occultation, whemecize timings of the beginning and end of the deeul
tion could be derived. Given the uncertainty in pinedictions of the occultation paths, 2 positicedta-
tions out of 43 attempted is a good result.

The archive now consists of 336 CD-ROMs with altof&25 293 images and films.

A.1.3. Perspective for next years

Astrometric observations of minor planets are stipected to be useful for a few years. At theenir
rate of world-wide observations, this could bedaother 10 years. However, big survey programmes a
planned for the near future, which could accelettagerate of discoveries of faint objects. At thement
when all objects in the reach of the telescope béllwell-known or routinely observed elsewhere, new
observation programmes will have to be defined. irderesting programme may be the mutual phenom-
ena of asteroids and their satellites, of whiclew have already been observed in 2006 and 2007. In
2009, there is again a season of mutual phenonfeaha eatellites of Jupiter, which we plan to obser

A.1.4. Personnel involved
Scientific staff: T. Pauwels, P. De Cat

A.1.5. Partnerships
List of international partners without grant

Minor Planet Center, Cambridge, MA, USA for theritiication and publication of asteroid po-
sitions.

EAON (European Asteroidal Occultation Network) ftie preparation and reduction of
PLANOCCULT observations.

IMCCE, Paris, for the reduction of PHEMU and PHEUB#servations.

List of national partners without grant

Eric W. Elst
Henri Debehogne
Pierre Vingerhoets

Grants/Projects used for this research/service
Lotto grant for the purchase of the camera.
Visitors:
Short visits: 3
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A.1.6. Publications

A.1.6.1Publications with peer review

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Herald, D., et al. (1520 (!) authors, includiDg Cat, P., Pauwels, T., Vingerhoets, .
Geocentric Occultation Observations
Minor Planet Circulars 60649--60651.

De Cat P.,et al.
12 positions of minor planets
Minor Planet Electronic Circulars 2007-B36, 2000F8

De Cat P, et al.
7 positions of comets
Minor Planet Electronic Circular 2007-B39.

Boffin, H.
4 positions of minor planets
MPS 198 109, 199 449.

De Cat P.
7 positions of comets
Minor Planet Circular 58753.

De Cat, P.

435 positions of minor planets

MPS 196 956, 197 035, 197 037, 197 063, 197 168,36®, 197 475, 197 538, 197 624, 197
752, 197 846, 197 852, 197 863, 197 891, 199 537,354, 205 621, 205 647, 205 874, 215
341, 215 657, 215 971, 216 042, 216 049, 216 188,126, 216 172, 216 180, 216 265, 216
274, 216 474, 216 479, 216 548, 216 590, 216 788,981, 216 978, 217 038, 217 081, 217
190, 217 443, 217 480, 220 852, 223 345, 223 323,382, 223 462, 223 488, 223 521, 223
575, 223 596, 223 608, 223 654, 223 884, 223 928,228, 224 229, 224 382, 224 409, 224
415, 224 506, 231 277, 231 288, 231 294, 231 237,346, 231 318, 231 320, 231 323, 231
332, 231 336, 231 390, 231 425, 231 430, 231 432,503, 231 514, 231 534, 231 538, 231
548, 231 550, 231 551, 231 575, 231 585, 231 530,605, 231 610, 231 633, 231 635, 231
666, 231 853, 231 901, 231 904.

Elst, E.

161 positions of minor planets

MPS 196 346, 202 871, 202 915, 203 003, 203 003,189, 203 199, 203 315, 203 389, 203
395, 203 413, 203 426, 203 427, 203 433, 203 433,435, 203 463, 203 482, 203 529, 203
540, 203 550, 203 568, 203 590, 203 655, 203 602,682, 203 741, 203 768, 203 775, 203
807, 203 810, 203 939, 204 002, 204 003, 204 034,0®5, 204 156, 204 158, 204 223, 204
245, 204 278, 204 409, 204 427, 204 680, 206 266,103, 207 246, 207 419, 207 437, 207
469, 207 503, 207 767, 207 915, 210 164, 210 482,747, 231 722, 231 761, 231 765, 231
766, 231 853, 231 869, 231 876, 231 901, 231 984,981, 231 991, 231 996, 232 013, 232
053, 232 066, 232 090, 232 092, 232 110, 232 132,121, 232 156, 232 207, 232 225, 232
261, 232 262, 232 269, 232 291, 232 295, 232 332,352, 232 365, 232 393, 232 394, 232
411, 232 458, 232 466, 232 469, 232 494, 232 582 524.

Elst, E., Debehogne, H.

295 positions of minor planets

MPS 202 871, 202 915, 203 003, 203 004, 203 169,120, 203 315, 203 389, 203 395, 203
413, 203 426, 203 427, 203 433, 203 434, 203 435,453, 203 482, 203 529, 203 540, 203
550, 203 568, 203 590, 203 655, 203 672, 203 692,721, 203 768, 203 775, 203 807, 203
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810, 203 939, 204 002, 204 003, 204 044, 204 005,156, 204 158, 204 223, 204 245, 204
278, 204 409, 204 427, 207 103, 207 246, 207 401,437, 207 469, 207 503, 207 767, 207
915, 210 462.

[9] Elst, E., Ipatov, S.
2 positions of minor planets
MPS 210 164.

[10] Elst, E., Taeymans, D.
8 positions of minor planets
MPS 196 346, 204 680.

[11] Pauwels, T.

692 positions of minor planets

MPS 192 158, 192 326, 192 557, 192 672, 192 689,262, 193 435, 193 982, 195 336, 195
766, 195 906, 196 035, 196 247, 197 136, 197 280,2B9, 197 396, 197 442, 199 449, 201
567, 206 187, 209 015, 209 034, 212 275, 212 6¥2,3Z5, 214 950, 215 086, 215 423, 215
441, 215 640, 215 728, 215 754, 216 140, 216 166,255, 216 474, 216 479, 217 081, 217
341, 217 443, 217 657, 218 723, 220 259, 220 386,411, 220 418, 220 488, 220 623, 220
677, 220 777, 221 130, 221 131, 221 356, 221 725,881, 222 128, 222 278, 222 605, 222
611, 222 632, 223 152, 223 374, 223 428, 223 482,586, 223 608, 223 654, 223 727, 224
300, 224 506, 228 961, 229 192, 229 750, 229 922,685, 231 717, 231 755, 231 758, 231
761, 231 765, 231 781, 231 802, 231 853, 231 889,876, 231 901, 231 904, 231 907, 231
972, 231 991, 232 092, 232 093, 232 131, 232 138,207, 232 225, 232 226, 232 246, 232
269, 232 291, 232 306, 232 327, 232 335, 232 338,361, 232 372, 232 383, 232 386, 232
393, 232 394, 232 411, 232 433, 232 448, 232 432 486, 232 507, 232 519, 232 524.

[12] Pauwels, T, Boffin, H.
3 positions of minor planets
MPS 199 449.

[13] Pauwels, T., De Cat, P.
7 positions of minor planets
MPS 223 462.

Notes:

There is some debate about whether the MPCs astdened as reviewed or not. B. Marsden (former
director) insisted on the fact that the MPCs afestereed journal” (though the refereeing procsss i
almost entirely automated nowadays).

We have grouped positions according to the auibbrADS groups them per month, irrespective of
authors. This way the count of publications is Itgtdifferent (basically one per month). For an ob-
jective count, one should count positions rathantpublications.

A.1.6.2Publications without peer review
[14] Berthier, J., et al. (19 authors includiDg Cat, P., Pauwels, T., Vingerhoets, P.
An Observing Campaign of the Mutual Events witbih7( Patroclus-Menoetius Binary Trojan

System
American Astronomical Society, DPS meeting #39,.@35

A.1.6.3Publications in press, submitted

[15] Pauwels, T., Vingerhoets, P., Cuypers, J.
A problem with the reduction of the observationshef PHEMU97 and PHEMUOS events with
the Ukkel Schmidt Telescope
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To be published in: Proceedings of the MEOTUS wiooks

[16] Pauwels, T., De Cat, P., Vingerhoets, P.
The possibility to observe PHEURA events with tkleeUSchmidt Telescope
To be published in: Proceedings of the MEOTUS wiooks

B. Research Theme “Digitisation”
B.1. Project “Digitisation of the Heritage of the Federa Scientific Institutes”

B.1.1. Objectives

The Belgian Federal Science Policy Office has reissgl the importance of preserving and making
available the heritage of the Federal Scientifstitates (FSI). The means is to digitise the caibexs of
these institutes, and put them on the web.

After a study of the cost of such a digitisatidme government took the principal decision to impain
the basic scenario in the course of ten yearshByehd of 2005, Belspo had initiated some ten small
scale operational projects. We joined project Ngwhich we call "007") "digitisation of photograjhi
glass plates”, involving the Royal Museum of Cdnitfaica, the Royal Institute for the Study and CGon
servation of Belgium's Artistic Heritage (interimoardinator), the Belgian Institute for Space Aenogo
and the Royal Observatory of Belgium, with the aihdigitising our astrophotographic plates on &ahhig
resolution digitiser that should have been builthe course of the "D4A" project (see reports 2002-
2005), but which could not be finalised in due tibgzause of events beyond our control. First aithef
007 project is to make the digitiser operational] ¢hen start to digitise our collections. In pkaiaive
want to set up a detailed catalogue with thumbr@ilsur plate collection. In collaboration with tles-
perts in digitising astronomical plates at the US/&l Observatory in Washington DC (USNO), the ex-
perts in aerial photography at the National Gedgamstitute (NGI) and AGFA-Gevaert, a world-leade
in photographic matters, the goal is to acquirentbeessary know-how, hardware and software for digi
tising the information contained in the photographnages, as well as the associated metadata.rdhe p
ject aim is to offer the results to the public a@odmake them directly usable for scientific resharc
through the modern techniques of the informatiariegyp.

Since these first projects come to an end by tldeoér2008, Belspo has started to search activelyifo
nancing digitising projects beyond 2008. Two coneei$ are supporting this activity. The aim is tb se
up a public-private partnership.

B.1.2. Progress and results

In autumn 2007 the DAMIAN digitiser has been figdhstalled in a temperature and humidity stabilise
clean room with adjacent archive room. The ROBnarfcing this with a Lotto grant that became avail-
able in March 2003 and through the ROB’s own resesir

B.1.2.1Management

There were meetings of the Vast Bureau of projéct@ January 16 and November 29. The meeting of
November 29 was in conjunction with a visit to thgitising facility.

There were progress meetings at the Observatog} v March 26, September 11, November 26 and
December 4.

On December 20, there was a meeting together wiikngal users of our digitiser from the IMCCE (In-
stitut de Mécanique Céleste et de Calcul des Eptidas Paris). They want to digitise plates witHiGa
lean Satellites of Jupiter.

In order to investigate the possibility of a pukpiivate partnership, Belspo set up two workingups
"call to tender" and "juridical aspects". T. Pauswaias member of the former one to represent ther©bs
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vatory. There were meetings on May 7 and June th&.rflain objective in 2007 was to do a critical re-
view of a proposal of call to tender set up by &dt(private company).

B.1.2.2Preparing the environment

The works in the basement of the Telescope buijJdmguding the clean room for the digitiser ané th
archives room, executed under the supervision ®fRégie der Gebouwen, were finished in May 2007.
The same holds for the re-installation of the eleslystem and the hot water supply for the clisatton.

Next, the works on the climatisation, which hadrbetarted in December 2004, could be resumed by
Becker Reinraumtechnik. Preliminary acceptances tefsthe stability of the temperature and humidity
the clean room, as foreseen by the contract, warted (see also section "software").

Several digital temperature sensors were testestability and appropriateness for measuring the tem
perature in the clean room. Part of these sensers walibrated with a precision of 0.02 K. In ortier
achieve this, a method was designed and appliedrtgpare sensors with different response times. The
testing of the temperature and relative humidigpgity for the final provisional delivery of thdimatisa-

tion installation was done in June and July 2007e €lean room temperature is kept at 18°C within
0.1°C and the relative humidity at 50% within 1%.

B.1.2.3Building the digitiser

The DAMIAN digitiser is based on an ABL3600 air beg XY-table from Aerotech, with as add-ons:
an automatic film roll transport and plate holdgstem,
a plate exchanger and loader system with a tumtid plate-tray magazine.

In agreement with Aerotech the design was extehaleghaking the plate-tray magazine part of a remov-
able device with a capacity of 31 plate trays. pheduction of the machine was finished in July 2007
J.-P. De Cuyper, Lars Winter and Georges de Datiklethe partial provisional delivery of the ABL3600
XY-table in July 2007 at the premises of AerotectPittsburgh, Pennsylvania, US. The static and dy-
namic repeatability tests were performed, using llbachmark software and the 250mm x 250mm
geogrid (geometric grid of chromium dots on a glalase every 0.5mm in X and Y direction with diame-
ters ranging from 50pum to 300pm, made by BVM Masksim Germany).
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Figure 36. DAMIAN digitiser with automatic plate loader and removable plate tray magazine.

Figure 37. DAMIAN digitiser, detail of air bearing XY-table and granite bridge with Z-axis,
telecentric objective and CMOS camera.
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Figure 38. DAMIAN digitiser with automatic filmroll transport system.

Figure 39. DAMIAN digitiser, detail of counter pressure plate with vacuum suction, the CMOS camera and
telecentric objective with alignment plate and thaiffuse illumination.
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In September 2007 the XY-table and the add-ons sleipgped to the ROB and moved into the basement
of the Telescope building. The granite base withXtY-table was put on top of its iron weldment &bl
on one of the mechanically isolated foundation kéoio the measurement clean room. At the same time
the frequency-regulated air compressor from Atslerancgois (AF) was delivered and installed. InoOct
ber, Aerotech did the final build-up and alignmertie accuracy, precision and repeatability of the X
table were tested using a laser interferometerot®eh also demonstrated the functionality of the-au
matic film roll transport system and of the automatate exchanger and turntable. The total prowvisi
delivery was done based on the results of thecstatil dynamic benchmark tests, using the 350mm x
350mm geogrid. The positioning error of less th@manometer measured by Aerotech was confirmed.

We continued the development of the solid statiuskf illumination system using very bright LED's. A
total diffuse illumination was found to give an iop&l reduction of the background plate noise in the
digital images. For operating a dynamic illuminatwhile acquiring digital images at a rate of ldssn

0.3 seconds per image file, a separate microprocésseeded in order to relieve the CPU of thetrobn
PC. We also started the design of a new illumimationtrol unit and the testing of the usabilitysoime
microprocessors. This new concept is necessarydier @0 be able to adapt the illumination in ldssnt

10 ms without compromising the 16 bit stability a&hd precision of the light intensity. A high pr&ion
computer regulated DC power supply needed for lthmination system was designed and constructed.
The BCi4 CMOS camera was tested with its new saofveaiver of Vector International. A new CMOS
BCi4 production camera, with DC power supply over USB cable, was delivered mid December 2007.

In November and December 2007 the constructiom@TIAMIAN digitiser was continued. After align-
ing the digital camera with the axes of the XY-&lihe moving dot procedure was used to deterrhime t
distortion model of the field of view. The “distan free” field of view of the Schneider Xenoplarl 1
two-sided telecentric objective was found to hawdiaaneter of 7mm. This limits the size of the sub-
images for recomposing the (aerial) photograptsnton x 5mm. A first calibration of the XY-table was
done with the benchmark tests using the 350mm xn@%@eogrid. The testing of the automatic film roll
transport system was started for the digitisatibfaerial) photographs on film rolls, in close edlbra-
tion with the NGI and AFGA-Gevaert.

The development of a new two-sided telecentric ahje with a distortion free field of view diametef
at least 22mm was started. This will allow to regltite stepping time of the XY-table by a factorl6f
and to make the DAMIAN digitiser at least 8 timaster.

The DAMIAN digitiser can digitise photographic imegyup to 342mm wide on glass plates, film sheets
and film rolls. A cast aluminium counter pressulsgand plate trays with a central opening cowrdp

ing to the actual image size are needed. By theo€2007 counter pressure plates and plate trays we

available for digitising film rolls of 240mm and 2%m wide (with images sizes up to respectively

230mm and 240mm wide), film sheets of 240mm widigh(@n image up to 230mm x 230mm) and glass
plates of 250mm x 250mm x 5mm and 350mm x 350mmmmEwith images sizes up to respectively

240mm x 240mm and 342mm x 342mm).
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Figure 40. Schematic representation of the softwarfr the control of the XY-table and the digital canera.
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Figure 41. Flow chart of the digitisation process foa photographic image.

B.1.2.4Software development for controlling the digitiser

A first version was developed of the software faistributed image capture and storage, in orddyeto
able to handle the huge data stream generatedeb@MOS camera during the digitisation process. The
concept of the software for the control of the Xable and the digital camera and the further stosage
treatment of the digital images is representedrsatieally with overview diagrams.

The first diagram (Figure 40), using a deploymeatw shows the two main activities:
the digitising activity, ranging from producing &idal image to storing the digital image together
with the corresponding meta data and environmerainpeters,

the archiving activity, collecting the subimagesaofanalogue photograph and converting them to a
standard format such as .fits or .tiff.

The second diagram (Figure 41), using a sequeggain, shows a flow chart of the digitisation pssce
of a photographic image, in which the capture dfgital image is determined by the stepwise motbn
the XY-table.

The third diagram (Figure 42), the User Applicatieramework (UAF), shows a digital image, with a
GUI window in front for the control of the digitamera and the histogram of the recorded imagéh Eac
PC patrticipating to the digitisation process haservice application which remains active in thelkdac
ground. The UAF communicates with these servicdiegins to start objects, to communicate with
them, to select methods and to set parameter values

This application allows controlling the BCi4 CMO&ngera in a direct, interactive and user-friendlywa

loading and disactivating the camera firmware;

setting the values of the offset, the pre-chafyejntegration time, etc.;

setting the size of the Window of Interest (WOE tiegion recorded).
The UAF also allows choosing dynamically the P@s dtarting up the objects participating in theadat
pre-processing and those for providing the stoadgbe digital image files. The selection of trertpi-
pating PC’s and storage directories is done by sie&rdentifiers.
In the "Data post processing - Frame conversiogld fat the bottom, two selection buttons, "PMI" and
"BMP", allow to start up DATAProcessing objects the conversion of the digital images to the desire
image format.

The OneSix field allows controlling and recordihg tambient temperature in the measuring room.

120



Figure 42. The User Application Framework (UAF), slowing a digital image with a GUI window in front for
the control of the digital camera.

Figure 43 shows a screen shot of Aerotech's grapapplication, which forms the interface betweaa t
motion of the XY-table and the recording of theidigimages, using G-code commands. The link be-
tween the real-time OS used by Aerotech and theN®lows OS is realised by a DLL interface.
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Figure 43. A screen shot of Aerotech's graphicalpplication NVIEW HMI - Digital automation platform.

B.1.2.5Software for controlling the climatisation

The climatisation device of Becker-Reinraumtechailcontrolled by a SAIA controller dependent on a
number of environment parameters, which are recbideeal time. A software interface with the SAIA
controller was developed that allows reading trersgronment parameters and storing them in an Excel
table. This software has two functions:

To check the quality and stability of the air temgtare and relative humidity produced by the clima-
tisation device in the measuring room. The accejetaniteria are that in the clean room the tempera-
ture should stay within 0.1 degree of the nomieaigterature of 18 degrees, and the relative humid-
ity within 1% of the nominal 50%.
As an interface between the environment parametaitghe digitisation metadata table. At the time
of capture of a digital image, the values of theimmment parameters (temperature, relative humid-
ity, overpressure, etc.) are recorded in a metadbta and written to the header of the correspuandi
image file.
For the DT80000 digital temperature sensor a soéviterface was developed to read in real time the
voltage, and convert it to calibrated temperatarthe Celsius scale. Together with the relative iduyn
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sensor, this gives an independent and calibratettadaneasurement for the acceptance tests ofdhe v
ues measured and used by the SAIA controller otlingatisation device.

The geometric and radiometric benchmark softwarettie digitiser was improved and fully tested in
view of the provisional deliveries, as well as ratfiversion of the data reduction software needezht-
lyse the test results. These software packagesthegwith the Automation3200 control software of
Aerotech were installed on a portable Shuttle rRi@i-and tested. This Shuttle PC was used for thé-pro
sional deliveries of the XY-table in July and Oa0oR007.

Optimisation and tests were performed of the modagsoftware for the alignment of the BCi4 camera
with the axes of the XY-table and of the softwanefitting a correct distortion model to the fiedd view
of the camera.

In November the observed instability in the geogefrthe field of view of the BCi4 CMOS testcamera
when taking a series of images after each otherfevaxl to be due to the occurrence in idle modarof
internal short circuit in the electronics, causiwdra heating of the camera. After discussing tiith
Vector International, they adapted their firmwaryeavoid this problem.

The step and stare motion control software of tetable was extended to be able to adapt the sigppi
to the actual pixel size determined with the disbor model. This makes it possible to reassembde th
subimages of a digitised (aerial) photograph bat& one single image with minimal geometric distor-
tion.

B.1.2.6Cataloguing the collections

The work on the digital catalogue and the pre-stanof the photographic plates archived at the ROB
was continued.. For the prescanning the AFGA Dun3di® A4 flatbed scanner at the ROB was used
for the smaller plates and the AGFA XY-15 Plus Agraphical flatbed scanner at the NGI for the larger
ones and for scanning the paper maps of the Cdis At the end of 2007 the digital photographitcgsa
catalogue contained metadata of 21136 direct imab#®e sky and of 2258 spectra (mostly multiple ex
posures on one photographic glass plate) and pred€845 of photographic plates.

The ODBC compliant relational catalogue contaimsady a description of:

the (complete) collection of the Carte du Ciel (Gd&59 exposures (659 prescans) of the glass plates
and 571 scans of the atlas maps published by tHg& RO

the collection of the Double Astrograph (DAG): 1@4éxposures (5431 prescans);

the oldest collection (1924 - 1939) of the Zeisipl€t (TRP): 1846 exposures (1032 prescans);

the collection of the ESO Grand Prism Objective@ESPO): 7181exposures (3723 prescans) and
another 1078 exposures (462 prescans) taken eactoples elsewhere (Boyden, Cordoba, ESO
Schmidt, Schmidt Rozen, GPO Haute Provence, Haheelic.).

Concerning the spectra the digital catalogue costiaiformation of:

the more recent collection (1948 — 1967) of the TR spectra,

the collection of the 1.50m at the Observatoiréldate Provence (OHP150): 557 spectra;
the collection of the ESO 1.52m (ES0152): 1198 speand

the collection of the ESO 3.60m (ESO360): 27 spectr

B.1.3. Perspective for next years

B.1.3.1Hardware

In 2008 the automatic plate loader and film radingport system of the DAMIAN digitiser will be made
operational. The necessary counter pressure paiggplate trays will be milled for digitising difeent
sized photographic images on glass plates, filnetshend film rolls.

A cooled BCi4 production camera will be purposelitioy Vector International and installed. We foress
the development and installation of a computer rotletd solid state diffuse illumination system wgin
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very bright LED’s and a microprocessor control wibwing to adapt the illumination in less thami
without compromising the 16 bit stability and thre@sion of the light intensity.

We will continue the optical and mechanical desifa two-sided telecentric objective with a distmmt
free field of view diameter of at least 22mm. Tl allow to reduce the stepping time of the XYota
by a factor of 10 and to make the DAMIAN digitisgrleast 8 times faster.

Digitisation of photographic images on film rollcglass plates will commence in fully automatic mod

B.1.3.2Software

Development of the operation mode control softwarethe automatic plate loader and the film roll
transport system of the DAMIAN digitiser will contie. Development of the necessary step and stare
software for digitising different sized photograpliimages on glass plates, film sheets and filnsrisll
likewise foreseen.

We will develop further the software package far thgitisation of (aerial) photographs using a dyita
exposure time and illumination intensity and thessembling of the 12bit subimages into one 16k ti

fit image file. We will develop and test a new sddte interface for the cooled BCi4 camera.

B.1.3.3Digital catalogue

Further development of the digital photographidgdacatalogue of the direct images of the sky aed t
spectra, in the form of an ODBC compliant relatiodatabase. Extension and cross-checking of the
metadata with information available in complemepntsources. The production of pre-scans images will
be continued and used for creating thumbnailsifiirig to the catalogue. The digital catalogue \wil
made available on intranet and internet.

B.1.3.4Digitisation

Routine digitisation of our collection should start the scanning time allocated to the ROB. Thelifum

of the project "007" is foreseen till the end o080 To extend the project beyond 2008, two optams
pear to exist. On the one hand a public-privaténeaship could be established. On the other hanthe
coming years the UDAPAC project is supposed td gsae project UDAPAC). Since it will use the same
facilities, we expect that there will be some iatgion between the digitisation of our collecticared
UDAPAC.

B.1.4. Personnel involved
Scientific staff: R. Van der Linden, T. Pauwels, J.-P. De CuypeWinter

Technical staff: G. De Decker, D. Duval, G. Peeters

B.1.5. Partnerships
List of international partners without grant

The US Naval Observatory, Washington DC, US
Uwe Laux, Thiringer Landessternwarte Tautenburgm@ay

List of national partners with grant

Royal Museum of Central Africa
Royal Institute for the study and Conservation efgdum'’s Artistic Heritage

List of national partners without grant

Belgian Institute for Space Aeronomy
National Geopgraphical Institute
AGFA-Gevaert NV, Mortsel
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Grants/Projects used for this research/service

Digitaliseringsplan van de FWI'sf Belspo
Lotto-grant for the purchase of the digitiser

Visitors

Lars Winter
Al Ciez, Eric Schmidt & Clive Lewin, Aerotech In21-27 October 2007

B.1.6. Publications

B.1.6.1Publications in press, submitted

[1] N. Zachariasl. Winter, E. R. Holdenried].-P. De Cuyper,G. L. Wyco , G. Wieder
The StarScan plate measuring machine: overviewcaidrations
Submitted to PASP

B.1.7. Scientific outreach
Meeting presentations

[1] J.-P. De Cuyper
The DAMIAN Facility
Information event on e-Infrastructures, FP7, Coriild Research Infrastructure, Brussels, 06
February 2007

[2] J.-P. De Cuyper
The DAMIAN Facility
Presentation at the US Naval Observatory, Washmgt©, US, 13 July 2007

[3] J.-P. De Cuyper
The DAMIAN Digitiser
Poster, Astronomical Data Analysis Software andte&Sys — ADASS XVII Conference, Lon-
don, UK, 23-26 September 2007

[4] J.-P. De Cuyper
The DAMIAN Facility
Aerial Photography meeting, AGFA-Gevaert, Mort28 November 2007

B.1.8. Missions

Assemblies, symposia (days): J.-P. De Cuyper (6)

Commissions, working groups (days): T. Pauwels (2)

Research visits (days): J.-P. De Cuyper (30), L. Winter (11), G. de Dedi&r

B.2. Project UDAPAC

B.2.1. Objectives

The UDAPAC project was initiated in 2000. In thioject the Royal Observatory would serve as a host
for the European collections of the direct astrapgraphic plates for which the owners have no more
means, interest or know-how to keep them. In timg laun, parallel with the other digitisation prdgc
these plates could be digitised. Until now no ceteraction has been undertaken. In 2005 there were
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some discussions on the opportunity to start tieng of funds for UDAPAC. However, some people
had the feeling that it would be better to wait thle DAMIAN digitiser would be operational (seeeth
previous project) and could have demonstrated titgyy so that applications for funding would be
stronger.

B.2.2. Progress and results

The activities in 2007 were limited to looking feotential financial resources. We have been seaagdhi
the direction of an FP7 project, but no concret@gien has been taken yet.

B.2.3. Perspective for next years

In the next years, once the archives room and itfigsgr have been realised in the 007 project {hee
previous project), routine operations in UDAPAC sldostart. But before that a funding source will be
searched.

B.2.4. Personnel involved
Scientific staff: R. Van der Linden, T. Pauwels

B.2.5. Partnerships
List of international partners without grant
Elizabeth Griffin
Other partners still to be determined
B.2.6. Missions
Research visits:
T. Pauwels (2 days)
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SECTION 5: Astrometry and Dynamics of Stellar Systens

Introduction:

Our research field pertains to the domain of steleysics and stellar evolution since we studyphsi-

cal processes occurring in the atmospheres of -garlgnid-type main-sequence stars. Among the many
different processes, we focus on stellar pulsatioiation and the influence of an environment widiny-

ing metallicity of B/Be-type stars and on multifityG stellar pulsation and chemical compositionAdi-
type stars. Since the vast majority of all stara member of double and multiple stellar systenesaiso
perform detailed investigations of such systemsgirsg from visually resolved (wide) pairs to vetgse
binaries (e.g. spectroscopic and photometric stejlstems) using a variety of techniques.

A. Research Theme “Binaries”

Stellar formation and evolution cannot be reallgenstood without a good knowledge of the properties
of binary and multiple systems, because 50 to 70%dl stars belong to such a systéBmary and mul-
tiple stars with well-characterized components are attradiwgets to study different phenomena of high
astrophysical relevance including their own formatand history. Astrometry helps in the full chaeaic
zation of the components in a powerful way as laved determining the orbital motions and, derived
from these, the stellar masses - a fundamentakpnopf stars - in a straightforward mannafide bina-
ries, especially if the components have different gpétypes, are used to calibrate the luminosities a
temperatures of single stars and to confront eiwlaty tracks and models. They represent the high a
gular momentum class. In contraskpse binariesoffer excellent opportunities for the combinatioh
data obtained with different techniques resultimgrieat progress for understanding the impact redrity

on the stellar atmospheres or close binary evaiutio

A.l. Project “Visual Binaries and Multiple Stars”

A.1.1. Objectives

Visual binaries allow a direct calibration of thess-luminosity relation on the lower main sequeriae
the study of their orbital motions. Differential gratudes and colours are collected along with aateur
relative positions with the purpose to investigdite physical status, to improve the knowledge efrth
orbits and to derive the associated properties aaghotometrically derived mass ratios. One ofabuns
is to investigate a volume-limited sample of visbialary and multiple stars in the solar neighboocho

A.1.2. Progress and results

In the framework of a first Belgo-Bulgarian projeste acquired accurate relative astrometry and dif-
ferential multi-colour (BVRI) photometry for the mponents of71 visual systemsf which 6 are
orbital binaries, 27 are nearby and 30 are mulsgtems. Two new visual double stars of interme-
diate separation were also found. The estimatedracies in position angle and angular separation
are 0.04° and 0.01" respectively, while those ffedential photometry are of the order of 0.01-0.02
mag. We assessed the physical nature of the ageodiar 55 systems. New basic binary properties
were derived for 20 bound systems. The compondaurand masses were obtained for two orbital
systemg1].

In the light of obtaining accurate fundamental datebinary and multiple stars with interesting pro
erties, we selected the bright binary systériau for a detailed study because both components are
among the more massive stars of the Hyades logatdte turnoff region of its colour-magnitude
diagram and because the evolutionary status afdhmponents is still under debate. We determined a
new orbit solution to derive the fundamental preiperof both components to a high accuracy. We
significantly improved the knowledge of the orbiframeters and associated fundamental proper-
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ties. The component masses and luminosities thrigedeare found to be compatible with current
stellar evolution models adopting the Hyades metifl[3].

Using the Wilson-Devinney code, we derived new geit and photometric elements from the RI
light curves of two Algol-type eclipsing binary sgms:RW CrB and VZ Leo. The geometry of
both systems is that of a semi-detached binary evtiex secondary component fills its Roche lobe
while the primary component is well inside. In ttese of RW CrB, we fitted a binary model with a
cool spot. Investigation of the orbital period euan of both systems indicated a period decrease
which can only be explained by a loss (non-congEmpof angular momentum. Finally, we inter-
preted these results by comparing with other sinsjatemg4]. In addition, new times of minima of
various other eclipsing binary systems with ecéemtrbits were reportef2].

A.1.3. Perspective for next years
The acquisition and exploitation of component cotdor various nearby visual binaries will be pegu

In 2006, we derived the component masses of thelésyhinary systemyf Tau by application of the code
KOREL and simultaneous fitting of the radial vetaes and the interferometric data. Future work will
consist in confirming this first direct measurementthe radial velocity of the “hidden” component
through a careful analysis of the behaviour anbgity of the adopted disentangling techniquenesi

as in using the disentangled component spectrarform a detailed chemical analysis, in order tede
mine as accurately as possible the physical pregeaind the evolutionary status. This will everjual
allow to test whether or not convective overshaptsineeded in the models.

For a few systems of high astrophysical relevancevhich we would need very high-angular resolution
astrometric data, we will submit applications foterferometric observations provided they satisiy t
criteria for eligibility (e.g. ESO for the Southeand CHARA (US) for the Northern objects).

A.1.4. Personnel involved
Scientific staff Y. Frémat, P. De Cat, P. Lampens, H. Hensberge

Technical staff D. Duval

A.1.5. Partnerships
List of international partners without grant

R. Argyle, Cambridge, UK

P.G. Niarchos, Department of Astrophysics, Astrop@md Mechanics, Univ of Athens, Greece
J.L. Prieur, Toulouse, France

M. Scardia, Brera, Italy

P. Skoda, Astronomical Institute of the AcademBoiences, Oneéjov, Czech Republic

A. Strigachev, Institute of Astronomy of the Acadeaf Sciences, Sofia, Bulgaria

G. Torres, Harvard-Smithsonian Center for Astrojptg;sSCambridge, MA

B. Ulas, Onsekiz Mart University of Canakkale, DegtPhysics, Canakkale, Turkey

Grants used for this research

Belgo-Bulgarian bilateral project “Photometric aBgectroscopic Follow-up Studies of Binary
Systems of Special Interest”(BL/33/011ext)

Action-1 "Pulsation, chemical composition and nplitity in main-sequence A- and F-type
stars" of the Federal Science Policy (MO/33/018)

"Modern Aspects of Theoretical and Observationdtdhysics"”, Federal Science Policy

Visitors:
A. Strigachev, Institute of Astronomy, Sofia, Buliga 4.5 weeks
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A.1.6. Publications

A.1.6.1Publications with peer review

[1]

Lampens, P, Strigachev, A.Duval, D.
Multicolour CCD Measurements of Visual Double andltiyle Stars. IlI
A&A 464, 641

A.1.6.2Publications without peer review

[2]

[3]

Biro, I.B., Borkovits, T., Hegeds, T., Kiss, Z.T., Kovacs, Tl.ampens, P.,Regaly, Zs.,
Robertson, C.W., Van Cauteren, P.

New Times of Minima of Eclipsing Binary Systems

IBVS, 5753, 1

Lampens, P., Frémat, Y., De Cat, P., Hensberge,. H

Spectral disentangling and combined orbital solatior the Hyades binary? Tau

In: Proceedings of IAU Symp. 240 "Binary Stars asi€al Tools & Tests in Contemporary As-
trophysics", eds. W. I. Hartkopf, P. Harmanec and-EGuinan, 22-25 August 2006, Prague,
Czech Republic, 213

A.1.6.3Publications in press, submitted

[4]

[5]

B. Ulas, P. G. Niarcho®. Lampens A. Liakos,
RI photometry and light-curve analysis of the Altymle eclipsing binaries RW CrB and VZ Leo
New Astronomy (submitted)

Lampens, P., Frémat, Y., Hensberge, HTamazian, V., Docobo, J. A., Balega, Y.

DG Leo: A Triple System with a Surprising Varietyrbysical Phenomena

In: Multiple Stars Across the H-R Diagram, ESO Asgtiysics Symposia, Springer-Verlag Ber-
lin Heidelberg, 2008, 59

A.1.6.4Reports

[6]

Hartkopf, W. I., Allen, C., Davis, J. A., Fekel, E., Lampens, P, Ling, J. F., Oblak, E.,
Oswalt, T. D., Scarfe, C.

Commission 26: Double and Multiple Stars

In: IAU Transactions, Vol. 26A, Reports on Astronp@002-2005, ed. O. Engvold, Cambridge
University Press, 2007, 193-202
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B. Research Theme “Asteroseismology”

The overall objective adisteroseismologys to probe the internal structure of pulsatiraystTo this aim
we observe and study the light and the spectrahtians of main-sequence pulsating stars of spectra
type B(e)-A-F over a time-scale of several seasongars.

B.1. Asteroseismology of single, binary or multiple stas

B.1.1. Objectives

Special attention is given to the study of B-Assating componentsof binary or multiple stars with
the goals to improve knowledge of pulsation phy#ficsugh constraints on the physical parametetkeof
variable component derived from the binary or npldtinature of the system and to study the intevacti
between pulsation and binarity. Since more than B0%l stars are expected to be binaries, undaista
ing the effects of binarity on the pulsation ché&edstics is a matter of prime importance. We foous
efforts unto those binaries which are also prorgisargets for the application of the techniquepfciral
disentangling.

B.1.2. Progress and results

B.1.2.1Main-sequence A-F stars Dor = Doradus star; Sct= Sculti star)

The region in the H-R diagram where the main secgiémerferes with the Cepheid Instability Strip
hosts A- and F-type stavghich are affected by a rich variety of internalgpical processes (includ-
ing pulsation, diffusion, convection and magnetiskiqin-sequence A-type stars are among the best
cases to study the complex interplay between aidlprocesses. We are presently exploring a large
sample of A-F stars which are suspected of binanging both high-resolution spectroscopy and dif-
ferential CCD photometry. The goal is to perforntailed chemical abundance analyses and to
search at the same time for oscillations, binaitg/or chemical peculiarity. Of the 32 investigated
targets, 8 are spectroscopic binaries and 3 hase identified ad Scuti pulsatorswith rapid line-
profile variations (LPVs). We derived their atmosgh stellar parameters by fitting the observed
spectra with synthetic ones. This work also lethe detailed analysis of the light variationsHid
217860revealing interesting multiperiodic photometriadaspectroscopic variations of typleScuti,

with up to 8 frequencies common to two large phaio data set§7]. The data were collected
through a collaboration with professional as welbaateur astronomers

In a similar context, Dr. S. Hekker, who is finisgithe work on solar-like oscillations in (sub)dian
stars, has been learning how to use the codesapeeeby Dr. Y. Frémat for the interpretation of the
observed spectra (cf. project "Pulsation, chengoahposition and multiplicity in main-sequence A-
and F-type stars"”). A summer sample consistinguspected A-F type binaries was defined for
which new high-resolution observations were recqebsit the Observatoire de Haute-Provence
(France) (3 nights grantef)8]. For some new binaries, a long-term monitoringaidial velocity is
being pursued at the National Astrophysical Obgerya(NAO), Rozhen. A photometric campaign
was launched during the winter 2007-2008 for thelyeletectedd Scutiand peculiar binary star
HD 68725(also in collab. with amateur astronomers) as aptement to the recent radial velocities.
Due to bad weather, the ELODIE data already catkéor the Ap staHD 98088could not be used
to detect rapid LPVs in the chemically peculiar J€Bmponent, whereas LPVs were possibly found
in the chemicallynormal star. We re-observed the binary with the specaiolyiISOPHIE of the Ob-
servatoire de Haute-Provence (France). Thanksddifjher efficiency, a high-cadence and high-
resolution time series of spectra with a good digmaoise ratio was obtained. The spectra show
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relatively large line residuals for the CP compdregrsome phases. We will apply for additional ob-
servations in order to carry out an in-depth stofiyris magnetic A-type binary.

The primary component &T Her is a Scuti pulsator with a period of about ~28 min antull
amplitude of at most 0.03 mag. High-precision lightves of this oscillating eclipsing binary were
collected in the framework of a long multi-site qaaign (2004-2007) set up with the purpose to
study pulsation in a short-period binary which isdergoing mass transfer. Using approximate
photometric and absolute elements to describeytsters, we performed a modelling of the V- and
B-light curves using the Wilson-Devinney methodtekfsubtraction of an improved semi-detached
binary model, the residual data revealed five Sicgmt pulsation frequencies all located in thegen
45-53 c/d with semi-amplitudes of 1-4 mma®, 37, 38].We wrote two applications to acquire in-
existent radial velocity data in order to obtaicoasistent and accurate determination of the atesolu
parameters of this very interesting Algol-type loijnand a few objects of the same class. Two other
oscillating eclipsing systems and one potentiaticdate were also studi¢i0,39]

BL Cam is an extreme metal-deficient high-amplitude pasaftype SX Phe a class of pulsators
related to the typd Scuti. An extensive study based on 283 hr of C@bt@metric observations ob-
tained during a multi-site campaign carried ou2@®5-2006 was performed. The frequency analysis
revealed a very rich and dense pulsational comimmisting of 25 significant peaks, 22 of which-cor
respond to independent modes. This representsdbeaomplex spectrum ever detected in this class
of pulsatord9].

We finalized the detailed abundance analysis ferdlow rotators within a sample of 37 southern
(candidate) Dors for which CORALIE spectra were obtained from 19682003 (La Silla, Chile).
We find that the abundance pattern of thedgors is not distinct from the constant A- and pey
stars that were also analyqéd].

B.1.3. Progress and results

B.1.3.1Main-sequence O-B stars (SPB = slowly pulsatinga; s Cep = Cephei star)

Cru is a bright southern Cep. It is a spectroscopic binary with an orhitatiod of about 5 years.
We applied for guaranteed time with AMBER to enadobeaccurare mass determination by combin-
ing the spectroscopic and visual orbit based oaetluptical interferometric observations (six hours
allocated)[26,27

We continued to search faragnetic fieldsin SPBs and Ceps. We now have at least one magnetic
field measurement for all the confirmed southerB&PNe determined the stellar parameters based
on the available Geneva data of all the 46 staat ltlave been observed. An extensive literature
search was performed for the 16 objects for whialagnetic field has been detected alesel [16,

18]. We will continue to apply for additional obsereais. Car is a peculiar B0.2V star with en-
hanced nitrogen and carbon deficiency. It is knasra binary system, but it is not clear yet whether
the chemical anomalies can be explained by massfaiabetween the components. Using 69 COR-
ALIE spectra, we studied the orbital motion, whiehd to a slightly eccentric obit of about 2.2 days
However, it does not seem to be possible to comiliingublished radial velocity variations in a sin-
gle orbit. In the magnetic field measurements, wentl evidence for variations with a period of
about 8 minuteq419]. Additional spectra are being collected in Argeatito resolve the orbit-
problem.

We continued with thenode identification for 6 SPBs which are multiperiodic in spectroscoplye
results of the Fourier Parameter Fit method wenensarized. For each star, the 5 best moment solu-
tions that are compatible with the results of thetpmetric identification were determined and the
corresponding line profile variations were calcethtHD 21071is a multiperiodic SPB for which
both Geneva and Strémgren photometry is availdenbining both types of data revealed up to 8
frequencies. From a comparison between the obsérggdencies and the theoretical eigenfrequen-
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cies, a model was found that fits all the obsenvaldes including a rotationally splitl mode. A
new spectroscopic multi-site campaign will be neette confirm this resulf24]. V2104 Cygis a
new Be star. For this late B-type star, 3 indepah@&PB-like frequencies with amplitudes below
0.01 mag were detected. Due to the fast rotatiamas impossible to draw any conclusion on the de-
greel of the mode$12].

Rotating hot stars still pose many asteroseismjcdueestions such as thefluence of rotation on
mode selection, mixing of elements, and stellargian. We therefore organized a spectroscopic
multi-site campaign for the brightCep star Cenresulting in 17 nights with HERCULES (Mount-
John, New Zealand), 7 nights with GIRAFFE (SuthailaSouth-Africa), and 14 nights with COR-
ALIE (La Silla, Chile) in 200825].

B.1.3.2Rotation and pulsation in main-sequence gravity enpalsators

A successful asteroseismic study requires a seffiaiumber of identified pulsation modes per star.
This stage has not yet been reache®fBsand Dors because the observed g-modes are generally
not fully characterized. The current spectroscopathods of mode identification have not yet been
verified as usable for the growing number of g-nwdbserved. A new project (Action-1) was de-
fined with the aims (1) to examine and improve éhpsocedures, specifically with regard to g-mode
pulsators, and (2) to investigate whether thesmiscorrelation between the amplitude and/or tyipe o
the excited modes and the projected rotationalcitylof the pulsating std@2].

The possibility of using AMBER for optical interfametric observations of Dor and SPBsin mul-
tiple systems to enable an accurare mass detefarinay combining the spectroscopic and visual
orbit was explored in detail. An extensive literatgearch for the currently known (candidat&or
and SPBs in such systems however showed that gshpmtargets are too faint in the K-band to en-
sure a good feasibility.

We applied for telescope time in La Palma and Frdanmbtain high-quality, high-resolution spectra
for a sample of (candidate)Dors and SPBs in order (1) to determine thsini, (2) to classify their
variability, and (3) to derive their chemical corsgmn. All these proposals were just below the cut
off line. However, spectra are being taken with FERES (Mount-John, New Zealand), and occa-
sionally with FIES at the Nordic Optical Telescdpa Palma, Spain). We started the organization of
spectroscopic multi-site campaigns for northern smathern Dors and SPBs and submitted 5 pro-
posals for telescope time in Chi23], China[24], and South-Africa (23 nights in total allocated).
Additional runs in 2008 will also be scheduled WwitERCULES (Mount-John, New Zealand).

B.1.4. Perspective for next years

We will carry out a detailed chemical abundancelyeais for all the A-F type stars of our sample. To
achieve this goal, an automated procedure baséldeosimultaneous application of a simplex minimiza-
tion procedure and the code SYNSPEC (Hubeny 198Fbevdeveloped. Finally, we intend to study the
interactions between the different observed phenanethe full sample.

With respect to the oEA stars, the next step wailigist in incorporating the light curves acquire@007
with the aim to improve the determination of theedéed pulsation frequencies of CT Her. Since the b
nary parameters are currently not uniquely detezthinve will collect more data to complement the pri
mary minima as well as radial velocities.

The multi-site campaigns of the g-mode pulsatotypég Dors and SPBs will be pursued and their long-
term analysis, mode identification and interpretatvill be continued.

We will apply for new high-cadence observationgh&f magnetic binary HD 98088, with the aim to de-
tect the rapid (P~5-20 min) LPVs which are predidig the theory of rapidly oscillating Ap stars.

B.1.5. Personnel
Scientific staff P. De Cat, Y. Frémat, S. Hekker, P. LampenSuypers
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B.1.6. Partnerships

List of international partners without grant

M. Cunha, Centro de Astrofisica da Universidadd’dao, Portugal

Z. Kraicheva, D. Dimitrov, Institute of AstronomBulgarian Academy of Sciences, Sofia, Bul-
garia

S. Kleidis, Zagori Observatory, Athens, Greece

D. Kurtz, University of Central Lancashire, PrestoiK

D. E. Mkrtichian, Sejong University, Seoul, Korea

C. Neiner, Observatoire de Meudon, France

P. G. Niarchos, K. Gazeas, University of Athenedse

C. W. Robertson, SETEC Observatory, USA

E. Rodriguez, M.J. LOpez-Gonzélez, Instituto dedfftica de Andalucia, Granada, Spain
J. Vidal-Sainz, J.M. Gémez-Forellad, Grup d’Estuslisronomics (GEA), Barcelona, Spain
J. Zorec, Institut d’Astrophysique, France

H. Bruntt, University of Sydney, Australia

J.N. Fu, Beijing Normal University, China

S. Hubrig et al., European Southern ObservatorileCh

P. Mathias, S. Jankov, Observatoire de Cote d’'Axige, France

J. Telting, Nordic Optical Telescope, La Palma,iSpa

K. Uytterhoeven, INAF-Osservatorio Astronomico deBa, Merate, Italy

K. Pollard et al.,University of Canterbury, Christicch, New Zealand

K. Yakut, University of Ege, Turkey

List of national partners without grant

C. Aerts et al., Katholieke Universiteit Leuven &8, Belgium
A. Noels et al., Université de Liege & BAG, Belgium
P. Van Cauteren, Beersel Hills Observatory, Belgium

Grants used for this research

Belgo-Bulgarian bilateral project “Photometric aSgectroscopic Follow-up Studies of Binary
Systems of Special Interest”(BL/33/011-ext)

Action-1 "Pulsation, chemical composition and nplitity in main-sequence A- and F-type
stars" of the Federal Science Policy (MO/33/018)

"Modern Aspects of Theoretical and Observationalr@shysics”, Federal Science Policy(IAP
P5/36)

Project G.0178.02 of the Fund for Scientific ResbdFWO) - Flanders (Belgium)

Visitors:

S. Hekker, Leiden university: Sep-Nov (2 days)

B.1.7. Publications

B.1.7.1Publications with peer review

[1]

[2]

Briquet M., Hubrig S.Pe Cat P, Aerts C., North P., Scholler M.

On the co-existence of chemically peculiar Bp stalswly pulsating B stars and constant B
stars in the same part of the H-R diagram

Astronomy & Astrophysics 466 (2007), 269-276

Briquet M., Hubrig S.Pe Cat P, Aerts C., North P., Scholler M.
A comparative study of B-type pulsators and nosgting chemically peculiar Bp stars
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[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Communications in Asteroseismology 150 (2007), 188-

Briquet M., Hubrig S., Schéller MDe Cat P.
Discovery of magnetic fields in three He variabfe $ars with He and Si spots
Astronomische Nachrichten 328 (2007), 41-45

De Cat P, Briquet M., Aerts C., Goossens K., SaeserC8ypers J, Yakut K., Scuflaire S.,
Dupret M.-A., Uytterhoeven K., Van Winckel H., RaslG., Davignon G., Le Guillou L., Van
Malderen R., Reyniers M., Acke B., De Meester Wan®utgaerden J., Vandenbussche B.,
Verhoelst T., Waelkens C., Deroo P., Reyniers Kusgeloos M., Broeders E., Daszka-
Daskiewicz J., Debosscher J., De Ruyter S., LefveDecin G., Kolenberg K., Mazumdar A.,
Van Kerckhoven C., De Ridder J., Drummond R., BarBa Vanhollebeke E., Maas T., Decin
L.

Long term photometric monitoring with the Mercatelescope: Frequencies and mode identifi-
cation of variable O-B stars

Astronomy & Astrophysics 463 (2007), 243-249

De Cat P.
Observational asteroseismology of SPB stars
Communications in Asteroseismology 150 (2007), 184-

Desmet M., Briquet M.De Cat P, Aerts C., Handler G., Krzesinski J., Lehmann Masuda
S., Mathias P., Mkrtichian D.E., Telting J., Uytieeven K., Yang S.L.S.

A spectroscopic study of theCephei star 12 (DD) Lacertae

Communications in Asteroseismology 150 (2007), 196-

Frémat, Y., Lampens, P.Van Cauteren, P., Kleidis, S., Gazeas, K., NiascRoG., Neiner, C.,
Dimitrov, D., Cuypers, J.,Montalban, J.De Cat, P.,Robertson, C.W.

Search for pulsation among suspected A-type bisai the new multiperiodiZ Scuti star
HD 217860

A&A 471, 675 (2007)

Groenewegen M.A.T., Decin L., Salaris Nbe Cat P.
The Pleiades eclipsing binary HD 23642 revisited
Astronomy & Astrophysics 463 (2007), 579-588

Rodriguez, E., Fauvaud, S., Farrell, J.A., ZhouYA.Sareyan, J.-P., Lopez-Gonzalez, M.J.,
Dupret, M.-A., Grigahcéne, A., De Ridder, J., Kigmdperg, G., Wolf, M., Van Cauteren, P.,
Lampens, P, Martinez, D. & 36 co-authors

The field high-amplitude SX Phoenicis variable Bam@lopardalis: results from a multisite

photometric campaign. I. Pulsation

A&A 471, 255 (2007)

Rodriguez, E., Garcia, J. M., Costa, V., Van CameP.Lampens, P.,Olson, E. C., Amado,

P. J., Lépez-Gonzalez, M. J., Rolland, A., LopeZdea, P., Turcu, V., Kim, S.-L., Zhou, A.-
Y., Wood, M. A_Hintz, E., Pop, A., Moldovan, D.t#el, P. B., Lee, D.-J., Handler, G,
Mkrtichian, D. E.

dSct stars in eclipsing binaries: the case of Y Cam

Communications in Astroseismology 150, 63 (2007)

Saesen S., Briquet MCGuypers J, De Cat P, Goossens K.
Asteroseismology of theCephei star KP Per
Communications in Asteroseismology 150 (2007), 198-

Uytterhoeven K., Poretti E., Rodriguez Be Cat P, Mathias P., Telting J.H., Costa V., Miglio
A.
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[13]

Multiperiodicity in the newly discovered mid-late Btar V2104 Cygni
Astronomy and Astrophysics 470 (2007), 1051-1057

Zima W.,De Cat P, Aerts C.
Mode identification of multi-periodic Slowly Pulgaj B-stars: results and problems
Communications in Asteroseismology 150 (2007), 180-

B.1.7.2Publications without peer review

[14]

[15]

[16]

Bedding T.R., Brun A.S., Christensen-DalsgaardtJa). (includingDe Cat P)

Joint Discussion 17 “Highlights of recent progressthe seismology of the Sun and Sun-like
stars”

Highlights of Astronomy 14 (2007), 491

Hubrig S., Briquet M., Schéller MDe Cat P, Mathys G., Neiner C.
Discovery of Magnetic Fields in Slowly Pulsatingrs
ASP Conference Series 361 (2007), 434

Hubrig S., Scholler M., Briquet M., Pogodin M.A.udlin R.V., Gonzalez J.F., Morel TDe
Cat P, Ignace R., North P., Mathys G., Peters G.J.

Magnetic fields in massive stars

Contrib. Astron. Obs. Skalnaté Pleso 35 (2007), 1

B.1.7.3Publications in press, submitted

[17]

[18]

[19]

[20]

Bruntt H.,De Cat P.,Aerts C.

A spectroscopic study of southern (candidatBpradus stars. Il. Detailed abundance analysis
and fundamental parameters

Astronomy & Astrophysics, in press

Hubrig S., Briquet M., Schéller MDe Cat P.
New measurements of magnetic fields in SPB d@ephei stars
Proceedings of the IAU Symposium 250, in press

Hubrig S., Briquet M., Morel TDe Cat P, Scholler M.
A study of the peculiar BO starCarinae
Proceedings of the IAU Symposium 250, in press

Lampens, P, A. Strigachev, S.-L. Kim, E. Rodriguez, M.J. Laggonzélez, J. Vidal-Sainz, D.
Mkrtichian, D. Litvinenko, P. Van Cauteren, P. WilsM. Goémez-Forellad

Study of the oscillating Algol-type binary CT Her

Communications in Asteroseismology (submitted)

B.1.7.4Reports, thesis, proposals.

[21]

[22]

[23]

Carrier F.De Cat P, Miglio A., Montalban J.
Search for solar-like oscillations in theDoradus star HD167858
ESO telescope time application for HARPS obserwatia period 81 (9 nights allocated)

De Cat P., Lampens P., Cuypers J., Hensberge &mdgrY.
Rotation and pulsation in main-sequence gravity enpalsators
Action-1 proposal for 2008-2009 (granted)

De Cat P, Wright D.J., Pollard K.R., Cottrell P.L., Zima WFrémat Y., Lampens P.

Towards asteroseismology of main-sequence g-mddatpts: a spectroscopic multi-site cam-
paign for the Doradus stars HD 147787 and HD 189631

ESO telescope time application for HARPS obserwatia period 81 (7 nights allocated)
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[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

De Cat P, Briquet M., Frémat Y., Fu J.N., Mathias P., WtighJ., Zima W.

Towards asteroseismology of main-sequence g-motatprs : a spectroscopic multi-site
campaign for the slowly pulsating B stars HD 21@#d HD 25558, and the Doradus star
HD 218396

Xinglong telescope time application for observasiavith the 2.16-m telescope (7 nights allo-
cated)

De Cat P, Telting J., Zima W., Briquet M., Pollard K.

Pulsational characterization of the rotatingCephei star Centauri

South-African Astronomical Observatory telescopeetiapplication for GIRAFFE observations
in quarter 2 of 2008 (7 nights allocated)

Desmet M., Aerts C., Acke BQe Cat P, Cuypers J, Briquet M., Mathias P., Bonneau D.
High-precision mass determination of the componehtke binary star Crucis
ESO telescope time application for guaranteed tuitie AMBER in period 80 (3h allocated)

Desmet M., Aerts C., Acke BQe Cat P, Cuypers J, Briquet M., Mathias P., Bonneau D.
High-precision mass determination of the componehtke binary star Crucis
ESO telescope time application for guaranteed tuitie AMBER in period 81 (3h allocated)

Lampens P., Frémat Y., Hekker S., De Cat P.

Search for pulsation and chemical peculiarity amsungpected A- and F-type binaries
Observatoire de Haute Provence time applicatiorfsfOPHIE observations in the first semester
of 2008 (3 nights allocated)

Lampens, P. Kraicheva, Z.,

First report of the project “Photometric and Speaxdcopic Follow-up Studies of Binaries of
Special Interest”

Document for the Federal Science Policy, May 2007

Lampens, P.

First report of the project "Pulsation, chemicalmposition and multiplicity in main-sequence
A- and F-type stars" (Ref. MO/33/018)

Document for the Federal Science Policy, Jan 2007

Lampens, P.
Report on “The Launch Event for 7th European FramdwProgramme”, Jan 30
Document for the Director, Jan 2007

Lampens, P.
Minutes of the meeting of the BNEC Working Groupnsirumentation, July 9
Document for the President, Jul 2007

B.1.8. Scientific outreach

Meeting presentations

[1]

[2]

De Cat P.
Photometric monitoring with Mercator (P7): appligan to variable O-B stars
Talk presented during the Mercator day (LeuvengiBeh), November 8, 2007

Desmet M., Briquet M.De Cat P, Zima W., Handler G., Krzeninski J., Lehmann Haddda
S., Mathias P., Mkrtichian D.E., Telting J., Uytteever K., Yang S.L.S., Aerts C.
Spectroscopic mode identification for th€ephei star 12 Lacertae
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Contributed talk presented during th® PIELAS International Conference on “Helioseismol-
ogy, asteroseismology and MHD connections” (Go#gmgGermany, August 20-24, 2007), Au-
gust 20, 2007

[3] Hubrig S., Briquet M., Schdéller MDe Cat P.
New measurements of magnetic fields in SPB d@ephei stars
Poster presented during the IAU Symposium 250 oras$ve Stars as Cosmic Engines”
(Grand Hyatt, Hawaii, December 10-14, 2007)

[4] Hubrig S., Briquet M., Morel TDe Cat P, Scholler M.
A study of the peculiar BO starCarinae
Poster presented during the IAU Symposium 250 oras$ve Stars as Cosmic Engines”
(Grand Hyatt, Hawaii, December 10-14, 2007)

[5] P. Lampens A. Strigachev, S.-L. Kim, E. Rodriguez, M.J. Lageonzéalez, J. Vidal-Sainz, D.
Mkrtichian, D. Litvinenko, P. Van Cauteren, P. WilsM. Goémez-Forellad
Study of the oscillating Algol-type binary CT Her
BAG Meeting “Celebration of COROT”, 13 Jun 2007¢ge, Belgium

[6] Lampens, P, A. Strigachev, S.-L. Kim, E. Rodriguez, M.J. Laggonzélez, J. Vidal-Sainz, D.
Mkrtichian, D. Litvinenko, P. Van Cauteren, P. WilsM. Goémez-Forellad
Study of the oscillating Algol-type binary CT Her
Joint European and National Astronomy Meeting 2@XS S2 “Stellar Evolution and Astero-
seismology”, 20-25 Aug 2007, Yerevan, Armenia

[7] B.Ula, P. NiarchosP. Lampens,V. Manimanis, P. Van Cauteren
The Algol-type binary VV UMa: New VRI photometryg aearch for pulsation
Joint European and National Astronomy Meeting 2@XS S2 “Stellar Evolution and Astero-
seismology”, 20-25 Aug 2007, Yerevan, Armenia

Educational responsibilities:
P. De Cat: member of the scientific committee far PhD guidance of M. Desmet (K.U.Leuven)

B.1.9. Missions

Assemblies, symposia (number): P. De Cat (1), P. Lampens (1)
Commissions, working groups (days): P. De Cat (4), P. Lampens (2)
Research visits (days): P. De Cat (22), P. Lampens (1)

Field missions (days): Lampens (64)

B.2. Stellar Characterization

B.2.1. Objectives

Be starsdefine a class of very intriguing main-sequencesne stars that show emission in their spectra.
They are surrounded by an equatorial disk or thetieenvelope and are generally considered to lbe fas
rotators. The true origin of the Be phenomenomiarimediate mass stars is still a matter of defdtere

are currently two main scenarii. In the first oBe, stars are the components of non-resolved bg)drie
the second one, rapid though non-critical rotatombines its effects with one or more other physica
processes to provoke matter ejection and, consdgutdre formation of a circumstellar equatoriaski
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Since, Be stars occupy the same hydrodynamicadhalole region in the H-R diagram as the pulsating
Cep and SPB stars, one of these additional phermisgiresently suspected to be related to therzgati
of different pulsation modes. This is, however yardnfirmed formCen.

The behaviour oB-type starsis dependent of the metallicity in the environmdhtype stars have less-
efficient stellar winds at low metallicity (typidglin the Large and the Small Magellanic Cloudsrttat
high metallicity. Thus, B-type stars rotate fastedow than at high metallicity. It is thereforepexted
that more Be stars would be detected at low-meiigiliegimes.

B.2.2. Progress and results

B.2.2.1He strong stars

The He strong starsare fast rotating B-type magnetic stars that shiog emission which have a lot in
common with the Be stars. In order to study theapprties and the effects of He overabundance en th
determination of stellar parameters, we modell&ir thpectra in the vicinity of the Balmer discowiiy
assuming NLTE. We showed that the spectrophotometethod of Barbier-Chalonge-Divan that is often
applied to derive the effective temperature andstiiéace gravity in Be andormal B-type stars can be
adapted to study stars that show He abundanceipetes Error! Reference source not found.. We fur
ther studied the impact of a low metallicity regiime the evolution of the internal angular momentum
and the stellar evolution of B(e)-type stars of #mall Magellanic Cloud (SMC) Error! Reference smsur
not found..

B.2.2.2Metallicity and pulsations

Theory did not foresee pulsations in B-type stan®w metallicity due to the lack of metallic elents.
Using the sample d8(e) starsobserved in the SMC with the VLT-GIRAFFE, we crosatched the stel-
lar positions with the light curves of the MACHOtddasg8] to verify this observationally. The first
short-term multiperiodic Be stars were foud@]. The study was next refined and another ~30 Be star
with 2, 3 or 4 short-term periods as well as 9 Betgtars with 1 or 2 short-term periods were disoed
Error! Reference source not found.. We also fourad the instability domain is shifted towards highe
temperatures in the SMC than in the Milky Way, iyip that fast rotation favours the pulsations.sThi
first outcome was recently confirmed by a new tke&oal study. The results further imply the need fo
new opacities Error! Reference source not found..

B.2.2.3Nature of emission line stars

Young open clusters which contain emission liness(&LS) are ideal test cases for understanding the
occurrence and evolution 8 starsas a function of the mass, metallicity, and rotai velocity. The
goal is to determine the nature of the ELS: arg thassical Be stars or pre-main sequence starSj{PM
We explored NGC 6611 and M16 (the Eagle nebulahqusiur observations made with the VLT-
GIRAFFE and the Wide Field Imager in slitless spmsttopic mode (WFI). NGC 6611 was previously
known to host a lot of Be stars. However, we shotirad only a small fraction are true ELS whereas th
other candidates are B-type stars with nebularsamdines. We also claim that the majority of HeS

are in the pre-main-sequence phase. The classicatdBs found confirm the evolutionary status siena

in the Milky Way Error! Reference source not found.

B.2.2.4.WFI-Ha survey

Using the WFI, we collected 8 million spectra ireapclusters and fields of the LMC & SMC in order to
detect ELS in H. By cross-correlating with photometric catalogues, were able to classify the stars.
Preliminary results as well as the codes develdped@nalysing the spectra were presented at the ESO
colloquium about instrumentation (2007).
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B.2.3. Perspective for next years

The study of B(e) stars at different metallicitgiraes will be pursued in an effort to improve therent
understanding of the Be phenomenon. A first artaddeut the frequency of Be stars in the SMC is in
preparation. We will extend our study of B(e) starghe intermediate-metallicity regime of the LMC.
The comparison between observations and existindetador pulsating stars at the metallicity of the
LMC will be most interesting. The study of the nmatwf emission line stars will be extended to other
open clusters in the Milky Way as well, and a psgidor observing ELS in young open clusters in the
SMC with VLT-FLAMES will be submitted for testindhé scenarii of evolution and occurrence of Be
stars. A study of the effects of rotation on therafcal composition of fast rotating main-sequendg®
stars is also foreseen.

B.2.4. Personnel
Scientific staff: Y. Frémat, C. Martayan

B.2.5. Partnerships
List of international partners without grant

D. Baade, ESO Garching, GERMANY

P. Diago, Observatori Astronomic, Universidad déeviaia, SPAIN

M. Floquet, A.-H. Hubert, C. Martayan, M. Mekkas,N&iner, GEPI-Observatoire de Paris-
Meudon (France)

J. Fabregat, J. Gutiérrez-Soto, Observatori AstroopoUniversidad de Valencia (Spain)

J. Zorec, Institut d’Astrophysique de Paris (France

Grants/Projects used for this research/service

EARA grant obtained for a research mission at tiséitut d’Astrophysique de Paris
Visitors:

J. Zorec, Institut d’Astrophysique de Paris, 5 days

B.2.6. Publications

B.2.6.1Publications with peer review
[1] Cidale, L. S.; Arias, M. L.; Torres, A. F.; Zorek, Frémat, Y.; Cruzado, A.
Fundamental parameters of He-weak and He-strong sta
2007, A&A, 468, 263

[2] Gutiérrez-Soto, J.; Fabregat, J.; Suso, J.; Sudr€z; Moya, A.; Garrido, R.; Hubert, A.-M.;
Floquet, M.; Neiner, CErémat, Y.
Multiperiodic pulsations in the Be stars NW Serpeand V1446 Aquilae
2007, A&A, 472, 565

[3] Martayan, C.; Frémat, Y.; Hubert, A.-M.; Floquet, M.; Zorec, J.; Neiner, C.
Effects of metallicity, star-formation conditioramd evolution in B and Be stars. Il. Small Ma-
gellanic Cloud, field of NGC330
2007, A&A, 462, 683

B.2.6.2Publications without peer review

[4] Arias, M. L.; Zorec, J.Frémat, Y.
Circumstellar Rings, Flat and Flaring Disks
2007, ASPC, 361, 419
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[5] Gutiérrez-Soto, J.; Fabregat, J.; Suso, J.; Sudr€z; Moya, A.; Garrido, R.; Hubert, A;
Floquet, M.; Neiner, CErémat, Y.
Multiperiodic Pulsations in the Be Stars NWSer &1d46Aq|
2007, ASPC, 361, 84

[6] Levenhagen, R. S.; Leister, N. V.; ZorecRémat, Y.
Metallicity vs. Be Phenomenon Relation in the Shlaighborhood
2007, ASPC, 361, 457

[7] Martayan C., Floquet M., Hubert .A-M., Neiner Crémat Y., Baade D., Fabregat J.
On the nature of early-type emission line objectslGC 6611
SF2A2007, astroph 0709.2823

[8] Martayan, C., Frémat Y., Hubert A.-M., Floquet M., Neiner C., Zorec J.,d8a D.,
Guttiérez-Soto J., Fabregat J., Mekkas M.
On the behaviour of B and Be stars at low met#&jlici
SF2A2007, astroph 0709.2820

[9] Martayan C., Frémat Y., Hubert A.-M., Floquet M., Neiner C., Zorec J.
Be stars and stellar evolution
IAUS250, Hawaii USA, 9-14/12/2007, proceedings Fedlin, Crowther P. A. & Puls J. Eds.

[10] Martayan, C.; Hubert, A.-M.; Floquet, M.; Neiner, CFrémat, Y.; Zorec, J.
Effects of Metallicity, Star Formation ConditionsdaEvolution of B & Be stars
2007, ASPC, 361, 356

[11] Meynet G., Walborn N., Hunter Martayan C., Van Marle A. J., Marchenko S. V., Vink J. S,
Limongi M., Levesque E. M., Modjaz M.
Evolution of massive stars at low metallicity
IAUS250, Hawaii USA, 9-14/12/2007, proceedings Fedlin, Crowther P. A. & Puls J. Eds.

[12] Zorec, J.Frémat, Y.; Martayan, C.; Cidale, L. S.; Torres, A. F.
Rotation in the ZAMS: Be and Bn stars
2007, ASPC, 361, 539

[13] Zorec, J.Frémat, Y.; Domiciano de Souza, A.
Differential Rotation in Early-Type Stars
2007, ASPC, 361, 542

B.2.6.3Publications in press, submitted

[14] Diago P. D., Gutiérrez-Soto J., FabregaMartayan C.
Pulsating B and Be stars in the Small Magellaniouel
2008, A&A, in press, astroph 0709.4573

[15] Martayan C., Floquet M., Hubert .A-M., Neiner GFrémat Y., Baade D., Fabregat J.
On the nature of early-type stars in NGC 6611 aribM
2008, A&A, submitted

B.2.7. Scientific outreach

Meeting presentations

[1] Martayan C., Floquet M., Hubert .A-M., Neiner GFrémat Y., Baade D., Fabregat J.
On the nature of early-type emission line objectslGC 6611
SF2A conference, Grenoble, France, poster

[2] Martayan C.
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On the behaviour of B and Be stars at low met#jlici
SF2A conference, Grenoble, France, talk

[3] Martayan C.
The low metallicity effects on B and Be stars
IAUS250, Hawaii USA, 9-14/12/2007, talk (speciassen about the evolution of massive stars)

[4] Martayan C., Frémat Y., Hubert A.-M., Floquet M., Neiner C., Zorec J.
Be stars and stellar evolution
IAUS250, Hawaii USA, 9-14/12/2007, poster

B.2.8. Missions

Assemblies, symposia (number): C. Martayan (1), Y. Frémat (1)
Research visits (days): Y. Frémat (9)

Field missions (days): Y. Frémat (14)

B.3. Asteroseismology from space missions: CoRoT, Kepler

We are involved in the asteroseismic space misstwi®oT (CNES-CNRS-ESA-Brazil) anKEPLER
(NASA). CoRoT (successfully launched in Decembed&)0will probe the inner structure of the stars, as
well as detect many extrasolar planets, by obsegrthie periodic micro-eclipses occurring when these
bodies transit in front of their parent star. Daghe high photometric performances and the lorsgob

ing runs covering five months without interruptiaghe experiment will be a pioneer mission in both d
mains. KEPLER (launch foreseen in 2009) will obsefixed fields and continuously monitor over
100.000 stars for at least 4 years, with a sloweoaéd, and additionally 512 stars with a rapid caden
The mission is designed to search for extra-sdemgbary systems using the transit technique, qarti
larly Earth-like planets in the habital zone. Batfssions will provide a huge amount of extremelghhi
guality data useful for refined asteroseismic sadit is thus also relevant to invest time in sarhthe
preparatory aspects of these missions.

B.3.1. Objectives

The very first and preliminarZoRoT light curves have just been distributed (end d7)0More and
improved light curves from the exoplanetary an@émsteismic CoRoT fields will be made available dur-
ing 2008. ConcerninkEPLER, we plan to contribute to the gathering of compatary ground-based
observations needed to select the most intereasigroseismic targets from the KEPLER Input Cata-
logue (KIC).

B.3.2. Progress and results

We have started to analyse the light curve of astae observed by CoRoT using the technique of
Fourier analysis. This first analysis provided mtran 30 frequencies, several of which are har-
monic and combination frequencies. This result maye interesting in the context of the search of
an additional phenomenon combined to the fastiontab understand the mechanism of mass ejec-
tion in Be stars. With the new observations, weehtipidentify new cases related to the beating of
different pulsation modes.

We collaborate with the CoRoT Binary Thematic Teaitin the aim to exploit the CoRoT data con-
cerning pulsating components of newly identifietipsing binary systems. The experience with the
study of the oEA star CT Her will be most usefulhiis respect. At this stage it is however not yet
clear which data will be available.
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Various team members are part of the Kepler Astisasic Science Consortium (KASC). The Con-
sortium will prepare the asteroseismic programntewsifi contribute to the analysis of the huge data
sets. Two proposals for Work Packages were sulinitteone, we proposed to provide comple-
manetary ground-based information for a limited banof potential asteroseismic targets of spectral
type B(e), A or F in the Kepler field-of-view whichre on/near the main-sequence evolutionary
phase [1]. A list with the coordinates and the §pscopic parameters of newly identified (main-
sequence) variable stars of type B(e)AF in the &efield-of-view based on data from the KIC was
requested. We would need such information to wriganingful applications in order to obtain high
signal-to-noise spectra of the potential targetth \&i (large) telescope. A list of already identfie
variable stars of different classes located inkapler field-of-view was produced [2].

B.3.3. Perspective for next years

B.3.3.1CoRot

Data on various kinds of variable stars observe@bRoT will soon be analysed. This will concern B-
type and Be stars, A- and F-type stars as welu&sapng components of newly detected eclipsingulyin
systems. The CoRoT data on Be stars will be studiedllaboration with the CoRoT Be team in order t
obtain an improved understanding of the origin efdBars.

B.3.3.2Kepler

Assuming that telescope time is granted, we witfgren the complementary observations with the goal
to provide an atmospheric characterization forngitéd number of asteroseismic targets from ground-
based spectroscopy based on a semi-automatic pgarase¢ermination from spectra fitting and synthesi

B.3.4. Personnel
Scientific staff P. De Cat, Y. Frémat, S. Hekker, P. Lampensyl&@&tayan

B.3.5. Partnerships

A.-M. Hubert, M. Floquet, C. Neiner, J. Guttiéreat& GEPI-Observatoire de Paris, FRANCE
B. Leroy, LESIA-Observatoire de Paris, FRANCE

B.3.6. Publications

B.3.6.1Reports, thesis, etc

[1] Lampens P., De Cat P., Frémat Y., Hekker S., Martaan C.
WP TASK1-ROB

[2] Lampens, P.
1 report for KASC Working Group on A-F type starshie Kepler field,
1 report for KASC Working Group on Open Clusterthm Kepler field, WP TASK2-ROB
Documents for the Kepler Asteroseismology ScienaesGrtium, Dec 2007

B.3.7. Missions
Assemblies, symposia (number): P. Lampens (1), S. Hekker (1), C. Martayan (1)
Research visits (days): C. Martayan (1)

142



C. Instrumentation

The design and development of (new) instrumentdidhe mandatory path to better understand the uni
verse and the stars. By participating to this tagk,contribute to a service for the scientific coamity
while ensuring ourselves at the same time a deepwlkdlge of the instrument and of its possibilities.

C.1. The HERMES echelle spectrograph

HERMES is the acronym for High Efficiency and Resmin Mercator Echelle Spectrograph, an echelle
spectrograph built for the Mercator telescope @& bhstituut voor Sterrenkunde at the Roque de los
Muchachos Observatory (La Palma). The instrumemixjgected to be operational in 2008. The Royal
Observatory of Belgium carries the responsibiliyprovide the data reduction and instrument control
software in order to provide a differential redoatiprocedure in contrast to the existing pipeliridse
respective contributions are described inittterdepartemental report.

C.2. Project “Humain Observatory for Astrophysics of Coeval Stars”

C.2.1. Objectives

The radio-astronomical station of Humain which igaat of the Royal Observatory of Belgium, is ill
privileged site in Belgium with respect to locatiand environmental light pollution. It is is theved a
suitable site for the construction of a small agticbservatory. The aim is to operate a small beit-w
equipped optical observatory which will be dedidate a few very specific observational programmes.
The project “HOACS” was launched with the goal &sfprm CCD photometric observations of (intrinsic
as well as extrinsic) variable stars under sky @@t which are better than those in the regioBiafs-
sels, in support of the ongoing astronomical rageprojects of the Observatory.

C.2.2. Progress and results

Progress has been extremely slow. The construofiehe building which should protect the telescopes
and the instruments is not finished yet, althouglerapletely new roof was put in place after thetfone
failed to give satisfaction. The illustrations beglshow the status of the works during the two maisits
with the concerned parties, respectively in Felyrfkigure 44) and in November 2007 (Figure 45). A
justicial procedure is ongoing which currently tHec¢he finalisation of the building and its expépion.
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Figure 44. Status Humain optical observatory on | Figure 45. Status Humain optical observatory on
26/02/2007 28/11/2007

C.2.3. Perspective for next years

Hopefully, we will be able to set up the telescopith their instruments (called HULC1 and HULC2) in
2008 and the first nightly observations at the Hun@bservatory will be performed during the spring
season.

C.2.4. Personnel involved
Scientific staff: P. Lampens (project coordinator)

Technical staff: Ir. V. Rogge (Technical supervision)
Dhr. Janssens

C.2.5. Missions

Visits to the radio-observatory of Humain and dgsian with all concerned parties on the construc-
tion of a small optical facility at Humain (26/028/11)
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DEPARTMENT 3: Astrophysics

SECTIONS 6 & 7: Astrophysics of galactic and extraglactic objects
& Physics of stellar atmospheres

Introduction:

Stars evolve, process chemical species into diffevaes and re-cycle part of the material in thevga

and a new cycle of star formation. Stellar strustistellar evolution and galaxy evolution are dipse
linked. Many physical processes intervene in tlyidec The research in department 3 concerns several
but evidently only a small part, of the buildingpbks contributing to the general picture and enasap
projects giving insight in very different stagestioé star’s life, from young objects to very evalvanes.

We have grouped them in two research themes: isteiteds and circumstellar structures playing their
major role in evolved evolutionary phases; binaaed asteroseismology as tools to study fundamental
stellar parameters and interior structure; andissucbncentrating on cataclysmic stellar eventaayvat

the projects emphasize participation in observati@stronomy and analysis techniques, as expected
from the Observatory. The department is now alsolued in an operational project that will provithea

few years an echelle spectrograph at the Mercatesdope (La Palma, Spain). Theoretical aspects are
more strongly emphasized in C.1 and A.1. Severth@projects rely significantly on external graatsl
personnel on temporary contracts. There exist gtommnections with research projects of departrient

a cooperation that will develop further with theréivement in the aforementioned echelle spectrdgrap
HERMES and the preparations for the GAIA mission.

A. Research Theme “Stellar Winds and Circumstellar Stuctures”

The theme around stellar winds and circumstellateria@d splits again in two poles of interest (other
themes are discussed further on in the report)stfoag radiatively driven winds from the most niass
short-lived stars and the strong winds in late etimhary stages of intermediate-mass stars that gbe

to planetary nebulae. Multi-wavelength studieshef winds of massive stars show that they are sitreat
and contain shocked gas; if this is not taken &uoount, predicted mass loss rates may be signifyci
error and valuable indicators of stellar dupliaityy be overlooked. The project A.1 concentrateghen
understanding of the hydrodynamics producing thecgire by confronting theory and observations.

The mass loss in the final steps of evolution d@fahintermediate mass stars is a complex proeags
repercussions on the internal evolution of the gsaif. The complex interplay among various phgkic
processes is not yet understood, but the struofutlee circumstellar material must clearly reflde his-
tory of the mass loss events. The project A.2 asewnultitude of observing techniques and a radiative
transfer code developed by one of its membersitoigsight in the late evolution stages of thesesst

A.l. Hot stars

A.1.1. Objectives

Hot stars have radiatively driven stellar winds.n€iderable observational evidence exists that these
winds are not smooth, but structured. This projees to elucidate the nature of this structurestumdy-

ing these stars both observationally (at variougalemgths) and theoretically (by constructing medet

the hydrodynamics and radiative transfer).
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A.1.2. Progress and results

Work continued on the modelling of large-scale ctite
(so-called Co-rotating Interaction Regions - CIRsjhe
winds of massive stars. This was done through tme-
bined use of the Zeus code to calculate the hyairaaiy
ics and the Wind3D code to do the radiative tramsfe

A. Lobel developed the Wind3D code that solves|the
problem of the transport of radiation in three getim
dimensions in the scattering winds of massive silne
time-independent transfer equation is solved falhgy
Adam's numerical scheme. Wind3D is currently imple-
mented as a fully parallelized (exact) acceler¢aethdal
iteration scheme with a two-level atom formulatidn|
runs on several 64-bit multi-CPU compute serverheit
ROB. Wind3D has carefully been load balanced for pa

allel processing utilizing the OpenMP programmiing

strategy, and shows excellent scaling properties| féigure 46: Hydrodynamical simulation of
multi-threading. The code accepts arbitrary 3-Dogityy| WO unequal Co-rotating Interaction Regions
fields (in Cartesian geometry) without assumptiarfis—n-the €quatorial plane of a hot-star wind.
axial symmetry.

Our modelling of the radiatively driven stellar wistarts with the assumption that there are spoth®
stellar surface. Calculations with the Zeus codawsthat these spots result in CIRs. These arelspira
shaped density and velocity perturbations that nmibx@ugh the wind. These CIRs therefore also plertur
those spectral lines that are largely formed invtived (such as the Si \f 1394 doublet). The Zeus hy-
drodynamical models were used as input to the Winci3de, which then calculated the time-evolution of
the Si IV P Cygni profile. Models were made for #erly B-type Ib supergiant HD 64760 for which a
good time-coverage of this spectral line exists.eRploring the parameter space, we arrived at gst-b
fit solution for the observed time evolution of tBe IV line. From this we could derive that the o
causing the large-scale structure in the wind atdired on the stellar surface. This very muchgasgs
that they are due to an interference pattern betwidéerent non-radial pulsation modes. The adddio
amount of matter brought into the wind by thesadtres is quite small (less than 1 %). It remains
triguing that these structures are not destroyetheynstability of the radiatively driven wind. &lbest-

fit hydrodynamical result is shown here in Figu& Zhe colour scale shows the density enhancement
(compared to a smooth wind). Two unequal CIRs &ible (the “spiral arms”); these are responsible f
the variability in the spectral lines. Figure 4wais the effect of these CIRs on the Si IV P Cygioi-p
files. The result of this work will be published[s] and presented at conferen{£®,10,12] An Obser-
vatory webpage was set up to show animations dfiydeodynamical models

(9

4 http://www.astro.oma.be/HOTSTAR/CIR/CIR.html
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Figure 47. Right-hand panel: the dynamic spectrumfothe Si IV 1394 line observed in HD 64760 reveals a Discrete
Absorption Component (DAC) that shifts toward large velocities over time (going upward on the y-axis)Left-hand
and middle panels: theoretical mode

On the observational side, we continued our worknon-thermal radio emitters. The large amount of
data available for Cyg OB2 No. 9 was reduced withhelp of Joan Vandekerckhove. The resulting radio
light curve clearly has a 2.35-yr period, whichwhdhat Cyg OB2 No. 9 must be a binary. It is qeite
ceptional that binarity has been detected fromdéoright curve instead of the more classical iaties,
such as an optical light curve or optical spectitze reduction of radio data on other non-thermdiora
emitters (Cyg OB2 Nos. 5 and 8A) is continuing. Thsults of our previous research on HD 167971
have now been publish¢t] and those on Cyg OB2 No. 9 have been submittegublication.

To interpret the data of both thermal and non-tlenmadio emitters, we started exploring models @f p
rosity on the expected radio fluxes of these starsliminary results show that porosity might expla
why we can detect non-thermal emission from closaries, contrary to expection (as the emission
should be completely absorbed in the stellar wi@&Bneral overviews of our work on radio emitters
(both thermal and non-thermal) have been presetteonferenceg2,6,7].

We obtained 60 and 160n images of five hot stars with the Japanese ieftraatellite Akari. A pipeline
reduction of all these data has been made and wedi@ar detections at 60n for all stars and for two

at 160 m. These data still need to be modeled using a¢kieal spectrum synthesis code (CMFGEN) to
derive the amount of clumping in the wind. In aifift we also detected two rings around HD 80077 on
the Akari images. These are highly relevant as fireyide the best evidence yet that HD 80077 isia L
minous Blue Variable. The rings are very similathiose seen around SN 1987A, and they are therefore
also important in understanding the progenitohaf supernova.

A.1.3. Perspective for next years

We will apply the Zeus hydrodynamics code and thed®D radiative transfer code to a large number of
stars and more spectral lines in order to contmoeelling large-scale structure in the stellar wifile
reduction of existing and new radio data on theramal non-thermal radio emitters will continue. Rubl
cations on Cyg OB2 No. 8A and 9 Sgr have a higbrityi For the thermal emitters, CMGEN models
will be constructed and compared to the observati@ptical spectra of the triple system HD 16797l w
be obtained in 2008; these will be reduced andpréted.
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A.1.4. Personnel involved
Scientific staff: R. Blomme, A. Lobel

Technical staff: J. Vandekerckhove

A.1.5. Partnerships

List of international partners without grant

R. K. Prinja, University College London, UK
S. Van Loo, University of Leeds, UK
S. M. Dougherty, DRAO, Canada

List of national partners without grant

M. De Becker, G. Rauw, Université de Liege

Grants/Projects used for this research/service

Belgian Federal Science Policy Office: Terugkeerdaden: Dec 2005-2007 (A. Lobel)

A.1.6. Publications

A.1.6.1Publications with peer review

[1]

R. Blomme,M. De Becker, M.C. Runacres, S. Van Loo, D.Y.A.iS&unawan
Non-thermal radio emission from O-type stars. ID #67971
Astron. Astrophys., 464, 701

A.1.6.2Publications without peer review

[2]

[3]

[4]

R. Blomme

Structure in the Winds of OB Stars: Radio and kidlire Observations

Proceedings “Active OB stars” conference, Eds.t8fl,.S5. Owocki & A. Okazaki, ASP Conf.
Proc., 361, 186

A. Lobel

SpectroWeb: An Interactive Graphical Database dfitai Stellar Spectral Atlases

in "The Ultraviolet Universe: Stars from Birth tceBth", 26th meeting of the International As-
tronomical Union, Joint Discussion 4, 16-17 Aug0@0Prague, ed. A. Gomez de Castro and
M. Barstow (Madrid: Editorial Complutense Univ. fadrid) pp 167

A. Lobel, R. Blomme

Three Dimensional Radiative Transfer in Winds okblee Stars: Wind3D

in "The Ultraviolet Universe: Stars from Birth tceBth", 26th meeting of the International As-
tronomical Union, Joint Discussion 4, 16-17 Auge806, Prague, ed. A. Gomez de Castro and
M. Barstow (Madrid: Editorial Complutense Univ.&adrid) pp 119

A.1.6.3Publications in press, submitted

[5]

[6]

A. Lobel, R. Blomme
Modeling Ultraviolet Wind Line Variability in Mass Hot Stars
The Astrophysical Journal, 677, April 2008, Maimdwal,in press

R. Blomme

Radio observations of mass loss in OB stars

Proceedings of “Mass loss from stars and the eleoiudf stellar clusters”, Eds. A. de Koter, L.
Smith and R. Water# press
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[7]

[8]

[9]

[10]

[11]

[12]

R. Blomme S. Van Loo, M. De Becker, G. Rauw, S.M. DougheiyC. Runacres
Non-thermal radio emission from the colliding wiraf<O-star binaries

Proceedings of “Massive Stars: Fundamental Paramatel Circumstellar Interactions”, Eds.
P. Benaglia, G. Bosch and C.E. Cafpayress

M. De Becker, G. Rauw, J.M. Pittafd, Blomme, G.E.Romero, H. Sana, |.R. Stevens
The investigation of particle acceleration in cditig-wind massive binaries with SIMBOL-X
Proceedings workshop "Simbol-X: the hard X-ray enée in focus", in press

R. Blomme

Corotating Interaction Regions and clumping

in “Clumping in Hot Star Winds”, Eds. W.-R. Hamar, Feldmeier & L. Oskinova, Potsdam:
Univ.-Verl., in press

R. Blomme, A. Lobel
Modelling ultraviolet wind line variability in masse hot stars
Poster paper IAU Symposium 250, “Massive staroamic engines”, in press

A. Lobel

SpectroWeb: Oscillator Strength Measurements afnft@d\bsorption Lines in the Sun and Pro-
cyon

in Proc. of the 9th Int. Coll. on Atomic Spectradascillator Strengths for Astrophysical and
Laboratory Plasmas at Lund, Sweden, August 7-107 20he Journal of Physics: Conf. Series
(JPCS), (The Institute of Physics Publ., UK), iegw

A. Lobel

Modeling DACs in UV Lines of Massive Hot Stars

in “Clumping in Hot Star Winds”, Eds. W.-R. Hamar, Feldmeier & L. Oskinova, Potsdam:
Univ.-Verlag in press

A.1.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

[5]

R. Blomme

Corotating Interaction Regions and clumping

Workshop “Clumping in Hot Star Winds”, Potsdam, @any, 18-22 June 2007, contributed
talk

R. Blomme, A. Lobel
Modelling ultraviolet wind line variability in masse hot stars
IAU Symposium 250, “Massive stars as cosmic endjriésuai, USA, poster presentation

A. Lobel

Modeling UV Wind Line Variability in Massive Hoa#t,

Workshop “Clumping in Hot Star Winds”, Potsdam, @any, 18-22 June 2007, contributed
talk

A. Lobel

SpectroWeb: an Online Astrophysical Database ot®aleAtlases,

Poster Presentation at the 9th Int. Coll. on AtoByectra and Oscillator Strengths for Astro-
physical and Laboratory Plasmas, Aug 7-10 2007 dlniv., Sweden

A. Lobel
Modeling UV Wind Line Variability in Massive Hoa#t,
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Oral Presentation at the Royal Observatory of Befgilnst. Colloquium, Sep 11 2007, ROB
Meridian Room, Brussels

Websites
R. Blomme: Responsible for contents of the webgftéHot Star Group” of the Observatory
(webmaster = Joan Vandekerckhove)
R. Blomme: Website on “Co-rotating Interaction Rexg” (part of website of “Hot Star Group”).

Lobel: SpectroWeb: The Interactive Graphical Databof Digital Stellar Spectral Atlases at
spectra.freeshell.orgine data & references update of Jul 2007 for ARQSeeting, Lund

A.1.8. Missions
Assemblies, symposia (number): R. Blomme (2), A. Lobel (2)
Research visits (days): R. Blomme (3)

A.2. Post AGB stars and Planetary Nebulae

A.2.1. Objectives

We have been studying the final stages of evolutfdntermediate mass stars, i.e. the evolutiomftbe
asymptotic giant branch (AGB) through the planetzeula phases. This evolution is still poorly unde
stood mainly because of a complex interplay amamgpus physical processes between the central star
and its circumstellar nebula (created through s which also influences the internal evolutdithe
central star). Hence, these objects provide extddiéoratories for astrophysical processes.

A.2.2. Progress and results

A.2.2.1Sakurai's Object

When intermediate mass stars reach the final stafgédseir evolution, they experience thermal pulses
These are semi-periodic helium shell flashes teatiomostly at the tip of the AGB. It is theorizttat
about 25% of all objects will experience one addil (very) late thermal pulse (VLTP) after theywda
left the AGB. Despite this high percentage, thiscpss is only very rarely observed. The discovdry o
Sakurai's star in 1996 provided the first oppottuim modern times to observe a very late thernudden
This object has baffled the scientific communityhwits very fast evolution. To reproduce this eviolo

we have proposed a new theoretical model which reggps convective mixing under the influence of
flash burning. A strong prediction of this modeltieat the star will evolve back to a temperature of
80,000K within the next 5 to 10 years. In an in&ional collaboration we are monitoring this evaot
Progress reports of this campaign were present¢@]i13]. We have obtained new radio observations
(VLA) and optical spectra (FORS1/2, VISIR on theNjLin 2007. This year the reduction of all avaitbl
VLA and optical data has been completed. Duringoakwisit to the Observatory in Cape Town the in-
terpretation of these observations was reasse$hedadio flux shows a marked increase startingesom
where between 2005 and 2006, while the optical sladav a steady exponential decline in flux as asll
excitation level compared to the 2001 spectrumehakt face value these results seem contradicdany.
interpretation is that in the optical we see thecsium of a shock which occurred around 1998 andiwh
is currently dissipating. The radio flux observad2D04 and 2005 probably also originated in thatkh
The marked increase in radio flux in 2006 and 2i@0&scribed to an increase in temperature of the ce
tral star, now starting to photo-ionize carbon. Teatral star temperature must be lower than hiher
thought: around 12,000K in 2006. These results \aldished in [3].
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A.2.2.2.CK Vul

CK Vul was discovered in 1670 and was long thoughie a nova. Modern observations made this clas-
sification very unlikely and one of the proposeddhes is that this is one of a handful of knowstpo
VLTP objects. Based on radio data and optical+[Nl 11]) images we performed an in-depth analydis o
the nebula surrounding this object. By comparingimage obtained in 2004 with a similar image from
1991, we could clearly determine that the nebulaxisanding. By studying the rate of expansion we
found that the nebula originated in the 1670 explosVe also detected for the first time a veryfaind
large (70 arcsec) bipolar emission nebula whicb escentered on the 1670 explosion. Furthermore we
discovered a very compact radio source which cdagivith the center of expansion of the nebulbadt

no optical counterpart. We believe that this isdlstral star which had not previously been detkctbe
radio emission is consistent with free-free emissand we believe this to originate from a circuetiat

or circumbinary disk. These results were publisindd] and presented at meetings in [5] and [8].

A.2.2.3Abundance Analysis of post-AGB Stars

The thermal pulses that occur at the end of the A@@ution mix chemically enriched material froneth
helium burning shell to the surface of the starisTgrocess will alter the chemical composition lod t
stellar photosphere leading to the enrichment dageelements. This allows us to test the thedmwe
clear burning. One of the puzzling findings in #tedy of the chemical evolution of (post-)AGB ster's
why very similar stars (in terms of metallicity,espral type, infrared properties, etc.) show a \differ-

ent photospheric composition. We aim at extendhegdtill limited sample of s-process enriched post-
AGB stars, in order to obtain a statistically lasgeough sample that allows us to formulate conohssi
concerning the 3rd dredge-up occurrence. We coatintine collaboration with Van Winckel and
Reyniers at the KU Leuven to do such an analysiswfo post-AGB stars that are strongly enriched-in
process elements (IRAS08281-4850 and IRAS14325)6428 selected these two post-AGB stars on the
basis of IR colours indicative of a past historyhefivy mass loss. They are cool sources in theslotu
the Planetary Nebulae (PNe) in the IRAS colour-gpldiagram. Abundances of both objects were de-
rived for the first time on the basis of high-qbalJVES and EMMI spectra, using a critically coneail
line list with accurate log(gf) values, togetheittwihe latest Kurucz model atmospheres. Both abject
have very similar spectroscopically defined effestiemperatures of 7750 - 8000 K. They are strongly
carbon and s-process enriched, with a C/O ratib®find 1.6, and an [Is/Fe] of +1.7 and +1.2, RA$
08281-4850 and IRAS 14325-6428 respectively. Moeeothe spectral energy distributions (SEDs) point
to heavy mass-loss during the preceding AGB pH&3%S 08281-4850 and IRAS 14325-6428 are proto-
typical post-AGB objects in the sense that theywsltrong post 3rd dredge-up chemical enrichments.
The neutron irradiation has been extremely effigidespite the only mild sub-solar metallicity. $hs

not conforming to the recent chemical models. TXistence of very similar post-AGB stars without any
enrichment emphasizes our poor knowledge of thaildetf the AGB nucleosynthesis and dredge-up
phenomena. We call for a very systematic chemicalysof all cool sources in the PN region of thé&fR
colour-colour diagram. During 2007 we publishedrimgults of the abundance analysis [2].

A.2.2.4Modeling UVES spectra of post-AGB stars

In 2006 we started modeling UVES spectra of fouisein line post-AGB stars. This project was con-
tinued in 2007. The objects in our sample show BrCype H profiles, formed by self-absorption in
the wind which is indicative of strong mass loskisTimplies that such line profiles are ideallytsdito
derive information about wind parameters and mass fate. Because these parameters are cruched in t
study of post-AGB evolution, we have tried to derthem. We employed Darko Jevremowin a non-

EU research fellowship to produce non-LTE wind-lkisted stellar atmosphere models using the Phoenix
code in order to match the observed spectra. Tineskels will be needed to analyze the observed ispect
We built and discussed grids of NLTE models withegpropriate temperature range, with different €har
acteristics of the stellar wind for IRAS 14488-5408¢e of the objects in our sample. We ran intoomaj
difficulties to match the particular Balmer lineofites of this object. We have tried to construateav
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mass-loss law. In the process several bugs intiberi’x code were discovered. After correction, ted
recalculation of models, a best matching model sedscted. Darko Jevremovieft and we are waiting
for him to continue with the fine-tuning of the neddnd the determination of the abundances.

A.2.2.5.NGC 7027

NGC 7027 is the brightest planetary nebula at ragieelengths. Its spectral energy distribution tdaa-
sical case of free-free emission: optically thiakdw 2GHz, optically thin above 5 GHz, and the turn
over range in between. The well-understood radib 8&d the bright, compact nebula makes NGC 7027
a valuable calibrator at a wide range of frequendiealso allows us to tie together the high fresary
calibrators (planets) and the low frequency onadi¢rgalaxies). We have data from a 25-year mdngor
program with the VLA showing a clear evolution retradio flux: an increase of the optically thidkxf
and the decrease of the optically thin flux. Therfer is the result of the expansion of the nebegaling

to an increase of the= radius, while the latter is the result of the enion of the central star. Using
the rate of flux increase at optically thick frequs we could derive an expansion distance of 980+
pc. By comparing the decline in flux at opticalhjrt frequencies with theoretical models by Blocker

could determine the mass of the central star t0.66+0.01 M. Based on this analysis we could also

determine that the central star is heating uprateaof 155 K/yr, while the luminosity is decreagit a
rate of 0.07 %/yr. These results were presentgdjirer [7].

A.2.2.6]RAS12316-6401 — a new symbiotic Mira?

We discovered IRAS12316-6401 in our search for otest PNe from the IRAS catalogue. The evolu-
tionary status of this object is still under deb&mm IRAS and MSX photometry it is clear it hasex-
tended circumstellar envelope containing cool dudtich is typical for PNe. However, the high-
resolution optical emission line spectrum obtaindth EMMI shows very broad emission lines with ve-
locities up to at least 600 km/s. This is not ndiynabserved in regular PNe, but is typical for $yatic
binaries. The emission line spectrum shows higlitaian lines from [Fe VII] and possibly also [Fd]V
which is also unusual for PNe since iron is strgridgpleted into refractory grains. The broad enissi
lines must therefore be formed in gas where gnaaver were formed, or where they have been fully de
stroyed. The information in the spectroscopic imagggests that this system is driving a powerful je
which is aimed almost directly at us. This jetdmized by a hot white dwarf. It seems very plawsthiat

a binary companion is feeding the material forjite However, to date no direct evidence for this-ex
tence of such a companion exists. No stellar caotimhas been detected in the spectrum, possiblyodue
extinction by dust. The evidence we have gathecethsis pointing toward the fact that this is aq e
tended symbiotic Mira, but the proof is not yet dosive. If this is confirmed by future observation
IRAS12316-6401 would only be the 9th object in ¢hasive class which may be important to better un-
derstand the formation of bipolar PNe. These resuire presented at meetings in [4] and [15].

A.2.2.7Morphology and kinematics of the bipolar post-AG&E $RAS 16594-4656

The spectrum of IRAS 16594-4656 shows shock exdit2emission and collisionally excited emission
lines such as [O 1], [C I], and [Fe Il]. The goalto determine the location of the H2 and [Fe hidck
emission, to determine the shock velocities, anrain the physical properties in the shock. Hego-
lution spectra of the H2 1-0 S(1), H2 2-1 S(1), [feand Pa emission lines were obtained with the near
infrared spectrograph Phoenix on Gemini South. ghhiesolution UVES spectrum was obtained via the
collaboration with M. Reyniers (K.U.Leuven). Thesjimn-velocity diagrams of H2 1-0 S(1), H2 2-1
S(1), and [Fe II] show that this emission is spigtiextended. The collisionally excited [O I] an@ ]
optical emission lines have a similar double pegkedile compared to the extracted H2 profile apd a
pear to be produced in the same shock. They altatel an expansion velocity of ~8 km/s and the-pres
ence of a neutral, very high density region withaneund 3 x 106 to 5 x107 cm-3. The [Fe Il] emigsio
however is single peaked. It has a gaussian FWHBDd{m/s and a total width of 62 km/s at 1% of the
peak. The Paprofile is even wider with a gaussian FWHM of 48/k and a total width of 75 km/s at 1%
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of the peak. The H2 emission is excited in a slaw 80 km/s shock into dense material at the ed¢jeeo
lobes, caused by the interaction of the AGB ejecid the post-AGB wind. The 3D representation made
by A. Ginsburg of the H2 data shows a hollow suitetwith less H2 emission in the equatorial region.
The [Fe Il] emission is not present in the lobas, driginates close to the central star in fastklan the
post-AGB wind or in a disk. The Pamission also appears to originate close to thie $hese results
have been published in [6] and presented at a nteeti[14].

A.2.2.8HST snapshot survey of post-AGB stars and protogiéay nebulae

Within this international collaboration we show ttesults from a Hubble Space Telescope (HST) snap-
shot survey of post-AGB objects. The aim of theveyris to complement existing HST images of PPN
and to connect various types of nebulosities withisgcal and chemical properties of their centrafsst
Nebulosities are detected in 15 of 33 sources. ési@mnd photometric and geometric measurements are
presented. For sources with nebulosities we seerphulogical bifurcation into two groups, DUPLEX
and SOLE, as previous studies have found. We finthér support to the previous results suggestiag t
this dichotomy is caused by a difference in optibadkness of the dust shell. The remaining 18 ceaIr
are classified as stellar post-AGB objects, becauseobservations indicate a lack of nebulosity. We
show that some stellar sources may in fact be DUPLE SOLE based on their infrared colors. The
cause of the differences among the groups is ilgadet. We discuss some evidence suggesting thiat hi
progenitor-mass AGB stars tend to become DUPLEX-B&B objects. Intermediate progenitor-mass
AGB stars tend to be SOLE post-AGB objects. Mosthef stellar sources probably have low mass pro-
genitors and do not seem to develop nebulositiemglthe post-AGB phase and therefore do not be-
come planetary nebulae. The referee’s comments weoeporated and the article was accepted for pub-
lication [16].

A.2.3. Perspective for next years

The main emphasis of the research during the cogygags will be threefold. One part will be monitayi

the spectral evolution of Sakurai's object. To #&l optical spectra (using FORS and VISIR on the
VLT) and radio observations (using the VLA) will betained on a yearly basis. These data will be ana
lyzed and modeled using the photoionization codmu@ to derive the evolution of the central stan-te
perature as a function of time. These data wilubed to test the new theory proposed by Falk Herwig
Another part of the research will be modeling higBolution spectra of post-AGB stars obtained with
UVES on the VLT and EMMI on the NTT with the aim dériving the mass-loss rate and the chemical
composition of these stars. Non-LTE model atmosgshevill be used for this work. Darko Jevremovi
will need to produce these models. In support ofi lioes of research, van Hoof will continue to elep

the modeling code Cloudy, as well as his web-b#&gethic Line List (see sections B.2 and B.3).

We will also work on interferometry data obtaineddE®O with the VLTI. We will also receive interfer-
ometric data with VISA in the framework of Belgi®@TO time. As this is a completely new field this
will require major study and modeling work.

A.2.4. Personnel involved
Scientific staff: G.C. Van de Steene, P.A.M. Van Hoof, D. Jevramov

A.2.5. Partnerships
List of international partners without grant

Albert A. Zijlstra, University of Manchester
Marcin Hajduk, Centrum Astronomii, Torun
Nye Evans, School of Chemistry and Physics, Keele
Steward P.S. Eyres, Centre for Astrophysics, Pnesto
Stefan Kimeswenger, Institut fir Astrophysik, Innstk
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Falk Herwig, School of Chemistry and Physics, Keele

Krzysztof Gesicki, Centrum Astronomii, Torun

Rick A. Perley, NRAQO, Socorro

T. Ueta, Dept. of Astronomy and Astrophysics Uity of Denver, USA

A. Ginsburg, Dept. of Astronomy and Astrophysiasvuersity of Denver, USA
N. Siédmiak, Space Telescope Science Institute, USA

M. Meixner, Space Telescope Science Institute, USA

Sugerman, Goucher College, USA

R. Szczerba, N. Copernicus Astronomical Centerarirbl

List of national partners without grant

Hans Van Winckel, K.U. Leuven
Maarten Reyniers, K.U. Leuven

Grants/Projects used for this research/service

Belspo-Action 1 MO/33/017
Research Fellowship for non-EU postdocs

Visitors
Short visits: 1

A.2.6. Publications

A.2.6.1Publications with peer review

[1] Hajduk M., Zijlstra A.A.,van Hoof P.A.M., Lopéz J.A., Drew J.E., Evans A., Eyres S.P.S.,
Gesicki K., Greimel R., Kerber F., KimeswengerFcher M.
The enigma of CK Vul: the central star and nebdlthe oldest nova
MNRAS, 378, 1298

[2] Reyniers M., Van de Steene G.C., van Hoof P.A.Mu Winckel H.
IRAS 14325-6428 and IRAS 08281-4850: two A-typeABS stars with s-process enrichment
A&A, 471, 247

[3] van Hoof P.A.M., Hajduk M., Zijlstra A.A., Herwig F., Evans AVan de Steene G.G
Kimeswenger S., Kerber F., Eyres S.P.S.
The onset of photoionization in Sakurai's Objeet334 Sgr)
A&A, 471, L9

A.2.6.2Publications without peer review

[4] van Hoof P.A.M., Van de Steene G.C
IRAS12316-6401: A New Symbiotic Mira?
Proceedings of the meeting "evolution and chemistrgymbiotic stars, binary post-AGB and
related objects’, eds. Mikolajewska J., Szczerh®8&tic Astronomy, 16, 59

[5] Hajduk M., Zijlstra A.A., Evans A., Kerber Fran Hoof P.A.M., Pollacco D.L., Eyres S.P.S.,
Ki-meswenger S., Gesicki K.
Nova 1670 Vul
Proceedings of the workshop "Why Galaxies Care A¥dBB Stars', eds. Kerschbaum C.,
Charbon-nel C., Wing R.F., ASP Conference Series, 378, p. 301

A.2.6.3Publications in press, submitted
[6] Van de Steene G.C.Ueta T.van Hoof P.A.M., Reyniers M., Ginsburg A.G.
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[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Kinematics and H2 morphology of the multipolar pA&B star IRAS 16594-4656
A&A, in press

Zijlstra A.A., van Hoof P.A.M., Perley R.

The evolution of NGC 7027 at radio frequenciesredv determination of the distance and core
mass

ApJ, submitted

Hajduk M., Zijlstra A.A.,van Hoof P.A.M., Lopéz J.A., Drew J.E., Evans A., Eyres S.P.S,,
Gesicki K., Greimel R., Kerber F., Kimeswenger S.

On the evolved nature of CK Vul

Proceedings of the Hydrogen Deficient Stars confezeeds. Werner K., Rauch T., ASP Con-
ference Series, in press

Hajduk M., Gesicki K.yan Hoof P.A.M., Lopéz J.A., Zijlstra A.A.

Studying the old planetary nebula of V4334 Sgr

Proceedings of the Hydrogen Deficient Stars confezeeds. Werner K., Rauch T., ASP Con-
ference Series, in press

Kimeswenger S., Zijlstra A.Ayan Hoof P.A.M., Hajduk M., Herwig F., Lechner M.F.M.,
Eyres S.P.SVan de Steene G.C.

Morphologies of the nebulae around “born again” ¢ex stars of planetary nebulae
Proceedings of the Hydrogen Deficient Stars confezeeds. Werner K., Rauch T., ASP Con-
ference Series, in press

van Hoof P.A.M., Hajduk M., Zijlstra A.A., Herwig F.Yan de Steene G.C Kimeswenger S.,
Evans A.

Recent observations of V4334 Sgr and V605 Ag|l

Proceedings of the Hydrogen Deficient Stars confezeeds. Werner K., Rauch T., ASP Con-
ference Series, in press

Kimeswenger S., Zijlstra A.Ayan Hoof P.A.M., Hajduk M., Lechner M.F.M¥Yan de Steene
G.C., Gesicki K.

Symmetry and asymmetry in “born again” planetarpulae

Proceedings of the Asymmetric Planetary Nebulaed¥ference, eds. Corradi R.L.M., Man-
chado A., Soker N., in press

van Hoof P.A.M., Hajduk M., Zijlstra A.A., Herwig F., Evans AVan de Steene G.C Ki-
meswenger S., Kerber F., Eyres S.P.S.

Recent observations of Sakurai's object

Proceedings of the Asymmetric Planetary Nebulaedxference, eds. Corradi R.L.M., Man-
chado A., Soker N., in press

Van de Steene G.C Ueta T.yvan Hoof P.A.M., Reyniers M., Ginsburg A.G.

Morphology and kinematics of the bipolar post-AG& $RAS 16594-4656

Proceedings of the Asymmetric Planetary Nebulaedxference, eds. Corradi R.L.M., Man-
chado A., Soker N., in press

van Hoof P.A.M., Van de Steene G.C.

IRAS12316-6401: A New Symbiotic Mira?

Proceedings of the Asymmetric Planetary Nebulaedxference, eds. Corradi R.L.M., Man-
chado A., Soker N., in press

Siodmiak, N., Meixner, M., Ueta, T., Sugerman, BKE Van de Steene, G.C Szczerba, R.
HST snapshot survey of post-AGB objects
ApJ, in press
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A.2.7. Scientific outreach
Meeting presentations

[1] van Hoof P.A.M., Hajduk M., Zijlstra A.A., Herwig F.Yan de Steene G.G Kimeswenger S.,
Evans A.
Recent observations of V4334 Sgr and V605 Ag|l
Oral presentation at the Hydrogen Deficient Starderence, 17 -21 September, Tubingen

[2] van Hoof P.A.M., Hajduk M., Zijlstra A.A., Herwig F., Evans AVan de Steene G.G Ki-
meswenger S., Kerber F., Eyres S.P.S.
Recent observations of Sakurai's object
Oral presentation at the Asymmetric Planetary NedbdIN conference, 18 — 22 June, La Palma

[3] van Hoof P.A.M., Van de Steene G.C.
IRAS12316-6401: A New Symbiotic Mira?
Poster presentation at the Asymmetric PlanetaryutdeblV conference, 18 — 22 June, La
Palma

[4] Van de Steene, G. G Ueta, T.van Hoof, P. A.M.,, Reyniers, M., Ginsburg, A.G.
Shock emission in the multipolar post-AGB star IRA594-4656
Poster presentation at the Assymetrical Planetafyulhe conference, 18 — 22 June, La Palma

A.2.8. Missions
Assemblies, symposia (number): G.C. van de Steene (3), P.A.M. Van Hoof (3)

Research visits (days): P.A.M. Van Hoof (13)

A.3. The Photoionization Code Cloudy

A.3.1. Objectives

Cloudy is a code designed to model the interstefladium in the widest possible sense. It can t@eat
wide range of physical conditions, ranging from gaarray and X-ray photoionized plasmas to photo-
dissociation regions (PDR) and molecular cloudsséch it can model many types of objects, including
(but not limited to) active galactic nuclei, starrhing regions, planetary nebulae, and post-AGBssta
was the first code that could produce a fully selfisistent model of a photo-ionized region inclgdine
PDR and molecular regions surrounding it. The dsdeeing developed continually with the aim of im-
proving the modeling results and to widen its scdpee code is publicly available and is widely used
Currently around 120 papers per year cite the ti€toudy.

A.3.2. Progress and results

The photoionization code Cloudy plays a crucia¢riol the research of van Hoof. He is a member @f th
international development team of this code. Mogiartantly he is the primary author of the graindelo

in Cloudy. Grains play an important role in manyiesnments (including post-AGB stars and PNe) be-
cause of extinction, photoelectric heating, thefluence on the charge and ionization balance efts,

as catalysts for grain-surface chemical reactiens. (H2 formation), and as seeds for freeze-omaé-
cules. It is therefore important to keep the graimdel in Cloudy up-to-date. To this end van Hoafi-co
tinued his work on implementing the new X-ray treaint of grains as well as improved opacity funcion
for polycyclic aromatic hydrocarbons (PAHSs), boftmdhich are important for modeling PNe and post-
AGB stars. The new X-ray treatment will be partled upcoming release in 2008. Van Hoof advised on
several group publications discussing new featafélse code and its application to various astrejdaf
objects (refs [17]-[22] below). Van Hoof fixed seakbugs in the code and assisted in updating the
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documentation of the parts of the code that hedpansible for. He also assisted in the releasersfon
c07.02.00 of the code in February 2007 as welhasbug-fix roll-up later on that year. Furthermbee
assisted in the preparations for the upcoming seled Cloudy which is scheduled for February of&00
He assisted in maintaining and updating the Clowdfp sites as listed in section A.2.6. Van Hoof also
organized the Cloudy Development Summit held inrgaty 2007 at the ROB. This workshop brought
Cloudy developers together to discuss the developofahe code.

A.3.3. Perspective for next years

The development of Cloudy will continue for manyay®to come. This will first and foremost be aimed
at implementing new physics and improving/updatimg physics that is already included in the code.
Some effort will also be directed towards fixindidencies in the code and improving the documenta-
tion (either on the web or in the manual called yain the next year the efforts of van Hoof wikk b
mainly aimed at finishing the improved opacity ftions for polycyclic aromatic hydrocarbons (PAHS).
This development will have consequences for modetiany types of environments, including planetary
nebulae and post-AGB stars.

A.3.4. Partnerships
List of international partners without grant

Gary J. Ferland, University of Kentucky

Ryan Porter, University of Kentucky

Robin J.R. Williams, AWE, United Kingdom

William J Henney, UNAM, Morelia

Joe C. Weingartner, George Mason University, Fairfa
Nick P. Abel, University of Cincinnatti

Gargi Shaw, University of Kentucky

Roderick Johnstone, Institute of Astronomy, Candeid

Grants/Projects used for this research/service
Belspo-Action 1

Visitors
Short visits: 3

A.3.5. Publications

A.3.5.1Publications with peer review

[1] Rdllig M., Abel N.P., Bell T., Bensch F., Black &grland G.J., Jonkheid B., Kamp I., Kaufman
M.J., Le Bourlot J., Le Petit F., Meijerink R., Maa Chirivella O., Ossenkopf V., Roueff E.,
Shaw G., Spaans M., Sternberg A., Stutzki J., ThRWvan Dishoeck E.Fvan Hoof P.A.M.,
Viti S., Wolfire M.G.

A PDR-code comparison study
A&A, 467, 187

A.3.5.2Publications without peer review

[2] Ferland G.J., Fabian A.C., Hatch N.A., Johnston®l.RPorter R.L.,van Hoof P.A.M,,
Williams R.J.R.
Molecular emission from filaments in cooling flows
Proceedings of the 211th AAS meeting, #54.08, BAYS, 39
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A.3.5.3Publications in press, submitted

[3] Shaw G., Ferland G.J., Srianand R., Abel NvBn Hoof P.A.M.
On the enhanced cosmic ray ionization rate in tiffieiske cloud towards Persei
ApJ, in press

[4] Ferland G.J., Fabian A.C., Hatch N.A., Johnston®.RPorter R.L.,van Hoof P.A.M,,
Williams R.J.R.
The origin of molecular hydrogen emission in cogiffow filaments
MNRAS pink pages, in press

[5] Abel N.P.,van Hoof P.A.M., Shaw G., Elwert T., Ferland G.J.
Sensitivity of PDR Calculations to MicrophysicaltBie
ApJ, submitted

[6] van Hoof P.A.M., Abel N.P., Williams R.J.R., Porter R.L., Ferla@d.
Modeling X-ray ionization of grains with Cloudy
Proceedings of the Far-Infrared 2007 workshop,kedmer C., EAS Publication Series, in
press

A.3.6. Scientific outreach
Meeting presentations

[1] van Hoof P.A.M., Abel N.P., Williams R.J.R., Porter R.L., Ferla@d.
Modeling X-ray ionization of grains with Cloudy
Poster presentation at the Far-Infrared 2007 wayxsh

Meeting organization
Organizer of the Cloudy Development Summit held-11%5 February 2007 at the ROB.
Scientific Software

Cloudy is an open-source code and is distributeteua BSD-style license. It can be freely ob-
tained from http://www.nublado.org or from the Salsion repository listed below.

Websites

Assisted in answering user questions on the dismugsrum:
http://tech.groups.yahoo.com/group/cloudy simutetio

Assisted in maintaining the Subversion repositooy the photoionization code Cloudy:
https://cloud9.pa.uky.edu/svn/cloudy

Maintained the ViewVC repository browser for Cloudttps://cloud9.pa.uky.edu/cgi-

bin/view.cqi
Assisted in maintaining the Cloudy Wiki: https:¢iat9.pa.uky.edu/trac/cloudy

A.3.7. Missions
Assemblies, symposia (numbeB:A.M. Van Hoof (1)

A.4. The Atomic Line List

A.4.1. Objectives

The atomic line list is a web-based compilatiorapproximately 1.41 million allowed, intercombinatio
and forbidden atomic transitions with wavelengtighe range from 0.06 nm to 1006n. It is publicly
available and its primary aim is to assist spectpsts in the identification of absorption or esn®
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lines in astrophysical or laboratory spectra. It@snplete for all elements up to and including zibés
widely used in the astronomical and physical comityuemd beyond and serves more than 10,000 users

per year.

A.4.2. Progress and results

The selection rules have been improved to includeerimtercombination and forbidden lines. This sslv
the longstanding problem that some observed liregge wissing in the line list.

A.4.3. Perspective for next years

The upgrade to v2.05 which will include lines féeraents gallium through krypton, update the data fo
several other ions, fix several problems, and ¥eliture many improvements to the web interface is
nearly ready and planned for release in 2008. @maeis completed, van Hoof will start adding dfata

5th and 6th row elements, most notably s-procesaeits.

A.4.4. Scientific outreach
Websites
Maintains the Atomic Line Listhttp://www.pa.uky.edu/~peter/atomic
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B. Research Theme *“Variable Stars, Asteroseismology dn
Binaries”

B.1. Variable Stars and Asteroseismology

B.1.1. Objectives

Research on variables stars leads to a better kdgel of stellar structure and evolution. Astero-
seismology in particular, refers to the study af thternal structure of pulsating stars throughittier-
pretation of their frequency spectra. In order ¢bi@ve this goal, observation and detection ofviue-
ability of the stars and a precise analysis ofdhserved periodicities is necessary. The emphé#gtseo
research carried out here, is on detection of plelfperiods in pulsating variable stars in genaral on
B-type and Doradus stars in particular.

B.1.2. Progress and results

Earlier developed methods to improve the deteatibperiods in variable stars were tested furthet an
applied to a large number of data sets of variatdes. The algorithms were adapted to the (newydut
needs: a few data sets with a huge number of chiseng per star, as will be the case for the sttell
COROT or a huge number of data sets with only feaeovations per star as for the satellite Gaianiau
foreseen for 2011).

The comparative study of different methods of pgaoalysis was continued. The whole dataset offepoc
photometry available from the Hipparcos satellidel lalready been re-analyzed in 2006, but now a more
detailed investigation of the results was initiatedsome case multiples or integer fractions ef tbal
period were found and now this is taken into actdomthe statistics. Results were presented aGdhia
meeting in Bologna (see further).

The work on automatic classification of variablarstwas continued and resulted in a paper in A&A\. T
Jonas Debosscher (Institute of Astronomy, DepartraéRhysics and Astronomy, KULeuven) and Luis
Sarro (Madrid), further input was given on chargsties of variable stars in general and on periaioid
period search methods in particular. This infororatias been implemented in the tools developethéor
classification of the variable stars that will betetted by the satellite CoRoT. CoRoT (ConvectiotaR
tion and planetary Transits) is a space missiorblethe French Space Agency (CNES) in conjunction
with ESA and other international partners. The pryrmobjective of CoRoT will be to search for exaopla
ets. Since CoRoT can detect very small luminosatyations a lot of variable stars will be detecte
these have to be classified. The classificatiorhogt are now also being adapted for the satellia.G

The in-depth analysis of the observations of thedsl®r telescope operated at La Palma by the uiestit
of Astronomy of the KULeuven went on. Our new methand classical methods of period analysis were
further applied to these data in search for vagialdrs and periodicities. This work has been doel-
laboration with Peter De Cat (Dep. Il) and colladors of the Institute of Astronomy.

The study of the Doradus stars photometrically observed with theddir telescope and SAAO (South
Africa) in the frame of an earlier internationallaboration continued. The data were combined w#h

lier observations by the satellite Hipparcos orgbgund-based observatories in order to improveatiie
curacy of the periods, phases and amplitudes. Wik is not finished yet, since, as stated befoot all
cases have consistent results from the first aisalys

Assistance was given to a detailed period anabfsise Scuti star HD 217860 that revealed interesting
multiperiodic photometric and spectroscopic vaoiagi. Up to eight frequencies common to two large
photometric data sets were found. More detailfisfriesearch can be found in the report of YvesBté
and Patricia Lampens, the main authors of thelamic this subject as it appeared in A&A.
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A large number of high-resolution spectra of B[efid.(uminous)B(lue)V(ariable) stars was reduced (92
spectra of 42 different objects), and some of theare used in on-going analyses with M. Kraus (Ondre
jov, Czechia) concerning B[e] supergiants in theg®lenic Clouds, especially LHA-115 S23 in the
Small MC. It appears that the star has become cowky the last 20 years as judged from the disappe
ance of photospheric He | lines and photometry. firked revision of a paper on the unclassified Bf&r
CD-42.11721 was made when M. Borges was startisfeliowship.

B.1.3. Perspective for next years

The analysis of the periodic variables observedhbyMercator telescope will be continued in collabo
tion with the Institute of Astronomy of the KULeuve

The analysis of the observations dboradus stars will go on.
Data on variable stars observed with the satéll@®ROT will be analysed.

Some internal meetings and discussions on asteroskigical applications of the Kepler satellite sver
already attended. The launch of the Kepler sateiltitforeseen for 2009. Its main mission is to clete
(earth-like) exoplanets, but variable stars willdiiserved as well.

Period analyses of stars of different type willdomtinued and methods will be evaluated and adadpted

view of the new or expected data. Attempts willrbade to optimize the algorithms to analyze huge
amounts of stars simultaneously.

B.1.4. Personnel involved
Scientific staff J. Cuypers, P. De Cat, Y. Frémat, P. Lampen®driges

B.1.5. Partnerships
List of international partners

Laurent Eyer, Observatoire de Genéve, Switzerland

Luis Sarro, Artificial Intelligence Department, UBEX: Virtual Observatory, Spain

Michaela Kraus, Ondrejov Astronomical Institute eClia & F. X. de Araujo, Observatorio Na-
cional, RJ, Brasil

List of national partners

Institute of Astronomy (Conny Aerts, Jonas DeBoss@nd others), Department of Physics and
As-tronomy, K.U.Leuven

Grants/Projects used for this research

FWO-project G.0332.06 “Observationele bepaling vauwkeurige interne en circumstellaire
structuurmodellen van sterren”, Promotor: Prof. Donny Aerts, partners: K.U.Leuven, UGent,
V.U.Brussel, KSB

Post-doc Fellowship non-EU researchers (one yeaBdvhes, ON, Rio de Janeiro)

Koninklijke Vlaamse Academie van Belgie: support ¥sit of M. Kraus to ROB (in cooperation

with Czech Academy of Sciences)

Research grant of M. Kraus, Czechia: support forkwasit of M. Borges to Ondrejov Astro-
nomical Institute

Visitors
M. Kraus, Ondrejov Astronomical Institute, Czechiaril 15-28 (KVAB), September 17-29
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B.1.6. Publications

B.1.6.1Publications with peer review

[1] De Cat, P, Briquet, M., Aerts, C., Goossens, K., SaesenC8ypers, J.,Yakut, K., Scuflaire,
R., Dupret, M.-A., Uytterhoeven, K., van Winckel,,HRaskin, G., Davignon, G., Le Guillou,
L., van Malderen, R., Reyniers, M., Acke, B., de dder, W., Vanautgaerden, J.,
Vandenbussche, B., Ver-hoelst, T., Waelkens, Cro@eP., Reyniers, K., Ausseloos, M.,
Broeders, E., Daszgka-Daszkiewicz, J., Debosscher, J., de Ruytet,e®eyer, K., Decin, G.,
Kolenberg, K., Mazumdar, A., van Kerckhoven, C.,Ridder, J., Drummond, R., Barban, C.,
Vanhollebeke, E., Maas, T., Decin, L.
Long term photometric monitoring with the Mercatelescope - Frequencies and mode iden-
tifica-tion of variable O-B stars
Astron. Astrophys., 463, 243-249

[2] Saesen, S., Briquet, MCuypers, J., De Cat, P.(Goossens, K.
Asteroseismology of theCephei star KP Per
Communications in Asteroseismology, 150, 197

[3] Frémat, Y., Lampens, P.van Cauteren, P., Kleidis, S., Gazeas, K., Nisscko, Neiner, C.,
Dimi-trov, D., Cuypers, J.,Montalban, J.De Cat, P.,Robertson, C. W.,
Search for pulsation among suspected A-type bisaied the new multiperiodic Scuti star
HD 217860,
Astron. Astrophys. 471, 675-686

[4] Debosscher, J., Sarro, L. M., Aerts, Cuypers, J.,Vandenbussche, B., Garrido, R., Solano, E.
Automated supervised classification of variablesth Methodology,
Astron. Astrophys. 475, 1159-1183

B.1.6.2Reports

[5] Borges Fernandes M.
Report of the fellowship for non-EU researchers ghtiPrecision Echelle Spectroscopy of
Emission-Line Stellar Sources” (13 p.)

B.1.7. Scientific Outreach

Meeting presentations

[1] Borges Fernandes M.
Stars with the B[e] phenomenon: the evolutionaagstof some curious objects
Ondrejov Astronomical Institute, May 29 and ROB sars, May 15

B.1.8. Missions
Assemblies, symposia (number): Cuypers, J. (3), Borges M. (6)

Research visits (days) Cuypers, J. (26), Borges M. (23)
B.2. Binary Stars

B.2.1. Objectives

Binaries are an important source of precise fundaahestellar parameters and hence provide empirical
constraints on stellar evolution. In stellar groughey provide anchor points for the interpretatidrihe
whole stellar population. Main goals: charactetize binary population in young stellar groups (&=,
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NGC 2244) and perform a detailed analysis of thetrimderesting close binaries (mostly, but not excl
sively, in these groups) using the novel spectisgrdangling technique.

B.2.2. Progress and results

The reconstruction of intrinsic star spectra fromaby and higher-multiplicity stellar systems, ohigh

the components remain spectroscopically unresolgdaased on a set of spectra taken at varyingabrbi
phases and exploit the varying differential Dopleifts of the spectral lines of the components db-
tailed analysis of the methods to separate thetrspet multiple systems was continued in cooperatio
with S. lliji and resulted in a submitted paper [8] (meanwlitepted). It discusses the reasons for inde-
terminacies in the low-frequency components ofrdm®nstructed spectra, and when and how they can be
reduced or avoided, either during the observatiaegss or during the analysis. It discusses als@tb-
gression of bias in the input data to the recontispectra and shows how to remove or avoiditiy w
emphasis on the proper use of eclipse spectrddQii,2he analytical computations on the singulémes

for low-multiplicity systems were extended and ioyed, with a generalization to multi-component sys-
tems for certain aspects. A number of tests, doneeal data, support now our conclusions on the im-
provement in robustness that may be obtained frgsigaing a proper weight to spectra taken in eglips
not (only) based on the random noise in such speotrit also taking into account the beneficial atffef

the change in the dilution of the lines of the comgnts on the position of the true continuum léwehe
reconstructed spectra.This work is part of the BHd3is of K. B. Torres, that she will defend on iRp6,
2008.

A paper [1] in MNRAS discusses in detail the phodtmy of two binaries in Scorpius-Centaurus, V883
Cen and Muscae, based on work described in the annuartrep®006. Cooperation with a research
group at the University of Cannakale in Turkey e$-$p, to combine our spectroscopic data-sets on
Muscae in a search for a third spectroscopic compiorHopefully, V. Bakis will obtain a fellowship
granted by Turkey to come for two months as a yquogi-doc to the ROB. Muscae consists, except for
this suspected component, of a massive close-baradya light pre-main-sequence star as visual cempo
nent (see Figure 48).

In the framework of the search for binary starSao-Cen,
with M. David (UA) and C. Nitschelm (pre-vious UApw
professor at UCN, Antofagasta) the feasibility sfng the
photometry from the ASAS project (All-Sky Automated
Survey) to detect ellipsoidal variables and ecdfigdinaries
for Sco-Cen stars fainter than visual magnitudeag imves-
tigated, and, more demanding, for stars up to bddigni-
tude in the open cluster NGC 2244. The photometag w
shown to be useful to improve the orbital periodha 9th
magnitude Lyrae-type eclipsing variable HP Lupi in the
field of the Sco-Cen associations, to derive thatian pe-
riod of the 9th magnitude magnetic (foreground)r ste
NGC2244-#381, and to document the apsidal moticthen
8.5th magnitude eclipsing binary NGC2244-#200. alitsf
for most stars in NGC2244 because of the largd pixe in
comblngtlon with the hlgh star density in an opérster, - . binary eta Muscae and its pre-main
though iso-lated stars in NGC2244 gave rms SCBB®W  sequence companion superposed on PMS
0.01 mag till magnitude 11, and an rms of 0.005faghter  eyolutionary tracks (labeled with mass)

stars, till images saturate. Therefore, a systensiplica-

tion to the fainter members on our Sco-Cen progsaen-

visaged for the next year(s). Finally, as far ag-Gen is concerned, the move of C. Nitschelm allas/s

to have from the second half of 2008 on a broadeess to Chilean telescopes, and several observing
proposals are being prepared.

Figure 48. Colour-colour diagram with the
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At the end of the year, during a two-week visitofKoubsky (Ondrejov, Czechia), the standard data r
duction of spectra of the triple system HD20890&wied by S. Daflon (ON, Rio de Janeiro, Brazilswa
improved, since the standard data reduction tumgdo be insufficient for spectra disentangling-pu
poses. This work will be continued during a nesitvdf P. Koubsky to ROB early in 2008, and a arti
pation in the disentangling process is also fonesee

B.2.3. Perspective for next years

Identification of binaries in Sco-Cen, with emplsasn the Hipparcos-selected subsample of starean S
Cen. Analyse and interprete the spectroscopic dfatae binary-search program in Sco-Cen, and study
the usefulness of different observing techniques. (aterferometry) to improve the completenesshef
binary sample. Further, detailed analyses on atpecific binary systems. Priority in 2008 goeshe t
analysis of RV Crateris (paper on absolute dimersad components) andMuscae.

B.2.4. Personnel involved
Scientific staff: H. Hensberge, K.B.V. Torres

B.2.5. Partnerships
List of international partners without grant

L.P. Vaz, K.B.V. Torres, UFMG, Belo Harizonte, Bilagoromoter, PhD student) : RV Crt &
spectra disentangling

N. Landin, UFMG, Belo Horizonte: computation preimaequence tracks

K. Pavlovski, University of Zagreb, Croatia: NGC224

S. lliji , University of Zagreb, Croatia: numerical codeth&ory of spectra disentangling

P. Koubsky, Ondrejov, Czechia & S. Daflon, ON, R@Janeiro, Brazil: HD208905

C. Nitschelm, UCN, Antofagasta, Chile: Scorpius-aenus

List of national partners without grant
M. David, UA: Scorpius-Centaurus
Grants/Projects used for this research
PhD fellowship, CNPq, Brazil
Visitors
P. Koubsky, Ondrejov Astronomical Institute, Czectiec. 4 - 14

B.2.6. Publications

B.2.6.1Publications with peer review
[1] Hensberge H.,Nitschelm C., Olsen E.H., Sterken C., David Mereyhammer L.M., Landin
N.R., Bouzid M.Y. Papadaki C.,Pritchard J.D., Clausen J.V., Vaz L.P.R.
The eclipsing double-lined binaries V883 Cen ardus
MNRAS 379, 349

B.2.6.2Publications without peer review

[2] Hensberge H.Vaz L.P. R., Torres K.B. V., Armond T.
Spectral disentangling applied to triple system€: &t
In: Multiple Stars across the H-R Diagram, ESO éghysics Symposia, S. Hubrig, M. Petr-
Gotzens and A. Tokovinin (eds.), 47
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[3] Lampens P., Frémat Y., Hensberge HTamazian V., Docobo J.A., Balega Y.
DG Leo: a triple system with a surprising varietyphysical phenomena
In: Multiple Stars across the H-R Diagram, ESOréghysics Symposia, S. Hubrig, M. Petr-
Gotzens and A. Tokovinin (eds.), 59

[4] Hensberge H.
Instrumental signatures in echelle spectra
In: The future of photometric, spectrophotometried apolarimetric polarization (ed. C.
Sterken), ASPC, 364, 275

[5] Hensberge H.Pavlovski, K.
Modern analysis techniques for spectroscopic bemri
In: Modern Binaries, W.I. Hartkopf, E. Guinan, Parranec (eds), IAUS 240, 136 (invited
talk)

[6] Torres K.B.V., Vaz L.P.R.Hensberge H.
Comparison of different spectral disentangling t@glies applied to a triple system
In: Modern Binaries, W.I. Hartkopf, E. Guinan, Parrhanec (eds), IAUS 240, 210 (poster)

[7] Lampens P., Frémat Y., De Cat P., Hensberge H.
Spectral Disentangling and combined orbital solatfor the Hyades binary2 Tau
In: Modern Binaries, W.I. Hartkopf, E. Guinan, Parrhanec (eds), IAUS 240, 213 (poster)

[8] Nitschelm C.Hensberge H.,David M.
Study of the duplicity and the multiplicity in t8eo-Cen complex (Sco OB2)
VI Reunion Annual SOCHIAS, 39

B.2.6.3Publications in press, submitted

[9] Hensberge H, lliji S.,Torres K.B.V.
On the separation of component spectra in binarg higher-multiplicity stellar systems: bias
pro-gression and spurious patterns
A&A, in press

B.2.7. Scientific outreach

Meeting presentations

[1] Hensberge H
Modern analysis techniques for spectroscopic bemri
ROB seminars, May 29

[2] Torres, K.B.V., Hensberge, H.Vaz, L.P.R.
Methods of spectral separation: spurious patternd hias in the reconstructed spectra of mul-
tiple systems
Annual meeting of the Sociedade de Astronomia dsBrSeptember 7

Educational responsibilities
Hensberge H: co-promoter of PhD thesis of K.B.Virés at UFMG, Belo Horizonte, Brazil

B.2.8. Missions
Research visits (daYs H. Hensberge (21K.B.V. Torres (6)
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B.3. Solar Abundances and relevant Spectroscopic Data

B.3.1. Objectives

The determination of accurate abundances in tha pblotosphere (adopting the best spectroscopéc dat
and the most representative solar models) remainsimportant in solar and stellar physics.

B.3.2. Progress and results

A full revision of the solar abundance of a largenber of elements has been carried out. Spece-att
tion has been paid to the selection of our atomisl(i.e. unblended solar lines with very accutaasi-

tion probabilities). This new determination hasrbbased on new intensity measurements from the best
solar spectra adopting the most representativent’B® solar models.

A solar-calibrated atomic and molecular data bankhe infrared is in progress and will include abou
110.000 lines in the spectral region from 250 t®@0 cm-1 [lambda 1.000 — 40.000 nm]. It enables to
reproduce rather well the observed solar spectmignhshould also be useful for the calculation of-syn
thetic spectra of cool (solar-type) stars. Pathif data bank (about 70.000 lines from 600 to ® 6D-1)

is complete and will be soon available on the RG#bsite.

B.3.3. Perspective for next years

Two main works in 2008: the review paper on solauralances for ARAA (with N. Grevesse and M.
Asplund) and the completion of the new IR spectpgrdata base.

B.3.4. Personnel involved
Scientific staff:J. Sauval (ROB)

List of international partners without grant

Martin Asplund, Max Planck Institut fir Astrophysi&arching
Pat Scott, Department of Physics, Stockholm Unityers

List of national partners without grant
Nicolas Grevesse, Institut d'astrophysique, Unitéede Liege

B.3.5. Publications

B.3.5.1Publications with peer review

[1] Grevesse N., Asplund MSauval A.J
The solar chemical composition
Space Science Reviews 130, pp. 105-114, 2007

C. Comet C/2004 Q2 (Machholz)
C.1. Rotation period of Comet C/2004 Q2 (Machholz)

C.1.1. Objectives

Rotation periods of cometary nuclei are scarceyghamportant to study the nature and origin okéhe
objects. In a test project with the Mercator tetggc CCD images of comet C/2004 Q2 (Machholz) the
feasibility of deriving a rotation period from thkind of observations was studied. It was parhefMas-

ter thesis of Pieter De Groote of the Astronomicatitute of the KULeuven. Promotor was Maarten
Reyniers, co-promotors were D. Bodewits (Groning§eBoddard Space Center) and Jan Cuypers.
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C.1.2. Progress and results

C/2004 Q2 (Machholz) was monitored using the MerG@D camera on the Mercator telescope at La
Palma, in January 2005, during its closest approadfarth, implying a high spatial resolution (5@ k
per pixel). 170 Images were recorded in threeesifit photometric broadband filters, two blue ones
(Geneva U and B) and one red (Cousins I). Magn#ddethe comet's optocenter were derived with very
small apertures to isolate the contribution of iieleus to the bright coma, including correction tfoe
seeing. The CCD photometry also allowed studyireggdbma profile of the inner coma in the different
bands. A rotation period for the nucleus of P=9Hs derived. The period is on the short side coatpar
to published periods of other comets, but stillrgroperiods are known. Nevertheless, comparing our
results with images obtained in the narrowband @&rf the possibility that our method sampled P/2
instead of P cannot be excluded. A paper on thesdts and on the derived comet coma profiles has
been submitted to A&A.

Other results could be derived from these obsamatas well. A letter paper on “Folding ion rays in
comet C/2004 Q2 (Machholz) and the connection tighsolar wind” by P. Degroote, D. Bodewits and
M. Reyniers was accepted for A&A (2008, 477, L4):44

C.1.3. Perspective for next years

More observations of comets have been or will beedeith the Merope CCD camera on the Mercator
telescope. Of the bright comet 17P/Holmes not ehalgservations were available, to come to conclu-
sions. In the future other comets will be obserfveth La Palma.

C.1.4. Personnel involved
Scientific staff: J. Cuypers

C.1.5. Partnerships
List of national partners without grant

Institute of Astronomy (Maarten Reyniers, Pieter@®ote), Department of Physics and Astron-
omy, K.U.Leuven

List of international partners without grant
Dennis Bodewits (KVI Atomic Physics, Groningen & @lard Space Center)

C.1.6. Publications

C.1.6.1Publications in press, submitted

[2] Degroote, P., Bodewits, DCuypers, J.,Waelkens, C.
The rotation and coma profiles of comet C/2004 adhholz),
Astron. Astrophys. Submitted

Educational responsibilities
Jan Cuypers: co-promotor at the KULeuven of masttedent Pieter De Groote.

C.1.7. Missions
Research visit (days): J. Cuypers (5)
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DEPARTMENT 4: Solar Physics
SECTION 8: Structure and Dynamics of the Solar Atmsphere
SECTION 9: Solar Activity

The Department of Solar Physics is in principleidid in two sections: Structure and Dynamics of the
Solar Atmopshere (section 8) and Solar Activityc{gm 9). This historical division is however of no
more relevance and consequently omitted in whdvil.

The Solar Physics Department of the Royal ObseryatbBelgium is internationally known as the ‘So-
lar Influences Data analysis Center’ and will bierered to as SIDC in the remaining of this report.

Introduction

The year 2007 has been another vibrant time fo6tB&, and we trust that the following sectiongio$
report account for our exciting scientific prodectiin this period. The investigations carried oytdam
members have led to more than 20 refereed pulditain 2007, including an article in the journal-Sc
ence (Reale, Parenti, Reeves et al, Science 2BWre than 70 oral and poster presentations werengiv
in 2007 conferences by team members. Our involvémenstrumental developments, whether ground-
or space-based, has further matured, and the S es have been praised by their users.

During 2007, Judith de Patoul, Giséle Evrard, MatifKretzschmar, and Gareth Lawrence left the SIDC,
while Matthijs Krijger, Olivier Lemaitre, Erik Pyger, Andrew Stanger, Stéphane Vanraes, and Andrea
Verdini entered the team.

Judith de Patoul started a PhD in solar physidglRE in Germany. Giséle Evrard retired in February
2007 leaving behind a vacant ICT position, and aball, many years of good services. Matthieu
Kretzschmar obtained a permanent academic posititire Orléans University in France.

Andrew Stanger has been hired from January 16 RR@DEX SWAP position. Matthijs Krijger took on
August 1 the SIDC scientific staff position that ted obtained in 2006. On August 17, Andrea Verdini
started to work on Solar Orbiter science suppdoiethe SIDC Data Exploitation project. In Octobada
November 2007, Stéphane Vanraes and Olivier Leenaigre hired on permanent positions. Finally, just
before the end of the year Erik Pylyser startedi¢ok on the Solar Orbiter EUI project that was lgein
actively prepared at that time. Additionally theyanization of the SOHO20 conference benefitted from
the temporary support of Tatiana Willems, Eric Rott, and Marjolein Duran.

In June 2007, Jean-Francois Hochedez took Depatrtmeaship after David Berghmans had resigned.
On 27 Feb 2007, Eva Robbrecht held very succedhgihyPhD defence.

A big disappointment in 2007 was the delay of tROBA2 launch date from May 2008, by about a year.
In order to ensure the launch date, a firm agreémih the launch authorities should have beenléce

by the end of 2007. The absence of such an agréenwdivated the SWAP and LYRA Pls to contact the

General Director of ESA J. Dordain and expressvaurries. His answer re-assured us that ESA is doing
all it can to get PROBA2 launched as soon as plessimfortunately, as a consequence of the uncon-
firmed launch date, the support to SWAP and LYRAthg ESA Science Directorate (through the Na-

tionally Led Mission program) remained not implenszh Nevertheless useful and interesting work has
been carried out and is reported in the correspgnsiections below.

In 2007, the emergence of STCE activities has, @stoother things, allowed starting the refurbishimen
of the Humain radio station.
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R. Van der Linden, ROB General Director, but sititive within the SIDC, remained member of the
NASA Prediction Panel of cycle 24 (SC24PP), wholighkd its first conclusions during the annual
Boulder Space Weather Workshop.

The involvement of SIDC as an international actorSpace Weather research and services has been
highly visible during the fourth European Space WeaWeek (ESWW4) organized by the SIDC with
for the first time STCE support in November 200that Royal Library in Brussels.

Earlier in the year, in late August, the very sestel SOHO20 conference was organised in Ghent, Bel
gium by the SIDC as the twentieth occurrence othilga-status series of SOHO conference. It has heen
great success due to the high quality of the doutied and invited presentations and the impecaable
ganisation.

The last few months of 2007 have been very demagnaénthe EUI consortium, led by J.-F. Hochedez,
Principal Investigator, and strongly supported by SIDC EUI team, made headway toward the ESA
called proposal, successfully submitted on 15 Jgn@A08. Athough the instrument selection is not
known at the time of this writing, the prelimingdaedbacks from the Agency are positive.

The SIDC team looks forward to further stimulatmegearch and projects in 2008 and beyond.

A. Research Theme “Solar eruptions investigations”

The intrinsic dynamic nature of the Sun has its tnwiible expression in the form of eruptive events
Their study is of high relevance for the SIDC, das a two-fold interest. The first interest is tetato
space weather in the near-Earth environment, wisichiiven by the Sun and most directly by the solar
wind and the transient solar events carried aloitly itv The second interest, related to the firslies on

the importance of understanding the fundamentainsel leading to the origin and development of solar
transients. Among them, we can name Coronal MasstiBps (CMESs), Corotating Interaction Regions
(CIRs), flares and EIT waves as the important nestétions of the ever-changing solar atmosphere.

A.1l. Flares studies

A.1.1. Objectives

Solar flares represent a major type of solar tearisiand are interrelated to other manifestatidrsolar
activity such as Coronal Mass Ejections (CMESs) Aotive Regions (ARs). Flares are defined by a local
ized and sudden increase of solar radiance. Thay lsignificant role in the generation of SolaeEn
getic Particles (SEPs) and in the variability of tharth ionosphere. Their geo-effects are thusiquas
immediate (they are different from CMEs in thispest), while the prediction of their timing, loaati
and magnitude is still in its infancy. Investigatioon their precursors are therefore required.odarim-
aging instruments observe indicators of the accatimi of magnetic energy. EUV imagers such as
SOHO-EIT, STEREO-EUVI and soon PROBA2-SWAP and SBI@-can offer pertinent information,
but flares are also the main short-term featuresmdiometers time-series. Their physics will pragre
thanks to instruments such as PROBA2-LYRA and SDX&HBNew approaches such as quantitative sta-
tistical studies are called in order to improvedlarediction.

A.1.2. Progress and results

Delouille et al[1] presented an algorithmic method that identified elmaracterizes flares. It reliably de-
tects flares in sequences of EUV images and catalogjr properties (location, intensity, size). ndgi
data from EIT, we have compared the extracted EbMpeters with X-ray flares detected by GOES. A
first analysis on STEREO-EUVI image series has lweeried out.

During a flare, the emission at various wavelengtibseases with diverse strength at different timas
responding to several physical processes. The cegpeontribution of various wavelengths to thel, TS
as well as their timing, is not well known. Krethstar et a[3] have shown that -on average- a flare pro-
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duces an increase of the TSI of a few ppm (andoupOtppm), for flares ranging from C to X levels.
About the same increase is observed in the opicdinear infrared (NIR) as measured by SPM. White
light flares are also shown to be a systematiafeatf flares. The 0.1-50 nm range amounts to 40kb

of the observed increase in the TSI. Hence, the &0&ssification does not necessarily reproduce the
importance of a flare at all wavelengths.

A.1.3. Perspective for next years

PROBA2-LYRA and SDO-EVE data are expected to gdrdrdgeresting flare studies, but imaging ob-
servations such as PROBA2-SWAP and SDO-AIA toohdligh Catherine Timmermans had to decline
the BELSPO “Action 2'16] grant that was approved for her, the collaboratiith her and the Institute
of Statistics will go on. In this frame, the corditte for various precursors will be estimated enlasis

of Functional Data Analysis (FDA), which is abletéke time series instead of scalars as input r@- fo
casting schemes. The HPKB (HelioPhysics Knowledgse initiated by the SDO team in LMSAL goes
obviously in the direction required to identify Heh correlation$2]. HPKB and this project will mutu-
ally support each other.

A.1.4. Personnel involved
Scientific staff V. Delouille, M. Kretzschmar, J. de Patoul, Bcila, J.-F. Hochedez

A.1.5. Partnerships
List of international partners without grant

T. Dudok de Wit, M. Kretzschmar, LPCE, Orléans,fe&
W. Schmutz, PMOD-WRC, Davos, CH
K. Schrijver, LMSAL, Palo Alto, Ca, USA

List of national partners without grant

S. Dewitte, S. Mekaoui, RMI, Brussels
C. Timmermans (PhD student), R. von Sachs, Stiststitute, UCL, LLN

Grants/Projects used for this research/service

SIDC Data Exploitation PEA
LYRA Preparation to Exploitation PEA

A.1.6. Publications

A.1.6.1Publications with peer review

[1] Lilensten, J.; Dudok de Wit, T.; Amblard, P.-O.; Alarham, J.; Auchere, F.;
Kretzschmar, M.
Recommendation for a set of solar EUV lines to beitared for aeronomy applications
Annales Geophysicae, Volume 25, Issue 6, 2007289-1310, 2007

A.1.6.2Publications in press, submitted

[2] Dudok de Wit, T.; Kretzschmar, M.;  Aboudarham, J.; Amblard, P.-O.; Auchere, F.;
Lilensten, J.
Which solar EUV indices are best for reconstructiing solar EUV irradiance?
Advances in Space Research, Volume 42, Issued®33911, 2008

[3] Lilensten,J.; Dudok de Wit, T.; Kretzschmar, M.;  Amblard, P.-O.; Moussaoui, S.;
Aboudarham, J.; Aucheére, F.
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Review on the solar spectral variability in the EfV space weather purposes
Annales Geophysicae, Volume 26, Issue 2, 2008 69279

A.1.6.3Reports, thesis, etc

[4] Delouille V., Hochedez, J.-F.
Report on flare detection performance
Local report, 15 Jan 2007

[5] TimmermanspPelouille, Hochedez
Analyse de données fonctionnelles appliquées dyaigue solaire et a I'étude des relations
Terre-Solell
FNRS proposal, 1 Feb 2007

[6] TimmermanspPelouille, Hochedez
Statistical exploration of solar activity and soltarrestrial relationships
Action 2 proposal, 15 Feb 2007 [successful]

[7] Delouille, Hochedez
Report on flare forecasting possibilities
Local report, 30 Mar 2007

A.1.7. Scientific outreach
Meeting presentations

[1] V. Delouille, J. de Patoul, B. Nicula, J.-F. Hochesk
Flare recognition in Solar EUV Images (contributatk given by VD)
5" SECCHI Consortium Meeting, 5-8 March 2007

[2] Schrijver, Carolus J.; Hurlburt, N. E.; Cheung,®™; Title, A. M.; Delouille, V.; Hochedez, J.-
F.; Berghmans, D.
Helio-informatics: Preparing For The Future Of Hafihysics Research (contrib. talk given by
KS)
American Astronomical Society Meeting 210, #25.14

[3] M. Kretzschmar ; T. Dudok de Wit ; S. Mekaoui ; W. Schmut.F. Hochedez;S. Dewitte
The response of total solar irradiance to flaresr(gibuted talk given by MK)
SOHO 20, Ghent, Belgium, 27-31 August 2007

National and international responsibilities

J-F Hochedez: Pl of the LYRA instrument on the BFAOBA2 mission
V. Delouile and M. Kretzschmar: Co-l of the LYRAsinument on the ESA PROBA2 mission
J-F Hochedez: Associate Investigator of the AlArmsent on the NASA SDO mission

Meeting organization

D. Berghmans, J.-F. Hochedez: SOC & LOC membetheoHPKB mtg (30 people), ROB, 20-
22 June 2007
J.-F. Hochedez: SOC member of the SMESE worksldp, Orsay, Mar 2008

Educational responsibilities
V. Delouille: Co-promoter of Catherine TimmermarR$iD

A.1.8. Missions
Assemblies, symposia (number): V. Delouille (1)
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A.2. CME studies

A.2.1. Objectives

Coronal Mass Ejections (CMES) represent the othegomype of solar transients. A CME is a bubble of
plasma threaded with magnetic field lines thagjésted from the Sun over several hours and mathait
Earth after a few days. It can then deeply affeet near-Earth environment. CMEs are conventionally
defined as such only when observed by coronagrdmlveer down, one studies their on-disc precursors
and signatures. Further out in the heliosphere,speaks of interplanetary CMEs (ICMEs), detected in
situ mainly by plasma and magnetic field measurésmaéihe CME/ICME structure is believed to main-
tain its identity all along during is propagatidwdugh the heliosphere. Questions regarding thréginy
internal structure and dynamics are unanswered.

An impressive fleet of spacecraft providing remstdar observations (SOHO, TRACE, STEREO, and
HINODE) and in-situ data (ACE, Wind, Ulysses, SOFSTEREO) operating in 2007 have offered great
opportunities for the investigation of solar eruptevents and their influences on space weathéd0
LASCO is the first space coronagraph that has teld€MES routinely over a solar cycle, complemented
at present by the COR instruments onboard STEREGISE signatures of CMEs are observed by EUV
imagers such as SOHO-EIT and now by SECCHI-EUVinfimoth STEREO spacecrafts. HINODE and
TRACE provide high resolution images of the solanasphere, helping to understand the elusive proc-
esses leading to solar eruptions. Of special inapeod for space weather are ACE (located at theolrit p
between the Earth and the Sun) and Wind (locatetiennear-Earth space as well), and together with
Ulysses their contribution to ICME studies is highkhluable.

The idea of the present research is to providakadetween the different aspects of the CME pherome
non, including attempts at reconstructing theirrgety in 3D from STEREO data, studies of outstagdin
global events (eruptions affecting a large fractibthe corona), investigations of their rate atadistical
distributions over SOHO years, and analysis ofitt-sulti-spacecraft data relevant to their cruise
through the heliosphere.

A.2.2. Progress and results

A.2.2.1Stereoscopic 3D reconstruction of STEREO — EUVd datd study of the origin of CMEs

The STEREO (Solar TErrestrial RElations Observgtamssion provides an unprecedented perspective
on the Sun. STEREO comprises two identical spaftdoeated at different positions along the Earth’'s
orbit. The images obtained from the STEREO — SEC(Hin Earth Connection Coronal and Helio-
spheric Investigation) instrument suite, onboarthl®pacecrafts, can be combined to obtain infolonati
on the 3D structure of solar features by meangesésscopic and 3D reconstruction techniques. ld-Ro
riguez and S. Gissot have used SECCHI — EUVI (EBEx¢réitraviolet Imager) data from both spacecratft.
Special hardware is used to display the observaiiv@a stereoscopic manner. A stereoscopic image co
ple is presented to the left and right eyes ofvibaver, and the human brain produces a feelingepttd
The second approach to obtain quantitative resulistie-point technique based partially on toalshie
SolarSoftware package. Manual association of featur both images delivers their altitude. The méth
is straightforward but limited by possible ambigestin the definition of the tie-points. It is moker
time-consuming. The third method consists in hatirgassociation done automatically via local darre
tion tracking (1D or 2D LCT). A complete automatadcedure was developped. It allows us to perform
the calculation of the altitude of every pixel letimages without any kind of user interaction. Piie
LCT method delivers higher quality estimations titarlD predecessor, but still needs further tgstind
refinement before its results become scientificalbeful [8][9][10][11]. Finally, the fourth method is
based on optical flow, and reported by Gissot @t Q].
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A.2.2.2 Study of outstanding global CME events

A new type of CMEs — global CMEs — was first delsed by A. Zhuko\1]. Observations of the low so-
lar corona in the extreme ultraviolet and in softays evidence a close relationship between coronal
dimmings and CMEs. Dimmings are usually interpreiscplaces of plasma evacuation during the CME
eruption. A. Zhukov characterized a CME by the appaangular extent of associated dimmings above
the solar limb and defined a global CME as a CMEhwhe total apparent extent of limb dimmings of
more than 180 degrees. Several examples of glad&sGvere discussed. All the global CMEs identified
up to now are fast full halo CMEs associated witblXss flares (if they originate on the front safehe
Sun). It was demonstrated that global CMEs invealrreeruption of several magnetic flux systems distri
uted on a large spatial scale comparable to orfeshéthe solar disk (true angular width around %0
grees). Possible interpretations of the global GMEnomenon and challenges it presents to CME model-
ing were discussed. These results suggest a ndnlaicae of the CME eruption mechanigbh.

During his visit to the Mullard Space Science Lattory (UK), A. Zhukov has investigated propertiés o
coronal dimmings associated with CMEs and theiovery. It was found that, contrary to some previous
results, dimmings recover not only by shrinkingitloaiter boundaries but also by internal brighteniih
was also demonstrated that the ICME connectivittheo Sun is maintained even after the complete re-
covery of corresponding coronal dimmings. This f@h be explained in terms of interchange reconnec-
tion of open manetic field lines in dimmings withrounding closed fields of the quiet Sun, which
merely disperses the open field lines while mamitey their open configuration. A paper describingse
results is in preparation.

A.2.2.3Statistical and Cycle investigation using CACTUSr{puter Aided CME Tracking)

The CACTus software package is designed to autoaiBtidetect coronal mass ejections (CMES) in
coronagraphic images from LASCO onboard SOHO. Téteafion of a CME is done in two steps from
running difference images: (1) detection of brifgsitures moving radially outward and (2) clustering
those detections into “CACTus CMEs".

Figure 49. Log-log plot of the apparent
CME width distribution for year 2000,
it is representative for all other years.
The CDAW CME widths (blue) are log-
normally distributed, broadly peaked
around 30 while the CACTus CME
widths (red) display a power law be-
havior, meaning the CME widths are
distributed according N ( ) =N,  with
power » 1.66, where N () is the
number of events with angular extent
and Ny a constant.

In 2007, the CACTus CME catalog has been exploedrobbrecht has extended the previous catalog,
which now runs from September 1997 to March 20€7aver quasi all solar cycle 23. She has theneafte
performed a rigorous statistical analysis on thele/ltatalog. She studied the evolution of the CM&r€
acteristics over the solar cycle and compared tv@égmsimilar results obtained by manual detectidnt
only this proved that automated CME detection issflale, but also that significant differences ekist
tween the CME parameters deduced from CACTus amaries that had been registered in the manually
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assembled CDAW catalog. We stress that these aristoa consequence of differently measuring the
CME parameters, but mainly due to the considerdipp@ACTus of many small events, which are dis-
carded by human observers. This has lead to asdiseuon the very definition of the CME phenomenon.
Automated detection not only serves operationaliegtons but it also challenges scientific undanst-
ing. InFigure 49, we plot the CME width distributions from both alatgs. The CACTus distribution is in
red while the CDAW is in blue. A remarkable diffeoe in CME widths between the two catalogs is
seen. Contrarily to CDAW, the CACTus CME widthseet® be power-law distributed, which could in-
dicate that eruptions and restructuring of the rakonagnetic field is a scale invariant prociggsthere

is no typical size of a CME. Such behaviour is vkelbwn for e.qg. flares, but it is an important nesult

for CMEs.

A.2.2.4Multi-spacecraft studies directed towards the usthnding of the CME evolution

When CMEs are detected in the interplanetary spgaeeans of in-situ data they are termed interplane
tary CMEs (ICMEs). They are identified by a sesignatures in magnetic field and plasma dataThe
study of ICMEs is normally hampered by the factt tthee in-situ data used represent only a 1D cut
through the full 3D structure. To increase the amiai information available, one has to use davanfr
several spacecraft. Currently L. Rodriguez and Bukov are using data from ACE, Ulysses and SOHO
[6]. Multi-spacecraft studies are best suited to lelgeiling open questions regarding the evolutiod an
internal structure of CMEs. Furthermore, the us&lgses data gives a different perspective duésto
orbit, which provides us with the opportunity taidy ICMEs at high latitudes in the heliosphg2H6].
When the source region is clearly discernable, Eld¥ white light data can be used in order to cateel
characteristics seen during eruption with thoseswesl later in-sit(6].

A magnetic cloud (MC) is a special kind of ICMEwhich the magnetic field vector presents a smooth
rotation, the plasma temperature is low and thenmtag field intensity is high with a low variande is
believed that magnetic clouds are the interplagetaanifestation of flux ropes expelled from the Sun
during a CME. Thus, a flux rope model can be appleethose ICMEs which present a cloud structure,
using data from the different satellites, in ortteget a better approximation of what the globaictre

of magnetic clouds may look liKé].

At high energies, the elemental composition of geec particles (~1 MeV/nuc) was studied in relatio
to MCs. Statistically, using a dataset of 40 MCs, faund that the relative abundances of the pasticl
inside magnetic clouds are consistent with thoseddor gradual solar energetic particle eventsdRSE
which correspond to particles accelerated at shdaken by CMEs. However, there are isolated cases
which flare particles are detected. They repreaesignature of impulsive solar energetic particdees
eration. In this respect, we have investigated M@zobserved by Ulysses in 2001 for which there are
imprints of flare acceleration seen in the compasiof energetic particles, and as well in the geastate
distributions of solar wind ion®].

A.2.2.5Technical works in view of the exploitation of BIEEREO mission

Following the STEREO launch in late 2006, the SEC@4&ta (EUVI, COR, and HI) became available in
early 2007. A local archive has been set up antinely populated with the SECCHI data.

The Solar Weather Browser and the CACTus softwaseevadapted to the SECCHI data by D. Bergh-
mans, G. Lawrence, C. Marqué, and E. Robbrechexample of a CACTus CME detection in STEREO
data is shown in Figure 50. D. Berghmans wrote tDltines for the production of XML event files by
CACTus. These event files will eventually be usedd Solar Event Database (SED) and for the Helio-
spheric Knowledge Base (HPKB, SDO). E. Robbrechden&ACTus results available online via
www.sidc.be/cactus
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Figure 50: Two examples of a CACTus CME detectiomi running difference STEREO/COR2 images. Bright
material resembles ejected coronal mass. The whiti@es indicate the edges of the detected CMEs. Tlield-
of-view for COR2 goes from 2 to 15 Rsun.

We have further rewritten the CACTus software sttt we will soon be able to update the version in
the SolarSoftWafe

A.2.3. Perspective for next years

CME investigations will continue as they are esséitt the SIDC research as well as to its spacitives
application. The STEREO-SECCHI data will be recdrdad analysed in various ways. As the angular
separation of the spacecraft increases, new stbéiesme possible. While it becomes more difficalt t
carry out stereoscopic inversion, due to the irginggy different points of view of the two spacdtréhe
possibility of studying the same CME from a sided a frontal-view can bring interesting new results
Additionally, the advent of the new solar cycle gldoprovide many more STEREO observations of
CMEs, with a potential of outstanding events. Aliprimary list of interesting events was already eom
piled. Several Sun — Earth connection events wakeoved by STEREO were identified. These events
will be investigated by the SIDC team members &edSTEREO community.

The proposal for a 1 year visit of a non-EU resedetiow (Marilena Mierla) was selected. She withrk
on low coronal aspects of CMEs.

A prospect group for an ISSI proposal is beingtpgether and should address the different stagdseof
Sun-Earth connection.

5 The SolarSoftWare (SSW) system is a set of intedraoftware libraries, databases, and systentiegilivhich
provides a common programming and data analysis@maent for solar physics. The SSW system is tirgin
Yohkoh, SOHO, SDAC and Astronomy libraries and dsajpon contributions from many members of those
projects. It is primarily an IDL-based system, aligh some instrument teams integrate executabi#emvin other
languages. The SSW environment provides a consistek and feel at widely distributed co-investigiainstitu-
tions to facilitate data exchange and to stimutaigrdinated analysis.
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A.2.4. Personnel involved

Scientific staff: A. Zhukov, L. Rodriguez, E. Robbrecht, G. Lawren§. Gissot, C. Marqué,
D. Berghmans

A.2.5. Partnerships
List of international partners without grant

STEREO — SECCHI consortium

STEREO team, Max-Planck Institute for Solar Sysk#search, Germany.

Solar Physics group at the Department of AppliedHgiaUniversity of Cambridge, U.K.

I. S. Veselovsky, Skobeltsyn Institute of Nucleay$lcs, Moscw State University, Russia
G. Attrill, Mullard Space Science Laboratory, Unisigy College of London, UK

L. Trichtchenko, Geomagnetic Laboratory, Naturas®eces Canada

J. Zhang, George Mason University, USA

List of national partners without grant
S. Poedts, CPA, KUL
Grants/Projects used for this research/service

Preparation to the exploitation of STEREO PEA
Solar Drivers of Space Weather PEA

SIDC Data Exploitation PEA

Preparation to the exploitation of SWAP PEA
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Space Science Reviews, Vol. 123/1-4, 2007.

A.2.6.2Publications in press, submitted
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CME rate during solar cycle 23 and the scale ingade of CMEs
Accepted in ApJ Letters, 2008
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[6]

[7]

Rodriguez L., Zhukov A. N., Dasso S, Mandrini C. H., Cremades H., Cid C.r&terY., Saiz
E., Aran A., Menvielle M., Poedts S., Schmieder B.

Magnetic Clouds seen at different locations inkeiosphere

Annales Geophysicae, Volume 26, Issue 2, 200818229

S.F. Gissot, J.-F. Hochede®. Chainais, J.-P. Antoine

3D Reconstruction from SECCHI-EUVI Images Usindgtical-Flow Algorithm: Method De-
scription and Observation of an Erupting Filament

Solar Physics, Volume 252, Issue 2, pp.397-4088200

A.2.6.3Reports, thesis, etc

[8]

[9]

A. N. Zhukov
STEREO-SECCHI: Preparation to Exploitation and Exgaition
PRODEX Project Performance report, 2007

Robbrecht, E.
New Techniques for the Characterisation of Dynatfitenomena in Solar Coronal Images
PhD Thesis, defence on 28 February 2007 at the Kijtre

A.2.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Gissot, S. F.; Hochedez, J.-F.
3D with EUVI images using optical flow (contributizdk)
5" SECCHI Consortium Meeting, Orsay, France, 5-8 M&@07

Robbrecht, E., Berghmans, D., Van der Linden R.A.M
The statistical importance of narrow CMEs: Openglions to be addressed by SECCHI (talk)
5™ SECCHI Consortium Meeting, Orsay, France, 5-8 M&@07

Robbrecht, E., Berghmans, D., Van der Linden R.A.M.
New perspectives on CME rates and their distrimgi¢invited talk)
SOHO20 conference, August 2007, Gent, Belgium

Robbrecht, E., Berghmans, D., Van der Linden R.A.M.
New perspectives on CME rates and their distrimgi¢talk)
Seminar at George Mason University, October 200&shkgton DC, USA

Robbrecht, E., Berghmans, D., Van der Linden R.A.M.
New perspectives on CME rates and their distrimgi¢talk)
ILWS meeting, September 2007, Boulder, USA

A. N. Zhukov

Nouvelles observations de la couronne solaire @higsique des CMEs

Workshop « Nouveaux utiles pour la compréhensiodadeouronne solaire », June 19 — 20,
2007, Meudon, France

A. N. Zhukov, I. S. Veselovsky
Global Coronal Mass Ejections
SOHO-20 Conference “Solar Transients”, August 312007, Ghent, Belgium

Rodriguez L.

Data from STEREO, an overview and introductiontésenscopy

Seminar of the Astrophysics group in the Departnoéripplied Maths, Cambridge, England,
February 2007
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[10]

[11]

[12]

Rodriguez L., Zhukov A. N., Marqué C.
Study of CME related phenomena using STEREO/EUI da
American Geophysical Union 2007 Joint Assembly, f\deo, México, May 2007

Rodriguez L., Zhukov A. N., Gissot S., Marqué C.
3D Reconstruction of CME-related Phenomena UsingRHO/SECCHI/EUVI Data
IUGG XXIV General Assembly, July 2 — 13, 2007, Rpa Italy

Rodriguez L., Zhukov A. N., Gissot S., Marqué C
The use of combined STEREO-A/B EUVI data in CM&ed|studies,
SOHO 20 — Transient Events on the Sun and in thie$fdere, Ghent, Belgium, August 2007.

Rodriguez L., Zhukov A. N., Cid C., Cremades H., Dasso S., Aran A., Cerratdviandrini
C., Menvielle M., Poedts S., Saiz E., Schmieder B.

On the Geoeffectiveness of Frontside Full Halo CMEs

ESWW 4, Brussels, Belgium, November 2007.

National and international responsibilities

D. Berghmans, F. Clette, J.-F. Hochedez, O. Podikdea, E. Robbrecht, A. Zhukov: STEREO-
SECCHI Co-Investigators

Websites

http://sidc.be/cactus

A.2.8. Missions
Assemblies, symposia (number): D. Berghmans (1), J.-F. Hochedez (1), G. LawrdiigeO.

Podladchikova (4), E. Robbrecht (1), L. Rodrigu8g, A.
Zhukov (4), S. Gissot (1)

Commissions, working groups (days):  A. Zhukov (1), O. Podladchikova (4)

Research visits (days): E. Robbrecht (15), L. Rodriguez (1), A. Zhukov, (6) Pod-

ladchikova (6)

A.3. EIT waves

A.3.1. Objectives

EIT waves (also known as coronal shock waves) cameefocus in 1997, when a propagating distur-
bance on a large area of the solar disc was disedva EIT data. The process underlying and rejatin
EIT and Moreton waves are still under discussio, this is the objective of this research projeatdn-
firm or falsify some of them. Are EIT waves fast IHvaves, or not?

A.3.2. Progress and results

In 2007, we have further developed the topologaggroach introduced by C. Delannée, in which the
phenomenon would proceed from plasma compressidnJaale heating instead of the classical fast-
magnetosonic wave mode. Delanneé, Hochedez andiiau[d] reported on a halo CME that was ob-
served on May 2, 1998. It was related to an EITeya/Moreton wave, an X class flare, radio emission
sources, and dimmings. We studied this event t five relationship between all these structures. We
have co-aligned multi-wavelength observations &amel anline potential field source surface (PFSS)
model. The observed EIT and Moreton waves presggiitenings that remain at the same location, and
we have related them to the connectivity of theonat potential magnetic field. The stationary bragh
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ings occur where the field exhibits drastic jumpsonnectivity. EIT and Moreton waves may involve
Joule heating resulting from electric currentshia heighboring area of these jumps, while the miagne
field lines are opening during a CME.

In a follow-up papef2] (and talk{4]), we compared quantitatively two alternative iptetations for EIT
waves: fast-mode magnetosonic waves versus thet dilgnature of the gradual opening of magnetic
field lines during a CME (cf{1]). Using independent 3D MHD codes, we performededisionless nu-
merical simulations of a slowly rotating magnetipdde. They generate progressively a twisted magnet
flux tube and then its fast expansion. We analzgearigins, the development, and the observability
EUV of the narrow electric currents sheets thaeapjn the simulations, and confront it with wetlgevn
SOHO-EIT observations of EIT waves (7 April andMay 1997). The timing, orientation, and location
of observed patches are remarkably well reprodused,we conjecture that propagating EIT waves can
be the observational signature of Joule heatirejdntric current shells that separate expandingtfibes
from their surrounding fields during CMEs or plasomanpression inside this current shell. We alse pro
pose that the bright edges of halo CMEs correspopthsma compression in current shells.

A.3.3. Perspective for next years

The study of EIT wave is a core topic of the SID@l avill be pursued. Future progress will depend on
the observations by PROBA2-SWAP and SDO-AIA frord2on.

In 2007, an “Action 1” proposal was submitted amdnged by C. Marqué and D. Berghmans to study
coronal shock wave signatures related to flarescanghal mass ejections. The idea is to gathemplea

of very well observed events, using the scientifportunity brought by new generation instruments
(STEREO, SWAP...) and the current solar cyle permathimum) where such events propagate relatively
far from the eruptive site due to the simplicitytbé global solar magnetic field. We plan to extfasm
these individual studies a set of generic propgitieorder to understand the physical nature cfehghe-
nomena. These properties will be collected bothlibgct data analysis and by forward modeling obéhe
events. Dr. J. Magdalenic has been selected ire6@8 to work on that project.

The objective of the ICARUS project (Belgium ltahavel grant) is to determine the properties of the
coronal plasma in solar dynamics events, exploitirgexperience in the data analysis of the ROB and
the heritage in numerical simulations of the Daparit of Astronomy and Space Science of Florence.
Numerical simulations are also foreseen, consisting 2D representation of the solar surface inctvhi
the magnetic flux emergence disturbs the initialidarium state. The modeling will be an attemptvay-

ify a scenario, in which an avalanche of reconwecévents produces the observed EIT waves. [fishis
the case, particle acceleration is also achieveenwkconnection occurs. Estimates of the energy and
spectra of accelerated particles can be giverhamtcomparison with observations could be made.

A.3.4. Personnel involved
Scientific staff: J.-F. Hochedez C. Marqué, A. Verdini, A. Zhukov,Radladchikova , D. Berghmans

A.3.5. Partnerships
List of international partners without grant

G. Aulanier, LESIA, Meudon observatory, Meudon, rie@

T. Torok, MSSL, UK

J. Burkpile, S. Gibson & G. de Toma, HAO, Bouldeolorado

K.-L. Klein, Observatoire de Paris, Meudon, France

V Krasnoselskikh & Thierry Dudok de Wit, LPCE, Calés, France
V. Yurchyshyn, Big Bear Solar Observatory, Big B€ay, California
M. Velli, JPL, Pasadena, California
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Grants/Projects used for this research/service

SIDC Data Exploitation PEA

“Global waves and shocks in the corona: originurgtinverse & forward modeling” Action 1
ICARUS — FW/AD/I/ad/4293 Commisariat général auXdiens internationales de la Communauté
francaise de Belgique. Project Leader: J.F. Hoché8elgium), M. Velli (Italy)

Visitors:
C. Delannée, 27 June 2007, and 27-29 August 2007

A.3.6. Publications

A.3.6.1Publications with peer review
[1] Delannée, CHochedez, J.-F.Aulanier, G.

Stationary parts of an EIT and Moreton wave: a fogecal model
Astronomy and Astrophysics, Volume 465, Issue 2jlAp2007, pp.603-612

A.3.6.2Publications in press, submitted

[2] Delannée, C.; Torok, T.; Aulanier, Glpchedez, J.-F.
A New Model for Propagating Parts of EIT Waves: Ukrént Shell in a CME
Solar Physics, Volume 247, Issue 1, pp.123-1508200

A.3.6.3Reports, thesis, etc
[3] Marqué, C.; Berghmans, D.
Global waves and shocks in the corona: origin, natinverse & forward modeling
Action 1 proposal

A.3.7. Scientific outreach
Meeting presentations

[4] C. Delannée, T. Torok, G. Aulaniek;F. Hochedez
A non wave model for coronal waves (invited tallegiby C. Delannée, 28 Aug.)
SOHO 20, Ghent, Belgium, 27-31 August 2007

A.4. Solar and interplanetary disturbances causing severgeomagnetic storms

A.4.1. Objectives

The objective of the project is to study the sosriea the corona and in the inner heliosphere)hef t
strongest geoeffective disturbances that occurueitiglthe solar cycle 23.

A.4.2. Progress and results

A. Zhukov has published a review pap&f about forecasting of geomagnetic storms usingtserva-
tions of CMEs. The respective roles of photosphéoiw corona EUV and coronagraphic observations in
the process of geomagnetic storm forecasting wisusised. In most of the cases, EIT and LASCO are
capable of identifying the eruption of an Earthedied CME, and provide us with a good estimatdef t
arrival time. Some indications of the resulting IEM magnetic configuration can be obtained. It was
demonstrated, however, that predicting CMEs befloeg actually occur is still a challenge. The geofi

of the interplanetary magnetic field north — soatdmponent is difficult to predict. Additionally, I&e
alarms (e.g. from partial halo CMES) or missed ¢&véwhen solar signatures are inconclusive) canrocc
Forecasting may also be difficult if the geometfyadCME is not clear or in complicated cases oftmul
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ple (interacting) CMEs. To monitor and forecast IENdropagation more precisely, CMEs should be
tracked from a vantage point out of the Sun—Eamth bs will be provided by the STEREO mission when
the angular separation is sufficient.

A. Zhukov participated in the international studytlte November 2004 geomagnetic storm events, bne o
the largest space weather events of the solar @&I& he real-time monitoring and forecasting a# th
events during this period (which was one of thetrddficult periods to forecast) was discussedZAu-

kov identified nine halo CMEs, interacting on theiay through the interplanetary medium and forming
two geoeffective interplanetary structures thadpieed this complex event. Forecast of the CME propa
gation was critically analyzed and warnings issbdegional warning centers revealed certain defici
cies in predictions of interplanetary characterstf ICMES[2].

A. Zhukov has also actively participated in an iingional collaboratior3] studying solar and inter-
planetary sources of major geomagnetic storms (mim Dst < —-100 nT) occurred in 1996—2005. On the
basis of careful examination of the complete aafgolar and in situ solar wind observations, tierall
solar and interplanetary sources were identifiadl @raracterized for each major geomagnetic stoima. T
storm-driving component, which possesses a probbregel enhanced southward magnetic field, may be
an ICME, the sheath of shocked plasma upstream &EBIE, a corotating interaction region (CIR), or a
combination of these structures. Solar and integikry sources were classified into three broadsyp
(1) S-type, in which the storm is associated wittingle ICME and a single CME at the Sun; (2) Metyp

in which the storm is associated with a compleasalind flow produced by multiple interacting ICMEs
arising from multiple halo CMEs launched from thenSn a short period; (3) C-type, in which the stor

is associated with a CIR formed at the leading exfgee high-speed stream originating from a solar co
onal hole. For the 88 major storms, the S-typeypkt and C-type events number 53 (60%), 24 (27%),
and 11 (13%), respectively. For the 85 events foickvthe surface source regions could be investifjat
54 (63%) of the storms originated in solar actiggions, 11 (13%) in quiet Sun regions associatéll wi
guiescent filaments or filament channels, and B2lwere associated with coronal holes. Remarkably,
nine (11%) CME-driven events showed no sign of ewepfeatures on the surface or in the low corona
(e.g., no flare, no coronal dimming, no post-erptarcade, etc.), even though all the availablersub-
servations in a suitable time period were carefakgmined. Thus while it is generally true that @on
geomagnetic storm is more likely to be driven byoatside fast halo CME associated with a majarefla
the results of the study indicate a broad distrdsubf source properties. The results of the stayim-
portant for space weather forecastjhp

A.4.3. Perspective for next years
The project was finished in 2007. The collaboratidth the teams that participated in the projedt e

continued.
A.4.4. Partnerships
List of international partners without grant

Max-Planck-Institut fur Sonnesystemforschung, Lundaermany
Skobeltsyn Institute of Nuclear Physics, Russia

IZMIRAN, Russia

Astronomical Institute, Czech Republic

Grants/Projects used for this research/service
SIDC Data Exploitation PEA
ESA INTAS grant 03-51-6206

A.4.5. Personnel involved
Scientific staff: A. Zhukov, R. Van der Linden
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L. Trichtchenko A. Zhukov, R. Van der Linden, S. M. Stankov, N. Jakowski, |. Stanis awska,
G. Juchnikowski, P. Wilkinson, G. Patterson, A. BV Thomson

November 2004 space weather events: Real-timeaigmrs and forecasts

Space Weather, vol. 5, S06001, doi:10.1029/2006 28D, 2007

J. Zhang, I. G. Richardson, D. F. Webb, N. GopatswaE. Huttunen, J. C. Kasper, N. V.
Nitta, W. Poomvises, B. J. Thompson, C.-C. Wu, &shiro,A. N. Zhukov

Solar and interplanetary sources of major geomaigregbrms (Dst <= —100 nT) during 1996—
2005

Journal of Geophysical Research, vol. 112, A10#6210.1029/2007JA012321, 2007

Consolini, GiuseppeKretzschmar, Matthieu

Thermodynamics of rare events and impulsive relaragvents in the magnetospheric sub-
storm dynamics

Planetary and Space Science, Volume 55, Issue 224@-2250, 2007

A.4.7. Scientific outreach

Meeting presentations

[1]

V. Bothmer,A. Zhukov
STEREO - Answering Space Weather Science Challénggsd talk)
Fourth European Space Weather Week, November 52000, Brussels, Belgium

A.4.8. Missions

Assemblies, symposia (number): A. Zhukov (1)
Research visits (days): A. Zhukov (4 days)
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B. Investigations of the quiescent solar atmosphere dnof the solar
wind

The quiescent solar atmosphere and the solar wipiess a physics that takes place at small sgzatchl
short temporal scales. Fortunately, there exist aa@nge of observational and theroretical diagesst
which allow developing knowledge around abstractcepts such as turbulence, reconnection, and nan-
oflares, believed to explain coronal heating arldramind acceleration. Whether they build upon fardv
modeling, spectroscopic analysis, or coronal segjylmost projects reported under the present theme
link macroscopic observations with fundamentalhidden phenomena. The last three projects however

address on the contrary the large-scale regionsstindtures in the solar atmosphere, or the lomg ti
scale of the solar cycle.

B.1. Turbulent coronal heating and solar wind acceleratn in coronal holes

B.1.1. Objectives

This project intends to provide a theoretical baolkgd for exploitation and interpretation of observ
tions from current and future space mission (HINQBEEREO, HELEX). The longstanding problem of
how the solar corona can be heated and the sotal adcelerated in coronal holes appears crucial con
sidering the turbulent state of the plasma in threggons, and the fact that both the solar wind ted
solar atmosphere are permeated by Alfvén wavesoafirmed by recent observations from Hinode and
CoMP. We aim at understanding the origin of théulent spectrum in the solar wind and the ability o
Alfvén waves to trigger nonlinear dynamics that cédtrmately heat the solar corona through turbulent
dissipation. The connection to the data is madsutyin the comparison of small and large scale ptigger
of the turbulent solar wind accelerated by this Inaeism, namely: bulk flow, temperature and density
the solar wind, the evolution of the turbulent ¢pem, and rms values for the velocity field fludioa in

the corona.

B.1.2. Progress and results

Recent spectropolarimetric analysis of the fludtret in the low corona demonstrates that with aurre
and future observation techniques the detectioAlfloEn waves is becoming a possibility rather trean
hope, foreseeing stronger constraints on the ipptémeters for any solar wind model. Some of these
techniques have been developed for indirect deteaf Alfvén waves based on observations of struc-
tures in coronal holes, such as plumes, jets aindlep that highlight the disturbances propagaditong

the magnetic field. Refinement of these methodweessary to establish an unambiguous detection and
involves a proper modeling of wave propagatiorhin ¢thromosphere and transition region.

183



Figure 51. Contour of the outgoing and reflected Al/én waves (left and right panel respectively) as fanction
of time and distance. On the right, one can distingish two paths of the reflected waves, having theharacter-
istic phase speed of the outgoing component and tlregoing one (speed=wind speed + Alfvén speed respe
tively). Overplotted in red contour is the heatingper unit mass. The dissipation follows the outgoingath and
it is enhanced one crossing time after the outgoinand reflected waves overlap, triggering the turbunt cas-
cade. It is expected that in the chromosphere andansition region, where reflection is stronger, thestratifica-
tion becomes a fundamental element to trace the gaiof Alfvén waves, which are a mixing of outgoing rad
ingoing propagating disturbances, subject to strongonlinear interactions.

B.1.3. Perspective for next years

The idea is hence to adapt the theoretical stulligsloped so far (an example is given in Figuregsla
tool for detection of Alfvén waves in the Hinodesebvation of spicules. It is expected that the SEEGR
data, suffering form line of sight integration plerins in less extent, will be more suitable for tirsd of
analysis, avoiding the statistical treatment neagstr Hinode data. Further developments on tle®-th
retical side involve the inclusion of the solar didynamics (back reaction) in the model and of com-
pressible effects. However, before such implemantatcan be made a detailed study on boundary condi
tions, such as the input spectra at the corona baat the photospheric level, must be perforrethct

the attained level of turbulence depends on thgufracy of the waves and on the way they are injecte
(i.e. by velocity field fluctuations, as photospbdarge scale motions, or by direct injection dfv&n
waves).

B.1.4. Personnel involved
Scientific staff: A. Verdini

B.1.5. Partnerships
List of international partners without grant

M. Velli, University of Florence, Italy; and JPL-®&dena, Ca, USA

E. Buchlin, IAS-Paris, France.

W. Matthaeus, Bartol Research Institute, Universftidelaware, Newark, USA

P. Dmitruk, Instituto de Astronomia y Fisica dep&sio, Buenos Aires, Argentina
S. Oughton, Dep. of Mathematics, University of Witk New Zeeland

Grants/Projects used for this research/service
SIDC Data Exploitation PEA
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B.1.6. Scientific outreach
Meeting presentations

[1] Verdini A., Velli M., Matthaeus W., Buchlin E.
Alfvén waves and MHD turbulence in coronal heating solar wind
IPAM reunion conference (UCLA), Lake Arrowed, CASU7/12/07-12/12/07

B.1.7. Missions
Assemblies, symposia (number): A. Verdini (1)
Research visits (days): A. Verdini (2 days)

B.2. Coronal heating by turbulent dynamo driving

B.2.1. Objectives

The production of magnetic field by convective roa8 of the plasma is fundamental to explain the ori
gin of solar magnetic fields and is the topic of Dynamo theory (Moffatt, 1978; Zeldoviat al,
1983). Dynamo can also appear in the evolutionajmetic fields and is thus an important but stilblo-
served effect. Important progresses in the undailstg of solar and terrestrial dynamos were made by
Parker (Parker, 1955) and Steenbeck, Krause anéiR&teenbeckt al, 1966), when they introduced a
mechanism known as tlzeeffect.

The -effect belongs to kinematic dynamos, where theaitl V is imposed (the other type of dynamo,
the MHD dynamo, takes into account the couplingveen the velocity and the magnetic field). It is
therefore a linear problem, which goal is to shbe farge scale growth of an initial “seed” of matyme
field.

Thus the question arises of how the small-seatdfect participates in the larger-scale observaible-
nomena, and how the information about these sroalés can be extracted from observations. This-prob
lem is treated in the framework of a numerical nipddich allows one to switch between various pa-
rameters of thex-effect as diffusion coefficient and few magneield dissipative processes in the solar
corona.

Figure 52. Helicity and principle of the -effect. A rising vortex (1) forms a “bump” with magnetic
field lines (2) twists them, thereby increasing matgtic energy.
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B.2.2. Progress and results

a. -effect vortices development broken-up by mag- b. a-effect magnetic vortices development broken-uip
netic field dissipatioronly. by magnetic field dissipatioand_diffusion

Figure 53. Simulated magnetic field Bz, 1000x1000nk Photospheric cross-section of Bz created hg-
effect magnetic vortices

Our main result of 2007 is the development of tiable code. It is the first code able to invesegdiis
kind of processes. The first results of code exal@n are demonstrated in Figure 53

It is impossible to observe the driving (photosjhenagnetic field) or dissipating (EUV corona) effe
because the structures which will correspond toatadfect are broken up by the dissipative processes
(magnetic field diffusion and dissipation) befone structures achieve the observational resolution.

B.2.3. Perspective for next years

To exploit the code and to publish a series of pape
To find the method to uncover from experimental EBiMl magnetic field data the underlying
participation of thea-effect in the solar corona formation.

B.2.4. Personnel involved
Scientific staff: Elena Podladchikova, Ronald Vam Hinden

B.2.5. Partnerships
List of international partners without grant

V. Krasnosselskikh, LPCE/CNRS, Universite d'Orleans
B. Lefebvre, Imperial College, London, UK

T. Horbury, Imperial College, London, UK

N. Vilmer, Paris Meudon, France

R. Lin , UCB, Berkeley, USA

Grants/Projects used for this research/service
SIDC Data Exploitation PEA

B.2.6. Scientific outreach

[1] O. Podladchikova B. Lefebvre, V. Krasnoselkikh, N. Vilmer, R. Lin
A new model of coronal heating (Invited Talk)
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IAGA general Asssembly, Perugia, Italy, July 2007

B.2.7. Missions
Assemblies, symposia (number): O. Podladchikova (1)
Research visits (days): O. Podladchikova (2 days)

B.3. Sub-pixel analysis of solar images

B.3.1. Objectives

The solar UV observations made by imaging teless@re limited by their spatial resolution and ca-
dence. In this project, we aim at providing actessub-pixel (and sub-exposure-time) information by

analysing the so-called spatial noise that steors Bub-pixel solar structures,
simulating Quiet Sun images using stochastic psE=®s
applying super-resolution method to enhance thaaspasolution.

B.3.2. Progress and results

B.3.2.1Spatial and temporal noise in solar EUV observation

Solar telescope will probably never be able tolkesthe smallest events at their intrinsic physales.
The pixels of current and future EUV imagers thostain a so-called “spatial noise” because thgmai

is the average of solar intensities having subpxales. We showed [B] that it is possible to recover
some information about subpixel spatial and tenipasgability. If solar rotation induces a displacent

of less than one pixel between two consecutive @aagroments computed on sufficiently short time-
windows give insight about sub-pixel spatial stadssas well as about temporal variability. Itheh pos-
sible to discriminate sub-pixel behaviors betwemalkstructures and more uniform areas.

B.3.2.2Multifractal analysis and synthesis of Quiet SunvEbhages

The High Resolution Imagers (HRI) onboard Solariterbwill have an unprecedented spatial pixel size
of 80 km at the Sun during perihelion. But it iessary to assess whether the expected radiant¢beand
needed cadence can provide a sufficient signabtserratio. In4], we first analyzed a set of 1997 Quiet
Sun EIT images and showed evidence for scale-ianee (self-similarity). Our aim has then been to
emulate the increase in resolution that takes phdtie (1) a resolution comparable to TRACE or SDO-
AlA instead of EIT, and (2) a closer distance te 8un. Our aim is to estimate the expected loSNR
when going from a low to a high resolution. The l@solution was simulated by an appropriate coarsen
ing of EIT images. The simulated loss in SNR is ldgn if it were a uniform source. Indeed, thegQui
Sun exhibits an irregular behavior, and we furteantify this property by estimating the multifralct
spectrum of these images. We have designed toalisnaate Quiet Sun images having the same multi-
fractal spectrum as the original images. We shaw @ompound Poisson Cascafigsprovide synthetic
Quiet Sun images that mimic their statistical préps.

B.3.2.3Enhanced resolution of solar images

It is possible to increase the resolution of EUVas@mages using ‘super-resolution’ algorithms. yhe
allow us e.g. to separate coronal loops bettetp sesolve small events. Several algorithms hawn be
proposed in the literature, and we chose for opliegtion the inverse problem formulation propodgd
Daubechies, Defrise and Demol (2004). Its solutiobased on registration and L1-penalization, ad a
sumes sparsity of the high-resolution image in pprepriate wavelet basis. We developed further the
work performed by A. Eudes at SIDC in 2006. We galiwed the method used for estimating the shift
between the images by adopting an optical flow oettWe applied the method on a set of STEREO-
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SECCHI-EUVI images obtained with small scale arid#fi offpoints. Subpixel resolution can be achieved
on a regular basis provided that small scale offisospread and known appropriately are availgtjle

B.3.3. Perspective for next years

Our near future goal relates mainly to 8B.3.2.%iew of the Solar Orbiter missioi3]. The aim is to
simulate images at HRI resolution at periheliomt s, at ~5 times better resolution than TRACEadn
dition to preserving the singularity spectrum o tbriginal images, the model should also mainta& t
histogram. This additional constraint increaseddiffeculty of finding an appropriate stochastic deb.

V. Delouille and J.-F. Hochedez were awarded fer Tlournesol project titled ‘COSSMIC: Couronne
Solaire, Segmentation et Modélisation d’'lmagesdes Cascades’ (Projet Tournesol 2007, scientific co
laboration with Université de Clermont Ferrand &lmiversité catholique de Louvain)

B.3.4. Personnel involved
Scientific staff V. Delouille, J.-F. Hochedez

B.3.5. Partnerships
List of international partners without grant

Pierre Chainais, Professor, Université Blaise RaSleamont Il
Vincent Barra, Professor, Université Blaise PaStafmont Il
Etienne Bordes, Student, Université Blaise Pastkahtnt ||
Frédéric Auchére, CNRS, Institut d'Astrophysiquatizte
Angelos Vourlidas, NRL, Washington, DC, USA
Jean-Pierre Wuelser, LMSAL, Palo Alto, Ca, USA

Grants/Projects used for this research/service

SIDC Data Exploitation PEA
CoSSMIC Tournesol project

Visitors:
Pierre Chainais, Professor, Université Blaise RaSleamont Il, 28 May-1 Jun 2007

B.3.6. Publications

B.3.6.1Publications without peer review

[1] P. ChainaisV. Delouille, J.-F. Hochedez
Modeling images of the Quiet Sun in the extrenra-wiblet
Wavelets XllI, Proceedings of the SPIE, Volume 64{i,670111 (2007)

[2] P.Chainaisy. Delouille, J.-F. Hochedez
Modelisation des images de Soleil calme dans Bexérultra-violet
Actes de colloques du GRETSI

B.3.6.2Publications in press, submitted

[3] V.Delouille, P.Chainais).-F. Hochedez
Spatial and Temporal Noise in Solar EUV Observation
Solar Physics, Volume 248, Issue 2, pp.441-455

[4] V.Delouille, P.Chainaisd.-F. Hochedez
Quantifying and containing the curse of high resiolu coronal imaging
Ann. Geophys., Volume 26, Number 10, 2008, Pag(69-3184
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B.3.6.3Reports, thesis, etc

[5] V.Delouille, J.-F. Hochedez
Analyse de I'aliasing spatial par une approche dige
Local report, 15 Mar 2007

B.3.7. Scientific outreach
Meeting presentations

[1] V. Delouille, P. Chainais].-F. Hochedez V. Barra
Quantifying and containing the curse on high redolucoronal imaging (poster)
SOHO 20 Conference, Ghent, Belgium, 27-31 Augu6720

[2] E. Bordesy. Delouille, A. Eudes,).-F. Hochedez
Super-resolution of EUV images using small scdigoafts (poster)
SOHO 20 Conference, Ghent, Belgium, 27-31Augus?200

[3] V. Delouille, P. Chainais].-F. Hochedez
Quantifying and containing the curse on high resolucoronal imaging (oral)
EUI Consortium meeting, 17-19 October 2007

B.3.8. Missions
Assemblies, symposia (number): V. Delouille (1)

B.4. Coronal heating in Active Regions

B.4.1. Objectives

According to several theories, coronal heating @sses would be mostly impulsive. Some consider that
such heating occurs manoflaresevents of unresolved scales (Parker, 1988). Trextbe of this project

is to test the nanoflare hypothesis in active negjistudying the problem from both the theoretical the
observational points of view.

B.4.2. Progress and results

ROB leads an international working group funded®$! which addresses the above objectives. In this
frame, the following international investigation® & progress:

B.4.2.1Thermal structure of active regions

The thermal structure of active regions (AR) isdgtd observationally with particular attention toal
scales. The XRT high resolution (1”) X-ray telese@mboard HINODE has appeared very adequate for
this purpose. 2007 has been devoted to the develupoh a new method for plasma diagnostics, which
exploits the nine broad-band channels of XRT, ctilfely sensitive to the 2-10 MK temperature range.

We calledthis technigueCombined Improved Filter Rati@CIFR). Itis able to reveal for the first time a
fine thermal structure at the limit of the instrurted resolution (~ 2”) in ARs at T° > 2 MK. Howevéhe
CIFR technique has still some limitation when eating the temperature with broadband instruments.
Current work therefore addresses ways to reduceiticertainties. The first results applying thishtec
nique on a quiescent active region were publish&ttiencgdl]. While testing the CIFR limits, the work
has been extended towards flare and post-flare data
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B.4.2.2Radiative signature of nanoflares

Nanoflares may originate from turbulent phe-
nomena. In this case, their energy distribution
must have a power-law behaviour and such an
energy distribution is indeed verified at observed
scales. To test the turbulent origin of nanoflares,
it would be necessary to find their signature ia th
radiative emission of the heated plasma. Parenti
et al. (2006) studied the conditions under which
turbulent signatures in some coronal emission
lines could be identified. They used a forward
modeling of a coronal loop. In 2007, this work
has been further extended to test the diagnostics
capabilities of the lithium-like iso-electronic
EUV lines. A work comparing the above theo-
retical results with observations is also in pro-
gress.

B.4.3. Perspective for next years

Figure 54. Temperature map of an active region pro; The CIFR technique needs to be further devel-
duced by our new technique (the improved combined oped to improve the absolute calibration in tem-
filter ratio, CIFR). From Reale et al. (2007). perature. The plan is also to extract the emission

measure (EM) maps and compare the results witletfitomn spectroscopic data. The final purpose is dis
entangling ambiguities present when analysing fitata broadband instruments.

B.4.4. Personnel involved
Scientific staff: S. Parenti

B.4.5. Partnerships
List of international partners without grant

Twelve people participating to the ISSI projectttBaParenti is leading
F. Reale, University of Palermo-INAF, IT

K. K. Reeves, Harvard-Smithsonian Center for Adtgics, USA

P. Young, Naval Research Laboratory, USA

Grants/Projects used for this research/service

Chercheur Supplémentaire
SIDC Data Exploitation PEA
LYRA preparation to exploitation PEA

Visitors:
Fabio Reale, University of Palermo-INAF, IT, DedZ0

B.4.6. Publications

B.4.6.1Publications with peer review

[1] Reale F.Parenti S, Reeves K., Weber M., Bobra M G., Barbera M., K&pNarukage N.,
Shimojo M, Sakao T., DelLuca E.E., Peres G., Golub L
Fine thermal structure of coronal active regionerfr Hinode/XRT
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Science, 318, 1583, 2007

[2] Reale, F.Parenti S, K. Reeves, Weber M., Bobra M G., Barbera M., K&pNarukage N.,
Shimojo M, Sakao T., DelLuca E.E., Peres G., Golyb L
Magnetic activity and the solar corona: first retsufrom the Hinode satellite
MnSAl, 78, 591, 2007

B.4.6.2Publications in press, submitted

[3] Parenti, S, Reale, F., Reeves K.
Fine thermal structure of a flare with Hinode/XRT
2008, Proceedings for th& 6linode workshop, in press

[4] K. ReevesParenti S, Reale, F, Weber M
Methods of Analyzing Temperatures in Post-Flaredsoasing the XRT on Hinode
American Geophysical Union, Fall Meeting 2007, ings

B.4.7. Scientific outreach
Meeting presentations

[1] S. Parenti E. Buchlin, P. Cargill, S. Galtier, P. YoungCl.Vial
Looking for signatures of coronal heating in theliative emission of a coronal loop
3" Coronal Loop workshop, June 2007 (oral presentitio

[2] Parenti, S, Reale, F., Reeves K.
Fine thermal structure of a flare with Hinode/XRob$ter)
6™ Hinode workshop, 2008

National and international responsibilities

S. Parenti: Lead of a working group funded by I8&itled “The role of spectroscopic and imag-
ing data in understanding the coronal heatinuith://www.issibern.ch/teams/Spectdata

S. Parenti: Response to the ESA AO for Europeanbeeship in the Hinode Science Working
Team.

Educational responsibilities (Seminars, students ...)

S. Parenti Looking for signatures of coronal heating in theligtive emission of a coronal lopp
Palermo Astrophysics Observatory, 28-5-2007

B.4.8. Missions

Assemblies, symposia (number): S. Parenti (3)
Commissions, working groups (days): S. Parenti (4 days)
Research visits (days): S. Parenti (5 days)

B.5. Plasma flows studied from spectroscopic ultraviolebbservations

B.5.1. Objectives

Spectroscopic UV observations such as the onewedldoy SOHO-SUMER are highly suited to study
flows of mass and energy, their velocities, andghg, important coronal heating signatures.

B.5.2. Progress and results

In 2007, we have investigated spectroscopicallyfabépoints of AR loops and chromospheric spicaes
chromospheric and TR (Transition Region) tempeestur
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SUMER (the Solar Ultraviolet Measurements of EnditRadiation instrument) is a telescope and spec-
trometer on SOHO (the Solar and Heliospheric Oladery spacecraft of ESA and NASA, launched in
December 1995).

B.5.2.1Plasma flow in active regions

Impulsive heating of coronal loops induces plashoa from the lower layers of the solar athmosphere.
This theory requires that both chromospheric evatjimm and coronal condensation are present. In,2007
we have investigated Doppler shifts in active radamps. Marked and steady downflows were regidtere
by SOHO-SUMER in both footpoints of loops in TRdsand at low corona temperatures. Those results
were presented in a poster contribution at the SBHEbnferencgl], and subsequently in a refereed
publication for the conference proceediffitjs

B.5.2.2Solar chromospheric limb spicules

After a visit to J. Pasachoff’s institute (Willian®ollege), data reduction methods were introduoeuig
team[2], and a series of SUMER spicule studies (perfortogether with TRACE and SST in 2004)
were analysed.

B.5.3. Perspective for next years

The AR footpoint observations are compatible with hanoflare picture, but the work needs to be ex-
tended to a wider range of temperatures (viz. criomes).

A common publication on spicules with J. Pasachoff members of his team is possible. One of his stu
dents currently writes a thesis on this subjectitfen co-operation regarding SUMER data involving
other ROB-SIDC scientists is desired.

B.5.4. Personnel involved
Scientific staff |. Dammasch, S. Parenti

B.5.5. Partnerships
List of international partners without grant

W. Curdt, MPS, Lindau, Germany

B. N. Dwivedi, BHU, India, and MPS, Germany

U. Feldman, NRL, DC, USA

J. Pasachoff, Hopkins Observatory, Williams Collag@liamstown, MA, USA

Grants/Projects used for this research/service

Travel costs for July 2007 visit granted by Willisi@ollege
ISSI Coronal Heating team

SIDC Data Exploitation PEA

LYRA Preparation to Exploitation PEA

B.5.6. Publications

B.5.6.1Publications in press, submitted

[1] . E. Dammasch W. Curdt, B. N. DwivediS. Parenti
The Redshifted Footpoints of Coronal Loops
Ann. Geophys., Volume 26, Number 10, 2008, Pag55-2959
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B.5.7. Scientific outreach

Meeting presentations

[1] I. E. Dammasch W. Curdt, B. N. DwivediS. Parenti

The Redshifted Footpoints of Coronal Loops (poster)

SOHO20 Conference, Ghent, Aug 2007
[2] Ingolf E. Dammasch

Solar UV Spectroscopy with SUMER on SOHO (seminar)

Colloquium, Williams College, 10 Jul 2007
[3] Ingolf E. Dammasch

Solar UV Spectroscopy with SUMER on SOHO (extegdaiinar)

SIDC Seminar, ROB, 11 Oct 2007

B.5.8. Missions
Assemblies, symposia (number): I. Dammasch (1)
Research visits (days): I. Dammasch (9 days)

B.6. Dynamic behavior of the chromosphere
and Transition Region

B.6.1. Objectives

The objectives of this research project are to awerthe un-
derstanding of the dynamics of the upper solar sphere,
through studying the coupling between the differgmper lay-
ers, employing space- and ground based observatianalti-

ple wavelengths as well as physical modeling.

B.6.2. Progress and results

In recent years many different kind of oscillatidmesve been
observed in the solar chromosphere and transitegion.
However the question remains to which extent aillasions
in different lines and continua correlate in spand time. The
degree of such correlations constrains the modetsapaga-
tion and dissipation of waves in the chromospheie liigher
layers.

In 2007 this research was continued, showing latierelation
between lower chromosphere and lower transitiororegzhen
observing different Lyman lines, UV continua and ICK. A

publication has been submitted to present thes#tses

Figure 55. TRACE 160.0 nm image
overlaid with contours of Ca Il K from

VTT and SUMER slit position (solid

central line).
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B.6.3. Perspective for next years

Cooperation is being prepared with the Centre fasiifa Astrophysics of the Catholic University of
Leuven to combine magnetic non linear force freé&fimodelling with chromospheric observations and
study the magnetic connection between the diffeselar atmospheric layers.

B.6.4. Personnel involved
Scientific staff: J. M. Krijger

B.6.5. Partnerships
List of international partners without grant

P. Heinzel, Astronomical Institute, Academy of Sies of the Czech Republic, Ondrejov, Czech
Republic

W. Curdt, Max Planck Institute for Solar System &esh, Katlenburg-Lindau, Germany

W. Schmidt, Kiepenheuer-Institut fir Sonnenphybileiburg, Germany

R. Rutten, Astronomical Institute, University UthecUtrecht, Netherlands

B.6.6. Publications

B.6.6.1Publications in press, submitted

[1] J.M. Krijger , P. Heinzel, W. Curdt, W. Schmidt
Dynamic behaviour of the upper solar atmospher&UUIMER/SOHO, TRACE and VTT obser-

vations

Astronomy&Astrophysics
B.6.7. Missions
Assemblies, symposia (number): J. M. Krijger (1)
Research visits (days): J. M. Krijger (1)

B.7. Coronal seismology

B.7.1. Objectives

The corona exhibits a large variety of oscillatiosgnding waves and propagating disturbances. They
permit the determination of plasma physical paransetand are essential processes. But on top ¢ the
interesting motions, movies of the solar atmospheveal as well modifications in brightness that ba

due to density or temperature variations. Our airthis project is to estimate simultaneously andiss
entangle the apparent plane-of-the-sky velocitytareand the brightness variation (BV) from succassi
images.

B.7.2. Progress and results

The present work analyses solar extreme-ultraviniages, as recorded by the Extreme-ultraviolegkma
ing Telescope (EIT) on board the Solar and HeliesphObservatory (SoHO) or by the Transition Re-
gion and Coronal Explorer (TRACE). In 2007, thedamental elements of our Optical Flow algorithm
(Velociraptor) have been publishgld, and applied to coronal seismoldg@y. Movies of the solar corona

in extreme ultraviolet (EUV) bandpasses exhibit ptar patterns of magnetically structured plasma fea
tures surrounding the solar surface. Among theouariphenomena observed, coronal oscillations are
seen. Velociraptor is used to explore and analysscillating motions of coronal loops. Velocitglds

are estimated and selected features are trackiedntotrajectories. The oscillating features areaoted
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via a Morlet wavelet analysis, which provides pagtams such as the instantaneous period, the ahgplitu
or the phase anywhere along the loop.

B.7.3. Perspective for next years

Velociraptor represents an important pre-processirtge SDO-AIA pipeline, and must be ported to ac-
comodate such data volume. Additional efforts aleed to be devoted to make it available onlindéo t
community.

B.7.4. Personnel involved
Scientific staff: S. Gissot, J.-F. Hochedez

B.7.5. Partnerships
List of international partners without grant
Vincent Barra, Pierre Chainais, ISIMA, Universit @lermont-Ferrand, France
List of national partners without grant
Jean-Pierre Antoine, UCL, LLN
Grants/Projects used for this research/service

SIDC Data Exploitation PEA
Tournesol project 'COSSMIC: Couronne Solaire, segat®mn et modelisation d'images par des cas-
cades'

Visitors:
Short visits: E. Koenig

B.7.6. Publications

B.7.6.1Publications with peer review

[1] Gissot, S. F.; Hochedez, J.-F.
Multiscale optical flow probing of dynamics in soRBUV images: algorithm, calibration, and
first results
Astronomy and Astrophysics, Volume 464, Issue 3rdddv 2007, pp.1107-1118

B.7.6.2Publications in press, submitted
[2] Gissot, S. F.; Hochedez, J.-F.

Oscillation analysis using optical flow: Applicatido an EUV movie of the solar corona
Statistical Methodology, Volume 5, Issue 4, p. 34@, 2008

B.7.7. Scientific outreach

Meeting presentations

[1] Gissot, S. F
Motion Analysis and multiscale algorithms. Applioatto EUV images of the solar corona
Université catholique de Louvain, Louvain-La-NeuV®emaine ondelettes", 27/04/2007.

Meeting organization
Jean-Francois Hochedez: SOC member of the ADAS stanx, May 2008
Websites
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http://sidc.be/velociraptor/

B.7.8. Missions
Assemblies, symposia (number): S. Gissot (1)
Research visits (days): S. Gissot (2 days)

B.8. Prominences and filaments

B.8.1. Objectives

The evolution and eventual eruption of prominense®t well understood. Spectroscopic observatidns
the chromospheric plasma as well as of the filansbannel provide us with insights. Inside the gavit
the knowledge of physical parameters (electron ibeasd temperature distribution) can give us ftie |
formation about magnetic structure sustaining tlenent.

B.8.2. Progress and results

B.8.2.1 Prominences

Parenti at al. 2005 built a FUV spectra atlas qliggscent prominence. Using it, we derived theddgh-
tial Emission Measur{8], the pressure, and the non-thermal velocities (Nii\the prominence, which
were then used to investigate the energy balahtke INTV are interpreted as signature of wavesy th
cannot play an important role in balancing the gnéosses by radiatiofil]. Spectroscopic observations
of prominences at the limb were also performedtaed absorption and/or volume blocking interpreted

[2].

B.8.2.2Filament channels & cavities

A formal collaboration was set up with Dr. Saratbgain (HAO, Boulder) to study filament cavities at
different wavelengths. She gathered a working gmmuphat topic, in order to make coordinated observ
tions (JOP) and coordinated data analysis. Wonltestavith coordinated observations in August 2007.
Data from various instruments, including radio datan Nancay radioheliograph have been processed.

B.8.3. Perspective for next years

We plan to expand the first investigatioin towaeadsivated prominences. A new JOP led by S. Parenti
has been approvedEfuptive and quiescent prominences with SOHO anbé#”, it is to be held in
April 2008. Its aim is to extend the existing atlas of quiesg@ominences over a larger range of tem-
peratures and to build a similar atlas for an at¢ig prominence. It will allow quantifying and mdidg

the H 1 and He | continuum absorption and lineg @oppler shift of the lines will be plotted asum¢-

tion of tenperature), constraining the Prominenoeo@a Transition Region (PCTR) and studying its dy-
namics (Doppler shift, NTV, dimmings), and finallpmparing these plasma properties between quiet
and activated prominences

In the framework of S. Gibson'’s collaboration, mde¢a analysis will be performed as well as a new J
campaign in April 2008 too. The final goal is wrigi a review paper about filament cavities.

B.8.4. Personnel involved
Scientific staff: S. Parenti, C.Marqué, |. Dammasch

B.8.5. Partnerships
List of international partners without grant
Sarah Gibson & Giuliana de Toma, High Altitude Qlaéory, Boulder, Colorado
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Durgesh Tripati, DAMTP, Cambridge, UK

Therese Kucera, Goddard Space Flight Center, GefteiMaryland
Kathy Reeves, Center for Astrophysics, Cambridgasddchussetts
Jean-Claude Vial, Institut d’Astophysique Spati#&e

Nicolas Labrosse, University of Glasgow (UK)

Grants/Projects used for this research/service

ISSI team on prominences

SIDC Data Exploitation PEA

LYRA preparation to exploitation PEA
Solar Drivers of space weather PEA

B.8.6. Publications

B.8.6.1Publications with peer review
[1] Parenti S, J.C. Vial
Prominence and Quiet-Sun plasma parameters defromd FUV spectral emission
Volume 469, Issue 3, July Il 2007, pp.1109, A&A

[2] Heinzel, P.; Farnik, F.; Anzer, IDammasch, I.
Limb Prominences Seen in UV, EUV and SXR
New Solar Physics with Solar-B Mission ASP Confee®eries, Vol. 369, proceedings of the
conference held 8-11 November, 2005 at The Kyotertational Community House, Kyoto,
Japan. Edited by Kazunari Shibata, Shin'ichi Naga&kashi Sakurai. San Francisco: Astro-
nomical Society of the Pacific, 2007, p.279

B.8.6.2Publications in press, submitted

[3] Parenti, S, Vial, J.-C., and Lemaire, P.
Solar prominence properties derived from the UV-ERIMMER spectral atlas
2008, Adv. Space Res., 41, 144.

B.8.7. Scientific outreach

Meeting presentations

[1] S. Parenti,J.-C. Vial
Prominence plasma investigations with SOHO/SUMERtsa (solicited talk)
IUGG XXIV

National and international responsibilities

Leader of a JOP to be held in April 2008
S. Parenti is partner of an international workimgup funded by ISSI. The project title is “Spectros
copy and Imaging of Quiescent and Eruptive Promiasrirom Space” (December 2007)

B.8.8. Missions
Assemblies, symposia (number): S. Parenti (1)
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B.9. Forward modeling of the corona

B.9.1. Objectives

This project aims at modeling the electron denaitgl temperature distribution of the quiet solaooar
which can then produce modeled coronal EUV imagesnaodeled spectral irradiance time series. Poten-
tial extrapolations of the photospheric magneetdfiPFSS) are used to build the geometry of magnet
field lines that support the electron distributighk The idea is to build a realistic yet easy to cotap
coronal model which could ultimately be used asaegic tool for the interpretation of observational
data. The model has so far been applied to radserghtions from the Nancay Radioheliogrgph and
more recently to the EUV images from the SOHO-Hi3triument.

B.9.2. Progress and results

Some new ideas were initiated and tested in 208&. eixtension of the modeling to the EUV spectrum
has revealed the limitations of a single modeldcoant for a wide range of temperatures and dessiti
This is illustrated in the figures below taken franposter presented in meetings in Boulder andsBtsis
([1] and [2]). The figures show that a given modah only fit one wavelength with a better accurdman

the other, both in terms of structures and overnatiance. Figure 56 shows the observed coror@ (to
compared with the simulated one (bottom). Both &htewdl images were obtained with a model adjusted
to fit the 28.4 nm spectroheliogram (on the rightyellow). In Figure 57, the same model - adjudted
28.4 nm and one given day - reproduces the integifaix at 28.4 nm (bottom curves) over one yedh wi
fairly good accuracy. It reproduces the 19.5 nniag@mns (top) only in a relative way.

Figure 57: Evolution over one year of the integraté
flux at 19.5 nm (top) and 28.4 nm (bottom). The
green and red curves are the simulated flux at the

Figure 56: Comparison of observed (top) and simu- Same corresponding wavelengths

lated (bottom) EIT images at 19.5 nm (left in green

and 28.4 nm (right in yellow)

B.9.3. Perspective for next years

We want to finalize the publications related to BldV and radio modeling. Our goal is also to extend
this work to the modeling of the EUV and radio dignce, at least in the range reachable by the mode
(coronal lines for EUV, and meter wave for the oadlt will thus become applicable to LYRA data ex-
ploitation.
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B.9.4. Personnel involved
Scientific staff: C.Marqué, M. Kretzschmar

B.9.5. Partnerships
List of international partners without grant

Dr. Y.-M. Wang & A. Thernisien, Naval Reasearch aediory, Washington DC, USA
Dr. M. Kretzschmar, LPCE, Orléans, France (aftavileg ROB)

Grants/Project used for this research/service

Solar Drivers of space weather PEA
LYRA Preparation to Exploitation PEA

B.9.6. Publications

B.9.6.1Publications submitted

[1] C. Marqué, Y.-M. Wang, P. Reiser, A. F. Thernisien
Modeling of the metric radio emission of the quielar corona using potential field extrapola-
tions
Submitted to the Astrophysical Journal

B.9.7. Scientific outreach
Meeting presentation

[1] C. Marqué, M. Kretzschmar
Forward modeling of the electron density and terapge distribution in the corona using
EUV and Radio observations [poster]
Living with a Star Workshop, Boulder, USA, Septempe07

[2] C.Marqué, M. Kretzschmar
Forward modeling of the electron density and terapee distribution in the corona using
EUV and Radio observations [poster]
4™ European Space Weather Week, Brussels, BelgiuverNoer 2007

B.9.8. Missions
Assemblies, symposia (number): C. Marqué (2)

B.10. Segmentation of EUV solar images

B.10.1Objectives

This project develops methods for segmenting EUgges into Coronal Holes (CH), Quiet Sun (QS) and
Active Regions (AR). Segmentation has several agfitins: It allows determining automatically the lo
cation of Coronal Holes that are the source offéisésolar wind. Second, when the segmentationgggoc
is done on long series of images (using e.g. thd@G&IT archives), it produces time series of a@as
mean intensities for the separate AR, QS, and @kttstres, allowing for solar cycle studies. Thirdly
permits to focus time-consuming post-processinge@n AR only. Moreover, this approach paves the
way to bridging observations between imaging dath tme series (from radiometers). Time series re-
sulting form the segmentation of EUV coronal imagas provide interesting information to reconstruct
the solar spectrum.
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B.10.2Progress and results

Together with Vincent Barra (Université Clermont#faad 1l), we have developed a multi-channel Spa-
tial Possibilistic Clustering Algorithm (SPoCA). 8PA is an unsupervised spatially-constrained fuzzy
clustering algorithm that automatically segmentsvEddlar images into 3 classes: Coronal Holes, Quiet
Sun and Active Regior2]. It manages the arbitrariness consecutive to thewsanoises present in the
images and to the imprecision in the definition dodders of the above regions. We applied the-algo
rithm to SoHO-EIT images taken from January 199May 2005, viz. along almost a full solar cycle.
Two EIT bandpasses (around 19.5nm and 17.1nm) sigreltaneous input to SPoCA. We built three
types of time series: for the areas, the mean gitteg, and the integrated intensities of the tlulasses.
They all exhibit various periodicities. To estimatecisely their characteristic frequencies, wdqrared

a Morlet wavelet analysis, which can address nafiostary oscillations. As expected, we measure a
faster solar rotation period for AR than for CH.eT¢ther extracted frequencies are at 1-year angehf

for CH on one hand, and at 2-year for both QS aRA the other hand.

In the other worl1], we combined images from several passbands in ereliff way: we used a fuzzy
clustering on each channel separately, and nexXused the membership maps using a fusion operator.
Finally, we segment by assigning pixels to the<kas which the fused membership is the highese W
also applied this second algorithm on the 8-yegais#d, and obtained similar results ag2ih Both seg-
mentations are internally stabilized over the whitd¢a set, but they show a contamination of theb@®S
the surroundings of an AR.

We then improved SPoCA by two means. First, we gsea correction for the limb brightening, which
allows considering the solar corona up to 1.1 sodalii. Second, we reduce the contamination of the
Quiet Sun by AR by over-segmenting images usingentloan the three desired classes (typically 6), and
by aggregating them back into QS, AR, and CH.

B.10.3Perspective for next years

We plan to further exploit SPOCA. For example, pnesent algorithm confuses coronal holes and fila-
ments. We will also study the connection betweme tseries obtained through segmentations and-irradi
ance time series recorded by radiometers.

B.10.4Personnel involved
Scientific staff: V. Delouille, J.-F. Hochedez, M. Kretzschmar

B.10.5Partnerships
List of international partners without grant

Vincent Barra, Université Blaise Pascal Clermont Il
Matthieu Kretzschmar, Université d'Orléans (presiguiROB)

Grants/Projects used for this research/service

SIDC Data Exploitation PEA
LYRA Preparation to Exploitation PEA
CoSSMIC Tournesol project

Visitors:

Vincent Barra, Professor, Université Blaise PaStatmont Il, 19-22 Jun 2007
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B.10.6 Publications

B.10.6.1. Publications with peer review

[1] V. Barra,V. Delouille, J.F. Hochedez
Segmentation of Extreme Ultraviolet Solar Imagesgia Multispectral Data Fusion Process
Proceedings of the IEEE International Conferenc&urry Systems (2007), London

B.10.6.2. Publications in press, submitted

[2] V.Barra,V. Delouille, J.-F. Hochedez
Segmentation of Extreme Ultraviolet Solar ImagesMultichannel Fuzzy Clustering
Advances in Space Research, Volume 42, Issue®,73925. (2008)

B.10.7 Scientific outreach
Meeting presentations

[1] V. Delouille, V. Barra,J.-F. Hochedez
Segmentation of EUV images (oral presentation gbwek'D)
1st Heliophysics Knowledge Base Workshop, Brusg€22 June 2007

B.10.8 Missions
Research visits (days): V. Delouille (4 days)

B.11. Solar rotation and solar cycle investigations

B.11.10Objectives

The general objective of this project is to advatiee knowledge, phenomenology, and prediction of
long-term evolutions of the Sun, and especiallyhef solar cycle. The assets of this project arevéine
ous archives of the SIDC, such as the Internati@uadspot Number archive (for which SIDC is the
World Data Center) as well as the SOHO-EIT obsewmat In the last years, the specific objectiveéhos
project has been to relate solar activity withgbtar (differential) rotation, and to accuratehadcterize
the latter by tracing individual Bright Points i©D80O EIT images taken at 28.4 nm. Additionally, once
traced, individual and global evolutions of BPs barstudied for their own sake.

B.11.2Progress and results

A secular deceleration of the mean solar rotatiothe 28' century was found ifil] by tracing sunspot
groups. This variation also shows a finer modutati@licating a connection with the phase of they&ar
solar cycle. In the years 1902 and 1913 we havadqossible rotational signatures of two weak solar
activity cycles (Gleissberg minimum). The rotatieelocity residual increased in these years for aibou
0.4°/day. This is in a qualitative and quantitatagreement with a similar rotational behaviour dgrihe
Maunder minimum. A qualitatively similar behaviowas also found on a shorter time scale for the pe-
riod 1998-2000. As solar activity was increasig €quatorial rotation velocity determined by tngci
coronal bright points was decreasing (in this padnalysis monthly values were used). A dependehce
the solar rotation velocity measured by magneticdrs and solar activity and interplanetary magneti
field was found. Interplay between the Reynolds #redMaxwell stresses is proposed for the integpret
tion. As stated by Ridiger & Hollerbach (2004), there magnetic the Sun is, more rigid is its rotati

In June 2007, F. Clette undertook a study of srhih-latitude magnetic dipoles in EIT images. It
showed that such spotless dipoles started to ampdain 2007 and that most of them had the magneti
polarity of the next solar cycle. So, these arepiial early precursors of the new cycle, well befthe
first sunspots of the new cycle are observed.
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B.11.3Perspective for next years

The NASA SDO mission and its long lifetime open neerspectives for interesting long-term coronal
phenomenology studies. Special attention couldibengo potential long term evolutions of paramgter
associated to short-lived events such as brighttpair flares. Their correlation with white lightopies
could give new insights via the exploitation of thistorical SIDC archive of white-light observatioh
sunspots. Another perspective is the applicatioousfOptical Flow technique to EIT and AIA data. It
can seamlessly and accurately monitor rotationglrpaters across large data sets.

B.11.4Personnel involved
Scientific staff: J.-F. Hochedez, S. Gissot, F. Clette

B.11.5Partnerships
List of international partners without grant

Roman Brajsa, Hvar Observatory, University of Zagiagreb, Croatia
Hubertus Wohl, Kiepenheuer-Institut fir SonnenpkyBreiburg, Germany

Grants/Projects used for this research/service
SIDC Data Exploitation PEA

B.11.6Publications

B.11.6.1. Publications with peer review

[1] BrajSa, R.; Wohl, H.; Ru djak, D.; VrSnak, B.; Vehac, G.; Svalgaard, Litochedez, J.-F.
On the solar rotation and activity
Astronomische Nachrichten, Vol.328, Issue 10, p31@D07

[2] Mulec, M.; BrajSa, R.; Wohl, H.; Hansimeier, A.; %@k, B.; Ru djak, V.;Hochedez, J.-F.;
Engler, J.
Solar Rotation Velocity Determined by Coronal Bti§oints - New Data and Analysis
Central European Astrophysical Bulletin, 31, (2Qd7)1-10, Proc. 2nd Central European Solar
Physics Meeting

B.11.6.2. Publications in press, submitted

[3] Brajsa, R.; Mulec, M.; Hanslmeier, A.; Wohl, H.; Bjak, V.; Hochedez, J.-F.
Coronal bright points as tracers for solar rotatiam October-November 1999
Accepted in Central European Astrophysical Bulleiroc. 3rd Central European Solar Physics
Meeting, Bairisch Koelldorf, Austria, 10-12 Octol2807

B.11.7 Missions
Assemblies, symposia (number): F. Clette (1)

B.12. Large-scale structure of the quiescent solar corona

B.12.1Objectives

The SOHO and the STEREO missions present a ridbtyasf opportunities for investigating the large-
scale structure of the quiescent solar corona. ¥veantrate on the investigation of the propertiethe
coronal streamer belt on the base of coronagraptddEUV image data.
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B.12.2Progress and results

A study of the three-dimensional structure of ttreamer belt has been performed, in collaboratiith w
the Laboratoire d’Astrophysique de Marseille (LAMY.model developed at LAM permits to simulate
the quasi-stationary configuration of the streabt starting from the National Solar Observatompp
tospheric magnetograms and using the potential fielrce surface (PFSS) model. The synoptic maps of
the streamer belt obtained with SOHO/LASCO C2 cagpvaph and the simulated synoptic maps con-
structed from the model of the warped plasma shaet been compared. The epoch of solar cycle maxi-
mum was addressed and the origin of polar streamassinvestigated. A key conjecture is that polar
streamers are “classical” streamers (loops withctireent sheet above them) associated with potawrcr
photospheric neutral line. The position of the entrsheet was found comparing the position of strea
ers, loops observed by EIT and of neutral linethefphotospheric magnetic field. To determine thsi-p
tion of the neutral lines, the synoptic maps preduby HelioSynoptics (Dr. P. Mcintosh) were uselde T
method turned out to work surprisingly well and tesitions of polar streamers were succesfully de-
scribed. Such a description permits us to deterrooreectly the polarity of the heliospheric magoeti
field during Ulysses polar pass in 2000 (in collaion with L. Rodriguez) — a feature that hasapaw
escaped theoretical interpretation. The conclusfahe work is that during the solar cycle maximtira
streamer belt has a configuration drastically défe from the one given by the potential field s@usur-
face model. A paper describing these results has sabmitted [1].

A study of the solar corona pressure scale heigig @ontinued. EIT images in all four bandpasses are
taken and the profiles of radial decrease of thiera brightness have been extracted from diffepest-

tion angles around the Sun. The profiles are fittéth isothermal curves using a more reliable métho
than in prevous studies and the properties oafgsbeing investigated.

B.12.3Perspective for next years

The investigation of the streamer belt will be coméd. The model will be applied to the STE-
REO/SECCHI data taking into account multiple viemp®. The understanding of the quiet corona mag-
netic configuration will allow us to get an insighto the 3D structure of CMEs, using the obseoreti

of low corona CME counterparts (e.g. coronal dingsjn Investigation of the variation of the coronal
pressure scale height with the solar cycle wilfibalized with a goal to get an insight into theange of
the coronal structure on a long temporal scale.

B.12.4Personnel involved
Scientific staff: A. Zhukov, J. De Patoul

B.12.5Partnerships
List of international partners without grant

P. Lamy, A. Llebaria, F. Saez, Laboratoire d’Astrggique de Marseille, France
S. Koutchmy, Institut d’Astrophysique de Paris, &
G. Stenborg, NASA Goddard Space Flight Center, USA

Grants/Projects used for this research/service

SIDC Data Exploitation PEA
SIDC Telescience PEA

B.12.6 Publications

B.12.6.1. Publications in press, submitted
[1] Zhukov A. N., Saez F., Lamy P., Llebaria A., Stenborg G.
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The Origin of Polar Streamers in the Solar Corona
The Astrophysical Journal, Volume 680, Issue 2,11%32-1541., 2008

B.12.7 Missions
Research visits (days): A. Zhukov (4 days)

C. Development and operations of solar instruments

The development of future solar instruments perndgtsnaximize the design of experiments that will
bring new observations and hence deeper invegiigatReciprocally, the data analysis of past olaserv
tions drives the knowledge and therefore the carpérthe proposals in which SIDC participates. The
same is true with science operations of existiracspnd ground based instruments. In 2007, SIDC has
contributed to various developments and operatdi®th old and emerging projects.

C.1. Operations of solar optical observations at ROB

C.1.1. Objectives

The optical USET (Uccle Solar Equatorial Table}rimsents are providing visual and CCD observations
in support to the SIDC sunspot index determinatasione of the reference stations in the worldwide
network. Long-term observations offer a continuahsracterization of the solar activity and of the
sources of irradiance variations. The introductbmwhite-light and H CCD imagers, now in routine use,
marks also an ongoing effort to improve and beiteterstand existing solar activity indices andttmly
new guantitative ground-based solar indices witldeno electronic imaging techniques. The USET ac-
tivities thus follow two main axes:

1/ Optical observations of the Sun and charactasisaf its activity:

Visual observations of sunspot, digitization angleiation of drawings

Digital imaging in white-light (photosphere) forryptic observations

Digital imaging in the H-alpha line (chromosphei@) real-time flare patrol observations.
Digital imaging in the Call-K line (chromospherey UV chromospheric flux indices (proxies).

2/ Digitization and processing of the visual surigpuservations of the Uccle station, and publicatio
the SIDC Bulletin of additional indices for thideesnce station:

Total, hemispheric and central zone sunspot nuiftierand normalized)

PPSI index

Classification (type, sunspot count, heliographaordinates) and history of individual sunspot
groups

Dates of possible return of well developed sungpotips (Zurich types E & F)

C.1.2. Progress and results

C.1.2.10bservations and operational duties

CCD synoptic images were acquired on a daily basitsautomatically transferred to a dedicated ar-
chive and the latest images were uploaded to th€ Skrvers and were displayed in the "Latest So-
lar Data" pages, together with imagery from othiesesvatories and spacecrafts, for worldwide ac-
cess.

Uccle sunspot drawings were scanned immediater #ifie observations and included in near-real
time in the "Latest Solar Data" web page of theGlibgether with drawings from the Catania, Lo-

carno and Crimea observatories. At the end of eaahth, all digitized drawings were processed to
deliver the Uccle sunpot indices and sunspot gexgiution data for the SIDC “Sunspot bulletin”

(page 4).
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2007 statistics for the sunspot observationsable below):

o Overall, there were less observing days than ir62@hich was a rather favorable year (-21
days). The total is similar to the one of 2005. Tinenber of drawings is sigiificantly higher be-
cause a second drawing was made on many days,affahto take advantage of the best sky
quality.

0 11 observers contributed to the observations in72@Gth again the bulk of the observations

done by two main observers and occasional suppmrt Yoluntary scientists.

Observer Duty days | Days with no Days 1 drawing 2 drawings Total nb. Of
observations | with obser- drawings
vations
Ben Moussa 1 0 1 1 0 1
Berghmans 20 6 14 4 10 24
Boulvin 137 57.5 79 15 90 195
Ergen 136 23.5 112 64 48 150
Clette 18 4 14 8 5 18
Laurence 1 1 0 0 0 0
Rodriguez 25 12 13 10 3 16
Theissen 12 3 9 1 8 17
Lemaitre 9 3 6 2 4 10
Vanraes 5 3 2 0 2 4
Zhukov 1 1 0 0 0 0
Total 365 114 250 105 170 435

2007 statistics for the CCD observationsless images were produced in 2007 than in 20@&ina
because of a lower number of usable clear days.

Camera Nb. Days| Nb. Images
Photosphere 234 974
Chromosphere 234 950
Total 234 1924

C.1.2.2Maintenance of the telescope and existing CCD carsgstem

No major failure took place on the telescope in7200he aging DALSA cameras worked almost flaw-
lessly in 2007, except for the dead bit on the phalcamera: raw images are strongly degraded Iut ca

be recovered by software (like in 2006, there watdime to develop the correction software).

The new regular maintenance schedule was execytéd Brgen and J-L Dufond. The telescope optics
were cleaned on Feb.13. 2007 while the cameras eleamed on March 28, and June 1st 2007. As no

action was taken the Régie des Batiments to ddrsgphe solar dome still suffered from water leaks

rainy days. In February, a study was undertakeardigg the possibility of reusing mechanical parts
from the largely unused Triplet dome for replacimgrn out parts of the solar dome: the components

turned out to be slightly different and incompagibl'herefore, no quick improvement is thus posdible
improve the worrying mechanical wear of the solamd.

C.1.2.3New camera systems (LOTTO funding)

In June 2007, new cameras for the white-light, ptaland Call-K telescopes were selected and or-
dered. We chose the KAF-4021 interline CCD arragause of its high quantum efficiency in the

near ultraviolet (40%) well adapted for Call-K obs#ions and because the interline readout is op-
timal for shutterless operations. Among the varioageras based on this sensor, the final choice
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came to the Qlmaging Retiga 4000R camera that gedvihe best signal-to-noise ratio at a reason-
able price (Peltier cooled sensor) and also useimple standard Firewire data connection, much
more flexible than on earlier DALSA cameras. 3 tileal cameras were ordered in order to stream-
line system development and maintenance work dog dlot-swapping in case of malfunction of
one of the cameras. The cameras were delivered 20@y. and then went through a first laboratory
evaluation.

Software development: The camera software developamd testing had to await the arrival of our
new programmer in October 2007. Entirely new custamtrol software was developed. A first
working version was tested at the end of the year.

Extended Firewire connexion: in parallel, we inigetied possible solutions for extending the Fire-
wire bus in order to allow placing the control Rlie control room downstairs from the dome (fiber
optics cables or multiple repeaters with standaper cables). The necessary components for the
latter cheaper option were order but were not gévered by the end of the year.

C.1.2.4New H-alpha and Call-K optics

From February to June 2007, a focal reducer wagmes to mate one old DALSA camera on the
new H-alpha optics. Because of the long delayhe@ROB mechanical workshop, in June 2007, the
focus was shifted to the installation of the neddjivered cameras.

In September 2007, the design and manufacturirss @idjustable optical mount for the new H-alpha
optics and camera was initiated.
In preparation of the new Call-K
telescope, a set of two identical ir
terference filters (2 A bandpass)
were ordered in June 2007, based jon
the specification of the PSPT net
work (Osservatorio di Roma). Thos
custom-made filters were delivere)
on October 24, 2007. These are t
most specialized ele-ments of th
optical system that will be prepare
in 2008.

The new cameras were installed fon a
first end-to-end test run late in De
cember 2007. Those tests demon-
strated that the cameras performed
very well in monochromatic light
and provided a decisive improve

=2 O
Q_m('D (4]

_Figure 58. View of the new compact H-alpha telescepand

ment of image quality and resolutionFabry_PérOt monochromator installed in a test confjuration
on the USET in February 2007 (black optical tube orthe lower

compared to the old system. How “right). The white-light and old H-alpha CCD telescpes in op-

ever, the test revealed some defecigation since 2002 can be seen on its left. Thede enclosure

that will be investigated early ir in the center harbours the white-light CCD camera.

2008: presence of dust specks inside

the camera optics and fogging of internal lenses wuoutgassing from the heated Fabry-Pérot

monochromator.
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C.1.2.5USET data exploitation and distribution

Development of a new Web user interface and data bwser: In the context of a training work
(Garyp Ramani, Bachelor in Computer science, Efe\y Web data access pages to the USET image
archive were developed in order to improve thealigation and selection of USET images and in-
crease their visibility on the SIDC site. The ne®ET data interface includes several new visualiza-
tions of the images (whole-rotation navigators gisimosaics and movies) and a new data query in-
terface including pre-visualization thumbnail imaggving access to the existing SQL database (L.
Wauters).

Processing software for
USET solar drawings the
improvement of some of the
processing routines was cor
tinued (heliographic coordi-
nate, Julian date calculation
based on new yearbook ca
culations, improved backug
programs). Some bugs fixe
proved necessary in the ol
SOLKOP program used fo
the tracking of individual
sunspot groups, due to im
propred handling of empty
solar rotations (period of
minimum of solar activity).
By lack of time, the global
rewriting of this huge pro-
gram could not be undertaken
in 2007.

Drawing digitization: The
new DIGISUN program de-
veloped in 2006 by an ES
trainee has been used rou-
tinely in 2007. With the arri-
val of our new programmer
it will become possible to fix

_some_ _reSIduaI bugs that WereFigure 59. Section of the main USET data query Welnterface, dis-
identified and to expand fur{ piaying the latest images in each channel and lateticcle sunspo
ther this application in order dgrawing, as well as an interactive panorama of théast 28 days (1 Car-
to use it for global digitiza-| rington rotation). On top of the page, two links l@d to query forms
tion of large drawing collec-| allowing to search and select datets from the archive of past image
tions. In this context, next tg and digitized drawings. NB: The blank solar disks & representative
the SOTERIA project (see of the very low level of activity prevailing sincesarly 2007.

below), an informal collabo-
ration was established in Dec. 2007 with Jan Rybakthe solar team of the Astronomical Institute
in Tatranska Lomnica in order to prepare a cootdohaigitization of the Uccle and Skalnate Pleso
solar drawing collections. A similar collaboratias initiated with the Specola Solare Ticinense (M.
Bianda, S. Cortesi) to study the possibility ofitibing the Zdrich-Locarno drawing collection,
which forms the base of the International Sunspdex. This is the longest homogenenous collec-
tion available. It spans the last 160 years anldides the original Wolf drawings.

OO

207



C.1.2.6Participation to the SOTERIA project (SOLar-TERriestinvestigations and Archives)

This project proposal was submitted to the Europ&anFramework Program (FP7 scheme: Collabora-
tive project, Topic: SPA.2007.2.1.01, Space Scigitdune 2007, under the Coordination of Giovanni
Lapenta (KUL). We strongly contributed to the pnegimn of the Work Package 2 and 3 sections (Photo-
sphere and Chromosphere). The proposal was selegtéd EU at the end of 2007. The main contribu-
tion relevant to our solar optical instrumentshis production of whole-disk CCD images in whitealig
H-alpha and Call-K to support studies of the chrspheric flares and waves (WP3) and of proxies of
solar spectral irradiance (WP5).

This project will probably start by mid-2008 in @eawith the instruments and tools developed iniprev
ous years for the USET and that are about to beoparational.

C.1.2.7Design and construction of a solar pointer for th8ET

The development and testing of a solar pointer taklen in 2005 by J-L Dufond and A.Ergen was con-
tinued. This pointer will improve the accuracy ohspot drawings and allow an accurate and contfolle
centering of the CCD camera system (mechanical abifrection, atmospheric image motion, controlled
off-pointing for flat-field sequences). In 2007 stecampaigns were conducted to characteristize the
photometric signal (sensitivity to depointing, sadfto-noise ratio, gain setting and angular sevisiti
etc.). By the end of the year, this characteriratias completed, leaving as next step the implesmtient

of a control software and hardware interface. T¥as proposed as a training project for an ESI gatedu
student in the academic year 2007-2008. A studidetre Charlier, chose the project and will be viregk

on that topic in Feb.-June 2008.

C.1.3. Perspective for next years

Thanks to the arrival of one replacement programaneroperator in 2007, a lot of projects that heenb
postponed for years will become possible. Howegaren the amount of tasks that were backlogged,
those tasks will have to be prioritized and spreaer time. In particular, another ICT position Haes
come vacant in 2007 and the largest needs aresphen the domain of software upgrades, maintemanc
and development.

Next to the continuation of the USET solar activitgnitoring observations and data disseminatioa, th
key steps for next year will be:

Instrument development:

o0 Installation and final commissioning of the new lgka and white-light imaging systems.

o0 Design and construction of the Call-K telescope @ptits

o0 Completion of the solar pointer: this will involeestudy phase in order to optimize the system to
the actual properties of image turbulence at theldJsite. This work will be partly carried out in
the context of a training period (cf. ESI below)

Trainees: over the 2007-2008 academic year, ongutngraduate student (ESI; Pierre Charlier)

will contribute to the development of a new micantroller-based system for the operation of the

solar telescope and dome. This new hardware amaef will replace the aging system in use since
the late 1980 and will open the way towards théusion of a solar pointer and larger automation of
the USET.

Software development, partly in the context of B@TERIA project:

o Development of new software tools for sunspot dngvdigitization in view of the bulk digitiza-
tion of the Uccle drawing collection.

o Development of a new program for the group trackingeplacement of the existing SOLKOP
program. The latter will require an extensive studprder to document it and recover the base
algorithms that it contains and that were applieerdhe last 25 years to generate the published
Uccle tables.
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o Development of new programs for the selection ameppocessing of high-cadence images from
the 3 new camera systems.

0 Implementation of systematic procedures for themanation of the camera dark level and flat-
field, which will be used in the routine observasoof the new cameras.

0 Upgrade and reorganization of the USET web pages.

C.1.4. Personnel involved

Scientific staff F. Clette, M. Krijger, L. Wauters, D. Berghmahs Rodriguez, G. Lawrence,
A.Zhukov, S.Gissot
Technical staff J.-L. Dufond, A. Ergen, O. Boulvin, O. Lemait&,Vanraes

C.1.5. Partnerships
List of international partners without grant

Dr 1. Ermolli, Ossevatorio Astronomico di Roma,lyta
Grants/Projects used for this research/service

LOTTO equipment grant (attributed in November 2006)
SIDC Telescience PEA

Visitors:

Short visits: 1 person, 1 group
C.1.6. Publications

C.1.6.1Reports, thesis, etc

[1] The SIDC team
Uccle-USET sunspot numbers, sunspot group tattiesmag group list
SIDC sunspot bulletin (12 monthly issues)

[2] F. Clette
Belgian report to JOSO: 2004-2006
JOSO Report

C.1.7. Scientific outreach
Websites

Real-time web distribution of CCD camera images

Real-time web distribution of scanned solar drawing

Development of a new USET Web data access pag#ifeat/isual data query tool (preview thumb-
nail images) and a whole-rotation navigator (mgsaiovie, sliding strip). Via an SQL database, it
gives access to the whole USET archive of whitbtlend H-alpha CCD images as well as the scans
of USET drawings. (URLwww.sidc.be/USEY

C.1.8. Missions
Commissions, working groups: Clette, Frédéric (1 day)
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C.2. Science operations of the SOHO-EIT shutterless progm

C.2.1. Objectives

In the context of solar activity monitoring, SID€leading the so called “EIT shutterless” progréris a
small scale / high cadence observational prograginatly based on a specific mode of the SOHO-EIT
instrument. It was initiated by ROB in 2000 anduits since then every three months.This program hav
generally run in coordination with other instrumgeon board SOHO, CORONAS, and TRACE, but the
new missions STEREO and Hinode now patrticipate too.

C.2.2. Progress and results
In 2007, the EIT shutterless program occurred fooes:

Campaign | Dates Targets EIT Other in- | Note Lead
label struments
29 1land 17 | NpoleCH; | 195-171 M?ll Tféé\g'in polar jet S. Parenti
Oct 2007 QS ), EUVI. CDS
28 2 and 9 Aug| N-E promi- | 304 -171 TRACE absorption | S. Parenti
2007 nence; N (slgéclm)s,o , | feature atthe
pole CH pole
27 9 and 15 ARs 953 ; 304 -195 TRACE (171, | flare S. Parenti
May 2007 | 954 C IV). CDS.
Hinode-
STEREO
26 16and 24 | Spole CH; | 304 -195 (Tl%filgl o Macrospicule| S. Parenti
Jan 2007 ?5953%0939 - 1606, 1700 & / polar jet
WL). CDS,
MDI

C.2.3. Perspective for next years

We intend to keep on running the EIT shutterledsag as SOHO-EIT is alive. Interesting investigas
will be enabled by PROBA2-SWAP and SDO-AIA datas#mmary paper will be written in due time.

C.2.4. Personnel involved
Scientific staff: S. Parenti, J.-F. Hochedez, D. Berghmans, F.&lett

C.2.5. Partnerships
List of international partners without grant

Goddard Space Flight Center, NASA, Md, USA

Naval Research Labaoratory, Washington, DC, USA

Institut d’Astrophysique Spatiale, Orsay, France

STEREO, HINODE, CDS, MDI, TRACE operators and sceenonsortia

Grants/Projects used for this research/service
SIDC data exploitation PEA
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C.2.6. Scientific outreach
National and international responsibilities

S. Parenti: Responsible person of the SOHO higleruzal synoptic observational ‘shutterless’ pro-
gram

Websites

Webpages of the EIT synoptic program (Shutterldgs)://www.sidc.be/EIT/High-cadence
C.3. Science development of solar radioelectric observans in Belgium

C.3.1. Objectives

The radiotelescopes of the Humain station werellilest to provide radioelectric observations of Swn

for flare monitoring and long-term recording of thelar radio flux in the upper-chromosphere and low
corona. In particular, a 13-m decimetric radiometas previously dedicated to the continuous reoordi
of the 600MHz radio flux, which produced one of thagest existing flux series (absolute solar index
unique station worldwide). By lack of staff replawnt, the radio observations were stopped in July
2005. A modernization and redeployment project stibthin 2004 has become part of Work Package 2
of the Solar-Terrestrial Center of Excellence (STCE is called HUMSOLAR, for HUmain Multi-
frequency SOLar Array for Radio monitoring. Its ilymentation started at the very end of 2007 and wil
bring the following new capabilities:

Integrated absolute radio flux at 600 MHz, and fetextension to other frequencies, including
2,8Ghz (10.7 cm flux).

Possible future addition of radio spectrogramsh@ 80MHz-3GHz range (CALLISTO), for flare
monitoring and diagnostics

Near-real time transmission and processing of thendin data in support to the SIDC solar flare
monitoring.

C.3.2. Progress and results

As the radio instruments have been put out of dgjperaince mid-2005, there was no work at the @tati
in 2007. The activities were thus limited to thegant and future preservation of the site ande@tbpa-
ration of the implementation of the STCE “Groundd Observations” work package.

C.3.2.1CALLISTO collaboration

In 2007, given the absence of approved STCE fundingorogress took place regarding the installation
of a CALLISTO receiver at Humain. Occasional cotgagere maintained with C. Monstein, Chief Engi-
neer at the ETH Zdrich.

C.3.2.2Implementation of WP2 of the Solar-terrestrial Gerdf Excellence (STCE)

The STCE proposal was finally approved in the ¢&lR007. This allowed initiating the recruiting thfe
first scientific staff position: a radioastronom&he recruiting procedure took place from Septentber
mid-December 2007 and led to the selection of alidate, Christophe Marqué, who will start working
for the STCE in January 2008.

C.3.2.3Preservation of the site quality and protectiorited radioelectric spectrum

BIPT:

o Several frequency allocation requests from the BAeTe processed (7/3, 6/9/07)

0 Arepresentative from the Solar Physics team taokip a preparatory meeting convened by the
BIPT in view of the World Radiocommunication Cordece-2007 (March 9) for the Belgian
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participation to international negotiations of @degulations. He provided support to the con-
tinued protection of radioastronomy bands by thigiBa BIPT delegation.

Lhoist Industries: new negotiations took place wtitle local and General Directors of the Lhoist

Company concerning the future extension of therguacated near the Humain station. A new site

was proposed by Lhoist in July 2007. This siteo@ated on the plateau du Gerny a few hundred me-

ters from the current station.

0 On Sept. 21, a first evaluation of the site wasdoated. With help from Koen Verbeeck (Sec-
tion Seismology), we made measurements of the lalstuizon and of the topology of the ter-
rain. | also identified transmitter masts and ofh@ential sources of radio interferences.

o The requirements and possibilities for implemenangystematic survey of the quality of the ra-
diospectrum at the new site were evaluated. Fdr augpecialized campaign, we concluded that
the ROB team itself will have to carry out this sipéized campaign. In November 2007, a fi-
nancial plan for implementing this site survey veabomitted to Mrs. Laurence Indri and Mr
Geoffroy Fiévet, Lhoist Director.

CRAF: F. Clette took part more actively to the CRadivities as Belgian representative (European-

level radioastronomy frequency protection). At thkk meeting of the CRAF (ESTEC), he presented

the status and plans for the Humain solar radistelees and established personal contacts with other
teams in view of possible technical collaborations.

URSI: As member of the URSI Commission J (radi@asimy), F. Clette continued to act as URSI

representative to the FAGS Council, which emphasike current connection between solar radio-

astronomy and operational space-weather services.

C.3.3. Perspective for next years

In the framework of the STCE, new staff memberd fwilm a new team around the radio instruments in
2008. The main tasks for 2008 will be:

Coordination of the redeployment work of new raeliescopes and recruiting of new staff (techni-
cian, operator).

Installation of a first CALLISTO spectrograph, wistupport from the ETH radio scientists. In order
to quickly get an operational instrument, a logiqaic antenna will be installed in parallel witheth
operational 6-m antenna and the data transmiskrongh ADSL will be implemented. This will re-
quire the repair or replacement of the main telegHme connecting the station to the network.
Design and implementation of a site survey stasiod execution of a multi-month measuring cam-
paign on the new site proposed by Lhoist.

Repair and commissioning of the antenna pointiregesy of the 6-m parabola (destroyed by a light-
ning stroke in 2005) and development and replicatibidentical control systems for other antennas.
This will also include the re-cabling of a subskthe 4-m parabolas formerly belonging to the radio
interferometers.

Design of a new receiver at 600MHz to restart thakbrated flux measurements started at the Hu-
main station more than 50 years ago and interrupt@®05 by lack of staff. Different bilateral col-
laborations will be pursued in this context, prdgaimplying a few short stays at other observatorie
(Ottawa/Penticton, Zirich, Bologna).

Meetings: oral presentations highlighting the rdavelopments at the Humain station were submit-
ted and will be presented at the URSI Benelux FofMay 2008) and at the URSI General Assem-
bly (Aug. 2008).

C.3.4. Personnel involved
Scientific staff F. Clette

Technical staff J.-L. Dufond, A. Ergen, P. Janssens
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C.3.5. Partnerships
List of international partners without grant

Dr Arnold Benz, Eng. Christian Monstein, Eidgenésbke Technische Hochschule (ETH), Zurich,
Switzerland.

Dr Kenneth Tapping, Dominion Radio Astrophysicals@tvatory, Penticton (Ottawa), Canada.

Dr Roberto Ambrosini, Instituto de Radioastrononialogna, Italia

Dr Mauro Messerotti, Osservatorio Astronomico deste, Italy

Grants/Projects used for this research/service
STCE: work package 2 “Ground-based Observationsd (¢ 2007)
Visitors:

Short visits: 2 persons

C.3.6. Scientific outreach
Meeting presentations
F. Clette, “Status of the Humain Station”, 45th GReeeting, ESTEC, Noordwijk, 26-27/11/2007.

C.3.7. Missions
Commissions, working groups (days):  Clette, Frédéric (3)
Field missions (days): Clette, Frédéric (1), Dufond, Jean-Luc (1), Erg&ydin (1)

C.4. Science development of the SWAP EUV telescope onABROBA2

C.4.1. Objectives

SWAP is a solar extreme ultraviolet (EUV) imagesidaed for scientific studies of space weather &sven
in the solar corona and for daily monitoring of #@ar corona. The instrument is built under thajqmt
management of the Centre Spatial de Liége (CSlierAdunch on the PROBA2 satellite, the Royal Ob-
servatory of Belgium will be the principal invesiigr institute for the exploitation of the data.

C.4.2. Progress and results

We outline the progress in 2007 over various tdsksseen in the SWAP project proposal (PRODEX
2005-2006-2007):

C.4.2.1Scientific Support during SWAP development

While the launch date slips, the instrument devalepts continued as planned. By June 2007, all SWAP
hardware was delivered and nearly all SWAP workpges of CSL were completed. As a consequence,
ROB has become de-facto the main contact pointhiremaining preparatory SWAP activities (see be-
low). SWAP was integrated with the platform durthg second half of the year.

C.4.2.2SWAP onboard software

The first System Validation test 5 (SVT5) was cortdd on December 18, 2007 at the Verhaert premises
(Kruibeke) with the PROBAZ2 flight model, includirige SWAP flight model. In this end-to-end test, the
SWAP instrument operations, as commanded by the B\WAteam, were tested through the PROBA2
ground segment and spacecraft systems. The anafyibis resulting SWAP science telemetry and ancil-
lary data brought up a number of serious issugh@nSWAP onboard software. The required software
adaptions are at the moment under discussion.

213



C.4.2.3SWAP calibration

An end-to-end calibration of the SWAP flight moaeds conducted at the PTB facilities of the BESSY
synchrotron in Berlin on February 27 and 28, 2087.overview of the activities and a first few resul
are presented in PR-CSL-SWP-07076. A full pre-ti§hWAP calibration paper is in preparation. How-
ever during the analysis of the calibration datadiseovered an unforeseen effect of the CMOS-APS
detector, called image lag, when operated in detsteuread-out. This effect is due to the soft-tegehe
detector and is essentially undesired. Howeveeffect can be bypassed, if wanted, by running #e d
tector in non-destructive read-out. In additiorg #ffect itself could enhance the observation sf, fieela-
tively dark eruptions and could thus possibly beeav mode to operate EUV imagers. These results are
discussed in a recently accepted publication (Dmofet al, 2008).

Fig. 60: Project Manager J.P. Ha- | Fig. 61: Scene at BESSY/PTB during Fig- 62: Scene at BESSY/PTB dur-
lain showing the SWAP FM the SWAP final calibration ing the SWAP final calibration

C.4.2.4Preparation to SWAP operations

The PROBA2 Science Center (P2SC) was further dpeeloFirst versions of the main components
specified in the Interface Control Document (SPE2BB-TN-642) are now in place. These include

- a web-based interface (PHP) to generate instrumpetations sheets (I0OS) to command the
SWAP instrument. These I0Ss are validated thromgKML schema.

- atool that reads in the ancillary data files amgkits the content of these in a SQLite database
- aweb-based interface that allows to browse théetbiof the database containg ancillary data
- software that reads the telemetry image files afarmats these into an image + metadata.

The System Validation test 5 (Dec 18) and the syloset analysis of the resulting data has beeneal id
test case to the above P2SC components.

C.4.2.5Data analysis support and Space Weather products

In synergy with other SIDC projects, a solar imhgewser was developed, the so-called “Solar Weather
Browser” (SWB). The SWB will be ideal to browse SWAmages and combine it with metadata over-
lays. This development resulted in a publicatio®atar Physics (Bogdan et al, see below).

C.4.2.6Independent research and scientific community imgld
In this pre-launch phase of the SWAP project, weceatrated on capacity building activities.

C.4.3. Perspective for next years

We await the final determination of the launch datel the release of the “Nationaly Led Mission” re-
sources. The PROBA2 science center will be findlis®ncentrating on the integration of the existing
components. The SWAP pre-flight calibration pap#ilve written and submitted.
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With SWAP scheduled for launch in December 2008atming months will see the completion of the
ground segment software. Analysis of the Systenigl&tgon Testing results is ongoing and is expected
to be complete by the end of the first quarter @& Delivery and integration of the flight MCPM is
scheduled by mid-2008. Following a succesful lauthehnominal mission will be 2 years, and a mission
extension will be proposed in due course.

C.4.4. Personnel involved
Scientific staff D. Berghmans, B. Nicula, G. Lawrence, A. Stanger

C.4.5. Partnerships
List of international partners without grant
The partners of the SCSL team (&éip://proba2.sidc.be/SCSL/

List of national partners without grant

Centre Spatial de Liege, Ulg

Center for Plasma Astrophysics (CPA), KULeuven
Verhaert NV

Spacebel

Grants/Projects used for this research/service

SWAP Preparation to Exploitation PEA

ESA-ISSI contract 19260/05/NL/JA/na — Preparatiérthe exploitation of SWAP and LYRA on
PROBA2

SIDC Telescience PEA

Visitors:

The SWAP project requires intensive collaboratiwith the Belgian partners (see above). We esti-
mate that 10 visits for meetings occurred ovelrydsr

C.4.6. Publications

C.4.6.1Publications without peer review
[1] J.M. Defise, J.P. Halail). Berghmans F. Denis, E. Mazy, P. Rochus, T. Thib&t,Nicula,
A. De Groof,J.F. Hochedez U. Schuehle, M.F. Ravet, F. Delmotte
SWAP, a novel EUV telescope for Space Weather
Proceedings of SPIE, 6689, pp.66890S, 2007

C.4.6.2Publications in press, submitted

[2] B. Nicula, C. Marqué, D. Berghmans
Visualization of distribututed solar data and mettdwith the Solar Weather Browser
Solar Physics, Volume 248, Issue 2, pp.225-2328200

[3] A. De Groof,D. Berghmans, B. NiculaJ.P. Halain, J.M. Defise, T. Thibert, U. Schuehle
CMOS-APS detectors for solar physics. Lessons éehduring the SWAP pre-flight calibra-
tions
Solar Physics, Volume 249, Issue 1, pp.147-1638200

C.4.6.3Reports, thesis, etc

[4] Thibert, T., De Groof, ABerghmans, D, Halain, J.P., Defise, J.M.
SWAP FM calibration Report
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Internal Report March 29, 2007, RP-CSL-SWP-0707078R01.pdf

[5] De Groof, A., Nicula, B., Stanger, A., Berghmans, D
Analysis report of SWAP data and associated hoepekg and ancillary data during the
PROBAZ2 System Validation Test 5
Internal Report Jan 19, 2008, RP_ROB_SWAP_SVT5.dsce 01 Rev 00

C.4.7. Scientific outreach

As Pl-team of the SWAP instrument it is part of cammitment to stimulate the use of SWAP data and
to maximize its scientific return. At the same tinve want to build research capacity in our group,
through interaction with external people, to bedseto make the best possible use of the SWAP data
when they arrive. These goals are achieved byngetip international projects and networks in which
SWAP data is of primary importance:

“Tournesol” project (travel money from the VlaamGemeenschap) with the Observatoire de
Paris and the University of Orléans.

- Science Consortium for SWAP and LYRA (see belowanhdeeting Organization

- SOTERIA, a pan-European project selected for Fdifg in which SWAP and LYRA data
have a crucial role.

In addition, during the 2007 International Heliogpical Year, an open door was organized at ROB
where a PROBA2 maquette was on public display hadsSWAP team members gave explanations to the
visitors.

Meeting presentations

[1] D. Berghmans, J.-F. Hochedez].-M. Defise and the SWAP and LYRA instrumentsitea
Monitoring the Sun with the ESA PROBA2 missiontgugeesentation)
Living With a Star Science Workshop, Boulder (UB);13 September 2007

[2] D. Berghmans J.-M. Defise, S. Poedtf). Podladchikova A. De Groof,B. Nicula, J.-F.
Hochedez
The PROBA2 satellite on the hunt for solar erupioA Belgian contribution to IHY (invited
talk)
General Scientific Meeting 2007 - Belgian Physisatiety, May 30 2007, UIA Antwerp

[3] D. Berghmans, B. Nicula, G. Lawrence, A. Stanger,.-F. Hochedez J.-P. Halain, J.-M.
Defise
SWAP a Third Eye for STEREO (invited talk)
5" SECCHI consortium, IAS Orsay, F, 5-8 March 2007

[4] D.Berghmans,J.-M. DefiseJ.-F. Hochedez
The PROBAZ2 satellite (invited talk)
ILWS meeting, Sweden, June 12, 2007

[5] Lawrence, G., Berghmans, D., Hochedez, J.-F.and the PROBA2 instrument consortium
teams
Space Weather with Small Satellites (invited talk)
Second IHY European Assembly, Jun 18-22 2007, ©oitaly

[6] Berghmans, and the SWAP and LYRA ROB teams
Progress report on LYRA-SWAP ground segment (oesigmtation)
Project meeting presentation
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Meeting organization

The Third meeting of th&cience Consortium for SWAP and LY\Ra#s organized in Bern (ISSI) on
April 18 and April 19, 2007.

A “PROBAZ2 science meeting” of th8cience Consortium for SWAP and LYR&s organized on
Novembre 5, 2007, in conjunction with th® Buropean Space Weather Week. Special invited guest
included Dirk Bernaerts (ESA), Kristof Gantois (Viaert).

Websites

http://swap.sidc.be/
http://proba2.sidc.be/SCSL/

C.4.8. Missions

Assemblies, symposia (number): D. Berghmans (2), A. Stanger (3)
Commissions, working groups (days): D. Berghmans (1)

Research visits (days): D. Berghmans (2), G. Lawrence (1)
Field missions (days): D. Berghmans (3), A. Stanger (3)

C.5. Science development of the LYRA VUV radiometer on EA PROBA2

C.5.1. Objectives

LYRA is a solar XUV and VUV radiometer that will drark in 2009 on the ESA PROBA2 mission. Its
purpose is to monitor the solar irradiance in fpassbands relevant to Solar Physics, Space Weatitkr,
Aeronomy. LYRA also assesses the interest of nder4tind diamond detectors and the degradation
properties of UV filters. It was built by a Belgia®wiss—German consortium with additional interna-
tional collaborations (Japan, USA, Russia, Franbegn-Francois Hochedez is LYRA's Principal Investi
gator, Y. Stockman (CSL) is its Project Managed &vierner Schmutz (PMOD) is its Swiss Lead co-I.
As Pl institute, our objective is to make LYRA asass in every respect. In 2007, this translatextire
management and the understanding of its calibratampaigns, and into the preparation of its future
flight operations.

C.5.2. Progress and results

LYRA successfully passed ESA DRB on June 15. Jeangbis Hochedez gave an invited semidr
about LYRA and SWAP on Oct. 10 at the Lebedev Riaydnstitute (FIAN) and talk§1][2][5][6][7]
have been given about LYRA during the two 2007iedi# of the SCSL.

C.5.2.1Calibration and their analysis

During 5-8 Feb, LYRA was recalibrated at PTB, Beih order to record missing measurements and to
assess potential in-air degradations. A. BenMoussadinated this '3 and last LYRA calibration cam-
paign [7], carried out in the normal incidence beamline hid Physkalisch-Technische Bundesanstalt
(PTB) at the electron storage ring BESSY Il. Thgeotives were to measure instrument properties (dia
mond detectors, UV LEDs) and to determine any ptedegradation in the radiometric responsivity
before integration and alignement onboard PROBA® figures show LYRA at PTB, and then in Ver-
haert, before and after integration.
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Figure 63. LYRA inside the Figure 64. LYRA at Verhaert (Belgium)

vacuum chamber at PTB before integration. Figure 65. LYRA and SWAP
onboard PROBA2

Future scientific analysis requires an in-depthasstnding of the instrument response, its filtses)-
sors, etc. Internal reports were contributed onféfiewing subjectsi8] considers using pulsed LED as
an additional calibration source. This influenckd kast ground test procedures; results will alsaised
during the commissioning phase and later durinfligiit calibration.[9] is about the comparison of sen-
sor flatfields, as measured in two campaigns 2052006, at the calibration source BESSY. It wds su
sequently updated with the results from the thalibcation campaign in 2007 and will influence ttedi-
bration software[10] is the analysis of the instrument output usingosiintegration times from 10 s to
10 ms. This will have consequences for the seleafantegration times. The deadtime correctionahhi
was found to be needed will be part of the calibrasoftware[11] is about the analysis of detector tests
within the above-mentioned calibration campaignisTihfluenced the final selection of the specte r
sponsivity curves[12] compares various tests involving internal calibratsources (LED). This forms
the basis to evaluate the last on-ground testselisa#/the instrument performance during commissn
phase and later during in-flight calibration. FigdlL3] is about the conversion of the instrument output
into physical units. This was started in 2006 andsed with the help of additional solar samplectge

C.5.2.2Preparation to operations

A meeting was held at BELSPO (Jan 9) to discus$#tC (Proba2 Science Centre) operations. Version
V1R3 of the LYRA User Manual (LUMM] was realeased on Jan 18. The LYRA first light pdoce

has been detailed i6]. The LYRA depacketizer was programmed in C++ byDdminique. She also
specified the needed HK and ancillary data. The S¥md-to-end test (meant to validate the on-board
SW, and the ground segment) occurred in Decemiberd globally successful.

C.5.2.3Preparation to scientific exploitation

ROSES][5], an algorithmic and instrumental concept enhantiviBA was (unsuccesfully) submitted to
the French ANR on Feb 23. M. Dominique has devalapenethod capable of retrieving the extinction
coefficient distribution as a function of altituiem LYRA data acquired in occultatid]. This method
was implemented and tested under some simplifyypgpthesis (spectral average of the absorption €ross
sections over each LYRA channel, uniformity of #udar emission) on simulated noisy data.

C.5.2.4PICARD-PREMOS

In 2007, the Belgian hardware contribution to theaRI-Premos had to be canceled due to the bad per-
formance of the detectors delivered by IMOMEC. R@Bains nevertheless co-l.
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C.5.3. Perspective for next years

The LYRA radiometric model is finished, but sulypleperties of the instrument related to e.g. intBns
tencies among measurements, interpolations wheatais available, or pulsing LED behaviours still
need to be investigated. The scientific paper tappthese results is in preparation, and expetidik
submitted in 2008. Progress should be made alsaderstanding how radiation affects the performance
of LYRA. In collaboration with SCK-CEN (Belgian Nlgar Research Center) and the University of
Brussels (cyclotron of VUB), gamma doses (0.1Gyha50kGy/h) and charged particle beams (protons
and alpha up to 40MeV) can be used to study ounali@ detectors rad-hardness.

The calibration results will be incorporated in tHata pipeline: The radiometric model will be re-
calculated using the most recent responsivitieg;chwhtogether with the additional solar samplecse—
will eventually lead to the numerical values neaeggor a procedure that transforms LYRA count® int
solar irradiance values. Information about longrtdrehaviour, off-pointing effects etc. will be add®

the already existing concept. In 2009, PROBAZ2 tdllaunched, embarking LYRA. The crucial phase of
commissioning will follow, before entering sciengperations. We then anticipate the return of aditpa
investments in instrument development and in oeTapreparation.

During commissioning, the instrument’s performamndk be evaluated. Afterwards, we will be responsi-
ble for daily commanding of the instrument, of ntoring the results and instrument health. Whilepkee
ing track of other missions that can supplemenirterpretation of LYRA data for the purpose ofszo
calibration, the correction software will have ® dontinually updated and distributed via a datyasis
support website. Eventually, LYRA has a high patrior engineering and scientific publicationsima
ternational journals. Parts of the software to lis already exist, but the whole chain has to be-au
mated. We will also keep on preparing exploitatiérihe LYRA data in view of irradiance and occulta-
tion studies.

The LYRA website is available at lyra.oma.be. Igiste update regarding instrumental and publicatio
aspects, but has to be updated with respect tophational aspects.

C.5.4. Personnel involved

Scientific staff J.-F. Hochedez (LYRA Principal Investigator)
M. Dominique (Science exploitation and operatipreparation)
I. E. Dammasch (Ground calibration analysis)
A. BenMoussa (Calibrations management and analysis
B. Giordanengo (Operations preparation)
M. Kretzschmar

C.5.5. Partnerships
List of international partners without grant

SCSL, the Science Committee of SWAP and LYRA, ated~20 members representing the interest
of the international community for the 2 instrunsrsee proba2.sidc.be/SCSL/

Werner Schmutz, Silvio Kohler, Tanja Egorova, HangjRoth, Eugene Rozanov, Christoph Wehrli,
PMOD, Davos, CH

ISSI insititute, Bern, CH

Hilde Schroeven-Deceuninck, PRODEX office, ESA, NL

Udo Kroth, Christian Laubis, Matthias Richter, Fektscholze, PTB, BESSY, Berlin, Germany

Udo Schihle, MPS, Lindau, Germany

List of national partners without grant

Yvan Stockman, JP Halain, JM Defise, CSL, Liege
Ken Haenen, IMO/IMOMEC, Diepenbeck
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Didier Gillotay, Didier Fussen, Filip Vanhellemom|SA
Grants/Projects used for this research/service

The LYRA preparation for exploitation PEA

The BOLD GSTP project

ESA-ISSI contract 19260/05/NL/JA/na — Preparatiérthe exploitation of SWAP and LYRA on
PROBA2

C.5.6. Publications

C.5.6.1Publications without peer review

[1] Theissen, A.Benmoussa, A.;Schihle, U.Hochedez, J.-F.;Schmutz, W.
LYRA - a solar UV radiometer using diamond detector
Modern solar facilities - advanced solar sciencec&dings of a Workshop held on 27-29 Sep-
tember 2006 at Géttingen, 2007

C.5.6.2Publications in press, submitted

[2] M. Dominique, D. Gillotay, D. Fussen, F. VanhellemodtF. HochedezW. Schmutz
Retrieval of O, 02, O3 and N2 mesospheric and tbepheric distributions from PROBA2
LYRA occultation data
Accepted in Proc. for the 3rd meeting on Occulteifor Probing Atmosphere and Climate

[3] T.Egorova, E. Rozanoy,-F. Hochedezand W. Schmutz
Reconstruction of the solar spectral UV irradiarfoe nowcasting of the middle atmosphere
state on the basis of LYRA measurements
Atmos. Chem. Phys. Discuss., 8, 4099-4116 (2008)

C.5.6.3Reports, thesis, etc

[4] Dominique, Hochedez, and the LYRA team
The LYRA User Manual (V1 R3)
Project document

[5] Dudok de Wit, and the ROSES team
The ROSES proposal
ANR proposal

[6] Dominique, Hochedez, and the LYRA team
LYRA First Light Procedure
Project document

[71 A.BenMoussa
Lyra NI extra Calibration Plan
Project document

[8] Dammasch, |
LYRA Pulsed LED Tests: Data Analysis
Project document

[9] Dammasch, |
LYRA Detectors: Positions, Flatfields, Consequences
Project document

[10] Dammasch, |
LYRA Noise Distribution: Report
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[11]

[12]

[13]

Project document

Dammasch, |
LYRA Responsivity Measurements: BESSY NI March @p0@tes
Project document

Dammasch, |
LYRA Dark Current and LED Measurements
Project document

Dammasch, |
LYRA Calibration Software
Project document

C.5.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

[5]

[6]

[7]

M. Dominique
Lyra commissioning plan (oral)
3 meeting of the Science Consortium of Swap and,Ug&I, Berne, 18-19/04/2007

Ingolf E. Dammasch
LYRA Calibration: Ongoing Efforts and Problems (dra
SCSL3, Bern, Apr 2007

M. Dominique, D. Gillotay, D. Fussen, F. VanhellemodtF. Hochedezand W. Schmutz
Retrieval of O, 02, O3 and N2 mesospheric and tbepheric distributions from PROBA2
LYRA occultation data (poster presentation wittharsoral introduction)

OPAC-3: 3rd meeting on Occultations for Probing Asphere and Climate (Graz, Autriche),
17-21/09/2007

Hochedez and the SWAP and LYRA teams
LYRA and SWAP heralding future solar UV observatigmvited oral)
Invited Lebedev Physical Institute (FIAN, Moscowensinar, 10 Oct. 2007

Hochedez and the LYRA team
LYRA status (oral)
SCSL4 seminar

Ingolf E. Dammasch
Current Developments in LYRA Calibration
SCSL4, Brussels, Nov 2007

M. Dominique
Lyra operations (oral presentation)
4" meeting of the Science Consortium of Swap and ,U#8I, Brussels, 05/11/2007

Websites

Updates ornttp://lyra.sidc.be

C.5.8. Missions

Assemblies, symposia (number): M. Dominique (3)
Commissions, working groups (days): J.-F. Hochedez (4), M. Dominique (8), I. Dammagth A.

BenMoussa (2)

Field missions (days): A. BenMoussa (3)
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C.6. International developments of solar UV space techihogies

C.6.1. Objectives

Building up on their heritage, collaborations, d&mbwledge of both the needs and opportunities, mem-
bers of the SIDC initiate and contribute to thealepment of critical optical components for imprdve
UV solar observations. The selected technologiescarrently imaging and non-imaging wide bandgap
UV detectors and porous diffractive filters. In 88B009, the purpose of the BOLD project (Blind tp-O
tical Light Detectors) is to demonstrate the feidigibof wide-bandgap nitride-based detectors for
EUV/VUV imaging in space. A GSTP project has beetup by BELSPO and ESA, involving IMEC,
ROB, and CRHEA (F). Its goal is the manufacturingl aesting of an AIN hybridized 2D APS of
512x512 format and 10um pixel pitch. It will be cheterized from the EUV to the visible ranges. Rsro
filters are highly complementary to BOLD sensorgj are also investigated.

C.6.2. Progress and results

C.6.2.1BOLD - wide bandgap imaging UV detectors - suptmdevelopment

Figure 66. BOLD logo Figure 67. Interconnection between the nitride actie layer and the CMOS
ROIC using indium bumps technology

A GSTP BOLD project started in June 2006 for a gebidf 26 monthsvfz. until September 20083].
ROB is responsible for the conceptual pixel desgrdy (WP-1100) and for the UV tests (WP-5200),
performed at BISA, IMO, and PTB. Since Jan. 07, witiee COMSOL Multiphysics PDE solver was or-
dered, B. Giordanengo, A. BenMoussa and JF Hochadezleveloping a physics model of the photo-
electronics processes in the BOLD pixel. As to W& samples were selected (BOLD-Prototypes-
Selection-ROB-20070221.pdf), and a test plan wastemnr (BOLD_Calibration_Plan_V1.2-20070226-
ABM.doc) in Feb. 07. A BOLD test campaign occuria@dPTB/Bessy2 (March 1) and at ROB/BISA
(March 5-6). Results are in BOLD-PTB-Test-ROB-208G9.pdf and BOLD _Phone call april
2007executive summary-20070426-JFH.doc. An analySihe effects of and solutions against photo-
emission is iff16]. In May 2007, another test campaign was prepgrefdand performed at BISA (May
4) and PTB (May 7-11). Its aim was to evaluateowsipixel designs by estimating their performarse a
EUV detectors. 15 device samples had been pretsdlethey had different photosensitive material
(AIN GaN) and surface area. They were characterizecherGrazing Incidence (Gl) beamline [5-
20nm] and on the Normal Incidence (NI) beamline-§@0and 115-225nm]. In 2007, the progresses of the
BOLD project were reviewed during project meeting2 Feb, 19 Jun, 8 Nov, and 26-27 Nov.

C.6.2.2BOLD - Physical modeling

The electronic properties of AIGaN photodetectard photodiodes (MSM and Schottky) are simulated
using the commercial Comsol Multiphysics® softwarhis software is able to solve system of linear or
non-linear partial differential equations (PED)ngsfinite element method (FEM).
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Figure 68. Electronic density simulation of AIN phaeodiode at =190 nm (Gap = 200 nm)

V=0V V = -5V V= -20V

The first version of the model that describes tleeteonic properties of a photodiode or photodetect
was composed of Poisson equation plus electroreceaison equation. The Schottky barrier was poorly
modelised.

To better simulate the real photodetectors, theahoas been improved:

- To take into account hole contribution, Poison ¢ignahas been modified and the hole conserva-
tion equation has been added to the system of PEDs

- The Schottky barrier model has been completelyereed and modified. Now Schottky barrier is
based on thermoionic model.

- A realistic simulation of photodetectors needsaketinto account light, i.e. generation and re-
combination of pair of electron/hole. This terrm@w integrated in the model.

C.6.2.3Development of single-pixel wide bandgap UV detscto

A LYRA diamond MSM detector was reprocessed (ROBigle IEMN-IMOMEC manufacturers) and
fully characterized at the PTB-Bessy Il synchrotfanility. Results are publishejé]. Signifiant im-
provements were achieved thanks to the smalletretbx gap. The reprocessed device exhibits a better
stability as compared to the LYRA FM MSM sensorgfdstunately, LYRA could not profit of it due to

an early integration of the instrument. New repsseel diamond devices were lent to the University of
Munster (Germany) for research in the field of tasgplications. In parallel, ROB prepares futuriaso
instrument and missions with the development of selar blind detectors based on the AlJand cBN

[5] materials in collaboration with the ‘Institut dégitronique et de Microélectronique et de Nanotech-
nologie’ (IEMN, France), the City University of Hgrkong, and the Department of Physics of Kansas
State University.

C.6.2.4Filters

The development of porous filters happens in then& of collaboration with LPI/FIAN, which started
during early phases of the LYRA project. Due toeotbommitments, the redaction of the article on po-
rous diffractive filters[7] progressed slowly in 2007. Yet, it received a bathgring our visit to
LPI/FIAN, Moscow and to JINR, Dubna in October.

C.6.3. Perspective for next years

It is believed that the BOLD technology would bentf the Solar Orbiter mission. A continuation pro
gram must be prepared to pursue the current contr@aase the feasibility is shown. It is hoped tina
proved single pixel detectors could be proposeatiénframe of a successor to LYRA or to other UMi+ad
ometers, but optimization of the manufacturing psscis required. Several ideas on porous filtelts st
need to be experimented.
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Although these new devices proved their generaaiility for space applications, further improvertsen
of their performance characteristics are still meedifferent approaches to improve the responsiit
MSM photodetectors are investigated: size redudt@rards submicron finger contacts, semi-transgaren
electrodes and/or asymmetric electrodes. All theslations provide better detector characteristics i
terms of dark current, UV/visible contrast, linégaand enhancement in the VUV responsivity.

C.6.4. Personnel involved

Scientific staff A. BenMoussa (Lead single pixel sensor develofraad lead measurements)
B. Giordanengo (Lead imaging sensor developme@LIB] and lead modeling)
M. Dominique (Lead filters development)
J.-F. Hochedez (science management)

C.6.5. Partnerships
List of international partners without grant

J.-Y. Duboz, CRHEA, Valbonne, France

A. Soltani, Institut d’Electronique de Microéleatique et de Nanotechnologie, Lille, France
W. Zhang, Department of Physics and Materials Seiehiong Kong

H.X Jiang, Department of Physics, Kansas State ¢Jsity

J. Morse, European Synchrotron Radiation Faciéxenoble, France

T. Saito, NMIJ : National metrology Insitute of dap Tsukuba, Japan

A. Mitrofanov, LPI/FIAN, Moscow, Russia

List of national partners without grant

D. Gillotay, D. Bolsee, BISA, Brussels
K. Haenen, V. Mortet, IMO, Diepenbeek
J. John, M. Germain, J. Roggen, IMEC, Leuven

Grants/Projects used for this research/service

BOLD ESA-GSTP
LYRA preparation to exploitation PEA

Visitors:

IMEC and CRHEA partners, 2 Feb. 2007 (BOLD mtg)
Ali Soltani (IEMN) and Brahim Benbakhti (IEMN/CRHBA12 Jul. 2007

C.6.6. Publications

C.6.6.1Publications with peer review

[1] A. Soltani,A. BenMoussa S. Touati, V. Hoél, J-C. De Jaeger, J. Laureyh§ordier, C.
Marhic, M.A. Djouadi and C. Dua
Development and analysis of low resistance ohmtaab to n-AlGaN/GaN HEMT
Diamond and Related Materials 16 (2007) 262-26

C.6.6.2Publications without peer review

[2] J. John, P. Malinowski, P. Alparicio, G. Hellindd, Germain, F. Semond, J-Y Dubak;F.
Hochedez, A. BenMoussa
AlGaN Extrem-UV detectors for space applications
WOCSDICE 2007, May 20-23, 2007, Venice , ItaIy?tB\ZIorkshop on Compound Semiconduc-
tor Devices and Integrated Circuits.
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[3]

John, J.; Malinowski, P.; Aparicio, P.; Hellings,; Giorenz, A.; Germain, M.; Semond, F.;
Duboz, J.-Y.BenMoussa, A.; Hochedez, J.-FKroth, U.; Richter, M.

AlLGa, N focal plane arrays for imaging applications iretlextreme ultraviolet (EUV) wave-
length range

Optical Sensing Technology and Applications. Edigdaldini, Francesco; Homola, Jiri; Lie-
berman, Robert A.; Miler, Miroslav. Proceedingdte SPIE, Volume 6585, pp. 658505 (2007)

C.6.6.3Publications in press, submitted

[4]

[5]

[6]

[7]

Benmoussa, A.; Hochedez, J. FDahal, R.; Li, J.; Lin, J. Y.; Jiang, H. X.; SalfaA.; de
Jaeger, J.-C.; Kroth, U.; Richter, M.

Characterization of AIN metal-semiconductor-metaldés in the spectral range of 44-360 nm:
Photoemission assessments

Applied Physics Letters, Volume 92, Issue 2, idR1128 (2008)

A. Soltani, H.A. Barkad, M. Mattalah, B. BenbakHti;C. De Jaeger, Y. M. Chong, Y. S. Zou,
W. J. Zhang, S.T. Led. BenMoussa, B. Giordanengo, J.-F. Hochedez

193 nm deep-ultraviolet solar-blind cubic bororrigie based photodetectors

Applied Physics Letters, Volume 92, Issue 5, icBRIEL (2008)

A. BenMoussa A. Soltani, K. Haenen, U. Kroth, V. Mortet, H.Rarkad, D. Bolsee, C.
Hermans, M. Richter, J.C. De JaegérF. Hochedez

New developments on diamond photodetector for VdJat ®bservations

Semiconductor Science and Technology 23, 03502@8(20

M. Dominique, A. Mitrofanov, J.-F. Hochedez
Development of new porous filters for solar obstora
Accepted in Applied Optics (2008)

C.6.6.4Reports, thesis, etc

[8]

[9]

[10]

[11]

[12]

[13]

[14]

A. BenMoussa
Monthly BOLD progress report Feb 2007
Technical Report, Monthly Progress Report

A. BenMoussa
Monthly BOLD progress report March-April-May 2007
Technical Report, Monthly Progress Report

A. BenMoussa
BOLD prototype selection | — Preliminary report
Technical Report, 20 Feb 2007

A. BenMoussa
BOLD prototype selection Il -TESTS
Technical Report, 7 March 2007

A. BenMoussa
BOLD prototype selection Ill - ROB TESTS
Technical Report, 20 April 2007

A. BenMoussa
BOLD prototype selection IV -TESTS
Technical Report, 21 May 2007

Benmoussa, A.; Hochedez, J. F.
BOLD Progress report for the period October to Daber 2006
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Project report, 4 Jan. 2007

[15] J.John, M. GermaiA. BenMoussa and J-F Hochedez
Measurement plan for the PTB/Bessy VUV/EUV campaiagy 7-10, 2007
Project document, April 2007

[16] A. BenMoussa and J-F Hochedez
Photoemission contribution in the VUV: Measurenserd possible solutions
Project document, 2 May 2007

[17] A. BenMoussa, B. Giordanengo and J-F Hochedez
Tests and their analysis V1.0 to 1.5
Project document, April-July 2007

C.6.7. Scientific outreach
Meeting presentations

[1] J.-F. Hochedez
Solar Orbiter —driven requirements for BOLD spemxifions
BOLD meeting at ROB, Feb 2, 2007

[2] J.-F. Hochedez
HELEX—driven requirements for BOLD specifications
BOLD meeting at IMEC, June 19, 2007

[3] J.-F. Hochedez
Update on the context of the BOLD project (oralgamtation given by JFH)t
BOLD meeting at ESTEC, Nov 27, 2007

[4] Mitrofanov A.V.,Dominique M., Apel P.Yu.Hochedez J.-F.
lon irradiated polymers as nanoscale optical matksrifor X-ray optics and solar astronomy
REI (Radiation Effetcs in Insulators), Caen, Aug" 2 Sept. 12007

[5] M. Dominique, A. BenMoussa, J.-F. HochedeA. Mitrofanov
Development of new technologies for solar obsesuafposter presentation)
SOHO 20, Ghent, Belgium, 27-31 August 2007

Meeting organization
J.-F. Hochedez: organizer of the 2 Feb. 2007 BOA [progress meeting at ROB
Websites

In 2007, the BOLD websitehttp://bold.oma.behas been entirely restructured and updated by A.
BenMoussa and B. Giordanengo, using the “SPIP” @udrilanagement System.

C.6.8. Missions

Assemblies, symposia (number): M. Dominique (1), A. BenMoussa (1), B. Giordanerf@p
Commissions, working groups (days): J.-F. Hochedez (4), A. BenMoussa (4)

Research visits (days): M. Dominique (5), J.-F. Hochedez (5), B. Giordage10)
Field missions (days): A. BenMoussa (14), B. Giordanengo (6)
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C.7. Solar Orbiter and the Extreme Ultraviolet Imager (EUI)

C.7.1. Objectives

Solar Orbiter (S.0.) is going to be the major salad heliophysics ESA space mission after SOH®. It
planned for launch in 2017. Thanks to severalattés of its orbit, it will offer unique new obsations.

Its highly eccentic orbit with perihelion at 0.22AuIl eventually be elevated out of the ecliptiapé by

up to 30 degrees. From those exclusive vantagdsiinpayload of remote sensing and in-situ instru
ments will take advantage of proximity, high resioin and co-rotation to return data detailing poengly
unexplored regions of the Sun in unprecedented|d8I®C has developed special interest for EUg th
suite of UV telescopes, in line with our heritagel @&xpertise. Stimulated by the will to shape a By
dertaking, and encouraged by BESLPO, Jean-Frammitiedez has again invested in 2007 in order to
involve himself and the SIDC at the highest possielel, namely in view of EUI PI-ship.

C.7.2. Progress and results

Three types of activities occurred in 2007, mordess sequentially. The first two months corresgohnd
to TIUD studies, as follow-ups of the LOI (lettefrintent) submission of September 2006. We have re-
viewed the successive versions of the TIUD-B (TIBDEUI_Draftl1-V2tc-20070201-JFH.doc). Then, as
member of the NASA-ESA HELEX Joint Science and Tedbgy Definition Team, J.-F. Hochedez par-
ticipated and contributed to its three meetingsr@ifiaMay and September 2007). Finally, the last fiv
months of the year have been devoted to a verg lergent to leading and preparing the EUI proposal,
due Jan. 15, 2008. A comprehensive document of thare300 pages was compiled in final draft format
by December 14th, with Red Team comments pendihg. groposal outlines the science case for the
chosen passbands and the technical requiremenésdaring optimal data return while detailing hdw t
Solar Orbiter mission’s primary science goals wdwtdbest met with this design. | can be noted Ehat
Podladchikoval is co-l for the RPW proposal, andP&enti is Co-l for one of the S.O.-spectrometer
(EUS) proposals.

C.7.2.1HELEX activities

In the frame of the JSTDT meetings, HELEX has em@ms a synergetic concept gathering Solar Orbiter
and the four Inner Heliosphere Sentinels into oreg@mmatic frame. J.-F. Hochedez was an active
member of the JSTDT and contributed with severatusion elements, oral presentatifiif?] and
documentg3][4].

C.7.2.2EUI proposal activities

In view of the nearing proposing phase, the Pit&tsthe British and German partners in July 200d, a
set up a scheme of regular (quasi-weekly) telecenfs from August on; see their minutes:
[SI6][71[8][9][10][11][12][13][14][15][16] . G. Lawrence has been responsible for taking natesdis-
tributing their minutes. For their organization D8l registered to a dedicated communication service
(powwownow). Following the expression of interebtwo US groups (NRL and SAO), a series of letter
exchanges occurred during the summer time unty €tober[17]. JF Hochedez gave an invited talk on
EUI at the LPI[3]. He triggered the"6Consortium meeting, held at ROB (17-19 Oct), whadtdEUI-
related issues were discusg@d][4], coinciding with the issue by ESA of the S.O. payl AO. SIDC
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had largely contributed to documents on EUI detigde-offs[18], on the benefits of APS detect§1$],

on the possibility of having several HRIs sharingnéque focal plan§0], about on-board data manage-
ment, etc. The group in charge of writing the SceeRationale section of the proposal was structbyed
the Pl and co-led by A. Zhukov. A. Verdini contribd to the section related to particle acceleraition
the solar atmosphere. The Pl initiated and maiathinlist of all EUI action items that neded tonheni-
tored for the achievement of the propd2a]. A difficult issue arose on the choice on the "Hot3MK)
passband among 133 A and 335 A. A. Zhukov and @nfigperformed one of the two competitive stud-
ies; as a result, it appeared that the best conipeofat proposal level) was to actually go for agand
centered 195 A. A. BenMoussa and J.-F. Hochedgewed the specifications for EUI detectd2s],
including suggestions on the pixel layo{24]. In November, a set of questions were sent to EX5A
There has been a science EUI meeting at SIDC on3dwe prepare the restricted consortium meeting to
be held on Dec 3 at CSL. A dedicated private FTI® (gui@ftp.sidc.bpwas created. The concept of a
filter “noria” was proposed on (EUI-noria-2007120B6H.ppt) in order to provide redundancy for tha thi
filters at the cost of a simple yet robust mechanid.M. Krijger computed orbit parameters and iredlic
their effect on operations. The rest of Decembd¥720ncluding the “holidays”) was heavily oriented
toward proposal reviewing and writing, with speciegponsibility on the cover letter, the executuen-
mary, part I, part VI (the financial plan), and drapis on the following sections: Detectors (8342 of
part | & 82.3.2 of part 1), functional operatimgodes (83.7 of part I), data management (84.5 dflpa
in-flight calibration (85.4 of part 1), flight opation concepts (87 of part 1), Data reduction, rsifie
analysis and archival support (88 of part ), desap (82.4 of part I, with GL), flight operation85.3

of part I, EID-B), the whole part V (the managemplan), and ... the EUI logo. The people listedha t
personnel sub-section have provided very essaidtibutions to those.

C.7.2.3EUI website [fttp://eui.sidc.by
A first version was released internally by A. Veridind S. Parenti, with two main objectives:

[1] Provide a tool for the consortium members whererinfition and documentation and is gathered so
as to enhance communication.

[2] Provide a starting point for outreach where genirfarmation about the consortium, the mission,
and the instrument is available.

C. Marqué, J.M. Krijger, B. Nicula, and F. Auché&las, F) created a scientific movie, which vizuakz
EUI-FSI observations over the S.O. mission lifetime

C.7.2.4Compression studies

The telemetry limitations of EUI conflict with itscientific requirements and impose efficient anghhi
guality compression methods. The solar physicssagsent of the compression quality controls thecsele
tion of the needed algorithm. The functions ofléteer include denoising and recoding.

In 2007, we have analysed the performance the JBEI:@Qompression scheme on solar EUV images of
the corona according to various quality measures.dlfserved that at a given compression rate, low-
intensity regions such as the Quiet Sun and Coridoéds are more degraded than high-intensity active
regions, and consequently require a lower comprassite at a given quality level.

We plan to continue the work on an optimal compogsalgorithm and the best possible hardware im-
plementation for the Solar Orbiter mission desifinis work is part of the software development work-
package, and further developments will be carrietlio 2008, including a poster presentation at the
ADAGS conference expected in May 2008.

C.7.3. Perspective for next years

The official selection is due in 2008. Beyond tHate, the EUI development should be in line witl th
ISRR conclusions and have a very fast pace.
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C.7.4. Personnel involved
Scientific staff J.-F. Hochedez, J. M. Krijger, S. Parenti, AhuKov, A. Benmoussa, D.

Berghmans, V. Delouille, B. Giordanengo, S. GisbbtKretzschmar, G.
Lawrence, C. Marqué, B. Nicula, O. PodladchikovaRbdriguez , A. Verdini

C.7.5. Partnerships
List of international partners without grant

Louise Harra, Sarah Matthews, Lidia Van Driel, ad&SL EUI team members, Mullard Space
Sceinces Laboratory, University College of LonddK,

Thierry Appourchaux, Frédeéric Auchere, Jean-Clavidd, and IAS EUI team members, Institut
d’Astrophysique Spatiale, France

Institut d’Optique (France)

Udo Schiihle, Luca Teriaca, Werner Curdt, Sami $opldfckart Marsch, and MPS EUI team mem-
bers, Max-Planck Institutéif Sonnensystemforschung, Germany

Leon Golub, Ed DelLuca, and SAO GI-HRI team members

Richard Marsden, Philippe Kletzkine, ESA

JSTDT scientific and NASA/ESA members

List of national partners without grant

Pierre Rochus, Jean-Marc Defise, Jean-Philippeijaad EUI team members, CSL, Liege
Francois-Olivier Devaux, Antonin Descampe, Univigrsiatholique de Louvain and IntoPIX
Benoit Macq, Professor, Université catholique davain

Grants/Projects used for this research/service

SIDC Data Exploitation PEA
Support frome most SIDC projects

C.7.6. Publications

C.7.6.1Publications without peer review
[1] Hochedez J.-F,. Appourchaux T., Defise J.-M., Harra L. K., Schaihl., Auchére F., Curdt W.,

Hancock B. Kretzschmar M., Lawrence G, Leclech J.-C., Marsch E., Mercier Rarenti S,
Podladchikova E, Ravet M.-F., Rochus FRodriguez L., Rouesnel F., Solanki S., Teriaca L.,
Van Driel L., Vial J. C., Winter BZhukov A.
The Ultraviolet Imaging Telescopes of Solar Orhiter
The SecondSolar Orbiter Workshop, 16-20 Octobe62B8€hens, Greece (edited by E. Marsch,
K. Tsinganos, R. Marsden, and L. Conroy), ESA SP-&BA Publ. Div., Noordwijk, 2007.

C.7.6.2Publications in press, submitted

[2] Hochedezet al
EUI proposal
Submitted to ESA on January 15, 2008, in respan$ieet ESA AO for S.O. scientific payload

C.7.6.3Reports, thesis, etc

[3] Hochedez, J.-F
The case for XUV-VUV imaging on Solar Orbiter aedtBels
JSTDT project document

[4] J.-F. Hochedez, A. Zhukov, M. Dominique
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Visibility of density structures to be sensed ey hieliospheric imager(s) considered for Solar
Orbiter
JSTDT project document

[5] Berghmans, Krijger, Hochedez
MoT of the EUI teleconference held on 20070817
EUI project document

[6] S. Parentiand V. Delouille, J.-F. Hochedez). Schiihle, S. Matthews
MoT of the EUI teleconference held on 20070914
EUI project document

[7] Harra,Hochedez Schihle
MoT of the EUI teleconference held on 20070928
EUI project document

[8] D.Berghmans, A. Zhukoy U. SchihleJF Hochedez
MoT of the EUI teleconference held on 20071004
EUI project document

[9] Halain,Hochedez
MoT of the EUI teleconference held on 20071024
EUI project document

[10] V. Delouille, J.-F Hochedez,.-P. Halain, P. Rochus
MoT of the EUI teleconference held on 20071031
EUI project document

[11] W. Curdt,JF Hochedez
MoT of the EUI teleconference held on 20071107
EUI project document

[12] G. Lawrence, JF Hochedez
MoT of the EUI teleconference held on 20071114
EUI project document

[13] G. Lawrence, JF Hochedez)P Halain
MoT of the EUI teleconference held on 20071121
EUI project document

[14] G. Lawrence, JF Hochedez
MoT of the EUI teleconference held on 20071128
EUI project document

[15] G. Lawrence, M. Krijger, JF Hochedez
MoT of the EUI teleconference held on 20071205
EUI project document

[16] G. Lawrence, M. Krijger, JF Hochedez
MoT of the EUI teleconference held on 20071212
EUI project document

[17] Hochedez, J.-F.for the EUI consortium
Formal letters with US groups discussing their ilreonent in EUI
EUI project documents

[18] Auchére, FHochedez, J.-F.
EUI design trade-offs as of 24 Sept 2007
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EUI project document

[19] Hochedez, J.-F.; Nicula, B; Berghmans, D.
Potential benefits of CMOS-APS to the Solar Ortgei
EUI project document

[20] Hochedez, J.-F.; Parenti, S.
GIHRI and EUV HRI sharing a common focal plane
EUI project document

[21] Hochedez, J.-F
6™ Consortium meeting — purpose and agenda
EUI project document

[22] Hochedez, J.-F
Action Item list for the EUI proposal
EUI project document

[23] A. BenMoussa, J-F Hochedezand the DWG
EUI detectors specifications V1.0 to 2.2 (8 doc)
EUI project document

[24] J-F Hochedez
Suggestions on pixel layouts for HRI and FSI
EUI project document

[25] J-F Hochedezfor the EUI Consortium
EUI questions to ESA about the AO
EUI project document

C.7.7. Scientific outreach
Meeting presentations

[1] Hochedez, J.-F.
UV imagers on the Inner Heliospheric Sentinels ljora
JSTDT meeting #2, Washington D.C., USA, 7-10 Ma@720

[2] Hochedez, J.-F.
Visibility of density structures to be sensed I6)-GHI (oral)
JSTDT meeting #3, London, 4-6 Sep 2007

[3] Hochedez, J.-F.and the EUI Consortium
EUI - Above the dormant (?) volcano (invited oral)
Invited Lebedev Physical Institute (FIAN, Moscovwensinar, 10 Oct. 2007

[4] Hochedez, J.-F.
Discussion on augmented and Descope solutionsor E
EUI project document

National and international responsibilities

J.-F. Hochedez: Member of the Joint ESA NASA Saéeacd Technology Definition Team (JSTDT)
for HELEX (S.O. and Sentinels)

J.-F. Hochedez: S.0O.-EUI Principal Investigator

A. Zhukov, S. Parenti, J. M. Krijger: Co-Investiged of the EUI instrument onboard Solar Orbiter
J-F Hochedez: GI-HRI (proposing) co-Investigatoegh Golub, SAO, being PI)

S. Parenti: Co-I for the Solar Orbiter/ EUS speutieter.
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O. Podladchikova: Co-I for the Solar Orbiter RPWtinment
Meeting organization
EUI Consortium meeting, ROB, 17-19 Oct.

Websites
eui.sidc.be
C.7.8. Missions
Commissions, working groups (days): J.-F. Hochedez (6), O. Podladchikova (1)
Research visits (days): J.-F. Hochedez (5), A. BenMoussa (4), S. Gissot @)
Lawrence (5), O. Podladchikova (2), L. Rodrigue}, @.
Zhukov (2)

C.8. Further solar instruments proposing activities

C.8.1. Objectives

Motivated by past commitment, or triggered by sakopportunities, SIDC participates to other instru
ments proposals than the ones mentioned above.l230&specially been the year when ESA released its
“Cosmic Vision” (CV) AO. SIDC members contributemlthe four solar-related proposals.

C.8.2. Progress and results

C.8.2.1KUAFU-ELATE

Kuafu is a Chinese space mission dedicated to sinopservations for the science of Space Weather.

emerged very rapidly few years ago. J.-F. Hochédeazbeen anticipated to become the science Pisfor i
ELATE (EUV and Lyman-alpha Telecope). However, 20@% been a year of relatively low activity for
Kuafu in China. This has possibly been a resulbalfar Orbiter re-surfacing in Europe. Neverthelass

poster was present¢t], and a science rationale written up for EDI/ELA[PE

C.8.2.2COMPASS Cosmic Vision proposals to ESA

COMPASS was a CV proposal for a space mission adifrg the magnetism in the solar atmosphere.
The proposal was not pre-selected as part of th@i©vess. S. Parenti participated as Co-l to thengr
of the COMPASS proposal

C.8.2.3Solar Probe and PHOIBOS Cosmic Vision proposalE3é

PHOIBOS (Probing Heliospheric Origins with an InfBwundary Observing Spacecraft) was a CV pro-
posal for a space mission, which intended, likeaSBkobe, to explore the inner frontier of the selss-
tem. It was designed to understand how the sola@neoforms and how the solar wind accelerates. The
proposal was not pre-selected as part of the C¥gs® E. Podladchikova participated as Co-l to the
writing of the PHOIBOS proposal.

C.8.2.4DYNAMICCS Cosmic Vision proposals to ESA

DYNAMICCS was a CV proposal that aimed at unifyingliosismology, coronal physics, and space
weather. An advanced successor of LYRA was foressepart of the scientific payload. The proposal
was not pre-selected as part of the CV procesklodgfRedez participated as Co-I to the writing of Ehe
naMICCS proposal Error! Reference source not fdaia] .
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C.8.2.5HIRISE Cosmic Vision proposals to ESA

HIRISE is a CV proposal that aims at high resolutioronal physics. JF Hochedez participated as Co-l
to the writing of the HIRISE proposp]. HIRISE was shortlisted by the CV selection pracesd its Pl
receives an ESA TRP support.

C.8.2.6PROBA3 - ASPIICS

The PROBA3 mission could form a giant externallgwted coronagraph by using a two-spacecraft or-
biting in formation: one telescope and one occuggrarated by about 150m. This unprecedented techno
ogy-demonstration instrument would provide thet firiggh-resolution images of the inner corona from
space (1.1 to 3 solar radii). The SIDC goal is ddtipipate in the science operations and explomatf

the observations: topology and connectivity of nedgnfields between the solar surface and the outer
corona and heliosphere, initial acceleration of ghkar wind, onset and source identification of GME
2007 was a transition year between the industtadlys of the coronagraph (ASPIICs, Laboratoire
d’Astrophysique Spatiale de Marseilles) and Phas®vA provided a Statement of interest to BELSPO
(April-May 2007) describing our possible involventieXarious contacts took place with potential part-
ners of a future science consortium that will belarge of the design and construction of thisrinst
ment. As members of this consortium, our role tdllimited to science participation and will steffec-
tively in the last few months before launch (schhedun 2013). Based on our PROBA2 experience, we
might take a more prominent role.

C.8.2.7SMESE - LYOT, RAISE

In 2007, J.-F. Hochedez was invited to join the S@the SMESE workshop to be held in March 2008,
and to become Co-I of the RAISE rocket experimehtY. Hassler of SWRI, USA).

C.8.3. Perspective for next years
The involvement of SIDC in emerging missions iseptpd to depend on the fate of Solar Orbiter.

C.8.4. Personnel involved

Scientific staff J.-F. Hochedez, L. Rodriguez, S. Parenti, E.l&tmhikova, A. Verdini, F.
Clette, D. Berghmans, R. Van der Linden

C.8.5. Partnerships
List of international partners without grant

C.Y.Tu, PKU, China

E. Marsch, MPS, Germany

D. Hassler, SWRI, USA

J.-C. Vial, IAS, CNRS, France

L. Damé, SA, CNRS, France

S. Turck-Chieze, CEN-Saclay, France

D. Mc.Comas (Solar Probe- PI), USA

M. Velli (PHOIBOS, PI, Solar Probe scientist legddPL, USA
M. Maksimovic (PHOIBOS PI, Solar Probe co-l), Leskrance
P. Lamy, Laboratoire d’Astrophysique Spatiale, Miss, France
A. Vourlidas, Dennis Socker, Naval research LalwyatWashington DC, USA

Grants/Projects used for this research/service
SIDC Data Exploitation PEA
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Visitors:

Dr. Marco Velli visited ROB in July 2007 to discuSselar Probe NASA Proposal.

C.8.6. Publications

C.8.6.1Publications in press, submitted

[1]

Turck-Chieze, S.; Lamy, P.; Carr, C.; Carton, B.Ghevalier, A.; Dandouras, I.; Defise, J. M.;
Dewitte, S.; Dudok de Wit, T.; Halain, J. P.; Has@nHochedez, J. E Horbury, T.; Levacher,
P.; Meissonier,M.; Murphy, N.; Rochus, P; RuzmajlxSchmutz, W.; Thuillier, G.; Vives, S.
The DynaMICCS perspective

Experimental Astronomy, Online First, 2008

C.8.6.2Reports, thesis, etc

[2]

[3]

[4]

[5]

[6]

Rodriguez, L; Hochedez, J.-F.
Science rationale for Kuafu A — ELATE
KUAFU project document

Turck-Chieze, S.; et al
DynaMICCS proposal
Proposal document in response to ESA’s Cosmic Wi8io

Dame, L.; et al
Hirise Proposal
Proposal document in response to ESA’s Cosmic Wi8io

Fineschi, S.; Solanki, S..; et al
Compass Proposal
Proposal document in response to ESA’s Cosmic Wi8io

Maksimovic, M.; Velli, M.; et al
Phoibos Proposal
Proposal document in response to ESA’s Cosmic Wi8io

C.8.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

Rochus, Defiseilochedez,Schuehle
UV solar disc imagers of Kuafu-A (poster)
Kuafu meeting

JF Hochedez,T. Dudok de Wit, M. Kretzschmar, W. Schmutz, ainel Lt YRA Team
LYRA onboard DynaMICCS (oral)
DynaMICCS meeting, CEN Saclay, 6 Feb. 2007

D. Berghmans and JF Hochedez
Solar Imaging Science Fiction - Lessons learnedrmotdearned with the PROBA2 experiment
SOHO 20, Ghent, Belgium, 27-31 August 2007

C.8.8. Missions
Research visits (days): J.-F. Hochedez (2), F. Clette (1), R. Van der kim¢l)
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D. SIDC internal and external services

The SIDC has continued to gain international regagnfor its expertise and operational serviceshie
domain of solar activity and space weather. Thesgities are obviously driven by the scientifiacidies
and developments reported in the previous sectibmisis report, but some studies were also perfdrme
specifically in the context of the monitoring ammadcasting of the solar activity cycle.

D.1. World Data Centre for the Sunspot Index

As the World Data Center for the Sunspot Index amihta analyses service of the FAGS, the SIDC is in
charge of the determination, archival and mid-t@nediction of the International Sunspot Number, the
most fundamental solar activity index. Given itequalled time coverage of three centuries, it eluss

a reference index in innumerable studies and paiihics. Most other indices, introduced more regentl
are calibrated on the sunspot number in order fimneléong-term irradiance models for backwards and
forward extrapolations. Along that axis, the sqihysics team has developed internally new resesiiche
the domain of solar indices to extend the basepsinmeference.

D.1.1. Objectives

The main duty of the WDC of SIDC consists in thenpatation, publication and diffusion of the Interna
tional Sunspot Number and additional indices, basedisual observations from a worldwide network of
about 85 stations. Obviously, we aim to do thithe most objective way and include verificationg o
quality of the data. At the same time, we needetanbolved in the international efforts to betteaqtify
(the evolution of) solar activity by studying othigpes of indices, by investigating the cross-datien
between the various indices and by researchingltlgsical conditions involved in the solar variatyili
Understanding these physical conditions can leateto methods to forecast the future evolution ekéh
indices. By contrast to the ‘classical’ methodsttare largely statistical in nature, the new témpies
should be physics-based and hence more reliable.

D.1.2. Progress and results

D.1.2.1Regular service

The routine operations of the SIDC as World Datatefor the Sunspot Index were performed as
planned. These include:

Data processing:

0 On a daily basis: automated production of the Emtéth International Sunspot Number (EISN),
distributed through the ursigrams of the RWC servic

o On a monthly basis, determination of the provisiosuanspot number (total and normalized
hemispheric north & south counts) and distributddnthese by fax, email and website. This task
is executed every™of the month, in principle before 11UT.

o Computation of the definitive sunspot number (t&dlemispheric) based on the entire network
(70-75 stations). These are published on a quattedis.

0 Mid-term prediction using the Waldmeier classic@thod and the Combined Method.

Archive:

0 Maintenance of the archive: yearly, monthly, moyptrhoothed and daily sunspot numbers.

0 The archive is publicly accessible through the SNMeb and FTP site (ASCII data files and
plots)
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Sunspot Bulletin  (monthly

publication):

0 Provisional sunspot data

0 24-month predictions of
the monthly Sunspot
Number

0 Summary of the UR-
SIGRAMS, with addi-
tional indices (PPSI,
600MHz flux, 2800MHz
(10cm) flux, Terre Adé-
lie cosmic ray counts, sot
lar flare index, X-flare
index, Wingst Ak geo-
magnetic index). Figure 69. Plot of the daily, monthly and smoothednonthly sunspot

0 Uccle daily provisional| jndex over the last 12 years. Dashed red lines irwite the predicted
relative and normalized index over the next 12 months based on two method2007 marked
sunspot numbers derivedthe final decline of cycle #23, with a minimum of etivity probably
from the digitized USET | reached in early 2008.
drawings.

0 Table of major sunspot groups observed at Uccleprobable return of major groups derived
from Uccle sunspot group classification.

0 Quarterly SIDC-News issue: SIDC definitive intefnatl and Hemispheric Sunspot Numbers
for 3 months.

D.1.2.2Work context in 2007

In 2007, with the additional retirement of G. EwtdFeb. 2007), we had to continue working with a
minimal staff. However, the recruiting of a replamnt programmer and a new operator in Oct. and Nov.
2007 opened the perspective for future improvemeitise situation.

D.1.2.3Global review about the past, present and fututemheination of the sunspot index

Following the review presented in September 20a&@? International Symposium on Solar Climate,
over the first half of 2007, F.Clette brought tiveaf minor corrections to a review paper for Advesiin
Space Research. The paper was published in Séjt.&2@l led to various positive reactions and relgues
from readers by the end of 2007.

D.1.2.4Solar cycle modeling and prediction

Further work and improvements were carried out gaper authored by A. Baranovski, following ad-
vices from the referees. This paper, initiated@@&while Dr. Baranovski was working at the ROBswa
accepted on Aug. 20, 2007. It presents the long-tamalysis of the sunspot time series using thénenat

matical approach of non-linear dynamical systems.

A second independent approach was followed in leotiaion with T. Podladchikova, a PhD. Student at
Kiev Technical Observatory. In this techniquesiassumed that the first signs of a solar cyclaheady
visible in the descending phase of the previouse¢yand integral parameters are defined that hase p
dictive capacity for the amplitude of the next sagcle. A paper based on this analysis was puddish
2007.

Both techniques can be used to generate foreaastisef amplitude of solar cycle 24 and were thus su
mitted to the Solar Cycle 24 Prediction Panel (€24 This Panel was set up in 2006 by NASA, NOAA
and ISES with the important task to try to obtaicoasensus forecast for the timing and amplitudinef
next solar maximum. This has for example largeveaiee for satellite operators, since the amplitoide
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the solar cycle has — through the variatii‘y
of the ionizing EUV radiation — a substan
tial influence on the atmospheric drag ey
perienced by satellites in Low-Earth Orbit

As mentioned in last year's report, th
SIDC director was invited as member

the SC24PP, which met for a second wo
shop in March 2007. The panel’s finding
were released during Boulder Spa
Weather Workshop in April 2007. Simul
taneously, a press release was issued in
US, followed a little later by similar pres
releases in other countries. Also the SIC
issued a press release about the subj
which can still be consulted in the new
items on the SIDC website
http://sidc.be/news/094/welcome.htrilhe

(late) start of the new solar cycle has be
source of a number of several other co
munications issued by the SIDC. One

these was related to the appearance of thégure 70. A magnetogram of the sun on December 13007.
first signs of the next solar cycle in De _The area in the red circle has reversed magnetic parity.

cember 2007: a reversed magnetic polarlifglthoughftrr‘]er? was ansuns_pot ot;s?]rved, it (;?n belegarded
region at high latitude on the solar surfacdS one of the first manifestations of the next sataycle.

(see Figure 70).

r Vo0 = = 0
1

D.1.2.5Modernisation of data input and manipulation

The SIDC has further progressed with the effonntmdernise, facilitate and speed up the data irmesti
In particular, we have been trying to convincerathaining observers contributing to the monthlysgpat
data processing to use the web-based interfacee Hne now only a few observers left that do notdge

so. Since the web interface allows daily data trassion, we now use typically a large set of obaerv
tions to calculate the daily Estimated Internati@anspot Number (EISN) that is transmitted throthgh
daily ursigrams sent out by the SIDC as RWC BelgiWe calculate and distribute this EISN each day at
12:30UT for the day itself and the day before.

The increased facility to provide data through web interface and the continuous efforts of theGID
collaborators to increase the visibility of ourigities, amongst other things by several publicsprda-
tions, have led to an increase of observers cainidp to the network.

Work is in progress to automate to a larger exttemicalculation of the Sunspot Index, using scrijtsr-
ating directly on the online database generatesutir the web interface. This new software would als
make it easier to change aspects of the calcutation for example experiment with the choice dtpil
station. This facility will be exploited to studiye consistency of the normalization of the sunsotex.

D.1.2.6Pilot study of multi-station sunspot group tracking

In Oct. 2007, a pilot study was undertaken usirggUIsSSPS messages collected routinely by the SIDC-
RWC. The goal was to experiment with the extractbthe parameters of each active region as redorde
by several stations, in particular to identify highitude sunspot groups. This should allow sortiug
active regions belonging to successive sunspoesyicl the current minimum phase of the solar cycle.
Initial statistics were derived concerning the akliity of the values coming from those differerstal
sources.
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D.1.2.7Collaboration with the Locarno pilot station

F.Clette was invited as SIDC representative byNDrBianda, Director of the IRSOL, to present a key-
note lecture at the occasion of a local workshogicdged to S. Cortesi, main observer of the Locarno
pilot station of the SIDC network for the last 58ays. As S. Cortesi was victim of an unexpected acc
dent, this meeting was postponed to January 2008.

D.1.2.8Project proposal “Air density models derived fromultirsatellite drag observations,”, “ADM-
wind" Atmospheric Density Models-Wind

In June 2007, we were invited to take part in fthechnical proposal in response to ESA ITT call
ESA/AO/1-5394/07/NL/HE. Our role was to contribigelar activity indices as input to models of the
thermosphere based on CHAMP & GRACE data and nfeamredicting atmospheric drag on artificial
satellites. The project was finally not selected imight be submitted again in the future for a afifint
call.

D.1.2.9SOTERIA project (SOlar-TERrestrial Investigatiomsl g rchives)

This project proposal was submitted to the Europ&anFramework Program (FP7 scheme: Collabora-
tive project, Topic: SPA.2007.2.1.01, Space Scigntdune 2007, under the Coordination of Giovanni
Lapenta (KUL). We took part in the preparation lodé Work Packages 2 and 3 (Photosphere and Chro-
mosphere). The proposal was selected by the Ebeagrid of 2007. Two main tasks are relevant to the
SIDC-WDC:

The digitization of the full collection of the Uecbunspot drawings and the production of a 60-year
long active region database (starting in 1940)

The definition and study of new solar activity iogls based on photographic and CCD images of the
photosphere.

This project will probably start by mid-2008 in geawith the instruments and tools developed iniprev
ous years for the USET and that are about to beoparational.

D.1.2.10. Reshaping the future: ICSU concultation on the reutof FAGS (Federation of Astro-
nomical and Geophysical Services) and the Worldalzgntre System

The International Council of Scientific Unions (IGBstarted in 2005 a process of reorganization and
redefinition of its interdisciplinary bodies, to igh belong both the FAGS and the WDC System. In
response, both organizations organized a constatinongst their members and commenced mutual
discussions about the possibility to merge thegygiems.

As URSI representative to the FAGS council, F.€letintributed to the preparation of the FAGS White-
Paper that will define the future reorganizationthaft body in the context of ICSU and in connectigtn

the parallel structure of World Data Services. Titiscess may lead to a refinancing of the FAGS ser-
vices by the ICSU. The WDC-sunspot is directly iweal, as it is at the same time one of the 12 FAGS
services. As key contribution, F.Clette developd&th&S/WDC cross study.

The FAGS white paper was discussed at the annua@lS-eeting. The WDC Panel held its first general
assembly in many years to develop a common resp&séan der Linden was asked to represent the
FAGS Council at this meeting.

D.1.3. Perspective for next years

In the context of the SOTERIA project (mid-20083)ntinuation of the investigations regarding:

o0 the retroactive constitution of hemispheric and@gie sunspot time series;

0 the study of the potential of photospheric imagasga replacement of visual observations for the
extension of the historical Ri time series.
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A study will be performed on the consistency of sealing procedure used for the normalisation of
the individual observations to the global Sunspatek (k-factors). There is evidence for a solar-
cycle dependency that will be further investigafEide possibility of long-term drifts will equallyeb
studied.

On the longer term, continuation of the softwargragde and modernization work will continue. This
will lead to the publication of a comprehensive atggion of the statistical method and principles
used in the past for deriving the International shat Number (and probably ideas on how to im-
prove it)

Further encouragement and optimization of the irdgxport of data with the WOLF interface, which
is a reliable and automated import of observingrep This will be further developed to update the
data processing for the Sunspot Index calculations.

Because of the departure of A.Baranovski, the dycamnalysis of the sunspot time series cannot be
pursued and must thus be abandoned, at leastrfe sme.

ICSU: continuation of our participation to the FAG&SNVDC redefinition process.

The collaboration with T. Podladchikova will be tiomed. She will probably visit the ROB during
2008 to continue this work and to commence anahb#vity related to the short-term forecasting of
the Sunspot Index.

D.1.4. Personnel involved

Scientific staff Van der Linden, Ronald (WDC Director, scienceeswjsion)
Clette, Frédéric (science supervision, softwackrasearch)
Berghmans, David (science supervision, observeiugaer management)
Vanlommel, Petra (EISN production, Sunspot Butlleti
Wauters, Laurence (Observation database develdpstatistical data analysis)
Willems, Sarah (observer and user managemenygpast)

Technical staff Boulvin, Olivier (operator)
Ergen, Aydin (backup operator)
Olivier Lemaitre (backup operator)

D.1.5. Partnerships

List of international partners without grant
Worldwide network of 85 observing stations in 29icties
V. Nollau & A. Baranovski (Dresden University of drenology)
Consortium CLS, CNES, AlUB/University of Bern, Uensity of Prague, LPG/CNRS Grenoble,
SIDC/ROB led by Jean-Jacques Valette, CLS, Collecotlisation Satellites, Ramonville, France.
Joint proposal was not selected. The collaboratigit be continued outside of this proposal.
T. Podladchikova, Kiev Technical University.

Grants/Projects used for this research/service
FAGS/ICSU funding
ESA/PRODEX Contract C90192 "SIDC Telescience".
ESA/PRODEX Contract C90205 "SIDC Data Exploitation”
Remnants of ESA contract 16913/03/NL/LvH. (SWENEipfsort)

D.1.6. Publications

D.1.6.1Publications with peer review

[1] Clette, F., Berghmans, D., Vanlommel, P., Van der ihden, R., Koeckelenbergh, A.,
Wauters, L.
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[2]

From the Wolf Number to the International Sunspaek: 25 years of SIDC (Review paper)
Advances in Space research, 40, Issue 7, 919 2008,

Baranovski, A.L., Clette, F, Nollau, V.
Nonlinear solar cycle forecasting: theory and persiives
Annales Geophysicae, 25,1 - 11

D.1.6.2Publications without peer review

[3]

[4]

[5]

Van der Linden, R., Vanlommel P. and the SIDC-team
SIDC Monthly Bulletin of Solar and Geomagnetic Wtti 12 issues
The Sunspot Bulletin

R. Van der Linden and the SIDC Team
SIDC News
4 issues

Vanlommel, P.
Het Solar Influences Data analyses Center van daridijke Sterrenwacht van Belgié
Space Connection Vol. 61, 3-7

D.1.6.3Publications in press, submitted

[6]

T. Podladchikova, B. Lefebvr&.A.M. Van der Linden
Integral activity of the declining phase of sunspatles as precursor of the next cycle
Journal of Atmospheric and Solar-Terrestrial Phg/sit press.

D.1.6.4Reports, thesis, etc

[7]

[8]

D. Biesecker, M. Dikpati, K. Dowdy, D. Hathaway, Floeksema, E. Kihn, H. Lundstedt, D.
Pesnell, M. Rast, L. Svalgaard, R. Thompd®nyan der Linden, J. Kunches, O.C. St. Cyr
Consensus Statement of the Solar Cycle 24 PrediP@mel

Press release, March 20, 2007.

The SIDC Team
Solar Cycle 24: Belgian Expertise in Internatiofanel
Press release, April 25, 2007.

D.1.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

F. Clette, R. Van der Linden, P. VanlommelA. Koeckelenbergh

25 years of sunspot activity index at the SIDC I(prasentation).

General Scientific Meeting 2007 of the Belgian RtgisSociety meeting, Univ. Antwerpen,
30/5/07

Berghmans, D., F. Clette, R. Van der Linden
History of the Sunspot index
BAA meeting, London, 24 Nov 2007

D. Biesecker, M. Dikpati, K. Dowdy, D. Hathaway, Floeksema, E. Kihn, H. Lundstedt, D.
Pesnell, M. Rast, L. Svalgaard, R. Thompd®nyan der Linden, J. Kunches, O.C. St. Cyr
The Solar Cycle 24 Consensus Prediction

SEC Space Weather Workshop, Boulder, USA, Apri2Z242007.

R. Van der Linden, N. Capitaine
The Federation of Astrophysical and Geophysicahdatalysis Services
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[5]

[6]

Oral presentation at the World Data Centres ConfereBremen, 7-9 May 2007.

P. Vanlommel, R.A.M. Van der Linden
The SIDC: WDC for the sunspot index and RWC focspeaeather services in Belgium
poster at the World Data Centres Conference, Brei®May 2007.

P. Vanlommel, R.A.M. Van der Linden
The SIDC: data and data management of the WDChistinspot index
poster at the World Data Centres Conference, Bref®May 2007.

Websites

Sunspot data is continuously updatechtp://sidc.be
http://sidc.be/WOLF/wolf_sunspot_index/

D.1.8. Missions
Assemblies, symposia: F. Clette (1), R. Van der Linden (1), P. Vanlomitigl
Commissions, working groups: F. Clette (2), R. Van der Linden (7), A. Zhukoy (1

D.2. The operational activities as RWC Belgium

D.2.1. Objectives

RWC Belgium is a permanent service center spetiglim solar monitoring and solar activity forecast
ing. It is run by the SIDC under the auspices ef tBES network. Its solid base is the solar physges
search undertaken at the SIDC and our involvemesblar observations from space and ground, giving
access to a large volume of solar and heliospldata that can collectively span operational require
ments. Building on insights derived from our sdignstudies, the SIDC provides expert and timely i
formation on and assessment of solar dynamicstati@tély relevance for human technology.

D.2.2. Progress and results

D.2.2.1Routine operations

For the RWC activities, a continuous data streamfground-based and spacecraft instruments has to b
analysed and interpreted. The daily routine of R&¢€@vities includes different tasks:

Data distribution The RWC acts as a hub for further distributiorsofar and geophysical data,
mostly in the form of ISES encoded messages.

Monitoring solar activity and space weathdio maintain a high standard in our activitiesaas
RWC, we develop and use software that autonomalethcts space weather events. This service
is timely and assists the forecaster on duty inrhdmitoring and alerting task. Examples are
CACTus (CME detector), B2X (flare detector), andM& (EIT-wave detector). These monitor-
ing activities result in an alert service. Mosttloé warnings are sent out automatically in several
alert-type messages, though some alerts need hiateavention.

Forecasting solar activity and space weathBeports and forecasts of solar activity and space
weather conditions are distributed every day (idiclg weekends and holidays) at approximately
12:30 UT in the ‘ursigram’ messages. Weekly sumesadre sent out in principle on Mondays,
while more extensive monthly summaries of solar gadmagnetic activity are included in the
Sunspot Bulletin of the SIDC. The latter also intda medium-term forecasts of the evolution of
the sunspot cycle.

On the technical level, the monitoring, alertingldarecasting services of the RWC contain threenmai
aspects: client database management, productidatafmessages and delivery of data/messages. These
activities are managed in a semi-autonomous wathéysoftware packagereviMaster which handles
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the solar data, the forecasts and alerts in cotipmaevith a database. The interface between thealnum
operator and th@reviMasterpackage to receive the daily forecasts, manualjgered alerts and other
subsidiary information is a secured web-based ¢alteéd calledPreviweb Continuous maintenance and
upgrade of these two packages, and the SIDC watssté is an important never-ending task.

D.2.2.2New Developments

In 2007, the newsPS (RTK) daily, weekly, monthly products became fully operational. Users were
able to register for these products that providerination on the ionospheric variability over Belgi.
RTK is a technique which allows a mobile user tamge its position with a cm-level precision inlvea
time by making use of differential corrections liocast by a reference station. The positioning esor
mainly affected by the small-scale gradients inithvesphere. Through the website, the SIDC project
provides information concerning the effects of draahle gradients in the ionosphere on RTK prenisio
for 6 European countries (Belgium, The Netherla@krmany, Switzerland, Italy, UK) using a system of
colours (see Figure 71).

A MySQL database contains information related to different aspesftthe RWC. The database links
products and users, keeps track of the daily fatemad measurements like flares, 10cm flux, and geo
magnetic disturbances described by the A- and I&xn®uring 2007, the database has been incorporated
more strongly into the daily RWC processes on diffié levels: the public website, the private websit
used for the forecast, this is previweb, and Pregtdr. The information directly linked to the foast
itself, is easy to retrieve through the previweteiface in the form of data or a graph. The figlrelw
show graphs over the timespan of one year, bstatso possible to make a short term analysisaafite
forecast right on the spot.
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Figure 71.An overview of the daily ionospheric variability\{) of the ionosphere measured by the station lochte
in Brussels for the full year 2007.
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Figure 72.Graphs such as these can be retrieved by a simpbegdure available on Previweb. The start and end
date can be choosen. These particular graphs giveomparison between the number of C, M or X flarasd the
K-index, the K-index and the 10cm flux and the numabof flares and the K index for the period betweend
2006 and the beginning of 2008.
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NEMO (Novel EIT wave Machine Observing) a new software package for detection of EIT waves
forms one block of the Space Weather software mgckagether with CACTus (the CME detector which
works with coronograph data). NEMO consists of @eseof high level image processing techniques es-
pecially developed to extract eruptive featuresnfithe EUV solar disk. This technique is based @n th
general statistical properties and underlying pts/sif eruptive on-disk events. Such events arddigll
signs of coronal mass ejections that are not alwaga by coronographs.

NEMO runs since 2007 automatically on a daily bakie real time results are made available online:
http://sidc.be/nemadf the CME is associated with a flare, the pefif the X-ray flux curve gives an in-
dication of the fact that an eruptive plasma ewatturred. The type of radio outburst is another teay
identify CMEs. NEMO gives also a clear indicatidtite strength of the event. NEMO runs on EIT and
STEREO data (see Figure 73 for a typical event).

Figure 73.Simultaneous detection of EIT wave by SECCHI a )edind SECCHI b (right) onboard STEREO

The Solar Weather Browser, hereafter SWB, is a tool that allows to easilypthy solar images from
different observatories together with solar metadand to combine them on the fly on a simple agskt
or laptop computer, without the need of data prsiogs On the server side, most of the work has been
devoted to the inclusion of new data sets, nantdydata from the SECCHI-STEREO instruments.

Figure 74. Some snapshots of the SWB interface. On the lefimbination of EUVI, COR1, and position grid
showing the Earth & s/c positions (colored dots)n ¢he right: Panoramic view of the heliosphere, WIEUVI
(green dots), and HI1 instruments
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Data from the HAO instruments (white-light &Hcoronagraphs, & and Hel spectroheliograms) were
also included into SWB. For the forecast team,SkéB offers an easy tool to browse through solaa dat
while performing the forecast and solar monitoring.

During 2007, a number of products that were in péstse were opened for registration, some at the ex
plicit request of users. These relate mainly tongggnetic forecasting and monitoring. For a full 6§
products currently available from RWC Belgium, &&p://sidc.be/registration/registration_main.php.

D.2.2.30rganisation of Meetings, Events and Public Outheac

On May 10, theSpace Weather Working Team(SWWT) meeting was organized at the ROB. The
SWWT is a European discussion forum on space weatbheup by ESA. There were about 20 partici-
pants.

Figure 75.The maquette of the PROBA2 satellite

The RWC concerns the involvement of the sciensifiace weather community, commercial and amateur
organizations and the general public. Special attens given to the users. This human aspect ¢rigg
the necessicity adpace weather educati@nd awareness of society. In view of this, the@Rgéys spe-
cial attention to publicity and promotion of spageather and related activities. Quebsiteis the ulti-
mate window to the space weather community andothmic on which for example on a regular basis
‘News Items’ are posted. Several people from theega public reacted on our items about the delayed
start of solar cycle 24. Space weather presentati@re given and press releases made Offen Door
Weekendof the three institutes at the Space Pole in Uectectober 2007 was organized in the frame of
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the International Heliospherical Year. At this occasion, an exhibition about space weratind space
missions was set up. Maquettes of SOHO, SWAP, aychPROBA 2 were shown (see Figure 75). Spec-
tacular movies from the STEREO and HINODE spacesimis were displayed to the public.

In parallel with the exhibition, information sessgoon space weather and our ground based solavabse
tory were given near the solar dome.

Also in the context of the IHY, semporary exhibition (in two parts) was set up around this thame
the Planetarium. This exhibition will stay until 2008, and is te ffollowed by the construction of a new
Planetarium show with Space Weather as main topic.

D.2.2.4The fourth European Space Weather Week

From Nov 05-09, 2007, the Fourth European Spaceth#edVeek(ESWW4) was jointly organized by
the SIDC, ESA, the Space Weather Working Team (SW#hd the COST 724 community. This event
was built on the advances made during the firseghEuropean Space Weather Weeks held at
ESA/ESTEC in 2004 and 2005 and in Brussels in 200@. workshop adopted the central aim of bring-
ing together diverse communities working on allnedats of space weather. Hot topics and recent ad-
vances in both scientific and applications basechains were discussed. The flow of information be-
tween new scientific results and space weathelicganis one of the keynotes towards the creatiom of
sustainable space weather activity in Europe.

The conference, with 169 attendees from 31 diffecemintries, was held at the Royal Library of Bel-
gium. The expertise of the SIDC as a science andces center and our deep involvement in space mis
sions like SOHO, STEREO, PROBA2 made of us ond@keyrole players of space weather activities in
Europe and worldwide. Through the organization ho$ tseries of succesful European space weather
weeks, we strengthened our position and visibititthe space weather community.

During ESWW4, a press conference was organizedhiged/sidc.be/news/098/welcome.hjntio which
4 journalists attended.

At the welcome reception of ESWW4, IHY Gold Clubdaés were awarded to three retired Belgian sci-
entists.

D.2.2.5Startup of the Solar-Terrestrial Center of Excetlen

During the year 2007, work further progressed gmbgthe foundation of the Solar-Terrestrial Cerder
Excellence, in execution of the decision of thedgiet Federal Ministerial Council of March 22, 2006.
Following the introduction of the detailed workpland a cost-benefit analysis at the end of 200iBah
clearance was given early 2007. In consequenceneeation was drawn up between the three institutes
and the Belgian Science Policy Office in order torkvout the practical details of the implementation
The first funding was not received until late iN0ZQ so that most of the STCE activities could ratlly
start up yet in 2007. The first recrutements weredver started after the summer, so that 2008seé!

the first full operation for at least some of therlaplans.

The Solar-Terrestrial Center of Excellence is @rfic project that aims at the creation of areina-
tional expert center and at an improved valorizatb solar and solar-terrestrial research and sesvi
The STCE clusters the know-how of 3 Belgian Fedarsiitutes, the Royal Observatory of Belgium
(ROB), the Royal Meteorological Institute of BelgiRMIB) and the Belgian Institute of Space Aeron-
omy (BISA). Top-class scientists, technicians afebple were or will be attracted and hired. Thersc
tific research performed in all three instituteglime independently but at the same time in a higbin-
plementary way. This joint expert center bringsetbgr the contributing solar-terrestrial activities

The STCE will build upon existing experience préserthe 3 institutes related to Solar-Terrestpiays-
ics. These include among others:

SPENVIS, the Space Environment Information SystBIBA), http://www.spenvis.oma.be
The World Data Center for the Sunspot Index (ROB(S), http://sidc.be
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Principal Investigator of the telescope VIRGO-DIARAnboard of the international satellite
SOHO (RMI), http:/Iremotesensing.oma.be/solarcamatago/virgo.html

Lead of the PICARD, ie. French microsatellite, sws center (BIRA),
http://www.busoc.be/picard.en.htm

SOVAP instrument for solar constant measuremertteand of PICARD (RMI)

SOVIM-DIARAD instrument for solar constant measuszts for the International Space Station
(RMI)

Dourbes geomagnetic station (RMI)

Regional Warning Center for ISES concerning spaceatiner services (ROB/SIDC),
http://www.sidc.be

Co-Investigator of SWENET (BISA), http://esaspacather.net/swenet/index.html

Investigation of the ionosphere by the lonosonddljR

Principal Investigator of the innovating instrunei@WAP & LYRA onboard of the European
micro-satellite PROBA2 (ROB/SIDC), http://lyra.orha.and http://swap.oma.be

The STCE will operate in a strong collaborativerispiithin the international environment: we expect
strong benefits from joint work within the networkeeated by ESA (SWWT, SWENET), EU (COST,
FP7) and others (e.g. ISSI)

D.2.3. Perspective for following years

It is our task to continue developing products, lion&ting existing products with the requests anshas

of the scientific, technological and amateur comityuim our mind. At the same time, we have to keep
the structure and scripts that are at the baskeoRWWC transparent and efficient. We act on balbessi
the programmatic level, which forms a platform ohiatr the RWC can exist as a purely technical entity
and the other side, which is user-related.

Some of the daily processes are complicated ammudeon the programmatic level are made in the
communication between databases and previweb/paswmn This has to be simplified and made more
transparent. Several steps in this direction wikemady performed. This process continues.

The SIDC as RWC should define a vision on diffe@spects: management level, outreach, and internal
communication. The RWC offers an ideal platformdoientists to look further then only science &nd
strengthen the link between business/applicatiodssaience.

The MsQL data base is especially valuable for periiog complex tasks like data mixing. This is a-pro
cedure in which different sorts of data are link€day flare duration, flare frequency, sunspotfagura-
tion, noticeable events, ... Scientific research bdlperformed through this data mixing in 2008.

Within the STCE, there are plans to redevelop #uorobservatory in Humain and amongst other things
start to perform a local measurement of the 10amx Fl Humain, Belgium. A specific receiver is nedde
Collaboration with the Canadian team Penticton meag this index since 1947 is established. Antexis
ing antenna on the site of Humain will be refurkidhThe idea is to cover the 12 hours gap of Pentic
Monitoring of the solar activity will be providedithr radiospectrogram giving the possibility to &liar
flare and CME-events in real time. This is an adege compared with space-based missions.

The involvement of the SIDC in the creation of fleemanent planetarium show will increase agairt as i
comes to the specific content of the show. A viditn professional scenarist to the Regional Warning
Center was planned for March 2008.

D.2.3.1The Solar-Terrestrial Centre of Excellence, STCE

In 2008, the SIDC has to be integrated in the STt STCE is initiated in 2007 with the announcing,
selection and hiring of a number of people. Thiduded the Education and Public Outreach peopée, th
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General Coordinator. A radio astronomer and 2 saei&earchers working at the SIDC work in the frame
of the STCE.

D.2.3.2The Fifth European Space Weather Week

The ESWWS5 will be held on Nov 17-23, 2008 at they&dObservatory of Belgium. R.A.M. Van der

Linden and P. Vanlommel are members of the programmittee. This committee gives the direction of
the content of the ESWWS5 and has the task to puhe&scientific program. New ideas are broughbin t
innovate the concept of the space weather weelkci@dtention is given to the communication betwee
users and scientists and to applications. A usglitation fair is one of the innovations.

D.2.3.3The Space Situational Awareness Programme and Qihitives

In the course of 2007, discussions started on a awenal program of the European Space Agency,
called Space Situational Awareness. This prograrnsnetended to have also a strong Space Weather
component. The SIDC will strive towards a promineaé in this programme.

At the same time, several other initiatives areaomg relating Space Weather to another internationa
context: World Meteorological Organisation, EUMETBAUN Commission on the Peaceful Uses of
Outer Space,... Also in these the SIDC will needat@tan active role.

D.2.4. Personnel involved

Scientific staff Ronald Van der Linden, D. Berghmans, F. Clette| &vrence, C. Marqué,
B. Nicula, E. Podladchikova, E. Robbrecht, L. Rgdaz, P. Vanlommel, L.
Wauters, A. Zhukov.

Technical staff: O. Boulvin, S. Willems

D.2.5. Partnerships
List of national and international partners

RWC Belgium is one of the nodes in the InternatioBpace Environment Service (ISES, see
http://www.ises-spaceweather.org/

ROB Planetarium

RMIB and BISA

The SIDC continues to contribute to SWENET, stp://esa-spaceweather.net/swenet/index.html
The COST 724 community

Naval Research Laboratory, Washington DC, USA

High Altitude Observatory, Boulder CO, USA

Observatoire de Paris, Meudon, France

Grants used for this activity:

ESA/PRODEX Contract C90192 “SIDC Telescience”.

ESA/PRODEX Contract C90205 “SIDC Data Exploitation”

ESA/PRODEX Contract C90204 “Solar Drivers of spaeather”

Various financial contributions and registratioegdor the ESWW4 conference.

D.2.6. Publications

D.2.6.1Publications with peer review

[1] L. TrichtchenkoA. Zhukov, R. Van der Linden, S. M. Stankov, N. Jakowski, I. Stanis awska,
G. Juchnikowski, P. Wilkinson, G. Patterson, A.RVThomson
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[2]

[3]

[4]

November 2004 space weather events: Real-timea@igmrs and forecasts
Space Weather, vol. 5, S06001, doi:10.1029/2006 28D, 2007

A. N. Zhukov and I. S. Veselovsky
Global Coronal Mass Ejections
The Astrophysical Journal, 664, L131-L134, 2007

J. Zhang, I. G. Richardson, D. F. Webb, N. GopatswaE. Huttunen, J. C. Kasper, N. V.
Nitta, W. Poomvises, B. J. Thompson, C.-C. Wu, &shiro,A. N. Zhukov

Solar and interplanetary sources of major geomaigregbrms (Dst <= —100 nT) during 1996—
2005

Journal of Geophysical Research, vol. 112, A10#16210.1029/2007JA012321, 2007

A. N. Zhukov

Using CME Observations for Geomagnetic Storm Fasgog

In: J. Lilensten (ed.), Space Weather — Reseamghrtts Applications in Europe, Astrophysics
and Space Science Library, volume 344, 5-13, 28pinger

D.2.6.2Publications without peer review

[5]

[6]

[7]

[8]

Vanlommel, P.
Het Solar Influences Data analyses Center van dairkdijke Sterrenwacht van Belgié
Space Connection Vol. 61, 3-7

Vanlommel, P. and the SIDC-team
Solar cycle 24, Belgian expertise in internatiopahel
Press release April 25, 2007

Vanlommel, P. and the SIDC-team,
The Fourth European Space Weather Week, Space &¥eatthreat? The tempers of the sun.
Press release November 5, 2007

Vanlommel, P. and the SIDC-team,

The Solar-Terrestrial Center of Excellence, Belgiamow-how of a comprehensive space
weather service

Press release November 5, 2007

D.2.6.3Publications in press, submitted

[9]

[10]

B. Nicula, C. Marqué, D. Berghmans
Visualization of distribututed solar data and mettdwith the Solar Weather Browser
Sol. Phys.

Vanlommel, P.
De aarde in de greep van de zon
Zenit

D.2.6.4Reports, thesis, etc

[11]

[12]

R.A.M. Van der Linden and the SIDC team
Annual report 2007 to the International Space Eonment Service.
ISES Annual Report

The SIDC team
Outgoing messages from RWC Belgium: e.g. 365 dasigrams, 52 weekly bulletins, 4 quar-
terly bulletins, 12 Monthly Ri Reports, 12 Montlity hemispheric Reports, all-quiet-alerts,
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presto alerts, halo CME alerts, GOES X-ray flareedtion alert, reduced GPS accuracy alert,
advance alert: enhanced geomagnetic activity waynin

E-mail distribution.The alerts are sent when neetlezlother bulletins are sent on a regular ba-
Sis.

D.2.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

O. Podladchikova, D. Berghmans
EIT wave Automatic Detection
MSSL/USL, UK, January, 2007 (Invited Seminar)

O. Podladchikova, D. Berghmans
NEMO/STEREO
5th SECCHI Consortium Meeting, Paris, France, M&et7 (Talk)

O. Podladchikova, D. Berghmans
EIT wave catalog by NEMO
LPCE/CNRS, Orlenas University, March 2007 (Seminar)

C. Marqué, B. Nicula, A. Stanger, D. Berghmans
The Solar Weather Browser: a quick look solar datawser [talk]
5th SECCHI Consortium Meeting, Orsay, France, M&@d7

O. Podladchikova, D. Berghmans
Preparation to Blast wave study with SECCHI
European Geophysical Union, EGU General Assembtyil 2007 (Invited talk)

O. Podladchikova, D. Berghmans
Coronal Shock waves observation by NEMO techniques
Imperial College, London, UK, April 2007 (Inviteéminar)

O. Podladchikova
NEMO trial version for HINODE data
Institute European Geophysical Union, EGU Genesseinbly, April 2007 (Invited talk)

O. Podladchikova M. Pick
The joint study of NEMO EIT waves in EUV and Radio
Observatoire de Paris, Meudon, May 2007 (Invitedisar)

P. Vanlommel, R.A.M. Van der Linden
The SIDC: WDC for the sunspot index and RWC focspeeather services in Belgium
poster at the WDC conference, Bremen, May 2007

P. Vanlommel, R.A.M. Van der Linden
The SIDC: data and data mamagement of the WDG#ostinspot index
poster at the WDC conference, Bremen, May 2007

Lawrence, G, Rochus, P., Tu, ®erghmans, D., Hochedez, J.-F.
The Kua-Fu Mission
Second IHY European Assembly, June 2007, Torimdy It

O. Podladchikova, D. Berghmans
NEMO for SDO
1ste Heliophysics Knowledge Base Workshop, ROB &zlss Belgium, June 2007 (talk)

C. Marqué, B. Nicula, D. Berghmans
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The Solar Weather Browser [talk]
CESRA Meeting, loannina, Greece, June 2007

[14] C. Marqué, B. Nicula, D. Berghmans
The Solar Weather Browser [talk]
1*' Heliophysics Knowledge Base Workshop, R.O.B, R20@7

[15] O. Podladchikova, D. Berghmans
Software to analyse EIT waves with STEREO
IAGA general Assembly, Perugia, Italy, July 2007v{ted talk)

[16] O. Podladchikova
The identification of the EIT wave nature. Theaysus simulations. Historical aspects
SHINE meeting (American Science Foundation), JO®72(Invited Review)

[17] O. Podladchikova
MHD waves in the Solar Corona
Summer School “Advances in Physics”, Ukraine, Au@@97 (Invited Tutorial)

[18] C. Marqué, B. Nicula, A. Stanger, D. Berghmans
The Solar Weather Browser [poster]
Living with a Star Workshop, Boulder, USA, Septembe07

National and international responsibilities

R. Van der Linden: Representation in ISES Board.

R. Van der Linden: member of the scientific orgamgzcommittee of the fourth European Space
Weather Week.

R. Van der Linden: member of the Space Situatidmadreness Users Group

Websites

The SIDC websitéttp://sidc.bghttp://sidc.be/nemo
Creation and maintenance of the website of the [ilga0 Space Weather Week: http://sidc.be/esww4

D.2.8. Missions

P. Vanlommel, OFO course: Writing press releases; R0O07
R. Van der Linden: SWWT meeting, Paris, 1 day

R. Van der Linden & D. Berghmans: SSA meeting, Rdriday
A. Stanger, HAO, 4 days

D.3. Organisation of the SOHO20 Conference

D.3.1. Objectives

SIDC organized the Sledition of the conferences associated to the SESB/NASA deep space mis-
sion. The meeting was held from 27 to 31 August7280‘Het Pand’ in Gent, Belgium, on the topic
“Transient Events on the Sun and in the Heliosgh&eger 130 participants from 20 countries contrib-
uted to the success of “SOHO 20", which was orgahiaround 4 scientific sessions: (1) Transients and
dynamics in the lower solar atmosphere, (2) CMEbly\Wnd how do they erupt? (3) Heliospheric tran-
sients, and (4) Solar and heliospheric sciencéénnext decade and beyond. The 4th session also in-
cluded a panel discussion on “The next twenty yeasolar physics”. J.-F. Hochedez was the Chair of
the SOC, with B. Fleck and J. Gurman as co-Chand,of the LOC, with E. Robbrecht as co-Chair.
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D.3.2. Progress and results

In late 2006 and early 2007, JF Hochedez formedSh€

of SOHO20 by personal invitation. In Jan 2007, BbR

brecht and JF Hochedez estimated the costs. Impérisd,

JFH collected ideas to optimize the scope of tlssieas. In

February, the poster announcing the conference deas

signed (ER and JFH with www.vanlooveren-gobert.|aes),

well as thehttp://soho20.orgivebsite (B. Giordanengo, S.

Willems, V. Delouille, ER, JFH). In March, Anne \ider-

syppe and Tatiana Willems prepared a checklisafionec-

essary actions. An immense quantity of actions siduke-

guently to be triggered and monitored. They carbetall

accounted here. BG, ER and JFH set up a contratt wi

Ogone and Europabank for the participants to be tabpay

their fees online. Invited speakers were seleatethtense

collaboration with the SOC during May. Successive a

nouncements have been released. Many abstracorfitrils

uted talks and posters were thus received. An@kxe-collaborative effort in June and July led t likt
of the selected abstracts. The time table was dginfrom July 13 to mid-August. The meeting was a
great success, with a very international partiogpafrom all branches of solar physics. Presentatio
were of high quality. Both oral and poster sessisase well attended and awards were given for e b
posters at the conference dinner.

D.3.3. Perspective for next years

The proceedings papers are being refereed and&ifjathered into a special issue of Annales of Geo-
physics to appear in 2008. SIDC has widely develope collaboration potentials at the occasion of
SOHO020, and gained in international reputation.

D.3.4. Personnel involved

Scientific staff J.-F. Hochedez (SOC & LOC chair), E. Robbreatd-Chair of the LOC,
Guest Editor of the SOHO20 special issue of AnnakeEophysicae), B.
Giordanengo (Conception, creation, and administatf the SOHO20 web-
site, i.e. CMS system setup, participants and attstregistration management,
online payment, automatic mailing for the deadljnesitation letters, etc), E.
Pottiaux, D. Berghmans, I. Dammasch, V. Deloullte Kretzschmar, G. Law-
rence, C. Marqué. S. Parenti, E. Podladchikov&ddriguez, A. Zhukov

Technical staff A. Vandersyppe, S. Willems, T. Willems

D.3.5. Partnerships
List of international partners without grant

SOC members (See also the lishtp://soho20.0rg/-SOC-LOC-.h)m

Ayumi Asai, Nobeyama Solar Radio Observatory, dapa
Dipankar Banerjee , Indian Institute of Astrophgsimdia

Volker Bothmer, Gottingen Universitat, Germany

Christina Cohen, California Institute of TechnolptSA

Thierry Dudok de Wit, LPCE/CNRS, Université d’Onhéa France
Bernhard Fleck (SOC co-chair), ESA RSS Dept., NAS3FC, USA
Lyndsay Fletcher, University of Glasgow, UK
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Toni Galvin, University of New Hampshire, DurhanShQ

Sarah Gibson, HAO/NCAR, Boulder, USA

Victor Grechnev, Inst. of Solar Terrestrial Physickutsk, Russia
Joe Gurman (SOC co-chair), NASA/GSFC, USA

Don Hassler, Southwest Research Institute, Bould8A
Jean-Francgois Hochedez (SOC & LOC chair), Royak®@lagory of Belgium, Belgium
Stefaan Poedts, Katholieke Universiteit LeuvengRmh

Daniele Spadaro, Osservatorio Astrofisico di Catahaly

Marco Velli, Universita di Firenze, Italy

Angelos Vourlidas, Naval Research Laboratory; USA

Jingxiu Wang Beijing, Astronomical Observatory, Qdoi

List of national partners without grant

SOC/LOC members:

Anik De Groof, Katholieke Universiteit Leuven, Belg
Pierre Rochus, Université de Liege, Belgium

Grants/Projects used for this research/service

BELSPO (SIDC Data Exploitation PEA)
ESA HQ grant

ESA SOHO project

FWO grant

ROB support

NASA LWS support

Ghent University support

D.3.6. Publications

D.3.6.1Publications in press, submitted

[1] Robbrecht, E.; Hochedez, J.-F.Fleck, B.; Gurman, J.; Forsyth, R.
Preface: SOHO 20 - Transient events on the Suriratite heliosphere
Annales Geophysicae, Volume 26, Issue 10, 2002983-2953

D.3.7. Scientific outreach

Editorial responsibilities

E. Robbrecht: Guest Editor of the Proceedings ef IOHO20 meeting, , with title: “SOHO20 -
Transient events on the Sun and in the heliosphere”

JF Hochedez: Guest Editor of the Proceedings o6EO20 meeting, , with title: “SOHO20 - Tran-
sient events on the Sun and in the heliosphere”

Meeting organization

J.-F. Hochedez: SOC & LOC Chair of the SOHO 20 emsrice
E. Robbrecht: LOC co-Chair of the SOHO 20 confeeenc

Websites
http://soho20.0rg
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D.3.8. Missions

Field missions (days): J.-F. Hochedez (2), E. Robbrecht (4), A. Vandegpsyf), T.
Willems (2)
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INTERDEPARTEMENTAL ACTIVITIES

A. Solar System Dynamics

A.1l. Ephemerides of the Galilean Moons of Jupiter

A.1.1. Objectives

The aim is to determine very accurate ephemeritideedour Galilean moons of Jupiter from the colle
tion of photographic plates of the Galilean moohdupiter taken by Dan Pascu at USNO over a period
of more than 30 years. In collaboration with thed®E, Observatoire de Paris, France and the US Naval
Observatory (USNO), Washington DC, US, the posttiof the Galilean moons and the stars on the
plates are to be extracted from the digital subsggroduced by the DAMIAN digitiser and corrected f
systematic errors caused by the distortion of ild bf view during the digitisation. These corextipo-
sitions on the glass plates are then to be cord/ésteelestial coordinates on sky taking into actcall
systematic effects at the time of the exposuremRteese celestial positions very accurate orbishme-

ters will be calculated at different epochs as aeltheir evolution in time.

A.1.2. Progress and results

The work started in 2006 was continued and extentled scientific and technical details of the extra
tion of the positions of the Galilean moons and stees from digitised images were discussed wigh th
partners at the IMCCE and USNO. Tests were donke eigital images obtained with the MAMA digi-
tiser at the Observatoire de Paris.

A.1.3. Perspective for next year

In 2008 a first series of selected plates will gitded with the DAMIAN facility. The positions ahe
Galilean moons and of the stars will be extracted @orrected for systematic errors and the resulss
lysed and published. A comparison with previousiltssand with those obtained with the MAMA ma-
chine will be made.

A.1.4. Personnel involved
Scientific Staff: J.-P. De Cuyper, L. Winter, V. Dehant, T. Van Hxol

Technical Staff G. de Decker

A.1.5. Partnerships
List of international partners

Jean-Eudes Arlot, Valéry Laigney & Vincent Rob&tCCE, Observatoire de Paris, France
Dan Pascu & Norbert Zacharias, US Naval Observatwiashington DC, US

Visitors:
Jean-Eudes Arlot, Valéry Laigney & Vincent Rob&4CCE, Observatoire de Paris, 23 May, 28
November and 20 December 2007

A.1.6. Missions
J.-P. De Cuyper (5 days), L. Winter (5 days), G.heeker (3 days)
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B. HERMES echelle spectrograph

In 2004, financial support was obtained by IvS Keuken (FWO and KU Leuven), ULB (FNRS) and
ROB (Lotto) to build an echelle spectrograph foe Mercator telescope of the IvS at the Roque de los
Muchachos Observatory on La Palma. Meanwhile, entdit partners entered into the project (Thiringer
Landessternwarte Tautenburg and Observatoire dév@gnThe spectrograph is expected to be opera-
tional in the second half of 2008. HERMES is theoagm for High Efficiency and Resolution Mercator
Echelle Spectrograph.

B.1. Data reduction package for the HERMES echelle speatgraph

B.1.1. Objectives

The Royal Observatory of Belgium has the respotisabo provide in due time the data reduction and
instrument control software (work package WP90®)e ©bjective is to provide, in contrast to the exis
ing pipelines, a differential data-reduction systdrhe WP900 working group involves personnel from
the department 2 and 3, as well as colleagues fhemther

partners in the HERMES project.

B.1.2. Progress and results

In 2007, a large part of the data reduction pipelip to the
extraction of the spectral orders was developed (Sgure
76) with programming contributions of Louis Dumerti a
new full-time programmer in the project, Yves Fréraad
Herman Hensberge (and J. De Ridder, KULeuven avhB.
Eck, ULB). C. Siopis (ULB) kindly gave some lectsren the
Python programming language, new to the ROB and ULB
contributors. The learning curve of the language haen
steeper than anticipated, resulting in less pragiiesn hoped
for at the start of the project.

Tests on FEROS data obtained in 2004 as part gbriject

on Sco-Cen were analysed to evaluate the chandespte-

ment a good merging and normalization of the spkotders

by the use of reference star spectra, by checkimgtiver that

instrument is sufficiently stable to rely on nomsitaneous

observa-tions to model 'chang(_as in the imaging._A_ompart Figure 76: Background algorithm ap-
of th'e FEROS observations still suffers fr.o.m_ eqaﬂconss- plied to a flat-field image taken by the
tencies presumably due to lack of repetitivity Ire tshutter FEROS echelle spectrograph
actions. The choice of reference stars is in pedjmar with

the aid of P. Lampens and D. Duval, who made adekection of candidate-reference stars.

With M. Borges having a one-year fellowship at RGBEROS spectra of much lower signal-to-noise ra-
tio than previously treated by us were analysedraddced, with the aim to test some proceduresl-deve
oped for higher signal-to-noise applications inraadler context. In this context, we developed #igo
option (in our personal FEROS pipeline based on &BDAS) to rebin the data piecewise in constant
wavelength steps, such that for a set of subsequéats the rebinned data always have a bin sitteérwi
10% of the size of the pixels on the CCD detectat such that subsequent sets have sufficient wave-
length overlap. M. Borges was asked also to takdahd in the manual group and organise the meeting
of this group, including P. Lampens, G. Van de &e&. Van Eck (ULB) and M. Reyniers (KULeuven,
left the project during 2007).
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B.1.3. Perspective for next years

The full pipeline will be developed before the afdhe
year, with aspects depending on the commissionfrnig o
the spectrograph depending on the availability hed
instrument at the Mercator telescope. During commis
sioning time in late 2008 and/or early 2009, thetrin
ment model must be developed and minor changes to
the pipeline, mostly related with the choice of @mpl
fit functions, needs to be implemented. The finaf-g
ware for the construction of the instrument modepy-
thon language will need development efforts aftedsa
The commissioning-time instrument model construrctio
may depend partly on other software environments.

—

Figure 77. Echelle format of the HERMES

. spectrograph, projected on the CCD detector
B.1.4. Personnel involved

Scientific staff: M. Borges, Y. Frémat, H. Hensberge;,
P. Lampens, G. C. Van de Steene

Technical staff: L. Dumortier, D. Duval

B.1.5. Partnerships
Grants/Projects used for this research/service

Financement by Lotto (2004) ‘Onderdelen voor deocapb van een hoge resolutie echelle spec-
trograaf voor de 1.2m MERCATOR telescoop’. H. Hexrgle is promoter for ROB in the HER-
MES project of KULeuven — ULB — ROB.

Post-doc fellowship to non-EU researchers (Bel@eaience Policy)

List of national partners without grant
J. De Ridder, KULeuven (software structure), H. Wdimckel (HERMES project leader)
S. Van Eck, A. Jorissen, C. Siopis, ULB (modulegnamnming & introduction to python)
B.1.6. Scientific outreach
Meeting organization

Work Package 900 (data reduction software) progresstings at ROB (24/01, 07/03, 09/05, 25/06) and
KULeuven (20/11) with 10-13 participants, manualgy meetings (24/04, 11/06, 24/07) with 5 - 6 par-
ticipants

B.1.7. Missions
Research visits (days): Dumortier, L. (8), Frémat, Y. (2), Hensberge H. (8

B.2. Procurement of optical components for the HERMES duelle
spectrograph

B.2.1. Objectives

The Royal Observatory of Belgium contributes whhb totto grant to the procurement of optical compo-
nents for the HERMES echelle spectrograph. Foriédion on the lay-out of the instrument, see
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http://hermes.ster.kuleuven.ac.be

B.2.2. Progress and results

The ROB, in cooperation with the HERMES consortiassigned the construction of the optical parts of
the HERMES spectrograph financed by their Lottongta SESO, and followed up the progress in the
construction process. Two doublets for the guidélgscope were delivered at the end of 2007.

B.2.3. Perspective for next years

The provisional delivery of the components is femsearly in 2008. ROB will participate in the el
tion of the quality of the components, before ataepe.

B.2.4. Personnel involved
Scientific staff: J.-P. De Cuyper, H. Hensberge

B.2.5. Partnerships
List of international partners without grant

U. Laux, H. Lehmann, H. Winkler (Thiringer Landesatvarte Tautenburg, Germany)
Observatoire de Geneve (Switzerland)

List of national partners without grant

H. Van Winckel, J. De Ridder, M. Reyniers (KULeuyen
A. Jorissen, S. Van Eck (ULB)

Grants/Projects used for this research/service
Financement by Lotto (2004) ‘Onderdelen voor deocapb van een hoge resolutie echelle spec-
trograaf voor de 1.2m MERCATOR telescoop’

B.2.6. Publications

B.2.6.1Publications without peer review

[2] De Cuyper J.-P., Hensberge HRaskin G, Van Winckel H, Lehmann H., Winkler,LJaux U.
HERMES, a High-Resolution, Fiber-Fed Spectrograpttlie Mercator Telescope
In: Astronomical Data Analysis Software and SystetWd (eds. Richard A. Shaw, Frank Hill,
David J. Bell), ASPC 376, 653

B.2.7. Missions
Commissions, working groups (days) J.-P. De Cuyper (3)
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C. Gaia data reduction

Gaia is a cornerstone mission of the ESA Spacer&mgscheduled for launch in 2011. The satellite is
aimed to repeatedly survey the whole sky to obpaisitions, parallaxes and proper motions to micro-
arcsec precision for all of the %6bjects brighter than V = 20. Compared to the jptey Hipparcos mis-
sion (Figure 78), Gaia will achieve a substantiapiiove-

ment in terms of astrometric accuracy and numbestud-

ied objects: parallax and proper-motion accuracll e

100 times better and the number of stars is ineckéy a

factor 10000. It is therefore considered as an aous as-

trometric mission that will significantly improveuo under-

standing of the formation and evolution of the MiWay

Galaxy.

The main weakness of the HIPPARCOS satellite wasto

have any instrument dedicated to radial velocitieeina-

tion and object/stellar classification. The stréngf Gaia

follows from the onboard dispersed photometricrimsent

that will cover the whole optical wavelength ran@30—

1050 nm) and the medium resolution spectrographS(RY Figure 78: Evolution of the parallax and star po-
Radial Velocity Spectrograph: 847—874 nm). Thestrin Sition accuracy. Gaia is a real breakthrough that
ments will enable: the accurate simultaneous measemt Wil provide parallaxes 100 times better than
of radial velocities (RVs), the variability charattation, as g&%?rgfiog’(;oa ?grrgzﬁr é);:;ars increased by a
well as the determination of the astrophysical petars ' '

(APs) down to magnitude 17 and the classificatiballthe targets down to magnitude 20.

The Gaia data processing represents a huge chaltkregto both the sheer volume of data and thenitech
cal complexity of the processing. Such an effost been compared to the mapping of the human genome
for the impact that it will have on Galactic astngpics. The European scientific community has been
given the responsibility for all aspects of theadaeatment and thus the GR®AC (DataProcessing
andAnalysisConsortium) was set up in 2006. The DPAC involvesertban 300 scientists in 15 coun-
tries spread over 8oordinationUnits (CUs).

At the Observatory, we are 7 to be involved in EHFRAC and in the development of the Gaia reduction
software, 2 of us being funded by a dedicated PR®OPEgram. We are contributing to the software
development of four different CUs: CU4 (Object Rrssing), CU6 (Spectroscopic Processing), CU7
(Variability Processing), CU8 (Astrophysical Paraens).

The software development made for Gaia takes pta6emonths development cycles, each cycle aiming
to improve the previous software deliveries. Thespnt report describes the work carried out during
cles 2 and 3.

C.1. Astrometric Reduction of Small Solar System Object$CU4)

C.1.1. Objectives

The Pauwels-De Cat team (section 4 of the ROB)eas assigned the task of developing the software
for DU454 "Astrometric reduction of small solar systenjects”, which is one of thBevelopingUnits

of CU4. Its task will be to receive pixel coordieatof moving objects from DU453 (CCD processing)
and to combine it with attitude and calibrationadat the satellite as derived by IDT and/or AGIQJE},

to produce positions (right ascension and dectindiin the ICRS reference system.
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C.1.2. Progress and results

Time was invested to learn the Java programminguage and the framework for code development es-
tablished by CU1 (Gaia System Architecture). A megligible time was also devoted to go through the
numerous documents issued by the GAIA communitgceing the work of DUs that will interact with
DU454 or describing the framework to use. At CUZ4etimeg 2 (November 2006), DU454 was selected as
one of the prototype DUs to give an extensive msgjreview at the next meeting. By having a few DUs
in advance of the other DUs, potential problems lmamletected more easily, and the prototype DUs can
serve as an example for the other DUs. On a onevdmying (February 16) in Paris of the prototypesDU
of the Solar System part, the work was plannedhfercoming months.

The first action was to produce the software regu@nt specification document (SRS, [1]) listingdls
detail the input/output (I/O) of the DU. Next, weade a skeleton of the programming code. This code
contained only a dummy algorithm, but at this stihgeas only the intention to have something thane
piled and could run with dummy data, but inside filsenework defined by CU1. Finally, we started ex-
tensive discussions with other DUs of the Solart&ysgroup, in order to get all DUs aligned aboGx I/
We have set up a detailed list of items at inpuat @umtput.

There were two regular CU4 meetings in 2007, eaatkimg the end of one of the six-month cycles in
which the work is organised. The first one, CU4 timge3, at the end of cycle 2, was held in NiceyMa
10-11. At that meeting we presented our SRS doctufdg¢nThe second one, CU4 meeting 4, at the end
of cycle 3, was held in Paris, November 12-13.h&tt tmeeting we presented the skeleton of our c2ide [

C.1.3. Perspectives for next years

Software developing will continue over the nextrfgears. Parallel, the corresponding documentshsill
produced and adapted to the evolving software. Wllsbe done in 10 six-month cycles, of which the
first three cycles already ended. By 2011, thd foftware should be ready.

C.1.4. Personnel involved
Scientific staff: T. Pauwels, P. De Cat

Technical staff: A. Jonckheere

C.1.5. Partnerships
List of international partners without grant

J.-E. Arlot and team, IMCCE, Paris, France
All CU4 members

Grants/Projects used for this research/service
PRODEX, Gaia-DPAC: Binaries, Extreme Stars and i1IS8kstem Objects, D. Pourbaix (BPI,
ULB), Y. Frémat (Bco-l, ROB) , E. Gosset (Bco-lghe), T. Pauwels (Bco-1, ROB) 2007 — 2009
C.1.6. Publications

D.3.8.1Reports, thesis, etc

[1] T.Pauwels
Software Requirements Specification for DU454 Asatic Reduction
Gaia report no. GAIA-C4-SP-ROB-TP-001-01.

C.1.7. Scientific outreach

Meeting presentations
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[1] T. Pauwels

Review for DU454 "Astrometric reduction for SSO"

10 — 11 May 2007, Progress report presente

[2] T.Pauwels
DU 454

d atr@ésting 3, OCA, Nice, France

12 — 13 November 2007, Progress report present&t4tmeeting 4, Paris, France

Websites
Update of the DU454 GaiaWiki page.

C.1.8. Missions

Commissions, working groups (days): P. De Cat (2), A. Jonckheere (2), T. Pauwels (5)

C.2. Single transit analysis (CU6)

C.2.1. Objectives

Radial and rotational velocity measurements willapeimportant part of the final output catalog lod t
mission. The Single Transit Analysis (STA) develgomunit (DU650: managed by Y.Viala, Paris-
Meudon) has the responsability to develop diffetenhniques that will allow to measure the radrad a

rotational velocity. Our objectives and duties ib@b0
are to implement a minimum distance method and
implement Fourier transform techniques to derive f{
radial velocity and rotational velocity of singlaéd
stars.

C.2.2. Progress and results

Our algorithms were implemented in the Java progra
ming language. This implementation was done follo
ing the Gaia Software Engineering Guidelines and
using the Gaia and CU6 datamodel. Two versionsiof
codes were delivered to the CNES. Various docume
were also delivered [1]-[3], describing the aldgomit

implementation (Software Requirements Specificati

Design Document, Release Note, Users Manual, T

and Performance Verification Report). Java Unitste
were developed to provide technical tests of th@ecd
To scientifically validate the code, it was applieda

large number of simulated data. A systematic bias

found that is due to the observations and templadés
being normalized. The results also suggest thapsha
templates provide better results. Intrinsic erramsre

determined and compared to those from Monte-C3g
simulations: agreement was not as good as it shmulg
These developments and first results were preseaite
the different CU meetings [1]-[6]. They are promgpi
but show that the software still needs to be impdoin

different aspects (e.g. better error bar compuiator-

malization, noise filtering etc ...).
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Figure 79: Monte Carlo simulations to estimate the
current accuracy of the radial velocity determina-
arlions carried out adopting the 3 procedures imple-
mented at ROB. The true radial velocity of the
gimulations is 20 km/s for a solar-like star. At tis
stage, the Fourier approaches (CC-Fou and Chelli
seems to be more sensitive to the template ar

source spectrum slope.
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C.2.3. Perspective for next years

The algorithms will be extended to also determhmee rotational velocity. It will be integrated witither
software modules (e.g. those that normalize spedteaious ways will be explored to optimize thedeo
Tests for the scientific validation of the codelwibntinue. Additional important responsibilitiesch as
the integration of all the STA algorithms (by RoBime) are also foreseen.

C.2.4. Personnel involved
Scientific staff: R. Blomme, Y. Frémat, C. Martayan

Technical staff: A. Jonckheere

C.2.5. Partnerships
List of international partners without grant

D. Katz, Y. Viala, C. Delle Luche, ObservatoireR&ris-Meudon, France
C. Martayan, Observatoire de Paris/Meudon, FraatcBQB since September 2007)
All CU6 members

List of national partners without grant
Y. Damerd;ji, Université de Liege
Grants/Projects used for this research/service

PRODEX, Gaia-DPAC: Binaries, Extreme Stars and 1S8kstem Objects, D. Pourbaix (BPI,
ULB), Y. Frémat (Bco-l, ROB), E. Gosset (Bco-I, g&, T. Pauwels (Bco-I, ROB) 2007-2009

Visitors:

Y. Viala, C. Delle Luche (Observatoire de Paris-Mewn, France), E. Gosset, (Université de Lie-
ge), 11 May 2007, discussion Single-Transit Analysi

C.2.6. Publications

D.3.8.2Reports, thesis, etc

[1] Y. Viala, R. Blomme C. Delle Luche, J.-M. DéserY,. Frémat, E. Gosset, D. Katz C.
Martayan
Single Transit Analysis (DU650) Software Requiretsi&pecification
Gaia report no. GAIA-C6-SP-OPM-YV-001-3

[2] Y. Viala, R. Blomme C. Delle Luche, J.-M. DéselY, Frémat, E. Gosset, D. Kat£. Mar-
tayan
Software Design Document for Single Transit Analysi
Gaia report no. GAIA-C6-SP-OPM-YV-002-1

[3] Y. Viala,R. Blomme M. David, C. Delle-LucheY. Frémat, E. Gosset
Software Test Plan and Verification Report for Snfransit Analysis -DU650 (Cycle 2)
Gaia report no. GAIA-C6-SP-OPM-YV-003-1

C.2.7. Scientific outreach

Meeting presentations

[1] R.Blomme
Radial and rotational velocity determination by miam distance method
22 May 2007, CU6 workshop 3, MSSL, UK
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[2] Y. Frémat, A. Lobel,
Radial velocity of single lined spectra by crossrefation in Fourier space
22 May 2007, CU6 workshop 3, MSSL, UK

[3] C. Martayan,
Coarse characterization of source
7 December 2007, CU6 workshop 4, Toulouse, France

[4] A.Jonckheere
Differences and similarities for software developtia CU4, CU6, CU7, CU8
7 December 2007, CU6 workshop 4, Toulouse, France

[5] R.Blomme
Radial and rotational velocity determination by minm distance method
7 December 2007, CU6 workshop 4, Toulouse, France

[6] Y. Frémat,
Radial velocity of singled lined spectra by crossrelation in Fourier space, cycle 3 overview
7 December 2007, CU6 workshop 4, CNES, Toulousender

National and international responsibilities

R. Blomme is manager of the package “Determinatibradial velocity by minimum distance
method”

Y. Frémat is manager of the package “Determinatibmadial velocity by cross correlation in
Fourier space”

C. Martayan is manager of the package “Coarse ctaization of sources”.

Websites
Creation and update of related GaiaWiki pages.
Meeting organization:

May 2007. Organization of a 1-day STA radial vefpdiscussion meeting (invited people were:
Y. Viala, C. Delle Luche, E. Gosset).

C.2.8. Missions

Commissions, working groups (days): R. Blomme (8), Y. Frémat (13), A. Jonckheere (3)
C. Martayan (3)

C.3. Variability Characterization (CU7)

C.3.1. Objectives

The tasks of the people involved at the Observaoeythe supervision of the general work package Va
ability characterization and the concrete real@manf the subworkpackage Period Search. The latter
cludes the coding (in Java) of that part of thaéallity pipeline that will deal with (possible) pedicity

in the data. In the final reduction only a limitedmber of methods for period search will be usedjthis
necessary to evaluate the behaviour, the efficiancythe computational feasibility of different imeds.

We are responsible for a few other minor work pgekaas well, but the work to be done there is post-
poned to next year.
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C.3.2. Progress and results

In 2006 already started the definition of the regments necessary for the processing of varialie da
This resulted in 2007 in a lot of Software RequieenSpecification Documents (SRS) to describe the
needs [1]-[8], as well at the top level (Charactri

tion, general pipeline) as at a lower level. Also a

few SRS were written for the test algorithms, al-

though it is very likely that not all the method#lw

be used in the final reduction. But this was dame f

comparison reasons.

To compare the different methods (Figure 80) the

application of the methods to Hipparcos data of

known periodic variables as done in 2006 was stud-

ied in more detail now. The Fourier method known

as Lomb-Scargle algorithm has the highest rate of

success in finding (known) periods (89%) and is

also one of the fasted methods. It is still to bens

what percentage of success other methods could add

to this and if there are groups of specific vagablrigure 80: Implementation of the phase dispersion ii-

stars where the periods are not easily found kg thiization method for period search (Jurkevich 1971).
method but can be discovered by other methods.

This is still under investigation.

Results of the comparison of different methodspieniod search were presented at th€W7 meeting in
Bologna (March 2007) [1]-[2]. Also the first workedit guidelines for the general processing were pre
sented there and later at tHe®U7 meeting in Lisbon [3]-[4].

A first (limited) version of the characterizationllbwing these guidelines was coded and integrated.

As agreed in CU7 each member of CU7 was also rerie# other SRS documents. Jan Cuypers re-
viewed and commented on the Top Level SRS docu(@hitA-C7-SP-GEN-PD-006-01) and the Global
Variability SRS documents (Catalogue visualizati@®IA-C7-SP-SVO-LSB-008, and Survey Quality
assessment, GAIA-C7-SP-SVO-LSB-008).

C.3.3. Perspective for next years

A more elaborated pipeline for the characterizatbthe variability will be coded and implemented.
selection of the methods for Period Search wilhizele based on the results of data series of knadn a
simulated variables. The methods will have to bplémented with their statistical properties. Thiuin
ence of a long term trend on the period searcHatiter modeling of the data will have to be stddie

C.3.4. Personnel involved
Scientific staff: J. Cuypers, P. De Cat

Technical staff: A. Jonckheere

C.3.5. Partnerships
List of international partners

L. Eyer, Observatoire de Geneve, Switzerland

L. Sarro, Artificial Intelligence Department, UNE®Virtual Observatory, Spain
A. Lanzafame, Department of Physics and Astrondomyyersity of Catania, Italy
All CU7 members

List of national partners
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Institute of Astronomy (C. Aerts, J. De RidderBlomme, ...), Department of Physics and As-
tronomy, K.U.Leuven

Grants/Projects used for this research

PRODEX, Gaia-DPAC: Variability, C. Aerts (BPI, KUleen), J. Cuypers (Bco-l, ROB), 2007-
2009

FWO-project G.0332.06 “Observationele bepaling vauwkeurige interne en circumstellaire
structuurmodellen van sterren”, Promotor: Prof. Donny Aerts, partners: K.U.Leuven, UGent,
V.U.Brussel, ROB (J. Cuypers)

C.3.6. Publications

C.3.6.1Reports, thesis, etc
Gaia Software Requirement Specification (SRS) d@nim(so far only internal reports):

[1]  J. Cuypers,
Variability Characterization SRS,
Gaia report no. GAIA-C7-SP-ROB-JCU-007

[2] J. Cuypers,
Period Search SRS,
Gaia report no. GAIA-C7-SP-ROB-JCU-002

[3] P.De Cat,
PeriodSearch: Jurkevich Method SRS,
Gaia report no. GAIA-C7-SP-ROB-PDC-001

[4] J. Cuypers,
Period Search: Deeming Method SRS,
Gaia report no. GAIA-C7-SP-ROB-JCU-001

[5] J. Cuypers,
Period Search: HLSQS Method SRS,
Gaia report no. GAIA-C7-SP-ROB-JCU-004

[6] J. Cuypers,
Period Search: Lomb-Scargle Method, SRS,
Gaia report no. GAIA-C7-SP-ROB-JCU-005

[71 J. Cuypers,
Period Search: String Length Method, SRS,
Gaia report no. GAIA-C7-SP-ROB-JCU-006

[8] J. Cuypers,
Variability Characterization End Test, SRS,
Gaia report no. GAIA-C7-SP-ROB-JCU-003
C.3.7. Scientific outreach
Meeting presentations

[1]  J. Cuypers,
Variability Characterization: Period Search: Curre8RS Ideas
23 — 24 March 2007, "4Gaia CU7 meeting, Bologna, Italy

[2] J. Cuypers,
Variability Characterization: Current SRS Ideas
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23 — 24 March 2007, "Gaia CU7 meeting, Bologna, Italy

[3] J. Cuypers,
Period Search Methods
30 — 31 October 2007"85aia CU7 meeting, Lisbon, Portugal

[4] A.Jonckheere, J. Cuypers,
SDD example walk through,
30 — 31 October 2007"85aia CU7 meeting, Lisbon, Portugal

National and international responsibilities

J. Cuypers is the manager of the Variability chim@zation and period search top level work-
package

C.3.8. Missions
Commissions, working groups (days): J. Cuypers (10), A. Jonckheere (2)

C.4. Extended Stellar Parametrizer (CU8)

C.4.1. Objectives

The extended stellar parametrizer is one of the @g8evel workpackages. Its goal is to take cdrthe
subsample of "extreme” but important stars whicly mat be well treated by "standard” grids and tys
GSP-phot (Generalised Stellar Parametrizer). ES® ra@lconsiders combinations and specific use of the
Gaia data. It is composed of 5 workpackages hatiagesponsibility to study “Cool stars”, “Ultra @lo
stars”, “Anomalous Abundance Stars”, “Hot Starsti &Bmission Line stars”. Hot and emission line star
are under the responsibility of the ROB, while titleer packages are managed by Spanish, Swedish and
Italian teams.

C.4.2. Progress and results

Since the implementation of the Gaia software basetperformed in JAVA, a few weeks were devoted
in the beginning of 2007 to learn the coding lan-
guage and guidelines. Six-month development cy-
cles were adopted by CNES. We had therefore two
software delivery deadlines in 2007 [2]-[8]. In Alpr
and October two versions of the “Extended Stellar
Parametrizer” have been delivered to CNES. At the
present time, the algorithms is mainly treating the
RVS spectral range of Gaia in order to derive the
astrophysical parameters (effective temperature,
surface gravity) of hot stars and characterize the
spectral line emission observed in emission line
stars. Several tests have been carried out toastim
the efficiency of the software using a Montecarlo
technique (Figure 81) and the available Gaia simu-
lated data. In spite the fact that the RVS spectral
range is dominated by broad Hydrogen lines, these
tests showed us that to increase the accuracyrof ou
determinations we had to take into account rotation

broadening. It showed also that to study starddain . . .
Figure 81: Montecarlo simulations we carried out fo B

(left) and O (right) type stars. Effective temperatire (up-
per), surface gravity (middle) and apparent rotation ve-
locity (lower) deviations have been estimated. 267



than magnitude 12 the use of noise filtering teghes should be tried.

Another goal of the ESP is to test in some cadésreint approaches to model [1] the stellar atmesgh
and spectra, and to provide grids of synthetic tspehat will be used, after processing by CUZgki the
different algorithms (mainly of CU6 and CUB8). Inighframework, experiments were done with the
CMFGEN stellar atmosphere code to calculate spdotraot stars. Preliminary results suggest that th
effect of mass loss might be detectable for théskbstars.

Parallel to the development of the ESP, we alsdritorted in the first draft of the functional ansily of
CU8 [5] and to the first overview of its SoftwaredRiirements Specifications [9].

C.4.3. Perspective for next years

Software will be delivered that determines thelatgdarameters of hot stars, based on a grid gplem
spectra. The possibility of extracting informatiabout the mass-loss rate from the khe will be ex-
plored. We will further continue to develop our @ighms for the classification of emission linersta
Using the server (gaiasrv) that we bought at tllea@#2007, we will further also provide CU2 withrsy
thetic spectra computed for O, WR, and Be stars.

C.4.4. Personnel involved
Scientific staff: R. Blomme, Y. Frémat, C. Martayan

Technical staff: A. Jonckheere

C.4.5. Partnerships
List of international partners without grant

A. Lanzafame, Italy

O. Kochukov, Uppsala, Sweden

C. Martayan, Observatoire de Paris/Meudon, FraatcBQB since September 2007)
D. Barrado, Spain

All CU8 members

Grants/Projects used for this research

PRODEX, Gaia-DPAC: Binaries, Extreme Stars and 1IS8kstem Objects, D. Pourbaix (BPI,
ULB), Y. Frémat (Bco-l, ROB) , E. Gosset (Bco-lgge), T. Pauwels (Bco-I, ROB) 2007 — 2009

Visitors:
A. Miroshnichenko, University of North Carolina, 223 June 200/PRODEX C9029(

C.4.6. Publications

C.4.6.1Publications in press, submitted

[1] J.-C. Bouret, T. LanzY. Frémat, F. Martins, K. LefeverR. Blomme, C. Martayan, C.
Neiner, P. Quinet, J. Zorec
The spectra of massive stars with Gaia
Proceedings of “Massive Stars: Fundamental Paramatel Circumstellar Interactions”, Eds.
P. Benaglia, G. Bosch and C.E. Capparess

C.4.6.2Reports, thesis, etc
[2] Y. Frémat, A. Lanzafame, B. Leroy, C. Martayan, C. Neiner
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[3]

[4]

[5]

[6]

[7]

(8]

[9]

Cycle 2 - Extended Stellar Parametrizer — SoftwReguirements Specification, Software De-
sign, Software Users Manual
Gaia report no. GAIA-C8-SP-ROB-YF-002-01

B. Leroy, Y. Frémat, A. Lanzafame, C. Martayan, C. Neiner
Cycle 2 - ESP — Software Test Plan and VerificaReport
Gaia report no. GAIA-C8-SP-OPM-BL-001-01

A. LanzafameY. Frémat, B. Leroy, C. Martayan, C. Neiner
Extended Stellar Parametrizer, Cycle 2 Softwarec&ss Note
Gaia report no. GAIA-C8-SP-UNCT-AL-002-1

F. Thévenin, C.A.L. Bailer-Jone¥, Frémat, A.M. Janotto
Functional Analysis of CU8
Gaia report no. GAIA-C8-TN-OCA-FT-001-1

Y. Frémat, D. BarradoA. Jonckheere,A. LanzafameC. Martayan, C. Neiner, L. Sarro, V.
Straizys

Cycle 3 - Extended Stellar Parametrizer — SoftwReguirements Specification, Software De-
sign, Software Users Manual

Gaia report no. GAIA-C8-SP-ROB-YF-002-03

Y. Frémat, D. Barrado, L. BarroA. Jonckheere,A. LanzafameC. Martayan, C. Neiner, L.
Sarro, V. Straizys

Cycle 3 - ESP — Software Test Plan and VerificaReport

Gaia report no. GAIA-C8-SP-OPM-BL-001-03

A. LanzafameY. Frémat, D. Barrado, L. BarroA. Jonckheere,C. Neiner,C. Martayan, V.
Straizys

Extended Stellar Parametrizer, Cycle 3 Softwarec&ss Note

Gaia report no. GAIA-C8-SP-UNCT-AL-002-2

C.A.L. Bailer-Jones, A.-M. Janotto, F. Thévenin Frémat
CU8 Software Requirements Specification
Gaia report no. GAIA-C8-SP-MPIA-CBJ-032-01

C.4.7. Scientific outreach

Meeting presentations

[1]

[2]

[3]

[4]

[5]

Y. Frémat
Selected stars for ESP
8 — 9 March 2007, GBOG Meeting 02, Paris, France

Y. Frémat, D. Barrado, A. Lanzafame, C. Martayan, C. NeinerStfaizys
Extended Stellar Parametrizer, Report on Cycle &kwo
14 — 15 June 2007, CU8 Meeting 3, Uppsala, Sweden

Y. Frémat, R. Blomme, A.Jonckheere, C.Martayan, B. deBatz, A.-M. Hubert, M. Floquet,
B. Leroy, C. Neiner

Classification of Hot and Emission Line Stars

13 — 14 December 2007, CU8 Meeting 4, Athens, @&reec

A. Jonckheere
Differences and similarities for software developiiia CU4, CU6, CU7, CU8
6 — 7 November 2007, GHOST meeting 3, Meudon, Feranc

Y. Frémat
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ESP/Hot stars overview of cycle 3
6 — 7 November 2007, GHOST meeting 3, Meudon, Feranc

National and international responsibilities

R. Blomme is Manager of the Hot Stars work package

Y. Frémat is manager of the Extended Stellar Paré&eetop level work package
Y. Frémat is CUS8 representative for 880G (GaiaGroundBasedObservations)
C. Martayan is Manager of the Emission Line Stasskvpackage

Websites
Creation and update of related GaiaWiki pages.

C.4.8. Missions

Commissions, working groups (days): R. Blomme (2), Y. Frémat (10), A. Jonckheere @)Mar-
tayan (2)

Research visits (days): Y. Frémat (5)

270



GENERAL SCIENTIFIC ACTIVITIES

Representations at national level

V. Dehant: President of the Belgian National Cosaitof Geodesy and Geophysics;

V. Dehant, T. Van Hoolst, R. Van der Linden: mensbefrthe Belgian National Comittee of As-
tronomy;

C. Bruyninx, Th Camelbeeck, K. Vanneste: Membethef Belgian National Comittee of Geod-
esy and Geophysics;

F. Roosbeek, T. Van Hoolst, M. Everaerts, M/ Vam@aAssociate member of the Belgian Na-
tional Comittee of Geodesy and Geophysics;

V. Dehant, C. Bruyninx, F. Roosbeek, T. Van Hookssociated Member of the Belgian Na-
tional Committee of Space Research

S. Lambert: Member of the Comité National Frandaisséodésie et Géophysique (CNFGG);

P. Lampens: ROB representative in the Belgian natieSO Committee (BNEC)

P. De Cat, Y. Frémat, P. Lampens: Members of thRMES consortium

Y. Frémat: Member of the Société Francaise d’Astyspue

Griet Van de Steene: member of BNEC

Griet Van de Steene: member of VISA time allocatommittee

Camelbeeck Thierry, M. Van Camp: Member of BESEIG

Camelbeeck Thierry: Associate member of the Royad&my for Overseas sciences
Camelbeeck Thierry: President of the Société RoBalge d’Astronomie, de météorologie et de
physigue du globe.

Camelbeeck Thierry: Member of the “Belgian comnaitter the Quaternary” — BELQUA

Lecocq Thomas: Member of Geologica Belgica

Lecocq Thomas: Member of Société Géologique du Nerahce.

Representations at international level

V. Dehant: Belgian representative in the IUGG Calinc

V. Dehant: Belgian representative in IAG;

P. Defraigne: Belgian representative at the Coatu#t Committee for Time and Frequency,
BIPM (Bureau International des Poids et Mesures);

Th. Camelbeeck: Belgian representative at thenatesnal Association of Seismology and Phys-
ics of the Earth;

K. Vanneste: Belgian representative in the Europ@eismological Commission (ESC) for the
period 2006—2010;

F. Collin, Belgian representative at the Euro-Meddnean Seismological Center;

G. Van de Steene: Belgian representative in the BS€)'s committee;

M. Van Camp: Belgian representative for the workgngup “Global Earthquake Risk Map Ini-
tiative”, Global Science Forum, OECD;

G. Van de Steene: ROB representative Herschell PA®@Sion guaranteed time project on
evolved stars;

F.Clette: Belgian representative in the CRAF (Cottewrifor RadioAstronomy Frequencies);
F.Clette: Belgian representative to the JOSO Bgdoiht Organisation for Solar Observations).

Memberships of international scientific committees:

C. Bruyninx: Member of the International Global Ngation Systems Society;

V. Dehant: President of the Panel ‘Earth Scienoe’tfie evaluation of the Descartes Research
Prize;

Th. Camelbeeck: referee for internal report offhench CEA,

A. Hubert-Ferrari: referee for the National ScienE@undation - Tectonic Section;
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M. Van Camp: referee for CNRS project;

M. Van Camp: representative of the ObservatoryradS foreign affiliate;

M. Van Camp: Member of the ‘Working group on Graeiny’, Consultative Committee for
Mass and Related Quantities, Bureau InternatioesalRbids et Mesures (BIPM, Sévres, France);
M. Van Camp: Member of GGP;

P. De Cat, Y. Frémat: Member of the Gaia Hot Stari (GHOST);

P. De Cat, T. Pauwels: Members of Gaia DPAC Coattin Unit 4 “Astrometric processing”
(CU4);

P. De Cat, R. Blomme, Y. Frémat, A. Jonckheere @nd/artayan are Members of the Gaia
DPAC Coordination Unit 6 “Spectroscopic processi(Qu6);

J. Cuypers, P. De Cat and A. Jonckheere are Menalbehe GAIA-DPAC Coordination Unit 7
“Variability processing” (CU7);

R. Blomme, Y. Frémat, A. Jonckheere and C. Martsgr@aMembers of the GAIA-DPAC Coor-
dination Unit 8 “Astrophysical parameters” (CU8);

T. Pauwels: Deputy of Gaia DPAC DU454;

Y. Frémat: Member of the CoRoT Be stars workgroup;

P. De Cat: Member of the CoRoT Gamma Doradus Wgriroup;

P. Lampens: Member of the CoRoT Binary Thematiaifea

R. Van der Linden: Member of the Solar Cycle 24dieon Panel (NASA/ISES);

D. Berghmans: member of the Solar System Workingu@r(SSWG, ESA Advisory Commit-
tee);

D. Berghmans, R. Van der Linden: member of the §¥deather Working Team (SWWT);

D. Berghmans: member of the Working Group of thterimational Living with a Star (ILWS);

D. Berghmans: member of the Belgian national cotemifor thelnternational Heliophysical
Year;

F. Clette: URSI Commission J (Radioastronomy);

F. Clette: URSI representative to the FAGS Commiftéederation of Astronomical and Geo-
physical Data Analysis Services) since 2006;

E. Podladchikova, A. Ben Moussa: Referee for spatieof FP7 projects;

A. Verdini: NASA peer review on “Heliophysics ThgoProgram”, Washington D.C., 1/10/07-
5/10/07;

A. BenMoussa: Evaluator for the French PNANO/ANRogramme (Nanosciences and
nanotechnologies);

B. Giordanengo: Evaluator for the French PNANO/ApiRgramme

IAU (International Astronomical Union)

V. Dehant: Member (as Past-President) of Commisk#bfEarth Rotation” Advisory Board;

P. Defraigne: Member of Commission 19 “Earth RotatiAdvisory Board;

P. Defraigne: Member of the Organizing Committe®uvision | “Fundamental Astronomy”;

P. Defraigne: President of Commission 31 “Time”;

T. Pauwels: Member of IAU Task Force on the Prem@a and Digitization of Photographic
Plates (PDPP);

T. Pauwels: Member of IAU Working Group on the Asgraphic Catalogue and Carte du Ciel
Plates;

T. Pauwels: Member of IAU Working Group "Astromeby small ground-based telescopes”;
T. Pauwels: Member of IAU Commission 7 "Celestigddflanics & Dynamical Astronomy";

T. Pauwels: Member of IAU Commission 8 "Astrometry"

C. Bruyninx, P. Defraigne, V. Dehant, F. Roosbéekyan Hoolst: Members of IAU Commis-
sion 19 “Earth Rotation”;
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T. Pauwels, P. De Cat: Member of IAU Commission'R0sitions & Motions of Minor Planets,
Comets & Satellites";

Herman Hensberge: Member of IAU Commission 25 18td?hotometry and Polarimetry”;

P. De Cat, P. Lampens: Member of IAU commission 26;

T. Van Hoolst, P. De Cat, P. Lampens: Member of iBammission 27 “Variable Stars”;

C. Bruyninx, P. Defraigne, V. Dehant: Members olI€ommission 31 “Time”;

Ronny Blomme: Member of IAU Commission 36 “TheofyStellar Atmospheres”

IAG (International Association of Geodesy)

V. Dehant: President of IAG Commission 3 “Earth &imn and Geodynamics”;

C. Bruyninx: Network Coordinator of the EUREF Peneat GPS Network (EPN);

C. Bruyninx: Head of Central Bureau of the EUREnREnent GPS Network (EPN);

C. Bruyninx: Chair of the “EUREF Technical Workirigroup”, governing board of the “sub-
commission for Europe” SC1.3.a: of IAG CommissiofReference Frames”;

C. Bruyninx: Chair of the IAG Working Group SC1.Bégional Dense Velocity Fields”;

F. Roosbeek: Member of Central Bureau of the EUREFfmanent GPS Network (EPN);

C. Bruyninx: Member of the EPN Special Project “€ii®eries Monitoring”;

C. Bruyninx: Head of EPN Analysis Center;

C. Bruyninx: Head of EPN Data Center;

C. Bruyninx: Co-chair of the Inter-Commission Stu@goup IC-SG1.2 “Use of GNSS for Refer-
ence Frames” (joint between IAG Commission 1 “Refiee Frames”, Commission 4 “Position-
ing and Applications”, and IGS International GNSS\&ce);

C. Bruyninx: Member of the IAG Inter-Commission fer 1.2 on “Vertical Reference Frames”;
C. Bruyninx: Member of the Working Group “Europe@ombined Geodetic Network (ECGN)”
of the EUREF sub-commission”;

T. Van Hoolst: Member of the IAG Commission 3 Adwig Board representing the Inter-
commission on “Theory”;

O. Karatekin: Member of the IAG Commission 3 AdvisaBoard representing the Inter-
commission on “Planetary Geodesy”;

C. Bruyninx: Member of the Governing Board of “Wege€’, an IAG Inter-commission project;
O. Karatekin: Member of steering committee of thiei-commission on “Planetary Geodesy”;
T. Van Hoolst: Member of steering committee of A& Inter-commission on “Theory”;

C. Bruyninx, F. Roosbeek: Members of IAG Commission

M. Van Camp: Member of IAG Commission 2

C. Bruyninx, P. Defraigne, V. Dehant, O. Karatekin,Roosbeek, T. Van Hoolst: Members of
IAG Commission 3;

C. Bruyninx, F. Roosbeek: Members of IAG Commisgion

C. Bruyninx: Member of IAG Commission 19;

T. Van Hoolst: Effective member of IAG Sub-Commssi3.3 “Geophysical Fluids” of the IAG
commission 3 “Geodynamics and Earth Rotation”;

B. Ducarme: Member of Working Group “Precise Tidakdictions”, of the Earth Tides Sub-
commission;

M. Van Camp: member of the Study Group 2.1.1 on @amsons of Absolute Gravimeter
SGCAG of sub-commission 2.1 (Gravity and Gravitytieks) of IAG Commission 2 (Gravity
Field).

IERS (International Earth rotation and Referengstems Service)

T. Van Hoolst: Head of the IERS Special BureaulierCore
P. Defraigne, V. Dehant: Members of IERS SpeciakBu for the Core
V. Dehant: Member of the IERS Conventions EditoBahrd;
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S. Lambert: Member of the IERS Working Group onetiiction”;
T. Van Hoolst: IERS Associate Member

IGS (International GNSS Service)

C. Bruyninx: Associate Member of the IGS
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D. PLANETARIUM

D.1. Activités

D.1.1. Visiteurs

- En 2007, le Planétarium a accue?8.588 visiteurshors événements spéciafMuit des Chercheurs,
Erfgoeddag, Family Day, etc.), chiffre en diminati1764 visiteurs / -5.8 %) par rapport a 'année
précédente. Cette baisse peut étre attribuée sebale de nouveau spectacle programmé en 2007 qui
prive le Planétarium d’'une couverture médiatiqueveat efficace auprés du grand public.

- La part dupublic scolaire (19.947 éleves) s'éléve a 69.8 % du nombre tatalisiteurs, chiffre en
légére hausse. Le public familial (mercredis apnédi; dimanches, congés scolaires) atteint le nom-
bre de 8.641 visiteurs (-1448 personnes).

- La répatrtition entre public néerlandophone (14.@38eurs / 51.9 %) et public francophone (13.750
visiteurs / 48.1 %) estquilibrée.

- La formule desateliers (workshops) permettant aux écoles venues assistér programme ou un
cours de prolonger leur visite au Planétarium daceiant des activités pédagogiques (fabrication
d'une carte du ciel, d’'un déclinateur solaire, uladies échelles du systeme solaire, etc.) sousde-d
tion des animateurs ou des enseignants détach&aaatarium continue de connaitre un succes
croissant : 3.917 éléves (+11%) y ont participé@wrs de I'année 2007.

D.1.2. Spectacles

- Le Planétarium n’a pas inauguré de nouveau spectacP007, mais il est engagé dans la création de
plusieurs productions sur taétéo solaire(diffusion courant 2008 — production interne) @t l& pro-
jet ALMA (diffusion fin 2008/début 2009 — co-productionl&APESO).
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Des représentations des spectagl®danetes en Vue »t « Origins of Life » en vidéo plein voQte
(technologie duFull-Domeé ont été offertes au public le 28 septembre achson de la troisiéme
« European Researcher’'s Nightfinancée par le département Recherche de la Gsiom Euro-
péenne. ; en paralléle, était proposé dans I'awelite spectacle théatralFusion Road Show *ex-

périences interactives sur la fusion nu-
cléaire) dans l'auditoire ; plus de 600
personnes ont été accueillies lors de
cette soirée.

- Lors de linauguration le 4 octobre de
I'exposition « Spoutnik : le début de
I'ére spatiale » (cf. ci-dessous) a été
projeté le spectacleull-Dome« Dawn
of the Space Age ».

D.1.3. Expositions

- L’exposition permanentepermet aux
visiteurs de découvrir les thémes de re-
cherche et les missions de service pu-
blic menés par les scientifiqgues des Ins-

Figure 1. Le 'Fusion Road Show' en cours tituts du Péle Espace.

Dans le cadre de I'’Année Héliophysique Internatieni@ Planétarium a présenté une nouvelle expo-
sition temporaire intitulée« Soleil : ami ou ennemi ? »réalisée en collaboration étroite avec les

chercheurs du Département de Physique SolaireQdesérvatoire : panneaux didactiques, helioquiz,
maquette du Soleil, et séquences vidéo composéet egosition prévue pour couvrir 'année sco-

laire 2007-2008.

Figure 2, Maquette et panneaux de I'exposition "Selil: ami ou en-
nemi?"

Une exposition photographique (portraits de scientifiques des Etablissementgrifiques Fédé-
raux) installée initialement lors de la Nuit dese@theurs 2006 a complété I'offre scénographique du
Planétarium jusgu’en septembre.
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Le 4 octobre a été inaugurée en présence de I'Asabasir de Russie une exposition photographique
intitulée « Spoutnik : le début de I'ere spatiale >consacrée au satellite Spoutnik dont on fétait le
50" anniversaire du lancement ; cette expositionesfiit de I'agence de presse russe RIA Novosti.

Figure3. Ouverture de I'expo Spoutnik Figure 4. Projection “full-dome” a l'occasion de “Re-

searchers Night”

D.1.4. Conférences, colloques, séances spéciales

Plusieurgéunions ont été tenues dans les locaux du Planétariummia® du Comité de Direction de
la Politique scientifique fédérale (13 mars) ; iéandu Groupe de Contact Astrophysique FNRS &
ROB Astronomy Day (16 mars) ; réunions du Comitédetage I'YA2009 (18 juin et 5 décembre).
Des séances spéciales ont été organisées porgcelation de nouvel-andu Haut-Représentant bel-
ge pour la politique spatiale (23 janvier) pi®jet Pl initié par la VUB et soutenu par la Communau-
té flamande (19 février) ; IErfgoeddag (22 avril) ; les participants ddExpo-Sciences(Jeunesses
Scientifiques de Belgique — 3 et 4 mai) Plentemps des Muséeg20 mai) ; leFamily Day de La
Poste(23 septembre) ; Iuit des Chercheurs(28 septembre) ; Ipersonnel de I'Observatoire(30
septembre — démonstration de la technol&gik-Dome ; lesNocturnes des Musées Bruxelloié3

et 29 novembre).

Une démonstration d’ateliers ayant pour theme la mission « Vénus EXpress > iposée aux
enseignants du secondaire tant néerlandophonedrajusophones (en collaboration avec Norma
Crosby de I'ASB).

Le Planétarium a loué ses locaux a des firmesféreliftes reprised 8 locationg dans I'année ; I'on
peut notamment citerconcert BOZAR de musique indienne (17 janvier) ; conféeede presse or-
ganisée par la RTBF présentant I'actioRlanete Nature »(20 mars) ; conférence de presse Union
Europénne /Belspo présentantldluit des Chercheurs »26 septembre).

L’équipe du Planétarium a eu I’honneur d’accueldiPrince Philippe et ses enfants en visite privée
a l'occasion d’'une projection de spectacle.

D.1.5. Brochures

Deuxdépliants/posters(une version néerlandophone et une version frammog) ont été réalisés en
2007. Ces publications s’adressent aux enseigeamulscrivent au recto les programmes, les cours et
les nouvelles activités pédagogiques du Planétam@lmns qu’au verso est présenté le systeme Terre-
Soleil (dans le cadre de I'Année Héliophysique nimi¢ionale) ; les dépliants/posters ont été envoyés
a l'ensemble des écoles du Royaume au momentreetiée scolaire.
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Fin 2007 a été préparée bmochure destinée au grand public elle présente les différents pro-
grammes et contient diverses informations pratiquedie couvre I'année 2008.

Le site Internet du Planétarium est continuellement mis a jour.p@at y trouver l'actualité du mo-
ment. Une nouvelle mouture du site est prévue panmée 2008.

D.1.6. Collaborations

La collaboration avec IMini-Europe (mise en place d'un ticket combiné pour les greupgéest
poursuivie avec succes, ainsi que celle av&listerrenwacht Mira (Grimbergen).

Une nouvelle collaboration a été établie akadéng Tomorrow (Vilvoorde) : un ticket combiné est
disponible pour les groupes.

Le Planétarium a participé en 2007 aExpo-Sciences> organisée par les Jeunesses Scientifiques
de Belgique au Palais des Expositions du Heyseh@&nnotamment : participation au jury de sélec-
tion).

Une collaboration centrée sur IBassPolea été établie avec les Jeunesses ScientifiquBgldaue
dans le cadre de I’Année Polaire Internationaler200

L'équipe pédagogique du Planétarium a participé jauxnéesPortes Ouvertesde I'Observatoire
royal de Belgique des 6 et 7 octobre en animaratelner utilisant le déclinateur solaire ; I'expticsh
temporaire consacrée au Soleil a été installé®l@skrvatoire pour I'occasion.

Le Planétarium a été I'un des participarnts
des différentes réunions organisées pat| le
«Forum Espace & Enseignemenp. Ce
Forum, soutenu par le Fonds Prince Philip-
pe, est destiné a promouvoir les carriéres
scientifiques auprés des acteurs (de
I'enseignement belge.

Des réunions régulieres de I&€ellule
Communication du Péle Espaceont eu
lieu au cours de I'année.

Le Planétarium est membre du Comité de
Pilotage del’Année Héliophysique Inter-
nationale 2007 et a participé a ce titre aux
différentes réunions de travail.

L’ Observatoire des MuséegBelspo) a ré-
alisé entre mai 2006 et mars 2007 une énFigure 5. Demonstration du déclinateur solaire au
quéte concernant les habitudes des visjte:Portes Ouvertes a Uccle.

des enseignants dans les musées fédérzlux:

une partie de I'enquéte est dédiée au Planétarium.

Une offre spéciale a été proposée GMW/CPAS dans le cadre de la brochure « Dix lieux a dé-
couvrir) édités par de la vzw « Kunst en Democratie

Le Planétarium est membre dassociations touristiquessuivantes : « Toeristische Attracties »,

« Attractions & Tourisme », « Brusselse Museumnaad Office de Promotion du Tourisme Wallo-

nie-Bruxelles ».

o Il a a ce titre participé auXocturnes des Muséesgt a I'action « Explore les Musées avec
Tom & Charlotte (jeu-parcours pour les enfants) organisées pat Beusselse Museu-
mraad »

Le Planétarium est membre dessociations de planétariumsuivantes : « International Planetarium
Society (IPS) », « Vereniging van Nederlandstaiignetaria (PLANed) », « Association des Plané-
tariums de langue Francaise (APLF) », « Arbeitsgesobaft deutschsprachiger Planetarien (ADP)».
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o Des réunions de travail dd_ANed, I'association des planétariums de langue néeolaimal
ne née sous l'impulsion du Planétarium de I'ORBsms# déroulées a Hove (dans les locaux
d’'Urania, 3 avril) et aux Planétarium Artis (Amstam, 12 juin) et Europlanetarium (Genk,
10 décembre).

0 Le Planétarium a également été présent lorsofloque annuel APLFayant eu lieu a Mar-
seille (France) et lors dzolloque annuel ADPa Schwaz (Autriche).

D.1.7. Projet ESERO

Le 1* octobre 2006, I'Agence Spatiale Européenne (ESgjast avec I'Observatoire royal de Belgi-
gue un contrat permettant au Planétarium d’étdhlirs ces locaux unkuropean Space Education
Resource Office» (ESERO). Le but de ce projet pilote (d'une dudctale de deux années) est de fa-
voriser la promotion des matiéres et carrieresnsifigues en général, et celles liées au domaine du
spatial en particulier, via des contacts étroiscanotamment mais pas exclusivement, le milieu édu
catif.

Suite a un appel a candidatures fort suivi, 'Obatmire royal de Belgique a recruté en février 2007
deux Office Managers(r6le néerlandophone et réle francophone) chadgémener a bien les diffé-
rentes taches liées au projet ESERO.

D’importants travaux d'infrastructure (aménagement complet de deux pieces de Il'ancienne
conciergerie, du patio et du couloir menant a lee sk réunion) ont été menés par une société et le
personnel technigue de I'Observatoire et du Plaiugia

L’ ouverture officielle du bureau ESERO Belgium s’est déroulée le 27 anrpprésence des autorités
de tutelle et des représentants de 'ESA.

Les Office Managers ont remis a 'ESA le 31 juillat «Consolidated Study Repost décrivant la
place réservée en Belgique a la promotion du dpatiasein du milieu éducatif tant formel
gu’informel. La qualité et I'exhaustivité de ce papt ont été spécialement saluées par les représen-
tants de 'ESA.

Sur base de cette étude, les Office Managers ons$ & 'ESA le 31 octobre un@perational strate-

gy and action plan» établissant les opérations prioritaires & meuoer accentuer la promotion du
spatial au sein des différentes milieux éducatifs.

La phase opérationnellea débuté le ®l novembre 2007, notamment par la préparation dsiqalts
événements (projets de classes-pilotes, créatidicltEs pédagogiques, organisation de portes ouver-
tes, participation & des salons) prévus pour I'arf@98.

Figure 6. Ouverture du bureau ESERO
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D.1.8. International Year of Astronomy 2009

- Le Planétarium a été choisi par le BNCBe(gian National Committee for Astronojygour agir en
tant que Special Point of Contact auprés délnternational Astronomical Uniompour la coordina-
tion et la promotion des activités a planifier @liser en Belgique durant 'année 2009 dans leecad
de 'Année Internationale de I'’Astronomie.

- Un Comité de Pilotageregroupant des astronomes professionnels et araatdes acteurs du do-
maine de la promotion des sciences a été mis er plee Comité s’est réuni a trois reprises en 2007
(18 juin, 12 septembre, 5 décembre).

- Plusieursprojets d’activités (piéces de théatre sur Galilée, olympiade d’asimoa, édition spéciale
de timbre, etc.) ont été définis au cours de cesio@s ; des groupes de travail spécifiques sont en
charge de leur réalisation concrete.

- Une présentation orale des activités belges afftétwée lors du colloque @ommunicating Astro-
nomy with the Public> ayant eu lieu a Athénes en octobre.

D.2. Moyens mis en oeuvre

D.2.1. Personnel

- Au 31 décembre 2007, le personnel du Planétariucosposait dd7 membres:
0 . Alvarez, chef de travaux, statutaire - respolesab

. Bastin, experte technique, contractuelle — ahicescientifique

. Champagne, attaché scientifique, contractuélD R

. Consiglio, administratief medewerker, contraetueaccueil

. De Rycke, gedetacheerd leraar — cours

. De Winter, administratief deskundige, contraetueaccueil

. Froidure, attachée classe 1, contractuelle ie©fhanager ESERO

. Goethals, attaché klasse 1, contractueel —®©ffianager ESERO

. Ipuz-Mendez, collaborateur nettoyage, contrdtguesntretien

J-C. Jacques, assistant technique, statutaireratepé

A-L. Kochuyt, attaché klasse 1, statutaire — refaipubliques

N. Lubkowski, collaborateur technicien, contractutdchnique

A. Milis, industrieel ingenieur, statutaire - resigable technique

R. Mostaert, enseignant sous contrat - cours

A. Sayer, collaborateur nettoyage, contractuedietretien

G. Smet, technisch assistent, contractueel — aaimatientifique

W. Vander Putten, technisch deskundige, contrattusfographisme

>HOWOIT0NO<D
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D.2.2. Equipement

- Au cours de 'année 2007 a été menée a bien taypeocédure de sélection relative & dappels
d’offre d’achat (subsides obtenus aupres du Lotto pour I'achajui@®ment scientifique) diffusés
dans le cadre de deux procédures négociées sdistpub

o Ces appels d'offre concernaient d’'une part la isoa et I'installation d'urserveur de mé-
dia et d’'un systéme de contrdleet d'autre part la livraison et I'installation deuxprojec-
teurs vidéohaute-technologie.

0 Les appels ont été publiés en novembre 2006, fessofnt été recues en février 2007, une
premiéere pré-sélection a été effectuée en avriVjiesypar une période de négociation qui a
abouti en juillet a Isélection des offres retenugsociétés RSA Cosmos et Barco).

- Le Planétarium a bénéficié d’'un subside accordé& tlaicadre de IBotation spécifique2007 pour
financer I'exposition temporaire et le spectacletdmétarium consacrés au Soleil.
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D.3. Projets en cours et a venir

D.3.1. Projet ESERO

- La phase opérationnelle du projet ESERO, débuté¥ navembre 2007, se poursuivra jusqu’au 31
octobre 2008. Le projet, actuellement dans sa ppitste, sera alors évalué dans sa globalité avant
une éventuelle reconduction du contrat liant I'Qlamire a 'ESA.

D.3.2. International Year of Astronomy 2009

- L'année 2008 constituera une année cruciale poatiser le calendrier des activités placées sous le
sigle de I'’Année Internationale de I'’Astronomie 20Qe Comité de Pilotage et les différents groupes
de travail se réuniront a plusieurs reprises poemana bien cette tache.

D.3.3. Vers un planétarium numeérique

- Les systemes de contrdle, serveur média et projectédéo haute-technologie acquis dans le cadre
desappels d'offre conclus en 2007 seront installés au début dedar2908.

- Cet équipement marque la premiére phase d'un pgtgbal en plusieurs étapes menant a terme vers
un systeme de planétarium numeérique » (couverture vidéo compléte du déme : systémb-
Dome@
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E. BIBLIOTHEQUE

E.1. Situation du personnel de la bibliotheque commune BORB et a I'lRM
Personnel scientifique: Pierre Alexandre (Chef de travaux)

Personnel administratif: Jean-Marie Danloy (Technicien de la recherclaytdire)
Myriam Vandercoilden (Technicienne de la recherclbejractuelle)
Luc Vanhassel (Adjunct-Technicus der vorsing, $tétaiPT)

E.2. Activités de la bibliotheque

E.2.1. Activités générales

Pour les livres et les périodiques de 'ORB, lespanel de la Bibliothéque a assuré la centralisates

propositions d’achat, I'achat des titres sélectémre catalogage de ceux-ci, le “bulletinage” d@né-

ros de périodiques, le classement des ouvragesukd des visiteurs, le prét aux lecteurs et & pter-

bibliothéques. Les mémes services ont été effegtoésles livres et les périodiques de I''RM, &tep-

tion des achats, des propositions d’achats et dlietinage” des périodiques, opérations directenafnt
fectuées a I'lRM.

E.2.2. Abonnements, échanges et achats

La bibliotheque a bénéficié en 2007 de 155 abonn&sriedes périodiques en version sur papier (80 pou
I'IRM, 75 pour 'ORB) ; en outre, environ 170 putditions périodiques ont été recues soit par doihs so
par échanges avec d’autres institutions. Les dalles se sont enrichies par ailleurs de 50 liviegues

par achat (11 pour I'IRM, 39 pour 'ORB) et d’enstir une quarantaine d'autres ouvrages recus par dons
ou par échanges.

E.2.3. Périodiques électroniques

L'abonnement aux versions électroniques de cert@nsdiques, en sus des versions sur papiersaleri
I'extension en 2007: trente abonnements ont éseepri2007 par les deux instituts (dix-sept pourRBO
douze pour I'IRM, et un abonnement commun a I'ORBM et I'|AS pour les cinq parties dlournal of
Geophysical Researkh

Par ailleurs, I'acces au réseau électronique Swsts\&uquel I'ORB et I'IRM sont affiliés, a pernd&ac-
céder gratuitement & la version électronique deaicsr périodiques pour lesquels les deux instibuts
souscrit un abonnement & la version sur papierefision électronique pour I'année en cours étdattef
en sus par 'éditeur). Au stade actuel, le nombrees périodiques gratuits du réseau SwetsWisteetd
pour les trois instituts d'Uccle, étant donné quéeg a SwetsWise le personnel de chaque instiRB,O
IRM ou IAS, peut avoir aussi acces (du moins panmiée en cours) aux versions électroniques geatuit
des revues dont la version papier est achetéenpdesideux autres instituts.

E.2.4. Classement des collections

Quelque 127 collections de périodiques peu ou pasultés (collections en double, revues écritesyen
rillique, collections devenues obsolétes) ont etagférés de la bibliotheque vers un local de vesere
qui a permis de faire face a I'extension annuedle gkriodiques courants, et de réaménager latéothdi
la collection des périodiques de géophysique, @jnsine partie de la collection des périodiquestiia
nomie.
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Par ailleurs, le récolement général des collectimdivres antérieurs au XXe siécle a été poursiivi
'occasion de l'informatisation progressive de laliothéque, des ouvrages enregistrés séparémént on
été rattachés aux grandes collections dont ilgiais éventuellement partie. La reliure de 140 mels de
périodiques a également été effectuée.

E.2.5. Informatisation de la bibliotheque

Pour rappel, l'informatisation de la bibliotheque IORB — IRM au moyen du systeme de gestion VU-
BIS comporte trois opérations distinctes:

Catalogage des données bibliographiques (en certlep mots-clefs) relatives aux titres de pé-

riodiques, aux collections de livres et aux livfesux-ci étant soit enregistrés isolément soit re-
liés & une collection de livres).

“Bulletinage” des périodiques, soit des numéro$ateée en cours, soit des tomes entiers apres
reliure.

Attribution aux divers volumes (livres ou périodag) de numéros de "codes-barres" permettant
le prét informatisé.

En 2007, les activités d'informatisation de la Bithéque ont été les suivantes:

Catalogage et “bulletinage” systématique, avedation de “codes-barres”, de tous les livres et
numéros de périodiques acquis en 2007 (opératfenteée depuis I'année 1996).

Relevé systématique, en vue de leur informatisdtiture, des dates de cléture des collections de
périodiques qui ont cessé de paraitre (jusqu’ieules les dates de départ de ces collections
avaient été relevées).

Vérification et correction des données bibliograjpleis encodées avant 1996 au moyen d’un autre
systéme de gestion informatique, et attributior'atmles-barres”, pour les livres entrés a la bi-
bliothéque entre 1951 et 1996 (le catalogage propné dit de ces livres ayant déja été effectué
auparavant).

Dans I'accomplissement de ces travaux, la Bibligtieea bénéficié de I'aide de Mme Christine Roberti,
pour le bulletinage des numéros de périodique&sdaéde 2007 acquis par I'IRM.

Un arrété ministériel du Service Public FédéralRiegrammation Politique Scientifique a confié aux
Etablissements scientifiques fédéraux la chargetaliser des "catalogues informatisés des bibliibé

des Etablissements scientifiques fédéraux", sivesar dans le cadre de la mise en ceuvre du "Plati-de
gitalisation du patrimoine culturel et scientifiqgdes Etablissements scientifiques fédéraux relegiant
Ministre de la Politique scientifique”. Ce travaé déroule du ler novembre 2005 au 31 décembre 2008
L'arrété attribue une somme totale de 19.078 Eawo les deux institutions (ORB et IRM), et ce pdas
frais de personnel permettant I'engagement, pendarit mois environ, d'un agent de niveau C chargé
d'encoder les données des livres et brochuresieunts a la date de 1951. Pour éviter toute solud®
continuité dans le contrat de cet agent, il a é&ypde reporter les sommes allouées en 2005-2006 e
2007 a l'année 2008. Les épreuves de selectioptdegent ont eu lieu le 14 novembre 2007 a 'ORB, e
la candidature retenue a été celle d'Ana Maria &teta, dont le contrat prendra cours en février 2008

E.2.6. Participation a des expositions

La bibliotheque de 'ORB-IRM a participé a l'exgimsi "British Vision. Observatie en verbeeldingda
British kunst, 1750-1950" (Gent, 6 oktober 2007 3-jdnuari 2008), en y exposant l'ouvrage précieux
illustré de Thomas ForsteResearches about atmospheric phenon{@8a3).
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F.  DIENST INLICHTINGEN - SERVICE DE RENSEIGNE-
MENTS — INFORMATION SERVICE

F.1. Activities

The activities related to the information servicessist of several tasks: answering questions raoairk

ies from public and press, assisting in all kindafreach activities, giving general information R®B
and astronomy and astronomy related subjects, iaguilse planetarium, organize the visits to the ROB
including the organization and coordination of omgors days and related activities, all kind ofigss
tance for exhibitions and public relations actasti(press communications, press conferences eit.) a
preparing of texts for printing or for the web site

This report describes mostly activities of the passdirectly related to the information servicestii-
ties of a few other services are included, esplciiithose are meant for a general public. If aittes
are directly related to a particular research domair theme, they will be found in the section am th
PUBLIC OUTREACH of the SCIENTIFIC DEPARTMENTS

F.2. Information given to the media

F.2.1. Interviews
Many interviews on different subjects were givemigmbers of the Observatory, including:

VTM (Open Doors, 6/10)

RTBf (Open Doors, 6/10)

RTBf (on daylight saving time, summer and wintegrigh and October)
Radio Contact (26/3, on meteors and meteorites)

Bel-RTL radio (meteors, 8/6)

VRT-Radio 1 (29/11 on the time zone change of Vapkn)

F.2.2. Information given to the media

On many occasions information (without interviewgsawas also supplied to the media by telephone
or email, mostly to newspaper and magazine jowstsabut also to television and radio (VRT TV1,
RTL, RTBF-radio ...).

F.2.3. Assistance with TV and film recordings

Assistance was given to TV and film recordings loa site in Ukkel (RTBF, Woestijnvis, student
projects ...)

F.3. Exhibitions

The information service contributed to the exhdntion the Sun (in the Planetarium and at
the open doors) with ideas and help for the desigiting and translations of texts, and
search for illustrations.

Material and texts were supplied for exhibitions astronomy and related sciences (e.g.
Evere, February).
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Figure 7. ROB telescopes on display at an exhibitian Evere.

F.4. Questions from the public

In 2007 about 480 questions by email, 600 by tedaphand 200 by letter or fax were answered by the
information services directly. Amongst the subjemftshe questions (not directly related to reseach
tivities): sunset, sunrise, equinoxes and solstit@izontal coordinates of sun and moon, the amotin
shadow, moon phases, fireballs, meteors, satedlientries, eclipses in 2007 and other years,oall of
calendar topics, time keeping, time zones, tidias, maps and visibility of constellations over therld,
comets now and in history (includirigomet 17P/Holmes Mars, Venus and other planets in the sky, in-
formation about historical scientific instrumentise profession of astronomer, external influences (
planets, universe, ...) on climate change, distamtdkte universe, structure of the universe, Hubble
Space Telescope and other satellites and spac®nsissandidate meteorites, photographs and imafges
the Observatory, history of the observatory, evolubf the solar system, the planets and the mabn,
mospheric halos, visibility of objects on the mogoniometry, giving and/or registering of stars Bam
buying stars or land on planets etc.

In order to supply the answers to some of the gquestprograms had to be (re-)written. Subroutitres
ated by T. Pauwels (Dep. Il) were gratefully used.

F.5. Digital photographs, illustrations and movies

A second set of (digital) photographs of all asp@dithe ROB were made. Pictures of the instrumehnts
the museum, of some of the buildings and the damesof the meridian line at the main entrance were
made. Old pictures and/or text were scanned ardvadt:. A few were sent out for a variety of purgse
including for foreign journals or seminars abroad.

The work on the digital photo archive continued.

F.6. Website

The content of webpages with the answers to fretjuasked questions was regularly up-
dated. For 2007 the pages on sunrise and sunsetpon phases and moonrise and moonset,
on daylight savings time, on the calendar in gdremmd on the Islamic calendar (Ramadan)
had at least one update or revision.

A webpage was created for the open doors days.

Pages on the celestial phenomena of the monthpugren the web on a regular basis.

French translations of the web pages of Frequeétsked Questions were created.

First drafts of a German version of the FrequeAtlited Questions were supplied.
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Websites for the planets Mars, Venus, Mercury, fanthe Icy Satellites with information for
a general public were created.

F.7. Visits

A large number of individual visitors and groupsited the ROB this year. The individual visitorsreve
mainly journalists and other media-related persansateur astronomers with a specific demand and/or
students. Groups were, in general, received orydirst Monday of the month.

In total about 50 individual visits and 10 groupsresguided, including a numerous group of the annate
astronomers association VVS (Vereniging voor Stéauade) on November 10.

F.8. Meetings and missions

A large number of meetings, internal as well agmwl, were attended. This year most meetings were
related to the activities in the frame of the Intgronal Heliophysical Year 2007-2008 and the Opeaor
Days of the institutes in Uccle. We had a few mnmggtiwith the communication responsibles of the Fed-
eral Institutes on topics of general interest, camractivities and the journal Science Connectidhe
regular meetings of the cell communication of tpac Pole were attended.

In 2007 the first meetings on the International iYaaAstronomy 2009 were organized (18/06, Planetar
ium; 12/09 ROB and 05/12 Planetarium).

F.9. Publications and related tasks

The editing of a special issue of Space Connedpant of Science Connection) on Helio-
physical Research in Belgium on the occasion ofitkernational Heliophysical Year 2007-
2008 was done at the Observatory. The researdeddia the Sun and to the influence of the
solar activity on the Earth as studied in Belgiastitutes was highlighted in this publication.
The Solar Physics department supplied a lot of aext illustrations, the astrophysics depart-
ment provided texts on the Sun as a star. Thelsdéar@and selection of most of the illustra-
tions for the publication and the homogenizationhef parts of the different institutes (ROB,
BISA, RMI and Centre for plasma-astrophysics (KUten)) was done at the ROB, as well
as supervison of the translation and the final ldy@he publication was printed at 20000
copies for Science Connection and 14000 were addldak distributed during the Open
Doors Days at the Space Pole and at the Planetahiwimg the exhibition on the Sun.

For the Helioquiz, the educational tool on PC asented by the Space Pole (BISA) in spe-
cial displays, many questions related to the statsthe sun were prepared and/or translated
(Dutch, French, English). The tool is now on seldisplays and can be put on other PCs as
well. Displays were put at the Open Doors dayshef$pace Pole, in the planetarium and at
exhibitions.

Translations, corrections and proofreading of ksi¢or the journal Science Connection.
Translation of press conference texts and for digbéion on the Sun (Planetarium)

The computer presentations describing the histodythe activities of the ROB were updated
on a regular basis and used on several occasiahspdinly as the introductory part during
group Vvisits.

F.10. Personnel

J. Cuypers (Dep lll, information services), werkleider

Y. Coene technisch expert (Dep I, information services)

H. Langenaken technisch expert (Dep. IlI).

Many other members of the ROB gave informatiorhtofublic, some occasionally, others as a
part of their daily work as in the sections Seisgg| GPS, Solar Physics etc.
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F.11. Open doors days: 6-7 October 2007

In the weekend of 6-7 October open doors days Wwel@ at the Observatory and the other institutes of
the Space Pole. The main theme was the Sun amdatsction with the Earth in the framework of the
International Heliophysical Year (IHY).

Internal meetings with representatives from théediint departments and/or research groups of the Ob
servatory were organised. The main topics of thetimgs were the general flow of the visitors, the
places to visit, the location of presentations,ilg@bns, instruments ...Most of the preparation wase

in collaboration with the IHY steering committe@he press and the media were contacted in different
ways (email, direct contact...). Good media covermafgthe event was the result of these actions. [Qurin
Saturday, interviews to the media were given aedetfent was an item in the main news of all magor n
tional television chains.

In the main building almost all sections and reske@roups of the ROB showed there results. In tee m
ridian room not only the old instruments were pnésé, but some models of solar research satellites,
kindly provided by ESA and the Centre Spatial degei (CSL), could be admired as well. The sun in 3D
was very popular here. The bus of the Europearepr@WEETS (Space Weather and Europe - an Edu-
cational Tool with the Sun) with the space weathester exhibition, an interactive exhibition inciugl
video presentations on space weather and a snialltetescope were a success as well. The asgsistdnc
the personnel of the Centre for Plasma Astrophysfitke K.U.Leuven, guests at the Open Doors days i
the context of IHY 2007, was highly appreciatede Workshop for young and old organized by the per-
sonnel of the Planetarium had a large audience.

The dome of the Schmidt telescope was open toubécp There was a display with explanation of the
observations with the telescope, an example im&@ayed in the control room and regular demonstra-
tions of the motion of the telescope. Visitors cbfieely walk through the dome. There were no orga-
nised oral presentations, but staff of the Obseryavas present to answer questions, which turdoo

be a full-time job for two staff members on Sunddiernoon. Transit of the visitors through the dome
went quite smooth, thanks to the entrance at that,fand exit at the back (through the Midas ro@n),
cept on Sunday afternoon, where there was a bettkeat the entrance, due to the high interest.

A total of about 10000 persons visited the site@latle during the weekend. According to the resoita
guestionnaire done by the “Observatory of the Rulalil visitors were extremely satisfied.

About 70 members of the personnel participatedifégrdnt levels during one or two days. Even more
helped with the general preparations, and/or tisgpe or exhibition stands.
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Figure 8. Some images taken during the open doorsaekend.
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G. PUBLIC OUTREACH of the SCIENTIFIC DEPARTMENTS

G.1. Scientific and technical expertise to the authories and the industry

Th. Camelbeeck participated to the workgroup fer aipplication of the European directive
INSPIRE (16 January 2007, 8 May 2007)

Th. Camelbeeck participated to the expert reviemep#or the projects TOPO-EUROPE of
the Council of Europe, Strasbourg 21-22 June 20@76a7 December 2007.

G.2. Information given to the public

F. Collin and K. Vanneste answered to written retgidor information concerning earth-
quakes or seismic hazard by the public.

E. Robbrecht gave interview for students of thedelchool Brussel” for film project work.
E. Robbrecht presented the CACTus program to Pa@ests of the IPI at the University of
Gent.

G.3. Information given to the media

Press interviews

P. Defraigne was interviewed by Radio Nostalgie ydurnal’) related to “summer time”.

P. Defraigne was interviewd by RTBF-la Premieretloge program ‘Matin Premiére’ on
26/10 related to “winter time”.

R. Van der Linden was interviewed by Radio Brugdélrelated to “summer time”.

P. Alexandre participated in the RTBF TV Programiftanéte Nature — La Station Princess
Elisabeth, témoin du changement climatique" on fi&eber 2007.

P. Alexandre was interviewed by Paul Vaute for ditla "Un réchauffement au coeur du
Moyen Age" in La Libre Belgique on 23 February 2007

Th. Camelbeeck was interviewed on the seismic damaBelgium for “Athena”, the news-
paper of the Walloon Region.

Th. Camelbeeck gave a series of interviews afterelrthquake near La Gleize of 25 No-
vember 2007.

M. Van Camp Michel met with 4 journalists at theldgdan Science Policy Office to present
the scientific projects at the Princess Elisab&than (2007-13-09)

M. Van Camp was interviewed by RTL-TVI about an Fi&aking the sound barrier above
Brussels, 2007-10-31)

M. Van Camp visited the Membach station with jolistayves Bastin, who published a one
page article in the “La Meuse” newspaper (2007-8)L-2le reported quite nicely the work
performed at the Membach station.

P. Vanlommel and R. Van der Linden were interviewgdseveral journalists related to the
organisation of the 4th European Space Weather Week

Press releases

Four press releases were issued (in Dutch, Fremtiaglish):

(0]

(0]
(0]
(0]

The STEREO space mission and the role of the R@eeih.
The Solar-Terrestrial Center of Excellence.

The 4" European Space Weather Week.

Solar cycle 24 prediction.

These releases appeared widely in the Belgian media
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G.4. Publications in popular journals

[1] Cuypers, J.
De Melkweg
in Zomerschool Sterrenkunde Syllabus, VVS, 20076358

[2] Cuypers, J.
Practicum: Periodeanalyse van Variabele Sterren
in Zomerschool Sterrenkunde Syllabus, VVS, 2000-102

[3] Cuypers, J.
Geboorte, leven en dood van sterren,( from ‘Der8terCuypers, J. VVS, 2001)
in Zomerschool Sterrenkunde Syllabus, VVS, 2007427

[4] Clette, F.
Le réle des amateurs en physique solaire
OBAFJKM (CAB), N° 80, avril-juin 2007, pp. 1-14.

G.5. Public conferences

V. Dehant, “Mars Express radioscience experimeningerstand the interior of Mars”, Mol,
23/02.
T. Van Hoolst, “De inwendige structuur en samelliggplvan aardse planeten, deel 17,
Volkssterrenwacht Urania, Hove, 27/02.
T. Van Hoolst, “De inwendige structuur en samelisgplvan aardse planeten, deel 27,
Volkssterrenwacht Urania, Hove, 07/03.
P. Defraigne, “La mesure du temps hier et aujowidiEcole Notre Dame, Rhodes Saint
Genese, 19/10.
P. Defraigne, “La mesure du temps hier et aujowitfEcole Saint-Joseph, Ixelles, 04/12.
X. Boés, “Ce que les sédiments des lacs nous apgmésur les changements du climat et de
I'environnement”, Société Royale Belge d’Astrononde Météorologie et de physique du
globe, Bruxelles, 17/01.
Th. Camelbeeck, “L'activité séismique en Belgique'the conference cycle of the Société
Royale Belge d’Astronomie, de Météorologie et dgdrfue du Globe, 15/12.
J. Cuypers, Zomerschool sterrenkunde, organiseddogniging voor Sterrenkunde (VVS),
Leuven, 29/08:

Lecture on “The Milky Way”;

Seminar, practical course: “Period Analysis of @hle Stars on Computer”.
J. Cuypers, “COROT: exoplanets and stellar oswmltat, Helios-VVS, Ramsel-Herselt,
21/01.
H. Hensberge: “De sterren van het zwarte doek’eMienkring VUB, 16/02.
F. Clette, “Du nombre de Wolf a l'indices intermatal des taches solaires: les 25 ans du
SIDC”, Cercle Astronomique de Bruxelles, Bruss@&01.
F. Clette, “Les nouveaux outils de la physique isgllaCercle Astronomique de Bruxelles,
Brussels, 21/06.
F. Clette, “Le Soleil aujourd'hui: dans lintimitBune étoile” Association Olympus Mons,
Université de Mons-Hainaut, 21/11.

G.6. Visits
Visit to ROB of ‘Limburgse Zonnewaarnemers’ (May2R07)
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G.7.Web-sites

Updating of the Earth Rotation website

0 http://www.astro.oma.be/D1/EARTH_ROT/index.php

0 http://www.astro.oma.be/D1/EARTH_ROT/FR/start_fipph
Updating and creation websites for the planets Méesius, Mercury, and for the Icy Satel-
lites

0 http://www.astro.oma.be/D1/PLANET/MERCURY/home_meascphp

0 http://www.astro.oma.be/D1/PLANET/VENUS/home_vephg.

0 http://www.astro.oma.be/D1/PLANET/MARS/home_marg.ph

0 http://www.astro.oma.be/D1/PLANET/ISY/home_icy.php
Updating of the didactic (film) website

0 http://www.astro.oma.be/D1/DIDAC/index.php
Jacques Sauval: Updating the ROB website for thetd@b group Astronomie & Astrophy-
sique
Griet Van de Steene: practical organization of R&@Bhinars, announcements, and website
Updating of the website of the Solar Influencesadwmtalysis Service (SIDC):

http://www.sidc.be
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H. THE YEARBOOK

H.1.1. Objectives

Every year the Royal Observatory of Belgium puldsia Yearbook with ephemerides, the most impor-
tant astronomical phenomena and their visibilitWkkel and in Belgium.

H.1.2. Progress and results

In 2007 the Yearbook for 2008 was published. It wasduced by C. Bruyninx (Coordinates), F. Clette
(The Sun, Tables), J. Cuypers (Calendars, Cometgedvk), T. Pauwels (Title, Preamble, Constants,
Planetary and Satellite Data, Planetary Phenoméaetility and ephemerides of the planets, Minaa-pl
nets, Eclipses, Transits, Occultations, Sateltifedupiter), F. Roosbeek (The Moon, Tables) ari8hiiv-

al (Comets, Meteors), with the technical assistapic&. Evrard and D. Mesmaker. The preparation
(choosing the value of Delta_t to apply) was dond bPauwels. Translations were made by R. Alvarez
and T. Pauwels. The general coordination, lay-nd) editing and contact with the publisher wasielo
by T. Pauwels.

In 2007 the Yearbook had to be adapted to the demof Pluto to dwarf planet.

The chapter "Coordinates” was also rewritten t@de&pted to the extensive use of GPS nowadays. The
revised version includes the coordinates of our [fe8nanent GPS station and the coordinates of the
Schmidt telescope. For that purpose the coordiraftése Schmidt telescope have been computed from
GPS measurements.

T. Pauwels programmed the computation of the PHEME&homena (mutual eclipses and occultations of
the Galilean Satellites), with the intention ofluding them in the Yearbook 2008. However, theee a
no such events visible from Ukkel in 2008, so thél{appear for the first time in the Yearbook 2009

F. Clette finalised the process of completely réngithe totally outdated software to compute thepe
ters related to the Sun and the Tables. This wae @ocollaboration with T. Pauwels, in order tokea
advantageous use of existing software.

H.1.3. Perspective for next years
In 2009 we shall introduce a new chapter with miyph@nomena of the satellites of Jupiter.

H.1.4. Publications

[1] Pauwels, T., Bruyninx, C., Clette, F., Cuypers, JRoosbeek, F., Sauval, J.
Annuaire de I'Observatoire royal de Belgique - Jamgk van de Koninklijke Sterrenwacht van
Belgié 2008
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A. ADMINISTRATIE / ADMINISTRATION
A.1. HUMAN RESOURCES

A.1.1. Personeel / Personnel

Algemeen directeur: Van der Linden Ronald

A.1l.1.1Vastbenoemd personeel / Personnel statutaire

Wetenschappelijk personeel / Personnel scientifique

Name/Nom

Alexandre Pierre
Alvarez Rodrigo
Berghmans David
Blomme Ronny
Bruyninx Carine
Camelbeeck Thierry
Clette Frédéric

Collin Fabienne
Cuypers Jan

De Cat Peter
Defraigne Pascale
Dehant Véronique
Frémat Yves
Hensberge Herman
Hochedez Jean-Francois
Krijger Johannes Matthys
Lampens Patricia
Pauwels Thierry
Roosbeek Fabian

Van Camp Michel
Van De Steene Griet
Van Hoolst Tim

Van Ruymbeke Michel
Vanneste Kris
Verbeiren Roland
Yseboodt Marie

Name/Nom

Vander Putten Eric
De Knijf Marc
Kochuyt Anne-Lize
Milis Andre

Dufond Jean-Luc
Rezabek Oleg

Rogge Vincent
Asselberghs Somnina

Functie/Fonction

Chef de travaux 80 %
Chef de travaux

Werkleider
Werkleider
Werkleider

Chef de section ff.

Chef de travaux

Chef de travaux

Werkleider

Werkleider

Chef de travaux

Chef de section

Assistant

Departementshoofd a.i.

Chef de travaux

Assistent (vanaf 01/087200

Departementshoofd
Afdelingshoofd

Chef de travaux

Chef de travaux

Werkleider
Werkleider-geaggregeerde

Chef de travaux

Werkleider

Departementshoofd (tot 30/04/2007)
Assistant (a partir du 01/10/2007)

80 %

80 %

Technisch en administratief personeel / Personnathnique et administratif

Functie/Fonction

Adviseur (tot 31/08/2007)
Attaché Al

Attaché Al
Attaché A2

Attaché A2

Attaché Al

Attaché Al

Technisch deskundige
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Bukasa Baudouin
Castelein Stefaan
Coene Yves
Driegelinck Eddy
Dumortier Louis
Duval David

Ergen Aydin
Hendrickx Marc
Kesteloot Giséle
Langenaken Hilde
Martin Henri
Mesmaker Dominique
Moyaert Ann

Olivier Jean-Pierre
Peeters Georges
Peeters Roger
Renders Francis
Somerhausen André
Strubbe Marc

Van Camp Lydia

Van Damme Daniel
Van De Putte William
Van Der Gucht Ignace
Vandekerckhove Joan
Vandercoilden Leslie
Vanraes Stéphane
Verbeemen Christiane
Vermeiren Katinka
Barthélémy Julie
Brebant Christian
Bruyninckx Martine
Danloy Jean-Marie
Depasse Béatrice

De Wachter Rudi
Jacques Jean-Claude
Janssens Paul
Laurent Robert
Lemaitre Olivier
Mortier Carine

Mues Christian

Van Den Brande Theophilis

Vanden Elshout Ronny
Verbeeren Anja
Consiglio Sylvia

De Ridder Christiane

Name/Nom

Baland Rose-Marie
Koot Laurence
Lecocq Thomas

Expert technique
Technisch deskundige
Expert technique
Expert technique
Expert ICT
Expert technique
Expert technique

Expert technique 80%
Expert technique (jusqu'au 31/0Q72
Technisch deskundige 80%
Expert technique 80%
Expert technique
ICT deskundige 80%
Expert technique (jusqu’au 312007)
Technisch deskundige 80%

Technisch deskundige
Technisch deskundige
Expert ICT
Technisch deskundige
Technisch deskundige 80%
Technisch deskundige
Technisch deskundige
Technisch deskundige
Technisch deskundige
Expert technique
ICT deskundige (vanaf 08/10/2007)

Expert technique 50%
ICT deskundige 80%
Chef technicien de la recherche 50%

Assistant administratif
Administratief assistent
Assistant administratif
Assistant administratif
Technisch assistent
Assistant technique
Assistant technique
Technisch assistent
Assistant technique (a partir d11/2007)
Administratief assistent
Assistant technique (jusqu’au 312Q07)
Technisch assistent
Assistant technique
Administratief assistent (vanab812007)
Administratief medewerker (vandf@7/2007)
Administratief medewerker

A.1.1.2Personeel met externe beurzen / Personnel sur bsergernes

Functie/Fonction

Boursier FRIA (& partir du 0120D7)
Boursier FNRS
Boursier FRIA
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Pfyffer Gregor
Pham Le Binh San
Sichien Els

Trinh Antony
Yseboodt Marie
Khoda Oleg
Jevremovic Darko

Boursier FRIA
Boursier FNRS (& partir du 01072
Beursstudent IWT
Boursier FNRS (a partir du 01/10/2007)
Boursier FNRS (jusqu’au 30/09/2007)
Boursier Non-EU (a partir du 01/03/2007)
Boursier Non-EU (jusqu’au 31/02Y2)

Borges Fernandes Marcello Boursier Non-EU (jusq@ai{12/2007)

A.1.1.3Contractueel personeel beheerd door de POD Wetapstieleid / Personnel contractual géré
par le SPP Politique Scientifique

Name/Nom
Bizerimana Philippe
Boulvin Olivier
Consiglio Sylvia

De Vos Frédéric

De Winter Davy
Lubkowski Noél
Motte Philippe
Mouling llse
Rapagnani Giovanni
Sayer Amina
Vandersyppe Anne
Vanlommel Petra
Winter Lars

Functie/Fonction

Collaborateur technique

Expert technique

Administratief medewerker (tot 36/2007)
Expert ICT

Technisch deskundige

Collaborateur technique

Collaborateur technique

Administratief assistent 80 %
Attaché Al

Collaborateur technique 50 %
Administratief expert

WI/S Assistent (tot 15/12/2007) %80

WIS Assistent (01/11/2007 t/m 31/12/200

A.1.1.4Contractueel personeel / Personnel contractuel

Wetenschappelijk personeel / Personnel scientifique

Naam/Nom

Av ar Ula

Baire Quentin

Baland Rose-Marie
Benmoussa Ali
Bergeot Nicolas
Beuthe Mikael

Boés Xavier
Champagne Georges

Coutereel Frank
Dammasch Ingolf

De Cuyper Jean-Pierre
Delouille Véronigue

De Patoul Judith
Dominique Marie (25%)
Duron Julien

Everaerts Michel
Fraser Jeffrey

Garcia Moreno David
Giordanengo Boris
Gissot Samuel

Functie/Fonction

Attaché
Attaché

Contract
EU Marie Curie

Chercheur supp

Attaché (du 01/09/2007 au 300072 Action 1

Chef de travaux
Assistant
Assistant
Attaché

Attaché

Attaché (vanaf 01/12/2007)
Attaché

Werkleider
Assistant
Attaché (jusqu’au 01/10/2007)
Assistant
Attaché (jusqu’au 01/10/2007)
Chef de travaux
Attaché
Attaché (a partir du 16/09/2007
Assistant
Assistant

PRODEX
STCE
PRODEX
EU Marie Curie
Service contract /
Cherch. Sppl.
STCE
PRODEX
DIGITALISATION
PRODEX
PE®D
PRODEX
Action 2
Action 1
EU Marie Curie

EU Marie Curie

PRODEX
PRODEX
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Hekker Saskia
Hochedez Jean-Francois
Hubert-Ferrari Aurelia
Joukov Andrei
Karatekin Ozgur
Kretschmar Matthieu
Lambert Sébastien
Lawrence Gareth
LeMaistre Sébastien
Legrand Juliette
Lejeune Sandrine
Lobel Alex

Marqué Christophe
Martayan Christophe
Moins Michael
Mitrovic Michel
Nicula Bogdan
Parenti Suzanna
Petermans Toon
Philipront Amélie
Pireaux Sophie
Podladchikova Olena

Pottiaux Eric

Pylyser Eric

Rivoldini Attilio
Robbrecht Eva
Rodriguez Luciano
Rosat Séverine
Rosenblatt Pascal
Stanger Andrew

Van Hoof Peter
Vanlommel Petra
Verbeeck Koen
Verdini Andrea
Verhoeven Olivier
Wauters Laurence (80%)
Willems Tatiana (50%)
Zhu Ping

Naam/Nom

Goethals Thomas
Jonckheere Anthony
Mostaert Régis

Naslin Sébastien

Van Elder Sophie (50%)
Wellens Véronique

De Decker Georges
Willems Sarah
Herreman David

Assistent (vanaf 16/11/2007) AcHon
Chef de travaux (jusqu'&i48007) PRODEX

Chef de département EU Manigie
Assistant PRODEX
Assistant PRODEX

Assistant (jusqu’au 31/08/2007) PRODEX
Assistant (jusqu’au 31/08/2007) ROBEX

Assistent (jusqu'au 31/12/2007 PRRD

Attaché PRODEX
Assistant (a partir du 01/04/2007) Action 1

Attaché (jusqu’au 31/01/2007) PERD
Werkleider (tot 30/11/2007) Terugkeermaat

Assistant PRODEX

Assistant PRODEX
Attaché (jusqu’au 28/02/2007) Actibn

Assistant (a partir du 01/11/2007) PRODEX

Assistant PRODEX
Assistant Chercheur supp
Attaché Action 1

Attaché (a partir du 01/09/2007) refinanc. ESF
Assistant (a partir du 15/09/2007) TCB
Assistant (jusqu’au 31/10/2007 PRODEX

Chef de travaux (a partir du 01/11/2007) PRODEX

Attaché PRODEX

Assistant (vanaf 16/12/2007) PRODEX
Attaché Action 1
Attaché PRODEX
Assistant PRODEX
Assistant PRODEX
Assistant PRODEX
Attaché PRODEX
Assistent I[UAP / Actie 1
Werkleider (vanaf 16/12/2007) STCE
Attaché Action 1

Assistant (a partir du 17/08/2007) PRODEX

Technisch en administratief personeel / personnethnique et administratif

Assistant PRODEX
Assistant PRODEX
Attaché (du 16/04/2007 awWD9(007) SOHO20

Attaché Action 2

Functie/Fonction Contract
Attaché Al ESERO
Adviseur A3 PRODEX
Attaché Al Dotation

Attaché Al (jusqu’au 31/08/2007)  éckhat

Attaché Al PRODEX
Attaché Al Dotation
Attaché A2 Digitalisation
Attaché A2 PRODEX
Expert ICT Dotation
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Bastin Véronique Expert technique Dotation

Vander Putten Wim Technisch expert Dotatie
Vandercoilden Myriam Assistant administratif DatatPole
Smet Gert Technisch assistent Dotatie
Trocmet Cécile Assistant administratif (a p. d07107) Dotation
Wijns Erik Technisch medewerker Dotatie
El Amrani Malika (50%) Collaborateur technique Btidn
Gonzales Sanchez Bénédicte (50%) Collaborateunigpad Dotation
Herman Viviane (10%) Collaborateur technique Dotat
Ipuz Mendez Adriana (50%) Collaborateur technique Dotation
Sayer Amina (50%) Collaborateur technique Dotation
Vermeylen Jacqueline (50%) Collaborateur technique Dotation

A.1.1.5Gedetacheerd personeel / Personnel détaché

Naam/Nom Functie/Fonction Contract

Ducarme Bernard Chercheur qualifié FNRS

Vanhassel Luc Adjunct technicus BIPT

Van Schandevyl Pascale Lerares (tot 31/08/2007) efvifs Vlaamse Gemeenschap
De Rijcke Hendrick Leraar (vanaf 01/09/2007) OmdprVlaamse Gemeenschap

A.1.2. Statistieken / Statistiques
In dit onderdeel wordt de statistische informatoxeer de verdeling van de personeelsklassen grafisch
voorgesteld.

Hommes statutaires

= Hommes

contractuels
56 Femmes statutaires

21

Figuur/Figure 1. Verdeling van het personeel volgenstatuut en geslacht / Réparti-
tion du personnel selon statut et sexe.
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@ Niveau 1 Statutaires
® Niveau A Statutaires
@ Niveau B Statutaires
O Niveau C Statutaires

m Niveau D Statutaires

O Niveau 1 Contractuels
| Niveau A Contractuels
O Niveau B Contractuels
O Niveau C Contractuels
m Niveau D Contractuels

B Niveau 1 boursier

Figuur/Figure 2. Verdeling over niveaus / Distribuion selon niveau.

OScientifigues statutaires

ESoieliiigues cunbracluegls

OScientifigues boursiers

Figuur/Figure 3. Verdeling wetenschappelijk personel volgens statuut / Distribution

personnel scientifiqgue selon statut
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Figuur / Figure 4. Leeftijdsverdeling / Distribution selon I'age

A.1.3. Betrokken personeel / Personnel concernée

Wellens Véronique

De Ridder Christiane
Mortier Carine
Trocmet Cécile
Verbeemen Christiane
Verbeeren Anja

Directiesecretariaat

Assistante du Directeur /Res@aihtamaines

Personeelsbeheer/Directiesecretariaa
Resources humaines/Sécretariat etitin

Resources humaines/Sécratar@itection
Personeelsbeheer/Directiesecrataria
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A.2. FINANCIELE DIENST / SERVICE FINANCIERE

A.2.1. Situation générale
Les moyens de fonctionnement de I'Observatoire pafgentés selon leur origine.

A.2.1.1Enveloppe du personnel

L’enveloppe du personnel est utilisée pour lesigedalu personnel statutaire. L'enveloppe dispenési
2007 etait de I'ordre de 4.6 millions d’euros.

A.2.1.2Moyens propres de 'ORB
L’ORB répartit les revenus propres de I'administnaten quatre postes différents :

. La dotation qui doit financer le fonctionnementéjuipement de base de l'institution
. Les services aux tiers
. Les projets et les programmes de recherche fésapar I'état belge

Les projets et les programmes de recherche fésapar des tiers

En 2007 les dépenses sur les moyens propresrétédaisées comme sulit :

ORB ORB BELSPO Projet Total

Dotation Services Projet Externe
Charges 2007
Personnel 402 074.9§ 54 767.20 705292.99 | 1613302.41 2 775 437.50
Fonctionnements 449 730.20 | 102 464.76 63 235.74 343 737.41 959 168.11
Subsistances
Fonctionnements 20 491.25 4 085.49 30 354.46 37 265.28 92 646.48
Spécifiques
Equipements 58 596.26 3617.80 49 799.94 56 986.13 169 000.13
Subsistance
Equipements 84 401.96 5 316.64 324 397.33 186 015.37 600 131.30
Spécifiques
Bibliothéque 107 894.39 100 3 953.16 111 947.55
Total 1123639.02| 170351.89| 1173080.46| 2241 259.70 4 708 331.07
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Ci-dessous un apercu des résultats des trois seat@®projets de I'observatoire avec un apercueslul-
tat de I'année 2007 ainsi que le résultat repcetBecercice antérieure.

Résultat
Onderzoek projecten
Projets de recherche

2.000.000,00

1.500.000,00

1.000.000,00

1.248.050,43

B Solde reporté
DOResultat de 'année

500.000,00 719.388,64

-500.000,00

ROB Diensten BELSPO Projecten Externe Projecten

-1.000.000,00

Les entrées du Planétarium pour 2007 ont atteiri22650 , une diminution par rapport a 2006 qui était
de 78 279.29. Par rapport a 2005 les recettes des visitesioihdé de 18.58%. Ci-dessous I'évolution
des résultats depuis 2005.

Evolution Résultat d'exploitation Planétarium

300.000,00

250.000,00

200.000,00

150.000,00 ORECETTES

B CHARGES

100.000,00

50.000,00

2005 2006 2007
ORECETTES 94.637,76 112.116,71 93.773,00
B CHARGES 279.689,12 284.251,36 249.290,48
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A.2.2. Statistieken / Statistiques

Verdeling inkomsten naar oorsprong

O Personeelsenveloppe

B Projecten

B Externe beurzen

OGedetacheerd personeel

ODotatie

B Gemeenschappelijke
dotatie

ODiensten + verkoop +

2% sponsors
1%

3%

4%

Figuur/Figure 5. Verdeling inkomsten 2007 naar oor-
sprong / Distribution revenues selon origine.

Verdeling uitgaven per categorie
(inclusief personeelsenveloppe)

1%

8%

OPersoneel
m\Werking
OUitrusting
OBibliotheek

O Projecten overheid
80% :
/ m Andere projecten

1%

Verdeling Personeelskosten

4%

@ Enveloppe
B Dotatie

ODiensten

@O Externe beurzen

Verdeling werkingsmiddelen

@ Dotatie

B Diensten

OProjecten
overheid

O Andere Projecten

Verdeling uitgaven voor uitrusting

P T

ODotatie

s m Diensten

OProjecten
overheid

OAndere
Projecten

Figuur/Figure 6. Verdeling uitgaven over posten emorsprong / Distribution dépenses selon origine éypes
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A.2.3. Betrokken personeel / Personnel concerné

Asselberghs Somnina
Barthélémy Julie
Mouling llse

Vanden Elshout Ronny

Boekhouder
Collaborateur service comptabilité

Medewerker dienst boekhouding

Collaborateur service comjitébi

B. ALGEMEEN BEHEER / GESTION GENERALE

B.1.1. Betrokken personeel / Personnel concerné

Asselberghs Somnina
Christian Brebant
Béatrice Depasse
Martine Bruyninx
De Wachter Rudi

Van Den Brande Theophilis

Wijns Erik
El Amrani Malika

Gonzales Sanchez Bénédicte

Herman Viviane

Ipuz Mendez Adriana
Sayer Amina
Vermeylen Jacqueline

Algemeen Beheerder
Téléfoniste
Téléfoniste
Onthaal
Tuinman
Tuinman

Tuinman

Nettoyage
Nettoyage
Nettoyage (Humain)
Nettoyage (Planetarium)
Nettoyage (Planetarium)
Nettoyage

C. TECHNISCHE DIENST / SERVICE TECHNIQUE

C.1.1. Betrokken personeel / Personnel concerné

Vander Putten Eric
De Knijf Marc
Rogge Vincent
Peeters Roger
Renders Francis
Strubbe Marc

Van Damme Daniel
Van Der Gucht Ignace
Mues Christian
Bizerimana Philippe
Philippe Motte

Diensthoofd
Ing electromechanica
Preventieadviseur
Mechanica
Mechanica
Verwarming
Electronica
Informatica
Electricité
Ouvrier
Chauffeur
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D. IT SERVICES

D.1. Description and Objectives

The computing facilities and the network of the @batory as well as of the Planetarium are managed
by the IT department.

For researchers at the Observatory, the IT staffiges a logistic support for the installation andin-
tenance of intensive compute machines such asecdustumber crunchers, compute servers, etc ... as
well as users PCs.

The team also maintains the global computing itfuasure consisting of amongst others the ema# ser
vices, application servers, printing facilitiestal@ase servers, network infrastructure, etc...

As a public service, the IT team provides accesthéoweb site www.astro.oma.be. They also supply
access to the services provided by the differeensiic work groups ( NTP time server from the Atc
clocks, Seismic charts, GPS data, Space weather, ..

The IT Department also takes part in developmegittad to scientific projects with internationaktpa
ners.

More precisely, the IT department sections coulddtailed as follow:

[1] Network and Security. the objective is to maintain the network infrasture operational, safe
and at top performance, 24 hours a day.

[2] Servers and user PCsThe objective is to install and maintain powerdompute servers, serv-
ers providing global computing infrastructure (ieemail services, application servers, printing
facilities, database servers, login server, .nd @desktop user PCs

[3] Helpdesk The objective is to provide help and supporti tisers of the Observatory.

[4] AMABEL Project : AMABEL is a join project between three instituté0B, RMI and BIRA.
The AMABEL project finances common resources siefila servers and compute servers.

[5] Purchases All the IT purchases are done by the IT departmehis includes all the procedure,
from defining the need of the user or group toitistallation of the chosen material. This in-
clude also the purchase of IT consumables (procadridges, printer toners, data storage media,
etc ...).

D.2. Progress and results

NETWORK BACKBONE:

We have updated our network infrastructure. Weshaow 3 server rooms which are connected
by 10 Gbit optical fibers. Both the passive pdre(tables) and the active part (the switches)
have been upgraded in 2007.

A new UPS has been installed in order to meet ¢#ve nequirements of our new server rooms.

VMWARE:

This year considerable effort was placed in theugiization of our server infrastructure. Each
individual physical server has been replaced biytaal machine. This has allowed us to provide
better performance & reliability and a lot of costiuctions. At the present time, all the IT infra-
structure is hosted on 5 physical servers locatedea 3 server rooms. All of our servers are now
virtual (helios, winsrv, ...) and can be launchadifferently on any physical server.
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SECURITY & MONITORING

Different kind of security tests are regularly madelifferent network levels. Modifications are
made keeping the objectives in mind.

BACKUP SYSTEM:

A backup system for the desktop PC has been seagh desktop PC is now backuped based on
the following schedule: 7 daily snapshots + 12 \iieskapshots at the ROB and 1 year of weekly
snhapshots off-site at the planetarium

WINDOW S SERVER:

We provide a centralized Windows server for albof Linux users. This allows them to run MS
software from time to time (mainly for Powerpoimepentations and Word articles).

LINUX SERVER:

In the same way as for the Windows server, we e centralized Linux server for all of our
Windows users. This allows them to run Linux sofvérom time to time (mainly Latex, bash
scripting, programming languages).

HELDESK:

We provide to the users a direct support in thenfof a helpdesk. In practice, anybody can send
an email tchelpdesk@oma.band a sysadmin will help the user.

In 2007, continuous support for users has beenigedy including installation of machines and
configuration.

AMABEL:

The three institutes of the Space Pole share a conpart of the IT infrastructure. Certain ser-
vices are centralized such as the mail facilitibe, large file servers, the central compute server
and several other secondary servers. We participatee maintenance of the central machines
(file server, mail server, and compute server).2007, we have participated to the tests and in-
stallation of the new compute server.

KAQOS:

KAQOS was a set of 4 high performance compute seffiagrheavy scientific tasks, shared by the
3 institutes (RMI, BISA and ROB). The repartitiohtbe Kaos machines ( interactive high per-
formance servers ) has been changed in 2007, Kabsoligh 3 have been decommissioned,
Kaos4 is now fully dedicated to applications frame {Observatory, and finally, Kaos5 has been
moved to the Meteorological Institute.

TECHNET:
Technet is the equivalent of intranet but for I'edfic topics. One could find news about major

changes to our computer infrastructure, FAQs, exteninformation about our hardware infra-
structure including statistic graphs about our seresources and status of the different services.
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We have setup a new template with professionalcégah look with the possibility to select two
modes: Standard / Advanced by using cookies.

The sysadmins have now the possibility to publistvron technet via a new cms using ajax. A
RSS feed is also available for these news, so $keswcan read the news with their mail client,
desktop applet or from any rss reader applications.

A new tool has been created: an advanced seardteciog the DNS for all classes in oma.
Another tool has been created in order to mandgastidges/printers (stock).

A new version of the application for managing pas#s has been created and installed.

DEPARTMENTAL SERVERS:
Continuous maintenance of departmental servers.
USER PC & SOFTWARE:

We install & configure either Ubuntu (Linux) or Wows XP/Vista on the user desktop PC. We
also install & maintain many kind of software oesle PC.

SMS SERVER:

This system is used, for example, in the time lathe observatory: if the temperature (which
must be as stable as possible for the sanity odtivaic clocks) reaches a certain level, a SMS is
send to the GSM of the scientific in charge as aelto the electronic lab.

LOGIN & SERVICES SERVER (HELIOS):

Continuous maintenance of Helios, the login seoféhe Observatory (the only server available

from outside) as well as the server which run soerdral services: DNS, NIS, DHCP, WINS,

We are still using the NIS for user authentication.agreement with the 3 other institutes an ac-
tive directory will be installed in the near futurervers for this purpose have already been
bought.

FILE SERVER:

The file server is shared between the 3 institutés.used for common disk space like the incom-
ing mails and for offering easy sharable disk sgact¢he users of the 3 institutes.

In 2007, the new NetApp file servers have beervdedd and installed. The transition to these
new file servers has been almost transparent éousers.

As we use the shapshot technology, users now avpdssibility to restore their proper files, if
not older than 3 months.

COMPUTE SERVER (ZENO/PLATO):

Two common non-interactive compute servers ardablaifor the 3 institutes. They allow users
to submit heavy computation with a queuing systéhey are intended to be used mainly for
batch processes. In that context several diffegapties are defined with different speci-
fications. The queuing system being used is PBS Pro

In 2007, as agreed in the contract a new SGI séRIgkTO) has been installed. The new
server runs SLES10, service Packl. Zeno will berageg later, to give the users the

330



possibility to recompile their programs. The queugystem will in the beginning be lo-
cal on both servers, but the goal is to configureuing over both servers, so that users
will not have to choose between the servers.

FTP SERVER:

- A common FTP server is available for the 3 instisutThis allows anybody to share files with the
outside world. This system is administrated by R@B system administrator$his server re-
sides in the DMZ (De-militarized Zone) and has ®Gerlinux as OS. The available user
disk space has been divided in 4 main parts:

- [/dist in which user files for distribution are pUtese directories are not cleaned
up automatically

- /pub in which temporary files are put. These dwees are cleaned up once a
month

- /incoming in which anonymous ftpusers can put ffl@sthe user. These directo-
ries are cleaned up regularly as well.

- [Iprivate, which is only used for certain users enplassword protected.
ROB INTERNET & INTRANET WEB SITES:

The new layout of astro.oma.be is online. Updatesegularly done.
Intranet is regularly updated too.

A new interface for the publications has been itestaon the web server and will be available for
all in 2008.

PUBLIC PC:

Two public PCs are available. The first one is kirbased, the second one is Windows based.
They are located in the printer room. This allowsitors (or users without personal PC) to have
access to internet, to scan and print documertts read/write DVD or tapes.

ADMINISTRATION :
A new version of PIA has been installed on admsna.de

NTP SERVER (JOIN PROJECT WITH THE TIME LAB OF THE R OB):

Two NTP servers (ntpl.oma.be & ntp2.oma.be) aiebiel time synchronization sources to allow
anybody to synchronize on UTC(ORB) and by extendT&. All the servers and PCs of the 3
institutes (ROB, RMI, BISA), as well as a huge nembf external anonymous clients use these
time sources.

SUPPLIES:

The IT department is responsible of the IT consues(printer cartridges, printer toners, data
storage media, etc ...). We are in charge of thehfase of these consumables.
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PURCHASES & RMA:

The IT staff is in charge of the IT purchases & RMHis includes the definition of the user
needs, contacting different resellers, making thrg proposal and checking the received ma-
terial.

USERCOM:

The USERCOM is a working group of user’s repredidrda and system administrators. The aim
is, on the one hand, to learn about the user’sesisind the other hand, to share IT knowledge.
We have patrticipated to 4 USERCOM meetings in 2007.

D.3. Perspective for next years

NETWORK BACKBONE:
1. The network infrastructure and our internet coninecwill be upgraded following the
new SCIENCEMAN network.
2. The distribution switches will be upgraded anddhenection from the desktop PC to the
network will be improved.
3. Checking, inventorying and monitoring the network.
TECHNET:
1. The new interface for the publications on the wetver will be available
2. Some forms will be created on Technet for IP retgjdsackup requests, access to the
wireless network...
3. A new application will be created and installedTacthnet in order to manage all pcs of
the Observatory in interaction with a new form fioe helpdesk. (Gestion d'un parc in-
formatique)

LOGIN & SERVICES SERVER (HELIOS): We want to segarthe login facility from the other
services.

INTRANET: New Intranet using SPIP cms.

VOIP will be investigated

VMWARE: The setup of an ESX VMWare infrastructuds. the present time, we are
working with the free version of VMWare. This was@cessary step to be sure that vir-
tualization was interesting for the ROB. But we sraslot of tools of the non-free version
like for example “vmotion” for moving virtual serkefrom one physical server to anoth-
er one without interruption. This non-free versisronly supported on “certified” hard-
ware. So, the next step in virtualization for th@BR consists in installing 3 new ESX
servers with the necessary tools.

BACKUP: The off-site backup procedure to the planem will be improved with the
dedicated 100 Mbits network connection betweerRO& and the planetarium

PUBLIC INFORMATION: A new server will be installetbr the Information depart-
ment.

ROB INTERNET WEB SITE: Improvement of the websité the Observatory
(www.astro.oma.he The changes will be done on the layout but afsdhe code
(xhtml/css) in order to have a clean and valid code

FILE SERVER: Installation of the new fileserverstioé FS_SPACE project
POSTMASTER: Do tasks related to postmaster “forR@B institute”.
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D.4. Personnel involved

- David Herreman (System Administrator)

- Oleg Rezabek (System Administrator)

- Fabian Roosbeek (IT Coordinator)

- André Somerhausen (System Administrator)
- Katinka Vermeiren (System Administrator)
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