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Cover illustration:3D block showing the central and sowghstern merged bathymetry in the Strait of Dover in
relationship with the interpretation of one of the singl@nnel seismiceflection profiles. Coloured circles in the
bathymetry represent the fault traces and nodine axis inferred from the seismic investigati(lROB)
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Preface

This report describes the highlight$ scientific activities angbublic services
at the Royal Observatory of Belgium in 2013.

A list of publications and the list of personnel is included at the end.

Due to la& of means and personnel the report is only in English. A descrij
of the most striking highlights is available in Dutch and French.

If you need more or other information on the Royal Observatory of
Belgium and/or its activities please contacb_info@oma.beor visit our
websitehttp://www.astro.oma.be

Kind regards
Ronald Van der Linden
Director General
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Reference Systems
and Planetology




GPS and more generally Global Navigation Satellite System (GNSS)
used at ROBfor positioning, for space weather, for meteorology and
for characterizing plate motions and deformations

EUREF

ROB has continued to host the Central Bur
(http://www.epncb.oma.heover 2 million hits
in 2013) maaging the EPN GNSS trackin
network distributed over 30+ Europeg
countries. This network provided access to t
European Terrestrial Reference  Systd
(ETRS89), used a standard for georeferenc
all over Europe. In addition, the EPN data 3
also used fo a wide range of scientifig
applications such as the monitoring of grou
deformations, sea level, space weather 4§
numerical weather prediction.

In 2013, eight newpermanent GNSS tracking
stations joined the network bringing the tot
number of stations to 247 sde right | e e

figureError! Reference source not found). In | kigure 1: EPN GNSS tracking network managed by RC
ddition, the station operation guidelines hav<

been updated in order to reflect the changing GNSS landscape focusing-tmeeahd muliGNSS
operationsAs one of the EPN analysis centers, ROB upgraded the GNSS data amadiysiproved the
modeling of the troposphere, ionpkere and atmospheric loading.

DEFORMATIONS
IceCon is a project funded by the Federal Scienas
Policy Office (BELSPO) and aims at constraini
past and current mass changes of the Antarctic
sheet in the coastal area of Dronning Maud La
Antarctica. Within lceCon, the ROB is in charge {
monitoling ground motions using GNSS. In 201
the ROB already installed network of permane
GNSS stations was extended with a third statig
This GNSS station was installed on Yet Nuntg
nunatak in the Roysanglountains (~ 46km for
Princess Elisabeth Basish brder to ensure year|__
round operation, like the other IceCon GNS@
stations, the new station is equipped witind
turbinesand solar panels.

A preliminary analysis of the GNSS data of the ik — — ,
two stations already demonstrates a subsidenc¢ GNSS station mstalled on the Yet Nunten nunata
more than one meter a year for the GNSS stat....
installed on the Derwael ice rise.
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GNSS stations installed
throughow the  globe. A ]
preliminary dense velocity field
(see figure on the right
containing about 1800 GNSS
stations has been presented at the
IAG Scientific Assembly in|"
September 2013 in Potsda
Germany.

Sciences research raktructure
included in the European Strategy -
Forum on Research Infra
structures (ESFRI) Roadmap: |
EPOS aims at creating an-

physical processes controlling
eartlguakes, volcanic eruptions :
unrest episodes and tSunamis | prejiminary horizontal (top) and vertical (bottgmelocity field
well as those driving tectonics
and Earth surface dynamics. The GNSS group has made efforts towards the integration of Belgium in
EPOS (European Plate Observing System) involving discussions with the EPOS chair and participation to
meetings/teleconfereacs . They are also heavily involved in E
ot her geodetic datadé aiming at preparing the GNSS
not one of the partners of EPOS, it is important that Belgium becomes a marteeEPOS is moving

from its preparatory phase to its implementation phase (from @914

ANTENNACALIBRATIONS

A study on the influence ontenna calibration models on GNB&sed position estimates has been
finalized and a paper was publishethe studydemonstrated the complexity of GNSS antenna
calibrations: 1) the calibrations themselves are not free from errors, 2) on site phase response can differ
from the one from the calibration facility, 3) the effect of calibration errors on estimated siienosit
depends on the data analysis strategy.

TROPOSPHERE

The GNSS group hasdoounded a new E. U. COST Action ES1206
Products for monitoring Severe Weather Events and
A scientist ofthe group alsoco hai rs the second working group fAUse
high resolution NWP and severe weather forecastin

Members of the GNSS group also received the contest award at the GfG2 summer school 2013 for their
recentd evel opments in the fr amewGNSKE Tropbsphere Modellingfgre c t
| mproved Monitoring and Forecasting of Severe Wea

We also continued to develop and ensure the daily maintenance of the ROB rear neigt) METTNET
EI G GNSS wat er VApoaenmterpRviding Eusopean neteaologicaliinstitutes with

=}
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near reatime GPSbased tropospheric Zenith Path Delay estimates for assimilation in the Numerical
Weather Prediction (NWP) models and fmw castilg applications (based in a network of a 840 GNSS
stations).

The collaboration with the RMI and the BISA on the irtemparison of different techniquesf
observing the atmospheric water vapour resulted in a paper submitted to Atmospheric Measurement
Technques.

IONOSPHERE

The ionosphere was monitored in nesal time and identified ionospheric disturbances were
communicated to the public via the wsibe www.gnss.bgll ionospheric events were reported in 2013.
The softvare which routinely delivers these products was maintained and optimized. The comparison of
ROB neaireal time ionospheric products with other products from NOA and global ionospheric maps
from CODE showed that the main parameters affecting the qualihedDIAS maps are the number of
digisondes contributing with data to each specific map and their geographic distribution.

An empirical model in order to predict the total electron content over Europe every 15 minutes from the
F10.7P index in entrancelsder development. First results show differences lower or equal than 5 TECu
for 92.3 % of the time between the modelled and observed values above Brussels.

Time T Time Transfer

The ROB scientists establish the Belgian time scale (UTC (ORB)) and participate in international
timescales by incorporating Belgium in these timescales. We maintain preshighyquality clocks for
participation in two international timescales: thesinational Atomic Time (TAI) and the International
GNSS Service Timescale (IGST). The present requirement for the clock precision and stability is at the
level of the hanosecond over one day, which can only be achieved withudtity clocks, when locatke

30_| T T T 1

20 -

nanosecond

-20

=30 —

| | |
56300 56400 56500 56600

UTC-UTC(ORB) during 2013.
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in temperatureontrolled environment. Oub clocks are located in such an environment and their
performances are continuously monitored by hotamparison between themselves and also with atomic
clocks of other laboratories participating to TAIGST. In order to perform these comparisons, as well

as to transfer time at the centers where the computations for the international timescales are performed,
we need methods which insure a titrensfer precision matching the required precision of thesoales.

These comparisons are usually performed using code measurements of GPS satellites in common view.
The scientists involved in the project work on the improvement of the time transfer by using both code
and phase measurements of geodetic receiversyder to enhance its precision and accuracy. This
requires the establishment of new analysis strategies, new error modeling, and new computer codes. It
also requires the installation of new equipment and the adaptation of the procedtinés riew
equpment The scientists of this project also take care of the legal issues related to the legal time. An
additional important part of the work is related to the quality control and maintenance of the clocks, as
our involvement in the definition of internatial timescale impose us a qupstfect reliability.

Due to the failure of the Hhaser clock used for the generation of the realization of UTC (ORB) in July, a
Cesium clock was used for this task in the second half of the year. The stability of UTC(@GRB) w
therefore degraded, but the difference with respect to the true UTC remained however lower than 30 ns
during that period, as illustratedtime figure above

During the year 2013 the ROB started a

_©

z contribution to the European Navigation Satellite
2 TR Y system Gal#o within the frame of the Time
o . ML _Lb}::;?s.\/w’ Ay Validation Facility,in collaboration with five other

2 LAAAS s Ly ] European timemeasurement institutions: the
g W . ‘?’ » Physikalisch Technische Bundesanstalt in Germany,
e i

=)

0

. the National Physical Laboratory inehUK, the
o : T 31 Dec Syste‘me c_ie References TemEspgce/Observatoire _
de Paris in France, the Real Instituto Yy Observatorio

. de la Armada in Spajrand thestituto Nazionale di
Ricerca MetrologicgINRIM). The ROB scientists

i were responsible for the monitoring and validation
of the time informations disggnated by the Galileo

R g Y ] ## iﬂ' !41 R satellites: the prediction of UTC and the Galileo to

e V. L ] ﬁ, GPS Time Offset. This validation was performed

R o i rrrve— =3 using the measurements collected in our GNSS

R [ frﬁ """"""""" == station BRUX, and wusing specific analysis

- R F— e procedures selleveloped. The results of ¢hi

& . ¢ wmmeows ||| validation were published by the European Space
-20 e Agency (ESA) in early 2014 and are reproduced in
20y - 6o | the figure on the left.

In paralel the use of Galleo signals for time

transfer was instigated. One particular issue was the

Figures published by the ESA, based on the R development of an original nfeid to determine the

results for the validation of UTC and GGTO ¢ hardware delays in the receiving GNSS stations, as

disseminated by Galileo. nothing exist to date for Galileo signals. The method

(source: Inside GNSS, March 2014) developed was based on the measure of the
ionospheric delays of Galileo and GPS satellites

appearingsimultaneouslyn the same dection. As ionospheric delay is then the same for both satellites,

it is possible to retrieve the station hardware delays for Galileo signals from the GPS hardware delays.

This method was successfully applied to a set of stations and the use of Galileoirfg and time

transfer is now hence possible.
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BT | T T T ]| TheR2CGGTTSsoftware tool developed at the ROB
ol - || to generate the time transfer solutions in the
L 1| international standard was then upgraded to provide
: solutions for Galileo as well as GPS. First results of
time transfer were obtained for an atomic clock
comparison betweeBrussels and Turin anshowed
that the Galileo solution is about 15% more precise
than the GPS solution thanks to the Galileo
frequencies giving a smaller noise increase in the-dual
‘ ‘ ‘ frequency ionospherieee combination as illustrated
20 O ien 80 in the figure on theight which shows the noise of the
Galileo results and GPS results as a function of the
satellite elevation.

nanosecond

Noise of the time transfer results betweq
Brussels and Turin, as a function of the satell
elevation.

Plate tedonics on terrestrial exoplanets

OD1 scientists of Planet TOPERS have shown that the existence of plate tectonics on terrestrial
exophlnets depends on the initial temperatures after accretion of the planet. Depending on the available
initial heat in the interior of a sup&arth (a terrestrial planet with masses up to 10 times the mass of
Earth), plate tectonics is either more, lessquadly likely compared to Earth.

The scientists investigated the formation of continents on early Earth and exoplanets. For this they use (1)
the 2D and 3D global mantle convection code GAIA developed at the DLR (German Aerospace Center)
and (2) the conwion code CHIC developed at the Royal Observatory of Belgium.

In the 2D/3D GAIA code, mantle convection is simulated together with subduction of crust via plate
tectonics. Basaltic crust that is transported into the silicate mantle at the subduct®iisZoaeed over

time. This crust is treated differently than mantle silicates whenotten, such that granitic (felsic) crust

is produced (similar to the evolution of continental crust on early Earth).

The CHIC code is used to investigate these preseissmore detail (e.g. subduction zdigeire below.
We included dehydration of subducted crust to simulate the formation of felsic crust in a mofiék&arth
approach, where crust forms under both hydrous and dehydrous conditions.

Temperature 000 00T 7H02 108003 {44004 Crust Recycling 000 175 850 525 7.0

P

V7

Hydration (wt%) oo 118 2%

ass 471
_— T ee—

Example of D box simulation of a subduction zone

The simulation of plate dynamics in a subduction zonefigae above was successfully benchmarked
and was thus used to simulate subduction of hydrated basaltic crust including the release of water in the
mantk wedge from destabilized materials. This additional water enhances continental production.
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Compressibility of mantle rock was implemented and benchmarked for a more realistic treatment of the
lower mantle of Earth as well as the simulation of sigmths, where the high pressures in the silicate
mantle lead to compression of the material and different thermal cooling behaviors than in the upper
mantle.

Geodesy and Geophysics of Terrestrial Planets

ROB scientists investigate the rotation and orientatimmations and the tides of the terrestrial planets
and large natural satellites in order to gain insight into their interior structure, composition, evolution,
dynamics, and atmosphere. Geodesy data on the gravity field and rotation of a planet daméed ob
from spacecratft flying by, in orbit around, or landed on the planets. In this project, radio science data from
spacecraft in orbit around Mars and Venus, such as Marsexpress (MEX), Mars Global Surveyor (MGS),
Mars Odyssey, Mars Reconnaissance OrlffMRO), and VenusExpress (VEX) are the principal source

of information. Radio science data from the upcoming BepiColombo mission to Mercury, the ExoMars
mission to Mars, and the JUpiter Icy moon Explorer (JUICE) will be processed in the future. Innadditio
we use data from missions to the outer solar system like Voyager 1 and 2, Galileo, and Cassini.

The gravity field of planetary bodies is obtained by monitoring the trajectory of passing or orbiting
spacecraft through performing Doppler and ranging oreasents on radio links between the Earth and

the spacecraft-or the analysis of these radio science data and for simulations of future experiments, a
numerical code (GINS/DYNAMO) is used and further developed; this code is one of only a few codes in
theworld that can compute accurate orbits of spacecraft from radio sciencBetzdase the gravity field

of a planet is determined by the planetodés mass di
field can be used to determine physical rtips of the interior and atmosphere of the planet. Since the
beginning of the space age, the lasgale structure of the gravity field of planets and moons has been
successfully used to determine the moment of inertia, which is a measure of theemasliis distribution

and an important constraint on the interior structure. More recent efforts use tides, which can also be
observed through their timariable effect on the gravity field, to obtain more accurate information on
the deep interior, in padilar on global fluid layers such as a liquid iron core in terrestrial planets and an
internal subsurface ocean in icy satellites.

Constraints on planetary interiors can also be obtained from rotation variations. Three broad classes of
rotation variationsare usually considered: rotation rate variations, orientation changes with respect to
inertial space (precession and nutation), and orientation changes with respect to the rotation axis (polar
motion and polar wander). They are due to both internal (angudbmentum changes between solid and

liquid layers) and external (gravitational torques) causes. By studying rotational variations of a terrestrial
planet, more can be learn about the excitation processes. Moreover, as the rotational response depends on
the planetds structure and composition, al so insi
particularly so for the rotational variations due to welbwn external gravitational causes, such as for
example for the nutations of Mars and thedtions of Mercury and natural satellites.

The OD1 scientists have a strong theoretical research component, which is oriented towards the
investigation of the dependence of rotation variations, gravity field, and tidal variations on interior and
atmosphex properties and orbital motion characteristics. These studies include the development of
advanced models of rotation, the construction of detailed models for the structure and dynamics of solid
and fluid layers of the planets, the investigation of theadyinal response of these models to both
internal and external forcing, the modeling of the orbital motion of large bodies of our solar system, and
the inclusion of general relativistic effects into the data analysis.

OD1 scientists are involved in sevefaBA solar system missions (Mars Express, Venus Express,
BepiColombo, JUICE) and Cassini at-Bwestigator or Participating Scientist level, actively participate
with ESA in preparations for new and upcoming missions, and lead the development of atcéheren
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band transponder and antenna for use in a future Mars lander mission. We also develop theories and
strategies for the future exploitation of space data.

Highlights of results obtained in 2013 are listed below in order of increasing distance of theysielm
body involved with respect to the Sun.

Mars: Methane and clathrates

OD1 scientists from the Interuniversity Attracti.i
Transfer, Origin, Preservation, and Evolution of their ReservoirS) investigatatilgysbf methane and

carbon dioxide clathrates in the crust of Mars. In recent years, several detections of methane in the
atmosphere of Mars were reported from Edudélsed observations and from Mars orbiter observations.

This gas has a nemiform distibution involving a lifetime of 200 days, smaller than the 300 years
predicted by photochemical models. Moreover, its source is still unknown and could be either abiotic or
biotic. Whatever the origin of methane, the latter may have been stored in nesef\aathrates placed

in the crust of Mars. The dissociation of these chemical structures due to a change in temperature or
pressure may cause the observed methane emissions on Mars.

Considering the effects of the variation of the heat flux and tilecemposition, the zone where
clathrateSare stable are shown to approach the surface with increasing latitudes. The thermal oscillations
caused by the variation of the obliquity can induce destabilized clathrates on all latitudes while the
thermal osclations due to the succession of seasons destabilize clathrates at hidk atiy.

Pole Equator

, Beginning of HSZ
«

CH, clathrates stability zone

eeeeeeeeeeeeee

and Calculation of temperature profiles in the crusttigsical presentlay conditions, and on the right han
side, destabilization of clathrates due to temperature oscillations; Seasonal variations (~ 4.4 m); Ob
change (~ 1.5 km)

Reducing théneat fluxhasthe effect of increasinthe depth of thdaseof theclathratestability zone As

regards the crust compositiaihe type of soil directly controls the geothermal conditions and therefore

the depth of clathrate formation. Unconsolidated soil acts as a thermal insulator and prevents the clathrate
formation in the crust except on a small part of a few tens of meters Huickxamplethe stability zone

of methane clathratés unconsolidatedoil canonly existat high latitudes anthasa thickness oeveral

tens to severahundreds ofmeters.In contrast, sandstone or icemented soil allows the clathrate
formation with a stability zone of several kilometers. This is explained by the fact that they evacuate heat
more efficiently and thus maintain lower temperatude. x t p a g e 6 shows claghhate stdbilitg u r e
zone for different soil compositions.

! Clathrate, also called methane hydrate, is a solid compound similar to ice in which a large amount of methane is
trapped within a crystal water structure.
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ExoMars programme 2016-2018 !

—8&— haszalt + ice
—H&— gry sandstone

[l =5 dry, unconsolidated sail

1 1 ! ! 1 1 1 !
0 10 20 30 40 50 B0 70 g0 g0
Latitude (degrees)

ESA ExoMars 2016 EDM demonstrator and 20 | Stability zone of methane clathrates (between the |
rover missions of same color) in Martian subsurface for different s
compositions.

The stability zone of clathrates formed from a mixture of methane and hydrogen salpdiitiee ones
formed froma mixture of methane and nitrogeavebeen computed Contrary to the addition of Nthe
addition of HS to CH, clathrates extendthe stability zone and thus brings it closer to the surface.
Therefore, mixed clathrates GH,S will be more easily destabilized by changes in surface temperature
than CH clathrates.

Entry, Descent and Landing (EDL)

The ESARoscosmos 2016 ExoMars missio wi | | attempt Europebds first s
of Mars. The 2016 demonstration mission is paving the way for a mobile rover in the subsequent 2018
ExoMars mission. Atmospheric entry consisting of Entry, Descent and Landing (EDL) presents a
opportunity to observe the Martian atmosphetsiin. The Royal Observatory of Belgium develops tools

for the reconstruction of trajectories and atmospheric profiles during EDL in support of the 2016
ExoMars EDL Demonstrator Module (EDM) pdbight andysis. That is the science investigation using

the flight data acquired during atmospheric entry.

EDM will enter the Martian atmosphere during dust season, the first such possibility to study dusty Mars
atmosphere conditions-gitu. EDM is equipped witla novel instrumented heat shield: pressure sensors
directly exposed to the atmospheric environment complement conventional measurements of vehicle
acceleration and rotation rate. The additional flight instrumentation permits independent reconstruction of
atmospheric conditions and can potentially observe atmospheric winds. Mars orbiters and landed
platforms have so far provided practically no such wind observations.

OD1 scientist haveoerformedtrajectory and atmosphere reconstruction usingdmleloped dols to

exploit both conventional and novel flight data. An entry flight simulator to generate synthetic flight data
completes the tool set. These tools have been applied to the 2016 ExoMars EDM scenario to quantify the
performance of podtight atmosphdc reconstruction. A parachute flight simulation model has further
been developed for extending the studyodés scope.
considered, the latter based on quite extreme dust opacity estimates.
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The figurecomparedensity and temperature profiles between both weather scenarios. Density variations

reach 300% but do not affect the trajectory much at high altitudes due to the very lowealisokity

there. The largest temperature variations between the two scenarios occur between 20 anthé0 km.
figure belowcomparesvind profiles. Very fast retrograde winds are predicted, exceeding 200 m/s above
80 km in the dust scenario. These are cause migrating thermal tides due to solar heating forcing,

which drag the atmosphere toward the-salar point. Predicted wind speeds in the normal weather

scenario are smaller by about a factor two but still significant.

140 : : 140 _ . » dust storm —4&— normal
5 5 5 ; ; vs. normal —=— dust storm
£ 120+ 120 b ......... I ..... ] 140 — 140
X : : : : : : :
~ i ap L NG - 120 bt 20 e
% 122 ; " E 100 100
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o 6Ot e s BOL oS % 80 . 1 80¢t
[iF] ; : O BOL e BOL
'8 40 UTUTY  SU normal ______ ........ ...... E
8 ol 4 dust storm |- - .......... \ | QA0 for o] A0 fee
: O
0 T 0| ; ; 20 | 20
-50 0 50 100 150-300 -200 -100 O o4 i 0 ‘ i
0 200 400 100 200
Meridional wind (m/s) Zonal wind (m/s) Density variation (%) Temperature (K)
MCD normal and dust storm wind profiles l ‘ MCD normal and dusgtorm orofiles
Phobos
The two Martian moons Phobos and Dei mos might be
orhaveformd i n situ from accr et i oMhhe compositiondotRhobossandd i s k
Diemos is important for getting an idea of their oridihe current measurement of the lalegree of the
gravity field of Phobos (namely.§} is not precise enoughQ(11 ++ 0.1) to constrain the porosity vs
water ice content inside Phobos or the density of the rocky compound.
Numerical simulations of the retrieval of they@oefficient from
close flybys have been performed and conclued that the main source
of error o the Gq solution is the correlation with the mass (the GM
solution) and especially the
error on the ephemeris o
Phobos, both yielding a bias
on the G solution of up to
40%. OD1 scientists havg
thus proposed to use th
Super Resolution Camerg
Image from MarsExpress of ,(SRC) onbard Mars Express
Phobos, the closerotMars of | N~ order to  perform
the two Martian moon astrometric position
(copyright ESADLR) measurements of Phobo
before and after a flyby even
dedicated to the determinat gravit
t hese i mages it i s indeed i mpr o

ephemeris in a short @aarc around the flyby evenfT h e E ¥4
Mars Express (MEX) project hg®rformeda very close flyby of | MarsExpress  ESA  apecraft,
Phobos at the closest approach) on Decemb®r2293 where | presently around Mars (ESA)

the proposed strategy has been implemented
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Large natural satellites

Due to the presencef @ subsurface ocean, the interior of icy satellites can perform translational
oscillations with respect to the ice shell similarly to the translational oscillation of the inner core of the
Earth (Slichter mode of the Earth).

The Slichter mode periods oluBbpa, Callisto and Titan range from a few hours to a few tens of hours,
depending mainly on the ocean thickness (@gme on the right pageObservation of the Slichter mode

period would then allow constraining the thickness of the ocean. This idallypwae for thin oceans

where a precision of one hour on the determination of the period result in an error on the ocean thickness
of about 5 km (at a thickness of about 25 km) for Europa, an error of 15 km (at a thickness of about 50
km) for Callisto ad an error of 25 km (at a thickness of about 50 km) ftanTDue to the presence of

two liquid layers in its interior, Ganymede can have two Slichter modes: one for the inner core within the
outer core and the other for the mantle inside the oceann Ay Slichter mode periods of the mantle
within the ocean range from a few hours to a few tens of hours, depending mainly on the ocean thickness.

As the shells of icy satellites are very thin in comparison with their interiors, the amplitude of motion of
the shell is larger than for the Earth (for the same amplitude of motion of the interior). The Slichter modes
of icy satellites would therefore be more easily detected than for the Earth. Alexis Coyette has calculated
that an impact of a meteoroid withradius of the order of a few kilometers or a few tens of kilometers
would excite the Slichter mode of icy satellites to an observable level for a lander on the surface of these
satellites. Such impacts occurred on average once in >50 My for Europa, Gangntecallisto and

once in >0.4 Gy for Titan. Due to the dissipation timescale of the Slichter modes, the detection of the
Slichter modes of icy satellites will require a fortunate recent impact on the surface of icy satellites.
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Slichter modeperiod as a function of subsurface ocean thickness for a set of models of Callidadt]idpuropa
(top-right), Ganymede (bottoieft) and Titan (bottommight). The color scale represents the density ju
between the interior and the subsurface oc&an. Ganymede, two translational mode periods are obtained
to the presence of two liquid layers in its interior (the outer core and the subsurface ocean).
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Venus atmosphere from drag campaigns

The ten VEXADE drag campaigns have begmlysed The density of the neutral polar atmosphere at
altitudes between 165 and 185 km is lower than the predicted-xb82l density by a factor of 0.6 for

all campaigns. These globally low densities show thantlbdeled density, obtained by extrapolating the
density at the equatorial latitudes at the terminator to the polar areas, cannot account for the observed
densities. In addition, high variability of density values from one pericenter to the other, dgpecial
campaign#4, #5 and #7, has been observed while not accounted for by the models. OD1 scientists have
proposed a polar vortex in the polar thermosphere to explain this low measured density. However, the last
campaign (campaign#10) seems to infirm thigothesis unless the vortex has spread out to lower
latitudes with increasing Solar activity. However, the Venusian thermosphere is known to be weakly
reactive to Solar activity so that it seems unlikely that the Polar vortex might extend in latitudes wit
increasing Solar activity. An alternative explanation is the existence of a-sted€lyave structure in the

density of the thermosphere at altitude range between 160 and 190 km. This hypothesis needs however to
be confirmed by completing the altitudange probed by VEXADE, in particular the 165 to 175 km
altitude range. An opportunity will occur with the aerobrackiranoeuvralue for Jungluly 2014.

Venus and its habitability

OD1 has studied, in the frame of the IUAP Planet Topers, the longetmiution of terrestrial planets,

taking into account many different mechanisms that have a direct effect on surface conditions and
habitability, with the objective to obtain a prec
part to its anosphere. Among these mechanisms we consider mantle convection, surface conditions and
potential resurfacing events, volcanic degassing, atmospheric escape, and the interactions between these
layers. Venus is similar to the Earth (bulk composition, formatié¢ ) except for i ts mas
which will enhance the coupling mechanisms. Planet Topers members of OD1 have thus studied:

9 Atmospheric escape (hydrodynamic): relevant during the early evoluti@®Q(0Ma), when
Extreme UV flux leads to massive ®8f hydrogen and oxygen. Noble gases are fractionated
during that time.

9 Atmospheric escape (Nehermal): the main escape mean during the bulk of the evolution, using
different mechanism. ASPERA data for present day are used, as well as modern numerical
simulations.

9 Atmospheric surface conditions: vertical profiles of pressure and temperatures are monitored. A
radiativeconvective model is used for determining the atmospheric conditions, based on the
greenhouse effect of water and £O

1 Mantle dynamics andolcanism: they are calculated with an adapted version of the state of the art
StagYY code developed initially by Paul Tackley.

9 Effects of meteoritic and cometary impacts on the atmosphere and the mantle of the planet.

These mechanisms and their feedbaeksummarizeth the nextfigure.
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and including episodic lithospheric overturn. The evolving surface temperature is calculated from the
amount of CQand water in the atmosphere gsi radiativeconvective atmosphere model. This surface
temperature in turn acts as a boundary condition for the mantle convection model. Aikiebesavior
(episodic lid) for the solid planet was obtained together with an atmospheric evolution leadey
present conditions. Gressure is unlikely to vary much over the history of the planet; with only a 0.25
20% postmagmaocean buileup. In contrast, water pressure is strongly sensitive to volcanic activity,
leading to variations in surface temperatures of up to 200 K, whiah én effect on volcanic activity and
mantle convection. Low surface temperatures trigger a mobile lid regime that stops once surface
temperatures rise again, making way to stagnant lid convection that insulates the mantle.

This evolution model is alsoxtended by incorporating erosion from meteorite impacts taking into
account that meteorites and comets can bring volatiles as well. Due to large uncertainties in the simulation
of the effects of large impacts, two different cases have been taken intotaaoyresented inext
pagestop figure.Mantle dynamics are modified since the impact itself can also bring a large amount of
energy to the mantle. A 2D distribution of the thermal anomaly due to the impact is used and can lead to
melting.

Short term ad long term effects of the impacts on planetary evolution have been obtained. While small
meteaorites (less than kilometer scale) have a negligible effect, large ones (up to around 100 km) are able
to bring volatiles to the planet and generate melt botheatmpact and later on, due to volcanic events

they triggered due to the changes they induce to maniknuygs.
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A significant amount of viatiles can be released on a short timescale. Depending on the timing of the
impact, this can have significant long term effects on the surface condition evolution. Atmospheric
erosion caused by impacts, on the other hand, and according to recent steidigscshave a marginal
effect on the simulations, although the effects of the largest impactors is still debatable.
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Activities of the operational direction seismology & gravimetry

The scientific activities of the operational direction seismolgvimetry are partly related to the study

of the seismic activity and their consequences in northwest continental Europe. Hence, during the last
year, we finalized or different researches on the impact of past earthquakes in Belgium, we continued the
study of historical earthquakes by searching original eyewitnesses in -oéttoed in Belgium ad
neighbouring regionand we synthetized our works on possible adtwdts in the Strait of Dover related

to the large 5.5 < M 6.0 1580 historical earthquake.

By managing the LISSA and GIANT projects at the Princess Elisabeth base in Antarctica, we investigate
the lithospheric structure and its relationship to seisaoitvity. We also developed methodologies to
monitor the volcanic activity in Indonesia [ANNEX 4]

In order to support its scientific research, its scientific expertise and to provide pertinent information to
the public and the authorities, the section tpy& different operational projects with the purpose of:

1 Monitoring the seismic activity in Belgium and surrounding regions by analysing the data from
the Belgian seismic and accelerometric stations, developing and maintaining these networks;

1 Developing tle ways to provide fast and reliable information to the authorities and the public
when an earthquake is felt or occurs in Belgium;

1 Providing our measured seismic phases for worldwide seismic events and waveform data to the
seismological international ceatr (EMSC, ORFEUS, IRIS and ISC);

1 Providing the scientists in other institutions, the public, the administration and the private
companies in Belgium with a scientific and technical expertise in earthquake seismology. In
2013, we strongly contributed to teeismichazard assessment for the Belgian nuclear sites.

Other scientific activities of the section are devoted to conduct and analyse gravity measurements at the
Earth surface and also to analyse data from space experiments, mainly GRACE. Gravitgnmmesgsur
supply information on geographical structural heterogeneities in the underground and on geodynamical
processes and their time evolution. An important part of this scientific work is devoted to evaluate crustal
deformation using its imprint on the ayity signal. For this purpose, the section is in charge of the
scientific and technical followp of the superconducting gravimeter installed in the Membach station, of

an absolute gravimeter and one relative gravimeters. In 2013, we started contribusingesearch
program on the karst aquifer in the region of the Rochefort cave (Bglgium
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The impact of earthquake activity in Belgium

The ROB seismology group studied the impact of the earthquake activity in the plate interior region
extending from theLower Rhine Embayment to southern England by developing methodologies
combining the historical and architectural heritage records to better quantify moderate and extensive
damage from past earthquakes. These methodologies have been applied to sevéinedeatthquakes

with magnitudes ranging from 4.5 to 6.0, characteristics of the seismic activity of thiF hesmpact of

the earthquake activity in Western Europe from the historical and architectural heritage records, In: P.
Talwani (ed). Intraplaté=arthquakes Solid Earth Geophysic, Cambridge University Press (2014)].

The extremely high seismic vulnerability of this region is illustrated by the destructions resulting from

small shallow earthquakes like the 1983 M=4.6 Liege (Belgium) and 1884 Mzdléhester (England)
earthquakes and the elevated financial losses produced by the 1992 M=5.3 Roermond (The Netherlands)
earthquake, despite the low observed intensities. This vulnerability is directly related to the very high
density of populatonandtoh e substanti al part of poorly constr
inventory in most of the cities of Western Europe
event, like the Verviers (Belgium) 1692 earthquake, could certainly lastogthic in terms of victims

and destructions.

Comparing the damage caused by past earthquakes in large structures like churches or castles and
classical dwellings provides information on their source and regional site effects. On the one hand, the
earhquakes that caused moderate to heavy damage to large structures located far away from the epicentre
had magnitudes greater than 5.0. On the other hand, the observation that churches were damaged in some
localities of the Lower Rhine Embayment or the Brabdassif while typical houses located in the same
localities suffered less or had no damage is related to the presence of ddoteredimentary cover,

and (or) a thickness corresponding to a soil fundamental period that enhances ground motion in the
frequency range of the large building natural resonance frequency.
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The 3 December 1828 earthquake at the border between Belgium
and Germany

We conducted the first modern study of the 3 December 1828 moderate earthquake that occurred in the
bordering region between Belgium and Germany. By conducting a systematic survey of contemporaneous
historical sources, we added 40 eyewitnesses about rthejwake effects to the 21 that were previously
known, improving our knowledge of the macroseismic field of the earthquake.

The strongest affected localities, where the fall of several chimneys and other slight damage were
noticed, are Spa, Stavelot aRdcherath in the Hautésagnes region [intensity WIl]. The earthquake

also caused slight damage in Aachen [intensityllV Many people were frightened and ran outdoors,
pieces of furniture were shifted and objects felt down from the tables and tsamBlirtscheid, Eupen,
Henri-Chapelle, La Reid, Lontzen, Malmedy and Verviers [intensity V &fIV At large distance, the
earthquake was felt up to Dusseldorf to the north, Brussels to the west, Metz to the south and Wiesbaden
to the east, corresponditma radius of perceptibility of around 150 km.

From the intensity data points, we estimated the earthquake magnitude as M = 4.1 £ 0.5 and its focal
depth as 10 £ 4 km. The earthquake location supgherhypothesis that it occurred along the Hockay

Fault zone which is the structure that is supposed to have generated the M = 6 ¥ 18 September 1692
Verviers earthquake, but more or less 20 km to the szagh
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Fault activity in the epicentral area of the 1580 Strait of Dover
earthquake

On April 6th, 1580 one of the strongest earthquakes of wwegtern Europe took place in the Dover
Strait (Pas de Calals The epicentre of this M = 6.0 seismic event has been located in the offshore
continuation of te North Artois Shear zone, a major Variscan tectonic structure that traverses the Dover
Strait. The location of this and two other historical moderate magnitude earthquakes in the Dover Strait
suggests that this structure or some of its fault segmentbenanesently active.

In order to investigate the possible fault activity in the epicentral area of the AD 1580 earthquake, we
have gathered a large set of bathymetric and seisgfiection data covering the almesttire width of

the Dover Strait. The extent and quality of$k data have resulted in very valuable information on the
seabed morphology, fault geometry and geology of the Dover Strait. The data revealed a broad structural
zone traversing the strait comprising severatgaallel WNW ESE trending faults and foldspme of

them significantly offsetting the Cretaceous bedrock. The geophysical investigation has also shown some
indication of possible Quaternary activity related to some of the identified faults. However, this activity
only appears to have affected tlosvest strata of Middle Pleistocene age, indicating very low slip rates
during the Quaternary period. Hence, the AD 1580 earthquake appears to be a very infrequent event in the
Dover Strait, representing a good example of the moderate magnitude earthijaakesnetimes occur

in plate interiors on faults with unknown historical seismicity.
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Studying Indonesian volcanoes to better predict the behaviour of
future eruptions

Since 209 the ROB has been involved in research and monitoring on two Indonesian volcanoes situated
on the island ofava. The Papandayan (West Java) and the Kawah ljen (East Java) have been equipped
with state of the art seismic stations in order to better study and understand their activity.

Our work on the Papandayan volcano shows that thes stiatiee fluids within the volcano have changed
during a crisis in 2011. These fluids, being a/water/steam mixture, are a good proxy for the state of
unrest of the volcano. To obtain such information, seismic events calledpéoiogl" (LP) have been
analysed in depth. These events are characterized by a low frequency oscillation and represent fluid
pressurisation associated with magmatic and/or hydrothermal fluids activities. The swarms of LP events
have been split into two intervals. The first intehaccurred between June and July 2011 (48 LP events),
while the second interval extended from September to October 2011 (36 LP events). The frequencies of
LP events observed during these intervals range between 1.1 and 6.2 Hz while the Q factors are widely
scattered between 20 and 400. We estimate the compositions of fluids inside the crack during both
intervals as either water foam (mixtures of water an® Igas/steam) or misty gas (mixtures of water
droplets and KD gas/steam). We finally suggest thaaiif eruption were to have taken place following

the 2011 unrest, it would have been in phreatic style rather than magmatic style. The results of our study
therefore contribute to the effort in the prediction of the behaviour of future eruptions, andawicsolc
hazards assessment, and therefore to volcanic risk mitig&toid [dynamics inside a wet» volcano

inferred from the complex frequencies of lgpagiod (LP) events: An example from Papandayan volcano,
West Java, Indonesia, during the 2011 seismiest,Journal of Volcanology and Geothermal Research
doi:10.1016/j.jvolgeores.2014.05.005]
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Karst aquifer research by geophysics

In cooperation with the universities of Namur, Mons and Luxembourg, The British Geological Survey
and the Royal Meteorological Institute, our group started a project investigating aquifers in the Rochefort
karst system in Belgium.

This F.R.SFNRS projectaims at leveraging our previous experience in karst, hydrogeology, gravimetry
and geophysics to understand the water dynamics and storage in the Rochefort karst system. Of particular
interest in Rochefort is the canalized Lomme River, which causes ftastsfbf the cave when the river

spills off the dike. Hence, the continuous gravity measurements allow investigating the dynamics of karst
system as a function of the degree of saturation at different time scales, from flash floods events to
seasonal and ferannual scales. A better knowledge of karst aquifers is paramount as they supply
drinking water to 25% of the global population.

Combining the gravity measurements and other meteorologic, hydrologic and geophysics measurements
will provide a better undstanding of the water storage and transfer within the karst. As a preparatory
phase, U. Luxembourg installed a gPhone spring relative gravimeter, while the ROB performed repeated
absolute gravity measurements. The measurements have already evidencdiytivé tile gPhone to
measure the transient gravity changes <caused by
variations.
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Gravity time series from the gPhone gravimeter (green), of which the instrumental drift was corrected ug
absolute gravity measurements. Two steep increases in gravity of about 80 nm/s2 are observed in N
2013 and December 2013, caused by flash floodings of the cave. Are also shown the precipitations (vi
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Planetary Nebulae

The ESA satellite Herschel has provided several images of planetary nédafstary sbulae are the

ejected outer layers of evolved stars. An international team led by ROB astronomers was able to deduce
from these objects the properties of the central star and the dust in theenéb2813 the team
published a paper discussing the Hee$dPACS and SPIRE imaging of the evolved planetary nebula

NGC 650 (the Little Dumbbell nebula). The images were used to construct a dust temperature map which
showed that the hottest grains are in the low density regions in the hole of the torus. Tihgramiden

the other hand have a more or less spherical distribution. This is evidence for two radiation components
heating the grains: direct stellar radiation which is readily absorbed in the torus and diffuse radiation
(mainly LymanU p h ot o n pagatesheveryivheng and produces more or less circular isothermal
contour s. Based on modelling it was concluded t he
excess emission around 25 em coul d i mg(passbtye t he
PAHs, Polycyclic Aromatic Hydrocarbofsn the dense clumps in the torus. The model also indicated

that the central star is hotter than hitherto assumed. The most plausible value is between 170000 and
190000K.

s i e e b

054 w0

Optical image H W[NII], Manchado et al., IAC catalogud,996) and a temperature map of theolar
planetary nebula NGC 65@he Little Dumbbell. (van Hoof et al., A&A 2013)

Supernova SN 1987A observedith ALMA

The ROB participated in 2013 in the analysis of
observations of supernova SN 1987A with ALM#he _
Atacama Large Millimeter/submillimeter Arrayocated in . .08
Chile. The data showed the presence of cold molecular gas §
(CO and SiO) within the SN remant, and demonstrated the
power of using ALMA to gain insight into the physicalg
conditions and chemical processes in the ejecta.

1g

Declination (J2

A color composite image of SN 1987A. The unresolved -CPD
line emission detected by ALMA is shown in red, and the
ellipse in the corner is the synthesized beam. Also shown ar
HU emission (blue) and [g&enl 2y
in the ring, yellow in the ejecta) observed with the Hubble Sp _
Telescope (From Kamenetzky et al., 2013) B ST S T r e+ T PR

Right Ascension (J2000)
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Winds of massivestars

All massive stars have stellar winds, whereby they blow away their outer layers. When two such stars
form a binary, their stellar winds cile, leading to increased-bay and radio emission. ROB
astronomers used archive data from the VLA (Very Large Array), covering a time range of 24 years, to
study the radio emission of the hot massiveye binary 9 Sgr. The light curve at a wavelengti ofm

shows clear phadecked variability with the 9.1 year orbit of this binary system. Fluxes are higher
around periastron, as expected, because in this highly eccentric
system the windavind collision is much stronger when the stars

are closer to eachtleer. To better study the periastron passage

of 9 Sgr, additional radio observations were obtained in 2013.

A model of thestellar wind ofthe primary star of the binary
system MWC314 was computedhis primary star is a
luminous blue variable candidatétva mass of about 40 solar
masses. Detailed radiative transfer fits show that the geometry
of the wind density is asymmetric around the primary star.
Wind accretion in the system produces a circumbinary disc.
—— : MWC 314 is in a crucial evolutionary phast abose binary
Model of the stellar wind in the binar - gystems, when the massive primary star has its H envelope
system  MWC314  (Alex — Lobe aing stripped and is losing mass to this circumbinary dise.
Astronomy & Astrophysics, 2013 . .
© ESO) observations with the Hermes _spe_ctro'graph from the Mercator
telescope on La Raa were crucial in this study.

Interferometr y and rotation

The sensitivity of interferometric observables on the position angle of the rotation axis of a rapidly
rotating star was studied, using U Cep (Al deramir
Wilson (Georgia, USA)It was concluded that the surface differential rotation can have a rather strong
influence on the determination of the gravity darkening exponent. A new method of determining the
inclination angle of the stellar rotational axis was suggested.

Alderamin Image Reconstruction

1.0
0.5
0.0

-0.5

North (milliarcseconds)

-1.0

1.0 0.5 0.0 -0.5 -1.0
Left: Alderamin image reconstruction based CHARA observations (Zhao et al, 2010)

Right: Surface brightness distribution in Alderamin at 4 different wavelengths: 6548.7 A (top, left), 654
(top, right), &6562.8 | (right)tOrdmates anld abkcisdas areagivesh in Girbty
the equatorial radius of theat The inclination angle used is i = 55°. (Delaa et al., 2013)
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The ESA satellite GAIA launched

The ESA satellite Gaia was successfully
launched on 19 December 2013. The
launch was followed together with the
press and guests directly in the
Planetarium of the ROB. The ROB
astronomers and eworkers contribute in
different disciplines to the software
development of the Gaia data reduction.
This data reduction has been assigned to
DPAC (Data Processing and Analysis
Consatium). Inside DPAC several
Coordination Units (CUs) were created.
In CU4 (Object Processing) the ROB is
involved in the Astrometric Reduction of
Solar System Objects. For CU6
(Spectroscopic Processing) ROB has the
responsibility to develop different
techiques that will allow measuring the
radial velocities of the stars. The
characterization of variable objects, with
emphasis on period search of variable stars is the main contributi¢=-
ROB to CU7 (Variability Processing). Within CU8 (Astrophysic
Paraneters) ROB develops algorithms and codes for the classifica
of extreme stars (mainly hot and emission lines stars).

VS06, with Gaia, lifted off from Europe's Spaceport,
French Guiana, on 19 December 2013.

To realize the full potential of the Gaia space mission, a la
consortium of astronomers, including staff members of the R( ‘
proposd t he-E8GaiSarveyo. This pr( ' / arded
nights of observations (over 5 years) on the FLAMES instrument " L\

public spectroscopic survey, targeting about 100,000 st )
systematicallycovering all major components of the Milky Way, fro W\ N R
halo to star forming regions, providing the first homogeneous over o1 K€

of the distributions of kinematics and elemental abundand The two plates holding over
Specifically interesting for the ROB astronomers are the observat| 130fibers each, for the mult-
of massive stars in clusters. During 2013 spectra of 1210 stars |°bject pectrograph FLAMES
analysed at the ROB. on the VLT (ESO)
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Solar Physics and
Space Weather




Space Weather in 2013

The official annual sunspot number (SSN) f
2013, as determined by th&/DC-SILSO

(World Data Centre Sunspot Index and Long
term Solar Observations), was 64.9. This is
12% increase compared to the previous year.
The first nine months, long stretches of so
inactivity alternated with brief spurts of hig
flaring activity levels. Indeed, despite a brie
outburst of active groups in April and May, th
overall evolution was steady to a gradu
decline, with rockoottom in September wher
there was almost a spotless day df

nspot number

us smoothed monthly su

Absolute and Mee:
&

2010 2013 2016

Septemberand an unusual long period of 1
days without a single solar flare {ffass or
stronger). Then, driven by the southern so
hemsphere, sunspot activity quickly picked u
with  monthly sunspot numbers reaching t
highest levels in two years. It is clear that so
cycle 24 (SC24) is heading for a new maximu
stronger than the one late 2011, and that m
probably will be reachedagly 2014.

Right: The top chart displays the evolution of tl
monthly and monthly smoothed SSN (19!
2013), while the bottom chart shows tl

160
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i
:
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N \ /
—
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1995 1998 2001 2004 2007

2010 2013

smoothed monthly sunspot number

Hemispheric exc

2016

hemispheric excess with respect to the smoot

SSN, with blue an excess in northern SSN,
red an excess isouthern SSN. Starting in th
second half of 2013, a clear rise to a new a
stronger maximum for SC24 can be seen, dri\
essentially by increased activity on the southe
hemispbhere.

Below: These pictures were taken using the white lig
telescope from the Uccle Solar Equatorial Table (USE
on 14 March (left) and 29 October (right) respective
Over this timenterval, solar activity clearly switcheq
hemispheres
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The year opened immediately with the largest sunspot
group that would be visible in 2013NOAA 1654
According to the NOAA data, it reached its maximum
sunspot area on 11 January, when it was mane éhtimes

as large as the surface of the Earth. Despite its size and its
complex outlook, this sunspot group produced only 2
medium flares during its solar transit (on 11 January). The
reason for this relatively meager flaring activity was that
the oppode magnetic fields were nicely separated from
each other, thus preventing the reconnections necessary to
produce strong flares.

Most months of 2013 featured several filament and
prominence eruptions, anah the averagenearly half a
dozen of coronaimass ejections (CMEs) every day. In
v = particular the eruptions near the solar limb were truly

¢ A IR TN * spectacular. On several occasions they were featured in the
Above: NOAA 1654 was the largest sunspotSTCE Newsletter(e.g. on 7 March 31 July and 3

group of 2013. Despite the complex outlpokOctobej. A few of the highlights are displayed in Figure

in white light, the opposite magnetic xx. Note that due to their positionosle to the solar limb,

pdarities were nicely Separated, with the klg Earth was hard'y or not impacted at all.
sunspots in the main portion of the group|all

of the same magnetic polarity (red color).

Sl

Above: Some of the finest filament and prominence eruptions in 2013. Top left: 1 May, top right: 16
bottom left: 31 January, and bottom right: 27 February.
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Spaceweather Now & .. || SWSC_Manuscript Ma. ©Q Royal Observatory of 8... [l Vertalen met Mijnwoo.. © front seat - Nederland.. £ Journal of Space Weat... B Index of ftp://articlesta.. 3 YouTube » B3 Bookmarks

The Solar-Terrestrial Centre of Excellence focusses on e science fom the Sun, Brough space, up to e Earth and its atmosphere and encloses a Space Weather applicaion and service centre.

Solar-Terrestrial Centre of Excellence

Nows

May 14, 2013 Eath under re! (UPDATED)

May 13, 2013 PROBA2 and the moon walk

May 08, 2013 A pecultar radio burst

May 06, 2012 Hook your deas 10 3 weather baloon

May 02, 2013 All coronal holes great and small

Click here for all the STCE news fems

Q.
Coronal Loops Warkshop | I ESWW10

The Xclass flaresrom NOAA 1748 were prominently featured and updated in neaitirealon
the STCE websitd 4-15 May 2013and21 May 2013as well as in th6& TCE Newslettéer

The first spurt of high flaring activity occurred near AMidy, when in a timespan of only 48 hours

NOAA 1748 managed to produce 4ckass solar flares. This sunspot region welatively small (45

times smaller than the aforementioned NOAA 1654), but was magnetically very complex. The first X

flare occurred when NOAA 1748 was still behind the east limb, and the 2 subseeglass ¥vents were

actually white light flares WLF)a seen by SDOb&s telescopes in visib
on 15 May, NOAA 1748 had already rotated far enough onto the solar disk such that the associated CME
became geeffective on 18 May, sparking a minor geomagnetic storm.

One week lateron 22 May, an M5 flare took place in NOAA 1745 which was associated to the strongest
proton event in 2013 (see STCE Newsiten28fMay 2013. These protons can be seen as numerous

white dotsandt ri pes on the imagery from SOHOG6s coronag
than the strongest proton event so far this solar cycle (March 2012).

The national sun observing day (7 July) in Belgium enjoyed sunny weather and the presence sfirzsfioe
group (NOAA 1785). No wonder that the public observatories and local solar observing posts got a lot of
and media attention!
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2013 saw the transit of various, large a
persistent camnal holes over the solar disk.
One of the more impressive ones was Vvisi
in mid-July. This CH had an area equivale
to more than 300 times the surface area of
Earth (see STCE Newsitem 85 July 2013
It managed to survive 8 solar rotations, wi
the first central meridian psage around 23
May, and the last one on 30 November
transits). It sparked geomagnetically active
minor storm conditions during the first
transits. The higispeed stream (700 km/g
also brought a whole bunch of highergy
electrons with it, and sallite operators noted
a significant increase in anomalies duri
these periods, thought to be due to repeas
electrostatic discharges. Fortunately, none
the spacecraft was permanently damag
During its October and November transits, t
CH had becomtoo small to have a significa

space weather impact (see STCE Newsite A large coronal hole was visible during the sumn

23 October 2013 months. Its area was equivalent to mdran 300 times the
surface area of the Earth and resulted in geomagnetic

active to minor storm conditions.

Late on 29 September, a | ong and solid ficdlaament
way. The modest Gflare (asec al | ed AHyder 0o or fAspotlesso flare)
also a moderate proton event. This long duration event (LDE) was accompanied by a CME shaped like a
whip, and it definitely stirred the geomagusfield. Indeed, this CME delivered a glancing blow to the

Earth on 2 October, resulting in a strong geomagnetic storm (locally attaining even severe levels).
Together with the storms of 17 March and 1 June, it belonged to the strongest geomagnétandestur

of 2013 (see STCE Newsitem ®fOctober 20133

2013/05/22°15:54 ~ ikt mar o % 2013/09/30 02:18

On the left the CME associated to the proton event on 22 May, and on the right tHikeveimped
CME associated to the filament eruptior28f September.
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2013/11/19 Radio flux density, e-CALLISTO (HUMAIN) 2013/11/19 Radio flux density, e-CALLISTO (HUMAIN)

Geert Verbanclof the
Belgian Solar Section
captued this image of
NOAA 1890 on
9 November, only hours
before this sunspot
group would unleash its
247 - third and final Xclass

= : R g | solar flare.

139

Frequency (MHz)

f8715 00 10:18:00 10:21:00 10:24:00 10:27:00 0:30:00 10:33:00 10:36:00 10:39:00 10:42:00
Time (UT) Time (UT)

A trio of complex sunspot groups significantly beefed up the flaring activity during the last week of
October. From 22 till 29 October, no less tth M- and 4 Xclass flaretook place over the sal

surface, making it one of the most flare intense periods so far this solar cycle. Responsible active regions
NOAA 1875, 1877 and 1882 also destroyed a million km leolgr filamentin the processand NOAA

1875 would stay very active during its subsequmakside transiof the Sun, as nicely recorded by the

two STEREGspacecraft.

On 5 NovemberNOAA 1890produced an X3.3 flare, the strongest of the year and the numberfd&

in solar cycle 24. NOAA 1890 was a big sunspot group with a magnetically complex trailing part, and
would produce another 2-#lass solar flares during itgassage over the solar disk. All three were
impulsive flares lasting 10 minutes or less, but they were each associated tBarthotirected CME. In

total, there were 12 Xlass flares in 2013, almost as many as 2011 and 2012 combined, and bringing the
total for SC24 on 27. Yet, only 5 sunspot regions were responsible for these extreme explosions on the
Sun. Meanwhile, the magnetic field near the solar north pole (finally) completed its reversal, whereas this
magnetic flip is still ongoing at the southlpoThesereversalss est i fy wedre close to
SC24. It remains to be seen
how many ups and down
this moderate solar cycle
will show.

2013/11/19 Radio flux density, e-CALLISTO (HUMAIN)

s 2013/11/19 Radio flux density, e-CALLISTO (HUMAIN)

Frequency (MH2)
]
°

247

f3715 00 10:18:00 10:21:00 10:24:00 10:27:00 0:30:00 10:33:00 10:36:00 10:39:00 10:42:00
Time (UT) Time (UT)

A2

Radio observers from the
BRAMSnetwork observed
the X-class flare from -
NOAA 1893 at their

frequency of 49.99 MH: . g
on 19 November 2011 ‘
(bottom, and green dashe -50 1
line on radiespectrogram {.

on top). The radio = H ! by ¢
spectrogram made by th IH‘

Humain  Solar  Radio =

Observatory shows the fu - MWM

extent of the strong radi SESEESSHESEESSEE8E882885882s8228

-44
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COMESEP: forecasting the space weather impact

The COMESEP (COronal Mass Ejections and Solar Energetic Particles) Alert System was built under a
threeyear EU FP7 project (European Union Seventh Framework program) that concluded in January
2014. Tools for forecasting geomagnetic storms and solar ¢icepgeticle (SEP) radiation storms were
developedvalidated and implemented into an operational space weather alert system that runs at present
without human intervention. The COMESEP Alert System is triggered by solar phenomena such as
CMEs (Coronal Masg&jections) and solar flares. After the automatic detection in solar data of any of
these transients, the different modules of the system communicate in order to exchange information. The
system produces a series of coherent alerts that are then displdired and sent via email to the
subscribed users. In this way, COMESEP provides automatic notifications for the space weather
community.

_ The Alert system can be found
“cffﬁﬁiﬁf L M H H online at http://comesep.eu
/alert/ A general description of
Very likely ) " ) » the system is available at
" (90-100%) http://comesep.eu/ The alerts
S : are based on the COMESEP
5 Hikely . iy iy " definition of risk that combines
s (70-90%) the likelihood of occurrence of
3 R the predicted event with its
= L L M M estimated impact at the Earth.
] (40-70%) This information, derigd
S Unlikely internally by the system, is then
5| oam : : M M f H used to acess the COMESEP
g risk matrix (right figuré and
Z [ Veryunlikely } } : . M ) obtain the corresponding risk
(0-10%) level for a particular event.
As an exampleppposite page
Storm Level MNone Minor Moderate Strong Severe Extreme top figure ShOWS the status Of
Geomagretic Dst] | __ 0100 | 100200 | 200500 | 300400 | 200 the_ alert system for the time
innl period 2427 February 2014.
SEP peak flux > 10 During that time, several flares
VeV I sierterm® <10 10%-102 102103 10510 10%10% >10° and a CME occurred and were
detected by the system (stars in
SEPpeak flux>601) 7 gqge | 79107 | 4o | 280 4SO g e the first two rows of the figure).
MeVin sisricm2 1.4 2.5x10* 4.5x102 7.9%10° .
The corresponding geo
Kp| <5 5 6 7 8 9 magnetic storm and radiation
storm predictions are shown in
The COMESEP risk matrix. The rows represent the probabilitieg th_e last rows. The SEP storm
arrival of a CME or of an SEP eme The columns indicate the impa with moderate risk predied
calculated for the corresponding geomagnetic storm or radiation st for February 25 actually arrived
(in two energy ranges). to the Earth and was measured

by the GOES13 satellitesée
opposite page This occurred

as a consequence of an X4.9 flare occurring at 00:49 UT, the COMESEP alert system dispatched the
following e-mail alert correspatingly:
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:Issued: 2014 Feb 25 0145 UTC

:Product: documentation http://www.comesep.eu

H- H

# COMESEP SEP Forecast message from BIR3B
(Brussels, Belgium),#

# forwarded by the SIDC (RWC

Belgium) #

# #
Forecast for a SEP radiation storm following a X4.9 flare with
peak at

201402-25 00:49UT. The expected risk level is MEDIUM for
a SEP storm of

protons > 0 MeV (occurance probability: POSSIBLE; storm
level: MODERATE).

The expected risk level is MEDIUM for a SEP storm of
protons > 60 MeV (occurance

probability: POSSIBLE; storm level: MODERATE).

#.

# Solar Influences Data analysis CentRWC
Belgium #

# Royal Observatory of Belgium #
#Fax:32(0)23730224 #

# Tel.: 32 (0) 2 373 0 491 #

# #

# For more information, se®tp://www.sidc.be Please do not
reply #

# directly to this messagbut send comments and suggestions
to #

# 'sidctech@oma.belf you are unable to use that address,
use #

# rvdlinden@spd.aas.dripstead. #

# To unsubscribe,

visit http://sidc.be/registration/unsub.php #

H. H#

s

H*

This example shows how an autonghsgstem can provide helpful aid to human forecasters in real time.

The system is running continually 24/7.

Bottom Status of the COMESE! GOES13 Proton Flux (5 minute data) Begin: 2014 Feb 24 0000 UTG
alert system for the period 27 e T T T g T T T s T T T g
February 2014. The first row show - - - ]
the occurrence of solar flares 108k _ _ i
(stars). The second row marks tf 1 3
eruption of CMEs. The third row . - - i =
shows the prediction for SEP storm |’ 10°E : : E—
The last row displays the exged | |7, F : 5 10
geomagnetic storms. The length | |"c o[ _________________ Nt ennn IS
the bars in the last two rows is a | @
indication of the expected duratio| | § C : - 3
of the corresponding radiation of |2 10°g = I
geomagnetic storm, the colg E F :
represents the risk level (see Figu Ll ¥ - .
1). . WA -
Figure 3right GOES 13 proton flux iy . 1 !
showhg the SEP storm on Februar, 107 L . P R -
25, Feb 24 Feb 25 ) Feb 2& Feb 27
Universal Time
Updated 2014 Feb 26 2%58:02 UTC NOAA/SWPC Boulder, CO USA

€| 8| Tue2sFeb2014 (W | E (KR

Register for COMESEP alerts | # n

4 FEE'D':'-'CID :ﬂ=EE‘1S:30 25 FEE&G‘E'DG 25 FEE.'S 0a 26 FEE.D':'-'CID :?-=EE_18:30 27 FEB-CI'E'DEI 7 FEE_ 18:00
Flars *’ '* * * * *
f * *
CME *
*
SEP * * *
.8 G
Geomagnetic ! * +* *
’ | I | h I |
| | | | | | |
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STCE workshops dedicated to the degradation and intecalibration

of solar instruments

Investigating and analyzing the degradation of space
instruments are crucial to achieve their scientific
goals. Remotesensing instrumentation exposed t

Channel 2—1

Lyman—olpha Filter

1201 23nm (nominal)

the space environment usually degrades due to th
harsh environment in which the instruments operate

400 500

Solar instruments’ telescopes, spectrographs an
radiometers are particularly vulnerable because their
optical elements are exposed to unshielded sola
radiation.

For example, the Large Yield Radiometer (LYRA

onboard PROBA2 has strongly suffered sabsal
degradation due to a combination of ultraviolet (UW)

~
o
=}

solar irradiation and instrumental contamination that
can cause polymerization of organic material an
subsequently, irreversible deposition of this material :
on the 1instr ume(see rgdfigoype t|i

Different methods and approaches have been use

~
o

0

assess and monitor the
degradation 4ee photos on the opposite pag€o
reach a better understanding of how to both monitol
and study this degradation, the Solar Terrestrial

Channel 2—4 Zirconium Filter E—20nm + Xray<Znm

PENEEIT S
* * x*_*_ié%w*% Y i

Centre of Excellence (STCE) at the Royal
Observatory of Belgium organized a workshop
this subject on3 May 2012 in Brussels, Belgium.
Representatives from several active sgagsed solar
instruments contributed to this workshop.

As an outcome of this meetinghe aim of this
workshop was to bring up open discussions related|to
the degradation observed n i Sunrobserving
instruments exposed to the effects of the spa
environment. The outcomes of this meeting and
discussions, together with the written contributions of
the different mission teams, have sparked in 2013
an article focusing on the major less learned about
in-orbit degradation of solar instrumentiBhis article
also providse a summary of the recommendations fo
best practices with the hope that this information will
help scientists and engineers to prevenbr cope
with T degradation of dive and future spaeleased
solar instruments. a global overview of the lessons
learned from the curme solar missions was
published. Theaper was a collaborative work of the
main international instrument teams, under the lead
A. BenMoussa.
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Left: EIT (Extreme
Ultraviolet Imager) on
board SOHO 17.1 nm
images taken during an eff
point manoeuvre before

| and after correction.

% Right: Comparison
between SDO/ESP channe
2 and its reconstruction
based on SDO/EVMIEGS
A spectra before and after
the releasef EVE level 4
data.

It should be mentiored that the degradation of space instruments can be complex; their causes and
mechanisms are, in many instances, difficult to understand, since they are often the result of the
combination of several independatdgradation processes. Once a spacecraft is in orbit, the stability of
calibration can be monitored by carefully planned observations. Alternatively, it is possible to track
instrumental calibration by interalibration using observations from occasiomalket underflights using

similar instruments that can be carefully calibrated on the ground both before and after the flight. Another
option for establishing absolute calibration usingdlight observations is the use of invariant sourtes
assuming thewre accessible by the instrumérguch as observations of celestial standard sources, or of
Suncenter during quiet periods, or by intElibration of identical variable sources using different
instruments with similar, corresponding wavelength sensési Furthermore, qualified personnel and
external expertise are often useful in the interpretation of data obtained, both on the grouritigirid in

in order to accurately assess the evolution of the degradatiogpaicéased solar instrument.

In this context ad after thefirst degradation workshop in 2012, two workshops meeting in 2013 and
2014 were organized by the STCE gathering a small group of experts specifically interested in the
degradation and inténstrument comparison of radiometers apectrometers observing the Sun in the
X-rays and the extreme UV (EUV) ranges. These events resulted in a much deeper understanding of the
differences between the instruments and were even at the origin of a review of theiaalfyatedure

for some otthem.

In conclusion, there are several approaches to assess and monitor the degradation-bhsedcsalar
instruments that give good results. A prime conclusion is that there is no single best method, but rather
that a combination of methods must béically selected, taking into account the applicability of the
methods given both the mission targets and instrumental design itself. It is therefore important to continue
to share regular and open information about what is working and what is notemtmtdarn from the
communityds shared experiences. Prevention is far
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PROBA21 4 years in orbit

PROBA2 is the second satellite
series of PRoject for OnBoard Autonomy (PROBA) missions. In
2013 PROBA2 reached the milestone of 4 years in orbit, which
oversaw the period of solar maximum. It alsodarced its 750,000th
image of the Sun and over 1500 GB of data. 2013 also saw theeaele
of the PROBA2 topical issue.

The PROBA2 topical issue covers four broad sections, containing
collection of previously published articles in book form. These cover™
several aspects of the engineering and calibration involved in the _ N
satellite platform and the instruments on board. The book also cc'he PROBAZ2  special editic

" A containing several articles bas
ﬁfgﬁ{gﬁltr;isfca;{]%:.hlghl|ghts in different areas of research, some Cround the PROBA2 mission.

observations andseveral researc

Jets and Outflows

Jets anautflows on the Sun come in various forms, they often
originate lower down in the Suns atmosphere (the corona)
before flowing out into the interplanetary medium.

Chandrashekhar et alused PROBA2/SWAP data together
with Solar Dynamics Observatory (SDO) observations to show
that Abright pointsod observed
UltraViolet (EUV) wavelength range (observations around
500,000K) are associated with the emergence of new magnetic
flux from below. This suggests thdtet emerging flux interacts
with existing magnetic fields in the Suns atmosphere, whereby

“Z ‘ energy i s rel eased i n a pro

‘ reconnectiono. This release of
"D‘ seen on the Suffilippov et al.also used SWAP ar@DO data

A filtered SWAP image showing | to look at magnetic configurations on the Sun. However, they

hyperbolic cavity forming to a larg{ used SWAPs extremely large field of view to look for the

distance from the solar limb. Th connectivity of coronal structures with outer coronal (the outer

extended whittight jet is the longl splar atmosphere) features that were imaged withLtivge

outward extension of théciffeltowed | Angle Spectrometric CoronagraghASCO) on the 8lar and

structure Heliospheric ObservatorfSOHO), where we note that a

coronagraph is a type of telescope that blocks the bright solar

disk in order to see the comparatively less bright surrounding solar atmospheratd$etgdrevealed an
Eiffel-tower shaped jet configuration extending into a narrow jet in the outer corona. An example image
of the structure can be seertlire above photorhe configuration provides a possibility for the plasma to
escape along the opeeld lines into the outer corona, forming the wHitght jet.

Flares and Eruptions

A flare is a sudden brightening observed over the Suns surface. The brightening is a signature of large
energy release on the Sun, and is often associated with an efctionplasma. Eruptions on the Sun
dondt necessarily have to be associated with a
edition Bonte et aldiscuss new techniques to automatically detect solar flares with the PROBA2/SWAP
imager, whee they introduce th&olar Flare Automated Search Tool' (SOFAST), which will also be
implemented on future solar mission&etzschmar et almade use of the unique capabilities of the
PROBA2/ LYRA instrument t o obser vreanf | awhehsésdhen a
strongest line of the solar spectruknetzschmar et al observed several flares, and studied one in detail,
which was a powerful ‘M2' flare that occurred on 8 February 2010. For this flare, the flux in the LYRA
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PROBA2/SWAP 174 2012-05-20T21:21:21.770

Left: a SWAPImage of a solar eclipse
Right: NASA picture of the day. An Active Sun During a Total Eclipsage Credit & Copyright: D. Seat
(ROB), A. Davis & J. M. Pasachoff (Williams College Eclipse Expedition), NRL, ESA, NASA, NatGeo

Lyman-alpha channel ineased by 0.6 %, which represents about twice the energy radiated and observed
in X-ray channels. However, it was found that the Lyrakhoha emission represents only a minor part of

the total radiated energy of this flare.

A phenomenon often associatediw@olar flares are EUV waves, these are huge waves that flow through

the solar atmosphere, having an appearance like a ripple on the surface of water when a stone is dropped
in it. Kienreich et alused PROBA2/SWAP images together with observations frensthar TErrestrial
Relations Observatot# (STEREQGA) satellite which orbits the Sun to observe EUV waves on the Sun
from different anglesKienreich et al observed three such waves in total and observed them reflecting off
different structures in the ko atmosphere.

Solar prominences are large loop like structures observed on the Sun, extending thousands of kilometers
outwards into the solar corona. Prominences can become unstable and erupt in an event known as a
fipr omi nen c Mierle et alpmaidled3D teconstructions of such an event using PROBA2/SWAP

and STEREO data showing its acceleration increased smoothly with height and concluded that the
prominence is not accelerated immediately by local magnetic reconnection (energy releasesy lisit rathe
swept away as part of a largeale relaxation of the coronal magnetic field.

Irradiance and Spectral analysis

The last section of the PROBA2 special edition focused on irradiance and spectral analyses. Such studies
focus on power per unit area predgd by the Sun in the form of electromagnetic radiation and are
important in understanding the total energy output of the Sun and how this might impact upon the Earth.
Shapiro et al. used solar eclipse observations using PROBA2/LYRA to measure Solar westdar

limb variations in solar brightness, an image of Solar eclipse seen by PROBA2/SWAP can bdlseen in
figure above In a separate pap8hapiro et al. used PROBA2/LYRA to analyze the variability of the
spectral solar irradiance over a periodnfi 7 January, 2010 until 20 January, 2010 and developed an
algorithm to extract solar variability from the LYRA data. FinaBgzin et al.also used eclipse data to

study prominence cavity regions observed using PROBA2/SWAP and simultaneous grouretlpsed

flash spectra observations from theJily-2010 eclipse.

In a separate article, SWAP/PROBAZ2 data was once again used with ground based eclipse observations,
but this time it made the NASA Astronomy Picture of the Dédttp(//apod.nasa.gov/apod/
ap131111.html In this composite image we see the Sun in several wavelengths, using several different
observatories. The central image of the Sun is imaged using SWARinghthe Sun in the EUV
wavelength range. This is surrounded by a grelesked eclipse image, reproduced in btaken from
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Gabon. Outside this we see the outer solar atmosphere, taken by the LASCO instrument aboard the Sun

orbiting SOHO spacecraft.
SILSO - Sunspots surveillance

A key service activity of the SIDC is the productic
of the sunspot number, which is the uniq:
reference forthe longterm solar activity over
multiple centuries. As suglit is usedworldwide in

a wide range of scientific appations, from solar
cycle modeling and predictions to climate chan
studies. Recent advances in those fields as wel
the anomalous and unexpected evolution from cy
23 to the current cycle 24 have brought a strc
motivation to revisit and improvehis unique time
series that is maintained at the ROB since 19
when the World Data Center for the Internatior
Sunspot Number was transferred from Zirich
Brussels. In this context, since 2011, the softwi
and databases of the World Data Center (8I.<
have been intensively revised, expanded ¢
improved.

This process involved a stringent control of tl
consistency of the new calculation with the offici
sunspot number still produced by the herita
FORTRAN programs. 2013 marked a new step
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this pracess: the production of the official sunsp
index was moved to a new servenning thenew
validated software.

This transition also opened entirely ne
possibilities, in particular for the implementation
a global quality control of the base data collected
the worldwide SILSO network (currently &tive
stationy. Indeed, all individual raw observation
collected since 1981 (i.e. 34 years) are fu
preserved and now accessible through a MyS
database, which now contains more than 540

Evolution of the worldwide sunspot networ
number of contributing stations (top pane
annual number of collected observations (mid
panel) and average number of observations

station peryear (lower panel). The solar cycle
(shaded green) and minima intervals (shad
blue) are overlaid as time reference. In the mid
panels, valid observations are days when bott
given station and the reference pilot station givg
nortnull Wolf number i(e. when a personal |
coefficient can be established).

observations from 269 stations in 39 different countridse top figureretraces the evolution of the

yearly contributios from the network. Based on such an extensive data set, it is possible to build global

statistics in order to check the stability of
reported sunspot numbers from each
station over the last 3 solar cycles. In
particular, we first investigated the
stabilty of the pilot station of the

network, namely the Specola Solare
Ticinese Observatory (Locarno,
Switzerland). This stationof the left)

View of the Specola Solare Ticin
Observatory overlooking the Lake Major
Locarno. (Image courtesy Specola Sao
Ticinese, Locarno)
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played a key role to ensure the continui

with the past series built by the Ziric | | | | = wkan
Observatory for all years befotd81, back |~ &+ 7 302

to the 17 century.

Our study actually revealed a rather larg
and variable drift in the scale of the Locarr|
numbers that caused a corresponding biag
the scale of the sunspot number publish
ovea the past decades. This drift wg
established by computing the scale ratio : : : ;
also called the fipe | | each
station of the networkelative tothe pilot 0 oo oo i
station. By averaging over many stations a
comparing between different networl ;[
sulsets, we derived an accurate mean ratio
a function of time as shown the figureon
the righ. The diagnosed variations reache

K ratio
o =
(s3] ~

o
[

A ] e
1995 2000 2005 2010
Time (years)

1 el
1985 1990

Plot of three different mukstation average k ratios. Thre
Ub to 20% with steadv trends reversin subsets of stations have been chosen, starting with the
P 0 y reliable and longduration stations (set A; 9 stations, i

around 1987 and 2008. This first resu p ey and then adding more stationsshbrter duration and
illustrates the potential of the new softwal |ower stability (set B, 37 stations, in green; set C:

and its associated huge data collection. T stations in orange). The gray shading gives the stand
networkwide mean ratio determined in 201| error of the average k ratio, which increases at cy
can now be used as a correction to restor{ minima (blue shading). Although all three sets are v
uniform absolute scale for the past sunsy different,all curves display the same drifts and reverse
number, bringing the first major

recalibration of this reference time serigisice its creation. Moreover, the corrected series already
addresses recent solar issues, like the unprecedented deviation betweenpaaaitelsndicesof solar

activity since 2000The figure belowjust shows the relation between the sunspot numbdrthe

F10.7cm radio flux, before and after applying the above correction. While the corrected sunspot number
definitely provides a bettesverall matchwith the F10.7 proxy before 2000, a significant deviation still
persists after 2003. This disagreementonfirmed by other index comparisoasd thuspoints atan

actual change in the source of solar magnetic activity. Therefore, new investigations will be required in
coming months and years and our improved sunspot number series will definitely batphess to get a

cleaner picture of actual changes now happening on the Sun, in what seems to be the weakest solar cycle
of the last 100 years. Our work continues additional improvementspanning the full 40§ears of the

sunspot record will follow ir2014.

. ‘ : Comparison of the original
— I-?fg';’"- — SSNcorm sunspot numberseries 8SN;;,

T black, upper panel) with the
new corrected series (SSNo

,sred) and the Ip~based proxy
(blue) over the last 3 sola
cycles. Lower panel: the ratio
SN:orr/SN)ri (red) and
Fi107/SSN; (blue), with the
standard error in the correctec

200 ; !

1.8

16 SN (orange shading). The
ﬁig show a Dbetter agreemer
& 1.0 between Iy, and the SN afte

0.8 the correction, but still with a

g:i' significant  though  reduceg

L 1 1 1 L |
1985 1990 1995 2000 2005 2010 divergence after 2002.
Time (years)

Royal Observatory of Belgium Annual Report 2013 47



Solar Orbiter Science Working Team meeting and EUI engineering
model

Solar Orbiter is the next ESA flagship for studying our closest star, the Sun. It is currently
scheduled for launch in 2017. By approaching as close as 0.28 AU (astronomicalAlnits 1
nearly 150 million km), Solar Orbiter Wview the Sun with high spatial resolution and combine
this with in-situ measurements of the surrounding heliosphere. Thanks to its unique orbit, Solar
Orbiter will deliver images and data of the unexplored SRaolar Regionsand the side of the

Sun notvisible from Earth. Scientists expect that this satellite will provide important new
insights into our Sun and its influenoe the inner Solar System.

The EUI engineering model displayed at the laboratory at the Centre Spatial de Liége, surrounded by !
team. This team consists of scientists and engineers from Belgium (ROB), France, Génmaddi, and
Switzerland.

Solar physicists at STCE/ROB have a leading role in the EUI instrument onboard Solar Orbiter.
The instrument concept was conceived at the Solar Physics gr@&pC&ROB including the

use of some of its key technologies (APS detectors,mp r e s.EUlasmowébing built by

an international consortium under the leadership of Pierre Rochus from the Centre Spatial de
Liege (CSL). A group of about 10 researchers at STCE/ROB is actively supporting this
development. In the operational phase of the mission1(®2the EUI instrument will be
operated from the EUI Data Center at STCE/ROB.Aettnd of NovembeP013, the engineering
model of EUl was completed at the Cen8patial de LiégeThis is an exact copy of EUI
without all optical and electrical componenfwhich are stateof-the-art and still being
developeldl The engineering nuzl will be tested thoroughly fdats mechanical, thermal, and
thermaoelastic stability to make sure that the instrument can handle the harsh conditions close to
the Sun.
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In order to prepare the
science of Solar Orbiter,
the STCE/ROB organizel
the Solar Orbiter Science
Working Team meeting
from September 24 to 26,
2013. Fifty-four scientists
gathered there to discuss
how science can best
profit from the unique
opportunities offered by
Solar Orbiter, which is a
partnership between ESA
and NASA.The scientific
synergy of Solar Orbiter
with Solar Probe Plus and
other missions was also
highlighted. Progress was
This plotograph was taken during the Solar Orbiter Cleanliness Meetin made on data analysisd
ROB on September 23, 2013 This satellite meeting immediately precedethe collaboration between
the Solar Orbiter Science Working Team meeting. the various instruments in
joint science campaigns.
To ensure a successful mission, gtatus and work ahead for the Solar Orbiter spacecraft and
the different instruments onboard were followed up.

Many STCEROB scientists participatec
actively in the talks and discussionhe
meeting was chaired by Daniel Muelle
(Project Scientist oSolar Orbiter, @ESA)

and local organization was taken care of

the welltrained STCE team including Ann:
Vandersyppe, Jan Janssens, Da
Berghmans, Sarah Willems, Pet| 7
Vanlommel, Bram Bourgoignie, ant e
Olivier Boulvin.

MAG-O8S

Solar Orbiter and its suit®f remote sensing and-situ instruments. Note in particular the heat shield in {
back, the deployable high gain antenna at the bottom and tk#uirboom on the left. Belgium is a leadir
partner in the international consortium that is building thelBtstrument (EUI = Extreme Ultraviolet Imagers
Principal Investigator (PI): Pierre Rochus, CSL).
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Space Weather Centre is providing support to ESA during
spacecraft launch

ESA has set up a Space SituatiopakteAwznrnemess
the purpose to establish and provide access t
end users. The products include ESA owned ap

provided by different European expert groups.
| het context of the SSA progr am, the SSCC (SS
focal point for space weather user support of
a dedicated evepnetr,s aafinteed M edt hyg EB& pobbembmr ar
parrtsneof the projnedtudedhdehprdogmpaemMettens, Chai
Policy Off itcoer, TEhSoAmaBsi rReeci Manag&ISANPcogQasamBobr

Space Weather Se®m&ht Manbpeh, Kabhgl| Mhes ki, pr o
| eading the consortium responsible for i mplem
The SSCC is monitoring the space weather ser\
their nomi nal perfor mance. pbpomat sbopratvidedho
Located at the Space Pole premises in Brussel
services become online and users increasingly

relay between tlRRanusepraseamwe atthherEproguct s.

\\=

Picture of the inauguration event
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GAI A i s an ESA satellite c ednisniernuscitoenda |t omappr oodf u

To that end, the spacecraft i's observing one
satellite was | aunched onr ddOk ebent etmber | 20OMABh w
Kour ou, French Guyana. I n the periamoktuoeme6 t
to its final destinati on.

The SSCC famdccaéeter sodf t he Regional Warning C
provided support on the days before, during a
During the |l aunch window seven space weather
sent duri ngmhareuvsgirhseebul | etins provided a des
weat her activity and predictions for any act
spacecraft.

Specific attention was spent tmwmarnthieclre s ksddrmirt
protons are accelerated to very high energies
associated with a coronal mass ejection (CME)
classifying thessuaspotegastupsheafl awing actdi
are categorized in cl acsaysermiaseidom.n A h@GNME @ceuwl
|l ong duration flare or during the eruptdion of
result from the acceleration of solar wind pa
directed CME

An increased flux from energetic pamptaicelcesafmid
instrument s. A spdcital thel IGAtl IAn t wasn phwo Vv inde !
energetic particle event on 6 January 2014 t
exposure to the spacecraft.

Launch of Gaia (ESA)
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The STCE annual meeting 2013

Since 2008, the STCE orgaes an annual meeting for its members. This event consists of a morning
session with easgoing lectures and discussions on stdarestrial topics, followed by a lunch that lasts
well into the afternoon. The practicalities are taken care of by the sappéepyvho organize the space
weather week and other conferences, spearheaded by their mastermind Petra Vanlommel.

The6" STCE annual meetiigo ok pl ace on 7 June 2013 in the ROB:
were welcomed by Ronald Van der Linden, the STCEDO
Director General of BISA. Michel Kruglanski then gave a short talk on the SSC@rstheuropean SSA

Space weather coordination center. This center was officially inaugurated just 2 months before (3 April),

and had gathered a lot of media attention.

The summary reports from the workshops constitute the main body of the annual meetisg. Th
workshops are organized by scientists in their respective field of research prior to the annual meeting.
They sometimes last longer than 1 day, and usually have attendees and speakers from universities and
institutions outside the Space Pole and Belgitdence, these meetings are valuable gatherings for the
interested to get the latest in their area of expertise. As these are technical meetinggexinbst is

assigned to assist to each of these workshops, in order to get a short atodueagysand summary at

the annual meeting.
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In advance of the 2013 annual negf 6 workshops were organized:

1 Solar EUV Irradiance Working Group: Intealibration and degradation of EUV instruments-(15
18 April 2013), organized by Marie Dominique, gm@sented by Steven De Witte

9 Automatic detection of events in radio data (31 May 2013), organized by Hervé Lamy and
Christophe Marqué, and presented by David Berghmans

1 Water Vapor, Meteorology and Climate (26 November 2012), organized by Eric Pottiaux, and
presented by Roeland Van Malderen

1 Alfven Waves and Turbulence in Solar and Space Plasmas (30 May 2013), organized by Yuriy
Voitenko and Andrei Zhukov, and presented by Jesse Andries

1 EPN Local Analysis Centres Workshop {16 May 2013), organized and pratsd by Carine
Bruyninx

9 lonosphere: monitoring, research, services (14 May 2013), organized by Stan Stankov and
Nicolas Bergeot, and presented by Carine Bruyninx

The program scheduled a short coffee break after the first two workshop reports. Digipguise,
participants could watch the space weather briefing live on the big screen. This was a last minute idea that
was quickly and efficiently organized by Marc De Knijf and David Berghmans, and presented from the
SSCCroom by the space weather forstsa on duty Jasmina Magdalenic. This intermezzo was very well
appreciated by the audience.

During lunch, the participants had the opportunity to visit the recently finished Planeterrella. This is an
aurora simulator which main purposes are both educafjpublic outreach) and scientific (e.g. study of
polarization of auroral light). Eddy Equeter and Johan De Keyser provided the enthusiastic crowd with a
word of expl anat i on Bytheand ofBhe Peardastions wezeealneady @mlemtb star

up the series of workshops for next yeards annual
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The Space Pole openeitk doors!

In the context of the 18Danniversary of the Royal Meteorological Institute (RMI), an Open Door was
organized on the premises of the Space Pole. This omenatik place during the weekend of26 May

2013, and attracted over 7000 visitors. The spotlight was certainly on the RMI which got the centroid of
activities. The STCE patrticipation was intense with various events in theewkstrial domain.

Photos of the open door: Il eft, visits of the

The Solar Dome

One of the highlights was certainly a visit to the Solar Dome. A small introductory presentation was first
given in the corridor of th&IDC. Skilled observers and space weather forecasters explained in laymen
terminology what sunspots are, how they are observed, why these observations are so important, and how
solar eruptions affect us and our technology. Then, the small groups1& fEbple were guided via

more than 40 stairs towards the top of the solar dome. There, the various solar telescopes were shown and
their specific applications discussed. Weather permitiingthe visitors could also make solar
observations using a projectsdlar image from the white light solar telescope. During and after the visit,
there was plenty of opportunity to ask questions to the guides.

The STCEtent

A much appreciated activity was the series of presentations that were given in thee®T.CHe
presentations were short (28 minutes), and followed by-B) minutes for questions from the audience.
Then there were 5 minutes to get the tent ready for the next group. The topics were various and included,
aside the presentations on solar activity apdce weather, also earthquakes, gravitational constant,
astrophotography, the planet Mercury, atomic clocks, living on Mars, and research from Antarctica. A
total of 26 (!) presentations were given, and they became theabedtactivity of the Open Door
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the Pl aneterr el | atent BottamhirestallBtiorSfgkBids cel | ar

The Kids-tent

In this tent, the STCE teamed up with the Planetarium to present activities which were most suited for
families with children. Aside a serie$ fun and didactic activities, also a small introduction on space

weat her and polar | ight was given, tailored to ch
having as main theme AThe Sunbod. T h ewedthereatnttee guézr s c o u
table. This quiz, consisting of about 20 multiple choice questions, could also be accessed online with a

QR-code.

The SSC&@oom

In the SSC@oom, the newly inaugurated European space weather coordination centre (SSCG) was co
located with the Proba2 Science Centre (P2SC). Visitors got an overview of the tasks of the SSCC and
how these were realized (see xxx). People from the P2®laimed how they operate the PROBA2
satellite, which was in part constructed by scientists from the STCE. It was thd@laedor gadgets

and posters on this fine solar satellite, and thestdle model of PROBA2 impressed many visitors.

The Planeterrella

The STCE Planeterrella, based on a concept by Jean Lilensten (IPAG/CNRS), got completed just in time
for the Open Door. This is an experiment which helps in understanding the mechanism of the polar lights.
It consists of an electron gun and a conisdkecsphere placed in a vacuum chamber. The main advantage

of the STCE Planeterrella is that it can be used for both scientific and educational purposes. The
Planeterrella was built by technicians from BISA with financial support from the STCE and was on
display during the Open Door, the STCE Annual meeting and other visits. As it required a dark room to
fully appreciate the subtle plasma hues, the Planeterrella was placed in the cellar of the BISA.

The Open Door would not have bed}
possible without the rghusiastic support Jes
of the entire Space Pole community&Ess
Scientists, ITpersonnel, logisticians,
general support e talt é&ontributed
significantly to the successful organizatioff®s
of this maj or ev
performance will be required, as in th
framework of the 50 anniversary of the
BISA, another open door will be
organized in October 2014.

___________
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Information services




In 2013 the scientific informeon service of the ROB had to answer 1280 questions from the public sent

to the ROB by email (510, ihaling 60 requests for visits), telephone (700) or by letter or fax (70). As
usual most were about sunset and sunrise, about astronomical phenomena (including all kind of sky
objects) or calndar and time related matters.

I~ lmwee § Lobservatoire de Uccle

JAN CUYPERS

-
\‘ Astrophysicien a 'Observatoire Royal
.

Information to the media (TMadio and written press) was given by the service on numerous occasions.

The reentry of the Soyouz rocket stage (14/02/2013), the impact of the meteorites in Chelyabinsk
(Russia, 15/02/2013) and a life broadcast by RTBf (15/02/2013) from the domeSufhimidt telescope

about the close passage to earth of asteroid 2012DA14 were amongst the highlights. Other members of
the ROB appeared in news items on other topics (S

During the weekend May, 286 the thee institutes (ROB, RMI, BISA)rganisedpen doors days. Over

6000 persons visited our premises. Because of the centennial anniversary of the RMI, this institute made a
larger than usuagffort for this eent. The activities of the Solar physics groupdaie STCE
membes are described in detail elsewhere, but all services of the ROB were heavily involved
and participated enthusiasticalk.leaflet describing the Bistitutes of the Space Pole and their
activities, including BUSOC, STCE anBlanetariumwas prepared. It was printed in 10000
copies, more than 3000 were distributed during the Open doors days.

A media event was organized at the Planetarium of the ROB
on December 19, 2013, the day of the Gaia launch. The
presentation of the mission was Ifoted by a live
transmission of the launch and the first hours of the flight.
ROB members assisted in the preparation of this event,
contributed to the press release documents, prepared and
showed posters of their involvement and gave interviews to
the meda.
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The Planetarium
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Number of visitors

In 2013 the Planetarium

welcomed 45.581 visitors, & Nombre de visiteurs: 2000 - 2013
great number but slightly ...,

decreasing since 2012 -6.8%

entries, that is-3342 visitors | asuee

This decrease can be explaine

by the suppression of the o

combined ticket with the
Atomium which was replaced by
a less attractive offer: Atomium |
Museums of the Far East
Planetarium. It generated a majd ;s
drop of the number of visitors
coming from the Atomium -( | 200
10.205) compared to 2012; bu
hopefully it was  partly | %
compensat® by an increase of
visitors (+1848 visi-Ewmresped o(mvintgh farmant here didavmmiin e
the increase visitors who came only to the planetarium (+5015 visitors)

35000

£

X000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

The new Show: ASecret Lives of Starso

The preview ofthene show fisecret | ife Bbecemben itexmaing theariain pl ac e
aspects of the stellar evolution thanks to impressive full dome animations. The movie was produced by
Evans & Surtherland and the Voiogerof the English versiors playal by Patrick Stewart (Star trek; X

Men).

The ASGARD project |l mage extract form the show fis

On th_e 28 April matter from its twin companion in a binary system
of fice (an E

project managed by the
Planetarium  in Belgium)
organized the launching o
probeballoons with the Royal
Meteorological Institute and th
Royal Observatory of Belgium,
The balloons were used to car
out the experiments of primar
and secondary schools of th
ASGARD project. The pupils
were able to attend to
conference given by Dirk
Frimout, to take part in the
Pl anetariumbs w
were also invol
Planetarium on May thé™a n d

ops and to visit the Observat
n t he Caa Baderenconynqole glacetattben f r o
®col e sciences BatHamdurdésse. wer e g

T < O
> o =
® o X
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World Space Week

The first edition of the World Space Week organized in

Belgium took place on the ™4 October at the

Pl anetari um. I'ts theme was AE
interested audience came to ask questions to Frank De

Winne (ESA astronaut) and to scientists of the Space

Pole. ESA and Belspo also gave a press conference on

the 2£' October about the National TrainBeogram.

Left: Probeballoon launching for the ASGARI
project.

Below: full dome show at the Planetarium f
the world week of space: simulation of the g
rising above Mars
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Vivre mieux et plus longtemps grace ala scnence

Activités gratuites
- Ateliers, ‘
- shows Q@
- fLLms, P e )
- démonstrations

raan ‘ﬁ'{\

ENTRANCE | &

Researchersodé6 Night 2013:

On the occasion dRe s e a r ¢ h e2018dn thé27'gSkptember, the planetarium organized a special
evening on the theme Alive better and | ongero. T
projected in preview; it was a coproduction of the ESO and the APLF (French speaking association of
planetariums) and presented the upcomirigLE telescope of the European Southern Observatory built

in the Atacama Desert, ChilAn interactive workshom n t he t heme Awwé dl2Gve | i v ¢
yearsold? dvas alsmrganized byhe Scientific Youth of Blgium.

The Night of darkness

On the 1% October, the fifth edition ofight of Darkness
was held at the Planetarium, on the Rotgeitre
premises. Despite the cloudy sky, visitors came to attend
to a conference, an outdoor concert or guided tour and to
glance at the sky through one of the many telescopes.

LLLoTs Leoking Dag vande

Dag van de wetenschap

On the 24 November, the planetarium took
part in the fADag vijan

offered its 663 visitorsan occasionto

participate in several scientific activities amber 2013 J
organized by the Planetarlumﬁs and—the JCW
associatiandés ani maltors
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Night of the Museuns

The Planetarium participated to the night of the museums
during two evenings and eight show sessia3iE6 visitors
came on the 310ctober and 368 on the 28lovember.

19/09 > 12/12/2013

BRUSSELS MUSEUMS Exposition at the Royal Meteorological Institute (RMI)

For the 108 anniversaryb t he RMI, an exposit,|
years of meteorology in B%Ilgiumo
September at the Planetarium in the presence of the state

secretary M. P Courard. This exposition gives thmain

highlights of thehistory and development afieteorology in
Belgium througha displayof meteorological instruments and
documentdrom different periods ofime.

EVERY THURSDAY EVENING

O =
brussels %
museums.be www.brusselsmuseums.be &

Top: Poster of the Night of the
museums.

Right: inauguration of the expositiol
for the 108" anniversary of the Roya
Meteorological Institute

Means implemented

On the December 31st 2013, the Planetariumbés pers
animation and teaching, projection, reception, public relationshipsjtenance, technical service, ICT

and graphics service.

The Planetarium is a member of different touristic associatibmeristische AttractiedAttractions &

Tourisme, Brusselse Museumra@xfice de Promotion du Tourisme WalloriBruxelles.

The plantarium is also member of several association of planetariunisternational
Planetarium Society(IPS) », «Vereniging van Nederlandstalige PlanetafBLANed)>»,
«Association des Planétariums de langue Francg&PLF)», «Arbeitsgemeinschaft
deutschsmachiger PlanetariefADP) » and is represented at all the annual meetings.
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