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Differential Phase Signal [deg]

GRAVITY+ key science case

Black holes at cosmic noon

102

10' J

100.

10-1 E

1072

GRAVITY+ FT imit

« Bry(z=0)

. Paa (z ~ 0.2) onans | ofaxis
Paf (z~0.7)

¢ Pay(z~1) s o

+ Ha(z~2) :

HB (z~3)

14
K magnitude

12

ESO B-Day - Brussels - 8th of December

Visibility

1.0

g
o

+ +
. * /
w/ e @
+ y
+oL8- o 4+ 4+
/o/
+4

o
rs

0.2 1

0.0 1

First light of GRAVITY wide (GRAVITY+ collaboration, 2022)

+ 2019

e 2021
& =3.12
G =2.02
& =123

1 .
\
.

0.8 4

"..33%£=032".046"
"..27,£=036",.1.05"
"..193" £=0.36".. 1.92"

+4+

5 10

15

Separation [arcsec]

radioNet

@ OPTICON
=smll A PilOt

KU LEUVEN




GRAVITY+ key science case

Exoplanet atmospheres (see exoGRAVI

TY results)
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GRAVITY+ key science case

KU Leuven participation: vibration control

2 Current accelerometer
coverage
M3 M4
M
Foreseen coudé
extension
M8 M5

M7

Biogili et al. (2022), Courtney-Barrer et al. (2022)

=> Vibrations on M4 to M7 comparable to M1-M3
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Asgard: a proposed visitor instrument I

BALDR
Zernike Wavefront Sensor

_erc BIFROST
Opening VLTI’s short wavelengths

Fiber-injection module 87 S o G YJH bands
H band ST e, sl > R=50, 1000, 5000, 25000
Pl. Mike Ireland, Frantz W j" ' SN Pl. Stefan Kraus

Martinache

HEIMDALLR _brc NOTT(/Hi-5)
High-sensitivity fringe tracker Hig'H:’-contrast nuller
Dual K band L’ band (3.5 4.0 microns)
Pl: Mike Ireland, Frantz R=20, 400, 2000
Martinache

Pl: Denis Defrere
VLTI Visitor 2 optical table (former AMBER table)
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BIFROST key science case ==

Interferometry in Spectral Lines
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BIFROST key science case

Exoplanet spectroscopy and formation

BIFROST wavelength range (1-1.7 ym) complements GRAVITY+:
e surface gravity
e cloud particle sizes

" \m e new molecules m m
oo O
o

e

G Y [Chilostg+17) GFL ) (Ohikote+17) GPLI{Ohikote+17) — gt RIRADTRANS

- S

Fhax 10" W P m 1)
>

'-
N CO sn'owllne o %o
10 12 14 L 18 E
' ’J' +  GRAVITY 4‘ 4, 9 . N
. .o‘ pUARADTRANE P 'l
|
I
; 10 Ta= IT2236K laplp =400, A
1 1s ' CAO = 04827, KRulszom e,
= - o ERLE L e ~ < '
E1e ',W:' ey, :,-:w & Local interstellar ratio / Gas
& Sl g g Tl e g | Mtttk AR IUN ORI
ﬂ o w2012, CO
*1
‘ 20 11 12 24 24 25 \ Ice
Warebagth {micron)
Chilcote+ 2017; Zhang+ 2021 X \ . >
(K) ot ep)
GRAVITY data oaly 184755 | 3303  -053:43% 03530 1450 = Formation location from volatile abundances / isotopologues
GRAVITY + GPI Y/H band data 1742+ 10 | 4347058 0687511 0437000 1543723 (CIO 1260/13¢co )

— OPTICON
ESO B-Day - Brussels - 8th of December radioNetf W (VERAV)\V/ 5
=i A Pilot




BIFROST key science case

Mass accretion and rejection

0.01 AU 0.1AU 1AU 10 AU 100 AU
0.0001” 0.001” 0.01” 0.1”

Outflow

gnetospheric
accretion

How is angular momentum transport
facilitated in disks?

=» Launching of MHD winds and jets

-» Accretion geometry

Kurosawa+ 2006

KU LEUVEN

¢~ OPTICON
- Brussels - 8th of December : radioNet
=mmi A PilOt



- om
NOTT key science case SI1=

Exoplanet imaging within the snow line
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NOTT key science case ==

Exozodiacal disks

Ertel et al. (2018, 2020)

10° .
Detection rates:
, ] WISE: 22 of 24174 (0.09%)
10% 4 KIN: 5 of 44 (11%) e wise e Measuring the faint end of the
. LBTI: 10 of 38 (26%) exozodi luminosity function

(complementary with LBTI in
northern hemisphere)

10°

e L band = missing link in current
exozodiacal disk models

10!

10°

1 10 100 1000 10000
Zodi sensitivity z [zodi]

+

+E>* ESO B-Day - Brussels - 8th of Decemb =) SPTICoN
[0) y ussels of December adioNetp (VAR AV)\Y/ 5|
+ mmmil A PilOt



P
Summary CL

e GRAVITY+: ongoing upgrade of GRAVITY and VLTI infrastructure (2025)
o Better sensitivity and fringe tracking performance
o Key science cases:
m Black holes at the cosmic noon
m Exoplanet atmospheres and planet formation
m Many more

e Asgard: proposed VLTI visitor instrument to extend its scientific capabilities
o BIFROST: YJ-band spectro imager
o NOTT: L-band high-contrast nuller
o HEIMDALLR: high-sensitivity fringe tracker
o Key science cases
m Exoplanet atmosphere and planet formation
m Exozodiacal disks
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