Dark hole + interferometry:
a winning combo enabled by GRAVITY+

Sylvestre Lacour, Mathias Nowak, Jens Kammerer, Jean-Baptiste Le Bouquin
and the GRAVITY+ collaboration




High contrast dual-field interferometry
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Direct detection of HD206893 c (2023)
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Going after the Gaia substellar companions
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Flux ratio to host star

Where do we stand?
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GPAO and GRAV'TY+ MACAO 2021-09-28 Seeing 0.8”, Tau0=3.3ms

Total 20 min integration / 50 min time base
GRAVITY+ Co"aboration (2025) Real part of coherent flux Imaginary part of coherent flux
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GPAO 2024-09-29 Seeing 0.7”, Tau0O=5ms
GPAO and GRAVITY'I' Total 20 min integration / 65 min time base
GRAV'TY+ COIIaboration (2025) Real part of coherent flux Imaginary part of coherent flux
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GRAVITY+ dark hole in theory

Fibre mode Fibre position
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GRAVITY+ dark hole in theory

Fibre mode Fibre position AO dark—hole modes
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GRAVITY+ dark hole in theory

Fibre mode Fibre position AO dark—hole modes
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GRAVITY+ dark hole in theory

Fibre mode Fibre position AO dark-hole modes
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GRAVITY+ dark hole in theory

Fibre mode Fibre position
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GRAVITY+ dark hole in theory

Fibre mode Fibre position
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GRAVITY+ dark hole in theory

Fibre mode Fibre position
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GRAVITY+ dark hole In practice
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GRAVITY+ dark hole In practice
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Imag E (contrast)

GRAVITY+ dark hole In practice
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Flux ratio to host star

GRAVITY+ Dark-hole (available next year?)
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Beyond GRAVITY+: IWA in High Contrast interferometry

IWA in dual-field interferometry is set by:
» Telescope size (AO, dark-hole, raw contrast)
» Baseline length (stellar light filtering, post-processed contrast)
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Beyond GRAVITY+: IWA in High Contrast interferometry

IWA in dual-field interferometry is set by:
» Telescope size (AO, dark-hole, raw contrast)
» Baseline length (stellar light filtering, post-processed contrast)
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A suggestion...
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A suggestion...
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What's next?

Can we reach (some) reflected light planets?

1. Improve the starlight rejection (dark hole)
2. Use longer baselines!
3. Work at shorter wavelengths (better astrometry, smaller separations)
10724
\ ki Known Exoplanets
] WPDSTOC beta Pic b © Population model
10—4 > [ ] B self-luminous, near-IR, observed
E A RV, reflected light, predicted
— ] g TR
0N y WHR 8799 & R
+ 10_51 cpbiaie HR 8799 d WHRE799 b
o HD 95086 b
< :
o , SPH
S10 6-5=; - ERE SHing
13 mn
.g :}- = .{-_"‘ﬁ IWST N{RC
©10-7] TN
1077 4
x 3
=
e i
"y
10-2 wlh, B ESENRES flﬁ.._ll =
0.05 o s | 4R < |

Separation [arcsec]




Wiggles in the residuals

Star 150 <150 mas:

Current high-contrast limit of GRAVITTY is instrumental
e Polarisation cross-talk?

e Parasitic reflection?

No mitigation strategy has been found, despite efforts
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Contrast (photon noise limit)
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Beyond GRAVITY+: IWA in High Contrast interferometry

Apodization for an 8 m telescope
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A suggestion...

Current VLTI [K-band] VLTI 2.0 [K-band]

Noise sources included: detector, thermal, speckles, photon noise
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Combining interferometry and radial velocity
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A timeline of the ExoGravity project
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Solving the "underluminous brown dwarf mystery"
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Going after the Gaia companions
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The ExoGravity Large Program
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High contrast dual-field interferometry

Adaptive Optics Single-mode filtering
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Direct detection of beta Pic ¢ (2020)
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Direct detection of HD206893 c (2023)

Prediction (Kammerer 2021)
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