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On-sky demonstration of VIPA high resolution -3}
spectrometry for exoplanets
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Exoplanets & high-res spectroscopy: a love story QVirtually Imaged Phased Array’s physics

HR spectrometers are a key element in radial velocity, transit spectroscopy, and, more recently,

angularly resolved atmosphere characterization with XAO-assisted instruments (KPIC, Mawet+ A Fabry—Pérot étalon (Side view)
2017; SPHERE/HIRISE, Vigan+ 2022; RISTRETTO, Lovis+ 2022). In that case, the global Inclination
transmission is only 2-4%. The efficiency of spectrometers is one of their main limitations (ex: Fused silica (n~1.44 in NIR) from LightMachinery O ~5deg H thickness ~0.5mm
~20% with CRIRES+). A higher efficiency will be needed by future instruments such as the ELT Ales evallels e fin CaF 2 & =
Planetary Camera and Spectrograph (PCS). Working in a diffraction-limited regime is another Fully reflective coating S e T gt
evolution to consider: contrary to the seeing-limited case, the size of the dispersing element does : J
not scale with the telescope diameter (200mm long with CRIRES+ means ~1m for ELT). \,’ /
N )\ Angular dispersion
input beam = _ o
The VIPA H/K band spectrometer ] ST

Following a 1st VIS prototype (Bourdarot+ 2017), we initiated in 2018 an R&D project that uses a AR coating
Virtually Imaged Phased Array (VIPA, Shirasaki+ 1996) as an échelle grating in a very compact Optical path delay:  Free spectral range: Linewidth: Spectral resolution:
(<<1m3), high resolution, R~80000, échelle-like spectrometer, specifically designed to characterize OFIDIE AR el (Ff;:”r; i?rf/N?FSD (ngg/zirrf)sse iéc?o%%?nessem

diffraction-limited sources with a 40% efficiency. RV stability was nof a requirement.
A NIR demonstrator (funded by the LabEx OSUG & FOCUS, the ERC EXACT, and the PEPR )
ORIGINS/C-SPEC) was first tested at the Hale telescope at Palomar (Carlotti+ 2022) before a
science grade H2RG detector was obtained and integrated. A year long series of observations

at OHP with the PAPYRUS adaptive optics system (Fétick+ 2024) at the T152 telescope was then Injecting light into the instrument
completed in 2025 and 2026 to exhaustively study its effective performance on sky. Fiber injection unit added to the PAPYRUS AO system with 37% coupling
| | Engineers A. Delboulbé & J.J. Correia installing (TC25APC-1550, triplet). Reflective collimator (RCO8APC-P01) provided
L Skt i S i i B v SN the NIR demonstrator a OHP in February 2025. 28% efficiency (far from 60% theoretical value).
\;( | | = ) S, = AN
€ o o 1 S Fiber injection unit uses deformable mirror, tip-tilt mirror,
C-RED2 camera, dichroic & corner cube to align the Calibration
S € target onto the fiber, and maximize the injected flux. ety
VIPA : —\— \ Q Laser 2.2um
q\;ﬂ: | g ‘ . — DA . real-tim: computer . Broadband J,H,K
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’- / Collimating optics  Cylindrical doublet Fold mirror w ‘ g 3 Electronics bay
) B . Pumps
550mm _ . Pulse-tube, etc.
I— Light from the >l o
telescope Deformable mirror
_ _ _ _ PAPYRUS bench VIPA
Data acquisition & reduction pipeline AO system (LAM/ONERA)
0 3 Example of a tip-tilt injection map obtained on a calibration
source prior to the observations. It was completed with an
100 oo R — optimization of a few Zernike modes using a deformable mirror.
\ Mirror tip
200
Attempt at observing HR8799c
100 - 3h blind tracking of the planet (0.927, i.e. 4AN/D) ; ~30% Strehl
- No confident detection (RON is the main limitation), but close!!!
500 _ | | with g 180, oG- (mSiro1=5 36 Tom 200K and Ac=100 et T < 1200K. 1009 = 5.0 and Vsini = 262 kmfs
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CCF of 85 Pegasi B 12092025 on ff—band of VIPA with Husser template -_?r . T ; rrrrrrrrrrrrrrrrrr L::_'::j f ,A\/\ps\/\/v—\/\\/\_//\/‘-\/ f\/\/r\f\_/u\/\/*'\
. at T = 410K, logg = 4.6 and Vsini = 3.0 km/s £ =>=SSEnssEn 5 | | f A
Seven observation runs, and many stars observed R N 5| = \/\ 1Y | |
- A & B reference stars, K & M feature rich stars R=C . EEaE ' 1 Nzl i
- RV precision demonstrated with high-RV stars (incl. planets!) ]t e R e e
- Resolved binary for astrometric calibration & contamination test - - | : ———— — —
Calibration procedure and reduction pipeline (S. Martos PhD) rasssssnanssanras sy 10 NI | . f | K -
: : T er) ’»\—*\ %“*’7";: - n m n r I n
- Orders flat obtained with broadband source e R w SUCCGSS u ba d de O St at-O .
i A - On-sky observation (OHP, 03/2026) with expected non-ideal alignement

- Spectral calibration with tunable laser, CH4 gas cell, tellurics _ , ,
- Successful alignement in the lab: 2.07-2.31um spectrum obtained

- Bad pixels identified (1.5%): hot, dead, or unreliable pixels , _ _ , ,
i Orde?s fitted, read, séectra)lly calibrated, merged intopfull spectrum "~ S - Data acquired on the Sun. Reduction & spectral calibration are ongoing.
- Data high-pass filtering, and forward mOdeling USing models \\\ Solar spectrum (bottom quarter)
Performance measured with H-band optics A T SERRER |
- Global throughput: 38% (input fiber to, and including the detector) = SRERRRERE L \ \ ‘
- Mean spectral resolution after extraction: R~70000 | . it \ ‘\
- RV precision: down to 4m/s (whole range) though not designed for
b e e cocomscsvona Observed radial velocity of 13 Lyrae 27052025 (M4.51I1) _TTTTTTTTT
L “.=/ /) / /7 /F Nextsteps
; ; : g i - 2027: AIT of H+K version (both spectra acquired at the same time)
v L ~ N e ras s el 1 - Likely participation to whitepapers for the « VLT beyond 2030 » ESO call
. ' oo @ R e e ' - More on-sky observations! Now looking towards 8m telescopes.
Q - - e LR - 2028: test of a new HK frequency comb laser (ANR TRACES)
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