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FIRST-PL.:

Commissioning the first visible photonic lantern spectrograph

for sub-diffraction-limit astronomy on Subaru/SCExAO
Vievard, Huby, Lacour, Guyon, Lallement, Nowak, Kim, Walk, Sarrazin, Fitzgerald, Leon-Saval,

Betters, Lozi, Lucas, Deo, Jovanovic, Norris, Currie, Martinache, Perrin

— CoE - IfA - University of Hawaii, 2Subaru telescope, *Astrobiology Center, “LIRA — Observatoire de Paris, University of Arizona, °KASI, “SAIL, °Univ. of Texas, °IPAG, *?IfA — University of Hawaii, **University of Sydney, °UCLA

most fortunate to have the opportunity to conduct observations from this mountain.

FIRST-PL : A Visible Photonic Lantern on the Subaru Telescope

“The photonic lantern is a low-loss optical waveguide device that connects one
multimode core to several cores that each support fewer modes”
(Birks et al., The photonic lantern, Adv. Opt. Photon. 2015)

High throughput

Enabling SMF-fed spectroscopy with
high efficiency

Output flux distribution depends on the

Sensitive to input scene

observed object

Sensitive to input wavefront

Output flux distribution depends on the
input wavefront
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FIRST-PL: Imaging Spectrometer on Subaru/SCExAO
- Visible light : 600-790 nm, R=3000
- Ultra-high angular resolution (sub-diffraction limit)

2 stage Adaptive Optics system
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Science objectives :

— Mapping gas accretion onto
protoplanets (Ha)

— Characterizing stellar mass
loss and evolved stars

— Exoplanet studies

— Resolving spectroscopic
binaries
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Fast piezo
tip-tilt mirror

SPECTROASTROMETRY

Required data:
a PL data without modulation
a Vis or IR PSF images for PL response calibration

Principle: PSF jitter provides position diversity to
reconstruct the photonic lantern spatial response
as a function of wavelength

Science sub A/D: Star formation & evolution
(YSOs accretion, Herbig Ae/Be stars)

Vis or IR PSF (jitter
monitoring)

Neon lamp Mé
Halogen Ia:mp

FIRST-PL calibration unit

mirror

Tip/Tilt

Detector

Photonic Lantern yPH

Injection setup 600-790nm R3,000 Single-mode-fed spectrograph

Observing modes

IMAGING

Required data:
a PL data with modulation on off-axis companion
a PL data with modulation on central star

Required data:
a PL data with modulation on Science target
a PL data with modulation on a Calibrator target

Principle: the spatial modulation provides the
diversity required to reconstruct the PL spatial
response, estimated on the central star, and
applied on the off-axis companion to reconstruct
the image.

Principle: the spatial modulation provides the
diversity required to reconstruct the PL spatial
response, estimated on the calibrator target, and
applied on the science target to reconstruct the
image.

Science 1-5 A/D: Close Binaries, evolved stars Science >100 A/D: Binaries, low-mass companions

(mass loss, shells) Central star

Calibrator target (calibrator)

Instrument efficiency

Engineering testing : July 26th 2024
Target : Humu [Altair]
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: Engineering testing : July 26th 2024
| Target: B-CMI
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| B-CMI is a decretion disk, with a strong emission at H-alpha
| Fast rotation induces a spectro-astrometric signal that can
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FIRST-PL on-sky

Spectro-astrometry

Image reconstruction
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Engineering testing : May 9th 2025
Target : HIP 81126

HIP81126 is a binary (sep. 70 mas)
Data acquisition while modulating
injection with a fast tip/tilt mirror
for PL calibration (on and off axis)
[0 Successful image reconstruction
at every wavelength
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(30 seconds of data)

Work led by S. Lacour, E. Huby and J. Sarrazin
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: Engineering testing : July 26th 2024

| Target : Humu [Altair]

| Humu rapid rotation creates spectro-astrometric
signal at H-alpha

30 yas spectro-astrometric

Major Axis

FIRST-PL: Open for science starting S26B

Contrast Curve for HIP81126
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 First Photonic Lantern commissioned for sub-diffraction limit science
« Two programs accepted

On-sky performance validated
» Three operational modes demonstrated
 Spectroastrometry : 30-50 uas precision
* Image reconstruction: 20 mas resolution
* High contrast imaging : >1000 contrast at 100 mas (HIP 81126)

Future developments

« Data reduction on fainter objects

* New R~60,000 mode in development

* Integrated wavefront sensing (AO loop, PSF reconstruction, Low Wind Effect
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