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FIRST-PL Injection efficiency performance (in-lab and on-sky)

FIRST = Fibered Imager foR a Single Telescope

FIRST (Fibered imager foR a Single Telescope) is a unique visible light instrument, || In-lab injection efficiency testing (right): - . 05 ., oFMFD ratio e 0 s
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recombination schemes, with the aim of enhancing the instrument sensitivity at the 2 Max ~80% Injection efficiency | < 701 A ® Averagedinjection efficiency | | _
highest spatial resolution allowed by the visible wavelengths (<= 10mas). Originall = S0% injection efficiency over the field of view > ¥ * G
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single-mode fibers were used to recombine the beams corresponding to sub-apertures of S o | | =125 =
the telescope pupil in a non-redundant way, and cross-dispersed (Perrin et al 2006). This J} On-sky injection efficiency testing on Humu [Altair] (AO3k + SCExAO correction - below): 2 >0 N A ® 100 %J
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mode correqunds_, to_the I_:IRST FIZ_ m_ode. As of now, FIRST supports 2 additional > Average Strehl of about 25% measured at 700nm with VAMPIRES 040 =
modes, each differing in their recombination scheme: FIRST-PIC and FIRST-PL. > At 642 nm : 16.5 +/- 2.9% average ; 28.7% max 2 30 N 75 O
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FIRST MODES ON SUBARU/SCEXAO "Aua Spectroscopy with FIRST-PL

Observation of Keho'oea [Vega] Implementation on SCEXAO : FIRST benefits from the exquisite wavefront correction provided by AO3000 and
SCEXAO. Optomechanics on SCExXAO allows to choose between the various FIRST modes, depending on the required
Injection : from pupil plane sampling and SMF injection from the pupil plane, to injection of the focal plane.

Observation of "Aua [Betelgeuse]

Sensitivity study from point source observations Following Absil et al (2011)

FIRST-FIZ reaches contrast of 0.02 at A/D in average (best : 0.008) - OMS exposure

3-0 detection is possible down to 5 mas (0.25A/D) . 500,000 frames averaged (left)
30 _ 0.16 : Pupil plane sampling and Spectrograph - 1D spectrum extraction :
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FIRST-FIZ (FIZ = FIZEAU) relies on free-space interferometry (similarly to Young's double slit experiment - see the figure

A below). Each sub-aperture (9 here) is injected into a single-mode fiber (SMF). The outputs of the SMFs collecting the
1 | | | | | various sub-apertures are re-arranged in a 1D non-redundant array, the beams are stretched to mimic the spectrograph
-30 -20 -10 0 10 20 30 5 10 15 20 25 30 35 40 slit thanks to anamorphic optics and then recombined on the detector.
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Left : 3-0 sehsitivity map around Keho’oea (ergq) with a tojcal integration time of 500s " Path length ~ Non ~ AnGmorphic e isgelersth irim) S
on target. Right : Radial value of the 3-o sensitivity map. (Vievard+ 2023) Iil' matched single redundant syst. + Disp. ecombination
mode fibers  J | array ] _ prism

Ha imaging of B-CMi with FIRST-PL
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Observation of B-CMi

Observation of a-Equ (Spectroscopic binary - Rmag = 3.5 - work led by Elsa Huby @ LIRA) (work led by Yoo J Kim @ UCLA)
work led by Yoo Jung Kim

=
=]
.

o
©

 Measured separation: 11.4 mas
* Preliminary spectrum modeling also leads to consistent estimation of the effective temperature
(analysis lead by G. Duchéne)
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Ha peak shape differs from one PL
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L.: detection of the Alpha Equ binary companion at 11.4 mas from the central star. R.:
Estimated flux ratio between the primary and secondary components. (Huby+ 2024)

Wavefront sensing with FIRST-PL (in-lab)

Simulated LWE PL correctjon
In-lab petalling sensing using the Photonic Lantern - ~
(work led by Jon Lin @ UCLA)

___ ] . Low Wind Effect (LWE) modes simulated on SCEXAO 2k DM 3
B . Using Photonic Lantern data to sense and correct the \
simulated Low Wind Effect Aberrated image Corrected image

Photonic Integrated Chip test for FIRST-PIC

® Beam combiner : Photonic Integrated Circuit performs the pairwise recombination of the sub-
pupils.

. Goal : Enhance contrast and sensitivity of FIRST FIRST-PL (PL = Photonic Lantern) relies on the use of a Photonic Lantern. The light is injected into the multi-mode input i - Visually inspection of the focal plane images (IR) to ensure good

Developments | | | | | of the photonic lantern, and the 19 SMF outputs feed the SR3,000 spectrograph. correction

Design, manufacturing and testing performed in Paris Observatory and IPAG, in collaboration : — : . This work is preliminary, and will be pushed in the near future g '
with TEEM Photonics Direct '”JEI‘:F":"" Photonic |: SR 3000 spectrometer

INto multi- - '
Inputs Outputs ode inout Lantern (incl. Wollaston prism)
« Splitter: Y iunction (1x2 i " I
plitter: Y junction (1x2) < Image reconstruction with FIRST-PL (in-lab)

= (Combiner:
Y junction (2x1) — 10 outputs
Directional coupler (2x2) — 20 outputs
ABCD cell (2x4) — 40 outputs

In-lab calibration of the Photonic Lantern (in collaboration
with Sylvestre Lacour+ @ LIRA)

Linear relation between the PSF position and the output flux
—> Tests reconstructing PSF on-axis, off-axis and binary

~ = — - Injecting a signal from a companion emitting in . o
Current PIC performance Current PIC limitations . Multi- Single - - — Ha and applying Sper(]:trz_il leferefnﬂal Imaging B o
Transmission : 30% (Goal 50 to 75%) High polarization cross-talk decreasing mode mode A (SDI) to reconstruct the image of the emitting ‘; _ _‘

Cross-talk : 0.2% average (Goal <1%) the overall throughput input outputs _ companion.
Drawings: Courtesy of Elsa Huby - Work in progress

Image reconstructions
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