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FIRST-FIZ sensitivity on Keho`oea FIRST MODES ON SUBARU/SCExAO

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)

Super-resolution with FIRST-FIZ on α-Equ

Left : 3-𝜎 sensitivity map around Keho’oea (Vega) with a total integration time of 500s 
on target. Right : Radial value of the 3-𝜎 sensitivity map. (Vievard+ 2023)

Photonic Integrated Chip test for FIRST-PIC

`Aua Spectroscopy with FIRST-PL

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

Drawings: Courtesy of Elsa Huby
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Science goals
- Detection and characterization of faint companions such as exoplanets or protoplanets

- Characterization of giant star surface

- Spectro-astrometry
- Radial Velocity

FIRST (Fibered imager foR a Single Telescope) is a unique visible light instrument,

based on a principle combining the techniques of aperture masking and spatial filtering

of the wavefront to reach spectro-imaging capabilities at high angular resolution.

Over the years FIRST has evolved into a platform for testing novel beam

recombination schemes, with the aim of enhancing the instrument sensitivity at the

highest spatial resolution allowed by the visible wavelengths (<= 10mas). Originally,

single-mode fibers were used to recombine the beams corresponding to sub-apertures of

the telescope pupil in a non-redundant way, and cross-dispersed (Perrin et al 2006). This

mode corresponds to the FIRST-FIZ mode. As of now, FIRST supports 2 additional

modes, each differing in their recombination scheme: FIRST-PIC and FIRST-PL.

Implementation on SCExAO : FIRST benefits from the exquisite wavefront correction provided by AO3000 and

SCExAO. Optomechanics on SCExAO 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.

FIRST-FIZ (FIZ = FIZEAU) relies on free-space interferometry (similarly to Young's double slit experiment - see the figure

below). Each sub-aperture (9 here) is injected into a single-mode fiber (SMF). The outputs of the SMFs collecting the

various sub-apertures are re-arranged in a 1D non-redundant array, the beams are stretched to mimic the spectrograph

slit thanks to anamorphic optics and then recombined on the detector.

FIRST-PIC (Photonic Integrated Circuit) utilizes on-chip interferometry. Single-mode fibers (SMFs) are embedded

within a photonic chip, which pairs and combines the waveguides. Each output from the chip has its polarization split by a

Wollaston prism before being dispersed by a mid-resolution spectrograph with a resolving power of approximately 3,000.

FIRST-PL (PL = Photonic Lantern) relies on the use of a Photonic Lantern. The light is injected into the multi-mode input

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

Observation of `Aua [Betelgeuse]

• 5ms exposure

• 500,000 frames averaged (left)

• 1D spectrum extraction : 

Extract each row and co-add spectra 

(bottom)

In-lab injection efficiency testing (right):

• Analysis of the injection efficiency as a function of the focal ratio of the injection optics. 

Measurements done at 642 nm.

• Best injection efficiency for f/8 :

→ Max ~80% injection efficiency

→ 50% injection efficiency over the field of view

→ About 60% injection efficiency on-axis

On-sky injection efficiency testing on Humu [Altair] (AO3k + SCExAO correction - below):

→ Average Strehl of about 25% measured at 700nm with VAMPIRES

→ At 642 nm : 16.5 +/- 2.9% average ; 28.7% max   

→ At 680 nm : 32.1 +/- 4.6% average ; 43.7% max

Perspectives

→ FIRST-PL mode commissioning @ Subaru

→Add new Photonic Lantern coupled to a

R~60,000 spectrograph

→Wavefront sensing with FIRST-FIZ and –PL for

petalling control

→More developments on the PIC side for delivery

and on-sky testings

Observation of Keho’oea [Vega] 

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

• FIRST-FIZ reaches contrast of 0.02 at 𝞴/D in average (best : 0.008)

• 3-𝜎 detection is possible down to 5 mas (0.25λ/D)

Hα imaging of β-CMi with FIRST-PL

Observation of β-CMi

(work led by Yoo Jung Kim @ UCLA)

• Hα peak shape differs from one PL 

output (or port) to the other

• Shape information used for image 

reconstruction or model fitting

• Work in progress

Observation of α-Equ (Spectroscopic binary - Rmag = 3.5 - work led by Elsa Huby @ LIRA)

• Measured separation: 11.4 mas

• Preliminary spectrum modeling also leads to consistent estimation of the effective temperature 

(analysis lead by G. Duchêne)

Wavefront sensing with FIRST-PL (in-lab)

In-lab petalling sensing using the Photonic Lantern

(work led by Jon Lin @ UCLA)

• Low Wind Effect (LWE) modes simulated on SCExAO 2k DM

• Using Photonic Lantern data to sense and correct the 

simulated Low Wind Effect

• Visually inspection of the focal plane images (IR) to ensure good

correction

• This work is preliminary, and will be pushed in the near future

• Beam combiner : Photonic Integrated Circuit performs the pairwise recombination of the sub-

pupils. 

Goal : Enhance contrast and sensitivity of FIRST

• Developments

Design, manufacturing and testing performed in Paris Observatory and IPAG, in collaboration 

with TEEM Photonics

Current PIC performance

Transmission : 30% (Goal 50 to 75%)

Cross-talk : 0.2% average (Goal <1%)

Current PIC limitations

High polarization cross-talk decreasing 

the overall throughput

→Coupling a PL + PIC for image reconstruction

(see below, and Kim+ 2024)

Simulated LWE PL correction

Aberrated image Corrected image

Image reconstruction with FIRST-PL (in-lab)

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

Hα and applying Spectral Differential Imaging 

(SDI) to reconstruct the image of the emitting 

companion.

• Work in progress

SDI
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(Vievard+ 2024)

(Vievard+ 2024)
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