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Characterization and on-sky testing of 
high-resolution photonic, AWG-based 

astronomical spectrographs
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1. Bulk optics vs photonics for spectroscopy

2. AWG spectrographs.

3. The CoLiBRIS-AWG spectrograph prototype at OCA/Lagrange.

a. In-lab Characterisation

b. On-sky testing at OHP

4. Preliminary results
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Macaulay Library - S. Calle
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1. Bulk optics vs photonics
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Macaulay Library - F. Oñate
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VLT/ESPRESSO - ESO

ELT-ANDES - ESO JWST/NIRSpec - ESA+NASA
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But do they have to be?
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Macaulay Library - M. King

The astrophotonics approach allows for more compact, stable, modular 

and reproducible instruments!
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Compact (photonics-based) Spectrographs!
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CoLiBRIS-AWG
OCA/Lagrange

SWIFTS
IPAG VIPA

IPAG

OHP/T152 Feb 24 2026
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2. Arrayed Waveguide Gratings (AWGs)
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Macaulay Library - F. Oñate

Douglass+ 2015
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AWGs vs échelle gratings 
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In an échelle grating In the waveguide array

L
L-ΔL

L+ΔL

ΔL is chosen to optimize the dispersion 
around a reference wavelength 
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AWG-based spectrographs for astronomy
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AWGs as main dispersers of astronomical spectrographs! 
Replacing bulky prisms/gratings with a chip of a few cm2 of surface.

H band spectrum for 𝜋 1 Gru 

Cvetojevic+ (2012): 
First stellar spectra using an AWG-based spectrograph at 
the focus of the Anglo-Australian Telescope (AAT, no AO!)
R~7000 (H band) 
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3. The CoLiBRIS-AWG spectrograph 
prototype at OCA/Lagrange.
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Macaulay Library - R. Uzun
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Our prototype: CoLiBRIS-AWG
Compact Lightweight Broadband high-Resolution Infrared Spectrographs - AWG
The setup is used to test different AWG chips. Currently two chips are in use:

- Emerald (R~18000, H band), smaller chip.
- Sapphire (R~36000, H band), larger chip. 

The idea is to design new chips with more 
sophisticated applications of the AWGs.

Coppery Emerald
Golden-tailed Sapphire
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“Emerald” AWG 
chip being mounted 

into 3D-printed housing
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C-RED NIR Camera + 
Cooling on linear stage (Z)

Additional camera positions

F2 lens
(Focusing)

VPH on rotation stage
(Cross-disperser)

F1 lens
(Collimating)

Chip in housing
on linear stages (YZ)

Inputs from 
AO/Source

Our prototype: CoLiBRIS-AWG
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The datasets: AWG vs Straight-through channel
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Chip inputs map
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Setups for waveguide diagnostics, and measuring spectral resolution (R~18000), 
throughput (TBD) and spectral coverage (1440–1630 nm). 
Prototype used for on-sky tests at OHP/T152+PAPYRUS!
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Multiple input tests

Chip inputs map
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AWG spectrum, single input fed with broadband 
source, cross dispersed by VPH grating

Discretized output

faulty/dirty 
waveguide

AWG spectra, multiple inputs fed with broadband source, cross dispersed by VPH grating
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On-sky testing!
Observing run in Feb 2026
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Macaulay Library - B. Edmunds
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PEPR Origins - Compact Spectrographs Collaboration

With LAM providing a common on-sky testing platform (e.g. the PAPYRUS AO system)
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CoLiBRIS-AWG
OCA/Lagrange

SWIFTS
IPAG VIPA

IPAG

OHP/T152 Feb 24 2026
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4. Preliminary results
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Macaulay Library - Anonymous
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But first without the AWG: straight-through spectra
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IRTF Spectral Library - Arcturus, R~2000
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Spectral Resolution: R=18800 at λ=1562 nm
(∆λ between 2 adjacent waveguides ~0.08 nm) Spectral coverage: 1444 nm to 1630 nm
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Instrument response: Broadband source spectra
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|
(1440 nm)

|
(1630 nm)

Thorlabs
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First extraction of AWG spectra: First light with Arcturus.
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More on-sky testing! Bringing an improved prototype to Calern/AOC, 
Asiago/Ekarus and other AO capable facilities.

- Cleaner spectral extraction + wavelength calibration & background 
subtraction.

- Comparison with existing spectra in catalogs (IRTF database).
- Instrument simulation.
- Study improvements for the prototype.
- Future experiments / chip designs involving AWGs and more!
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1. Photonic H-band nulling spectro-interferometer 2. Achromatic phase shifter on a chip
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Thank you!
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Bonus
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Characterization of AWGs

2 experimental setups to characterize the chips (Master’s thesis work in 2025):

E2) First spectrograph!E1) Waveguide diagnostics

LoR 
AWG 10k 

AWG

29
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Output diagnostics
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#141   :)#46   :(

Emerald chip: 145 outputs
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First in-lab spectra with superK laser
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Emerald chip
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Multiple input tests

01) Straight-through 02) AWG - On-axis inj. 03) AWG - On-axis inj. 04) AWG - On-axis inj.

05) AWG - On-axis inj. 06) AWG - On-axis inj. 07) AWG - Off-axis inj. (1 FSR offset) 08) AWG - Highly off-axis inj. (no signal)
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Night 1 attempts at Betelgeuse Night 3 Betelgeuse nicer SNR :)
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Straight-through spectra have R~1 nm
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AWG spectrum - bb source
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Effects of using a different window size around the spot
AWG spectrum - broadband source
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Spectrum of a single order - first extraction
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AWG spectrum - broadband source
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Throwback to the first characterisation of 
the chip in Aug/2025
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AWG spectrum - broadband source
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The AWG spectra are kinda tricky to analyze

Spectral Resolution: R=18800 at λ=1562 nm
(∆λ between 2 adjacent waveguides ~0.083 nm) Spectral coverage: 1444 nm to 1630 nm
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Lab vs on-sky

Noisy data is making challenging to extract a clean spectrum
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Bright and stable lab source Betelgeuse data
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