
SCExAO: Enabling Deep Contrast Exoplanet Observations at the 
Diffraction Limit with New Technologies

Olivier Guyona,b,c,Julien Lozia, Sebastien Vievarda,b, Mona El Morsye, Vincent Deoa

a Subaru telescope, b Astrobiology Center, c University of Arizona, d University of Hawaii, e Univ. of Texas San Antonio

TEAMS: GLINT, FIRST, VAMPIRES, NIR-PL, MEC, SPIDERS, AO3k

OVERVIEW

Due tti the extreme contrast between exoplanets and their host 
stars, direct imaging and spectroscopy of exoplanets poses 
significant technical challenges. The SCExAO system is 
actively participating in the development of promising new 
technologies to meet this challenge and provide unique 
capabilities to Subaru users.

Detectors:
● MEC (upgrade ongoing at UCSB)
● CRED1 now permanently installed for fPDI and photonic 

spectrograph

Astrophotonics:
● GLINT nuller operated in NIR
● Photonic spectrograph used by GLINT and NIR-PL, shared 

camera with fPDI
● Photonic lantern -> see poster P27

Wavefront control and Speckle control:
● Algorithms: PSF reconstruction, Optimal AO control
● SPIDERS

DETECTORS

RECENT HIGHLIGHTS - GLINT

REVEALING NATURE OF SPECKLES WITH SPIDERS
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highly-efficient photonic spectrograph.

“Conventional” high contrast 
imaging system

Coronagraph system     +              photonic spectrograph
Optical fiber 
centered on 
planet location

Photonic spectrograph (PS):
● 2.5x efficiency gain: optimal 

separation of exoplanet light 
from background

● Ultra-compact, 1 pixel per 
spectral element

● Contributes to starlight 
suppression (2nd stage) with 
photonic nulling chip

● Self-calibrating

Photonic lantern
Ref: S.G. Leon-Saval et al., Opt. 
Lett. 30, 2545 (2005)

INJECTION INTO PHOTONIC 
DEVICE
Direct or post-coronagraph
Lenslet array (GLINT), or PL (FIRST)

PHOTONIC PROCESSING
Nulling (GLINT)
WFS (GLINT, FIRST)
Spectro-imaging (FIRST, 
ExoNINJA)

SPECTROGRAPH
Array of SMFs 
dispersed on 
detector

Example architecture optimized for exoplanet spectroscopy (for Subaru, HWO and TMT)

PHOTONIC SPECTROGRAPH IMPLEMENTATION ON SCExAO (NIR)
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GLINT team (Rossini-Bryson et al. 2025), in prep

On-sky demonstration of active nulling using signal from photonic chip
GLINT chip used for both nulling and WFS
Null stabilized by control loop

SPECTROGRAPH

GLINT PHOTONIC CHIP

Photonic Chip is 3D written 
by ultrafast laser inscription 
(ULI)

Tricouplers allow for 
symmetric light combination

Achromatic phase shifters 
maintain broadband null

MKIDS Exoplanet 
Camera (MEC)

● Photonic Spectrograph now using lmAPD technology (CRED1)
● MEC camera (using MKIDS) currently undergoing upgrades at UCSB 

- will be shipped back to Subaru in ~1.5yr

PSF RECONSTRUCTION

GOALS: 
● Calibrate and remove speckle noise from science data

-> access deeper contrast for exoplanet imaging and spectroscopy
“speckles” refers here to unwanted starlight in both focal plane imaging 
and photonic spectrograph

● Deep speckle nulling on-sky

SPIDERS (PI: C. Marois) will measure speckles in coherent light, at high speed and high spectral 
resolution -> will establish limits to high contrast imaging on Subaru and guide future developments

Neural Network on-sky image reconstruction (B. Norris)

AO WFS 
referencing (N. 
Skaf et al 2022)

SCExAO system optimized for telemetry data acquisition and 
synchronization for PSF reconstruction. Able to acquire ~100 TB/night.
Algorithm development ongoing.

UPCOMING: Thermal-actuated phase shifters


