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Detecting exoplanets…
Why Direct Imaging?

 Radial velocity (RV) → provide mass

 Transit → provide size, possibly
transmission atmospheric spectroscopy

 High-contrast Direct Imaging:
 Probe wider orbits
 High-resolution spectroscopy of the atmosphere
 Interaction between planets and disks, i.e. planet formation

Source: exoplanets.eu (as of April’23)
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The population bottleneck

https://doi.org/10.3390/galaxies6020051 Gomez de Castro 2018



The technology bottleneck

Credit: Gemini Obs
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Objectives of RACE – GO project
“Rapid Active Coronagraphy of Exoplanets from a Ground-based Observatory”

 Breakthrough on direct imaging instrument capabilities by

Developing a viable scheme for Coherent Differential Imaging 
(CDI)

Use latest technology to do it at speed relevant to the atmospheric 
coherence time (< 10 ms)

Validate and exploit the approach on-sky with 60 GTO nights on a 
4-m telescope equipped with a XAO system



Coherent Differential Imaging (CDI): How To

 Each pixel of a SLM can locally delay the 
optical path (phase) of incoming light
 Dynamically adjustable birefringence
 Only works with polarized light

 Any phase pattern can be programmed
 m‐sized pixels provide excellent 

sampling, also in the focal‐plane
 Video‐rate or beyond

SLM = liquid crystal Spatial Light Modulator



Latest technology for millisecond CDI

NEW SINCE 2021 !
High-speed > 200 Hz SLMs

SINCE 2019 !
Ultra low-noise SWIR camera w/ 3,500 FPS



Digital “adaptive” high-contrast imaging

Kühn et al., Proc. of SPIE 10706N, 2018  Kühn et al., Proc. of SPIE 10706N, 2018 



Getting on-sky: the 4-m DAG telescope

 East Anatolia Observatory (DAG) is the new 

national observatory of Turkey

 Ritchey‐Chrétien architecture

 4‐m primary mirror and two Nasmyth foci

 Established near Erzurum (altitude: 3100m)

 First light in fall 2023



The PLACID instrument
 PLACID stands for “Programmable Liquid‐crystal Active 

Coronagraphic Imager for the DAG telescope”
 World’s first SLM‐based active high‐contrast instrument
 H‐band (1.65 m) and Ks‐band (2.2 m)
 Versatile instrument ideal for prototyping and mentoring
 Final Design Review (FDR) passed in Dec 2021
 First light by end of 2023

 PLACID will operate downstream of TROIA
 «TuRkish adaptive Optics system for 

Infrared Astronomy»
 Extreme AO with pyWSF and

468‐DM from AlpAO

 … and upstream of DIRAC
 «DAG InfRAed Camera»
 HAWAII‐2RG detector



 Factory Acceptance Review on May 2-3, 2023 !

PLACID design & assembly

Factory assembly completed in HEIG-VD Yverdon

 First-light foreseen at DAG Telescope for end 2023



60 GTO nights

 RACE‐GO shall be allocated 60 “Guaranteed Time Observing” 

(GTO) nights

 Letter of Intent signed by the DAG telescope managing 

organization (ATASAM)

 The 60 nights are spread over 2 years

 In exchange the RACE‐GO project would

 Upgrade the PLACID instrument

 Transfer ownership of the upgrade equipment

 Provide staff training and technical support



Timeliness

C‐RED One 
available

MKIDS 
available

�

�

https://elt.eso.org/instrument/

Kasper et al. 2021

 Most of the technology is just in !

 Collaboration to bring the technology to the Subaru

8‐m Telescope SCExAO instrument (PI: O. Guyon)

 E‐ELT Planetary Camera and Spectrograph (PCS)

 Originally planned as EELT 2nd‐gen. instrument

 Phase‐A not started yet due to several technological 

milestones still to be cleared…



Expected results / New Science

Serabyn et al., Nature 2010
Imaging HR8799bcd on 1.5‐m sub‐aperture

 On‐sky validation with CDI imaging of known targets

 Binary stars, known exoplanets (HR8799, kap And etc.)

 Re‐discoveries can have a high impact !

 Circumstellar disk imaging (AB Aur, LkCa15 etc.)

 BONUS Observing program with the 60 GTO nights leftovers

 EXCLUSIVE niche science cases, e.g. binary/triple stars !

 Aiding new discoveries : Planet Hunting mode

 RACE‐GO on E‐ELT PCS, and other ELTs

 Imaging solar system scales !

Steiger et al., Astronomical Journal 2021
Statistical time‐domain CDI imaging of HIP109427 B

Boccaletti et al., 2020

Kühn et al., 2018
Miller et al., 2017

Credit: NASA



Work Breakdown Structure and Hiring
WP 1 / PLACID Upgrade

WP 2 / CDI at ms-regime

> 200 Hz PI‐SLM

kHz C‐RED One
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WP 3 / On-sky validation
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Follow‐up of
known companions

Niche science
cases (e.g. binaries)

WP 4 BONUS / Exoplanet +disk science

Postdoc

PhD 1

PhD 2

PhD 1+2

Postdoc

 PostDoc has been hired: Dr. Axel Potier (JPL), starts in Aug’23

 PhD 1 has been hired: Mrs. Liurong Lin (Leiden), starts in May’23

 PhD 2 position still open, applications due by April 30, 2023


