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Direct imaging of exoplanets in the 
context of PLATO 

From validation of candidates to the direct detection of Earth analogs
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Progress in adaptive optics & coronagraphy
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Star

Planet

Seeing-limited

Since 1998
Large ground-based 

telescopes
8-10 m diameter

VLT, Keck, Subaru 
Gemini N & S
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NaCo, CRIRES, 
SINFONI, OSIRIS

Progress in adaptive optics & coronagraphy
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Star

Planet

2000s
Shack-Hartmann WFS

~150 actuators
Sr = 40-50% (H)

Low-order AO
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And more recently: KPIC, MagAO-X, ...

 Since 2015s
SHWFS or PyWFS

>1000 actuators
Sr > 80% (H)

High-order AO

LBT, SPHERE, GPI, 
SCExAO
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Lagrange et al. (2008)

Reference differential imaging

Marois et al. (2006)
Lafrenière et al. (2007)

Angular differential 
imaging

Xie et al. (2022)

Soummer et al. (2012)
Choquet et al. (2016)

Archival reference 
differential imaging
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Where do we end up now in terms of contrast?
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SPHERE, GPI, 
SCExAO, ...
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Gravitational Instability 
Cameron 1978

Core Accretion 
Pollack et al. 1994

Gravo-turbulent fragmentation 
Hennebelle & Chabrier 2011

For planets formed differently we expect: 

• Differences in composition 

• Differences in population statistics 
(mass, semi-major axis, spectral type, ...)
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Can we constrain giant planet formation from imaging?

14

Gravitational Instability 
Cameron 1978

Core Accretion 
Pollack et al. 1994

Gravo-turbulent fragmentation 
Hennebelle & Chabrier 2011

For planets formed differently we expect: 

• Differences in composition 

• Differences in population statistics 
(mass, semi-major axis, spectral type, ...)

Need for large surveys 
to look for companions!
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Large imaging surveys
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Before 2015 
>25 AO-assisted surveys since 2003 

~20 known companions
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+Galicher et al. (2016), Vigan et al. (2017), Meshkat et al. (2016, 2017), Durkan et al. (2016),  
Nielsen et al. (2019), Vigan et al. (2021), Bonavita et al. (2022), Delorme et al. (2024),  
Squicciarini et al. (2025), Chomez et al. (2025), ...
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Large imaging surveys
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+Galicher et al. (2016), Vigan et al. (2017), Meshkat et al. (2016, 2017), Durkan et al. (2016),  
Nielsen et al. (2019), Vigan et al. (2021), Bonavita et al. (2022), Delorme et al. (2024),  
Squicciarini et al. (2025), Chomez et al. (2025), ...

SHINE 
survey

+400 single stars 
+80 binaries

+ GPIES 
survey
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The search for planets
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The candidates nightmare
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Besançon models, 10" FoV, H-band (Chauvin et al. 2015)

• contamination by remote 
background stars 

• probability increases with FoV2 

• SPHERE/IFS: 1.8x1.8" ➙ 5% 

• SPHERE/IRDIS: 10x10" ➙ 40-50%

Typical SPHERE 
detection limit

The search for planets

The candidates nightmare
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The search for planets

The candidates nightmare

Track expected for a real companion

Track expected 
for stationary 

background object

Second epoch astrometry
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Color-magnitude diagram rejection
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The search for planets

The candidates nightmare

Track expected for a real companion

Track expected 
for stationary 

background object

Second epoch astrometry

1926 BCKG CMD

34 BCKG GAIA

1180 BCKG PM

26 CC

410 AMBIGUOUS

24 PROMISING

SHINE F400 final analysis 
Chomez et al. (2025)
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a 85 ppm variation?
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1 PLATO pixel !!
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High-contrast imaging will be 
essential for follow-up!
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Nascimbeni et al. (2025)

Besançon galactic models

High-contrast imaging will be 
essential for follow-up!

Thank GOP, we 
have a plan! 

(sorry for the pun)
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Extremely large 
telescopes

Space 
missions2040+ 

Telluric planets

Reflected 
light

2020 
Young giant planets

Emitted 
light
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SPHERE, GRAVITY, 
HiRISE, JWST, ... 
(IR, in emission)

Earth @ 10 pc

Jupiter @ 10 pc

2020+

• Many steps along the way: 

• ELT first-light instruments (2028+) 

• NASA Roman Coronagraph (2027+) 

• Imaging Earth analogues in the 2040s: 

• PCS on the ELT 

• Habitable Worlds Observatory (HWO)
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SPHERE, GRAVITY, 
HiRISE, JWST, ... 
(IR, in emission)

ELT/HARMONI 
MICADO? 
ANDES? 
(IR, in emission)

Earth @ 10 pc

Jupiter @ 10 pc

ELT/PCS? 
(VIS, in reflection)

HWO 
(UV-VIS-IR, in reflection)

2040+

Roman/CGI 
(VIS, in reflection)

2027+

2020+

Habitable 
Zone

M 
dwarf

Solar-type 
star

HWO PCS

0.1” 
10-10

0.01” 
10-7 / 10-8

Separation (@10 pc): 
Contrast:

• Many steps along the way: 

• ELT first-light instruments (2028+) 

• NASA Roman Coronagraph (2027+) 

• Imaging Earth analogues in the 2040s: 

• PCS on the ELT 

• Habitable Worlds Observatory (HWO)
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• Sensitive to all kinds of planets 

• From Jupiter-sized planets to small rocky planets

35

LUVOIR & HabEx final reports (2020)
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HWO & PCS: transformational science...

• Will be sensitive to all kinds of planets 

• From Jupiter-sized planets to small rocky planets 

• Comparative exoplanetology down to telluric planets 

• Characterisation of different evolutionary stages

36

LUVOIR & HabEx final reports (2020)
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HWO & PCS: transformational science...

• Will be sensitive to all kinds of planets 

• From Jupiter-sized planets to small rocky planets 

• Comparative exoplanetology down to telluric planets 

• Characterisation of different evolutionary stages 

• Prior information will be key for selecting the best targets

37

➙ RV, PLATO, ...

LUVOIR & HabEx final reports (2020)
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... at the cost of a huge technological step...

• Very complex (& yet unknown!) telescopes 

• Very complex instruments: 

• Multiple AO systems 

• Wavefront sensing & control 

• Advanced coronagraphs 

• Multi-spectral instruments 

• Massive R&D effort on-going in Europe and US: 

• SPHERE+, Roman/CGI, multiple testbeds, ...

38

Telescope AO

PCS ExAO
WFS&C + corono

Science instruments
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... but we're already on the way!

39

Roman @ GSFC

ELT @ Armazones

+ HWO & PCS working groups 
already hard at work
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Credit: Valerio Nascimbeni
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Credit: Valerio Nascimbeni

d < 80 pc 
~5200 targets 
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• Hard to tell... significantly depends on occurence rate of Earth analogues

• So what really matters is the statistics

• PLATO will definitely answer the questions:  

• What's the occurence rate of Earth-like planets around solar-type stars? 

• Byproduct: how many planets will HWO be able to detect and characterise?
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• Hard to tell... significantly depends on occurence rate of Earth analogues

• So what really matters is the statistics

• PLATO will definitely answer the questions:  

• What's the occurence rate of Earth-like planets around solar-type stars? 

• Byproduct: how many planets will HWO be able to detect and characterise?

Thank you!


