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Exoplanet detection map

1995

First detection of a planet 
around a Sun-like star

2020

More than 4000 
confirmed exoplanets



Simulation of long exposure images
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Turbulence

Singh et al.
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Short exposure time Infinite exposure timeLong but finite exposure time

PSF numerical simulation
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à More realistic (on-sky observations)

à Point out patterns due to dynamic 
effects (turbulence)
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Exposure time = 60sec
t0~ 2ms
à N ~ 30000 !!!

Classical method
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Alternative method

12/03/2020

E(IN) Var(IN)
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Alternative method

Fourier Transform

Telescope-dependant factor

Statistics of atmospheric turbulence
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Var(IN)

E(IN)
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Validation – mathematical expectation
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Roddier 1981, 1999
Jolissaint & Veran 2002

Conan et al. 2005
Fétick et al. 2018, 2019

Sauvage et al. 2010
Herscovici-Schiller et al. 2016, 2017

Turbulent wavefront
Post-adaptive 
optics system

Coronagraphic
instrumentClassical method

Analytical model

100*difference
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Validation - variance
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N = 10000

Classical method

Analytical model

Difference
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Model-based method
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E(IN) Var(IN)
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PSF numerical simulation

Examples of long exposure PSFs
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à Each image requires N = 1 random array with the model-based method

N=100 N=1000 N=10000

Classical method

Analytical model
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PCS or MICADO/ELT

Application cases

SPHERE+/VLT

12/03/2020

Leboulleux et al.(SPIE)
Leboulleux et al. (in prep.)



What does the high-contrast imaging community look like?

Socio-demographic study of the exoplanet direct imaging community,
Leboulleux, Choquet, Huby, Singh, Cantalloube (submitted, BAAS)
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Origin of the project – state of the art
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Objective
Setting references for future discussions and actions/decisions to be made in the field of HCI

Survey

Support
A survey sent to around 200 people – 100 answers

Spirit of Lyot conference, Tokyo, Japan - October 2019
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Gender basis – Distribution of career levels
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à No clear variation between genders

à The % of PhD students per gender indicate no discrimination, but also no coming improvement
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Gender basis – Exposure and visibility
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à Women are more subject to self-censorship than men
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Gender basis – Unprofessional behaviors
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à Obvious unprofessional behaviors towards women (80% vs 43% for men)

à The community is overall aware of these issues and can be in a position to intervene when they happen
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Status basis – Visibility and recognition by peers
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à Postdocs encouraged to attend international conferences

à But excluded from SOCs
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Status basis – Inappropriate behaviors
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à Female and non binary postdocs are predominantly victims of inappropriate situations (78% of them)

à And 41% of male postdocs



Conclusions and perspectives
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Conclusions & perspectives

à Long exposure image model:

- Alternative method to multiple end-to-end simulations

- To do: AO and extension to coronagraphic images

- Applications to SPHERE+ and MICADO

ELT

12/03/2020

à Demographic study:

- Systemic behaviors have to be addressed to improve the quality of the work environment

- Reference for future studies to monitor the evolution of demographics and social behaviors in the field of

exoplanet imaging

à Available in open source on GitHub: https://github.com/lleboulleux/socio-demographic-community-

survey-in-STEM

https://github.com/lleboulleux/socio-demographic-community-survey-in-STEM

