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Pipeline

Keywords – Astrophysics - Cosmology - Image Processing

Context

Upcoming astrophysical surveys such as CFIS 1 and Euclid 2 aim to constrain cosmological parameters using
properties derived from galaxy images, in particular their shapes via weak gravitational lensing. However,
various shape measurement techniques are currently available each with di↵erent strengths and weaknesses.

The CosmoStat group is currently developing a weak lensing analysis pipeline in order to process currently
available CFIS images. A crucial part of this project will be to benchmark the best possible shape measurement
technique and to see what impact this has on the weak lensing analysis.

Outline of project objectives

The internship will essentially be comprised of the following tasks and objectives:

1. Get familiarised with the various galaxy shape measurement techniques currently available.

2. Implement these techniques in the weak lensing pipeline.

3. Interact with other members in CosmoStat to gauge the performance of each technique.

Candidate

The candidate should be a Master 2 (or equivalent) student with background in either physics/astrophysics
or applied maths/signal processing/data science. Experience with Python is not required, but would be
advantageous.

Internship

The internship will take place in the CosmoStat laboratory, under the supervision of Samuel Farrens and
Martin Kilbinger.

• Deadline for applications: February 28th, 2019.

• Contact: Samuel Farrens (samuel.farrens@cea.fr) and Martin Kilbinger (martin.kilbinger@cea.fr).

• Duration: 4-6 months.

1http://www.cfht.hawaii.edu/Science/CFIS/
2https://www.euclid-ec.org/

Stage M2, 2025

Field-level inference of weak lensing map statistics in the Ultraviolet
Near Infrared Optical Northern Survey (UNIONS)

Context
Weak gravitational lensing, the deflection of
light by the large-scale structures of the cos-
mic web, has proven to be a powerful probe
to constrain cosmological parameters describ-
ing the dark-matter structure formation and
the expansion history of the Universe (1). Re-
cent work introduced elaborated statistics to
extract information beyond the power spec-
trum from the shear field to provide tight con-
straints on cosmological parameters. Usually
lacking theoretical predictions, those statistics
mostly rely on numerical simulations. Ad-
vances in deep learning and generative models
now allows us to exploit those simulations to
perform the inference (2).

This internship
UNIONS is a photometric survey that tar-
gets around 5, 000 deg2 of the Northern sky.
Carrying out a simulation-based analysis of
UNIONS weak lensing data is of interest to
compare with other surveys, such as DES
(3; 4) or KiDS (5)), and to prepare the data
processing of the European space mission Eu-
clid. The goal of the internship is to set up
a pipeline to perform full-field inference of
UNIONS.

Outline of the project
The tasks and objectives of the internship are
as follows.

1. Get familiar with weak lensing, its esti-
mators, and simulation-based inference

(SBI).

2. Build a pipeline to perform the full-field
inference using convolutional neural net-
works (CNNs).

3. Validate the pipeline on UNIONS-like
mock data.

4. If time allows, apply the pipeline on the
weak-lensing catalog from UNIONS.

Methods
The methods used to perform this analysis are
the following:

• Forward modeling/N -body simulations.

• Neural compression/Neural density esti-
mation

• Validation statistics

Scientific environment
The stage will be carried out in the
CosmoStat laboratory at the Département
d’Astrophysique at CEA Saclay, under the su-
pervision of Sacha Guerrini and Martin Kil-
binger. CosmoStat hosts a multidisciplinary
team whose research includes statistics, signal
processing, machine learning, and cosmology.
The group is strongly involved in the weak-
lensing analysis of the upcoming mission Eu-
clid.
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Requirements
The candidate should be a master 2 (or
equivalent) student with a background in ei-
ther physics/astrophysics or applied mathe-
matics/signal processing/data science. Expe-
rience with python is not required, but would
be advantageous.

The application deadline is 15/12/2024. The
duration of the internship is 4 – 6 months.
This internship work can potentially be con-
tinued as a PhD in our group.

Contact
Sacha Guerrini
sacha.guerrini@cea.fr

Martin Kilbinger
martin.kilbinger@cea.fr

CEA/Irfu/Dap, Laboratoire AIM
Orme des Merisiers, Bât 709
F-91191 Gif-sur-Yvette

References

[1] Kilbinger, M., Reports on Progress in
Physics, 78:086901, 2015.

[2] Lueckmann, J.-M., Boelts, J., Green-
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