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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/

PhD thesis, 2019 – 2021

Cosmology with gravitational waves and galaxy clustering: synergie
between LISA and Euclid

Context

The recent direct detections of gravitational
waves (GW) from mergers of massive compact
objects has opened a new window to our Uni-
verse. The GW signal allows us to measure
the luminosity distance to the merger, from
which we can constrain the expansion history
of the Universe, including the Hubble constant
H0 and dark-energy properties. However, most
GW events are expected to have no detectable
electro-magnetic counterpart. We thus have to
employ statistical analyses to use these events
in a cosmological context. The spatial distribu-
tion of galaxies, or galaxy clustering, can help
us to infer the redshift of a population of events
in a statistical way [1, 2]. The interpretation
in a cosmological context of the resulting Hub-
ble diagram needs to account for this statistical
redshift estimation.

Work to date has focused on spectroscopic
galaxies. By extending this to galaxy surveys
in broad-band photometry the number and lim-
iting magnitude of available galaxies for clus-
tering analysis can be vastly increased. The
challenge in this approach is the determination
of precise redshifts. In addition, photometric
surveys with excellent image quality allows us
to map the dark-matter distribution along the
line of sight due to weak gravitational lensing.
This helps to reduce the induced magnification
of the GW luminosity, one of the dominant sys-
tematic effects at high redshift.

This project aims to estimate the impact of
redshift estimation on the clustering analysis
of GW events for cosmological parameter infer-
ence. The synergie between GW experiments

and galaxy surveys will be exploited. Forecasts
will be done for the future space mission LISA1

(launch planned for 2034) and Euclid2 (launch
in 2022), to assess their performance in a joint
analysis to measure the expansion history of the
Universe.

Outline of the project

The tasks and objectives of the thesis are as
follows.

1. Familiarization: Study the statistical
analysis of GW events, redshift estima-
tion of photometric surveys, weak grav-
itational lensing, and modelling of the
large-scale galaxy distribution.

2. Error estimation: Quantify the uncer-
tainties in the statistical redshifts of the
GW host galaxies. Assess the system-
atic errors on the GW luminosity due to
weak gravitational lensing, and the possi-
ble correction of this contamination using
the predicted performance Euclid.

3. Modelling: For a GW population ex-
pected to be detected by LISA, develop
models of the host galaxy distribution in
the large-scale strucure. Use the results
from the previous task to assess the model
uncertainty.

4. Forecasts: Predict the performance of
LISA and Euclid to measure the expan-
sion history of the Universe using the
above developed techniques. Compare
the expected constraints on cosmological

1https://www.elisascience.org
2https://www.euclid-ec.org
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parameters to other probes such as ob-
servations of nearby GW with EM coun-
terparts (NS - NS mergers), gravitational
lensing, CMB, and SNIa.

Methods

During the thesis, the student will work on
methods of galaxy redshift estimation. This in-
cludes photometric redshifts, clustering redshift
[3], and machine learning techniques. The stu-
dent will use reconstruction techniques of dark-
matter maps from weak lensing data. For the
modelling of the galaxy distribution, numerical
simulations and fast approximate methods will
be employed [4]. Bayesian methods of param-
eter inference will be applied on these models,
including Approximate Bayesian Computation
(ABC) [5, 6].

Scientific environment

The PhD will be carried out in the Cos-
moStat3 laboratory at the Département
d’Astrophysique4 (DAp) at CEA Saclay, un-
der the supervision of Martin Kilbinger. Cos-
moStat hosts a multidisciplinary team whose
research includes statistics, signal processing,
machine learning, and cosmology. The Cos-
moStat group is strongly involved in Euclid
(launch in 2022). Kilbinger is the co-lead of
the Weak-Lensing Science Working Group in
Euclid. This thesis is carried out in collab-

oration with Antoine Petiteau (APC, expert
in gravitational wave detection and data anal-
ysis, French responsible of LISA Pathfinder),
and Emille Ishida (Clermont-Ferrand, expert
in parameter inference methods and machine
learning).
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3http://www.cosmostat.org
4http://irfu.cea.fr/Sap/
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