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Context of the project: Large-scale structure formation?

eBOSS collaboration, 2020



Context: Exquisite precision required <1%

Ishak et al, 2018

DESI CDR, 2014

Measure the growth of structure
Characterize the dark energy EoS
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LSST main 2023

LSST extension 2025

LSST extension 2026

DES

Context: Spectroscopic and Photometric surveys

Euclid

Credit: JC Cuillandre, 2020

Credit: C Blake, 2019

Spectroscopic survey footprint Photometric survey footprint

● DESI 14,000deg2 based on  BASS, MzLS, DECaLS, DES imaging
● PFS 1,400 deg2 in the 3 HSC footprints
● WEAVE-QSO will observe 400,000 spectra in 6,000deg2 in the SDSS footprint
● GOYA survey will observe high-redshift galaxies behind galaxy clusters

● Euclid will observe 15,000deg2

● LSST will observe 12,000deg2
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Objectives of the project
Characterize dark energy in terms of cosmic web growth and galaxy arrangement

● Precision cosmology: Dark Energy and Dark matter

○ 
○ 

○ 
○

● Cosmic web mapping and galaxy formation
○
○
○
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Roadmap

● eBOSS: Cosmological papers published eBOSS collaboration et al. , Press Release July 2020
● EMIR: Technical issues. New detectors planned end of 2021. Survey starting 2021 (degraded mode) and end 2023
● DESI: 47h SV observations in Dec 2021 (>50k redshifts). Lensing+clustering+void mock challenge
● HSC-CLAUDS: Data acquired. On-going analysis on bright and faint galaxy evolution measurements up to z = 3 (Moutard et al. 

2020)
● WEAVE-QSO: Science observations start Jan 2021
● PFS: Integration of 2nd & 3rd spectrographs at LAM. Paper on galaxy emission line models Saito et al. 2020
● Euclid: NISP & VIS being integrated on spacecraft. Scientific preparatory work & papers
● LSST: 3200 megapixels camera took first image (Sept 2020). Scientific preparatory work & papers

Surveys Start [- End] Surveys Expected start

eBOSS 2015 - 2019 WEAVE 2020

GOYA/EMIR 2018 - 2023 PFS 2022

DESI 2020 - 2025 Euclid 2022

HSC-CLAUDS 2016-2021 LSST 2022
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https://ui.adsabs.harvard.edu/public-libraries/zjBkevkvQoCBUhWbnd38qg
https://www.sdss.org/press-releases/no-need-to-mind-the-gap/
https://arxiv.org/abs/2001.06904
https://arxiv.org/abs/2001.06904
https://arxiv.org/abs/2003.06394


Collaborative Science Aspects

GECO/Cafe club : 28 talks in 2020 

CLASS first telecon on June 30th, 2020

➢ Need to plan another telecon 1st semester 2021

Wiki page: 

Regular meetings between CPPM, LAM and CPT
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https://projets.lam.fr/projects/class/wiki


Project Setup

Fall 2020 Recruitement of Renan Boschetti, PhD on “voids lensing”

Fall 2020 Recruitement of Reda Ait-Ouahmed, PhD on Deep Learning

New members

● Katarina Kraljic postdoc on cosmic web analysis
● Julian Bautista postdoc on supernovae analysis
● Lucie Khlat PhD on cosmological probes WL+RSD to test gravity
● Bastien Carreres PhD on testing gravity with supernovae
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Production of the CLASS project

● Precision cosmology: dark energy & dark matter
○ Theoretical developments on dark energy
○ Developments in cosmological simulations
○ Dark energy constraints from large-scale structures
○ Dark energy & modified gravity constraints from standard candels / sirens

● Cosmic web mapping
○ First galaxy structures (3 < z < 7)
○ Intergalactic medium tomography (2 < z < 4)
○ Late-time evolution of the cosmic web (0 < z < 2)
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Why void lensing?

● Voids have a huge potential to constrain 
gravitational fifth forces and dark energy

● Gravitational lensing is a direct probe of matter 

● Void Lensing has been detected in the DES-Y1 
and SDSS

=> Work started on DESI simulated data of LRG & 
BGS

=> Regular telecon with the DESI C3 WG

PhD on void lensing as a test of gravity

The effective potential is the sum of a scalar dependent potential, and a 
density dependent potential (Khoury & Weltman, 2003)

Sanchez et al. 2016

Renan Boschetti, Marie Aubert,  Marie-Claude Cousinou, Stéphanie Escoffier, Eric Jullo
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arXiv 1906.09042
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https://arxiv.org/abs/1906.09042


Cosmological constraints from eBOSS LRG clustering 
analysis 

arXiv:2007.08991 

LRG

LRG
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https://arxiv.org/abs/2007.08991
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Constraints on the growth rate of structure with voids in the eBOSS DR16 ELG, LRG and QSO 
samples with voids

Arxiv:2007.092013
submitted to MNRAS.  

ELG

LRG QSO
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https://arxiv.org/abs/2007.09013


First galaxy structure : Lyα Emitters vs Ly Break Galaxies

Blind selection of Lyα Emitters (LAE) at 2.9 < z < 6.7 with 
MUSE/VLT behind A2744: Complete census of Star 
Forming  galaxies at the epoch of the reionization

● Detection of a LAE population with intrinsically UV faint flux 
(M(1500A) ≥ −15) with significant star-formation (typically 0.01 to 
0.1 M☉/yr) that are missed in the deepest LBG surveys.

● As faint as M(1500A) ∼ −15, the LBG population provides a good 
representation of the total Star Forming Galaxy  population, in 
particular when computing the total ionizing flux in the volume 
explored by current surveys.

de la Vieuville, Pelló et al. 2020
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https://arxiv.org/abs/2009.12824


● Probing the UV background using quasar 
absorption in SDSS (arXiv:2012.00772)

● Metal species dependence on quasar 
proximity detected (~5𝝈)
○ scales much larger than previously thought (~10 cMpc/h) 
○ consistent with initial findings of Morrison et al (2019) 

using HST+VLT spectra

● Potential consequences for 
○ reionization and maintaining ionization
○ measurements of BAO using quasar absorption
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https://arxiv.org/abs/2012.00772


Conclusion

A lot of activity within the group in 2020

We acknowledge the financial support from OCEVU and IPhU

With forthcoming data, many systematic errors, and new physical effects must/can 
be taken into account. This is an exciting period of time. 

Galaxy evolution in the cosmic web has a growing impact on cosmological studies 
on dark matter, dark energy and modified gravity => need to strengthen this 
aspect
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Probing dark energy with weak 
lensing mass maps

● Weak lensing mass maps (including peaks and voids) probe the non-Gaussian 
part of the matter distribution, bringing complementary information to standard 
2-point estimators

● We developed a new tomographic approach of mass maps, and showed that it 
improves Euclid forecasts on the dark energy equation of state w by a factor of 3 
compared to the standard shear two-point correlation functions implemented in 
Euclid (Martinet, Harnois-Deraps, Jullo et al. 2020a, https://arxiv.org/abs/2010.07376)

● We measured the impact of baryons on mass map statistics and found that the 
AGN feedback from the Magneticum hydrodynamical simulation propagates into a 
few percent bias on w for Euclid forecast and will need to be accounted for (Martinet 

et al. 2020b, https://arxiv.org/abs/2012.09614)

● We applied tomographic mass maps to the DES-Y1 1300 deg2 survey accounting 
for all sources of biases and get a 4.8% precision on the structure growth 
parameter S8. The full tomographic approach reaches a 3% precision but could 
not be implemented due to a lack of understanding of intrinsic alignments in this 
case. The probed area does not allow us to constrain w yet. (Harnois-Deraps, Martinet 

et al. 2020, https://arxiv.org/abs/2012.02777)

Tomographic mass map reconstruction

Euclid forecasts (100 deg2) for mass maps (1D Map) 
and shear two point correlation functions (2PCF)19

https://arxiv.org/abs/2010.07376
https://arxiv.org/abs/2012.09614
https://arxiv.org/abs/2012.02777



