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Cosmology with galaxy cluster abundance

Galaxy clusters:

e Are the largest gravitationally bound objects in the Universe
Mass > 10" solar masses
Richness A: linked to the number of galaxies within a cluster
LSST : Rubin observatory will detect o(10°) galaxy clusters

Cosmology with galaxy clusters

e Cluster abundance : Count the number of clusters in redshift & richness intervals.
e Cluster abundance is a useful probe for cosmology.

In a redshift and richness bin, the expected cluster abundance is given
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differential comoving Halo mass function (cosmology + Mass-richness relation
volume (cosmology) large scale structure formation)

Weak lensing is a powerful tool to constrain galaxy cluster masses.
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Weak gravitational lensing

e Gravitational lensing modifies the observed background
galaxy shapes.

e Distortion is sensitive to the excess surface mass density
galaxy around the cluster A Y,

galaxy cluster

e Taking the average observed ellipticities of galaxies at a
distance R:

AX(R) = <Zcrit(Zs’ Zl) e+,s> |R
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Tangential ellipticity

Earth

NASA, ESA,.L. Calsada
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e The predicted shear signal is given by the sum of two

contributions;
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Th-term: depends on the single halo
mass (< 5 Mpc)

A%

2h-term: contribution from
neighboring halos (power
spectrum, halo bias)
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Stacked shear estimation

e  Stacked shear signal :
o measurement of the shear for an ensemble of cluster within a redshift and richness bin

ZE(R)—Z 2 Wi AL (R)
P Wiia

‘/‘/l = include effect of shape measurement and photometric redshift errors of background galaxies

Weak lensing mass estimation

1. Modelling the excess surface density :
a. 1-halo term NFW : depends on the mass and concentration, use of concentration-mass (c-M) relation for the
fit of the single mass (Diemer, Krastov, 2015)
b. 1-halo + 2-halo term (halo bias : Thinker, 2010)

4 modelling choices

0 . ) 1h 1h + 2h
2. Likelihood for mass estimation : "

a. Errorson A2 estimated by bootstrap resampling oM 1<R<5Mpc | 1<R<10Mpc

Freec | 1T<R<5Mpc | 1<R<10Mpc

AS(R) — A4 (R)
033 (R) Radial range involved
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The Data Challenge 2 of LSST DESC

e DC2: based on N-body dark matter simulation (440 deg?, volume (4.2 Gpc)*, z__ = 3)
e Semi-analytical galaxy modelling to produce galaxy catalog

For weak lensing, we need source and lens catalogs

Galaxy catalog

F~<o 0.40 <z<0.50
‘\\ 14.14 < log10(Magoc) < 14.27
cosmoDC2: known properties of galaxies. Lot SSORRE -~ NFW 1-halo term
e  known redshifts, shear from ray-tracing, magnitudes, intrinsic - } }HH L3} .
ellipticities, etc. g } \I\N
. . . = N\
e  Small scales : non-physical attenuation of the shear signal o ] Y
s
‘_'+ 1013 }\i\
Lens catalogs o ‘i\{
-
1. Output of cosmoDC2 : catalog of dark matter halos identified by FoF HI\ H
halo finder, with halo properties (mass, triaxiality, etc.) N\ J
\
2. redMaPPer galaxy cluster catalog: 1012 Y
m  Detection of overdensities of red sequence galaxies Fi°[°MpC] 10!
" Richness cut > 20 Attenuation due to the ray-tracing resolution
m 02<z <1.2

cluster




Workflow

1. Estimation of the “true” mass richness relation
2. Effect of the WL modelling choices of the excess surface density on the mass-richness relation

1h Th + 2h

c-M relation 1<R<5Mpc | 1<R<10Mpc

Free concentration | 1<R<5Mpc | 1<R< 10 Mpc




e
“True" mass-richness relation

Build an individual mass-richness-redshift catalog :

e Perform a geometrical match of redMapper detected clusters with cosmoDC2 dark matter

halos

e After matching, each cluster have DC2 halo mass, redMaPPer richness, redshift.
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WL mass-richness relation : Effect of modelling choices

1. Fit the cluster masses by considering de 4 modelling choices of the excess surface density
2. Constrain the mass-richness relation
3.  Compare to “true” mass-richness relation
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WL mass-richness relation : Effect of modelling choices

1.
2.
3.

Fit the cluster masses by considering de 4 modelling choices of the excess surface density

c-M (a)

freec | (b)

Constrain the mass-richness relation
Compare to “true” mass-richness relation

(Previous slide)
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Results : Constraints on mass-richness relation

Constrain M-A the relation (McClintock et al., 2019)

A\ 1 Gz
+2Z
(Myooc |4, 2) = My | —
A‘O 1+ 20
e  Leaving free the concentration + 1-halo term (orange) validation
gives most consistent results - —
Na
e  The use of 2-halo term (blue + red) gives 1-sigma o
compatible results, with slightly lower biased g ¥
normalization O o
/0.
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Conclusions

e The Data Challenge 2 supports the upcoming cosmological analysis with LSST. This work:
o is part of the validation of the DC2 catalogs (Kovacs et al., 2021, arXiv:2110.03769),

Validating Synthetic Galaxy Catalogs for Dark Energy Science in the LSST Era

EvE Kovacs,! YAO-YUAN MAa0,%* MICHEL AGUENA,®> ANITA BAHMANYAR,* ADAM BROUSSARD,?> JAMES BUTLER,®
DUNCAN CAMPBELL,’ CHIHWAY CHANG,”® SHENMING Fu,” ' KATRIN HEITMANN,! DANILA KORYTOV,'
FRANGOIS LANUSSE,"! PATRICIA LARSEN," RACHEL MANDELBAUM,’ CHRISTOPHER B. MORRISON,'? CONSTANTIN PAYERNE,"
MARINA Riccr,® ELt RYKOFF,'*1® F. JAVIER SANCHEZ,'® IGNACIO SEVILLA-NOARBE,!” MELANIE SIMET,'®
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JoE ZunTz,* AND THE LSST DARK ENERGY SCIENCE COLLABORATION (LSST DESC)

o  Contributes to the development of DESC tools for galaxy cluster science.

e This work on DC2 seems to show that:

o leaving free concentration + 1-halo term gives consistent results with “true” M-A relation,
o the use of c-M relation may yield biased results will soon be checked with DC2 c-M relation

e In this work : ideal shapes, redshifts. Related studies :
o Test the effect of photometric redshift of background galaxies,
o more realistic galaxy catalogs are produced from the measured shapes of galaxies on Rubin-like

processed images, and using LSST pipeline (so called DC2object catalog). Test the effect of the shape
measurement on the WL mass-richness relation.

Perspective : include mass-richness relation in cluster abundance cosmological analysis.
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https://arxiv.org/abs/2110.03769

Thank you for your attention !
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