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©)
GALAXY CLUSTERS AND THEIR GAS MASS FRACTION N

. Hierarchical structure formation : tiny perturbbations
gradually collapse to form larger structures, into the
ocoks of the cosmic web.

. Galaxy clusters : in the nodes of the cosmic web

. Most massive gravitationally bound structures of the
universe

10?2 seconds 1 secon d 100 secon ds 380 000 years 300-500 million years Billions of years 13.8 billion years
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GALAXY CLUSTERS AND THEIR GAS MASS FRACTION N

Galaxy clusters can be used to constrain
cosmological parameters.

. Number counts, clustering. sparsity etc..

Measured using the gas
/ density profile inside a certain
Mgas radius

M tot

\ Measured using the gas
Qb density and temperature

profiles. assuming hydrostatic

foas X —— e
gas equilibrium (HE)
O

. One can also use fgas =
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(GALAXY CLUSTERS AND THER GAS MASS FRRACTION B

Assuming HE introduces a bias in the total mass
measurement : the hydrostatic mass bias.

Mmes = B X Mtrue

Mgas o Mgas
Mmes B B x Mt'rue

= fgas —
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THE HYDROSTATIC MASS BIAS IN A COSMOIOGICAL STUDY BYhC

Problem : the value of this parameter
s still openly debated

. Directly observed (mainly via WL)
and simulated: B ~ O8

. from a combination of Planck

CMB+S/Z number counts - B ~ Q6

Yet. this bias impacts the cosmological
constraints obtained from clusters.

CMB WL  Sims

GGGGGGGG
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THE HYDROSTATIC MASS BIAS IN A COSMOIOGICAL STUDY SAC

. Purpose : study the hydrostatic mass bias using cluster
gas mass fraction dato
. In particular : look for an evolution of b with M and z
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THE HYDROSTATIC MASS BIAS IN A COSMOIOGICAL STUDY

. Purpose : study the hydrostatic mass bias using cluster
gas mass fraction dato

. In particular :

look for an evolution of
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THE HYDROSTATIC MASS BIAS IN A COSMOIOGICAL STUDY e

T(M, z) o, \ (D @)

y & b A

ws.Th(M,2) = K A() | — -

frsiM.2) = K s ()(Qm) e JJf
Instrumental effects l 1

Baryonic effects Cosmology Stellar content
Allen et al. 2008

.. and we assume self=similarity
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THE HYDROSTATIC MASS BIAS IN A COSMOIOGICAL STUDY SAC

We check how assuming a constant or varying bias
impacts our cosmological constraints from gas fraction.
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THE HYDROSTATIC MASS BIAS IN A COSMOIOGICAL STUDY SAC

We check how assuming a constant or varying bias

impacts our cosmological constraints from gas fraction.

Redshift dependence

Mass dependence é
t

o (1) (35)

Amplitude

=> 3 free parameters to describe the bias
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THE HYDROSTATIC MASS BIAS IN A COSMOIOGICAL STUDY SAC
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e Degeneracy between B and
Q,,, : higher, closer to O 8 calls
for higher Q,,,

® Assuming a constant bias
(a = B=0) leads to aberrant
values of Q. > 0.860

e When assuming a standard
Planck cosmology.

B = —064+ 017 s
incompatible with O
e «ais compatible with O, By with
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SAMPLE DEPENDENCE OF THE RESULTS O
We seem to e . e High Mz subsample
need an )

evolution of the
bias. but does

that depend on
our sample ¢

[y
N

Msoo[x10%M 5 ]
=
o

[ee]

Full sample

0.12

Low Mz subsample

o Wicker et al. 2022
arXiv:220412823
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/_\
SAMPLE DEPENDENCE OF THE RESULTS E@

Il LowMz subsample
B HighMz subsample
I Full sample

e All samples favor an amplitude
By ~ 0.8.

o [ow Mz favors a strong redshift
evolution, but is fully compatible
with no mass evolution

arkiv220412525 ¢ - [High Mz fully compatible with no
redshift evolution. but favors a
mass evolution

o full sample: Strongly favors a
redshift evolution. compatible with
no mass evolution

CCOC 10 12 L23A/X\
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INSIGHTS ON THE VALUE OF THE BIAS SAC
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INSIGHTS ON THE VALUE OF THE BIAS
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CONCLUSION A

. A possible evolution of the bias cannot be
neglected when doing cosmology with gas
fraction, a fortiori with clusters

. Selection effects remain important and need to be
taken into account
We however are compatible with B ~ O.8. in
agreement with a collection of other
measurements

. Next step(s) : combination of gas fraction with
nuMber counts
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Bias evolution study Sample dependence of the results Reference

Parameter Prior Prior
By - U0.3,1.7) -
B(zcceps Mcccp) N(0.84,0.04) - |
I N(0.015,0.005) N(0.015, 0.005) 2
To N(0.85,0.03) N(0.85,0.03) 3
K N(1,0.1) N(1,0.1) 4
of U, 1) UuQ©,1) -
h N(0.674,0.005) N(0.674,0.005) 5
Q,/Q,, U(0.05,0.3) N(0.156,0.003) 5
0, U0.01,1) (CB, VB) or N(0.315,0.007) (VB + Q,,) N(0.315,0.007) )
Fixed at 0 (CB) or U(-2,2) (VB, VB + Q,,) U-2,2) -
B Fixed at 0 (CB) or U(-2,2) (VB, VB + Q,,) U-2,2) -

References. (1) Herbonnet et al. (2020); (2)Eckert et al. (2019); (3)Planelles et al. (2013); (4)Allen et al. (2008); (5)Planck Collaboration et al.
(2020).
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B
Parameter CB VB VB + Q,,
By 0.842+0.040 0.832+0.041  0.828 +0.039
@ 0 -0.056 = 0.037 —0.057 + 0.038
B 0 -0.43+041 ~0.64 + 0.18
Qy/Q,, 0.140%90°¢ 0.1540078 0.160790’¢
Q, > 0.860 - 0.315 + 0.007
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Parameter LowMz subsample HighMz subsample Full sample
By 0.92f8:}(1’ 0.767 + 0.086 0.840 + 0.095
a 0.09 + 0.11 —0.149 + 0.058 —0.057 + 0.038
B —0.995ig:‘7‘§ —0.08 + 0.23 —0.64 + 0.18
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Calibration bias :
MOMM) vs
M(Chandra)
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Dependence on 00| 2
parametrization : resdlts’|
assuming a linear ~_osf
dependence with M § e /
and z 11
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Il self-similar
I non self-similar
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I Y.=085%0.03 (Planclles)
B Y. =094%0.04 (Eckert)

Role of the depletion
factor
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Il HighMz subsample
Il 02<z<04

B 60<-_" <100
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