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๏ INTRODUCTION : Galaxy clusters and their gas mass 
fraction

๏ The hydrostatic mass bias in a cosmological study

๏ Sample dependence of the results

๏ Insights on the value of the bias

๏ CONCLUSION

OUTLINE
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๏ Hierarchical structure formation : tiny perturbations 
gradually collapse to form larger structures, into the 
peaks of the cosmic web.

๏ Galaxy clusters : in the nodes of the cosmic web
๏ Most massive gravitationally bound structures of the 

universe

GALAXY CLUSTERS AND THEIR GAS MASS FRACTION
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Galaxy clusters can be used to constrain 
cosmological parameters.

๏ Number counts, clustering, sparsity etc…

๏ One can also use 

GALAXY CLUSTERS AND THEIR GAS MASS FRACTION

Measured using the gas 
density profile inside a certain 
radius

Measured using the gas 
density and temperature 
profiles, assuming hydrostatic 
equilibrium (HE)
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Assuming HE introduces a bias in the total mass 
measurement : the hydrostatic mass bias.

GALAXY CLUSTERS AND THEIR GAS MASS FRACTION
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Problem : the value of this parameter 
is still openly debated.

๏ Directly observed (mainly via WL) 
and simulated: B ~ 0.8

๏ From a combination of Planck 
CMB+SZ number counts : B ~ 0.6

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

THE HYDROSTATIC MASS BIAS IN A COSMOLOGICAL STUDY
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๏ Purpose : study the hydrostatic mass bias using cluster 
gas mass fraction data

๏ In particular : look for an evolution of B with M and z

THE HYDROSTATIC MASS BIAS IN A COSMOLOGICAL STUDY
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๏ Purpose : study the hydrostatic mass bias using cluster 
gas mass fraction data

๏ In particular : look for an evolution of B with M and z

THE HYDROSTATIC MASS BIAS IN A COSMOLOGICAL STUDY
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120 clusters from the 
Planck-ESZ sample. 
Observed by 
XMM-Newton, data 
taken at 

z    [0.059; 0.546]

          [2.22; 17.5]

W
icker et al, 2
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Allen et al. 2008
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Instrumental effects

Baryonic effects Cosmology Stellar content
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… and we assume self-similarity



We check how assuming a constant or varying bias 
impacts our cosmological constraints from gas fraction.

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

THE HYDROSTATIC MASS BIAS IN A COSMOLOGICAL STUDY

Amplitude

Mass dependence
Redshift dependence

=> 3 free parameters to describe the bias
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THE HYDROSTATIC MASS BIAS IN A COSMOLOGICAL STUDY
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● Degeneracy between   and 
     : higher, closer to 0   calls 
for higher 

● Assuming a constant bias 
             leads to aberrant 
values of 

● When assuming a standard 
Planck cosmology, 
                       is 
incompatible with 0

●   is compatible with 0,     with 
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We seem to 
need an 
evolution of the 
bias. But does 
that depend on 
our sample ? 

SAMPLE DEPENDENCE OF THE RESULTS

Full sample

High Mz subsample

Low Mz subsample
Wicker et al. 2022
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SAMPLE DEPENDENCE OF THE RESULTS

● All samples favor an amplitude
             .

● Low Mz: favors a strong redshift 
evolution, but is fully compatible 
with no mass evolution

● High Mz: fully compatible with no 
redshift evolution, but favors a 
mass evolution

● Full sample: Strongly favors a 
redshift evolution, compatible with 
no mass evolution

W
icker et al. 2
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INSIGHTS ON THE VALUE OF THE BIAS

B = 0.62 ± 0.03 (Planck Collab. et al. 2020) B = 0.62 ± 0.03 (Planck Collab. et al. 2020)
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INSIGHTS ON THE VALUE OF THE BIAS

If we assume B=0.62 
from Planck Collab. et 
al (2020), we then 
obtain       =             ,
in tension with Planck 
measurements.

Wicker et al. 2022
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๏ 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 ~ 0.8, in 
agreement with a collection of other 
measurements

๏ Next step(s) : combination of gas fraction with 
number counts

CONCLUSION
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THANK YOU !
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Calibration bias : 
M(XMM) vs 
M(Chandra)
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Dependence on 
parametrization : results 
assuming a linear 
dependence with M 
and z
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Taking into account (or 
not) deviations from 
self-similarity
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Role of the depletion 
factor
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Validity of our prior on 
Btot(z, M)
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Looking into a possible 
effect from a redshift 
dependence of the mass 
distribution


