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How to use clusters for Cosmology
(from clusters abundance)

@ Chose your cosmological framework (ACDM: Q,,, Qp, ns,...)

@ Have your Boltzmann code ready for it: EMBFAST, CAMB,
CLASS, ...

@ You can then compute P(k) and o(m, z)

Use the magic of (e)Press-Schechter...

The mass function follows a scaling law:
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The beauty of the mass function...
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The uggly real world...

Going from mass to observables

o Xray scaling law
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TX = AT_M(/‘I MA)2/3 (1—78()> (l—|—Z)

o SZ scaling law S, (x, M, z) =

1/3
1.2mJyh8/3ATMﬁ,(x)fBMf5/3(QlA7(82)> (1+2)/D%(2)
)\ 1/3
o ((1 = b)Ms)?/? (%)

o Planck(2013) chose a calibration 1 — b for clusters (plus
some priors).
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Fitting the X-ray temperature function at z ~ 0.05
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Degeneracy on astrophysical parameters
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The cluster-CMB tension (in ACDM)
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No sign of systematics between x-ray clusters (z ~ 0.05) and SZ
clusters (z ~ 0.25)
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@ Scaling laws

S\ /3
T = Ar_m(hMp)*? (Q”’%é)) (1+2)

S,(x, M, z) o ...((1 — b)Mys)®/3...

o Planck(2013) chose a calibration (plus some priors).

Alain Blanchard, Paris, 25/10/2018



The uggly real world...

Going from mass to observables

@ Scaling laws

S\ /3
T = Ar_m(hMp)*? (Q”’%é)) (1+2)

S,(x, M, z) o ...((1 — b)Mys)®/3...

o Planck(2013) chose a calibration (plus some priors).

@ No calibration, no tension...But infer the calibration!
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What could be the solution?

Astrophysics
@ Calibration issue.

@ Massive neutrinos (change P(k), growth rate, ...)

@ Modification in the gravitational sector (MG).
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Effect of the presence of massive neutrinos
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Effect of the presence of massive neutrinos

X-ray

Adding BAO (green), adding Lymana (red), combined (grey)
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Massive neutrinos do not seem to help.
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X-ray
Growth rate with a  parametrization.

Alain Blanchard, Paris, 25/10/2018



Modifying growth rate

X-ray
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Modifying growth rate

X-ray
Growth rate with a  parametrization.
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Robust correlation between v and A1y.
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Final comparison (X-ray)

Planck CMB calibration versus Planck Clusters calibration

0z
z o
£ at0
W

0.05

.-’// %
@
o N\, (@

07z 078 084 090 0.29 030 0.31 032 050 075 100 125 005 0.0 0.6 020

% iy ¥ S, feV]

Planck cluster calibration if confirmed would favors MG...
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Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a v parametrization.
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Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a v parametrization.
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Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a v parametrization.
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Modifying growth rate & massive neutrinos

X-ray
Growth rate with a  parametrization.
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Modifying growth rate & massive neutrinos

X-ray
Growth rate with a v parametrization.
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Modifying growth rate & massive neutrinos

X-ray
Growth rate with a v parametrization.
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Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a v parametrization.
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Modifying growth rate & massive neutrinos

X-ray+SZ
Growth rate with a v parametrization.
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Conclusion : SZ versus X-ray

I CMB + SZ, free calib.
CMB + SZ, free 4, free calib.
BN CMB + SZ, Planck clus. calib.
Bl CMB + SZ, free v, Planck clus. calib.
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Conclusion : SZ versus X-ray

I CMB + SZ, free calib. Il CMB + X, free calib.
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