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Cosmology from the tSZ power spectrum

Hierarchical structure formation:
- Little things collapse first, big things collapse later
- The Halo model: spherical collapse + virialization

- Self-similar model: cluster properties given by gravitational physics

Halo mass function

Distribution of galaxy clusters:

d*n

+ Mass function
et Ividz

Number density of clusters per unit of mass and redshift

- Large amplitude variations for different 08 and {2,,, values
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Cosmology from the tSZ power spectrum

2
47 R oT
- Power spectrum of the tSZ effect: CESZ = / dz/ ‘ 1 o00 5 Ip(0500) dMs00
500 TMeC
2D Fourier transform of the
mean pressure profile
sin({x 6500
With Ip(450,) = /:132 (bz/ )7?(;17) dx tSZ power spectrum
&U/ 500 — - - %,,,,,,,,,,,

And 7)(513) the mean pressure profile

- Amplitude of the tSZ power spectrum depends on:

1012£(£ + 1)Cy/2m

and : amplitude of the mass function

Hubble parameter /) : volume element

Hydrostatic bias (): included in the scaling parameter

Multipole £
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Current status of tSZ cosmology

- = CMB
B CMB+BAO
SZa+BAO (proj)
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Planck Collaboration et al., A&A, 2016

028 030 032 034 036 0.38 0.40
O

Tension between cosmological constraints from CMB and Planck cluster catalog for b = (.2

Y N\

Option 1: Limit in the standard ACDM model Option 2 : Bias and systematic effects
¢ Neutrino mass ¢ Wrong estimate of hydrostatic bias
* Modified gravity * Pressure profile and scaling relation at z = 0.4

itin ACDM model ‘“
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Current status of tSZ cosmology

% 4+ BAO CMB
NC™Z 4 BAO B CMB + Czsz + NC*2 L BAO Medezinski+17
CI%% 4+ NC%% + BAO Jimeno+17

Parroni+17

Salvati et al., A&A, 2018

ﬁ Sereno+17

Okabe+16
Battaglia+16
Applegate+16
Smith+16
Hoekstra+15
Simet+15
Israel+15
von-der-Linden+14
Donahue+14
Gruen+14

Mahdavi+13

Most recent analyses: - take into account new Planck cosmology
- take into account uncertainties on mass bias measurements

-3 Tension between cosmological parameters is not significant

Joint analysis CMB+clusters =3 ) ~ ().4 in tension with values from observations+simulations

se= — - _— = = — - S

. 2nd Assumption: tension not fully due to wrong estimate of hydrostatic bia

L , - — e —
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1 - Previous results
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Mean pressure profile of the cluster population

1 - Previous results



Mean pressure profile of the cluster population

Planck
NIKA2

REXCESS

d?N / dz dMsg0 [Mg™!]

- Slight difference between outer slopes of
Planck and REXCESS profiles

=3 |CM thermodynamics in X and SZ

- Redshift evolution:
- relaxed VS disturbed cores/morphologies

Planck

* Importance of the intrinsic scatter:
- selection function, distribution skewness

Planck collaboration et al., A&A, 2013

2
Ip(es00)| @Mso0

—[ e

Mean pressure profile:
amplitude of the tSZ power spectrum and shape at high ¢

‘ 47TR500 orTr
2 2
lo0  MeC

Most widely used profiles:
computed at high mass and low redshift z < 0.4

REXCESS
pressure profile

Cool core | .
Morphologically disturbed .
Cool core + morphologically disturbed

Expected from P,,,

dispersio

0.10
Radius (Rsgo)
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- Redshift evolution:

Mean pressure profile of the cluster population

Planck

NIKA?2 T
REXCESS P (£500)

Mean pressure profile:
amplitude of the tSZ power spectrum and shape at high ¢

Most widely used profiles:
computed at high mass and low redshift z < 0.4

d?N / dz dMsg0 [Mg™!]

- Slight difference between outer slopes of
Planck and REXCESS profiles

=3 |CM thermodynamics in X and SZ REXCESS

pressure profile

Cool core

Planck collaboration et al., A&A, 2013 Morphologically disturbed i
\ Cool core + morphologically disturbed

Expected from P,,,

- relaxed VS disturbed cores/morphologies [ Planck

Importance of the intrinsic scatter: 5 OF S S
- selection function, distribution skewness ]

dispersio

0.10
Radius (Rsgo)
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Mean pressure profile of the cluster population

Mean normalized pressure profiles

- Observed redshift evolution of the mean pressure profile:
- In X-ray: ICM seems slightly cooler at high 2 (McDonald et al., ApJ, 2014)
~~~~~~ - In SZ: on-going NIKA2 SZ large program, 45 clusters at 0.5 < z < 0.9
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Importance of the gas mass fraction:

— Best fit
2
== Arngud+10 All; <z> = 0.11 ’r‘

= = = Ploanck+13 All ; <z> = 0.17 HydrOStatiC Mass. MHSE (/”') X
Ne(r) dr

....... ICM density

-
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— Best fit
== Arnaud+10 All; <z> = 0.11
=m = Plonck+13 All ; <z> = 0.17

ALDLS

j)
n
3
RN NN

fga;. HSE

Eckert et al., A&A, 2013
Eckert et al., A&A, 2019

l.l.lllllllll

N =l
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Mean pressure profile of the cluster population

Mean normalized pressure profiles

* Observed redshift evolution of the mean pressure profile:
- In X-ray: ICM seems slightly cooler at high 2 (McDonald et al., ApJ, 2014)
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~~~~~ - In SZ: on-going NIKA2 SZ large program, 45 clusters at 0.5 < z < 0.9

§.~
~

* Importance of the gas mass fraction:

— Best fit

==== Arnoud+10 All; <z> = 0.11 . ’]"2 d
= == Planck+13 All ; <z> = 0.17 Hydrostahc mass: MHSE (’r) 0'¢ X —
Ne (1) dr
....... ICM density

----

-
Sa

—— P— — _— - === =S —

L
.......
.......
-~
-~

=~ ' For a given cluster mass: less gas =) less thermal pre

— Best fit
== Arngud+10 All; <z> = 0.11
=m = Plonck+13 All ; <z> = 0.17

Eckert et al., A&A, 2013
Eckert et al., A&A, 2019
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Mean pressure profile of the cluster population

Mean normalized pressure profiles
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Mean pressure profile of the cluster population

Mean normalized pressure profiles

* Observed redshift evolution of the mean pressure profile:
- In X-ray: ICM seems slightly cooler at high 2 (McDonald et al., ApJ, 2014)

gy
" u
-
.....
-
»
bl
.
~

~~~~~ - In SZ: on-going NIKA2 SZ large program, 45 clusters at 0.5 < z < 0.9

§.~
~

* Importance of the gas mass fraction:

— Best fit

==== Arnoud+10 All; <z> = 0.11 . ’]"2 d
= == Planck+13 All ; <z> = 0.17 Hydrostahc mass: MHSE (’r) 0'¢ X —
Ne (1) dr
....... ICM density

----

-
Sa

—— P— — _— - === =S —

L
.......
.......
-~
-~

=~ ' For a given cluster mass: less gas =) less thermal pre

— Best fit
== Arngud+10 All; <z> = 0.11
=m = Plonck+13 All ; <z> = 0.17

Eckert et al., A&A, 2013
Eckert et al., A&A, 2019

| Florian Ruppin - mm Universe @ NIKA2 6



Mean pressure profile of the cluster population

2 - Definition of extreme cases



Mean pressure profile of the cluster population

_
9
L

=
9
N

Pressure [keV.cm™3]
_ — —
s 5 3
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Impact of gas mass fraction on mean pressure profile:

- Similar distributions of clusters in Y.+ —2 plane

- Pressure profiles and density profiles with different gas mass fractions == hydrostatic mass profiles

- Scale pressure profiles using same definition of Psog o< ES/3M2/31012

— = e —— S — =

i‘ Similar distributions in Ytot but different mean normalized pressure profil
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Mean pressure profile of the cluster population

Mean normalized pressure profiles

Definition of three

* The mean pressure profile of the Planck collaboration
Similar to the A10 profile used for cosmological analyses

- The intrinsic scatter of the

profile distributions at low 2
* Two extreme cases given: _
- Current constraints on the

gas mass fraction profiles

Associated gas mass fraction profiles

Gas mass fraction profiles knowing 2, M5q0, and P(x):

- Assume NFW model for mass profile Mot (1)

MHSE(T) — (1 — b)Mtot(T‘)
b € [0,0.4]

- Hydrostatic mass profile:

- Density profile from HSE mass and pressure profile

I Florian Ruppin - mm Universe @ NIKA2 8
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Analysis of the Planck tSZ power spectrum

CIB

Radio sources

Infrared sources
- Correlated noise

Total foreground

Planck data

&
(]
>
QO
~
Y
+
SN
 ——
SN
(a\]
T
(an)
Y

102
Multipole ¢

Use angular power spectrum of the tSZ effect measured by Planck Planck collaboration et al., A&A, 2016

- Power spectrum components:

- tSZ power spectrum

- Cosmic Infrared Background (CIB)
- Contaminants: { - Radio and Infrared sources

- Spatially correlated noise

' Fit Planck power spectrum

]

— W

1000

i D

T . T F T AT, W ST O I S EOTEEESEEELE——S——" T B W R TR
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Analysis of the Planck tSZ power spectrum

- New analysis of Planck tSZ power spectrum with the three mean pressure profiles
- Method: MCMC analysis with Tinker et al. mass function
- Results: Cosmological constraints + amplitude of contaminant power spectra

- Validation: Subtraction of the best-fit model to the Planck data
Residuals compatible with noise at all {

— Best—fit model
—— C,tSZ
— C,DC

¢ Planck data
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em]
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T

In(1/Ars)

2 0.4 0.6 0.8 04 06 08 1.0 60 65 70 75 0.0 0.2 04 0.6 0.8 1.50 1.75 2.00 2.25 2.50 0.0 2.5 5. R 102
Qm gs H() ACIB AIR lll(l/ARs) .
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Impact of the pressure profile on tSZ cosmology

B Planck+18 CMB-+BAO
1 Planck+16 tSZ PS

0
0.350 0.375 0.400 0.425 0.450 0.475 0.500 0.525 0.550 0.575

F = o (Qm/B)O'4 h—0.21

- Cosmological constraints: significant differences for the three mean pressure profiles
- Estimates obtained with IP,,, profile compatible with previous constraints

- CMB constraints enclosed between the ones obtained with I’;,, and IP; profiles

I Florian Ruppin - mm Universe @ NIKA2 11



Impact of the pressure profile on tSZ cosmology

_ - b Lensing VS X-ray/SZ mass —» b = (0.2 £+ 0.08
——— Prior on:

Py +priors - ()., Baryon acoustic oscillations (BAO) = (2,,, = 0.3 £ 0.05

I P, tpriors
I Planck+18 CMB+BAO
—— Planck+16 tSZ PS

- Cosmological constraints on 0§ and Q,,

— = T e - ————— -

' No significant tension between CMB and tSZ PS constraints with [P

B 0.85 X P,+priors
B P..tpriors
B Planck+18 CMB+BAO

0.18 0.24 0.30 0.36 0.42 0.48

2,

Possible future?

Prior on hydrostatic bias b = 0.2 4+ 0.01
Better lensing mass estimates with e.g. Euclide

—3» Tension with current CMB constraints

i,, — - — =SS __ —— o =
' 15% decrease of mean pressure profile —» tension canceled

\
-

0.16 0.20 0.24 0.28 0.32 0.36 0.40
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Conclusions / Perspectives

* |If everything is taken into account: no cosmological tension BUT issue with hydrostatic bias value

—> Need to explore other sources of bias in tSZ cosmological analyses

* Mild indications of redshift evolution of ICM profiles

—> Wrong calibration of mean normalized pressure profile = potential source of bias

e New analysis of Planck tSZ power spectrum using extreme cases for mean pressure profile
—> Significant impact of mean pressure profile modification on cosmological constraints

Perspectives:
- Need to estimate cluster thermodynamic properties at high £  X-ray/SZ analyses

- Need to understand progenitor physics  low mass systems

Planck
SPT
ACT

T.—.
©
=3
(@)
3
=
3
N
=
~
2,
o
3
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