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OVERVIEW

. Introduction:

«  Galaxy clusters in the context of the
H tension;

1. Method:

=  Galaxy clusters as cosmological probes

 Cosmological rulers;

« Different inferences of
thermodynamical profiles;

 Hydrodynamical simulations;
= Data analysis *  H, posterior;

« SZsignal; V. Discussion &

« X-ray signal; Conclusion
= The samples

I11. Results:

=  Observed sample
« 77 distribution;

=  Simulated sample
 New B hias;

= Cosmological inference
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INTRODUCTION

Galaxy clusters in the context

of the H tension Cepheids+SNla 2021 - et
LIGO+Virgom'_%
During the last decades, H, measurements became remarkably SBF _distances 2021 = l33.2s
precise, especially for early-Universe (CMB-driven) and local eBOSS_BBN+BAO 2000 67.35 + 0.97
Universe (SN1a-based) estimates. Megamasers 2020 139 2 30
TRGB_Dist_Ladder 2019_|_ 698 +19

However, the two methods start to disagree with a significant bias,

) . e +18
at a level of 40 with the latest measurements. GravLens_Time_Delay 2019 733 47

XMM+Planck_tSZ 2018 67+ 3
This bias survived several attempts of independent reanalyses or the Planck PR3+ 2018 | 67.66 =+ 0.42
inclusion of more sophisticated of systematics. inv_Dist_Ladder 2015 | 673+ 1.1
==
. . - WMAPS++ 2013 76 = 0.
Indications of new physics beyond the concordance ACDM? s | 0876088
Cepheids+SNla 2011 73.8 =24
I *
We need more observables, independent of these two methods, CHANDRAHSZ 2006 737 1108
_—
to explore the prOblem- HST_Key_Project 2001 72+8
U ST SN (NN TN S ST S AT TR SN ST T NN SN S S N N ST S N H S R R
55 60 65 70 75 80 £

Hubble Constant, H , km/s/Mpc_, R

Image Credit:

NASA/LAMBDA - ,&
Archive Team N AT
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Galaxy clusters as cosmological probes:
Cosmological rulers

METHOD
e

It is possible to directly extract cosmological information by combining
SZ and X-ray observables, as suggested by Cavaliere et al. (1977) and
Silk & White (1978), with a distance-measuring technique. y

X-ray: Xx(0) = (L + Z)4j nZ Ay D,dO x n2D,0.
kO-T Da (ZJ HO) ~
SZ: y(g) = m Czjne Te DAdH 06 neDAHC
e

Key quantities:
J.: characteristic scale Xy, v, redshift

of the cluster

.........
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METHOD

Galaxy clusters as cosmological probes:
Cosmological rulers

Cosmological information in D, (z) can be derived from the thermodynamical profile of the ICM by combining
multiwavelength surveys of galaxy clusters, as done in Kozmanyan* et al. (2019).

> (6) = ypcEn z)4f n2(r(6)) Ay dr
Jw T(r(6)) dr T Ty
Tx(0) = Twar Ny = X/TSZ — /)

y(@) =" f nr - B(r(0))dr

m,C? »
Key quantities:
nr, redshift

or

= jnT : ne(r(e)) : kTSZ(r(H))dr

m,c?

: S !DOI: 10.1051/0004-6361/201833879

' sy, o RN e S AN s s o R R R S U
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https://ui.adsabs.harvard.edu/abs/2019A%26A...621A..34K/abstract

METHOD

Galaxy clusters as cosmological probes:
Different inferences of thermodynamical profiles

In the ideal case: ny = 1. Source of departure from unity:
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METHOD

Galaxy clusters as cosmological probes:
Different inferences of thermodynamical profiles

In the ideal case: ny = 1. Source of departure from unity:

P

Underlying cosmological framework (C):

_ n
C = (&>1/2 . <np/ne e . 1+4 He/”p
~ \Dq p/Te 1+4"He/
s e
l Trace the
He abundance

1/2

Contain H,

s ' o N P A SN S G e e IR S A
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METHOD

Galaxy clusters as cosmological probes:
Different inferences of thermodynamical profiles

In the ideal case: ny = 1. Source of departure from unity:

4/\>

Underlying cosmological framework (C): Emitting ICM distribution property (B):
n 1/2 1/2
—\ 1/2
C=(&)1/ -(np/"e 1/2. L4477/, ‘B:Cp
Dq n_p/n_e 1+ 4n_H" — 81/2
/ m, LOS

l / e 0s. Elongation along

Trace the the line of sight
. He abundance =
Contain H, _ C,: clumpiness p e

A : o TN TR S gfg\;;.;:._;}‘v;,‘.-ji:«',:, S I e e o St
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METHOD

Galaxy clusters as cosmological probes:
Different inferences of thermodynamical profiles

In the ideal case: ny = 1. Source of departure from unity:

4/\>

Underlying cosmological framework (C): Emitting ICM distribution property (B):
n 1/2 /2
— 2
c_(&)l/ -("p/"" R .
“\b.) \wmrm) \1iamme_ / el
/ / m, LOS
Ny = bn X C XB e os: Elongation along
l -Iflracfa th?j the line of sight
Contain H, ¢ abundance b,,: all other possible systematics PP

C,: clumpiness

LWy

Sk . X5 3 <o
S S A e |
LA P X ’
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METHOD

Galaxy clusters as cosmological probes: From Kozmanyan et al. (2019)
Hydrodynamical simulations 71 . Distributions of
T 6 - | e, -/* and
We need hydrodynamical simulations to ' SRS VIRV
disentangle the cosmological information from 5 1 | = Pnbp /Clos
the cluster structure bias. N i
B 44 I
) i
For a simulated sample of galaxy clusters, the S !
] . Q 37 |
cosmological framework is set from the !
beginning: ¢ = 1 and n = b, B. 2 |
. i _I_I_I—l_H_l—
u I 1 i | | I I
0.6 0.8 10 12 14 16 18

Cluster structure biases

SRR ’ x o) A i"\,‘,\ SO IR -_—'v.f_‘::._}_;',.‘}.;f.-?f,;._,
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METHOD

Galaxy clusters as cosmological probes: From Kozmanyan et al. (2019)
Hydrodynamical simulations 71 . Distributions of
T 6 - | e, -/* and
We need hydrodynamical simulations to ' 1/2 1 1/2
- T - B=b,C?* /e

disentangle the cosmological information from 5 | n=p los
the cluster structure bias. N i

B4 I

) i
For a simulated sample of galaxy clusters, the S !

] . Q 37 |
cosmological framework is set from the !
beginning: ¢ = 1 and n = b, B. 2 i
. i _I_Ll—l_H_l—

Thus, it is possible to use the B distribution in the .
H, derivation with a Bayesian approach: 0.6 0.8 10 12 14 16 18

Cluster structure biases

P(Hy) = f £ ({nP} Ho, O, V. {B:}) pUB NP Ho)p ()P (V) dQy dY By ... dBy

LWy

Sk . X5 3 <o
S S A e |
LA P X ’
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METHOD

353 GHz (4.94 arcmin) 857 GHz (4.64 arcmin)

Data analysis:
SZ signal

143 GHz (7.30 arcmin)

The SZ and X-ray signals are extracted
with an optimised application of the
Bourdin? et al. (2017) work.

arcmin
arcmin

e Instrument: Planck-HFI data;

100 GHz (9.69 arcmin) 217 GHz (5.02 arcmin)

« Wavelet denoising and
reconstruction of HFI maps;

« Parametric component separation;

* Forward modelling of Nagai et al.
(2006) pressure profile.

arcmin

arcmin

’DOI: 10.3847/1538-4357/aa74d0

SRS S«
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https://ui.adsabs.harvard.edu/abs/2017ApJ...843...72B/abstract

METHOD

143 GHz (7.30 arcmin) 353 GHz (5.02 arcmin) 857 GHz (4.64 arcmin)
Z e T 60

Data analysis:
SZ signal

Thia o Ty
'] L

40

20

The SZ and X-ray signals are extracted
with an optimised application of the o GRRETEL
Bourdin? et al. (2017) work.

arcmin
=)

arcmin

arcmin
o

-20

-40

 Instrument: Planck-HFI data; o

217 GHz (5.02 arcmin) 545 GHz (5.02 arcmin)

« Wavelet denoising and
reconstruction of HFI maps;

« Parametric component separation;

arcmin
arcmin

* Forward modelling of Nagai et al.
(2006) pressure profile.

’DOI: 10.3847/1538-4357/aa74d0
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https://ui.adsabs.harvard.edu/abs/2017ApJ...843...72B/abstract

METHOD

Data analysis: . .
: 2|8 MOS1 -
X-ray signal Sl -
Sl ‘
Ao F
i Sk -
The SZ and X-ray signals are extracted - [ PR —
with an optimised application of the = Hz%E P e R e S wwﬁwg
N2 >|o‘ ‘ =
Bourdin? et al. (2017) work. 2 |8 MOS2
Qo i
* Instruments: XMM-Newton telescope EPIC cameras; NG - :
. . _ < | oy
« Parametric spectral modelling of the astrophysical LIS E
(CXB and Galactic emission) and instrumental > R — : - .
. L ! +J-r--+---i-f+--¥ LA -r+""+‘+' “-ﬁﬁ +"':ﬂ~"‘+:’--**--+-- +—--++**:*4—---r+**r*"‘+‘§+‘*1f’30—4—
components; = §E i g
» Forward modelling of density and temperature 3| e
Vikhlinin et al. (2006) profiles. § v f
N L
= i
=[5
2DOI: 10.3847/1538-4357/aa74d0 £
% ﬁ;gtt;t:t_ﬁ':t _+_:+_(._ iﬁ 1_.“4. ‘H_-la.m&q..p 74"':;}'4 _‘_',_4*1- “F"‘".,.{:ﬂ+4 _._m*H: "‘
% ++ 'ﬁ

PSZ2G067.17+67.46
. Backround spectral analy3|s
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https://ui.adsabs.harvard.edu/abs/2017ApJ...843...72B/abstract

METHOD

The samples

For the Bayesian analysis, we need an observed and a simulated
sample of clusters.

T AL

RIS RO A
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METHOD

The samples

For the Bayesian analysis, we need an observed and a simulated
sample of clusters.

Observed sample: the CHEX-MATES project.

= 117 clusters (over 118) extracted from PSZ2
catalogue within the cosmological mask and
with Planck S/N > 6.5;

= Homogeneous and high-quality X-ray
exposures: S/IN=150;

= Temperature measurements with statistical
15% of accuracy at Rco;

.
[
L]
i3
L
i
LI trs

Fg 258 8= ¢ =
EENCOar

= Temperature profiles with more than 8 radial
bins.

B0 BDDRERINN

3: xmm-heritage.oas.inaf.it g
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http://xmm-heritage.oas.inaf.it/

METHOD

The samples

For the Bayesian analysis, we need an observed and a simulated ® BCG
A X-ray Peak
sample of clusters. : A yPeak
""'.‘ _.x I i @ X-ray Centroid
Synthetic sample - THE THREE HUNDRED* project "Nl @ y Centroid
= Gadget-X run. Hydrodynamic simulation with 5L )
a cosmology consistent with Planck Rk
Collaboration et al. (2016); Tt B
= New B bias applying the X-ray-SZ pipeline on ; } S \
a simulated sample of 975 clusters from the — o NS
snapshot at z = 0.
RSO()

Mock maps: —
Contours: X-ray
Colour map: tSZ

Black dots: Optical SDSS

4: the300-project.org
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RESULTS

Observed sample:
n7 distribution .o

= Median: n; = 0.98%:43 0.8F ]
(£ 16t 84t percentiles); I B Mixed
. . . . . . - [ 1 Relaxed ]
= The distribution is compatible with the 0.6 I [ Disturbed |
_ 5 . 0.6 -
expected value (7 = 1); S CHEX-MATE dynamical |
= The analysis agree also with previous 5 [ ) ?'?ﬁslifgca“?” work: 17
estimate available in the literature: 24k - Campitiello> etal. (2022) 1]
«  X-COP sample: : E ]
nr = 0.9624 + 0.0013: S _5
« Bourdin etal. (2017) low-redshift 0.2r '_-_. N 1]
sample: ny = 1.01 (median). .- 20 25 30 35

°DOI: 10.1051/0004-6361/202243470

SRS 1 e o
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https://doi.org/10.1051/0004-6361/202243470

RESULTS

Simulated sample:

. THE THREE HUNDRED cluster
New B bias v clusters
160 1 Total |
0 Relaxed
- - 140 0 Hybrid
With the simulated sample, we can: d\' B Disturbed
; ; .. . ; 120 - . 2
 Derive a prior distribution B for the cosmological A =
inference; 100 B Dicubd |
i =z [ Relaxed _
* Study, Wlth more clusters, _the effect_ of the S ol CHEX-MATE -
dynamical and morphological state in 4 O / :
distribution. 605 ;
ok |
Similar distribution of the observed P S R T

b
=)
I

3

CHEX-MATE sample!

0.8 1.0 1.2 14 1.6 1.8
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RESULTS

Cosmological inference

+2.46
7—2 27

Using the B distribution from the synthetic sample, we can

A

extract cosmological information from n. ) Q&*
X
: .. &&
The method is not sensitive enough to recover more than one g8+
m_ 0.04

free parameter (H,) at atime (np « D, -1/ 2)

Bayesian prior setup of the MCMC runs

Parameter Prior Min Max 7 o
Hy Uniform 50 100 L] 100p = 2472553
B; Uniform 0 1 WJ%%
5 Uniform  0.25  0.35 S = /| .
m Normal 0 1 0.3153 0.0073 = | i
Uniform 0.20  0.30 o
Yp Normal 0.243  0.024 P

27/06/2023 ' : Federico'De Luca‘| mm Uni



Cosmological inference

Hy = 6707238

RESULTS

Using the B distribution from the synthetic sample, we can
extract cosmological information from n.

The method is not sensitive enough to recover more than one  —

free parameter (H,) at atime (n; < Dgl/ 2).

Bayesian prior setup of the MCMC runs

Parameter Prior Min Max 7 o
Hy Uniform 50 100 , bl 100vp — 2130428
B; Uniform 0 1 |
O Uniform 0.25 0.35 i
m Normal 0 1 0.3153 0.0073 .
Uniform 0.20 0.30
Yp Normal 0.243  0.024 > o

27/06/2023



RESULTS

Cosmological inference: e S T

- Thiswork | —
H 0 pOSterlor (" Maniz et al (202 ' .
Wan et al. (2021)
Cluster_based’ < Costanzi et al. (2019)F ——
- . Kozmanyan et al. (2019)r ——
Wlth the Kozmanyan et al. (2019) methOd, |ate-UnIV6rse Bonamente et al. (2006) >
we have a preliminary measure for the e E?[ ; - '
eese el al, >
CHEX'MATE C|USterS \Bnlkonhol et al. (2021)F el
Alola et al. (2020): ACT} —e—1
_ _ CMB-based, ACT+WMAP9F ot
HO ~ 672 i 23 km S 1 Mpc 1 - Planck 2018+ e
early-UnIVGrse Hinshaw et al. (2013)F e
- - - Pogosian et al. (2020)F ——
Compatibly w_lth the precedent estimates CMB + e s 0010 »
based on multiwavelength cluster BAO Chen et al. (2022)F -
- - - Zhang et al. (2022)F P
studies or with early-Universe and LSS BAO ot 11 &;i_ v
EStimateS Philcox et al. (2022)r —a—
With BBN Alam et al. (2020)F .
. . . i Addison et al. (2013)F ——
More in tension with late-Universe SNla, Riess et al. (2022)F ——
: late-Universe: Breuval et al. (2020)F b
Cepheids, TRGB, quasars. S Bt ot . (2030)| a
SNIa’ CephEIdS’ Freedman et al. (2020)F —— ALy
TRGB, quasar Wong et al. (2020p 4
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DISCUSSION &
CONCLUSION

Potential systematics

« Astrophysical uncertainties: (N, X-ray/millimetre

contaminants, relativistic SZ effect, etc.); v Our results on n or H, are compatible with
N _ precedent estimates from Planck and XMM
o X-ray temperaFure f:ross-callbratlon (see Wan et al. 2021): and with Wan et al. (2021):
o Cross-calibration depends on the cluster temperature S _
(higher at higher temperatures); ==,/ Our method for H, is mainly driven by the

thermodynamical state at intermediate-large

o Temperatures from Chandra and XMM are known to : _
scales, where the temperature is lower;

disagree;
o XMM EPIC cameras give different results if not v Different hydrodynamical simulations (Rasia
jointly used; et al. 2015 and THE THREE HUNDRED Gadget-
» Hydrodynamical simulations: X run) give compatible estimates for H;
o Are we sure that our synthetic samples are accurate » ¥ More tests can be done for new runs (as
representations of real clusters? Gadget-Simba) or using new hydrodynamical

simulations with different physics. T

27/06/2023



DISCUSSION &
v' The CHEX-MATE Project allows accurate CO N C L U S I O N

characterisation of the thermodynamical state of
galaxy clusters with its sample definition and _
observational strategy; Future prospective:

v Accurate mass selection function with 117 clusters o Possibility to extend the analysis to larger samples
in total, double compared to Kozmanyan et al. (e.g. early-SZ+CHEX-MATE ~ 160 objects).

(2019) and a factor of 10 more than Wan et al. o For 200 clusters: 2% uncertainty level,
(2021) or the X-COP sample; o Combination with other X-ray or millimetre

v Need hydrodynamical simulation priors, but it is not instruments (e.g. SPT, Chandra);
restricted to only relaxed sample;

o Inclusion of more systematics in the model, such

v" Our local estimate for H, agrees with the precedent as the relativistic SZ effect or temperature cross
constraints based on XMM, Chandra, and Planck; calibration;

v" The uncertainty on H, is continually decreasing with o Possible combination with other cluster probes,
the cluster size; such as the fyqs (€.9. fas Dj/z)

27/06/2023
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Hlustration:
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