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91 optically confirmed clusters (504 deg?) Slide from Jean-Baptiste
Hasselfield et al. 2013 On monday

182 SZ sources with S/IN>4 (987.5 deg?)

Hilton et al. 2018

| 4195 optically confirmed clusters (13,211 deg?)

Hilton et al. 2021

(677 SPT-SZ sources with S/N>4.5 (2,500 deg?)

Bleem et al. 2015

470 SPT-ECS sources with S/IN>4 (2,770 deg?)

South Pole Telescope Bleem et al. 2019

|89 SPTpol sources with S/N>4.6 (100 deg?)

Huang et al. 2020

P-4 = e -
=] Atacama Cosmology
g  -Telescope

Credit: SPT, K. Vanderlinde

ol - 1653 SZ sources with S/N>4.5 (35,000 deg?)
- | Planck Collaboration XXVII 2015

16

* Planck tSZ observations
e Still room for improvement
e tSZ power spectrum

 Combination with other experiments
* Planck + SPT

* Impact of HMF calibration
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Planck cluster cosmology

Planck Collaboration, A&A 594 (2016) A24
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—— from X-ray observations

‘ (1 —b) ‘ — from WL mass evaluations

| p=2/3

‘ — from self-similarity

Planck Collaboration, A&A 594 (2016) A24
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Planck Collaboration, A&A 594 (2016) A24_:

® Common PSZ1-PSZ2 |4
® New detections PSZ2 |
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Planck cluster cosmology

CMB + NC*?%: (1 —b) = 0.58 & 0.04

CCCP: (1 —b) = 0.780 + 0.092
Hoekstra et al., MNRAS 449 (2015) no.1, 685

ol Planck Collaboration, A&A 594 (2016) A24
o L ! I T T T T ]
o —oom tension between CMB
— +Lensing PS . . .
- WS CMB+BAO primary anisotropies
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O
Zubeldia & Challinor, MNRAS 489, 401-419 (2019)
Data set 1 — bsz
WtG 0.688 + 0.072
CCCP 0.780 + 0.092
Sereno et al. (2017)¢ 0.66 + 0.10
Penna-Lima et al. (2017) 0.73 £ 0.10
Medezinski et al. (2018) 0.80 + 0.14
Hurier & Lacasa (2017) 0.71 £ 0.07
Planck 2015 CMB lensing” 1.01197%
Planck 2015 SZ + Planck 2018 CMB 0.62 + 0.04
This work 0.71 £+ 0.10
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Planck cluster cosmology
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Salvati et al, A&A 614 (2018) A13
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Gianfagna et al, MNRAS 502 (2021) no.4, 5115-5133
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Gas fraction
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Tension or mass calibration?

ol Planck Collaboration, A&A 594 (2016) A24
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Planck Collaboration, A&A 596, A107 (2016) CMB + NCtSZ
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Mass bias: (M,z) dependence

Mass-redshift Parametrisation

Salvati et al., A&A 626, A27 (2019)
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z
Results from other analyses
e WG (22 clusters) and CCCP (18 clusters) >
mass dependence: decreasing trend
e CoMalLit analysis sereno&Ettori, MNRAS 468 (2017) no.3, 3322 s
redshift dependence: decreasing trend =
(135 clusters) §§
® X-COP analysis Eckert et al, A&A 621, A40 (2019)
mass dependence: decreasing trend o CommonPsziFsa|
(1 2 C|USteI’S) ® New detections PSZ2 |-
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New scaling relation calibration

‘ Aymerich et al., in prep.\

NEM)

%handra—"Planck

Legacy Program for Massive Clusters of Galaxies
Santos et al., ApJ 914 (2021) 1, 58

—— E(2)7%2D2Ygsoo/le — 04 = 1070286 0.007(p,, /6e + 00)171 %0042 (This work)
—— E(2)7%3D2Ygsoo/le — 04 = 107019%0.02(m, /6e + 00)1-79 %008 (Planck 2015)

Scatter: 18%
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Better low-mass leverage

Similar high-mass leverage

Better low-redshift leverage

Slightly worse high-redshift leverage

10!
My,
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New scaling relation calibration
‘ Aymerich et al., in prep.\

NEM)

%handrba%Planc@

Legacy Program for Massive Clusters of Galaxies
Santos et al., ApJ 914 (2021) 1, 58

PRELIMINARY scaling relation:

1.7140.1
E—2/3(z) Dz24 Y500 _ 10—0-20%0.01 (1 —b)Msoo
10—4Mpc? 6- 1014 M,

Scatter: 20%

Planck collab. 2015 Cosmology from SZ number counts scaling relation :

Scatter: 18%

2 79 0.
E23(2) ikl | 1o-0-19x002 (1~ b) Msgo |-
10-4 Mpc? 6 x 104 M,

The new scaling relation has:
Lower normalization: Chandra and XMM temperature calibration don’t match, Chandra measures hotter and thus
heavier cluster. The difference is coherent with predictions from Schellenberger et al. 2015 (20% difference)

Shallower slope: The new scaling relation is closer to self-similar (slope of 5/3)

Comparable uncertainties: Lower uncertainties on Ysz-My (larger sample) but higher uncertainties on Yy-My
compensates the difference
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Modelling of Selection function

‘ Gallo et al,, in prep.\ :
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102

Completeness of
images ~ analytical ERF
estimation

BUT

— Simulation images show
higher completeness than
ones

\4

Slide from Stefano Gallo
mmbUniverse conference

* [llustrisTNG-300
hydrodynamical simulation

« My 2 1-2x10"M,

« 0.05<2z<0.3

e 6 projections per cluster
— almost 9000 images
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Modelling of Selection function

Bs00 = 8.4 arcmin

gNFW
¢ Planck gNFW
#  PACT gNFW
—— ERF

Tramonte+23

‘ Gallo et al,, in prep.\
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Salvati+

tSZ power spectrum ARA 614 (2018) A13

Total diffuse signal CP” oc o3 1 Q32 (1 - b)32

NCW2 & 62 Q3 (1 — b)36
TN LCDM (1~ 0)
| CLtSZ CLtSZ+NCtSZ
0.90} CMB
CMB+CLtSZ+NCtSzZ
0.85} -
'''''' o 80
)
"""""" 0.75}
s - s o 0.70¢
yx 10°
Hurier et al., A&A 558, A118 (2013) 0.65}
0.25 0.30 0.35 0.40 0.45
Qi
s Planck Collaboration, A&A 594, A22 (2016) . .
2 A 3 Varying total neutrino mass
S . ] — : : ‘ : :
i Irl?{dio sources e /] 0
o — I .
ol gyeourees : L > m, <1.88 eV
Bl '
S r
S.of 3.0} > “my, < 0.68eV
— OF
R N 2.5)
< E Zmy < 0.23eV
ﬁg S_D - N 2.0+ E
™ 1.5}
oL
. 1.0}
10°
Multipole ¢ 0.5¢
0.65 0.70 0.75 0.80 0.85 0.90

Laura Salvati Dissecting Cluster Cosmology



Salvati+

Total diffuse signal

tSZ power spectrum
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tSZ power spectrum

© tSZ/kSZ is hidden among many other signals

© 1SZ/kSZ not negligible at small scales as Primordial CMB damped

Planck/Large scales SPT/smaII scales
6 —TT T T T T —TTTTTTT T : . - —
L — totol foreground — | o PO IR' 3 L oS 0 SPT150GHz [— toz
P — gynft:hfotron e free—free 1 10 degaty 0 ACT 148 GHz CIB Poisson
104 — C:ASB R (o — ! ’ - tSZ x CIB (abs.) — Radio Poisson
| —— g e i — kSz_| —— Lensed CMB
. & CIB Clustering —— Total
. B < 10| e
g 5
X 10°F -
2 )
"3 -
+ 1
1072 $10
i t1SZ
L 5 kSZ
1 10 100 1000 10° 10"
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Planck coll. 2013
Addison etal. 2012

Slide from Marian Douspis
mmbUniverse conference
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tSZ power spectrum
| . * AiNN\/
From halo model: Cls@ = “[dez iv .@

Random Forest emulator for tSZ power spectrum |Douspis, Salvati et al., A&A 659 (2022) A99

© Effect of cosmological information of tSZ

Compatibility of

0 B SPT (tSZ template)
M BN SPT (tSZ RF) results
Oy
H, Better x2 with free
UF cosmological
o8 7 A parameters:
1.0+ E
“ Fixed Free Free
IAtSZ | ] Cosmo Cosmo Cosmo
Y* 08t Template Template RF(©)
a éo 0.7+ 236 216 215
0.6+ : dof ~dof-3 ~dof-3
(1 & b) - (o} (o) [o]
61 = I ' Stronger constraints
+ 6 foreg 8ol | _
: on ({2 o
+ 4 instrum < 70 1 . ( M 8)
prior on Qh? 60
prior on ng . J ‘ . . _
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mmbUniverse conference
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Cluster cosmology

SPT (tSZ-mm), Bocquet et al. 2019

Og
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Planck (tSZ mm), Ade et aI 2016
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DES (optlcal), Abbott et al. 2020

dH16 (SPT-SZ+Yx + Yy priors) DES Clusters
This work (SPT-SZ+WL+YY) 105k DES 3X2pt :
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Planck + SPT ) 534, o2, 120 2022

1015 -

Msoo [Moh™1]

1014 -
12 0O SPT-SZ, 2500 deg2 o SPT-ECS
SPTpol, 100 deg2 e Planck

0.00 025 050 0.75 1.00 1.25 1.50 1.75 2.00
Z

Paper |. Combining Planck and SPT Cluster Catalogs:
Cosmological Analysis and Impact on the Planck Scaling Relation Calibration

|

- First combined cosmological analysis of Planck and SPT-SZ cluster catalogs
- Independent calibration of Planck scaling relations, exploiting cosmological constraining power of SPT-SZ
sample
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Planck + SPT ) 534, o2, 120 2022

L]
1015
—
I
Ny
Q
=
e
2 O
= O
1014 -
12 0O SPT-SZ, 2500 deg2 o SPT-ECS
SPTpol, 100 deg2 e Planck

0.00 025 050 0.75 1.00 1.25 1.50 1.75 2.00

b4
Planck RESNREY sPT-SZ O e e By v o .
e Survey characteristics: e Survey characteristics:

e 65% of the sky (~26815 deg?2) e 2500 deg2 area

* Frequencies: 100, 143, 217, 353, 545, and 857 e Frequencies: 95, 150 GHz

GHz (HFI instrument) e Resolution: ~ 1’
e Resolution: [5°,10’]
* Cosmological catalog

e Cosmological Catalog e 365 clusters

e 439 clusters e z=[0.25,1.7]

e z=1[0,1]

e Cluster extraction: Matched Multi-filters approach
e Cluster extraction: Matched Multi-filters approach » Beta profile

e Arnaud profile

e INTERNAL Mass calibration
o EXTERNAL Mass calibration e X-ray and WL observations

e X-ray and WL observations e empirical, multi-observable approach
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Planck + SPT ) 534, o2, 120 2022
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Planck + SPT ) 534, o2, 120 2022
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Salvati, Saro + SPT collab.

Planck + SPT

Released Catalogs

ApdJ 934, no.2, 129 (2022)

https://pole.uchicago.edu/public/data/sptplanck cluster/

1015 -

Msgo [Moh~1]

101-‘ e

0.0 0.2 04 0.6 0.8 10
Z

Cluster masses Msgo

e marginalising over cosmological and
scaling relation parameters
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Msoo [Moh™1]

1015 -

1014 .

12 O SPT-SZ, 2500 deg2 o SPT-ECS
SPTpol, 100 deg2 e Planck

0.00 025 050 0.75 1.00 1.25 1.50 1.75 2.00
4

Cluster masses Msqo
e fixed values of cosmological and
scaling relation parameters
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Planck + SPT ) 534, o2, 120 2022

(1—b)y = Mgy bias(M,z) ||bias(noise) | bias(M,z,noise)
Ms00
b A ( M5oo)” ( 142 )% (Jf(e)yn Amp| 0.6913% I 0.60199 | 0.69+9:94
- M — mp . —
M. L+ 2 o5 (0) ya | —0.40+9:04 - =04 0
4 4 hd g
' , , v, 10.74 £ 0.13 - 0.81 +0.13
4 g o - T vapes | e
Increasing trend for Increasing trend for
high-z and low-M high-z and low-M
Planck noise map, theta = 0.9418114 [arcmin]

v
Mass estimation in patches with

higher noise are more biased
/ (possibly due to a loss in tSZ signal)

Systematic related to
cluster detection

497975e-05 0.000195907
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The SPT-3G SZ Catalog

- First catalog being produced from

2019-2020 data
- Preliminary cluster run has produced a . el > P
catalog with 2457 cluster candidates at xi: p ' .
(>99% purity) o 48 e, . v SPT-SZ/SPTpol ECS
-~ FE BT Vo o e SPT-3G
- 5891 candidates at 3.85 < xi < 130.2() <’ : '
<t
- Candidates screened through DES, = F
promising targets flagged for additional :: o0
followup. A total of 12 nights of NIR follow 2% Y, PR :
with Magellan/FourStar of SPTpol 500d/ "'-':Pr'élimin arv!
SPT-3G cluster candidates has resulted in e bk
124 SPT-3G cluster candidates with NIR ks W
imaging [2 more nights coming this July!], 102 = s
analysis of these systems is ongoing 000 025 050 o7 100 i35 is0 1w 9

Redshift

SPT-CL J2344-4243
(Phoenix Cluster,

- z=0.6 in SPT-3G . .
| Slide from Lindsey Bleem

mmbUniverse conference
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Salvati+

Forecasts: impact of HMFE

Scaling Relations

Experiments

® Euclid-like

survey area: 15000 deg2
z=1[0.1,1.9]

® LSST-like

survey area: 18000 deg2
z =[0.1,1.4]

® WFIRST-like

survey area: 2400 deg?2
z =[0.1,2.0]

Ascaso et al. 2017
Gehrels et al. 2015

Selection Function Sartoris et al. 2016

1015

Euclid-like
LSST-like
WFIRST-like

M2oo [h-1 Mo]

N(M38,)

1013
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A&A 643, A20 (2020)

In M9> — In Mypias — In M
z(Msgp) = ——200 ==t A0

2
\/201n M200

In Mpias(2) =—I—@ln(1 + 2)
o2 1, (2) =— 1+ (14 2)%)

Mass Function

® Tinker et al. 2008 (T08)

® Despali et al. 2016 (D16)
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Forecasts: impact of HMFE

Salvati+
A&A 643, A20 (2020)

Impact of survey area and SR accuracy

0.0045 — 0.009
Euclid-like
0.0040 1 . 0.008 -
LSST-like
0.0035 - . 0.007
WFIRST-like
0.0030 1 0.006 -
£ 0.0025 1 « 0.005 1
c e}
© 0.0020- O 0041
0.0015 - 0.003 -
0.0010 1 0.002 -
0.0005 ” 0.001 ||‘
0.0000 . 0.000 | .
0 1 5 10 0 1 5 10

% error on Scaling Relation parameters % error on Scaling Relation parameters

Increasing accuracy on cosmological parameters

e Larger survey area: larger cluster sample
e More accurate calibration for SR

Planck results:
05 = 0.03, 0 = 0.03

Impact of Mass Function
NON NEGLIGIBLE!
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Forecasts: impact of HME ABA 643, A20 (2020)

B Euclid-like, 5% SR, TO8
B Euclid-like, 5% SR, D16
I Euclid-like, 5% SR, T08, B free
I Euclid-like, 5% SR, D16, 8 free

Evidence for different z-evolution for TO8 and
D16

D16 vs TO8

e Consistent in the intermediate mass range
D16 predicts more clusters at high z

e Compensating for different z-evolution
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Forecasts: impact of HMF  seaeus, a2 pozo

B Euclid-like, 5% SR, T08

LCDM
Evidence for different z-evolution for TO8 and
D1 6 [ Euclid-like, 5% SR, D16
B Euclid-like, 5% SR, T08, B free
I Euclid-like, 5% SR, D16, 8 free
D16 vs TO8
e Consistent in the intermediate mass range
D16 predicts more clusters at high z - = -
e Compensating for different z-evolution '
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Conclusions

* Planck cluster cosmology affected by modelling of

* Mass calibration

e Selection function (?)
* tSZ power spectrum

* Independent information but low constraining power
e Upcoming/future results

* What will be main systematics?

e Calibration of HMF?

* Impact of other SZ effects (relativistic SZ, kinetic SZ) on SZ detection?
(from Jean-Baptiste talk)
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