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Planck and SPT cluster catalogs
A combined analysis

Laura Salvati




Cluster Cosmology
* Impact of cluster mass calibration
 Combine cluster catalogs:
* Planck and SPT
e Step I: independent calibration of Planck scaling relations
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Cluster Cosmology

N Planck (tSZ-mm), Ade et al. 2016 SPT (tSZ-mm), Bocquet et al. 2019 DES (optical), Abbott et al. 2020
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Planck + SPT

. Salvati et al.,
ApdJ 934, no.2, 129 (2022)
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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]

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

INTERNAL Mass calibration
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

. Salvati et al.,
ApJ 934, no.2, 129 (2022)
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Paper |. Combining Planck and SPT Cluster Catalogs:
Cosmological Analysis and Impact on the Planck Scaling Relation Calibration

- Independent calibration of Planck scaling relations, exploiting cosmological constraining power of SPT-SZ

- First combined cosmological analysis of Planck and SPT-SZ cluster catalogs

sample
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tSZ clusters: Planck

‘ Mass calibration ‘

Cluster number counts:

NC(z,obs) = Mass Function X Scaling Relations X Selection Function

e Self-similarity: gravity is the only acting force - /3
e Spherical symmetry — YSZD?4 X Mto/t E(z)2/3
e Hydrostatic equilibrium

Planck Scaling Relations Planck cosmological cluster sample:
-~ 439 clusters
D2 (Z) Y500 h | “ (1 — b) M500 *
EP A =Y, | —
(2) [10—4 Mpc? 0.7 6-104M, _ 20 clusters
. 10}
‘ Qa, Y. | ——— from X-ray observations :

_‘ (1 —b) ‘ — from WL mass evaluations

M500 [1 014 M@]

‘ p=2/3 ‘ — from self-similarity

Planck Collaboration, A&A 594 (2016) A24

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

® Common PSZ1-PSZ2 |4
® New detections PSZ2 |

i 0.2 0.4 0.6 0.8 1.0
M 500 Redshift
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tSZ clusters: Planck

‘ Mass calibration ‘

Cluster number counts:

NC(z,obs) = Mass Function X Scaling Relations X Selection Function

e Self-similarity: gravity is the only acting force - /3
e Spherical symmetry — YSZD?4 X Mto/t E(z)2/3
e Hydrostatic equilibrium

Planck Scaling Relations

5, [D%(2) Ys00 h 172 (1= b) Msgo1® New scaling relation calibration
10—4 Mpc 0.7 6- 1014 Mg Gaspard Aymerich
‘ Qa, Y. | ——— 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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Cosmology and mass calibration

Planck Collaboration, A&A 594 (2016) A24

tension between CMB
primary anisotropies
and Galaxy Clusters:
~ 2.4 0 on oy
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Hoekstra et al., MNRAS 449 (2015) no.1, 685

* Tight correlation between
cosmological and scaling
relation parameters

* Mass calibration: largest
source of uncertainty in
current cluster cosmology
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Cosmology and mass calibration

Planck Collaboration, A&A 594 (2016) A24

tension between CMB
primary anisotropies
and Galaxy Clusters:
~ 2.4 0 on oy

Characterisation of the mass bias
Théo Lebeau
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Eckert et al, A&A 621, A40 (2019)
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Qp/Qum from Planck/XMM ESZ fyas, 500

Wicker et al., A&A 674 (2023), A48

Planck CMB
} | + BM,2)
0.225 +  B=0.62

o
o
<
o

0.050

2 4 6 8 10 12 14 16
Mot [X1014M 4 ]

Gas fraction and mass bias
Raphael Wicker
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Tension or mass calibration

Planck Collaboration, A&A 596, A107 (2016) CMB + NCtSZ
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Planck + SPT ) 534, o2, 120 2022
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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
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Planck + SPT ) 534, o2, 120 2022
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Cosmology and

mass calibration
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Planck + SPT ) 534, o2, 120 2022

Released Catalogs
https://pole.uchicago.edu/public/data/sptplanck cluster/
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Salvati, Saro + SPT collab.

Mass bias

(1=0b)p = ]\]\j:OZO bias(M,z) |bias(noise)||bias(M,z,noise)
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ApdJ 934, no.2, 129 (2022)
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Mass bias

Salvati, Saro + SPT collab.

M, 1+ 2z, o (6
4 ) d ) d ) g
? hd g
\

Characterisation of the selection function
Stefano Gallo

ApdJ 934, no.2, 129 (2022)
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Conclusions

Cluster cosmology in the high-precision and accuracy domain
e Mass calibration: open issue in current cluster cosmology
e Use of external calibrations: necessary starting point
e Need for improvement
e Larger samples for the calibration
e Combination with other observations

* Need to improve our understanding of cluster physics before talking
about tensions!

Combining cluster catalogs: unique way to

e Get different/independent informations on cluster physics — | Planck + SPT full combination
e Test our modelling on large (M,z) range — | Amazing results!!!
e Provide a coherent description of latest evolution of the Universe

Laura Salvati
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Salvati+

Tension or Mass calibration? asa sia ois a3

Planck Collaboration, A&A 596, A107 (2016)
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Salvati+

Mass bias: M-z evolution ASA 626, A27 (2019)
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Planck vs SPT

Different approach for Scaling Relation calibration

Planck: “external”

SPT: “internal”

SPT. Bocquet et al., APJ 878 (2019) no.1, 55

Planck 2015. A&A 594, A24 (2016)
D7 (2)Y500 h 1771 = b) Msy | Ine) — M50 h7o
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From X-ray observations: + By, ln( hig ]
. X
a, Y, Subsamples of 20 and 71 clusters 3 1014M@keV
+ Cy, InE(2)
Msz _ (1 . b) From Weak Lensing measurements:
Ms00 20 X-ray selected massive clusters (InMwi) = Inbwr + In Msgq.

5 From the assumption of self-similarity
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— Weak Lensing measurements of 32 clusters

— X-ray measurements of 89 clusters




Planck vs SPT

Different approach for Scaling Relation calibration

Planck: “external”

Planck 2015. A&A 594, A24 (2016)

SPT: “internal”

SPT. Bocquet et al., APJ 878 (2019) no.1, 55
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Salvati, Saro + SPT collab.
Planck + SPT ApJ 934, no.2, 129 (2022)
Combine Planck and SPT-SZ cluster likelihood

Pre-processing of Planck map

e Starting from original Planck sky
e 417 patches, after applying galactic mask

e Removing 16 sky patches completely overlapping -
with SPT sky

e Reducing sky fraction of 35 patches partly
overlapping with SPT sky

Pre-processing of Planck cluster catalog

10% 4

e Removing 27 Planck clusters overlapping with
SPT catalog + 2 clusters in removed patches

s',
=
Planck vSPLIT cluster counts likelihood o
(]
¢ 7<= 025 ° .. ® Planck FULL cosmo cat
« Planck FULL t, z<=0,25
* 271 clusters, 417 patches 0  Planck REST cosmo cat, 25035
e 7>0.25
e 139 clusters, 401 patches “1.

In %ror = In Zpr + In %P1 + In %po
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Cosmology and mass calibration
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Cosmology and mass calibration
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Mass evaluation

Through Monte-Carlo extraction

1015 .
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