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Laura Salvati

tSZ cluster cosmology
Planck, SPT and beyond …

In collaboration with: Marian Douspis, Nabila Aghanim, Adelie Gorce, Alex Saro, 
Raphael Wicker, Gaspard Aymerich, Stefano Gallo, Gabriel Pratt and many others …

Dissecting Cluster Cosmology:  
toward a roadmap for forthcoming cluster surveys
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Slide from Jean-Baptiste 
On monday

• Planck tSZ observations

• Still room for improvement

• tSZ power spectrum

• Combination with other experiments


• Planck + SPT


• Impact of HMF calibration



Planck cluster cosmology
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(1 − b)
β = 2/3

from X-ray observations

from WL mass evaluations

from self-similarity
Planck Collaboration, A&A 594 (2016) A24

Scaling Relations

20 clusters

71 clusters

Cosmological cluster sample: 439 clusters

Planck Collaboration, A&A 594 (2016) A24
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Zubeldia & Challinor,  MNRAS 489, 401–419 (2019) 

CMB+NCtSZ : (1� b) = 0.58± 0.04

CCCP: (1� b) = 0.780± 0.092
Hoekstra et al., MNRAS 449 (2015) no.1,  685 ' 2.4� on �8

tension between CMB 
primary anisotropies 
and Galaxy Clusters:
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Mass bias
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too low!(1� b) ' 0.6

Eckert et al, A&A 621, A40 (2019)

Gas fraction

see also results in  
Gianfagna et al, MNRAS 502 (2021) no.4, 5115-5133

Salvati et al, A&A 614 (2018) A13

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



Tension or mass calibration?
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Planck Collaboration, A&A 596, A107 (2016)

�8

CMB and NCtSZ:  
agreement at          on  1.5�

CMB + NCtSZ

(1� b) = 0.65± 0.04 LCDM

(1� b) = 0.67± 0.04 Neutrinos

(1� b) = 0.63± 0.04 DE

(1� b) = 0.58± 0.04 P15

(1� b) = 0.62± 0.03 P18

Salvati et al., A&A  614, A13 (2018)
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Mass bias: (M,z) dependence
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CCCP
WtG

WtG (22 clusters) and CCCP (18 clusters)

mass dependence: decreasing trend
CoMaLit analysis

redshift dependence: decreasing trend

(135 clusters)

Sereno&Ettori, MNRAS 468 (2017) no.3,  3322

Eckert et al, A&A 621, A40 (2019)X-COP analysis

mass dependence: decreasing trend

(12 clusters)

Results from other analyses

zmin = 0.2
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New scaling relation calibration
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Aymerich et al., in prep.

Santos et al., ApJ 914 (2021) 1, 58

PRELIMINARY

146 cluster from ESZ
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Aymerich et al., in prep.

Santos et al., ApJ 914 (2021) 1, 58

PRELIMINARY
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Gallo et al., in prep.

Modelling of Selection function

Slide from Stefano Gallo 
mmUniverse conference



Modelling of Selection function
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Gallo et al., in prep.

PRELIMINARY



tSZ power spectrum
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Planck Collaboration, A&A 594, A22 (2016)

MILCA

Hurier et al., A&A 558, A118 (2013) 

Total diffuse signal

LCDM
CLtSZ+NCtSZ 
CMB 
CMB+CLtSZ+NCtSZ

CLtSZ 
NCtSZ
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Varying total neutrino mass

Salvati+  
A&A  614 (2018) A13
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MILCA

Hurier et al., A&A 558, A118 (2013) 

Total diffuse signal
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⌦m

Varying total neutrino mass

Salvati+  
A&A  614 (2018) A13
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Slide from Marian Douspis 
mmUniverse conference
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tSZ power spectrum

Slide from Marian Douspis 
mmUniverse conference

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

From halo model:



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

SPT+DES, Costanzi et al. 2021
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Paper I. 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

Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) 
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Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) 

• Survey characteristics: 

• 65% of the sky (~26815 deg2)

• Frequencies: 100, 143, 217, 353, 545, and 857 

GHz (HFI instrument)

• Resolution: [5’,10’]


• Cosmological Catalog

• 439 clusters

• z = [0,1]


• Cluster extraction: Matched Multi-filters approach

• Arnaud profile


• EXTERNAL Mass calibration

• X-ray and WL observations

Planck 2015. A&A 594, A24 (2016) 
Planck 2015. A&A 594, A27 (2016)Planck

• Survey characteristics: 

• 2500 deg2 area

• Frequencies: 95, 150 GHz

• Resolution: ~ 1’


• Cosmological catalog

• 365 clusters

• z = [0.25,1.7]


• Cluster extraction: Matched Multi-filters approach

• Beta profile


• INTERNAL Mass calibration

• X-ray and WL observations

• empirical, multi-observable approach

SPT. Bleem at al., APJ Suppl. 216 (2015) no.2, 27 
SPT. Bocquet et al., APJ 878 (2019) no.1, 55SPT-SZ
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Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) 
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lower value of 

• tilt in the HMF (accounting for less 

objects at lowM)

• accomodate for this tilt (balancing 

highM - lowM)

<latexit sha1_base64="KtJE1Sp4OEBtQQcYvdyC+As+Qgg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF29WsB/QhrLZTtqlu0nc3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfjm5nffkKleRw9mEmCvqTDiIecUWOlTu9O4pD2Zb9ccavuHGSVeDmpQI5Gv/zVG8QslRgZJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lEZWo/Wx+75ScWWVAwljZigyZq78nMiq1nsjAdkpqRnrZm4n/ed3UhNd+xqMkNRixxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLIheMsvr5LWRdW7rHr3tUq9lsdRhBM4hXPw4ArqcAsNaAIDAc/wCm/Oo/PivDsfi9aCk88cwx84nz/g+Y/T</latexit>

⌦m

Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) 
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Cluster masses M500

• marginalising over cosmological and 

scaling relation parameters

Cluster masses M500

• fixed values of cosmological and 

scaling relation parameters

Released Catalogs 
https://pole.uchicago.edu/public/data/sptplanck_cluster/

Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) 
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Increasing trend for 
high-z and low-M

Mass estimation in patches with 
higher noise are more biased 
(possibly due to a loss in tSZ signal)

Increasing trend for 
high-z and low-M

Systematic related to 
cluster detection

<latexit sha1_base64="W8JQWVMoDv8e64/K1vknVDkBORE=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GIhWFX4qMRAjY2gYjmgUlYZiezyZDZBzN3xbDsL9j4KzYWitja2fk3Th6FJh64cOace5l7jxsJrsCyvo3MwuLS8kp2Nbe2vrG5ZW7v1FUYS8pqNBShbLpEMcEDVgMOgjUjyYjvCtZwB5cjv3HPpOJhcAvDiHV80gu4xykBLTlmoWAfuYdOBV/gdteThCYVJ2kDe4Dk5i5N09HzxLLS1DHzVtEaA88Te0ryaIqqY361uyGNfRYAFUSplm1F0EmIBE4FS3PtWLGI0AHpsZamAfGZ6iTji1J8oJUu9kKpKwA8Vn9PJMRXaui7utMn0Fez3kj8z2vF4J13Eh5EMbCATj7yYoEhxKN4cJdLRkEMNSFUcr0rpn2icwEdYk6HYM+ePE/qx0X7tGhfl/Ll0jSOLNpD+6iAbHSGyugKVVENUfSIntErejOejBfj3fiYtGaM6cwu+gPj8wfCO5xc</latexit>

(1� b)M =
MSZ

M500
<latexit sha1_base64="Uko+lqwwX9AlYxTDUcrLk1xYJEY="></latexit>

(1� b)M = Amp ·
✓
M500

M⇤

◆�M

·
✓

1 + z

1 + z⇤

◆�z

·
✓
�f (✓)
¯�f (✓)

◆�n

Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) 
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Slide from Lindsey Bleem 
mmUniverse conference
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Tinker et al. 2008 (T08)
Despali et al. 2016 (D16)

Mass Function

Scaling Relations

Ascaso et al.  2017  
Gehrels et al. 2015 
Sartoris et al. 2016

Euclid-like 
survey area: 15000 deg2

z = [0.1,1.9]

LSST-like 
survey area: 18000 deg2

z = [0.1,1.4]

WFIRST-like 
survey area: 2400 deg2

z = [0.1,2.0]

Experiments

Euclid-like 
LSST-like 

WFIRST-like

z

M
20

0 [
h-

1  M
o]

Euclid-like 
LSST-like 
WFIRST-like

Selection Function

Salvati+  
A&A 643, A20 (2020)
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Impact of survey area and SR accuracy

Euclid-like 
LSST-like 
WFIRST-like

��8 = 0.03, �⌦m = 0.03
Planck results:

• Larger survey area: larger cluster sample

• More accurate calibration for SR

Increasing accuracy on cosmological parameters

Impact of Mass Function

D16
T08Planck

NON NEGLIGIBLE!

Salvati+  
A&A 643, A20 (2020)Forecasts: impact of HMF
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Evidence for different z-evolution for T08 and 
D16

D16 vs T08 
• Consistent in the intermediate mass range

• D16 predicts more clusters at high z

• Compensating for different z-evolution
�D16 < �T08

z-evolution of the scatter

LCDM

Salvati+  
A&A 643, A20 (2020)Forecasts: impact of HMF
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Evidence for different z-evolution for T08 and 
D16

D16 vs T08 
• Consistent in the intermediate mass range

• D16 predicts more clusters at high z

• Compensating for different z-evolution
�D16 < �T08

z-evolution of the scatter

LCDM

DE: w0, wa

⇠ 8� discrepancy

Salvati+  
A&A 643, A20 (2020)Forecasts: impact of HMF
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Conclusions

• Planck cluster cosmology affected by modelling of

• Mass calibration

• Selection function (?)


• tSZ power spectrum

• Independent information but low constraining power


• Upcoming/future results

• What will be main systematics?

• Calibration of HMF?


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


