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Cosmology with galaxy clusters

Impact of mass calibration


Combine observation from different experiments

Planck + SPT

Step 1: 


independent calibration of Planck cluster masses

cosmological analysis



Introduction
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• Largest gravitationally bound structures in the Universe

• Peaks in the cosmic web 

• Multi-component systems:


• Observables at different wavelengths

Galaxy Clusters

Dependence on cosmological parameters:
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Credit: Hirschmann et al. 2014

Credit: E. Siegel
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Cluster cosmology

Laura Salvati CMB France, Nov. 2022

Constraints on cosmological parameters:

precise characterisation of the building blocks

Cosmology/theory 
Theoretical NC(z,M)

Observations 
Survey and detection strategy

Astrophysics 
Survey observable - cluster mass

mm-wavelengths

Hot gas

Xray-wavelengths

Hot gas

Optical wavelengths

Galaxies
COMA cluster

Multi-wavelengths analysis:

Unique way to calibrate cluster mass

Cluster cosmology: mass and redshift of clusters

Selection FunctionMass Function x xScaling RelationsNC(z,obs) =
Cluster number counts:
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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

• PSZSPT catalogue (Melin et al. 
2021)


• Planck+SPT cluster cosmological 
analysis (Salvati et al. 2022)


• Not mentioning: Combinations at the 
map level
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tSZ clusters: Planck
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Selection FunctionMass Function x xScaling RelationsNC(z,obs) =
Cluster number counts:

<latexit sha1_base64="LPBPhEi4IFDN/mQ9QPlWAIsJpnw="></latexit>
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• Self-similarity: gravity is the only acting force

• Spherical symmetry

• Hydrostatic equilibrium
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from X-ray observations

from WL mass evaluations

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

Planck Scaling Relations

20 clusters71 clusters

Planck cosmological cluster sample:  
439 clusters

Planck Collaboration, A&A 594 (2016) A24

<latexit sha1_base64="5i+EXd7R+XOkYTS4kVGUFSgIsqA=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaDEwrArvhohaGMjRDQPzIYwO5lNhsw+mLkrhmX/wMZfsbFQxNbWzr9xkmyhiQcunDnnXube44SCKzDNbyMzMzs3v5BdzC0tr6yu5dc3aiqIJGVVGohANhyimOA+qwIHwRqhZMRzBKs7/YuhX79nUvHAv4VByFoe6frc5ZSAltr53aK17+zhM2x3XElofNWObWAPEN/cJUkyfB6ZZpK08wWzZI6Ap4mVkgJKUWnnv+xOQCOP+UAFUappmSG0YiKBU8GSnB0pFhLaJ13W1NQnHlOteHRPgne00sFuIHX5gEfq74mYeEoNPEd3egR6atIbiv95zQjc01bM/TAC5tPxR24kMAR4GA7ucMkoiIEmhEqud8W0R3QuoCPM6RCsyZOnSe2gZB2XrOvDQvk8jSOLttA2KiILnaAyukQVVEUUPaJn9IrejCfjxXg3PsatGSOd2UR/YHz+AF5pm6o=</latexit>

(1� b) =
MSZ

M500

Mass calibration

6 17



Cosmology and mass calibration
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• Tight correlation between 
cosmological and scaling 
relation parameters 

• Mass calibration: largest 
source of uncertainty in 
current cluster cosmology 

(1-
b)
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tension between CMB 
primary anisotropies 
and Galaxy Clusters:

Planck Collaboration, A&A 594 (2016) A24

CMB+NCtSZ : (1� b) = 0.58± 0.04

CCCP: (1� b) = 0.780± 0.092
Hoekstra et al., MNRAS 449 (2015) no.1,  685
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Tension or mass calibration?

Laura Salvati CMB France, Nov. 2022

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)

zmin = 0.2

<latexit sha1_base64="teMkmgNymV01j1KGsayy0X1j43k=">AAAB+3icbVBNS8NAEN34WetXrEcvi0WoB0sioj0WvHisYD+gDWGz3bZLN5uwOyktIX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC2LBNTjOt7WxubW9s1vYK+4fHB4d2yello4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gfD/32xOmNI/kE8xi5oVkKPmAUwJG8u1Sxb0KLv20B2wK6YSoLPPtslN1FsDrxM1JGeVo+PZXrx/RJGQSqCBad10nBi8lCjgVLCv2Es1iQsdkyLqGShIy7aWL2zN8YZQ+HkTKlAS8UH9PpCTUehYGpjMkMNKr3lz8z+smMKh5KZdxAkzS5aJBIjBEeB4E7nPFKIiZIYQqbm7FdEQUoWDiKpoQ3NWX10nruureVt3Hm3K9lsdRQGfoHFWQi+5QHT2gBmoiiqboGb2iNyuzXqx362PZumHlM6foD6zPH5eglCU=</latexit> (1
�
b)

v
a
r

<latexit sha1_base64="ZxFi3suhVhLqsPzHD4ljDpEAX2E=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDEIVmHXQtMZsLFMwFwgWcLs5GwyZnZ2mZkV4pLSysZCEVufIpUPYecz+BJOLoUm/jDw8f/nMOccP+ZMacf5spaWV1bX1jMb2c2t7Z3d3N5+TUWJpFilEY9kwycKORNY1UxzbMQSSehzrPv9q3Fev0OpWCRu9CBGLyRdwQJGiTZW5b6dyzsFZyJ7EdwZ5C8/RpXvh6NRuZ37bHUimoQoNOVEqabrxNpLidSMchxmW4nCmNA+6WLToCAhKi+dDDq0T4zTsYNImie0PXF/d6QkVGoQ+qYyJLqn5rOx+V/WTHRQ9FIm4kSjoNOPgoTbOrLHW9sdJpFqPjBAqGRmVpv2iCRUm9tkzRHc+ZUXoXZWcM8LbsXNl4owVQYO4RhOwYULKME1lKEKFBAe4RlerFvryXq13qalS9as5wD+yHr/Aa/PkUM=</latexit>z

Selection effects: 
results change for different 
cluster samples
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Planck+SPT
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• 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

Mass calibration might be affected by selection choices

• Multi-wavelengths observations for the full cluster sample

• Independent constraints on mass calibration parameters

Combine Planck and SPT cluster catalogs
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z

q
M

s
z

Combine Planck and SPT-SZ cluster likelihood

Pre-processing of Planck map

• Starting from original Planck sky

• 417 patches, after applying galactic mask

• Removing 16 sky patches completely overlapping 

with SPT sky

• Reducing sky fraction of 35 patches partly 

overlapping with SPT sky

Pre-processing of Planck cluster catalog

• Removing 27 Planck clusters overlapping with 

SPT catalog + 2 clusters in removed patches

Planck vSPLIT cluster counts likelihood

• z <= 0.25


• 271 clusters, 417 patches

• z > 0.25


• 139 clusters, 401 patches

Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) Planck+SPT
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Laura Salvati CMB France, Nov. 2022

Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) Planck+SPT
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          lower than self-similar value:

lower value of 

• tilt in the HMF (accounting for less 

objects at lowM)

• accomodate for this tilt (balancing 

highM - lowM)
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Salvati, Saro + SPT collab.  
ApJ 934, no.2, 129 (2022) Planck+SPT
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Cosmology and mass calibration
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Mass catalogues
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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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Mass bias

Laura Salvati CMB France, Nov. 2022

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

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
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Upcoming SPT cluster results
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S. Raghunathan,  2022 ApJ 928 16

credits: Lindsey Bleem credits: Sebastian Bocquetcredits: Prakut Chaubal

• SPT-SZ + SPTpol + DES-Y3 coming up!

• Future: SPT-3G cluster analysis
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Conclusions and Future developments

Laura Salvati CMB France, Nov. 202217 17

Mass calibration: open issue in current cluster cosmology

• Use of external calibrations: necessary starting point

• Need for improvement


• Larger samples for the calibration

• Combination with other observations


• NEED TO IMPROVE OUR UNDERSTANDING OF CLUSTER PHYSICS 
BEFORE TALKING ABOUT TENSIONS!!!

• Independent calibration of Planck cluster masses

• Next step:


• Implement same “internal calibration” for Planck cluster analysis

• Ultimate goal: Full coherent analysis


• Large cluster catalog (z<1.7)

• Characterise impact of astrophysics on cosmological evolution of clusters

Planck+SPT combination


