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Galaxy clusters as a cosmological probe
* Observations in mm wavelengths

in collaboration with M. Douspis and

* New analysis of Planck clusters _ IN. Aghanim
* Impact of Mass calibration AS&A 614, A13 (2018)
* First combined analysis of Planck and SPT clusters A&A 626, A27 (2019)
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Introduction

Galaxy Clusters

Credit: E. Siegel 10* seconds 1 second 100 seconds 380 000 years 300-500 million years Billions of years 13.8 billion years

/;
v/
'y

/ ‘l
‘i;;’_/

Beginning % X '
of the \
Universe T
\ | L\ 2
\ 4~
Inflation Formation of Light and matter Light and matter  Dark ages First stars Galaxy evolution The present Universe
light and matter are coupled separate

e |[argest gravitationally bound structures in the Universe
* Peaks in the cosmic web
e Multi-component systems:

e Observables at different wavelengths
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Cluster cosmology

‘ Cluster cosmology: mass and redshift of clusters ‘

|

Scaling Relations: Mass calibration

Astrophysics
Survey observable - cluster mass

Multi-wavelengths analysis:
Unique way to calibrate cluster mass

|

Clusters observed in mm wavelengths:
thermal Sunyaev-Zeldovich (tSZ) effect

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

tSZ clusters: Planck A& A504)(2016)/A%A
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Tension or Mass calibration?

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

Mass calibration might be affected by selection choices
e Multi-wavelengths observations for the full cluster sample
* Independent constraints on mass calibration parameters

|

Combine Planck and SPT cluster catalogs

Planck 2015. A&A 594, A24 (2016) SPT. Bleem at al., APJ Suppl. 216 (2015) no.2, 27
Planck Planck 2015. A&A 594, A27 (2016) SPT-SZ SPT. Bocquet et al., APJ 878 (2019) no.1, 55
* 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 * Frequencies: 95, 150 GHz
GHz (HFI instrument) e Resolution: ~ 1’

e Resolution: [5°,10’]
e Cosmological catalog

e Cosmological Catalog e 365 clusters
e 439 clusters e z=[0.25,1.7]
e z=[0,1]

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

e 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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0.88

Planck+SPT

Salvati, Saro + SPT collab.
arXiv:2112.03606 [astro-ph.CO]
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Msgo [Moh~1]

Planck+SPT

Released Catalogs

Salvati, Saro + SPT collab.

arXiv:2112.03606 [astro-ph.CO]

https://pole.uchicago.edu/public/data/sptplanck cluster/
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Salvati, Saro + SPT collab.
arXiv:2112.03606 [astro-ph.CO]

Planck+SPT

Mass bias
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Conclusions and future prospectives

See talk from Federica Guidi for SPT-3G results

Combine tSZ cluster catalogs
* |Independent mass calibration

Next steps
e Build a consistent Planck-SPT likelihood

- : : : credits: Sebastian Bocquet
e Exploiting internal calibration

SPT-SZ (Bocquet+19)
SPT (SZ+pol) + DES Y3 (projection)
Planck TTTEEE_lowl_lowE (2018)

0.9 -

* SPT-SZ + SPTpol + DES-Y3 coming up! > s
. o)
e Future: SPT-3G cluster analysis
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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 et al, A&A 614 (2018) A13
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Mass bias and Gas fraction
Elckert et al, A&A 621, A40 (2019)
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Mass bias: M-z evolution ASA 626, A27 (2019)
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Salvati, Saro + SPT collab.

Ana Iys IS arXiv:2112.03606 [astro-ph.CO]
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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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)
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Msz _ (1 . b) From Weak Lensing measurements:
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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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Cosmology and mass calibration
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Cosmology and mass calibration
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Mass evaluation

Through Monte-Carlo extraction
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P(Ms00|q) o<| P(q|Ms00)

- P(M500)

|—> related to Mass Function

MSOO [Moh_ll

\4

Plq|qm(Ms00,2,1,b)]

6_(q—qm)2/2 e In? (Qm/‘jm)/2al2nY
:/dlnqm
l \/ 21 \/27TU]nY

link between theoretical signal-to-noise gm to the
observed one, assuming pure Gaussian noise

101‘ .

0.0 0.2 0.4 0.6 0.8 10

intrinsic scatter of the
mass-observable relation

D% (2)Y500 h 72 (1= b) Msgo |
v ¥, > EB A =Y. | —
7 500 (Z)[10—4 Mpc2] [o.7] 6 x 1014 M@]
ot(0500,1,b)
\ 5 _, i -2/3 (1 = b) Mg 1/3 E_2/3(Z) DA(2) -1
007707 3% 104 M, 500 Mpc |

Laura Salvati



