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Outline

Part 1: Cluster cosmology

● galaxy cluster counts
○ CMB perspective
○ Optical perspective
○ X-ray perspective

● H0 from galaxy clusters

Part 2: Cluster astrophysics

● Virialization mechanism
● Splashback radius
● Shock feature
● Baryon pasting



Part 1:  Cluster Cosmology



Cosmology with cluster number counts

Also: σ8, ΩM, neutrino mass, ...



Cosmology with cluster number counts

● Cluster sample selection
○ SZ
○ Optical 
○ X-ray

● Mass calibration
○ Optical weak lensing
○ SZ
○ X-ray 
○ CMB lensing



SZ perspective



SZ custers: current status (SPT, Sebastian Bocquet's talk)



SZ custers: current status (SPT, Sebastian Bocquet's talk)

(Forecast)



SZ custers: current status (SPT, Sebastian Bocquet's talk)



SZ cluster forecast: Raghunathan et al. (2107.10250)



S4 Wide: 14,000 clusters
(10% are z > 2)
CMB lensing mass calibration

Marginalize over virilization 
models (thermal vs. 
non-thermal components)

SZ cluster forecast: Raghunathan et al. (2107.10250)



LSST + Simons Observatory
Cluster counts, cluster lensing, cosmic 
shear
Marginalized over Y-M relation
Using full C_ell give tighter constraint

SZ cluster forecast: Nicola et al. (2021)



CMB-S4+LSST+eROSITA forecast (Daisuke Nagai's talk) 

Shirasaki, Lau & Nagai 
(2020)
Marginalize over ICM 
parameters



SZ clusters + optical galaxy + lensing (To et al. in prep)

Cluster counts and 
6x2pt (cluster x galaxy x shear)
Full MCMC forecast



Optical perspective



Current status of DES (Tesla Jeltema's talk)



Current status of DES (Tesla Jeltema's talk)

DES Y1
Cluster counts and lensing 

Very low ΩM caused by 
unexpected low lensing signal 
for low-richness clusters



DES counts + SPT mass-observable relation 
(Costanzi et al. 2020)

 



DES cluster counts + cluster x galaxy x shear (large-scale)
To et al. (2021)



Synergy with SZ & X-ray (Tesla Jeltema's talk)



DES-SPT cluster cross validation 

Grandis et al. (2101.04984)
joint-modeling for SZ 
scatter, optical scatter, 
correlation, and contaminant 
fraction



Need X-ray and SZ for group-size clusters!

eRosita results from Chiu+21
Also see Vittorio Ghirardini's 
talk



Raghunathan et al. (2021)

Need X-ray and SZ for group-size clusters!



X-ray perspective



eRosita status (Vittorio Ghirardini's talk)



eRosita mass calibration (Vittorio Ghirardini's talk)

eRosita results from Chiu+21



H0 from combining SZ and X-ray (Vittorio Ghirardini's talk) 

Sx / ΔTCMB  ~ DA

Bonamente 06

Kozmanyan 2019



H0 from cluster edge
Velocity dispersion profile => physical cluster size.   Forecast for DESI

Wagoner et al. (2010.11324), Aung in prep



Part 2: Galaxy cluster astrophysics



Virialization mechanism (Han Aung's talk)

Non-thermal pressure caused by accretion and AGN feedback



Constraining the virialization mechanism for high-z clusters

v = 1- Ynth/Ytot  (thermal vs. nonthermal)

Srini Raghunathan's talk



Splashback radius (Susmita Adhikari's talk)

  



Splashback radius: mystery solved with SZ selection

Optical clusters: splashback 
radius smaller than 
simulations

SZ clusters: splashback 
consistent with simulations

Shin et al. (1811.06081) & 
Susmita Adhikari's talk



Probing cluster edge with CMB-S4 (Eric Baxter's talk)



Shock should be detectable in stacked CMB-S4 profiles

(Eric Baxter's talk)



Baryon Pasting (Daisuke Nagai, Erwin Lau, Han Aung)



Multi-wavelength maps (Daisuke Nagai's talk)



Modeling the scatter due to gas shape/formation history

Erwin Lau and Han Aung's talk



Modeling the scatter due to non-thermal pressure 

Erwin Lau and Han Aung's talk



Summary
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