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Something

• to be done – noch zu erledigen

• to be defined – noch zu definieren

• to be decided – noch zu entscheiden

• to be discussed – noch zu diskutieren

• to be determined – noch zu bestimmen



Tremendous Boxes Deciphered

From Cluster Physics to Cosmology
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Simulation Summary (I)



Simulation Summary (II)
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2.5 Mpc

Rvir

BHs

Galaxies

Hirschmann et al. 2014

900 Mpc

• Growth of halos

• Physics in the core

• Connecting AGN

Large Simulations: Connecting Scales



ClusterGroupsmassive GalaxiesGalaxies

The Hot Gas reservoir of Halos ...



... and the shape of radial profiles !

Cummulative Differencial

Illustris TNG

Magneticum

Observations

Hinz, BA



Presssure profiles of clusters ...



... and their scatter !



CC and non CC Clusters

CC / nCC: detailed interplay 

between AGN and heat 

transport, see Rasia+ 2015

(but also Arth+ 2014, Barnes+ 2018/2019)

Hinz, BA



Cores: CC and nonCC Clusters

Hinz, BA

CC

non CC



X-Ray Emission: ICM vs. AGN

Biffi, KD, Merloni 2018

eROSITA mock 

using PHOX

Biffi+ 2012



Finding a „Phoenix“ Cluster
ICM ICM+AGN

„Phoenix ?“

R/R500c
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90 most massive clusters, 

4 Candidates (large Mdot)

eROSITA

mock



Realistic Galaxy population in Clusters?

Lotz+ 2018

Dividing Galaxies in 

SF, PAS and PSB: 

PSBs:

• >2% M*(t<0.5 Gyr)

• SSFR * t
H

< 0.1



Interaction of Galaxies with ICM

Lotz+ 2018

PSBs:

• >2% M*(t<0.5 Gyr)

• SSFR * t
H

< 0.1



Lotz+ 2019

PSBs:

• >2% M*(t<0.5 Gyr)

• SSFR * t
H

< 0.1

Evolution with Time!

mainly

central!

infall 

driven!

large differemce with cluster mass!

supressed!

Interaction of Galaxies with ICM



Survival of Galaxies

Low mass: orbital paramters

High mass: larger mass

Lotz+ 2018



NGC 4839 and Coma ...

Observations

NGC4839 (I. Zuhaleva)

Computer simulationCHANDRA, NASA

COMA galaxy cluster 



NGC 4839 and Coma ...

Lyskova, Churazov, + 2019



NGC 4839 and Coma ...

Lyskova, Churazov, + 2019

Idealized merger simualtion by E. Roediger



Test with cosmological simulations?
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What is the probability ?

• Box: (1Gpc)^3

• 402 Clusters 

(M>4e14M
sol

)

• 11 candidates 

(M
gas

>4e11)



What is the probability ?

• 4 after first crossing

with 1 at the turn (?)

• 6 at first infall

• 1 unclear



Do we have a good case ?
tSZmass

Do the shocks 

match our 

expevtation?



Let‘s just do it !

Singh, Saro, + (in prep)

Running Box1a 

~1300 Mpc

for 15 Cosmologies

2x1512³ part

full physics 



Scaling realtion for f_gas

Singh, Saro, + (in prep)

Rescaled for self similarity 



Scaling realtion for f_gas

Singh, Saro, + (in prep)

Rescaled for self similarity 



Scaling realtion for f_stars

Singh, Saro, + (in prep)

Rescaled for self similarity 



Scaling realtion for f_stars

Singh, Saro, + (in prep)

Rescaled for self similarity 



Scaling realtion for f_stars

Singh, Saro, + (in prep)

Rescaled for self similarity 
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Scaling realtion sumary

Singh, Saro, + (in prep)



Final Conclusions

Inafall perspective: 

Mostly gone after one orbit...

... unless you do a wront turn !

Clusters:

Galaxies: are CC or 

not CC ...

... and

self similar even in 

other Universes!


