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Galaxy clusters are the most massive structures in the universe
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Simulating massive galaxy clusters is a computational challenge

For simulating realistic galaxy clusters, it is required to
— simulate large volumes (ry,, ~ Mpc)

— cover a large range of time scales

— simulate a large box volume to get a reasonable

cluster count

computationally expensive

— incorporate a sophisticated physics model

— resolve the small-scale constituents of a cluster

high resolution required




Ingredients for a cosmological simulation:

A cosmological model
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TNG-Cluster — A spin-off from the lllustrisTNG simulation
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TNG-Cluster offers a unique combination of high-mass galaxy clusters and high resolution
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TNG-Cluster is a patchwork of ~350 zoom simulations

— — — — -

Halos are selected solely based on mass at z=0.

Halo selection criteria:
(i) include all halos with log(M5p)>15.0 M@
(i) compensate the drop-off of statistics in TNG300 for

lower mass halos



TNG-Cluster is a patchwork of ~350 zoom simulations
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TNG-Cluster is a patchwork of ~350 zoom simulations
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We study the gas in the core of galaxy clusters

Understanding the physics shaping the cores of galaxy clusters is

necessary to explain the formation and evolution of galaxies and
clusters.
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The hot atmosphere of the

galaxy cluster can cool via
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The cores of (some) galaxy clusters can cool efficiently.



The interplay between cooling and heating processes produce a variety of core properties
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Questions arise:

Are the distributions of core properties bimodal?
How to distinguish between CCs and NCCs?
What are the properties of CCs and NCCs?

Can clusters evolve from CC to NCC? And back?

Cavagnolo et al. 2009



We use 6 metrics to define the (non-)cool-core state of a cluster
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. TNG-Cluster produces a variety of
COres.



Simulated cluster cores resemble structures from known halos
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| | . core properties are unimodally distributed.



With no a-priori cluster selection, the distributions of core properties are unimodal
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With no a-priori cluster selection, the distributions of core properties are unimodal
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Throughout the talk we use the central cooling time as our fiducial criterion
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||| a quarter of all clusters are strong

cool-cores.



TNG-Clusters produces realistic cool-core fractions

The fraction of CCs, using central cooling time as criterion, is

fooe =24 +2 %

fee =060+ 3 %
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TNG-Clusters produces realistic cool-core fractions

The fraction of CCs, using central cooling time as criterion, is
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TNG-Clusters produces realistic cool-core fractions

The fraction of CCs, using central cooling time as criterion, is
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|V the thermodynamic radial structures

of CCs and NCCs differ.



The thermodynamic profiles for SCCs and NCCs are clearly separated in the core
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V. does the number of CCs depend on

Mmass?



teool (r<0.012 r5q0) [Gyr]

The number of NCCs increases with halo mass
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Ne (r<0.012 rsoo)lcm3]

Core properties show different trends with halo mass
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So far: census of CCs and NCCs in TNG-Cluster

Next:

| . Understand evolution of core properties: | | . Study transformation mechanisms:

—
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Take-home message

Using the TNG-Cluster simulation and employing six criteria to define CCs, we find:

TNG-Cluster produces a variety of cores.

the distributions of core properties are unimodal and SCCs and NCCs represent the

extremes of these distributions.

TNG-Cluster produces realistic CC fractions. 1
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teool (r<0.012 rsq0) [Gyr]

101_
0 % A
10 3

1071 -

scc

NCC

1 10°
tcnnl,(} [Gyl’]

1[‘)15
Msooc [Mo]







