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FEEDBACK IN GALAXY
CLUSTERS
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A NECESSARY INGREDIENT [N
COSMOLOGICAL SIMULATIONS

. (Henden+18)
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Regulate black hole
Quench star formation growth

Produce realistic galaxies



ENERGY TRANSFER
MECHANISMS

(Zhuravleva+14
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* Shocks

(e.g. Fabian+03, Randall+ 15, Li+ 16)
« Sound waves

(e.g. Fablan+03, 05, | 7, Ruszkowski+04)

(e.g. Hillel & Soker 16) " i comt e
» Turbulence S

(e.g. Banerjee & Sharma 2014,
Zhuravleva+14)

» Cavity heating
(e.g. Churazov+02, Birzan+04)

» Cosmic rays
(e.g. Syjacki+08, Pfrommer | 3)
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SIMULATING JET MODE
LEEDBACK H\I CLUSTERS

Illustms

Horizon AGN

Hlustris TNG

(Sijacki+07)




A RE PO (Springel 2010)

Moving mesh - Voronoi cells with fixed target mass
Lagrangian/Eulerian hybrid

Super-Lagrangian refinement method

Primordial radiative cooling

Sub-grid ISM and star formation model (Springel & Hernquist 03)

Modified black hole feedback and accretion

Tref mmement
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BLACK HOLE REFINEMENT
SCH EM E (Curtis & Sijacki 15, 16)

* Better capture gas dynamics close to the BH to improve
accretion rate estimates

» More accurate modelling of outflow-ISM Interface

- Abllity to resolve vorticity distribution of gas close to black
hole - include effects of angular momentum on gas accretion
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INJECTING THE |ET
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(Bourne & Sijacki, 17, MNRAS, arXiv:1705.0/900)
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(Bourne & Sijacki, 17, MNRAS, arXiv:1705.0/900)

INJECTION METHOD
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(Bourne & Sijacki, 17, MNRAS, arXiv:1705.0/900)

JET INFLATION AND GAS FLOWS
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(Bourne & Sijacki, 17, MNRAS, arXiv:1705.07900)

\/ORTIC\TY GENERATION

vortity Compressive ratio:
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Expanding cocoon:
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(Bourne & Sijacki, 17, MNRAS, arXiv:1705.07900)

ETS INA TURBULENT ICM
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(Bourne & Sijacki, 17, MNRAS, arXiv:1705.0/900)

COMPARISON WITH HITOMI

Able to reproduce
kinematic features
consistent with Hitom
when a jet and
substructure motions are
iIncluded
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(Bourne & Sijacki, 17, MNRAS, arXiv:1705.0/900)

LONG TERM EVOLUTION,
MIXING AND SOUND WAVES
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COSMOLOGICAL CLUSTER

(PRELIMINARY)
z = 0.1

MQOQ ~ 4 X 1014M@

Mgy = 2.64 x 101°M
RQQO ~ 1.3MpC N



COSMOLOGICAL CLUSTER

(PRELIMINARY)

MBH — 2.64 X 1010M@
Macc — 1()_ZLA]\IEdd
Ey ~ 3.3 x 10*erg/s

MQQO ~ 4 X 1014M@
RQ()() ~ 1.3MpC
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COSMOLOGICAL CLUSTER

(PRELIMINARY)
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z (h~! kpc) z (h~! kpc) z (h~! kpc)

z (h~! kpc)

COSMOLOGICAL CLUSTER
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Turbulence confined to jet material



COSMOLOGICAL CLUSTER

No strong ICM shocks
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SUMMARY

AGN feedback is an important ingredient in simulations of galaxy formation, however, the large

dynamic range in processes governing AGN feeding and feedback means simplifications need to
be made - we are developing technigues to help " bridge the gap’.

Ve have developed a new model for Jet feedback in the moving mesh code AREPO, which
allows the production of high reselution jets in coarser resolution simulations. We have
considered the interaction of the jet lobes with the intracluster medium, including heating
processes and the generation of turbulence (which is largely confined to the jet lobes).

Substructure motions stir the ICM and generate turbulence, which can interact with and disrupt
the jet cocoons and in the long term displace jet lobe positions and promote mixing. Such

substructure motions and a jet are able to produce line-of-sight kinematics consistent with those
observed In the Perseus cluster by Hitomi.

Our new models are allowing us to include jet feedback in cosmological cluster simulations in
order to consider lobe inflation and evolution in realistic cluster environments.



TRIGGERING STAR FORMATION
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