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Clusters - The Cooling Flow Problem
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Clusters - The Cooling Flow Problem
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Energy coupling efficiency

NASA/CXC/SAO//STScI/NSF/NRAQ/AUI/VLA RW et al. (2017b)



Energy coupling efficiency
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Energy coupling efficiency
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Lower mass systems
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Lower mass systems
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Lower mass systems
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The lllustrisTNG project

http://www.tng-project.org

Cosmological volume simulation

Include the physics effects that we believe

to be important for galaxy formation
Star formation + feedback
SMBH growth

AGN feedback
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http://www.tng-project.org
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What quenches galaxies in the
simulation?

cumulative distribution function
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What quenches galaxies in the
simulation?
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What can we learn from this?



Lesson 1: Jet mode feedback
In galaxy clusters is efficient

e Hydrodynamics and
gravity enough

e Possible changes
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Lesson 2: Feedback might not
be proportional to luminosity

1085 — 10° My, 109 —10%5 M,  10%° — 10 M, 10 — 10105 M,

HT 101 | 1T | T T 11 | | II'I'I551011
gv 100 r A .é 1010

26 101 5 100 =
—, N N\ _g E
g 10_2 \ \ | _'5 108 s
av] : -
~ 3 \ \ \ 1.7 &
g 10 \ L\ 1 10 =
© 1074 W\ J 100

S \ \

® 10_5 1 ] . i 105

. L1 e e
0 1 234 680 1 234 680 1 2 34 6 8
redshift

1010.5 _ 1011 M@ 1011 _ 1011.5 M@ 1011.5 _ 1012 M® T

'_|1045 | | N | | N + | | N ! | | N 103 s;}
— ¥ ¥ 3 ®
1 ad 2 =
2 10 102 2
.i 43 1 8
@ 10 10 5
i 1042 10° .é
EO <
5 104 1071 £
® £
1040 , AT . 1 L 4 L 10—2 %

0 2 2 +

redshift
RW et al. (2018, MNRAS.479.4056)



Lesson 3: Quasar-mode feedback
not necessarily required from a
galaxy formation point of view

e Kinetic feedback enough for quenching star formation

* Quasars might be important, but not necessarily needed



Lesson 4: Quenching not
triggered by galaxy merges
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Lesson 5: AGN occupation
fraction as predlctlon of model
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Lesson 6: Moderate mass SMBH
demographics and connection to host
galaxies
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Future directions

e Connection with observed AGN types

e |s kinetic feedback in elliptical galaxies the same as in
galaxy clusters?

e Degeneracy between quasar mode feedback and stellar
feedback -> quasar luminosity function



