OUTLINE

« Turbulence and ICM heating

« Can one heat the ICM by AGN-induced turbulence?

« Need for physics beyond pure hydro

(spoiler: it has yoooooge impact on the evolution of ICM & central AGN)
— dissipation of weak shocks and sound waves

— B-fields & cosmic rays




Turbulent dissipation and ICM heating







Zhuravleva et al. 2014

] lllll

T

0.1

Perseus cluster
Virgo cluster

Turbulent heating rate/density (cm? s-9)

&l oo el 1 oo el 1 Gl |

One—-component velocity amplitude (km s-!)

0.1 1
Radiative cooling rate/density (cm? s-3)



Ql\.«\.- o 3‘7

S )

e ¥

R e b dedevinine Obs gy befiaraih

e holalent

/ Corcads | Yo o~y

JL.\( '\u‘eW’wa&

|

( / ”“a‘-b oy &
{

{

l

\

[‘ Ao~ wiltpen it , 5, o,
A i R
own bo Ssmatle Leales
W/ o (4»)

yL

nochle (AM‘ ‘( 2T

"

e ~rcvr=ca{1\

Ao —n-or..:.l«x,‘{ - G
£ = (AT = 5

SV.‘
N —




T
“ v 4
73 ¢’k

€4 V& L3

: - HI?L oty

Bew to mecsuve \rh’.7 Gt & ‘Y% (.Lmy‘u.. )

w Sy /L,




Moy fovee It dmven by Sk, and 5o
Pisphconat = L con (o Lidud Lo Sk

.§£~~'3*§z_3_ z~HkiQ(
Gt . / K

w

2
U‘:‘ o~ (s l HK‘EE_
Ut W K

UL Hie \* g K
& ’“(Tr;) T M @(1)% =_<

S ——

—
For beww Mok anile | fLihaboy wlil bo iobeme |

A = SK
C e R R




y
L“‘._ ContheAion M ) heore &“I..‘,J‘o, wloe o -TO
(V) ie, +., « ¢ N

SOty («owua )

b o tonbplleg (»a VT v e T

Cinee -S?‘r << %g_ , @ Bz, 6T 5 ~sild ol (1

wedeihion | Lavge 9 /s Dechafips  bo mor rly g
kel frdhaken

D




ll L Ll Ll L) Ll L] ll LA L] L) Ll Ll L] ll LIS L]
Mach ~ 0.25 — X UER 1
‘=2§§;;}}:;;1 ..... 1/5 (-7/5)
< Sl A8 (509)
'8 1/2 (-2)
G e 203 (-7/3)
> — T ," - ,/ —
= 0100k 45 (135)
[e) - -
@ E i
O
3 -
h—
o
= o
@©
O :
-—
R
L —
L)
S 0.010F "
h —~ -
@ E 1
=
S ]
I 1
= ; 4
<C
0-001 llllll 1 1 1 111111 1 1 L 11111

1000 100 10

Gaspari et al. 2014
scale [kpc]



Aurora (direct velocity measurements)
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Figure 2. Magnitude of ., the z-component of vorticity, in the y = 0 plane at times ¢ = 6, 84, 160, 180, 220, and 400h/ciy o (from left to right). The color table is
set so that green is «;, = 0, and red/blue saturate at «, = +0.2.

Reynolds, Balbus, Schekochihin 2015
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Figure 12. Evolution of the kinetic energies of the compressible (dotted) and
incompressible (solid) velocity fields, which are further separated by regions
containing the bubbles (fi = 0.01; blue) and excluding the bubbles
(fiee < 0.01; red). Dashed and dashed-dotted lines show 1% of the injected

energy from the AGN and the total gas thermal energy within 100 kpc, Yang & Reynolds 2016
respectively.



BEYOND IDEAL HYDRODYNAMICS



