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Motivation... taken from Rossella

I

- Giant Radio Halos are generate in
connection with galaxy cluster mergers

M,=1.8x1015 M,

Mergers drive turbulence and shocks in
the ICM

mshFOFmation History

1.5 1 0.5
Z

Stochastic turbulent re-

secondaries) via Fermi II-type
mechanisms generates Giant

Radio Halos (GRH)
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Motivation... taken frem Roeeetta
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) Bru_nett[ & Jones 14 for a review

Giant Radio Halos are generate in
connection with galaxy cluster mergers

M,=1.8x1015 M,

Mergers drive turbulence and shocks in

the ICM

_ Fer atto. History, \ N \ g
Can we test this d|reetly’? - i.e. are turbulence and GRHS
Connected’?

secondaries) via Fermi II-type |
mechanisms generates Giant ,/ L g
Radio Halos (GRH) ';,-;;.-.:::»-*:;_-; 57 )

Stochastic turbulent re- . | //75 <\/
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Injection
range

Observables

dissipation

range

. Radio: P1.4cHz

= Use X-rays to probe ICM:

= gas density fluctuations passively c.f: Zhuravieva+2015, Arévalo+2016,

trace velocity fluctuations in the ICM Hotmahn+2016, Khatri & Gaspari 2016
(=lrina’s talk)

PAS51 ) teessensy oLt easas Gaspari+2014

= reproduces Hitomi measurements (=rina’s talk)

x IDEA: extract amplitude, Amax, Of 0p/p at fixed spatial scale for 1 Mpc region
(k-1=660 kpc) and correlate with P1.4cHz
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How to get Amax?

A-Variance method by Arevalo+2012
X-ray image

residual image filtered image filtered poisson noise
(exp. corrected) at scale k at scale k

£ ST
7

remove PS, fit thermal

distribution (3-model) Pop (k)27tk2.

=
o
&

Power Spectrum - P(k)
S

0 — 0 . . . 0 '
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Valigation.

—NZO simulations by Franco, Lx,X




Does it work??

—ei

Kolmogorov

—el1
el4
—e15/e15b
el6/e16a
— el16/e16b
el18/e18a
e18/e18b
—e18/e18¢c
e21
e26

— e3/e3a

— e3/e3b

—e4
eb/e5b
e62

e’ 3.2

PSD slope

Franco’s ENZO simtilations

=> normalization varies, but spectral iIndex nearly universal
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Pop (k) A 4 Pyp (k) / W (k)| 2dk.

Churazov+2012

— X proj

— Y proj

—  Z proj

*—x 3D

—  Fluct only
—  Fluct only 3D

1013

|

o
-
=

S
o
1
&
>
| -
)
O
)
Q
N
| -
7]
=
o
o

S. Zimmer / UniGe - “Diffuse Synchrotron Emission in Clusters of Galaxies - What’s Next?” - Leiden Oct 23 - 27 2017



Sample

x Cassano+2013 sample (GMRT survey from
Tiziana + known GRHS)

Cassano+2013

= archival X-ray data from ROSAT, XMM &
Chandra, sub-sample of 51 clusters (25 w/
GRH, 26 w/0)

x BOSAT: z<0.1
x XMM: 0.1 <z2<0.3

» Chandra: z> 0.3

use 0.5 - 2 keV band to only capture density
fluctuations
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Eckert+2017

Results

¢ Pks=4x106 (4.60)

14
5(|\/|5oo > 5x1014 Mo 4.00) 77 Uoper Limits 7] Upper Limits

> recompute T to calculate cs

- -
o o
Q2 e
£ €
- >
Z Z

N _\
0.1 0.12 0.14 0.16 0.18 0.2 0.22
AZD

Clear separation between GRH & ULS
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Correlation with P1.agHz?

—o— Radio Halos log 104 W Hz ! SOOkfns—'
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Conclusions & Future Work

» Opserve correlation between turbulent velocity & radio power in clusters
with GRHSs

® PqcHz ~ 0° ~ P turbulent energy rate
= Aop can capture re-acceleration process

= underlying processes more complex (heating, B-field amplification,
accel. of CRe & CRp?)

® results show upper limit, possibly hidden shocks, clumps, AGN that
iInduce power at smaller scales

» future work: limitations of analysis, effect of projection & other samples?

- Thank youl! -
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