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The Big Picture
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The Big Picture

Observed B In clusters:(Bonafede et al. 2010, ...)
B(r) = By (14 (r/re)?) ™", |Bil? o< k™, (Kmins Fmax)

02:00.0 13:00:00.0 58:00.0 12:56:00.0

Rightascension  ponafede et al. 2010 = = . 13/20 2
14 11 —Dn.



The Big Picture
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The Big Picture

Observed turbulece in clusters:(Schuecker et al. 12%)04, ...
Ddiff = 0.1 X Uturb X )\turb 9 vturb(l) X )\Euﬁb)
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The Big Picture
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The Big Picture

Cosmic Ray driven Dynamo in Galaxies:
(Lesch & Hanasz et al. 2003, Hanasz et al. 2010, ...)
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The Big Picture
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The Big Picture

Simulated turbulece in clusters:
(Dolag et al 2005, Vazza et al 2009, Maier et al 2009, ...)
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The Big Picture
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Madgetic diffusion in clusters

t=0.
t=0.
t=0.
t=0.

dB

dt

T) = T)coulomb + Nturb ~ 0.1 % Uturb X )\vturb

Bonafede et al. 2011
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Madgetic diffusion In clusters

Selected 24 most massive clusters from a 1Gpc/h box

Bonafede et al. 2011
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Madgetic diffusion in clusters

COMA: best fit
_.. COMA: 3 o profiles

4606589

COMA: best fit
_.. COMA: 3 o profiles

Subset of 4 Coma-like clusters with= 1.5, 3,6 x 102“cm?/s. (Bonafede et al. 2011),..... . .



Madgetic diffusion in clusters
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Madgetic diffusion in clusters
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Madgetic diffusion in clusters

I

1.0 : 2.0 .
Bonafede et al. 2011 Mv[lO Msolh ]

= Central B of 24 Coma-like galaxy clusters
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Cluster wide

* Dolag & Ensslin 2000
] } ] Pfromer et al. 2007 s

LOg[L[osz 4]keV erg/s]

_ tron em connected to
eventsperiferal emission directly connected thocks

. Turbulence, shocks, secondary ?

Feretti 1999

e Relics Primary from shocks or compressed radio plasma ?

4/3/2011 =00 . 4



Xcr = f(r),(Pfrommer '08)
Xcr = constant
Xer = f(r), Becar

0.01 0.10
Donnert, Dolag, Brunetti, Cassano & Bonafede 2009 r/Tye

Hadronic interactions of CR* (>GeV) with ICM-p™ will
produce pions. The charged pions decay into secondarya@hsct
producing synchrotron emission.

= Radial energy distribution / emission disfavors model !
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Radio emission of cluster

4} Donnert, Dolag, Brunetti, Cassano & Bonafede 2009 §

O
N

<,

Battistelli '02

@)
o
[

Thierbach '03

—
>
=
—_—
>
>
n
C
O
5
X
=
L

Simulation

S

Ensslin '02

@
N

107 107 10°
Frequency [MHz]

CR-™ will have power law distribution= power law spectra,
and negative SZ flux steepens spectra not enough

Sign of aging (e.g. indicates primary GR3)




Radio emission of cluster

Liong el ol. 1999 / Feretti 2004
Govoni el ol. 2001

Venluri et ol, 2002

o
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Donnert, Dolag, Cassano & Brunetti 2009

Evolution track parallel to correlation
Strong evolution in CR=~ needed
Secondaries from CR* disfavored
Need to investigatairbulent re-acceleration




Radio emission of cluster

= Solve Fokker-Planck equation for CRe population
=2 (Dpp‘g—g + H(p)n) — 7 T Q)

e 10% turbulent energy in fast mhd modes and reacceleration
by those only

e Momentum Diffusion Coefficient

4
DPP X vturb/hsml/csound

e cooling with inverse compton, synchrotron and
bremsstrahlung

e See also Cassano & Brunetti 05, Brunetti & Lazarian 2007

Donnert et al. 2011
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Radio emission of cluster

ldealized 1:4 merger, solving Fokker-Planck equation for a
particles. (2X128. (Donnert et al. 2011)
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Radio emission of cluster

B77.81324 Myr 14178282 Myr 1857.8451 Myr

2737.8770 Myr

Synthetic radio emission, smoothed to coma observation by
Deiss et al. 1996 (right)ponnert et al. 2011)
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Radio emission of cluster
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Radio emission of cluster
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Conclusions
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