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The Big Picture
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The Big Picture
Observed B in clusters:(Bonafede et al. 2010, ...)

B(r) = B0

(

1 + (r/rc)
2
)

−1.5η
, |Bk|

2 ∝ k−n, (kmin, kmax)
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The Big Picture
Observed turbulece in clusters:(Schuecker et al. 2004, ...)

Ddiff = 0.1 × vturb × λturb , vturb(l) ∝ λ
(1/3)
turb
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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
Simulated turbulece in clusters:
(Dolag et al 2005, Vazza et al 2009, Maier et al 2009, ...)
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Madgetic diffusion in clusters
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Madgetic diffusion in clusters
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Madgetic diffusion in clusters
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Subset of 4 Coma-like clusters withη = 1.5, 3, 6 × 1027cm2/s. (Bonafede et al. 2011)14/3/2011 – p. 3



Madgetic diffusion in clusters
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Madgetic diffusion in clusters
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Madgetic diffusion in clusters
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Radio emission of cluster

Feretti 1999

Radio Halo

Radio Relic

1 Mpc

Dolag & Ensslin 2000

Miniati et al. 2001
Dolag & Ensslin 2000

Pfromer et al. 2007

Cluster widediffuse synchrotron emissionconnected to
merger events,periferal emission directly connected toshocks.

• Radio halo: Turbulence, shocks, secondary ?
• Relics: Primary from shocks or compressed radio plasma ?
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Radio emission of cluster

Donnert, Dolag, Brunetti, Cassano & Bonafede 2009

Hadronic interactions of CR-p+ (>GeV) with ICM-p+ will
produce pions. The charged pions decay into secondary electrons
producing synchrotron emission.
⇒ Radial energy distribution / emission disfavors model !
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Radio emission of cluster
Donnert, Dolag, Brunetti, Cassano & Bonafede 2009

CR-p+ will have power law distribution⇒ power law spectra,
and negative SZ flux steepens spectra not enough
⇒ Sign of aging (e.g. indicates primary CR-e−)
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Radio emission of cluster

Donnert, Dolag, Cassano & Brunetti 2009

Evolution track parallel to correlation
⇒ Strong evolution in CR-e− needed
⇒ Secondaries from CR-p+ disfavored
⇒ Need to investigateturbulent re-acceleration
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Radio emission of cluster
⇒ Solve Fokker-Planck equation for CRe population

∂n
∂t

= ∂
∂p

(

Dpp
∂n
∂p

+ H(p)n
)

− n
T (t)

+ Q(t)

• 10% turbulent energy in fast mhd modes and reacceleration

by those only

• Momentum Diffusion Coefficient

Dpp ∝ v4
turb/hsml/csound

• cooling with inverse compton, synchrotron and

bremsstrahlung

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

Donnert et al. 2011
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Radio emission of cluster

Idealized 1:4 merger, solving Fokker-Planck equation for all

particles. (2x1283). (Donnert et al. 2011)
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Radio emission of cluster

Synthetic radio emission, smoothed to coma observation by

Deiss et al. 1996 (right).(Donnert et al. 2011)
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Radio emission of cluster

Evolution ofvturb (black),B (glue) andP1.4 (red).
Donnert et al. 2011
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Radio emission of cluster

Evolution ofP1.4 (red) for constand B.
Donnert et al. 2011
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Conclusions
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