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Radiative cool core cluster simulation: gas density
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Mass weighted temperature
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Mach number distribution weighted by εdiss
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Mach number distribution weighted by εCR,inj
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Mach number distribution weighted by εCR,inj(q > 30)
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CR pressure PCR
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Relative CR pressure PCR/Ptotal
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Relative CR pressure PCR/Ptotal
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CR electron versus CR proton pressure
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Primary versus secondary CR electrons
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Cosmic web: Mach number
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Radio web: primary CRe (1.4 GHz)
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Radio web: primary CRe (150 MHz)
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Radio web: primary CRe (15 MHz)
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Radio web: primary CRe (15 MHz), slower magnetic decline

10-8

10-6

10-4

10-2

100

S ν
,p

ri
m

ar
y 

[ 
m

Jy
 a

rc
m

in
-2

 h
70

2  ]

-15 -10 -5 0 5 10 15-15

-10

-5

0

5

10

15

-15 -10 -5 0 5 10 15
x [ h-1 Mpc ]

-15

-10

-5

0

5

10

15

y 
[ 

h-1
 M

pc
 ]

-15 -10 -5 0 5 10 15-15

-10

-5

0

5

10

15

Christoph Pfrommer Cosmic Rays in Galaxy Clusters



Cosmic rays in galaxy clusters
Non-thermal emission from galaxy clusters

Primary radio emission
Hadronic radio and γ-ray emission

Hadronic cosmic ray proton interaction
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Radio halos: secondary CRe (150 MHz)
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Radio relics + halos 150 MHz
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Radio relics + halos: spectral index
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Primary radio emission
Hadronic radio and γ-ray emission

Comparison of simulation vs. observation of A2256

Clarke & Enßlin (2006) Battaglia et al. (2008 in prep.)

red/yellow: thermal X-ray emission,
blue/contours: 1.4 GHz radio emission with giant radio halo and relic

Christoph Pfrommer Cosmic Rays in Galaxy Clusters



Cosmic rays in galaxy clusters
Non-thermal emission from galaxy clusters

Primary radio emission
Hadronic radio and γ-ray emission

Thermal X-ray emission
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Hadronic γ-ray emission, Eγ > 100 MeV
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Inverse Compton emission, EIC > 100 MeV
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Inverse Compton emission, EIC > 10 keV
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Primary radio emission
Hadronic radio and γ-ray emission

Summary

1 Characteristics of the CRs in clusters:
CR proton pressure: time integrated non-equilibrium
activities of clusters, modulated by recent mergers.
Primary CR electron pressure: resembles current accretion
and merging shocks in the virial regions.

2 Non-thermal cluster emission
Unified model for the generation of giant radio halos, radio
mini-halos, and relics
We predict GLAST to detect ∼ ten γ-ray clusters: test of the
presented scenario

→ exciting experiments allow a complementary view on
structure formation as well as fundamental plasma physics!
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