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What is a radio relic’?

x Diffuse radio emission

x Extended nature

x Exterior of cluster environment

® Noderately steep spectral shape

87
a1

x SO v
® Associated with disturlbed galaxy clusters

x Not associated with any radio point sources or AGN
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Simulating cosmic rays in clusters of galaxies — I1. A unified scheme
for radio halos and relics with predictions of the y-ray emission
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Diffuse radio emission from clusters in the MareNostrum Universe
simulation
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Figure 5. A textbook example of a double relic found in the MareNostrum Universe simulation.
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x Plecewise Parabolic
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Shock Finding &
Characterizing

x Converging Gas

x Entropy INCreases
across snockwave

x Rankine-Hugoniot
Jump Gonditions

® Set minimum
temperature to 10%K

~ (BM? = 1)(M? +3)

11



Cosmic Rays:
Diffusive Shock Acceleration

n [rst-order Fermi acceleration at shock fronts

x Kinetic Energy of the shock Cosmic Rays

x \\Vhat efficiency does this have? Anatoly: Spitkoveky (2008)
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Synchrotron Emission

Mon. Not. R. Astron. Soc. 375, 77-91 (2007) doi:10.1111/5.1365-2966.2006.11111.x

Radio signature of cosmological structure formation shocks

Matthias Hoeft* and Marcus Briiggen*™

International University Bremen, Campus Ring 1, 28759 Bremen, Germany

-

3 o
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elsewhere

spec

1P (Vype , VI
L‘l') — A ne. cr C’s_\‘llu ( E— \/u_l - \I/(,\/l)

“G Job: C cool C W

dv

= 6.4 x 10> ergs™ ' Hz™!
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The Simulations

x relic64 x relic200

x (64 Mpc/h)2 Volume x (200 Mpc/h)2 Volume

x 2562 Root Grid x 256° Root Grid

x Up to 6 levels of = Jp to 5 levels of
refinement reflnement

x 3.9 kpc/h Peak x 244 kpc/h Peak
Resolution Resolution

= DM Mass = DM Mass

1.96 x 107h7 M 6.23 x 10*°A~ " M
x ~300,000 cpu hours = ~100,000 cpu hours

on 256 CPUS on 128 cpus

14



— relico4
— relic200
—— Warren et al. 2006
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Global Properties of
Radio Emission



Full Box Projections
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ImM1ssion
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Temperature - Mach
==> Merger Shocks Dominate
—=> Clear Accretion Shock Signature
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Conclusions

x Global Properties
x Emission primarily: from:hot, dense gas, associated
with merger sShocks

® Redshift evolution of accretion shocks imprint
cosmology

x |ndividual Halo Properties

x (General scaling relationships with Mass, X-ray
Luminosity

® | arge scatter suggests merger state very important
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Initial Work witin MHD Enzo

z=0.220

x Collaboration with
Hao Xu and: Hui L
at LANL

x |nject B-fields at
z=3.0 from AGN
SOUrces

x ollow Merger
History
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Refinement Retinement
Refinement!
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" refinement ny B —
no refinement by B
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Preliminary Results




Radio Emission
from O.1-1
microGauss,

Shock Mach
numbers of 4-7
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