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HIGH B-FIELDS

Radio relics trace shocks
in cluster outskirts

Spectral index: shock Mach
number

Spectral ageing: B-field
strength ~ muG

Polarization: B-field
orientation



BUFERNOVA [ RIN RIMS ALESSS
HAVE HIGH B-FIELDS...

~[100 mu G to | milhG in thin rims
High B-fields consistent with what's needed to accelerate CRs

Ressler et al 2014
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WHAI COULD BE
RESPONSIBLE?

» Compression (amplifies by factor ~2-4 at most)
» Bell instability from cosmic ray streaming

» Shock cloud turbulent dynamo/RMI instabilrity

All 3 processes could be at play
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MOTIVATIONS FOR NEW

VWORK

* No simulation work on galaxy
cluster/radio relic regime (weaker
shocks, higher beta, etc)

* NONE of previous studies are
numerically converged! (most do

g (1 08 erg)

not even carry out convergence tests) |

* We want to build and test a

simple physical model (can we
constrain turbulence, gas clumping, B-

fields at cluster outskirts?)
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FLJDEL SETUR

Piston driving a shock; inflow/outflow boundary conditions
Mostly 2D sims

Lognormal density distribution
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Canonical numbers for radio relic

inner scale-50
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B-FIELD EXPONEN TTALLY
AM PUF\ES AND SATURATES

_ma thO

| — 5127 - — —
— 10242

|| — 1024%, perpendicular
—  2048°

7.5 8.0 8.5 9.0 9.5 10.0

. s 1
Grows on timescale of peak vorticity terow ~ $pcar ~ Limin/Vshock



RORTICIY [UMPS SHARFES
AND DECAYS
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FIELD GROW ITH SCALES WITH
ALFVEN MACH NUMBER
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EIMPRESSION DOMINATES .
Y 1M, ST RE T CHING AT HIGIEE.
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RESULTS FAIRLY INSENSITIVE
1O CLUMPING FACTOR
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B-FIELDS TANGENTIAL TO SHOCK
Al LOW MACH NUMBERS

magnetic anisotropy

1.0 |
— M, =11,parallel
— M, =11,perpendicular
osh|l — My =110,parallel
\ — M, =110,perpendicular

_\/\/

\V
0.6 M
= v
[+
S
0.4
0.2
X
OO ] ] ] ]
7.5 8.0 8.5 9.0 9.5 10.0

Becomes Isotropic at high Mach numbers






luster Simulation




BO T TOM LINE

Turbulent dynamo Is a nice candidate for supernova, maybe
less so for low Mach number radio relics

Can't explain magnetic geometry — compression might be
the simplest explanation



