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Gubline:

- Radio relics: the standard picture

- Limits on particle acceleration efficiency

- Challenges at high resolution

- Constraints on magnetic field through Faraday RM images



Radio relics in MACS J1782+4-440

X-ray XMM-Newton
Radio emission @ 325 MHz from GMRT (Bonafede et al. 2012)



Radio relics in MACS J1782+4-44-0

X-ray in colors, GMRT 325 MHz in contours

(Bonafede et al. 2012) - Extended radio sources

- Low radio brightness
- Steep Spectrum a > 1
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- Polarized 20-30%

Host cluster: g
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Spectral index diskribuktion - Mach Number

Assumption:
Diffusive Shock Acceleration

Spectral steepening

particle aging

Mach Numbers:
E relic:M~ 3.3

Wrelic:M ~ 4.6



Constraining the efficiency of shock acceleration

Simulation Mach Numbers. MACS J1752 XMM-Newtonlobs.

M~5

(Vazza et al. 2009) (courtesy of Ebeling)



Constraining the emffi,ciencyj of shock acceleration

Simulation .. .MACS J1752 Xray + radio «c-

(Vazza et al. 2009)



Constraining the eﬂiti,ehaj of shock acceleration

Simulation MACS J1752 Xray + radiQ*€ontours

P relic "qﬁ[I}th'JL"l-;



Constraining the eﬂiti,ehaj of shock acceleration

Simulation 'MACS J1752 Xray + radiosgontours

Good agreement with
shock theoretical works (e..g. Hoeft &
Brioggen 2007)
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Conclusions so far..

SPECTRAL INDEX —
MACH NUMBER

Radio relics: probe average values and
morphology of

- particle acceleration efficiency
- magnetic field



A higher resolution view
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From cosmological simulations
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MHD simulations by Skillman et al. 2013



J2000 Declination

Polarisation at high resolution

(Jy/beam) :
005 01 015 02 025 Jansky VLA 1-2 GHz image

Multi frequency and multi-scale cleaning
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Maghetic field estimates at the relic position:
Faraday Rotation Measures
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Magnetic field amcftttfitaEian in the Coma relic
From Faraday Rotation Measures
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RM images
1.4, 1.8,4.3,4.8 GHz
Tot. 64h obs time at VLA

Resolution ~ 2” —> 1.5 kpc



Mock RM observations:
MiRo' code (Bonafede, Vazza, Bruggen et al. et al. Submitted)

3D magnetic field simulations

Similar approach
FARADAY code
(Murgia et al. 2004)
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Model for the gas

distribution:
3D Model for the

magnetic field

B, <k

2 iIsothermal gas spheres (clusters)
in equilibrium



Sinmulated RM maps

Observed RM

Simulated RM




Constraining the eﬂiti,ehaj of shock acceleration

Simulation 'MACS J1752 Xray + radiosgontours

Good agreement with
shock theoretical works (e..g. Hoeft &
Brioggen 2007)
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Coma cluster Coma cluster

l<RM>| [rad/m"|

- RM need a boost by a factor 6-8 to recover
observed values throughout the whole region —
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Radio relics: new high resolution view

spectral index: particle aging, B or Mach number distribution?

Magnetic field complex morphlogy

Faraday Rotation measures in the Coma relic region
consistent with a magnetic field boost by a factor ~3
B ~2 UG at the relic



F{elic regicn Relic region
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New code for Mock RM observations

- power spectrum for the vector
potential A in the Fourier space

Py(k) = |Akl* < k7"

- the resulting magnetic field has:
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- B is normalized to follow the gas
density
Gas model:
2 isothermal gas
sphere (clusters)
iIn equilibrium
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