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A2256 @ 1.4 GHz, Clarke & Enßlin



  



  

structure formation
shock wave
Enßlin et al. (1998)



  

 A3667 @ x-ray & radio. Röttgering/Johnston-Hollit



  

 A3667 @ x-ray & radio. Röttgering/Johnston-Hollit

Röttinger et al.  1999



  

giant radio halo & relicgiant radio halo & relic

Coma cluster

X-ray 1.4 GHz, Deiss et al.



  

giant radio halo & relicgiant radio halo & relic
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giant radio halo & relicgiant radio halo & relic

    g72a

X-ray + radio

A 2256

synthetic observation of a gadget-2+CR
simulation by Christoph Pfrommer
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giant radio halogiant radio halo

What is the origin of the relativistic particles ?

What maintains the magnetic fields ?

Available energy sources:

► galactic winds

► radio galaxies

► structure formation flows
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Mach numbers of dissipated energyMach numbers of dissipated energy

Pfrommer, Springel, Enßlin, Jubelgas (2006)



  

Mach number statisticsMach number statistics

Pfrommer, Springel, Enßlin, Jubelgas (2006)



  

simulated galaxy clustersimulated galaxy cluster

X-ray Pfrommer et al.



  

radio relicsradio relics

150 MHz Pfrommer et al.



  

hadronic radio halohadronic radio halo

150 MHz Pfrommer et al.



  

radio web: halos & relicsradio web: halos & relics

150 MHz Pfrommer et al.



  



  



  

gadget-2 codegadget-2 code

Enßlin, Pfrommer, Springel, Jubelgas (2006)
Jubelgas, Springel, Enßlin, Pfrommer (2006)
Pfrommer, Springel, Enßlin, Jubelgas (2006)



  

shock dissipationshock dissipation

energy dissipation & Mach number Pfrommer in prep.
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Galaxy Cluster Fields

Hydra A cluster 

Taylor & Perley (1993)
VLA/Chandra

RM



  

PACERMAN
Dolag et al. (2005)
Vogt et al. (2005)



  

PACERMAN

Patches of connected 
polarisation angles at all 
frequencies

AIPS vs PACERMAN
RM values



  



  

PACERMAN
RM error map RM-PA gradient alignment map
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Observational Setup

Hydra A cluster 
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Magnetic power spectrum
in Hydra A cool core cluster

Kuchar & Enßlin (2009)



  

inference

data space

realities

model space



  



  



  



  

Used information & assumptions



  



  



  



  



  



  

Magnetic power spectrum
in Hydra A cool core cluster

Kuchar & Enßlin (2009)



  



  



  synthetic X-ray images 
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RM Synthesis
de Bruyn & Brentjens (2005)
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Magnetic helicity



  

Observational situation



  

Total intensity

Polarised intensity

Faraday depth

Aim:
Spangler (1982,1983),   Ensslin,Vogt (2003) 
Eilek (1989a,b)           ,   Waelkens et al. (2009)

Helicity!



  

●  All calculations in Fourier space

●  Gaussian magnetic field statistics

●  Statistical homogeneity 

●  Constant electron density n

●  Spectral index for the cosmic ray electron density p=3

●  No intrinsic Faraday rotation, thus restriction to small     
   wavelengths λ

Statistics I



  

Statistics II

e.g.
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Results I



  

Results II



  

Results III



  

Assuming Kolmogorov turbulence spectrum
 with injection scale at k=1



  

 



  

The Acidtest

Gradient of RM^2

●  First numerical test of our method
●  Easily applicable to real data to test for helicity



  

Intensity without helicity

Based on a 
128^3 simulation
of magnetic fields
using GarFields
(Waelkens et al.
2009)



  

Faraday Rotation without helicity



  

Absolute value of polarised intensity without helicity



  

Acid-test: Real part without helicity



  

Intensity with helicity



  

Faraday Rotation with helicity



  

Absolute value of polarised intensity with helicity



  

Real part without helicity



  

Real part without helicity



  

Real part without helicity



  

Results of the Acidtest with 
simulated data

● In total 18 samples to improve the statistics
● All samples show the same trend in accordance 

with our predictions
● Total mean with helicity: m= 0.078
● Total mean without helicity: m= -0.003



  

                             Conclusions:
cluster radio emission & magnetic turbulence
- structure  formation drives turbulence & shocks
- radio halos & relics trace magnetic fields & CR within 
  cluster volume & slices, respectively

Faraday rotation & magnetic inference
- Kolmogorov-like magnetic spectrum in cool cores
- similar spectra found in non-cool core clusters

Stokes correlators & turbulent magnetic forces
- synchrotron emission reveals magnetic forces 
- tension force power spectrum should be measurable

Faraday-Stokes correlations & magnetic helicity
- magnetic helicity imprints on radio observables
- helicity spectrum is observable
- simple acid-test for helicity presented
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 The Acidtest with real data

Taylor,Stil,Sunstrum 2009

37,534 RM extragalactic RM-sources in the northern sky



  

The Acidtest with real data
Taylor,Stil,Sunstrum 2009

Image of the median value of RM



  

The Acidtest with real data

real part



  

The Acidtest with real data

imaginary part



  

The Acidtest with real data

Wiener filtered RM-map with infered power spectrum



  

The Acidtest with real data

real part calculated with the Wiener filtered map



  

The Acidtest with real data

imaginary part calculated with the Wiener filtered map



  

The Acidtest with real data

real part calculated with the Wiener filtered map
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