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Particle acceleration and  GCR origin 
Non-linear mechanisms of efficient 
conversion of SN kinetic energy to 
relativistic components.   

Magnetic field amplification in
cosmic particle accelerators and 
synchrotron X-ray images of SNRs

Cosmic ray escape from the accelerator



Chandra profiles by A.Bamba+
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measurements of the width of synchrotron X-ray  filaments in SN1006
STRONG MAGNETIC FIELD AMPLIFICATION >> 20   G 
Electron energies >> 1 TeV
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Chandra 4-6 keV Image of 
Tycho’s SNR
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Thompson Baldini Uchiyama 2012

W51C (filled circles) W44 (open circles); 
IC 443 (filled rectangles); W28 (open rectangles) 
Cassiopeia A (filled diamonds).

Fermi  images of “molecular” SNRs

Lγ ~ 1034 −1036 erg / s



7.5 pc

16×10‐16 s‐1

26×10‐16 s‐1

<5.7×10‐16 s‐1

<3.5×10‐16 s‐1

<9.0×10‐16 s‐1

<40×10‐16 s‐1 Indriolo+ 2010



H.E.S.S. image of RX J1713.7-3946 

Aharonian + 2006

CR Core Collapsed SNR



Model for  CR acceleration and non-
thermal emission from RX J1713.7-3946 

Zirakashvili Aharonian 2010



Non-thermal emission from RX J1713.7-
3946 

Hadronic scenario is prefered by Fukui et al (2012) due to  apparent 
correlation of ISM matter distribution and the observed profile of  TeV emission



Core Collapsed SNR 

Circumstellar Medium (CSM) may strongly affect the 
spectra of non-thermal emission of the remnants of CC   
SN Ib/c and  SNIIb. 

Magnetic field in the wind of the  progenitor massive 
star may be well below the average ISM values of a few 
micro-Gauss alleviating an apparent contradiction 
between the low post-shock magnetic field values 
required  by the IC scenario and strong magnetic field 
amplification in the efficient DSA models.  



Core Collapse  SNR Model for  
RX J1713.7-3946  

Ellison + 2012
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Core Collapse  SNR Model for  
RX J1713.7-3946  

10 muG shock downstream magnetic field in the model by 
Ellison et al (2012) is about 50 times amplified wind magnetic field. 
That reconcile the efficient CR acceleration and the low MF 
required by the IC model. It may  also provide relatively wide 
(a parsec-scale size)  profile of the IC TeV emission consistent with  
the observed  TeV profile.     



Core Collapse  SNR Model for  
RX J1713.7-3946 

Ellison + 2012



Nonlinear Models of Ultrarelativistic
Particle Acceleration with 
CR driven instabilities



• Vladimirov, Bykov & Ellison, 2009. ApJ, v. 703, L29



CR driven modes



CR modified shockCR modified shock

• Vladimirov, Bykov & Ellison, 2009. ApJ, v. 703, L29



Particle SpectraParticle Spectra



Magnetic Fluctuation SpectraMagnetic Fluctuation Spectra

• Vladimirov, Bykov & Ellison, 2009. ApJ, v. 703, L29



AB+       ApJL v.735, L40,2011

Narrow peaks in 
turb. spectrum with 
no cascading

Perp.  B-field outside 
shock precursor

Linearly polarized 
waves with long 
coherence length

Efficient, NL shock 
acceleration producing 
~100 TeV protons

Steep electron spectrum 
to avoid strips in radio

Simulated strips

SN blast wave

Radially thin 
emission region

Line of sight



Chandra 4-6 keV Image of 
Tycho’s SNR

Eriksen + 2011
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A possible explanation of strips 

Some shock and turbulence 
properties must come together to 
produce coherent structure on 
this scale. Transverse part of the 
shock, anisotropic cascade, high 
Pmax

Strong predictions:
Quasi-perpendicular upstream   
B-field

Strong linear polarization in 
stripsPolarization fraction



SNR synchrotron shells: 
X-ray Imaging & Polarization at 5 keV

AB+    MNRAS v.399, 1119, 2009



Uchiyama Aharonian et al. Nat. 2007

Nonthermal clump  “lifetime” ~ 1yr

RX J1713.7-3946



CR acceleration beyond the knee 

Young SN exploded in CSM wind?

or (re)acceleration in Superbubbles? 



Fermi image of Cygnus superbubble

Ackermann + 2011



Fermi spectrum of Cygnus superbubble

Ackermann + 2011



SNR-stellar wind accelerator

AB Gladilin Osipov MmSAI 2011



Space Sci. Rev.  v.99, 317, 2001



CR composition in superbubble model 

Astron. Lett.  v.27, p.625


