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what evidence is there that SNRs accelerate 

cosmic rays? 

 

how does the magnetic field get amplified? and 

how do we know it does? 

 

what have we learnt studying rcw 86 with 

chandra? 

 

 



warren+ 2005 

0.   primer: what are snrs? 

 

 

• explosive end of a star 

• two types: 

o core-collapse 

o thermonuclear 

• material ejected with 

~1051 erg kinetic 

energy 

• shock wave forms & 

sweeps up ISM/CSM 



0.   primer: what are snrs? 

e.g. caprioli 2012 



i. evidence 

 

 

what evidence is there that SNRs accelerate 

cosmic rays? 



 

 

• non-thermal X-rays 

• ɣ-ray emission  

• dynamical properties 

• structure 

 

koyama+ 1995 

i. evidence 



 

 

• non-thermal X-rays 

• ɣ-ray emission  

• dynamical properties 

• structure 

 

rx j1713.7-3936 

rcw 86 

sn 1006 

vela jr. 

hinton & hofmann 2009 

uchiyama+ 2002 

aschenbach 1998  

vink+ 2006  

aharonian+ 2006, 2007,2008 

naumann-godo+ 2006 

keV TeV 

i. evidence 



 

 

• non-thermal X-rays 

• ɣ-ray emission  

• dynamical properties 

• structure 

 

LAT SNR catalog (sometime in the next 12 months) 

i. evidence 



 

 

• non-thermal X-rays 

• ɣ-ray emission  

• dynamical properties 

• structure 

 

hughes+ 2000 

i. evidence 
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i. evidence 
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• non-thermal X-rays 
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uchiyama+ 2007 

i. evidence 



ii. magnetic field amplification 

 

 

how does the magnetic field get amplified? and 

how do we know it does? 

 



how 

 
.resonant cosmic ray streaming instability e.g. 

zirakashvili  2000 

.bell’s non-resonant instability  bell 2004 

.non-resonant long-wavelength instability bykov & toptygin 

2005 

.others…  

ii. magnetic field amplification 



evidence 
.spectral curvature in radio emission (a little 

iffy) 

.broad-band fits of synchrotron emission 

between radio and non-thermal X-rays  

.rapid variability of nonthermal X-ray 

emission from bright filaments in SNRs 

.sharp X-ray edges  

ii. magnetic field amplification 



evidence 
.spectral curvature in radio emission (a little 

iffy) 

.broad-band fits of synchrotron emission 

between radio and non-thermal X-rays  

.rapid variability of nonthermal X-ray 

emission from bright filaments in SNRs 

.sharp x-ray edges  

ii. magnetic field amplification 



.sharp x-ray edges  

ii. magnetic field amplification 

bamba et al. 

2005  



.sharp x-ray edges  

ii. magnetic field amplification 

vink et al. 2006  

vink 2006  



.sharp x-ray edges  

ii. magnetic field amplification 

vink et al. 2006  

vink 2006  

actually helder+ 2013 find vs~700-2000 km/s 

  



iii. rcw 86 

what have we learnt studying rcw 86 with 

chandra? 



iii. rcw 86 

x-ray: nasa/cxc/sao & esa; infared: nasa/jpl-caltech/b. williams (ncsu) 

red: spitzer 24 microns 

(wise 22 microns) 

 

chandra and xmm 

green:0.5-1.95 keV  

blue: 1.95-6.8 keV 



iii. rcw 86 

chandra and xmm 

 

red: 0.5 - 1 keV 

green: 1.5 - 2 keV 

blue: 2 - 8 keV 



iii. rcw 86 

magenta  0.3 - 0.75  keV 

blue  1.5 - 7.0  keV 

10´ 



iii. rcw 86 
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iii. rcw 86 



iii. rcw 86 

from Bamba+ 2003 



iii. rcw 86 

advection                                                                                                           diffusion 

 

joint   



iii. rcw 86 

ghavamian et al. 

2001  



iii. rcw 86: next step 

chandra obs 

  

chandra obs 

  

chandra obs 

  



the end 

.thin nonthermal x-ray rims observed in the 

nw of rcw 86 

 

.high magnetic fields derived using filament 

widths 

 

.shock velocity derived from balmer line 

profiles (optical observations) appears too 

low 


