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Diffusive Shock Acceleration
Krymsky 1977; Bell 1978

Very attractive feature: power-law spectrum of 
particles accelerated, γ=(σ+2)/(σ-1), where σ is the 
shock compression ratio, for strong shocks σ=4 and γ=2
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In the Bohm limit D=DB=crg/3 and for 
interstellar magnetic field



observations
radio emission
νMHz = 4.6 BμGEe,GeV

2

E = 50 MeV – 30 GeV
(100 GeV for IR)

γ = 1.9 – 2.5
We = 1048 – 1049 erg
Ginzburg &
Syrovatskii 1964
Shklovsky 1976

nonthermal X-rays
εkeV = 1 BμG(Ee/120 TeV)2

εmax ~ 100 TeV

SN1006      Koyama et al. 1995
Cas A Allen et al. 1997
RX J1713-39 Koyama et al. 1997
RX J0852-46 (“Vela jr”) Slane et  2001

γ-rays (π0)
Ε = 30-3000 MeV
γ Cygni, IC443
Esposito et al. 1996
Sturner & Dermer 1996

TeV γ – rays
electrons/protons
εmax ~ 100 TeV

SN1006  Tanimori et al 1998
RX J1713 Muraishi et al. 2000

Aharonian et al. 2004
Cas A Aharonian et al. 2001
RX J0852-46 (“Vela jr”)
G338.3-0.0; G23.3-0.3; G8.7-0.1…

Aharonian et al. 2005
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γ inverse Compton
εγ = ε0(Ee/mec2)2
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SNR

confirmed
by HESS (2008) !



Observations of RX J1713.7-3946:
gamma-rays

Aharonian et al 2008 (HESS)



Radio-image (Lazendic et al. 2004)



X-rays: XMM-Newton, Acero et al. 2009



Comparison  of gamma-ray and X-ray images
Tanaka et al. 2008 
(Suzaku)



Correlation with molecular gas
Fukui 2008

Cloud C - 400 solar  masses

Cloud D -300 solar masses

Clouds C and D presumably 
swept up by the forward shock 
of the SNR

Estimated distance: D=6 kpc (Slane et 
al. 1999) 

D=1 kpc (Fukui et al. 2003),  
D=1.3±0.4 kpc (Cassam-Chenai et al. 
2004)

AD393 in the ancient Chinese 
records (Wang et al.1997) 

Age: 1600 yr



CR acceleration at the reverse shock? Seems 
presents in Cas A (Helder & Vink 2008)

Magnetic field of ejecta?

B~R-2, 100G at R=1012 cm -

10-12G at R=1019cm=3pc

Field may be amplified and become 
radial – enhanced ion injection at the 
reverse shock

+additional 
amplification 
by the 
nonresonant
streaming 
instability 
(Bell 2004)



Numerical model of nonlinear diffusive shock 
acceleration

(natural development of existing models of Berezhko et al. (1994-
2006), Kang & Jones 2006)

Spherically 
symmetric HD 
equations + CR 
transport equation

Minimal 
electron heating 
by Coulomb 
collisions with 
thermal ions



Numerical results
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Spectra of accelerated particles
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Integrated spectra

Emax=800 TeV for this 
SNR in the hadronic
model



Spectral modeling of 
RXJ1713.7-3946

The main problem 
of hadronic origin 
of the gamma-rays 
of this supernova –
absence of 
thermal X-ray 
emission (Katz & 
Waxman 2007). 
This gives an 
upper limit of 
circumstellar
density only 0.02 
cm-3 (Cassam-
Chenai et al. 2004) 
. 
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Leptonic model with a non-modified forward shock



Radial profiles



Comparison of 
hadronic and 
leptonic radial 

gamma-ray 
profiles



Composite model
Factor of 120 
enhancement 
for clouds



Summary
1. The current RS position in RX J1713.7-3946 corresponds to the Ib/c

or IIb supernova explosion with a low ejected mass (<2 solar 
masses).       

2. Both the leptonic and the hadronic origin of gamma-emission of 
complex SNR RX J1713 are possible. 

3. The spectral shape of gamma-ray spectra is better reproduced in the 
hadronic model.  

4. In the hadronic model the following conditions must be satisfied:
a) SNR shock must be significantly modified throughout all surface in 

order to suppress thermal X-rays and to produce enough pion-
decay gamma-rays.  

b) The line X-ray emission of heavy ions must be suppressed due to 
a low metallicity or an unusual ionization state of  the plasma 
downstream of the forward shock. 

c) If the forward shock interacts with clouds C and D the penetration 
of high-energy particles into the clouds must be suppressed. 

d) The absence of the sharp X-ray filament at the remnant periphery 
should be explained (nonuniform circ. medium?) 

5. If the inner ring is indeed a reverse shock, its proper motion in the 
direction to the center of the SNR can be measured (1-10 
thousand km/s depending on the density distribution in the circ.
medium).
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