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Background
Supernova remnants (SNRs) have been proposed as the dominant 
contributor to galactic cosmic rays (Baade & Zwicky 1934). 

1、SNRs have enough total power 
 10%, 3 per century, CR density  
(1ev/cm3)； 

2、 Direct evidences: 

Radio emission (1948) 
— GeV electrons 

Non-thermal X-ray emission 
 (1995) 
— TeV  electrons 

 π0 bump (2013 )W44,IC443,W51C 
— GeV protons



Background
standard theory of shock predicts p=2.0



Background
CR spectral           Particles distribution

SNRs’ SED

Yuan et al. 2012



n=0.01 

n=1.0 



n=100 



Gamma-ray spectral variation of SNRs may be due to variation in density 

of the surrounding environment. 

These results can be considered as evidence for the SNR  

origin of Galactic cosmic rays.



Motivation
SNRs’ SED            Particles distribution            CRs 

Evolution of SNRs' SEDs

A possible approach:

Multi-wavelength fitting

Evolution of high-energy  

particle distribution in SNRs

Hundreds of years 

More than one thousand years 

Thousands of years

Tens of thousands of years



The evolution  

of SNRs' SEDs

RX J1713.7-3946 

1600 Years Ebr~1TeV 

IC dominates γ-rays

CTB 37B: 

~5000 Years 

Ebr~400GeV 

Both IC and pp 

contribute to γ-rays 

CTB 37A: 

>10000 Years Ebr~2GeV 

pp dominates γ-rays 

Zeng, H. et al. 2017, ApJ, 834, 153



35 SNRs have been selected,  6 X-ray, 16 TeV data 



We normalize the flux at100 GeV to 1 x 10-5 MeV cm-2 s-1 by a power-law fit to the 
spectrum from 1 GeV to 300 GeV  to better demonstrate the spectral evolution.

Break energy
1-20GeV: 

W28 (Abdo et al. 2010a),  
W51C (Abdo et al. 2009; Aleksic et al. 
2012), W49B (Abdo et al. 2010c;  
Brun et al. 2011), IC 443(Acciari et al. 
2009; Ackermann et al. 2013)  
W41 (Aharonian et al. 2006b; Castro 
et al. 2013) and so.

20-200GeV: 
G349.7+0.2(Hess Collaboration et 
al. 2015), CTB 37B(Xin et al.2016),   
Puppis A (Xin et al. 2017)

1TeV: 
RX J1713.7-3946(Hess 
Collaboration et al. 2017)

old                                   young 



A model for broken power-laws in SNRs



Hα observations
Tycho  

Young with wider  

precursor  for higher  

energy acceleration

Cygnus loop old



Model description 
a simple one-zone model

1.  The distribution of particles:      ”i” represents  e or p

2.  Kep=0.01, and both leptonic  (Synch, Brem and IC) and hadronic 

(pp) emissions are considered in our fitting.

3. For comparison, the same background photon field is assumed for 

all SNRs (CMB and IR) . 

4. Distance, Age, Shock velocity, The gas density from literature

MCMC method is applied to constrain these model parameters.

In this model, 5 free parameters :   ,  , , ,  (if need), 





Results and discussion





Results and discussion

Figure (a) show there is an inverse correlation between the low-energy spectra index and 
age, and the spectral become harder with aging of SNRs. This result agrees with the 
observational fact that the radio spectrum harden with aging of SNRs (e.g. Dubner & 
Giacani (2015))..
Figure (b): The break energy of particle distribution decreases with the age of SNRs, 
which may be related to the gradual weakening of shock waves with aging in SNRs and 
agree with the particle acceleration model with proposed by Ohira et al. (see also Zhang 
et al.2017)



Results and discussion

For most middle-age SNRs, the energy loss timescale of electrons at the high-

energy cutoff is approximately equal to the age of SNRs, implying quenching of 
high-energy electron acceleration (Ohira et al).

Energy loss timescale  <  Age 

 implying continuous particle  

acceleration in the interior of SNRs

Energy loss timescale  >  Age 

may suggest escape of highest 
energy particles from SNRs.



Results and discussion

Escape sources

(i)



Results and discussion

These two figures respectively show that the relationship between the magnetic field, 
the gas density and the age of SNRs. The results show there are no correlation between 
them, but an anti-correlation may be existence for several young shell-type SNRs, 
consistent with evolution in wind bubbles.



Results and discussion

Figure (c):  The total energy of particles for most of SNRs are greater than  

erg which can be regarded as the lower limit of the cosmic rays produced by SNRs, 
and also supports that SNRs are the sources of Galactic cosmic rays.



Results and discussion



Discussion 
(Possible relation between Particles and CRs spectrum)

For young SNRs:  

For old SNRs:  

 propagation effect 0.4

2.7



Young SNRs

Old SNRs 

Similar results:



Conclusions
(1)The particle distribution can be described by a broken power-law function 
with a high-energy cutoff for all SNRs. 

(2)The low-energy spectra become harder and the break energy decreases with 
aging of SNRs, 

(3)For most middle-age SNRs, the energy loss timescale of electrons at the 
high-energy cutoff is approximately equal to the age of the corresponding 
remnant, implying quenching of high-energy electron acceleration; for young 
SNRs, this energy loss timescale is shorter than the age of SNRs implying 
continuous particle acceleration and energy loss limited maximum energy; and 
for a few old age SNRs, the energy loss timescale are longer than the age of 
SNRs which may suggest escape of highest energy particles from SNRs. 

(4)Our results reveal possible relation between particles distribution in SNR and 
CRs spectrum and support the SNR origin of galactic CRs
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