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3:Time-dependent Particle Acceleration in SNRs 
 

4: Conclusions 



1: Cosmic Rays 

   Dominated by Nuclei, 
there are also electrons, 
positrons and antiprotons 

Age：~107 Year 

Energy density: 1eV/cm3 

    Power：~ 1041  erg/s 

Maximum Energy: 3×1020eV ~ 
50 Joule 

Spectral Knee at ~ 1e15eV 
and Ankle at ~ 1e18eV 

GZK Cutoff at ~ 1e20 eV 

Knee 

Excess 

“ 

GZK 

Ankle 
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Discovered in 1912 by Victor Hess (1936 Nobel prize) 
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1: Shell Type TeV SNRs 

GeV 



1:Most Supernova Remnants Were 

Observed in Radio-Evidence for GeV 

Electrons 

Victor Franz Hess 1912 
2017-9-21 5 

宇宙线的能量密度约1eV每cc，是 

微波背景的4倍。 

1912 

~2.7 

~2.0 

Propagation 



Victor Franz Hess 1912 



11/14/12 KIAA 

1:AMS Observations of Cosmic Rays: 

Propagation 



1: Varieties of γ–ray Spectra 

Young SNRs 

evolving in a 

low density 

environment 

Old SNRs 

interacting 

with dense 

molecular 

clouds 



2: A Unified Model for γ–ray emission in 

SNRs 

Modeling of Cosmic Ray Spectra 



2: Modeling of Gamma-ray Spectra 



2: Modeling of Gamma-ray Spectra 



2: Summary 
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Shell Type TeV SNRs 

Older remnants 

interacting with 

molecular 

clouds 



2: Modeling of Gamma-ray Spectra 

alpha= 2.52

(alpha+ 1)/2

Leptonic 

Inverse Compton  

Hadrnic 

pp scattering 



2: A Unified Model for γ–ray emission in 

SNRs 

Modeling of Cosmic Ray Spectra 

Consistent with Radio 

Consistent with γ–ray  



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 

3:Evolution of Particle Distribution in SNRs  

 



11/14/12 KIAA 

3:AMS Observations of Cosmic Rays: 

Propagation 



11/14/12 KIAA 

3:AMS observations of cosmic rays: anomalies   

1) spectral hardening above 200GV 

2) helium spectrum harder than proton 

spectrum 



11/14/12 KIAA 

3:Time-

Dependent 

Particle 

Acceleration: 
Injection 

makes proton 

softer than He 
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3:Time-Dependent Particle Acceleration  

in SNRs  



11/14/12 KIAA 

3:Two Stages of Time-Dependent 

Particle Distribution in SNRs  

Early 

Advanced 

Injection in Early Stage: 

Dominant CR production 



Conclusions 

 单幂律: 

最简单的模型 

不能解释伽玛能谱和宇宙线各向异性、 能谱反常 

双幂律: 

定性解释伽玛能谱和宇宙线各项异性 

不能解释能谱反常 

两个阶段的含时解(双幂律): 

定性解释伽玛能谱、定量解释p/He谱、能谱上翘、膝 

随时间演化的粒子加速？ 

定量解释多波段观测？ 

 



GeV image  

TeV contours 

TeV image  

radio contours 





2: Cosmic Rays 
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3: Future Studies 
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 1: 3D MHD Simulations to Study Source structure 
 

2: Multi-wavelength spectral fit 
 

3: Evolution of SNRs 
 

4: Incorporating the thermal component 



1:Supernova Remnants 











11/14/12 KIAA 

1 Energy Partition between Magnetic Field and 

Energetic Electrons   



4.2 Multi-wavelength 

spectral fit 

   



4.2 Multi-wavelength spectral fit 

   



4.3 Time Evolution 
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150” 

Cassiopeia A:~1681 

TeV 
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4.4 Thermal Emission 



1: Two emission models for SNR RX 

J1713.7-3946 
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Leptonic Hadronic 



3: Future Studies 
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 1: 3D MHD Simulations to Study Source structure 
 

2: Multi-wavelength spectral fit 
 

3: Evolution of SNRs 
 

4: Incorporating the thermal component 



4.3 Time Evolution 

   





2:Gamma-ray Observations of Particle 

Acceleration in Supernova Remnants 
http://www.physics.umanitoba.ca/snr/SNRcat/ 



1:Radio Observations of Supernova 

Remnants-Evidence for GeV Electrons 

Victor Franz Hess 1912 
2017-9-21 41 

宇宙线的能量密度约1eV每cc，是 

微波背景的4倍。 

D. A. Green:“This, the 2014 May version of 

the catalogue, contains 294 SNRs (which is 

20 more than in the previous version; 21 

remnants have been added, and one object 

removed), with over fifteen hundred 

references in the detailed listings, plus notes 

on many possible or probable remnants. For 

each remnant in the catalogue the following 

parameters are given.” 

https://www.mrao.cam.ac.uk/surveys/snrs/ 



1:Young Supernova Remnants 

1006AD 
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1572AD 

1681AD 

1604AD 

1054AD 

1987AD 


