
Turbulence and Stochastic 

Particle Acceleration in 

High-beta Plasmas of SNRs 

Siming Liu 

 

Purple Mountain Observatory 

liusm@pmo.ac.cn 

 

Chuyuan Yang, Xiao Zhang, Qiang 
Yuan, Xiaoyuan Huang, Ruizhi Yang, 

Xiaojun Bi, Hui Li, Yang Chen 

 

mailto:liusm@pmo.ac.cn


11/14/12 KIAA 

IPM ISM ICM 

Observations Very Rich 

From large to 

Small scales 

in both space 

and time 

From remote 

sensing to in 

situ 

measurement 

Multi-wavelength 

remote sensing 

and in situ cosmic 

ray measurement  

Mostly 

Radio 
For 

energetic 

electrons 

and X-rays  

for 

background 

plasma 

Consequence Too rich to 

deal with. 

Confusions? 

Details on the 

physics of particle 

acceleration, 

radiation, and 

transport 

Physics of 

DSA or SA? 

Energetic Particles 



Outline 
 

1: Observational Review of Particle Acceleration in 

SNRs  
 

2: A Unified Model for Particle Acceleration in SNRs  
 

3:Turbulence and Stochastic Particle Acceleration in 

High-beta Plasmas of 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 

4 
Discovered in 1912 by Victor Hess (1936 Nobel prize) 



1:Radio Observations of Supernova 

Remnants-Evidence for GeV Electrons 

Victor Franz Hess 1912 
2014/11/13 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 



1:X-ray Observations of TeV Electron 

Acceleration in Supernova Remnants 

Victor Franz Hess 1912 
2014/11/13 6 
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1: Shell Type TeV SNRs 

GeV 



1: Baryonic TeV 



1: Baryonic TeV 

Shell Type TeV SNRs: 

Younger, no-thermal emission, 

Strong synchrotron X-rays 
Interacting with molecular clouds 



GeV image  

TeV contours 

TeV image  

radio contours 
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1:Synchrotron X-rays 

14 

TeV Electrons 

1572 
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1: Summary 
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Shell Type TeV SNRs, relative simple 

Older remnants 

interacting with 

molecular 

clouds, complex 

source structure 



2: A Unified Model for Particle Acceleration 

in SNRs 

Modeling of Cosmic Ray Spectra 



2: Modeling of Gamma-ray Spectra 



2: Modeling of Gamma-ray Spectra 



2: Modeling of Gamma-ray Spectra 



2: Modeling of Gamma-ray Spectra 

alpha= 2.52

(alpha+ 1)/2

Leptonic 

Inverse Compton  

Hadrnic 

pp scattering 
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3: Shell Type TeV SNRs 

GeV 



3 Source Structure: 

Magnetic Field  

Amplification 



3: MHD Turbulence and Stochastic Electron 

Acceleration 

TeV 



2:费米加速机制 
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3: Stochastic Electron 

Acceleration 



3: MHD Turbulence and Stochastic Electron 

Acceleration 

TeV 



3 Radial Brightness Profiles 



3 Multi-wavelength overall spectral fit 

log（B /muG）
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Conclusions 

 A century after the discovery of cosmic rays (1912), 

recent  achievements in gamma-ray astronomy 

strengthen the cases that  

SNRs are important sources of Galactic cosmic rays  

and  

Astrophysical shocks are efficient particle accelerators 

and magnetic field generators 

A unification model for particle acceleration in SNRs is 

emerging!!! 
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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 
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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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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 
2014/11/13 52 

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 
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