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Electron Energy Spectrum at SNR Shocks 

RX J1713.7-3946, HESS 
TeV gamma ray image + 
ASCA X ray contour (right) 
Aharonian et al. 2007 

SN1006, Chandra X-ray
Bamba et al. 2003;    
Long et alLong et al. . 20032003 



Injection  

(Quasi-) Parallel Shock Quasi-Perpendicular Shock 
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Parallel Shock in Hybrid Simulation  

Giacalone, ApJ, 2004 

Ion Fermi Acceleration 

Alfvenic Turbulence 

Ma=6.4 



Parallel Shock in PIC (early stage) 
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Electron Injection Problem 
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(ωpe /Ωe = 50, mi / me = 1836) 

Plasma Instabilities in Quasi-� Shock 

 

  

 

 

 

  

Matsukiyo and Scholer, JGR 2003; Scholer et al., JGR 2004;  
Muschietti & Lembege, ASR 2006 
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Cargill and Papadopoulos ApJ 1988 

Nonlinear Resistivity Model Constant Resistivity 

Electron Heating in Hybrid Simulation 

Ma=50 

Buneman Instability & Ion-Acoustic Instability 



2D Perpendicular Shock in PIC (Ma=15) 
upstream downstream 

Amano Amano & & MHMH, , ApJ ApJ 20092009  
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upstream downstream 

Electron Energy Spectra 

upstream 
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Mi/me=25 



Quasi-� Shock (θBn=80) & Injection 

Amano Amano & & MHMH, , ApJ ApJ 20072007  

upstream downstream 

Electron Energy Spectra 

upstream 
bulk inflow 

(Ma=15, ωpe/ωce=20, mi/me=100) 
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surfing electrons Buneman Inst. Ion Acoustic Inst. 

 



trajectory on wave form of B 
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shock surfing (non-adiabatic) 
MH & Shimada 2002 

Electron Trajectory near Shock Front 

 

 

shock drift (adiabatic) 

pitch-angle 
scattering 

Wu et al., 1984, Leroy & Mangeney 1984 

 



Electron Heating/Acceleration  
in High Mach Number, Quasi-� Shock 
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● Buneman Instability (BI)  Ion Acoustic Instability (IA) 
    (with shock surfing and shock drift processes) 



 

Very High Mach Number Shock (Ma=137) 
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Magnetic Field Amplification 

Ion-Ion streaming Instability 
in Hot Electrons (Wu et al. 1984) large  B field  

with B/B1 >15 
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Fermi-like Acceleration 



Electron Heating/Acceleration  
in Very High Mach Number �Shock 
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Electron Injection Model 

• Shock Surfing & Drift Acceleration 
– thermal electron heating� Te ~ me V12 [Papadopoulos 1988] 

– non-thermal electron:  power law index = 3.5 
� bi-kappa distribution is assumed at overshoot 
 
 

• Integrate distribution function 
    outside the loss cone  
    (adiabatic approx.) 



Electron Injection Model 
comparison with simulation 

• free parameter 
– shock potential=0.4 Ki0 

• minor corrections 
– escape probability 
probably related to  
 (1) turbulence  
 (2) shock non-stationarity 
– maximum energy of SSA 

                    units 
density  : upstream density 
energy density : bulk electron energy density 
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Application to SNR Shocks 

• Real mass ratio shocks  
– shock potential, 40% of ion bulk flow energy 
– 60 ≤ θBn ≤ 85 

• Injection efficiency of ~ 10-4 
• Non-thermal/thermal energy of ~ 10-1 

shock 
potential 40% 
of bulk ion 
energy 

Amano Amano & & MHMH, , ApJ ApJ 20072007  



Application to SNR Shocks 
comparison between model and observation 

SN1006 

• Observation [e.g. Bamba et al. 2003] 
– injection efficiency ~ 10-4-10-3 

– non-thermal / thermal energy ~ 30% 
– shock angle dependence θBn ≥ 80  
 

• Injection Model [Amano & MH 2007] 
– injection efficiency ~ 2 × 10-4 (peak) 
– non-thermal  / thermal energy ~ 10% 
– peak appears at 75 ≤ θBn ≤ 80 



Summary 

Injection of Electron Fermi Acceleration  
for quasi-perpendicular shocks (60≤ θBn ≤ 85) 
 � injection efficiency ~ 10-4 

 � non-thermal/thermal energy ~ 10-1 

 
Very High Mach Number Shock (miV1

2>500keV) 
  � localized, amplified magnetic fields 
  � Fermi-like electron heating/acceleration 
  � effective temperature Te ~ Ti 
 


