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Electron Energy Spectrum at SNR Shocks

A'I'harmal Distribution
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Injection ;  Fermi Acceleration : high energy cutoff
! due to
: , 1) escape SN1006, Chandra X-ray
' , ' 2} radiation loss Bamba et al. 2003;
. I I
X, ,. standard theory ' 3) shock age Long et al. 2003
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Injection

(Quasi-) Parallel Shock Quasi-Perpendicular Shock
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Parallel Shock in Hybrid Simulation
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Parallel Shock in PIC (early stage)
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Electron Injection Problem
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Plasma Instabilities in Quasi-[1 Shock

(@,e/€2, = 50, m/ m, = 1836)

Dispersion relation

=0.2
= 0.4 Iy /
=0.6 i
/
/
4

Matsukiyo and Scholer, JGR 2003; Scholer et al., JGR 2004;
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Electron Heating in Hybrid Simulation

Buneman Instability & lon-Acoustic Instability
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Kinetic Energy

2D Perpendicular Shock in PIC (Ma=15)
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Electron Energy Spectra

Shock (68n=80) & Injection
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Electron Trajectory near Shock Front
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Electron Heating/Acceleration

in High Mach Number, Quasi-
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Very High Mach Number Shock (Ma=137)
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Fermi-like Acceleration
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Electron Heating/Acceleration
in Very High Mach Number [1Shock
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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
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Electron Injection Model
comparison with simulation

m,/m_ =100
® free parameter * i
- shock p(.)tentlal=0.4 Kio 100% b L
* minor corrections ) energy
— escape probability 10% 7 ; density
probably related to 1% 1 number
(1 ) turbulence density
(2) shock non-stationarity 0.1% |
— maximum energy of SSA .  energy density

65 70 shock Angle 80 85

units
density . upstream density
energy density . bulk electron energy density



Application fo SNR Shocks

 Real mass ratio shocks
— shock potential, 40% of ion bulk flow energy
— 60<06Br<85

* Injection efficiency of ~ 10
* Non-thermal/thermal energy of ~ 107"
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Application fo SNR Shocks

comparison between model and observation

SN1006

* Observation [e.g. Bamba et al. 2003]
— injection efficiency ~ 10#-10"
— non-thermal / thermal energy ~ 30%
— shock angle dependence 8sn > 80

* Injection Model [Amano & MH 2007]
— injection efficiency ~ 2 x 10™* (peak)
— non-thermal /thermal energy ~ 10%
— peak appears at 75 < 06en < 80




Summary

Injection of Electron Fermi Acceleration

for quasi-perpendicular shocks (60< Bsn < 85)
'] injection efficiency ~ 104
"1 non-thermal/thermal energy ~ 10"

Very High Mach Number Shock (m.\V,2>500keV)
localized, amplified magnetic fields
Fermi-like electron heating/acceleration

effective temperature Te ~ Ti




