Electron Acceleration in Non-
relativistic

Quasi-perpendicular Shocks

T. Amano!'!, M. Hoshino'*!, N. Shimada'*
[1] Nagoya University
[2] University of Tokyo



he Injection Problem

Injection Problem
escape condition . escape from downstream to
upstream

resonance condition : resonantly scattered by MHD
waves

these conditions should be satisfied for
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Flectron and Proton Injection

scattering by MHD turbulence requires
cyclotron resonance
easy for protons
but not for electrons (i)@cause of their light mass)
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whistler wave whistler wave

Electron Resonance Cond.
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Evidence for Ultra-relativistic Electrons at SNR

Shocks
SN1006 v AThermal Distribution
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concave spectrum

:due to shock modification 2 ' °
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Electron acceleration is typically efficient at SNR
while it is not at shocks in the heliosphere probal
of the difference in Mach numbers
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@uiasi-perpendicular Shock (05.=80)

[Amano & Hoshino, 2007 ]

Shock Surfing Acceleration sy
(SSA)
Energetic electrons are o 8
generated at the leading edge:

of the foot
le.g., Hoshino & Shimada 2002]

Shock Drift Acceleration
(SDA)
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iirajectory o' Energetic Electron

total,perp,para energy history

Shock Drift =
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The energy of reflected electrons is large enough f
when the Ma > 100 (depends on shock angle)



lRterpreration: Surting and Driit Acceleration

de Hoffmann-Teller frame  upstream frame
VJ_A Veh = Vi /cos g, maxmum energy of

i/ ShDCk Surﬁng

reflected particles

effect of
shock potential
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non-adiabatic acceleration by SSA initiates
SDA

assuming the pre-accelerated distribution
Ainction swoe can cctimatre the fractinon nf



Application to SNR Shocks

comparison between model and observation

SN1006 aﬂ*" Observation [e.g., Bamba et al.
2003]

injection efficiency ~ 10*-107°

peak appears at 75 < Osn < 80



21D Shock Structure

consider purely perpendicular shock with out-

of-plane B-field => electron acceleration
shonld ocenr in-nlane Ayy Upstream Downstream
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Electron

Acceleration

strong electron
acceleration is

observed in the
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Shock Parameter
mi/me = 25
(J)pe/ch =10
Bi — Be = 0.5
Ma ~ 14
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Venry: Highs Mach Number Shock (1)

Ma =174, u)pe/wce—120 m|/me 100, Shimada+
"in prep. 3
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Fermi-like energy gain

electrons confined
in a thin shock |
layer are
energized by a |
mechanism similar
to Fermi
acceleration

large amplitude
magnetosonic
waves/solitons
play a role N

caveat: 1D perp.
shock, additional Ener X/(V1/Qq)

0.6

04 r

03 F

Time (t Wpe)

02 r

0.1




the electron injection is difficult in general,
but may be possible at high Mach number, Q-
perp shocks

we still do not understand the physics of
electron acceleration in Q-para shocks
(inefficient, at least in-situ observations at
relatively low Mach number shocks)

injection of protons are unlikely to occur in Q-
perp shocks, but the self-generated turbulence
may change the situation



