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(Aharonian et al 1998)
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Particle trajectory and time variation of energy

(electrostatic field E,)
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sparticle A not trapped by the shock front and not accelerated
sparticle B trapped by the shock front and accelerated

The particles are accelerated at the shock front

The average of accelerating electric field E//E 4 ~1.7>0



Past studies for the shock surfing

acceleration In electron-positron plasma
M.Hoshino (2001) showed that
e this phenomenon is characterized by o,

 when o<<1 particle energy spectrum is nonthermal,

e accelerated particles are trapped at the shock

surface, where a magnetic neutral sheet (MNS)

exists. v} o
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Trapping by a magnetic neutral sheet

o Particles are trapped because their
gyro motions change its direction
through the MNS.

o All that time, motional electric field
E, accelerates the particles along
the MNS.

* In the shock transition region, E
nas a finite value. On the other
nand, in the down stream E, Is
almost zero. This is the reason why
the particle acceleration occurs only

at the shock front.
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Relation between ¢ and MNS

*The reflected particles begin to
gyrate and induce an additional
magnetic field.

-By definition of 0=B,)/8ANmy,c”) %

when o Is small, the initial magnetic
field is small and the particle kinetic
energy iIs large. Then

Initial magnetic field

generated magnetic field,
and a MNS Is generated.
*\We focus on the shock transition
region in case c = 104 << 1.
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Enlargement of the shock transition region
o injection

0 o
velocity u,/u,, 1Y =




Shock transition region

linjection

10 10.1 10.2 10.3

. The |njected particles go through the shock front
and some of them return to the front.

 Trapping and acceleration occur at the shock
front, not the whole shock transition region.
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Enlargement of the shock front

inertia length (c/w,)><



The structure of the shock front

(In downstream frame)
*The acceleration by E, Is unclear, because E, has a

large positive and negative amplitude around the MNS.
The MNS propagate upstream with velocity ~ ¢/2, so
we should discuss in the MNS frame (= shock frame).

steady state oB, 4r ] | E
Maxwell eqs 5~ ¢ ¥ evaluate &
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The structure of shock front

(In shock frame)
the Lorentz transformation of the shock frame

E;:ys(Ey_ﬂsBz)i Bézys(Bz_ﬁsEy)
shock velocity B, =—-1/2, 7, =(1- 8.°)"* =1.15
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*Averaged E, Is constan ly positive in the acceleration

region, Ey’/EyO 0 7.
The averaged E,’ which accelerate particles in this frame
EJIE, 2 consistent with the above estimate.



Summary

The acceleration phenomenon is characterized by o
which is defined as the ratio of the magnetic field
energy density and the particle kinetic energy
density.

The additional magnetic field induced by gyrating
particles overcome the initial magnetic field when o
IS small, and then a magnetic neutral sheet Is
generated. Therefore this acceleration process
works effectively in the Crab nebula, o ~ 10-3.

Some particles are accelerated by motional electric
field E, while the magnetic neutral sheet traps them.

The magnetic neutral sheet is kept stationary at the
shock front. We confirmed that the averaged E, Is
positive in the shock frame and that the partlcle
acceleration occurs at the shock frame.




To go further

e The condition of trapping and detrapping for
accelerated particles

Spectrum form (maximum energy, power-low or
thermal)

e 2-D simulation
Weibel instability

 Magnetic field consisting of opposing two regions
(sector structure)

coupling with reconnection, etc.



