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Shock acceleration

• Each crossing, a fraction u/c of the particles are swept away (i.e. advected) from the 
shock front by the bulk motion of downstream particles away from shock front (or the 
motion of the shock front away from the downstream particles — depending on what 
reference frame we are considering).

• Therefore the probability of a particle sticking around for another pair of crossings 
after each round trip is P=1-u/c.

To get power-law index, must calculate probability of particles remaining near the 
shock region after each round trip, P.

dN
dE

∝ Eln(P)/ln(β)−1

ln(P)
ln(β)

=
ln(1 − u/c)
ln(1 + u/c)

≈
−u/c
u/c

= − 1

β = 1 +
u
c

Taylor expansion 
around u=0

∴
dN
dE

∝ E−2



Advection
• N = number density of particles. Rate of particles crossing and 

re-crossing the shock per unit area per unit time:

Why is a fraction u/c of particles swept away downstream each round trip?
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i.e. with no bulk velocity, half of the upstream particles cross 
the shock front, and half of them cross back again.
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• Therefore, fraction of particles crossing the shock that are 
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