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dHybridR is a kinetic ion/massless charge-neutralizing fluid electron hybrid simulation
code [1] that implements the relativistic Lorentz force law for the evolution of the kinetic

Using the hybrid approach allows the study of much larger length/time
scales than in fully kinetic PIC simulations. We perform and analyze a parallel
collisionless shock with a 8E5 x 1E2 di simulations run for over 4000

cyclotron times with the parameters listed above. This allows DSA to

accelerate CRs to relativistic energies.

MOMENTUM & ENERGY SPECTRUM
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As the CR pressure just
upstream of the shock
grows, It affects the
inflowing plasma in the
precursors. Figure (])
shows a close up of the
orecursor in (i) and the
dashed colored lines
iIndicate cuts of the
distribution displayed In
(k). Successive cuts
closer to the shock
boundary show that the
inflowing plasma is being

slowed down and heated ;|

by the outflow CRs.
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PARTICLE INJECTION & RATE OF INCREASE

-16 -15

As the shock continues to -
expand, the energy of the  4.0- [
most accelerated particles 35 - ot 2
continues to increase. Fig. . ../,l’. —
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differing by a factor of 2,
which may be linked to the
CRs' maximum speed being
imited by the speed of light.
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ream of the shock. The acceleration efficiency increases dramatically
and then saturates to about 10% - 12% after 1000 w.'.
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