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Fig. 1.— A 2-D cartoon of our 3-D shock analysis algorithm. The centers are shown in dark

blue, while the pre and post-shock cells are outlined in thick black. The resolution level is

seen by varying grid-cell sizes.

where ρ1 is the pre-shock density. From this total incoming kinetic energy flux, a portion

will be used in the thermalization of the gas and the acceleration of cosmic rays. In keeping

with Ryu et al. 2003, we will denote the amount of energy per unit time used to thermalize

the gas and accelerate cosmic rays as fth and fCR, respectively. In the case of a purely hydro-

dynamical shock without the inclusion of cosmic ray feedback, the fractional thermalization

δ0(M) can be determined by the Rankine-Hugoniot conditions,
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With the inclusion of cosmic rays, there is no simple analytical form for the fractional

thermalization of the gas, and depends on magnetic field orientation, turbulence, and the

specific incoming population. Instead, we adopt the results of 1D DSA simulations by Kang

& Jones (2007). The time-asymptotic values of the fractional thermalization, δ(M) = fth/fφ,

and fractional CR acceleration, η(M) = fCR/fφ, were found to be nearly self-similar for the

temperatures and shock velocities considered. These simulations also accounted for whether

or not the pre-shock medium had preexisting CRs. With a preexisting CR population, the

fractional energy deposited into CRs increases dramatically at low Mach numbers. Shown

in Figure 2 are the results of the DSA simulations for a population with no preexisting CRs

and one in which PCR/Pg ≈ 0.3.


