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Hybrid vs. PIC
Swisdak et al., ApJ, (2023)
Comparison of physical description:

e Hybrid: Particle ions, fluid electrons
PIC: Particle ions, particle electrons

¢ Hybrid: Resolution set by d;
PIC: Resolution set by A\p and d,

* Hybrid: Domain of 5 x 103d;
PIC: Domain of 5 x 10%d;

® Hybrid: Does not include kinetic electron physics
PIC: Does include kinetic electron physics

Shared simulation parameters:
® 409.6 x 25.6d; ~ 0.02 x 0.0012 AU
®* me/m; =1/100, nsw/npyr = 3
® Op, ="70°
e Ram speed (in shock rest frame) ~ 6V4



PIC proton density at ¢ = 30, 409"
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PIC proton density vs. time
Averaged in y; cuts offset by 20"
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1D Cuts Through the Shock

Averaged over short (y) direction
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Flux; Hybrid (black) vs. PIC (red)

In shock rest frame; thermals (dashed) and pickups (solid)
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Development of flux in PIC
t = 15,30,400;"
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x — v, phase space in PIC at t = 409
Top: Thermals; Bottom: Pickups
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