Kinetic simulations comparing quasi-parallel and quasi-perpendicular piston-driven
collisionless shock dynamics in magnetized laboratory plasmas
mMisaeudamansvamamaniaiunszunnuuulinssulunarainluiomessuiaiUFeuiiisunis
wé’né’iwgnguﬁLﬁawmuﬁ'uLﬁauﬁgamnﬁ'uamuu,:u'mﬁn
(P. Pongkitiwanichakul*, D. B. Schaeffer, W. Fox, D. Ruffolo, J. Donaghy, and K. Germaschewski
Kinetic simulations comparing quasi-parallel and quasi-perpendicular piston-driven collisionless
shock dynamics in magnetized laboratory plasmas, Phys. Plasmas 31, 01290
https://doi.org/10.1063/5.0178884 )

Magnetized collisionless shocks are common in astrophysical systems, and scaled versions
can be created in laboratory experiments by utilizing laser-driven piston plasmas to create these
shocks in a magnetized background plasma. A key parameter for these experiments is the angle O
between the shock propagation direction and the background magnetic field. We performed quasi-
1D piston-driven shock simulations to explore shock formation, evolution, and key observables
relevant to laboratory experiments for a range of shock angles between 8 = 90° to 85 = 30°.
Our results show that the spatial and temporal scales of shock formation for all angles considered
are similar when expressed in terms of the perpendicular component of the magnetic field. In a
steady state, ion and electron temperatures become more isotropic, and the electron-to-ion
temperature ratio is higher for smaller 8g. At 8 = 30°, ion heating parallel to the magnetic field
becomes dominant, associated with more ions being reflected at one discontinuity and subsequently
trapped by the next discontinuity due to shock reformation.
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FIG. 3. Phase space plots of the z component of the velocity v, of the ambient ions along z for four shock angles 0 at different times. The velocity is normalized by the shock
speed vgp, Z is normalized by the perpendicular gyroradius p, , and time is normalized by the perpendicular gyroperiod 7, . Darker green indicates stronger concentrations of
the ions. At the same normalized time, the phase space distributions from all simulations are similar.



