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e MHD Shocks Part 2
e Collisionless Shock Microstructure
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COMPUTER MODELING OF TEST PARTICLE ACCELERATION
AT OBLIQUE SHOCKS

ROBERT B. DECKER
Applied Physics Laboratory, The Johns Hopkins University, Laurel, Maryland 20707-6099, U.S.A.

(Received 18 July, 1988)

Abstract. We review the basic techniques and results of numerical codes used to model the acceleration of
charged particles at oblique, fast-mode, collisionless shocks. The emphasis is upon models in which
accelerated particles (ions) are treated as test particles, and particle dynamics is calculated by numerically
integrating along exact phase-space orbits. We first review the case where ions are sufficiently energetic so
that the shock can be approximated by a planar discontinuity, and where the electromagnetic fields on both
sides of the shock are defined at the outset of each computer run. When the fields are uniform and static,
particles are accelerated by the scatter-free drift acceleration process at a single shock encounter. We review
the characteristics of scatter-free drift acceleration by considering how an incident particle distribution is
modified by interacting with a shock. Next we discuss drift acceleration when magnetic fluctuations are
introduced on both sides of the shock, and compare these results with those obtained under scatter-free
conditions. We describe the modeling of multiple shock encounters, discuss specific applications, and
compare the model predictions with theory. Finally, we review some recent numerical simulations that
illustrate the importance of shock structure to both the ion injection process and to the acceleration of ions
to high energies at quasi-perpendicular shocks.
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collisionless shock y

Electron cross-field drift Ee—
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Fig. 1. Geometry of a perpendicular shock showing the field structure and sources of free energy [ Wu, 1982].
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“Specularly
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seen in kinetic
simlations of
shocks

This is a non-
resistive type of
energy dissipation



Specularly reflected ions in the foot of the quasi-perpendicular bow shock -
in situ observations
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Lunar magnetic anomalies
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Lunar “Swirls”

e A certain class of surface albedo feature (called “swirls”) has also
been identified on the moon that are roughly spatially co-located
with magnetic anomalies.

e Swirls are probably the
result of variations in
“space-weathering” of
the lunar surface near
magcons, but the
process itself is not
well understood

The Reiner-Gamma
albedo feature, near the
lunar crater Reiner
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Observations of
solar-wind ions and
electrons above a
lunar magnetic
anomaly by the
Japanese
spacecraft Kaguya
(25km latitude)

-8U DIFFERENTIAL
80 60 40 20 0O -20 -40 -60 -80 ENERGY FLUX

(C) kqu Y (Re) / Cl'l"l2 s sir
a>w 10 T '
BDHO
SW< o,
W &S 0.01
(Ej_);:mkev,’q
208
LZz5o.
(e) -, keViq
>
SSUTERE L ooking away
W<
55 o
() sy keVig
LOo?
=>hi<
=us o
wo 0.
(9)
B (nT)
(i) 0
E-}olarWind10
.. B(nT) — _—
Zenith Angl% — |
®  qg—_————_—— %
' — lp—i\-_‘_‘ﬁ-—___‘ S —'\L )
Longitude — — Latitude
e —=N——r""" 190
UT 06:40 07:00 07:20 07:40 08:00 08:20 08:40
Lat me) -17.3 46.2 70.4 6.1 -59.0 -55.9 8.2
Lon (ve) -0.9 -2.4 -178.8 178.4 176.5 -0.6 -2.4
Lon (sse) 161.1 159.0 -15.3 -19.2 -22.0 162.8 160.4

Saito et al., 2012



Observations of
solar-wind ions and
electrons above a
lunar magnetic
anomaly by the
Japanese
spacecraft Kaguya
(25km latitude)
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A picture put forth by
Saito et al. (2012)
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Results from the simulations
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