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Vlasov equation: conservation of the phase space density along its
characteristic

Gyrotropy of the electron distribution function and conservation of the
magnetic moment µ = mv2

⊥/2B = const

Electron energy conservation in the de Ho�mann-Teller frame

mv2
‖1

2
+ µ1B1 =

mv2
‖2

2
+ µ2B2 − eΦ = const

~E × ~B ∼ 0 through shock transition
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1-D PIC Simulation - Parameters

High Mach Number Bow Shock

MA=10, θ=81
o, βi=0.2, βe=0.2

Number of cells: 40000

System size: 1581 λe (37 λi)

Number of particles/cell: 2 x 490

ω2
pe/ω

2
ce=64

mi/me= 1800
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Magnetic �eld Bz stackplot
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Electron Phase Space Topology

Cut (a)
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Electron Phase Space Topology

Cut (b)
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Electron Phase Space Topology

Cut (c)
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Liouville Mapping

θ = 25◦ θ = 65◦

f(v/c) - Electron Distribution Functions at cut (a) : actual (−), mapped (�).
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Liouville Mapping

θ = 25◦ θ = 65◦

f(v/c) - Electron Distribution Functions at cut (b) : actual (−), mapped (�).
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Liouville Mapping

θ = 25◦ θ = 65◦

f(v/c) - Electron Distribution Functions at cut (c) : actual (−), mapped (�).
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Cross-Shock Potential Jump from Liouville Mapping

The cross-shock potential ΦLM resulted from the Liouville mapping analysis in the
deHoffmann-Teller frame.
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Cross-Shock Potential Jump from Simulation

The integrated electric field in the deHoffmann-Teller frame: the potential along
the Ox- normal direction (solid line), Oy (dashed), and Oz (dotted).
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Exact Liouville Mapping
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Result of the ”exact” Liouville mapping applied on the adiabatic (”+”) and
non-adiabatic (”·”) particles in the overshoot of the shock. The electron

distribution function (solid line) is determined in the plasma rest frame at 90◦ pitch
angle.
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Summary

The electron distribution functions have been mapped at the foot, ramp
and overshoot of a low beta quasi-perpendicular collisionless shock. The
cross shock potential obtained by the PIC code is compared with the one
obtained from the Liouville mapping method . The Liouville mapped
estimations follow the trend of the electric �eld potential but deviations
can be seen mostly behind the overshoot of the shock. A good agree-
ment is noticed with the Goodrich and Scudder (1984) approximation in
the foot and ramp regions. The discrepancies observed at the mapped
distribution functions are mainly provided by: 1. Large inaccessible re-
gions in the velocity space for the upstream incoming electrons and 2. the
nonstationarity of the shock .
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