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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 u = mv? /2B = const

Electron energy conservation in the de Hoffmann-Teller frame

mvﬁl 5 mv|22
5 + (U1 b1 = 5

+ 1o By — e® = const

ExB~0 through shock transition



Table 2. Summary of Main Shock Parameters at the Asymptotic Upstream and Downstream Locations”

19 December 2003

23 January 2004

19 March 2005

Parameters Uitz (uh (d) {u) (dy (u) (d}

H nl 126 1.7 1.7 357 782 6.2
n, em 11 378 650 210 7.76 193
T, eV 14.3 258 28 S8 17.2 0.8
T Ty - 1.O% 101 .64 1.1 114 0934
T8 eVinT 43 240 160 246 210 276
I, c¥ 738 L7 355 iz A 76
3, - 5.99 34 0.45 a3 (.88 0.8

G - BN 14.1 (.69 226 156 iz
¥ km's 220 58.7 550 1494 474 134
— deg 759 864 72 79.2 §1.2 §9.2
L deg 72.1 47 713 §5.9 Tl BS54
— deg 703 #14 756 247 16 29
Proton ram enengy, mll.u:.l'l eV 253 18 | 580 196 17 4.2
Alfvén Mach number, My - 103 1.54 350 116 7.76 1.03
Fast Mach number, M, - 422 0787 4.79 (h. 546 5.9 (LE01
HTF electron thermal Mach number, M7, - 0402 0300 0627 183 1.26 1.97
Electron plasma frequency, (), kHz= 0% 552 231 42 25 104
Electron gyrofrequency, §,. Hz a13 im ilo L0 219 134
Proton gyrofrequency. J,. Hz (55 0163 0177 0543 RN 0398
Electron inertial length, L km 1.6 {1504 207 1.14 191 121
Thermal electron gyroradius, @, bk 206 .12 0976 (634 .26 0764
Proton inertial length, e/, km G4 7 8.5 486 Blb 51.8
Thermal proton gyroradius, o, km ] 98.2 522 5.7 722 [ X
Convected proton gyroradios, v, 42, km a7 215 Fa4 il 36 150
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1-D PIC Simulation - Parameters

High Mach Number Bow Shock
M 4=10, 6=81°, 3,=0.2, B.=0.2
Number of cells: 40000

System size: 1581 Ao (37 \;)

Number of particles/cell: 2 x 490
wze/wge:M

m;/me— 1800
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Magnetic field B, stackplot
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Electron Phase Space Topology
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Electron Phase Space Topology
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Liouville Mapping
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Liouville Mapping
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Liouville Mapping
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Cross-Shock Potential Jump from Liouville Mapping
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The cross-shock potential @, resulted from the Liouville mapping analysis in the
deHoffmann-Teller frame.
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Cross-Shock Potential Jump from Simulation
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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 field 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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