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- BABEDT—9%2HLIC, TSNS A—4%EERIL (Ulysses
spacecraft )

plasma density [106 m™]

plasma temperature [eV] 40 10 5
drift velocity [km/s] 470
mi/me (H+) 1836
Debye length [m] 6.7 9.6 23.5
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POTENTIAL DIFFERENCE[V]

T. Nakagawa et al., Earth, Planets and Space, vol. 52, pp283-292, 2000.
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Algorithm of the 3-D ES full-PIC code :

Space Plasma
Parameter Input — Spacecraft (S/C) Geometry
Numerical Parameters

\ 4

: Ambient Plasma (Drift Maxwellian)

Install Macro Particles Photoelectron (2-Maxwellian)

v ES Poisson Solver by FFT

— ES Field Computation —>| S/C Charge Collection/Emission
Charge Density — Electric Potential

full-PIC

: -, V¢ = b = CotPge  E=-V
self-consistently solved V=P P =Coc P ¢

v

—  Particle Trajectories —

Integrate Newton-Lorentz Equation
Explicitly Solve Electrons and lons

d&’%.  q. - o dX -
L=—L(E+V, xB|, —L=v,
dar’ m( ! ) '
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At B R BTEE X ;

symmetric in Y- and Z -axes

Domain: 256x128x128 boundary: phi=0
Object: 1x28x28, dx=0.5m
78
solar flux :> B=0
plasma flow ‘
50
Z
object model: conductor Numerical Geometry
y dx=dy=dz 131 132

MPI parallel computation:

#*A Domain decomposition in X-axis j@

;1'%/\’5)(—9 9

plasma density [108m~]

plasma temperature [eV] 40 10 5
drift velocity [km/s] 470
mi/me (H+) 1836
Debye length [m] 6.7 9.6 23.5
PE current flux [uA/m?] 160 40 4.4
PE temperature (1) [eV] 1.5
PE temperature (2) [eV] 5.0
PE flux ration of PE1:PE2 9:1
numerical domain [grid] 256*128*128
object size [grid] 1*28*28
dx [m] 0.5
dt [s] 0.5x107 1.0x107 1.4x107
LA Je»
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Charged Particle & Potential Profiles@1.0AU

- Solar Flux & Plasma flow: left to right, T=10eV, n=6x10® m-3, vd=470km/s, dx=0.5m, 2500steps
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Current Collection Analysis:
Current-Voltage Characteristics @1.0AU i

—o&— ambient electron
—&8— ambient ion

—=— photoelectron () Saturation Value of Vs: +8.3V

—<— photoelectron (Il)

() i a—
; ] lon Current; ~ constant
é\\ I Electron Current: f = 1.7
Photoelectron Current:

partly follows a simple
exponential decrease

current, A

e 2 4 & 8
spacecraft potential, V

LKA Je»
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Charged Particle & Potential Profiles@0.5AU 4,

- Solar Flux & Plasma flow: left to right, T=40eV, n=50x10® m-3, vd=470km/s, dx=0.5m, 5000steps
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Charged Particle & Potential Profiles@3.0AU
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Conclusion Remarks
Parameters Obtained from This Study

16

HxA

Debye vd/vti wake SIC Diff.
length [m] potential [V] | potential [V] | potential [V]
0.5AU 6.7 5.3 -16.0 2.2V
(0.48L) (-0.4Te)
1.0AU 9.6 10.8 -3.0 +8.3V -15.8*
(0.69L) (-0.3Te) (MUSCAT)
3.0AU 23.4 15.6 +0.1 +11.2V -11.2*
(2.67L) (+0.02Te) (MUSCAT)
le magnifi- PE PE cloud PE diffusion
cation: fm dens layer (~0.1*ne)[m] | to the rear
0.5AU |0.91* (Vs<0) |~1.7x108m=3 |20 Apartly
in 2.5m (1.42L)
1.0AU 1.7 ~3.2x108m 17.5 O
in 1.5m (1.25L)
3.0AU 2.6 ~5.5x10’m 17.5 O
in 2.0m (1.25L) )’@

KEH

17

s

AARTILEZERABZEREERTD,Y—5— I HEREFHIESaL—
avICKYRAEBELEBT AV EDOFERFZERE 9D MEREL 2. AH
RERI BEHETF SSESRES FRORERBMITICRIT Y —F—EAIL
DERFHCEIT2HDEEZS.

AA DT AVDREEICE T, AN TRANIIIEDD A ORT v )VISTERR
SND.CDHIHMEICL>TIE, BEEDEAIVEHEMNELAIIEELHUES.
HNEREAID AR EIZSETIICOAREHEZEZ DV ENHS.

TAIVELDIZIZ A EFEDOFENERIN B E RO TR AICHILE T
B, FDIREIIVIAORT U vIVOKNIREEZIT5. 0 HmE A Tld,EF
= ADFENEDHIEOLERETFERNEEL B TIEIMRENDHS.
EREOEGEDOTRE B EAF{EEMUSCATICE>TEHEL /2.0l 5 i
EMEICHUTRRAETEZEVND, DA oRT o vIVERBEL L THY,
BEFOEmMAINDILEEIHITEEEZSNS.
KFRBEYEDDEMBRICHENS

J&»

177

This document is provided by JAXA.






