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Spacecraft charging (spacecraft potential)

Plasma electron

Secondary
Photoelectron electron

\

: () > (I)plasma . dilute plasma, photoelectron dominant !
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() < (I)plasma . dense plasma, photoelectron neglected

What if plasma environment is NOT stationary in time
e.g., existence of plasma wave (oscillating fields)
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Charging of solar—system small bodies
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SC potential fluctuations due to chorus waves
» VAP observations:
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On-orbit SC potential data are obtained from a potential
difference between SC and E-field probes.

—SC chassis and probe potentials fluctuating differently?



Why SC potential changes?
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= Modified particle flux = Change in @, ? icourtesy of katon
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2. Modified particle dynamics

= Modulated particle motions due to wave
(electric) field

= Modified particle flux = Change in ¢..?
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Possible mechanisms

Current balance equation determining SC potential
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1. wave field added to lentering sheath
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escaping photoelectron \ E // 3. induced charge on SC
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Particle-in-Cell (full particle) simulations
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10~ 100 mV/m, fwave " kHZ < 1/Te_transit_in_sheath

wavelength > spacecraft spatial scale
— applying spatially-uniform rotating wave E-field



SC potential variation as function of E
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Result: potential & PE structures wyo waves
g
&

Potential well: -e¢/kT , ~Photoelectron density (/cc)
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Most of PE trapped by the sheath potential well.
Fraction of PE escaping from the well balances incoming plasma ele.



Result: potential & PE structures
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Potential well: -e¢/kT , ~Photoelectron density (/cc)
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Potential barrier decreases. — Enhanced PE outflow.

— Need higher ¢.. to recover current balance.
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Thin- vs thick- sheath limits

—heightened potential barrier
lowered potential barrier

Ad,.: small simulation
(intermediate regime)

PE: photoelectron

lowest




Asymmetry in PE current modification

—heightened potential barrier: ¢ + Ag
lowered potential barrier: ¢¢-0 — AP

Q:

PE current modifications
canceled out

with each other?

or A:
Ao, # 0? NO



Asymmetry in PE current modification

V-| characteristics of photoelectron
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Asymmetry in PE current modification

V-| characteristics of photoelectron
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Wave E-field effects on incoming plasma

electrons Simulation result
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» influx of plasma electrons rotating with E
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Plasma electron current also increases slightly.
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Effects of induced charge on SC surface

In the simulation, we can artificially exclude that effect.
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It turned out that it is a minor effect in our case.

In very thin sheath limit (large SC size case), it may contribute to A¢....



Further complicating factors... (future works)

1. Multiple conductor system
- multiple satellite components will change
photoelectron escaping rate
ex) SC with probes

probe SC with booms probe

lowered barrier

2. Angle between wave E-field & static B-field
- PE escape enhanced in more parallel E&B
orientations (e.g., in case of oblique-whistler
mode, electrostatic mode...)



Ongoing work...

obs.: wave E-field

[THEMIS data: courtesy fKatoh]
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Summary and conclusions

PIC modeling of SC potential fluctuations in the
presence of plasma wave (time-varying) electric field

Increase in SC potential

e change in height of potential barrier

* increase in escaping photoelectron current
some basic properties confirmed in the simulations
- thin-/thick- sheath regime, - induction charge

To be studied:

* Practical cases of multiple conductor system

» Effects of oblique/parallel angles between wave E-
field and static B-field



