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e Photo-electron environment

* Double probe model for estimate of density
and temperature

. PicUp3D
. SPIS
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Table: 3 Parameters for Cluster spacecraft simulations

Cluster parameters

Parameter Value
Electron and ion temperature 100 eV
Photo-electron temperature 1.5eV
Photo-electron current density 30 pA m?
Plasma number density 1.0 cm™
Debye length 74 m
Spacecraft potential 00to 7.0V
Spacecraft radius 141 m
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RunMbi1.1.0: averaged density of photoelectrons (part/ec) between t=60 and t=118 {*1/Wpe)
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PIC simulation of half-emitting spacecraft (Thiébault et al., 2005)
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Turning point method description
(1)

* Based on Parrot et al. [1982]

+ Solving the Vlasov-Poisson system iteratively around a spherical
probe in an infinite plasma

(R
AHCI’(R) - —% V;Vf, —q.;VtI).ij}, =10
* Plasma composed of ions, electrons and photoelectrons
» Plasma is assumed to be stationary, collisionless

* In unperturbed plasma, ions and electrons distribution functions are
assumed Maxwellian

* Plasma conditions independent of time and not influenced by
magnetic field
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Turning point method description
2

Each number density is calculateg as a function of the radial
distance and the potential distribution via the identification of
the domain of accessibility in function of momentum | and
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Turning point method description

3)

* Orbit classification using the turning point
formulation used to solve the expression of
the density
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Example of space charge effect in
non-limiting regime (Thiébault et al., 2004)
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Validation of PicUp3D with
uniform photo-emission
* Comparison TP-PicUp3D (100 cc, 1 eV)
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Example of non-uniform photo-
emission effect (Thiébault et al., JGR, 2004)
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Turning point method —+—

PicUpaD with a hemispheric emizsion (sunlit side) -—w—-

PiclJpa0 with a hemispheric emission (shadowed side) ---#--

PicUp3D with a hemispheric emission (perpendicular o sun light side) —a—
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Potential barrier height ®, (left panel) and location
(right panel) versus Cluster spacecraft potential

computed with the turning point method.
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Comparison with Geotail data (1)

» Geotail observation (Zhao et al.[1996])

— Current equation to assess the value of the potential
barrier

I
i R?

s B
Ton(1+ Au)exp(—Au) ;= = Je(1+ 3‘__”

/_\u) vc:r:p( - %f_\u] -e;r:p[ - i;fk u,,-) +

— Predefined parameterised potential profile to provide a
potential barrier location

— Other hypotheses :
* Spherical symmetry
* Jon and electron temperature : 100 eV

* Plasma density : 1 cm™
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Comparison with Geotail data (2)

Potential barrier values versus ion current

* Predicted 02 - : - . o o
potential
minimum with
the turning point
formulation
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Comparison with Geotail data (3)

Potential baier position versus ion cument
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RunNb1.1.1: averaged density of photoelectrons (part/cc) between t=60 and t=126 (*1/Wpe)
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PIC simulation of photo-e along booms (Thiébault et al., 2003)
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z(m)
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x{am:
boom potential effect (Cully et al., 2007)
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RunNb1. 1.0 averaged potential (V) between t=60 and t=118 (*1/Wpe)
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Preliminary results of potential distribution around an ASPOC
like ion plume on a cylindrical spacecraft (Thi¢bault et al.,
2003).
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Conclusion

The turning point formulation has been used for
simulating photo-electron sheath in a large Debye
length regime.

Predictions of potential barrier is consistent with
the observations made on Geotail spacecraft by
Zhao et al. for what regards the magnitude of the
barrier.

There is a discrepancy, however, for what regards
the barrier location.

Examination of Zhao et al.’s hypotheses leads to
conclude that our predictions are more realistic.
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Simulation of the Cluster
Spacecraft Floating Probe
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Spacecraft Potential in the magnetosphere
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Ambient current

In the two limiting cases expressed above, the
current collected on a spherical conductor from
ambient particles of charge q can be expressed as:

a¢>0=1,=n,xV, xqxS xexp _9¢
KT,

qg<0=1,=n,xV, xqxSy

OML regime Mott-Smith and Langmuir [1926]

S =Sx —q—¢
KT,
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Photo-electron current
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Table 1:

Cluster model parameters

Plasma temperature: 0.1to3eV

Plasma density: 0.1 to 1000 part/cm?
Cylindrical spacecraft radius 1.45m

Cylindrical spacecraft height 1.3m

Equivalent spherical spacecraft radius 141 m

Spherical probe radius 0.04 m

Probe bias current 140 nA
Photoelectron saturation current density 56 pA/m?

Number of probes with bias current 4

SPINE, 13-14 Nov. 2008, ESTEC

11



Density (particc)

Fit of data with Bi-Maxwellian
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Fit of data with bi-Maxwellian
(Thiebault et al., IEEE TPS, 2006)

Ambient Toph Joph Tlph Jlph(p Total saturation
temperature (eV) (HA/m) (eV) A/m?) current (LA/m?)
V)

0.5 13 40.0 8.0 6.5 46.5

0.8 1.3 45.0 8.0 5.5 51.5

0.9 1.3 48.0 8.0 53 53.3

1.0 13 55.0 8.0 5.0 60.0

2.0 1.3 65.0 8.0 4.0 69.0

3.0 1.3 75.0 8.0 35 78.5
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Effect of Ambient Electron
Temperature
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Evidence of photo-electron cross-over
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More detailed modelling required

Potential (V)
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SPIS modelling
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Conclusion

Current limitations include:
Models are validated in stationnary regime

Uncertainty of the order of a few percents in
current collected on a sphere.

Certainly worse on a wire.

Resolve both wire scale and spacecraft
sheath scale.
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