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Abstract 
 

The spacecraft induced environment includes, secondary particles generated by primary 
radiation, outgassing material, particles emitted by thrusters or emitters, spacecraft generated 
electric and magnetic fields. All of these components may severely affect the behaviour of 
sensors and especially scientific instruments. In this presentation various effects are reviewed 
and methods to cope with, or to mitigate, them are discussed. 
 

Introduction 
 

This paper deals with unwanted effects on space plasma measurements related to the 
perturbation that spacecraft induces on the environment or directly on sensor themselves. 
These effects could be organised in several categories as follows: 

 
- spacecraft system anomaly (with various possible origins e.g., human, thermal, 

radiation...). 
- electromagnetic or magnetic perturbations; 
- electrostatic perturbations from spacecraft charged surfaces; 
- contamination by neutral or secondary particles originating from the spacecraft; 
- space charge effects from spacecraft electrostatic sheath. 
 
Spacecraft anomalies may obviously affect the measurements via interrupting them or 

limiting the spacecraft resources available for them. Sensors themselves are subject to 
anomalies or degradation due to radiation, thermal and human error problems. The rest of the 
effects mentioned above are due to spacecraft induced environments such as secondary 
particles, generated by primary radiation, outgassed material, particles emitted by thrusters or 
emitters, spacecraft generated electric and magnetic fields. A list of the induced environment 
components is given in Table 1 below together with their effects on particle detectors. 
 

This review is focused on three of the main effects on plasma instruments: contamination 
by spacecraft generated charged particles, surface charge effects and space charge effects on 
particle detection. A discussion of other effects can be found in previous reviews including 
the ones from Berthelier [1998], Pedersen et al. [1998], Hasting [1995], Laframboise and 
Sonmor [1993], Garret [1981] and Whipple [1981].  
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Table 1.  Spacecraft induced environments and main effects on space systems. 
 

Type and energy range when 
applicable 

Main effect 

Secondary charged particles (eV to 
MeV depending on primary 
radiation energy) 

Background and false signal 
Space charge interference 

Charged particles from thrusters 
and emitters 

Space charge 
Secondary particles 

Outgassed, sputtered and emitted 
neutral material 

Deposit on surfaces and affect their 
properties 

Electric and magnetic field Affect field sensors and electronic 
Affect particle trajectories 

 
Detector Contamination by Spacecraft Generated Garticles 

 
Nearly all kind of particles ion, electron, atomic, molecular or photon can be generated by 

spacecraft surfaces artificially, spontaneously or under external influences. Spacecraft 
generated electron and ion can perturb sensors creating background and artefacts. Such 
effects are discussed in this section. 
 

Photo-electrons are generated by primary UV and X photons impinging spacecraft 
material. The photo-electron yield varies very much with surface material (cf [Grard 1973 
and Grard et al. 1983]) and the resulting flux leaving spacecraft surface depends of the 
electrostatic potential environment but saturation current level is typically of the order of a 
few tens of micro-Ampere per square meter. In addition, variation with time spent in space 
has been observed. This is explained by the contamination of surfaces by outgassed material 
or by atmospheric constituents. 
 

There are numerous reports of photo-electron contamination of particle sensors [e.g., 
Wrenn and Heikkila, 1974, Szita et al., 2001] including Langmuir probes [Cauffman and 
Maynard, 1974; Pedersen et al., 1984, 1998; Hilgers et al., 1992, Hilgers 1995]. Photo-
electrons generated inside the detectors can be minimising via the control of the amount of 
exposed internal surface to sunlight. Photo-electrons generated elsewhere over the spacecraft 
are much more difficult to avoid since they can travel a rather long distance away from the 
surface before being turned back to it.  
 

An example is shown on Figure 1 on the electron energy spectrograms as a function of 
time as measured by PEACE electron detector onboard Cluster [Torkar et al., 2001].  The 
spacecraft generated photo-electrons appear as a low energy population with a well defined 
cut-off at the spacecraft potential (solid black line). 
 

It must be noted that the photo-electron trajectories may be strongly influenced by the 
spacecraft generated electrostatic potential distribution (cf next section) and as result the 
photoelectron cloud can expand in the whole space around the spacecraft up to very long 
distances. Example of the photo-electron cloud expansion around a positively charged 
spacecraft is shown on Figure 2. The simulations were performed using the PicUp3D 
charging code [Forest et al., 2001; Thiébault et al., 2003a]. It can be seen that although the 
photo-emission takes place only on half of the cylindrical surface of the spacecraft, the photo-
electrons easily propagate in all directions (including the anti-sunward one) and the iso-



density contours nearly follow the spacecraft surface iso-distance beyond a few spacecraft 
radii. 
 

 
 
Figure 1.  Electron energy spectrograms as a function of time as measured by PEACE 

electron detector on Cluster [Torkar et al.2001]. 
 

 
Figure 2.  Photo-electron density contours in a plan perpendicular to a cylinder emitting 

photo-electron from its surface toward negative values of x as simulated with the 3D 
PIC code PicUp3D without boom antennas (left panel) and without (right panel). 

 
Electrons are also emitted by spacecraft surface under irradiation by high energy particles 

(ions and electrons). One can distinguish the backscattered electrons from the secondary 
electrons. The former ones are electrons reflected by surfaces with nearly the same energy as 
the primary electrons and in specular direction. The secondary electrons are generated at 
much lower energy (typically a few eV) than the primary ones and in a broader range of 
directions. Secondary electron effects and behaviour are similar than for the photo-electrons 
except that currents are usually smaller and the emission occurs on nearly all external 



surfaces because the high energy charged particle environment is far more isotropic than the 
photon environment. The number of secondary electrons emitted per incoming particles 
(yield) is a function of the incident particle energy. The yield can vary from nearly zero for 
incident particle with low energy (below 10 eV) or very high energy (above a few keV) to 
near one (and sometimes more than unity) around a few hundred eVs.    
 

Since secondary electron and photo-emitted electron yields strongly depend of the surface 
material it is in principle possible to select material to be used according to such a property. 
However, it may be conflicting with other material requirements (e.g, conductivity and 
thermal properties). In addition, the yield may change with time spent in space due to 
material degradation and contamination.  
 

Ions generated on spacecraft have been reported in data from various space missions 
including the Application Technology Spacecraft ATS-5 and ATS 6, the US Air force P78-2 
(SCATHA) spacecraft and the magnetospheric science spacecraft ISEE 1 [Deforest, 1973; 
Olsen et al., 1981; Olsen and Norwood, 1991; Olsen and Whipple, 1988]. All these papers 
report observations when the spacecraft ground potential was very negative (typically more 
than 100 V) compared to the ambient plasma and the spacecraft generated ions were 
identified by a secondary peak at an energy typically lower than the primary accelerated ion 
peak through the potential drop.  

 
Two mechanisms have been proposed to explain these ion populations. The first one 

invokes sputtering by energetic ions and the second one outgassing. Sputtered ions can be 
generated by high energy ions (pre-existing or from low energy ion population accelerated by 
negatively charged surfaces). Olsen and Norwood [1991] found that 10 to 100 keV Oxygen 
ions on glass could produce a yield of 0.5 to 1. particle per incident ions and roughly 2-4% of 
this yield is ionised. Outgassed material may be ionised by UV and X radiations. In principle, 
this type of spacecraft generated ions may be generated also in non high level charging 
conditions but should decrease with mission time.  

 
Electric thrusters and ion and electron guns are designed to emit a significant amount of 

charged particles. Usually, they are emitted with a high enough energy and in an appropriate 
direction such that they are not turned back to particle detectors (unless especially designed 
this way). It must be noted, however, that certain electric thrusters devices also emit a 
significant amount of cold neutral gas which interact with the energetic ions via charge 
exchange and can be further scattered back to the spacecraft. A numerical model of these 
charge exchange ions around a simplified model of SMART 1 spacecraft predicts that the 
plasma cloud density outside of the main plume can be of the order of 1011 m-3  [Tajmar, 
2001]. An example of such a numerical simulation is shown in Figure 3 for a spacecraft at the 
same potential as the plasma. 
 



 
Figure 3.  PIC simulation  of SMART-1 ion plume density showing charge exchange 

ions backscattered toward the spacecraft [from Tajmar, 2001]. 
 

Surface Charge Effects 
 

Electric charges (electrons and ions) of the plasma are free to move and may eventually 
get trapped on material surface. They cannot leave a surface as easily as in the atmospheric 
environment because the vacuum is far less conductive regarding this process. Also, 
secondary ion and electron emission processes (including photo-emission) contribute to 
change surface charges. The accumulation of charge (positive or negative) leads to the 
creation of an electric field distribution that eventually will prevent further charge 
accumulation by repelling the species of a given polarity and attracting the species of 
opposite polarity (cf sketch Figure 4). Indeed, the spacecraft is like a complicated electrical 
circuit with both active and passive elements that is non-linearly coupled to electrical current 
from space via its whole surface. Often, but not always, this system reaches an equilibrium 
corresponding to an overall current balance. 
 



 
 
Figure 4.  Sketch of the various electron and ion currents leading to charge deposition 

on a spacecraft surface element. 
 

Because of the higher mobility of the electrons compared to the ions, surfaces in space 
plasma tend to charge negatively when the photo-electron current is negligible, i.e., in eclipse 
or in high density (ionospheric plasma). An equilibrium state would be mainly achieved by 
current balance of incoming ions and electrons, with possibly secondary and backscattered 
electrons when a significant amount of primary particles have energy around a few 100 eV 
(i.e., near maximum of the secondary electron yield; cf section 2). When the energy of the 
electrons is typically above a few keV (e.g., in the aurora or in storm and substorm 
accelerated particle environments) the secondary electron emission process is less efficient in 
mitigating the primary charging current and surfaces may reach very high negative potential 
level (of the order of 1 kV) in eclipse [Deforest, 1972; Garret and Rubin, 1978; Prokopenko 
and Laframboise, 1980;  Olsen et al., 1983; Gussenhoven et al. , 1985; Wrenn and Johnstone, 
19986; Yeh and Gussenhoven, 1987; Lai, 1991; Wahlund et al., 1999]. Spacecraft potential 
may severely affect spacecraft measurements [Olsen, 1982, Olsen et al. 1983] and in extreme 
case may also be a hazard to spacecraft system because of related electrostatic discharges 
[Katz and Mandel, 1982; Anderson and Koons, 1996]. 
 

On Figure 5 the time series of several plasma parameters are shown around a period of 
negative electrostatic charging on the Freja spacecraft [Wahlund et al. 1999]. Measurements 
of three different ion species are shown on the first three panels whereas electron 
measurements are shown on the two last panels. The energy range is shown on the vertical 
axis and the color level indicate the flux magnitude. The charging event is identified by an 
increase of the ion energy for all three ion species and all directions. This is because the ions 
are suddenly accelerated through the difference of potential toward the spacecraft and caught 
with the corresponding kinetic energy by the detector. One can see that such an event occur 
during a period where high energy electrons are observed. This type of electrons population 
is typically observed during auroral arc crossings at low altitudes (~800 to 10,000 km). 
Electron populations of similar energy are observed at higher altitudes on lower latitudes 
where high level negative charging may also occur, usually when the spacecraft is in eclipse. 
 



 
Figure 5.  Time series plot of the particle measurement (from Wahlund et al., 1999). 

 
It can be noted, however, that there have been a few reports of high level negative 

charging in sunlight {Mullen et al., 1986, Olsen and Whipple, 1988]. The event examined by 
Olsen and Whipple [1988] has been attributed to differential charging due to a degradation of 
the conductive coating of the spacecraft. As a result non-sunlit surfaces may have charged 
negatively and created negative potential barrier blocking photo-electron emission on the 
sunlit surfaces which in turn tend to charge negatively as well.  

 
In general, sunlit surfaces, especially in the low density magnetosphere and the solar 

wind,  are usually driven positively by photo-electron emission and so is the whole surface of 
a well conductive spacecraft. The positive voltage is about a few volts in the solar wind, the 
magnetosheath and the plasmasheet and a few tens of volts in very depleted magnetospheric 
regions (the so called magnetospheric lobes). 

 
Even moderate positive potentials can strongly affect the accuracy of the measurements 

and re-calibration may require very sophisticated post-processing, e.g., relying on 3D 
modelling of the spacecraft potential and the electrostatic sheath. Several examples are given 
in the following. 

 
An obvious effect is the repelling of ions with energy too low with respect to the required 

electrostatic potential to reach the detector. As a consequence the total number of density will 
be difficult to evaluate [Olsen, 1982; Olsen et al., 1986]. 
 

To cope with such a problem, it is sometimes possible to polarize negatively the detector. 
In this case however the trajectory of the lower energy ions is strongly perturbed and 
information is practically lost regarding their original direction of arrival which is a critical 
information for reconstructing the angular velocity distribution [Hamelin et al., 2002]. An 
illustration of the problem is given Figure 6 taken from Hamelin et al. [2003] where ion 
trajectory are computed for a spacecraft potential at +12 V and a detector at –4 V. The ion 
trajectories are strongly influenced by the potential on spacecraft surface and made even 
more complicated due to the complex geometry of the surface. Similar studies have been 
performed in order to simulate the response of the ion detector ROSINA onboard Rosetta 
spacecraft [Roussel and Berthelier, 2001; Nyffenegger et al., 2001].  One interesting aspect of 
this series of studies is that it includes comparison between numerical simulations and ground 
testing in plasma chambers [Roussel, 1998; Berthelier and Roussel, 2001]. 
 



 
 
Figure 6.  Projection of 3D ion trajectories on the A16 analyser plane for Vs = 12 V and 

Vh = 4 V [Hamelin et al., 2001]. 
 

Conversely, attracted species may experience a focusing effects. This effects on electron 
measurements has been investigated by a few authors [Garrett, 1981; Sing and Baugher, 
1981; Sojka et al., 1984; Comfort et al., 1982]. Recently, Scime et al. [1994] have shown that 
taking into account electron trajectory bending by the spacecraft generated electrostatic field 
may considerably improve electron measurements. 
 

Finally, it must be noted that if the spacecraft geometry is simple and its surface 
conductive enough the potential current relation of the spacecraft can be derived (using e.g., 
[Laframboise, 1966]) and the spacecraft potential can be used as a plasma diagnosis 
techniques [cf. e.g., Escoubet et al., 1997]. 
 

Space Charge Effects 
 

In the cold ionospheric plasma or high speed streaming solar wind the relative velocity 
between the spacecraft and the plasma is such that the flow around the spacecraft is meso-
sonic which means with relative speed higher than the thermal ion velocity but lower than the 
electron thermal velocity. It results an ion depleted region in the wake behind the spacecraft. 
The properties of spacecraft wakes on low Earth orbits have been recently reviewed by 
Hasting [1995].  In addition, to the plasma rarefaction effect which makes surfaces in the 
wake more prone to charging, there is a region with an excess of negative charge with more 
or less complicated structure [e.g., Parker, 1978, Singh et al., 1997]. The related electrostatic 
potential distribution may also affect the measurements of particles. 
 

Some wake effects are intrinsically related to the Earth geomagnetic field. For instance, it 
has been noted that polar cap flow of cold ionospheric plasma may create a magnetic field 
aligned wake behind the spacecraft and that such a wake would be increased by the positive 
spacecraft potential usually observed in such regions. The resulting space charge is suspected 
to induce spurious electric field with double probe system measurements [Pedersen et al., 
1984; Engwall et al., 2003]. Similarly, Langmuir probe current decreases observed when the 
probe and the spacecraft  are magnetically connected have been interpreted as a field aligned 
magnetic wake of the spacecraft hub [Hilgers and Holback, 1993; Hilgers, 1995]. 
 



As already mentioned in section 2 above, several spacecraft are equipped with active 
plasma or particle emitter devices which may be active scientific experiments or systems 
used for propulsion or surface charge mitigation.  The injected plasma is usually of much 
higher density compared to the ambient plasma and can significantly influence the 
electrostatic potential around the spacecraft even when there is no net space charge injected. 
In the case of the POLAR spacecraft, Singh et al. [2001] have shown on the basis of 
numerical simulations that while the use of a plasma contactor efficiently reduces the positive 
potential of the spacecraft the ion measurements were nevertheless significantly affected by 
the electric field generated by the expanding plasma. 
 

 
Figure 7.  Electric potential contours around a spacecraft at 7 V in a plasma with a 

density of 1 cm-3 and a temperature of 10 eV. 
 

An alternative system also used for charged mitigation but relying on ion emitter has been 
discussed by Torkar et al. [2001]. The space charge influence of the resulting ion beam in 
absence of neutraliser has been investigated via PIC plasma simulation method by Thiébault 
et al. [2003a]. An example of simulated electric potential contours around the ion plume 
when the spacecraft is at 7 V in a plasma with a density of 1 cm-3 and a temperature of 10 eV 
is shown in Figure 7. The effect of the ion beam space charge is clearly seen along the Z axis 
(perpendicular to the sun and to the spine plane). However, it can be seen that it is very 
efficiently shielded by the ambient plasma electrons and the photoelectrons in direction 
perpendicular to the Z axis. The positive potential typically vanishes within a few meters. A 
negative potential barrier appears instead which is created by the photo-electron space 
charge. 

 
The existence of negative potential barriers around spacecraft generated by secondary or 

photo electrons induced space charge has been speculated for many years [cf e.g Whipple 
1976 and reference therein]. Such barriers may affect the current balance on spacecraft 
surfaces especially via their limiting effect on secondary electron emission and/or the access 
of particles to detectors. Evidence in space are marginally conclusive [Whipple, 1976; Zhao 
et al., 1996] but some numerical simulations tend to confirm their existence [Schroeder, 
1973; Sasot et al. 2003, Thiébault et al., 2003a, 2003b]. An example of simulation results 
from Thiébault et al. [2003b] is shown in Figure 7 in a 100 cm-3 density and 1 eV temperature 
plasma environment around a spherical body with isotropic secondary electron emission for 
three values of the potentials; -1 V, 0 V and +1 V suggesting that potential barriers could be 



observed over a relatively broad range of potential and can be of the order of the secondary 
electron emission and ambient plasma thermal energy. 
 

 
Figure 8.  Simulation of the potential profile in a 100 cm-3 density and 1 eV temperature 

plasma environment around a spherical body with isotropic secondary electron 
emission for three values of the potentials; -1 V, 0 V and +1 V. 

 
Conclusion 

 
There are several spacecraft effects which may limit significantly the scientific return of 

plasma instruments. Some mitigation techniques exist. For instance positive surface potential 
can be mitigated by ion emission or plasma contactors, improvement can be obtained by 
mounting detectors on booms and/or making spacecraft geometry as simple as possible, 
spacecraft surface materials may be chosen according to their specific properties. However, 
some trade-off analyses are often necessary due to the possible impact the mitigation 
techniques may have on cost and/or the performance of other systems.  Modelling is still 
required for optimising the set-up and/or retrieving a ‘clean’ signal. To this end numerical 
plasma simulation, laboratory testing and detailed space-based observation for validation 
would be useful. Currently, the analyses are mainly limited by the lack of information on 
material properties in space, and of space-based observations in general. Also numerical tools 
are in general not accurate enough to cope with the thin details required for simulating 
detector signals. Various recent initiatives are trying to address these issues, especially in the 
framework of ISSI working group on plasma instrument calibration, SPINE activities [Forest 
et al., 2001, Roussel et al., 2003] and ECSS standard on spacecraft charging [Rodgers and 
Hilgers, 2003]. 
 

Acknowledgments 
 

This study has been partly performed in the frame of the ISSI working group on space 
plasma instruments calibration lead by M. Wüst. We also acknowledge useful discussions 
with the participants of the 5th SPINE workshop (cf. www.spis.org) organised by J.-F. 
Roussel. We are also grateful to J. Forest for advise on the use of the open source simulation 
code PicUp3D. 
 
 
 
 
 
 

http://www.spis.org/


References 
 

1. Anderson, P.C. and H.C. Koons, Spacecraft Charging, Anomaly on a Low Altitude 
Satellite in an Aurora, J., Spacecraft Rockets, 33, 734-738, 1996. 

 
2. Berthelier, J.-J., The effects of spacecraft-plasma interaction on plasma and 

electrostatic probe measurements, in Proceedings of the 6th Spacecraft Charging 
Technology Conference, November 1998, Hanscom, Ma, USA. 

 
3. Berthelier J.-J.  and J.-F. Roussel , Experimental tests of numerical simulation of the 

interaction of the Rosetta orbiter with the cometary plasma, in proceedings of 7th 
Spacecraft Charging Technology Conference, pp.515-520, ESA/SP-476, ISBN No 92-
9092-745-3, ESA-ESTEC, Noordwijk, The Netherlands, 23-27 April 2001. 

 
4. Berthelier J.-J., and J.-F. Roussel, A study of the electrical charging of the ROSETTA 

Orbiter: II - Experimental tests in a laboratory plasma, Submitted to Journal of 
Geophysical Research, 2003. 

 
5. Cauffman D. P. and N. C. Maynard, A model of the effect of the satellite photosheath 

on a double probe floating system, J. Geophys. Res., 79, 2427, 1974. 
 

6. Comfort, R. H., C. R. Baugher and C. R. Chappell, Use of teh thin sheath 
approximation for obtaining ion temperatures from ISEE 1 limited aperture RPA, J. 
geophys. Res., 87, 5109, 1982. 

 
7. Deforest, S. E., Spacecraft charging at synchronous orbit, J. Geophys. Res., 77, pp 

651, 1972. 
 

8. Engwall, E. A. Eriksson, A. Pedersen, J. Forest, G. Paschmann, J. Quinn, R. Torbert, 
K. Torkar, Wake effects on positively charged spacecraft in flowing tenuous plasmas: 
Cluster observations and modeling, in Proceedings of the 8th Spacecraft Charging 
Technology Conference, Huntsville, AL, USA, October 20-24, 2003. 

 
9. Escoubet, C.P., A. Pedersen, R. Schmidt and P.A. Lindqvist, Density in the 

magnetosphere inferred from ISEE-1 spacecraft potential, J. Geophys. Res., 102, 17, 
585- 17, 609, 1997. 

 
10. Forest J., L. Eliasson, A. Hilgers, A New Spacecraft Plasma Simulation Software, 

PicUp3D/SPIS, in proceedings of 7th Spacecraft Charging Technology Conference, 
pp.515-520, ESA/SP-476, ISBN No 92-9092-745-3, ESA-ESTEC, Noordwijk, The 
Netherlands, 23-27 April 2001. 

 
11. Forest J. and A. Hilgers,  Feedback on the PicUp3D experience and the open source 

strategy applied to spacecraft plasma interaction simulation code, in Proceedings of 
the 8th Spacecraft Charging Technology Conference, Huntsville, AL, USA, October 
20-24, 2003. 

 
12. Garrett, H.B., The charging of spacecraft surfaces, Rev. Geophys. Space Phys., 19, 

577-616, 1981. 
 



13. Garrett, H.B. and A.G. Rubin, Spacecraft charging at geosynchronous orbit – 
Generalized solution for eclipse passage, Geophys. Res. Letters,5, 865-868, 1978 

 
14. Grard, R.J.L.: “Properties of the satellite photoelectron sheath derived from 

photoemission laboratory measurements”, J. Geophys. Res., Vol.78, No.16, 2885, 
1973. 

 
15. Grard, R., K. Knott and A. Pedersen, Spacecraft charging effects Space Sci. Rev., 34, 

289-304, 1983. 
 

16. Gussenhoven, M.S., D.A. Hardy, F. Rich, W.J. Burke and H.C. Yeh, High-Level 
Spacecraft Charging in the Low-Altitude Polar Auroral Environment, J. Geophys. 
Res, 90, 11,009-11,023, 1985. 

 
17. Hamelin, M., M. Bouhram, N. Dubouloz, M. Malingre, S.A. Grigoriev, and L.V. 

Zinin, Electrostatic interaction between Interball-2 and the ambient plasma. 2 
Influence on the low energy ion measurements with Hyperboloid, Ann. Geophys., 20, 
377, 2002. 

 
18. Hamelin M.  , M. Bouhram , N. Dubouloz, M. Malingre, S. A. Grigoriev and L.V. 

Zinin, Combined effects of satellite and ion detector geometries and potentials on the 
measurement of thermal ions. The Hyperboloid instrument on Interball, in 
proceedings of 7th Spacecraft Charging Technology Conference, pp.515-520, 
ESA/SP-476, ISBN No 92-9092-745-3, ESA-ESTEC, Noordwijk, The Netherlands, 
23-27 April 2001. 

 
19. Hastings, D.E., A review of plasma interactions with spacecraft in low Earth orbit,  J. 

Geophys. Res., 100, 14,457-14,483, 1995. 
 

20. Hilgers, A., B. Holback, G. Holmgren, R. Boström, Probe measurements of low 
plasma densities with application to the auroral acceleration region and AKR sources, 
Journal of Geophysical Research, 97, 8631-8641, 1992. 

 
21. Hilgers, A., and B. Holback, Some Aspects of Satellite spin effects on spherical probe 

measurements in a magnetized plasma, Geophysical Research Letters, 20, 347-350, 
1993. 

 
22. Hilgers, A. , Interaction between biased sunlit electron collectors in an infinite-Debye- 

length magnetoplasma: electron temperature threshold effect , Journal of Geophysical 
Research, 100, 5705-5713, 1995. 

 
23. Katz, I. and M.J. Mandell, Differential charging of High Voltage Spacecraft: 

equilibrium potential of insulated surfaces, J. Geophys. Res., 87, 4533-4541, 1982. 
 

24. Laframboise J.G., Theory of spherical and cylindrical Langmuir probes in a 
collisionless, Maxwellian plasma at rest, Institute for aerospace studies, university of 
Toronto, 1966. 

 
25. Laframboise J. G. and L.J. Sonmor, Current collection by probes and electrodes in 

space magnetoplasmas: a review, J. Geophys. Res., 98 337-357, 1993. 



26. Lai, S.T., Theory and Observation of Triple – Root Jump in Spacecraft Charging, J. 
Geophys. Res., 96, 19269-19281, 1991 

 
27. Mullen, E.G., M.S. Gussenhoven, D.A. Hardy, T.A. Aggson, B.G. Ledley and E. 

Whipple, SCATHA Survey of High Level Spacecraft Charging in Sunlight, J. 
Geophys. Res.,91, 1474- 1480, 1986. 

 
28. Nyffenegger, O., M. Mildner, P. Wurz, K. Altwegg, H. Balsiger and J.J. Berthelier, 

Influence of electric charging on the Rosina instruments in the plasma environment of 
comet 46p/Wirtanen, in proceedings of 7th Spacecraft Charging Technology 
Conference, pp.515-520, ESA/SP-476, ISBN No 92-9092-745-3, ESA-ESTEC, 
Noordwijk, The Netherlands, 23-27 April 2001. 

 
29. Olsen, R.C. and C.W. Norwood, Spacecraft–generated Ions, J. Geophys.Res., 96, 

15,951 – 15,962, 1991 
 

30. Olsen, R.C., The hidden population in the magnetosphere,  J. Geophys. Res., 87, 
3481-3488, 1982 

 
31. Olsen, R.C., P.M. Decreau, J.F. Johnson, G.L. Wrenn, A. Pedersen and K. Knott, 

Comparison of thermal plasma observations on SCATHA and GEOS, in  Proc. of the 
17th ESLAB Symposium on Spacecraft/Plasma Interactions, 1983     

 
32. Olsen and Whipple, An unusual charging event on ISEE-1, J. Geophys. Res., 93, 

5568-5578, 1988. 
 

33. Parker, L.W., Differential charging and sheath asymmetry of non conducting 
spacecraft due to plasma flows, J. Geophys. Res., 83, 4873-4876, 1978 

 
34. Parrot M., J.M. Storey L.R.O. Parker L.W. Laframboise J.G.,Theory of cylindrical 

and spherical Langmuir probes in the limit of vanishing Debye number, it Phys. 
Fluids, Vol. 25, No. 12, 2388--2400, 1982. 

 
35. Pedersen, A., C. A. Cattel, C.-G. Faelthammar, V. Formisano, P.-A. Lindqvist, F. 

Mozer, and R. Torbert, Quasistatic electric field measurements with spherical double 
probes on the GEOS and ISEE satellites, Space Sci. Rev., 37, pp 269-312, 1984. 

 
36. Pedersen, A. F.S. Mozer and G. Gustafsson, Electric measurements in a tenuous 

plasma with spherical double probes, in Measurement Techniques in Space Plasmas, 
ed. by R. F. Pfaff, J. E Borowsky and D. T. Young, AGU Mongraph, 1998 

 
37. Prokopenko, S.M.L. and J.G. Laframboise, High-Voltage charging of geostationnary 

spacecraft, J. Geophys. Res., 85, 4125-4131, 1980 
 

38. Rodgers, D., and A. Hilgers, ECSS-E-20-06 draft standard on spacecraft charging: 
environment-induced effects on the electrostatic behaviour of space systems, in 
Proceedings of the 8th Spacecraft Charging Technology Conference, Huntsville, AL, 
USA, October 20-24, 2003. 

 



39. Roussel J.-F., Spacecraft plasma environment and contamination simulation code: 
description and first tests, Journal of spacecraft and rockets, Vol. 35, No. 2, 205--211, 
1998. 

 
40. Roussel J.-F, and J.-J. Berthelier, Numerical simulation of the electrical charging of 

the Rosetta orbiter, in proceedings of 7th Spacecraft Charging Technology 
Conference, pp.515-520, ESA/SP-476, ISBN No 92-9092-745-3, ESA-ESTEC, 
Noordwijk, The Netherlands, 23-27 April 2001. 

 
41. Roussel, J.-F. J.-J. Berthelier, A study of the electrical charging of the Rosetta 

Orbiter: I- Numerical Model, submitted to J. Geophys. Res., 2003. 
 

42. Roussel, J.-F.,  F. Rogier,  M. Lemoine,  D. Volpert, G. Rousseau, G. Sookahet, P. 
Sèng, A. Hilgers, Design of a new modular spacecraft plasma interaction modeling 
software (SPIS), in Proceedings of the 8th Spacecraft Charging Technology 
Conference, Huntsville, AL, USA, October 20-24, 2003. 

 
43. Sasot Samplon E., A. Hilgers , B.Thiébault, J. Forest, V. Genot, and A. I. Eriksson, 

Secondary electron emission causing potential barriers around negatively charged 
spacecraft, in Proceedings of the 8th Spacecraft Charging Technology Conference, 
Huntsville, AL, USA, October 20-24, 2003. 

 
44. Scime, E. E., J. Phillips, and S. Bame, Effects of spacecraft potential on three-

dimensional electron measurements in the solar wind, J. Geophys. Res., 99, 14,769-
14,776, 1994. 

 
45. Singh, N., and C. R. Baugher, Sheath effects on current collection by particle 

detectors with narrow acceptance angles, Space Sci. Instrum., 5, 295, 1981. 
 

46. Singh, N., W. C. Leung and B. I. Vashi, Potential structure near a probe in a flowing 
magnetoplasma and current collection, J. Geophys. Res., 102, 195-208, 1997 

 
47. Singh, N., W. C. Leung, T. E. Moore, and P. D. Craven, Numerical model of the 

plasma sheath generated by the plasma source instrument aboard the Polar satellite, J. 
Geophys. Res., 106, A9, 19,179-19,192, 2001. 

 
48. Sojka, J. J., G. L. Wrenn and J. F. E. Johnson, Pitch angle properties of 

magnetospheric thermal protons and satellite sheath interference in thier observation, 
J. Geophys. Res., 89, 9801, 1984. 

 
49. Szita, S., A. N. Fazakerley, P. J. Carter, A. M. James, P. Travnicek, G. Watson, M. 

Andre, A. Eriksson, and K. Torkar, Cluster PEACE observations of electrons of 
spacecraft origin, Ann. Geophys., 19, 1-10, 2001. 

 
50. Szuszczewicz, E. P. and P. Z. Takacs, Magnetosheath effects an cylindrical Langmuir 

probes, Phys. Fluids, 22, 2424-2428, 1979. 
 

51. Tajmar, M., J. Gonzalez, and A. Hilgers, Modelling of Spacecraft-Environment 
Interactions on SMART-1", AIAA Journal of Spacecraft and Rockets, Vol. 38, No. 3, 
pp. 393-399, 2001. 



52. Thiébault, B. A. Hilgers, Forest, J., Escoubet, P., Fehringer, M. Laakso, H.,  
Modelling of the photo-electron sheath around an active magnetospheric spacecraft, 
in Proceedings of the 8th Spacecraft Charging Technology Conference, Huntsville, 
AL, USA, October 20-24, 2003a. 

 
53. Thiébault, B., Hilgers, A., Sasot, E., Forest, J., Génot, V., and P. Escoubet, 

Investigation of electrostatic potential barrier near an electron-emitting body, 
Proceedings of the 8th Spacecraft Charging Technology Conference, Huntsville, AL, 
October 20-24, 2003b. 

 
54. Torkar K., W. Riedler, M. Fehringer, C.P. Escoubet , K. Svenes, B.T. Narheim, A. 

Fazakerley, S. Szita, and M. André, Effect of active spacecraft potential control on 
Cluster plasma observations – first results, in proceedings of 7th Spacecraft Charging 
Technology Conference, pp.515-520, ESA/SP-476, ISBN No 92-9092-745-3, ESA-
ESTEC, Noordwijk, The Netherlands, 23-27 April 2001. 

 
55. Wahlund, J-E., L. J. Wedin, T. Carrozi, A. I. Eriksson, B. Holback, L. Andersson, H. 

Laakso, “Analysis of Freja Charging Events: Statistical Occurrence of Charging 
Events,” ESA contract 11974/96/NL/JG(SC), WP 130 TECHNICAL NOTE (SPEE-
WP130-TN), Version 2.0, February 22, 1999. 

 
56. Whipple, E. C., Theory of the spherically symmetric photo-electron sheath: a thick 

sheath approximation and comparison with the ATS 6 observation of a potential 
barrier, J. geophys. Res., 81, 601, 1976. 

 
57. Whipple, E.C., Potentials of surfaces in space, Rep. Prog. Phys., 44, 1197-1250, 1981. 

 
58. Wrenn G. and Heikkila, Photo-electrons emitted from ISIS Spacecraft, in Photon and 

particle interactions with surfaces in space, 221-230, 1973. 
 

59. Wrenn, G.L. and A.D. Johnstone, Spacecraft charging: Meteosat experience, in Proc. 
of the AGARD Conference on The Aerospace Environment at High Altitudes and its 
implications for Spacecraft Charging and Communications, 1986 

 
60. Yeh H.-C., and M. S. Gussenhoven, The statistical environment for defense 

meteorological satellite program eclipse charging, J. Geophys. Res., 92, 7705-7715, 
1987. 

 
61. Zhao H., Schmidt R., Escoubet C.P., Torkar K., Riedler W., Self-consistent 

determination of the electrostatic potential barrier due to the photoelectron sheath near 
a spacecraft, Journal of geophysical research, Vol. 101, No. A7, 15,653--15659, 


	Navigation
	Cover Page
	The NASA STI Program Office-in Profile
	Availablilty
	Introduction
	Table of Contents
	Attendee List
	Report Documentation
	Plasma Propulsion and Tethers Session
	Physical Problems of Artificial Magnetospheric Propulsion
	Assessment of High-Voltage Photovoltaic Technologies for the Design of a Direct Drive Hall Effect Thruster Solar Array
	Plasma Interactions with a Negative Biased Electrodynamic Tether
	A 'Free-Lunch' Tour of the Jovian System

	Ground Testing Techniques Session
	Issues Concerning the International Standard of ESD Ground Test for Geo Satellite Solar Array
	Electron-Beam-Induced ESD Triggering Discharge Tests for Solar Arrays for Space Use
	Ground Experiment and Numerical Simulation of Spacecraft Archicing In Ambient Plasma Environments
	Development of Solar Array for a Wideband Internetworking Engineeing Test and Demonstration Satellite System Design
	Development of Solar Array for a Wideband Internetworking Satellite
	Ground-based Simulation of Low Earth Orbit Plasma Conditions
	Secondary Arcs on Solar Generatiors - EMAGS 2 Test Campaign
	Characteristic of Charge Accumulation in Glass Materials Under Electron Beam Irradiation
	Measurement of Bulk Charge in Dielectric Materials Irradiated by Electron Beam in Vacuum Environment
	Improved Demonstration of Internal Charging Hazards Using The Realistic Electron Environment Facility
	High Voltage Solar Array Testing for a Direct Drive Hall Effect Thruster
	Measurement of Charge Distribution in Electron Beam Irradiated PMMA Using Electro-Optical Effect
	Plasma Phenomena Associated with Solar Array Discharges and Their Role in Scaling Coupon Test Results to a Full Panel

	Poster Session I
	Materials Characterization at Utah State University-Facilities and Knowledge of Electronic Properties of Materials Applicable to Spacecraft Charging
	Feedback on the Picup3D Experience and the Open Source Strategy Applied to a Spacecraft-Plasma Interaction Simulation Code
	On-Orbit Daytime Solar Heating Effects- A Comparison of Ground Chamber Arcing Results
	Space Environments and Effects (SEE) Program-Spacecraft Charging Technology Development Activities
	Secondary Electron Emission Causing Potential Barriers Around Negatively Charged Spacecraft
	Investigation of Electrostatic Potential Barrier Near an Electron-Emitting Body
	Instrumentation for Studies of Electron Emission and Charging from Insulators
	AF-Geospace 2.0

	Interaction of Spacecraft and Systems with the Natural and Induced Plasma Environment Session
	A Review of Spacecraft Effects on Plasma Measurements
	Observations of Vehicle Surface Charging in Dusty Plasma
	Spacecraft Charging in a Quasi-Static and Dynamic Plasma Environment and the Scaling Laws for ESD-Induced Current Transients
	Modeling of the Plasma Thruster Impact on Spacecraft Charging
	The Viability of Using Weight-Saving Material for Future Long-Term Space Vehicles
	Simulations of Solar Wind Plasma Flow Around a Simple Solar Sail
	High Voltage Solar Array for 400V Operation in LEO Plasma Environment
	High-Level Spacecraft Charging at Geosynchronous Altitudes-A Statistical Study
	Degradation of High Voltage Solar Array Due to Arcing in LEO Plasma Environment
	ECSS-E-20-06 Draft Standard on Spacecraft Charging--Environment-Induced Effects and the Electrostatic Behavior of Space Systems
	Modeling of the Photoelectron Sheath Around an Active Magnetosphereic Spacecraft with PicUp3D
	Feasibility Study of an Experimental Platform with Active Plasma Emission for Japan Experimental Module Onboard ISS
	Onset of Spaecraft Charging in Single and Double Maxwellian Plasmas in Space-A Pedagogical Review
	Solar Array in Simulated LEO Plasma Environment

	Material Characterization Session
	Charge Storage Conductivity and Charge Profiles of Insulators as Related to Spacecraft Charging
	Electron Emission Properties of Insulator Materials Pertinent to the International Space Station
	European Approach to Material Characterisation for Plasma Interaction Analysis
	An Improved Method for Simulating the Charge of Dielectrics 
	Clear Conductive Transparent Flexible Space Durable Composite Films for Electrostatic Charge Mitigation

	Models and Computer Simulations Session
	An Educational Multimedia Presentation on the Introduction to Spacecraft Charging
	NASCAP-2K-An Overview
	Validation of NASCAP-2K Spacecraft Environment Interactions Calculations
	NASCAP-2K as a PIC Code
	Assessment and Control of Spacecraft Charging Risks on the International Space Station
	ISS Plasma Interaction - Measurements and Modeling
	Specification of ISS Plasma Environment Variability
	Electron Collection by International Space Station Solar Arrays
	The Electric Propulsion Interactions Code
	Effects of Large-Amplitude RF Emissions on Oedipus-C Floating Voltages
	SPARCS: An Advanced Software for Spacecraft Charging Analysis
	Computer Simulation of Radiation Charging Processes in Spacecraft Materials
	Design of a New Modular Spacecraft Plasma Interaction Modeling Software(SPIS)
	Development of a Virtual Testing Laboratory for Spacecraft-Plasma Interactions
	Features of Charging of Composite Configuration Spacecraft Charging in High Orbits

	Environment Specifications Session
	Representation of the Geosynchronous Plasma Spacecraft Charging Calculations
	An Imperical Low-Energy Ion Model of the Inner Magnetosphere
	Inner Radiation Belt Representation of the Energetic Electron Environemnt-Model and Data Synthesis Using the Salammbo Radiation Belt Transport Code
	Assimilitive Forecasting of the Energetic Particle Environment 
	Operational Prediction and Specification of the Spacecraft Charging Environment
	The Flumic Electron Environment Model
	New NASA SEE LEO Spacecraft Charging Design Guidelines-How to Survive in LEO Rather than GEO

	Poster Session II
	Embedded-Probe Floating Potential Charge-Discharging Monitor
	Wake Effects on Positively Charged Spacecraft Floating Tenuous Plasmas-Cluster Observations and Modeling
	Modeling of the Plasma Environment of a FEEP Micro Thruster with PicUp3D Simulation Code - Sample Results
	Carbon Nanofiber-Filled Materials for Charge Dissipation
	Comparison of Classical and Charge Storage Methods for Determining Conductivity of Thin Film Insulators
	Particle-in-Cell Simulation of Antenna Characteristics in Magnetized Plasma
	An Educational Multimedia Presentation on the Introduction to Spacecraft Charging

	Current Collection and Plasma Probes in Space Plasmas Sessions
	Current Collection by a Segmented Langmuir Probe in the Ionospheric Plasma
	Calibrating the Floating Potential Measurement UInit
	The Deflection Plate Analyzer-A Technique for Plasma Measurements under Highly Disturbed Conditions

	On-Orbit Investigations Session
	Nearly Eight Years of SOHO Observations - Some Highlights
	Space Weather Effects on SOHS and its Role as a Space Weather Watchdog
	In-Flight Anomalies Attributed to ESDs - Recent Cases and Trends
	A Novel Spacecraft Charge Monitor for LEO
	Active Spacecraft Potential Control for Cluster Results from Three Years in Orbit
	On-Orbit Experiments and Research on Measuring the Spacecraft Charging

	Conference Photos
	9th Spacecraft Charging Technology Conference



