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Summary. The passing solar wind in nominal and 
storm-time conditions (i.e., during a coronal mass ejec-
tion (CME)) will manifest a different response at an 
airless body as compared to a magnetized planet. Spe-
cifically, because the regolith-rich surfaces of airless 
bodies are directly exposed to the plasma flow, the 
surfaces are found to undergo anomalous surface 
charging during the passing of solar wind and CME 
fast plasma events.  

In this study, we model the surface charging ex-
pected at Phobos for nominal solar wind conditions 
and also those associated with disturbed solar wind 
conditions during the passage of a CME similar to that 
observed by MAVEN at Mars in early March 2015.  

We apply an ambipolar diffusion model to examine 
the development of the trailing wake/void in the plas-
ma flow behind Phobos and mini-wakes forming with-
in obstructed regions like Stickney crater. We also 
consider the roving of an astronaut in Stickney crater 
for Phobos positioned near 10 hours Local Time rela-
tive to Mars. We examine the plasma dissipation of the 
collected astronaut charge from contact electrification 
with the regolith.  

Method Applied. The ambipolar expansion for-
malism was initially applied to the lunar south polar 
topography to examine the ambipolar expansion of 
plasma into permanently shadowed polar craters dur-
ing both solar wind nominal and solar storm time con-
ditions (Farrell et al., 2010; Zimmerman et al., 2012). 
The code was later updated using LRO laser altimeter-
derived topographic information and dynamic solar 
wind conditions. It was then applied to topography at 
Phobos. Astronaut charging models are similar to those 
applied by Jackson et al. (2011). 

Nominal Solar Wind Flow Past Phobos. Figure 
1a shows the ambipolar potential that develops in 
downstream regions about Stickney Crater and the 
Mars-facing surface of the moon for a location of the 
moon at 10 hr local time (located sunward of Mars, in 
the unperturbed solar wind flow). At this specific local 
time, the moon is angled such that the anti-sunward-
directed flow of the solar wind is nearly horizontal 
overtop Stickney crater. We apply nominal Maven-
measured solar wind conditions at 2.4 cm-3, 370  km/s 
flow speeds and electron and ion temperatures of 7.5 
eV and 5.5 eV, respectively.  

As evident in the figure, large negative poten-
tials develop in the region within Stickney crater. The 
region above the Mars-facing surface of Phobos also 

has obstructed solar wind flow, and thus a trailing am-
bipolar potential (wake) develops, with potentials be-
low – 100V in the trailing wake – similar to the wake 
that develops behind the our own Moon in the solar 
wind. The associated topography is shown in Figure 
1b.  
 Figure 1c shows the surface and ambipolar 
potential for the topography shown in Figure 1b. With-
in Stickney crater we find potentials can be at or below 
-40 V relative to the plasma potential in the unob-
structed solar wind passing overhead, with the lowest 
potentials occurring on the crater wall along the lee-
ward edge of the flow, where ion flux is the least. 
Within the crater, the surface potentials progressively 
increase in association with lower E-fields and reduced 
ion deflection into the crater.  
 

 
Figure 1- The modeled ambipolar region in the trailing 
solar wind void/wake at Phobos, for the moon located 
at 10 hours LT in nominal solar wind flow. Shown are 
the (a) near-moon wake potentials, (b) the moon topog-
raphy and (c) the total potential relative to the undis-
turbed solar wind at the surface.  
 

A Solar Storm Passing Phobos. Figure 2 has the 
same format as Figure 1, but now for Phobos im-
mersed in plasma from a solar storm in its position at 
10 hr local time, like the storm passing Mars on 8 
March 2015 (Jakosky et al., 2015). We apply Maven-
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measured solar storm conditions having a density of 
2.7cm-3, a solar wind flow speed of 832 km/s and elec-
tron and ion temperatures of 33 eV and 88 eV, respec-
tively. These values correspond to the warm sheath 
region of the passing interplanetary shock that pre-
cedes the dense CME driver gas.  

As evident in the figure, the surface potentials 
have greatly increased, by about a factor of 4, over 
non-storm time periods shown in Figure 1. Since the 
negative surface potential varies approximately as Te, 
the factor of four increase in surface potential is related 
to the increase in plasma electron temperature from 7.5 
eV in nominal times to 33 eV in disturbed conditions.  

 

 
Figure 2- The modeled ambipolar region in the trailing 
solar wind void/wake at Phobos, for the moon located 
at 10 hours LT in disturbed solar wind flow associated 
with the warm plasma just behind the passing inter-
planetary shock (driven by the CME). Shown are the 
(a) near-moon wake potentials, (b) the moon topogra-
phy and (c) the total potential relative to the undis-
turbed solar wind at the surface.  

 
Astronaut charging. As an astronaut transits over 

a surface, they will develop charge via contact electri-
fication (or tribocharging) between the astronaut 
boot/glove and the regolith. This tribo-charge buildup 
is dissipated by the local plasma currents. For envi-
ronmental currents in exposed daylight, the local cur-
rent density can be as large as a few µA/m2 - which 
can easily off-set mild tribo-charging. For example, 
triboelectric charging was easily dissipated on the lu-
nar dayside during the Apollo missions. There was 
enough environmental plasma to remediate any charge 
build-up.  

However, in shadowed locations, like within 
Stickney crater when Phobos is at 10 hr LT (Figure 1), 
the environmental plasma currents along the crater 
floor are reduced by nearly ~10000 compared to top-

side regions due to the formation of the crater obstacle 
void and ambipolar low density plasma expansion. In 
this case, tribo-electric charging currents on the astro-
naut glove/boot may exceed plasma dissipation cur-
rents leading to anomalous charge build-up during 
roving along the shadowed crater floor (Jackson et al., 
2011).  

Figure 3 shows the charging of an astronaut’s 
boot or glove as they walk along the shadowed Stick-
ney crater floor with the plasma environment being 
that in shown in Figure 1 (near the x=14 km position). 
Displayed is the charging for three different tribo-
electric contact potential differences, ΔΦ = (a) 0.02 V, 
(b) 0.2 V, and (c) 2V, for a bed of 100 micron diameter 
grains in contact with the 10 cm x 10 cm surface. The 
contact potential represents the difference in material 
work function between the contacting space suit/boot 
and regolith. We also show the equilibrium potential 
(of about -10 V) in a case when the astronaut is simply 
standing still and there is no tribocharging source. The 
currents applied are those near x = 14 km in Figure 1 
with values of Je = 3.6 x 10-10 A/m2,  Ji = 8.6 x 10-11 
A/m2, and Te = 7.5 eV. We note that for large tribo-
electric potential differences (like a Teflon glove and 
lunar-like regolith), astronaut charging can become 
large.  

 

 
Figure 3 –The charge build-up for an astronaut walk-
ing over the surface, with charge generated via contact 
electrification for a location within Stickney crater 
(Figure 1).  
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