
DUST CHARGE MEASUREMENTS BY 
LDEX

1) Mission 
2) LDEX instrument 
3) Science results 

a) permanently present dust exosphere  
b) no evidence for lofted dust over the terminators 

     c) large electrostatic dust charges  
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Figure 3: Comparison of observed and modeled cloud properties. a, The dust density n(h) of

the lunar ejecta cloud as function of altitude and size (color code). The continuous black line shows

the model prediction10 using the parameters listed in Table 1. b, The cumulative dust mass in the

lunar exosphere. The continuous blue line shows the model prediction. c,The initial normalized vertical

velocity distribution f(u) calculated from n(h) using energy conservation. The continuous line shows

f(u) / u�3.4±0.1 matched to the data at u � 400 m/s (altitude h ' 50 km). Error bars were calculated

by propagating
p
N error through the various calculations, where N is the number of detected dust

impacts.
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lunar exosphere. The continuous blue line shows the model prediction. c,The initial normalized vertical
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      Impact Plasma 

 
Initial plasma density ~ Q

m
! 1016    cm-3

N =
2
3
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dN
dt
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expands, cools, recombines 
(Zeldovich and Raizer, 1967)   

For now: 
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2.5 Examples
Our first example is an interplanetary dust particle at 1 AU from the Sun, ex-
posed to solar UV radiation and also the solar wind plasma with n ' 5 cm�3

and kTe ' kTi ' 10 eV. The average solar wind speedw = 400 km s�1, which
is supersonic compared to the proton thermal velocity (M ⇠ 10). Substituting
equations (4), (12), (13), and (15) into (1) we can follow the charging history
of a dust particle. Figure 2 shows the history of the currents for an initially un-
charged micron-sized (aµ = 1) dielectric dust particle with photoelectron yield
 = 0.1 and secondary electron production coefficients �M = 1, EM = 300
eV, and kTs = 2.5 eV. In this environment photoelectron production domi-
nates charging. As the grain charges more and more positive, the photoelectron
current drops because fewer and fewer of the produced electrons escape. Si-
multaneously the electron current increases. In about 200 s the sum of all the
currents approaches zero and the dust grain reaches charge equilibrium. The
time needed to reach it, unlike the equilibrium potential itself, does depend on
the size of the dust particle. From equation (6), the equilibrium charge Qeq ⇠ a,
and all the currents are proportional to the surface area of a grain, J ⇠ a2. The

Figure 2 The history of the electron and ion currents, Je, Ji ; secondary and photoelectron currents
Jsec, J⌫ , and their sum

P
Jk (left panel); and the electrostatic surface potential (right panel) of an

initially uncharged micron-sized (a = 1µm) dielectric dust particle orbiting at 1 AU from the Sun.
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Discharge time: Q/Je  ~ 200 s   vs  Rise time = ( 2 h/g)1/2   ~200 s                                  

Je = Je0 ( 1 + eV/kT) ~300 e/s  

Q = 100 x 700 e 

1 micron @ 1 AU

Discharging
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Initialize 
tj = 0, Qj = 0 

IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 22, NO. 2, APRIL 1994 

calculate J, 

calculate (dN/dt), 
calculate P 
random number 131 
generate At, 
increment time 

, eQion, what kind 

Qj = Qj = 
Qj-1 - e  Qj-1 + Zje 

l - ' = l  

1 

calculate fluctuation 

Fig. 2. Flow chart for the discrete charging model. 

This is a probability that should not be confused with ptot 
and p , ,  which are probabilities per unit time. To calculate 
the random time interval, we generate a random number RI ,  
where 0 5 RI 5 1, and equate it with the probability P in 
(1 l), yielding 

ln(1 - R I )  
Ptot 

Atj = - 

Before computing this, we must calculate the currents I, from 
(1) and (2) to find p ,  and then ptot .  

Note the physics that is retained in (12). The time interval 
At is random, because the expression contains a random 
number RI .  It also depends on the potential of the grain 
because of the $s dependence of ptot .  This is how the 
simulation retains the first key aspect of collecting discrete 
charges. 

2 )  Second Step: Choose Electron or Ion: The second key 
aspect of the physical randomness was that plasma particles 
arrive in a random sequence, in a way that is consistent with 
probabilities that depend on &. This requirement is handled 
in the second step of the simulation. 

To determine whether the next absorbed particle is an 
electron or an ion, we again use a random number and the 

z tI continuous discrete I 
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Fig. 3. Temporal evolution of charge number i?i = & / e  for, QT, = 10 nm 
eV, T,/Te = 0.05, m, = 1 amu and n = l o i5  m-'. Note that the discrete 
charging model reveals fluctuations about the smooth curve predicted by the 
continuous model. 

probabilities p ,  and p i .  The probability that the next particle 
is species a(= e or i) is simply p , / p t o t .  This is compared 
to a second random number Rz, where 0 < RZ < 1. If 
RZ < p , / p t o t ,  then the collected plasma particle was an 
electron, otherwise it was an ion. 

We represent the charge by Qj, which changes at time t j  
when a plasma particle is collected. The charge is advanced 
by one increment, from j - 1 to j, according to whether an 
electron or ion was absorbed 

Qj  = Qj-1 - e if Ra < p, /ptot  (electron absorption) 
Qj  = Q j - 1  + zie if R2 > p , /p to t  (ion absorption). 

This advances the charge and therefore &. Then we must 
advance p ,  and p ;  before the next time step, because these 
probabilities per unit time depend on $ 8 .  

The simulation starts with an uncharged grain Q = 0 at 
t = 0. For good statistics it is allowed to continue for a time 
M 1007. It yields as its results the time series Qj  and t j .  

C, Simulation Results 

Using the simulation described above, we calculated the 
time series for the charge. Fig. 3 presents results for a small 
grain, aT, = 10 nm eV. For comparison, data is shown 
from both the discrete and continuous models. The continuous 
model gives a smooth curve for Q(t) .  The discrete model 
shows how Q fluctuates in discrete steps about the smooth 
curve from the continuous model. 

During the early transient period where the charge has 
not yet reached the equilibrium, the grain mainly collects 
electrons. This can be seen in the early part of Fig. 3, for 
t < 0.25 ms, when N changes usually by -1 rather than by 
+l. This happens because the grain potential is more positive 
than the equilibrium level, and therefore the probability for 
collecting electrons is much greater than for ions. Later, the 
grain's charge approaches the steady-state value (Q), and the 
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SUMMARY

1) LDEX observed a permanently present asymmetric 
dust ejecta cloud engulfing the Moon  

2) A small fraction (<0.1 %) of particles carried unusually 
large positive charges  

3) Both the generation and the retention of  large charges 
remain challenging, and perhaps due to a combination 
of conspiring stochastic events  

4) Breakup and/or charging are good candidates


