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Since the dark “holes” in the Milky Way were dis-

covered to be caused by cosmic dust [1], it’s been es-
tablished that dust is a ubiquitous component in the 
cosmic environment. Within the solar system, dust 
grains are exposed to the solar photon flux, electrons 
and ions in the solar wind, as well as highly energetic 
particles. As a result, these dust grains are charged and 
influenced by electric and magnetic fields [2]. The 
grain charge plays an important role in many dynami-
cal and physical processes such as coagulation in dust 
clouds, levitation and dynamics in the interplanetary 
medium and on planetary surfaces and in rings [3]. 

The coagulation of cosmic dust grains is a funda-
mental process which can take place in many astro-
physical environments, such as presolar nebulae, cir-
cumstellar disks, proplanetary disks and cometary tails. 
Since most cosmic dust grains are charged, the elec-
trostatic force between dust grains can strongly affect 
the coagulation rate. There have been experimental and 
numerical studies on the charging processes and coa-
gulation of dust grains [4-8]. Meyer-Vernet [4] first 
proposed that identical grains with different charging 
histories could achieve opposite charges, even though 
they are immersed in the same environment. This is 
due to the fact that the equilibrium equation for the 
charge on a single sphere due to the ambient plasma 
and secondary electron emission can have multiple 
roots. The surface potentials on two grains could there-
fore be of opposite sign, depending on the charging 
history. Meyer-Vernet also pointed out that a small 
disturbance in the environment may induce large and 
rapid charge variations on the grain surface. This idea 
was further developed by Horanyi & Goertz [5], who 
showed that fluctuations in the plasma temperature 
allowed different sized dust grains to acquire opposite 
charges, which greatly enhances the coagulation rate. 
This process is one of the most efficient mechanisms 
for the growth of aggregates, leading to onset of “gela-
tion” or runaway growth [7, 8]. However, most of the 
previous related work has been based on the assump-
tion that the dust grains are isolated spherical grains. 
Since colliding grains produce irregular aggregates, a 
detailed understanding of charging of aggregates has 
profound significance in terms of understanding many 
astrophysical phenomena. 

We consider silicates within a size range 5 nm ≤ a 
≤ 2 µm to be representative of interplanetary dust. Ag-
gregates consisting of monomers of different sizes are 
built using “Aggregate Builder” [9]. The algorithm 

takes both monopole and dipole interactions of the 
grain’s electrostatic potential into account. The dipole-
dipole interaction can cause the aggregates to rotate as 
they approach one another. Only true collisions be-
tween the aggregates are detected.  A sample aggregate 
is shown in Fig. 1. 

 
Fig. 1  Aggregate consisting of twenty-one 2 μm-diameter 
monomers. 

 
The charging process of the aggregate is simulated 

by calculating the net current to many points on the 
surface of a monomer within the aggregate until the 
total current to the aggregate reaches zero. Three 
charging mechanisms are considered: (I) collection of 
plasma particles, (II) secondary electron emission, and 
(III) photoelectric emission. Orbital Motion Limited 
(OML) theory, which is based on the conservation of 
energy and momentum, has been used to calculate the 
current density due to the collection of a given species 
of plasma particles [2]. Models developed by Draine & 
Salpeter [10] are employed to determine the current 
density of photoelectric emission and secondary elec-
tron emission. A first order approximation using open 
lines-of-sight (LOS) is used to determine the unob-
structed orbits of the incident and released particles to 
a given patch on a monomer. It is assumed that the 
incoming particles move in a straight line and are cap-
tured at the corresponding patches if their paths are not 
blocked by another monomer, including itself. The 
released electrons from the surface of a monomer are 
able to escape the surface of the aggregate only when 
they have unblocked paths. Due to the porous structure 
of the aggregate, the released electrons could be recap-
tured by another monomer within the aggregate, leav-
ing the total charge of the aggregate unchanged. How-
ever, the charge distribution on the surface of the ag-
gregate will be altered. 

Photoelectric emission and the sticking of electrons 
are the main charging processes in the inner solar sys-
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tem. Fig. 2 shows the charging history of an aggregate 
consisting of twenty 2 μm-diameter monomers under 
different conditions. The plasma density and tempera-
ture are ne = ni = 6 × 106 m-3 and Te = Ti = 2 × 105 K, 
which are typical of solar wind plasma [11]. The simu-
lated photon flux is F(hν) = {2.2, 4, 5.2} × 1013 m-2 s-1 
[12]. We note that these parameters may not be the 
only reasonable assumptions for the ambient environ-
ment of interplanetary particles. However, the purpose 
of this paper is to show the peculiar properties aggre-
gates possess in the cosmic environment compared to 
single spheres. More emphasis is placed on the charg-
ing characteristics of the aggregate rather than the 
physical meaning of the parameters. 

 

 

 

 
 

Fig. 2.  The surface charge on the aggregate as a function of time. 
The photon fluxes used in (a-c) are 2.2, 4 and 5.2 × 1013

 m
-2s-1. 

Charging of an isolated equivalent sphere is plotted as a comparison 
(dashed line). 

 
 
Fig. 2 (a-c) indicates that aggregates are more effi-

cient in collecting the electron current since an irregu-
lar shaped object has greater surface area compared to 
an equivalent sphere– a sphere with a radius equal to 

the radius of the projected area averaged over many 
orientations. At the same time, the photoelectric cur-
rent is determined by the number of released electrons. 
Since the direction of released electrons is random, 
some released electrons are recaptured by other mo-
nomers within an aggregate, thus leaving the charge of 
the aggregate unchanged. Thus, aggregates are more 
negative (or less positive) compared to an equivalent 
sphere. Fig. 2 (b) demonstrates a “flip-flop” phenome-
non similar to that discussed by Meyer-Vernet [4], but 
caused by photoemission rather than secondary elec-
tron emission. During the first 10 seconds, the aggre-
gate was charged negatively. When the aggregate 
reached the maximum negative charge, the charge was 
unstable and the surface charge gradually became posi-
tive. This is similar to the unstable roots of the equili-
brium equation in Meyer-Vernet’s model. In contrast, 
single spheres have only one stable equilibrium poten-
tial when exposed to UV radiation.  

Based on these results, it is clear that aggregates 
have different charging characteristics from single 
spheres. Two identical aggregates with different charg-
ing histories can posses opposite charge even when 
immersed in the same environment. Although the 
plasma parameters in a molecular cloud or a protopla-
netary disk are uncertain, the results indicate that the 
charging process of aggregates in the cosmic environ-
ment is rather complex. It is plausible that in the early 
solar system, disturbances to the ambient environment, 
such as shock wave from a supernova explosion, or 
movement of the grains through a spatially variant 
environment, may cause the surface charge of aggre-
gates to vary dramatically, which could lead to oppo-
sitely charged grains and enhance the coagulation rate. 
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