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Diffusive Motion in a 3-D Cluster in PK-4
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Abstract— Random motion of small solid particles is ana-
lyzed in a 3-D dusty plasma experiment under micro-
gravity conditions. In this experiment, performed using the
Plasmakristall-4 (PK-4) instrument on board the interna-
tional space station, a cloud of microspheres was localized
near a radio frequency coil that powered a neon plasma.
We devised a method of correcting particle mean-square dis-
placement (MSD) data to account for a small hydrodynamic
flow. Using a time series of the MSD, we determined that
random motion was nearly diffusive, with a diffusion coefficient
of 0.0017 mm?/s. Another measure of displacements, the prob-
ability distribution function, fits a Kappa distribution with
Kk = 6.9, indicating that the random motion was nearly Gaussian.

Index  Terms— Diffusion,
Plasmakristall-4 (PK-4).

dusty plasma, microgravity,

I. INTRODUCTION

HE random motion of small solid particles moving in
a dusty plasma [1]-[3], which is a partially ionized
gas containing highly charged micrometer-size solid particles,
electrons, and ions can be observed experimentally [4]-[9].
The motion of the solid particles, which we also call dust
particles, can be observed using video microscopy [10], [11].
Tracking the motion of dust particles from one video frame to
the next allows measurements of random motion such as the
mean-square displacement (MSD), the probability distribution
function (PDF) of displacement, and the diffusion coefficient.
For 2-D dusty plasmas, both diffusive [5], [12]-[14] and
superdiffusive [6]-[8], [15]-[17] motions have been reported.
To distinguish these two kinds of motion, it is common to
calculate [5] the MSD, MSD = ([x(f) — x(0)]%), from a
particle’s position x. By fitting to a power law

MSD « * (1

one can characterize the random motion as diffusive if a = 1,
or superdiffusive if o > 1. Superdiffusive motion can arise
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due to nonequilibrium effects, which are common in dusty
plasmas that are both driven and dissipative [6], [17].

In addition to MSD, another measure of random displace-
ments is the PDF. The PDF is a histogram of the displacement
of particles over a specified time interval. In the limiting case,
when the time interval is short compared to the collisional
time scale, the PDF is the same as the velocity distribution
function (VDF). For longer time intervals, the PDF is different
from a VDF because the particle motion is not ballistic (i.e.,
inertial) but is deflected by collisions during the measurement
interval. Experimenters have previously reported PDF mea-
surements in laboratory dusty plasmas and the shape of these
PDF curves is sometimes found to differ from a Gaussian
distribution [6], [7], [16], [17]. A Gaussian distribution is
expected in thermal equilibrium but laboratory dusty plasmas
are not in equilibrium. While some experiments reported
Gaussian distributions [18]—[22], a non-Gaussian distribution
has also been reported for laboratory experiments with 2-D
dust clouds [23], [24]. The phenomena of non-Gaussian statis-
tics are sometimes linked to superdiffusion [6], [7], [16], [17].

Previous dusty plasma experiments for random
motion [4]-[7], [25] were often 2-D, because of the
effect of gravity. Under laboratory conditions, dust particles
sediment to the bottom of a plasma, where there is a strong
electric field that can levitate them. Under these conditions,
the particle cloud has very few horizontal layers, and is
often prepared with just a single horizontal layer, so that the
experiments are said to be 2-D. To perform 3-D experiments
requires overcoming the effects of gravity, which is best
done using microgravity conditions, i.e., under free-fall
conditions, as can be attained in parabolic aircraft flights and
in spacecraft. Microgravity conditions allow forming larger
3-D dust clouds than is possible under 1-g conditions. They
also offer the advantage of eliminating the need for large dc
electric fields to provide levitation. The large electric fields
can disturb the particles by causing a large ion flow. There
have already been several reports of random motion in dusty
plasmas under microgravity conditions [26], [27].

Here, we use flight data from the Plasmakristall-4 (PK-
4) instrument, which is a dusty plasma instrument accom-
modated on the International Space Station (ISS) [28].
A noble-gas plasma is formed in a glass tube, and polymer
microspheres are introduced to make a dusty plasma. The
plasma can be powered by either a high-voltage dc power
supply, a radio frequency (RF) power supply, or a combination
of both. For imaging the dust particles, the instrument is
equipped with high-resolution video cameras and a laser that
illuminates a thin cross section within the dust cloud. It is
possible to track the motion of individual dust particles in
a PK-4 plasma. For the experiment reported in this paper,
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the dust particles move slowly; their motion is mostly random,
without any detectable waves. Consequently, the image data
we analyze do not show any streaklike features, which can
arise when particles move a significant distance during the
exposure time for a video frame. Therefore, the data we
analyze here allow identifying individual particles and tracking
their motion from one frame to next.

In this paper, we report an experimental study of the random
motion of dust particles in a PK-4 plasma. We will characterize
the PDF and the MSD for random motion. The experimental
run that we will analyze was performed under conditions,
where the random motion is easily detected because it was
not overwhelmed, as it is in some dusty plasma experiments,
by waves or strong flows of dust particles.

II. EXPERIMENT

For this paper, we carried out a survey of PK-4 flight
experiments to identify an experimental run where random
motion was the dominant motion for individual dust parti-
cles. In this survey, we excluded from consideration many
experimental runs because they exhibited strong compressional
wave motion, or organized hydrodynamic flows. As a result of
this survey, we identified three experimental runs in Science
Campaign 2, from the same day, June 16, 2016, which were all
performed under similar conditions and with similar results.
We will present here an analysis of one of these runs to
characterize the random motion in a 3-D dusty plasma.

The data that we analyze were recorded for a plasma that
was powered solely by applying RF induction. Before applying
the RF power, the glass tube had been filled with neon to a
pressure of 60 Pa, and then a plasma was ignited using only
a dc power supply. Particles were injected, and the resulting
particle cloud drifted toward the observation region, when the
RF power was applied to a coil that was positioned near the
middle of the glass tube. The RF power was 5 W in the forward
direction, at 81.36 MHz. This method, which is the “combined
transport and trapping technique” of [28], resulted in a cloud
that remained in a stable location, which was desirable for
our analysis of the random motion. In this experimental run,
the hydrodynamic flow was small, with a speed of typically
0.08 mm/s.

The dust particles were melamine formaldehyde
microspheres. They were injected by agitating shaker
dispenser number 4, which was loaded with 1.3-um-diameter
microspheres. The gas friction coefficient for this particle
size [29], [30] was vgys = 350 s~1. However, we note that we
cannot exclude the possibility that larger particles were also
present, for two reasons. First, 3.38-um particles used earlier
in the campaign may have still been present in the chamber.
Second, the particles might have sometimes been injected as
doubles or triples rather than the desired single microspheres.

A cross section of the particle cloud was imaged by a
particle-observation camera, which is the PO camera 2 of the
PK-4 instrument [28]. A typical image is shown in Fig. 1.
The camera was operated at a frame rate of 35.7 frames/s,
corresponding to a time interval Ar = 0.028 s between
frames. We found that this frame rate is too slow to measure
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Fig. 1. Typical image of particle cloud. This still image is from one frame
of a video recorded by a particle observation camera. The ROI where we
analyze particle motion is indicated as a rectangle. Images were analyzed to
measure the x, y coordinates of particles and to track them from one video
frame to the next.

a VDF for the small particles in this experiment but we
can still measure a PDF for a time interval of Af¢. The
camera’s resolution was different by 0.5% in the horizontal
and vertical directions [28]. We ignored this difference and
used an averaged value of 0.0142 mm/pixel for the resolution,
introducing random errors of less than 1% in our MSD curves.
We analyzed a region of interest (ROI) of 1.83 x 1.53 mm,
as shown in Fig. 1. A cross section of the particle cloud
was illuminated by a laser sheet, which the camera viewed
at 90°. Due to the finite thickness of this laser sheet, about
110 particles are visible, within this ROI.

The general properties of the particle cloud, in the ROI, can
be seen in Fig. 1. The arrangement of particles appears to be
mainly isotropic; alignment of particles in strings, which is
often seen in other dusty plasmas [31]-[33], is not prevalent
in this experimental run in PK-4 with RF power. The 3-D
pair correlation function, g(r), as obtained from positions
measured in still images [34], is shown in Fig. 2. From
this pair correlation function, we obtained the 3-D particle
number density n3p = 380 mm™3, using the method of [34].
This measurement of 3-D number density will be used to
obtain a dimensionless measure of the diffusion coefficient
in Section IV-B. Combining this density and the 4.5 mm
diameter of the cloud in Fig. 1, we can estimate the total
number of particles in the 3-D cloud as ~18000.

III. ANALYSIS METHODS
A. Determination of Positions and Velocities

1) Particle Tracking Velocimetry: The position of an indi-
vidual particle was measured using the moment method.
Within a bit-map image corresponding to one video frame
at time ¢, we identified particles within the ROI, and for each
particle i, we measured its coordinates x;(t) = [x;(t), y; (¢)]
using the ImageJ image-analysis software [35]. We will later
refer to these coordinates as our raw data for positions.
To reduce measurement errors, we chose image-analysis para-
meters that were optimized as described in [10]. We repeated
the measurement of particle coordinates for each of the
1000 video frames.
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Fig. 2. 3-D pair correlation function g(r), estimated from the 2-D g(r)
using the method of [34]. We analyzed 1000 still images to prepare this
graph. The shape of this function indicates a liquidlike microscopic structure.
The location of the first peak allows a measurement of 380 mm 3 for the
3-D number density.

The particle-tracking velocimetry method [10], [11] was
used to follow particles from one frame to the next. In this
method, a particle is judged to be the same one, in two
consecutive frames, if it moved by less than a search radius
of 0.05 mm (3.66 pixels) of its previous position. We tracked
each particle from one frame to the next, yielding a record
of its coordinates in each frame. This record, which we
call a “thread,” ultimately ends when a particle becomes
indistinguishable from another, or when it vanishes from the
ROL.

Particles often vanished because they moved perpendicular
to the thin sheet of illuminating laser light, or less commonly
by flowing out the ROI. The duration of long threads varied
from particle to particle, and a distribution of their durations
is shown in Fig. 3. From this distribution, we can characterize
the half-life of threads as about five frames (0.14 s).

2) Correcting for Flows: Although we chose the data from
an experimental run that had only a small hydrodynamic flow,
it was still necessary for us to account for that flow in our
analysis of the data. To do this, we devised a method of
correcting particle displacements, for the small effects of the
flow. Here, we describe the first part of this correction method
to obtain a corrected particle displacement; in Section III-C,
we will further present the method of correcting the MSD.

We devised a method to correct the displacement data to
eliminate the small effect of the weak hydrodynamic flows
to yield the fluctuating part of the particle position. This
fluctuating part was calculated as

X (1) = x;(t) — Xfow (?) (2)

where the last term is the hydrodynamic portion of the particle
displacement

t
Xﬂow(t) :/0 Vﬁow(t)dt (3)

IEEE TRANSACTIONS ON PLASMA SCIENCE, VOL. 47, NO. 7, JULY 2019

120 — T T T

D

F O
@ ol il
g 8 |
o (@) : half-life
= |
= i /
N .
g 0
@ i
©
2
S 40 o g
[e]
[5]

(o]
L o _
| (o]
Oo
oo
0 L I L OI 000 Q 0O
0 0.2 0.4 0.6
time (s)
Fig. 3. Particle thread survival function. All the surviving threads, counted

at a given time on the horizontal axis, originate at the same initial time zero
(i.e., the same video frame). Due to motion having a component perpendicular
to the thin illuminating laser sheet, a particle seen in one frame could be
tracked only for a finite time. In other words, the “thread” of observations of
a particle persists only a finite time. The half-life is the time when the count
of surviving threads has diminished by one-half. Further analysis in this paper
will be limited to a maximum time interval of two half-lives.

which can be calculated from our data for the hydrodynamic
flow velocity vaow(t). Since we chose to analyze the data
where the flows were minimal, the last term in (2) was small,
but we, nevertheless, correct for it.

Our data for the flow velocity vgow(#) were obtained in
two straightforward steps. First, for each particle in the ROI,
we calculated the difference in its position in two consecutive
frames and then divided this difference by Ar, yielding a
velocity for one particle at a given time . Second, we averaged
this velocity over all the observed particles in the ROI, yielding
the hydrodynamic flow velocity vgow (7).

B. Determination of Probability Distribution Function

We prepared PDFs separately for displacements in the
x-direction and y-direction. The PDF was prepared as the
histogram of the displacement of individual particles for a
specified time interval, which was an integer multiple of Af.
The input data for this histogram were the fluctuating part of
the particle position X; (¢)for each particle i.

To test whether the particle cloud obeys Gaussian statistics,
we fit the PDF to both a Gaussian distribution

AX2
x exp (‘F) @)

where o characterizes the width of the Gaussian distribution
and the Kappa distribution

A~2
o (14+ =) ®)
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where ! and x characterize the width and the shape of the
Kappa distribution, respectively. The Kappa distribution is a
generalization of a Gaussian; its shape converges to a Gaussian
shape in the limit x — oo.

Some authors rewrite the Kappa distribution in an equivalent
form, called a Tsallis distribution [6], [36], [37]. The Tsallis
distribution has the same shape as a Kappa function, and it
has a parameter, ¢ = 1 4+ 1/x. A Gaussian distribution is
characterized by ¢ = 1, while a non-Gaussian distribution with
fat tails has ¢ > 1. A larger value of ¢ > 1 indicates a more
extreme deviation from Gaussian statistics. In Section IV-A,
we will report both parameters, ¥ and ¢, to characterize our
measured PDF.

C. Determination of Mean-Square Displacement
We calculated the MSD as

MSD = ([%; (A7) — %;(0)]?). (6)

The data for this calculation are the records of fluctuating
particle position X; (¢). The unit of time is the interval between
frames, At, and we record our results at times nAf, where
n is an integer. Here, (---)indicates a time average over all
available data. To obtain the MSD, we first calculate a raw
value

MSDyay = ([x; (A7) — x;(0)]%) (7)

using the raw data x; (¢) for particle positions. We then correct
the MSD data for the effects of the small flow component.
This correction consists of the last two terms of the following
expression:

MSD = MSDraw + MSDsiow + MSDgross ®)
where the term correcting for the flow is

MSDfow = ([Xfiow(nAL) — Xﬁow(o)]2> )
and the crossterm for the correction is
MSDeross = —2([Xfiow (n A1) — Xiow (0)][x; (n A1) — x; (0)]).
(10)

The final result of this correction is MSD, i.e., the left-
hand side of (8). We then estimated the diffusion coefficient
by using the Einstein relation [5]

lim MSD = 2Dz¢.

—0o0

(1)

The diffusion coefficient D was obtained by fitting a graph of
MSD curve versus time, at a large time.

IV. RESULTS
A. Probability Distribution Function

Our experimental result for the PDF is shown in Fig. 4.
In preparing this graph, we calculated the PDF separately for
motion in the x-direction and y-direction. As mentioned above,
a PDF is prepared for a specified time interval, which for
Fig. 4 was a relatively small value Az = 0.028 s.

A small deviation from a Gaussian shape can be seen in
the PDF (see Fig. 4). A Gaussian distribution, (4), fits the
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Fig. 4. PDFs for displacements calculated separately in x-direction and

y-direction, prepared as histograms of the displacement during a measurement
time interval A7 = 0.028s. These two PDF curves were averaged (not shown
here), and then fit to (4) and (5), yielding a Gaussian distribution and a Kappa
distribution, respectively. The data are fit better by a Kappa distribution, with
Kk = 6.9, than by a Gaussian, due to a fat tail.

observed PDF data only for the core of the distribution at small
displacements. The width coefficient ¢ in (4) was found as a
free parameter in the fit to have the value ¢ = 0.012 mm. For
displacements larger than 0.03 mm during this time interval,
the distribution’s tail is fatter than for a Gaussian.

We find that a Kappa distribution fits the PDF better than a
Gaussian, as shown in Fig. 4. We obtained a good fit to (5),
yielding the fit parameters, x = 6.9 and f = 4160. The
equivalent parameter for a Tsallis distribution is ¢ = 1.15.
While this value of ¢ is certainly larger than unity, it is not
so much larger as to say that the distribution is strongly non-
Gaussian; instead, we could say that the distribution is nearly
Gaussian. Since the PDF is nearly Gaussian, it is meaningful to
discuss the random motion in terms of a diffusion coefficient,
as we will do below.

Based on our measurement of the parameter x, we can
describe our system as resembling that near equilibrium.
As prescribed in [38] and [39], the value of x can indicate
how far a system is from thermal equilibrium. Two regions
can be distinguished: near equilibrium for x > 2.5 and far
equilibrium for 1.5 <x < 2.5. Our measured value, ¥ = 6.9,
is well within the near-equilibrium region, indicating that our
system resembles systems near thermal equilibrium.

As a further characterization of the nonequilibrium
conditions, we can estimate the fraction of nonthermal (non-
Maxwellian) particle density as compared to the total particle
density. Using [40, eq. (3)], we estimated that the fraction
of non-Maxwellian particles is about 12%, for our measured
value ¥ = 6.9. This small fraction of non-Maxwellian particles
carry about 30% of the total particle energy, as estimated using
[41, Fig. 8(e)]. It is this small fraction of particles that are
responsible for the formation of the Kappa distribution in our
experimental system.
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It is worthwhile to mention that this result, for a nearly
Gaussian PDF, is slightly different from that of a previous
microgravity dusty plasma experiment [27], from an earlier
experiment in PK-4 using different experimental conditions
(larger particles and a slightly different gas pressure). In that
earlier experiment, the VDF (i.e., VDF, which is the PDF in the
limit of small time interval Az) was found to have the shape
of a Maxwellian “core” plus a Kappa-distribution function
“halo.” The halo, which describes the energetic tail of the
distribution in that experiment, was characterized by ¥ = 1.72,
which is equivalent to ¢ = 1.58. For the experiment studied in
this paper, we did not measure the VDF because the smaller
particle size made it impractical to measure instantaneous
velocity, at the frame rate that was used, and for this reason,
we cannot make a direct comparison to the earlier results
of [27]. We can mention that for the present experiment,
the PDF is fit well by a Kappa distribution by itself; the fit does
not require the sum of a Maxwellian plus a Kappa distribution.

The observation of a Kappa distribution is generally inter-
preted as an indication of some nonequilibrium effects that
are not fully overcome by stochastic collisions with a thermal
bath [42]. In our experimental system, nonequilibrium effects
are expected because a gas-discharge plasma is typically a
driven-dissipative system [6], [17]. Here, we can mention
several sources that could cause nonequilibrium effects in
our experiment. Most significantly, energetic flowing ions can
impart significant energy to dust particles. In our microgravity
experiment, particles reside mainly in the bulk plasma, where
we expect the ion flow effects to be less severe than in
the sheath region of a plasma where dust particles reside in
ground-based experiments. Nevertheless, flowing ions are still
present, as seen from the presence of dust acoustic waves in
some other experiments performed in PK-4 [43]. In addition,
from a perspective of the dynamics of dust particles, strongly
correlated particle motion like turbulent flows could also
cause the system to deviate from Gaussian statistics [44],
although we do not expect this effect to be strong because the
particle flow velocity was small and we did not detect strong
turbulent behavior. In general, the magnitude and character
of nonequilibrium effects can vary from one experiment to
another depending on the plasma conditions, so that the
signature of nonequilibrium effects, as seen in a distribution
function, will not always be the same, even when comparing
two experiments performed in the same plasma device.

The dusty plasma literature is generally lacking theories
that would allow a quantitative prediction of the value of «.
As discussed earlier, we generally expect that nonequilibrium
conditions, such as ion flows, turbulence, and waves, will
be responsible for the formation of the Kappa distribution.
However, we are unable to quantify their specific effects on
the formation of the Kappa distribution in our experiment, due
to a lack of theoretical foundation.

We note that there are existing theories [45]-[50] regarding
the formation of the Kappa distribution in some solar and
space plasmas. For example, in a theoretical model for solar
flares [48], it has been demonstrated that a Kappa distribution
can be a solution of the Fokker—Planck equation that con-
siders turbulence as a stochastic acceleration mechanism and
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Coulomb collisions as a frictional mechanism. The value of
x is predicted as the ratio of a collision term divided by a
turbulence term. However, this model is intended for weakly
coupled plasma, where the stochastic acceleration and the
Coulomb collisions assumed are likely to differ from those
in strongly coupled dusty plasma. Due to these differences,
the theoretical approach in [48] may not have the specific
capability of predicting x for dusty plasma, although we can
suggest that such an approach could be extended to ion-flow-
driven dusty plasma in the future. Doing so would require
not only that the Fokker—Planck equation is applicable to
the strongly coupled motion of dust particles but also that
a stochastic acceleration mechanism due to ion-flow-driven
instabilities could be modeled. If these two requirements can
be met, one could follow a prescription like that in [48],
possibly predicting a Kappa-like distribution and the value of
Kappa. However, such a theoretical effort is beyond the scope
of this paper.

B. Mean-Square Displacement

Our result for the MSD is shown in Fig. 5. In the top, which
is for the displacements in the x-direction, we show a curve
for MSD, which is our main result. Also shown are curves
for MSD;.w, and the correction terms MSDfow and MSD¢oss.
These four quantities are defined in (6), (7), (9), and (10)
and are related by (8), to yield MSD. The data shown are for
values of time ranging from one to ten video frames. In the
bottom, for displacements in the y-direction, the two correction
terms are too small to appear in the graph, so that the raw and
corrected MSD values are nearly the same.

The MSD data are found to fall nearly on a straight line
of unity slope on the log—log plot, indicating that motion is
nearly diffusive. This result can be seen in Fig. 5 by comparing
the corrected MSD data points to the dashed reference line,
which has a slope of unity. To support this conclusion, we fit
the MSD data to a power law, (1). This fit yields the MSD
exponent a = 0.99 and 0.91 for motion in the x-direction and
y-direction, respectively.

Our MSD data in Fig. 5 do not indicate a transition from
ballistic to the diffusive motion. Such a transition is a feature
often seen in self-diffusion, separating ballistic motion at
small times (with an MSD exponent of 2), and diffusive
motion at long times (with an exponent of 1). This transition
between ballistic and diffusive motion is generally expected
to occur on a time scale where the effects of collisions
begin to accumulate, in the motion of individual particles that
are undergoing self-diffusion. Previous experiments [6] and
simulations [16] of dusty plasmas, for a 2-D particle layer
in the presence of gas at a low pressure, have indicated a
transition at a time &5 wl;dl, where wpq is the dusty plasma
frequency. The present experiment was different because it was
performed in a 3-D dust cloud, and with higher gas pressure
and smaller dust particles. As a background medium, gas
causes frictional drag, which could be a complicating factor in
the transition from ballistic to the diffusive motion. Our lack
of an observation of the transition might be due to either the
high level of neutral gas friction or a high thermal velocity.
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Fig. 5. MSD. (a) Four measures of a particle’s displacement in the

x-direction (top). The corrected and raw values, MSD and MSDy,y, are shown
as triangles and circles, respectively. The corrected value was obtained by
adding the correction terms MSDgqy (dashed line) and MSDcross (dotted
line). (b) Corresponding results for displacements in the y-direction; however,
the two correction terms are too small to appear in the graph, so that the raw
and corrected MSD values are nearly the same (bottom).

Having shown that the random motion is nearly diffusive,
as indicated by the slope of the MSD data, we can now obtain
a diffusion coefficient. We fitted the MSD using the Einstein
relation [i.e., (11)] and we did this separately for motion in
the x-direction and y-direction. Averaging these two results for
the MSD data, we find D = 0.0017 mm?/s. In dimensionless
units, we can write this result as Dnggvg_aé =25x%x 1074,

As a confirmation, we also estimated the diffusion coef-
ficient using another method. Integrating the velocity auto-
correlation function, the Green—Kubo relation [51], yields an
estimate of D = 0.0015 mm?/s. This value is close to that of
our MSD result. Of these two values, we consider the MSD
result to be more reliable, because the data for the velocity
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autocorrelation function had few data points in its main peak,
due to the slow camera frame rate.

For comparison, we note that our measured diffusion
coefficient, D = 0.0017 mm?/s, is smaller than that in a
previous microgravity experiment performed using a parabolic
aircraft flight [52]. In that previous experiment, the diffusion
coefficient was found to be in the range of 0.35-6.4 mm?/s,
which was several orders of magnitude higher than our result.
A different diffusion coefficient in these two experiments could
be due to several factors. First, the diffusion in the previous
parabolic flight experiment was driven by a concentration
gradient during the process of phase separation, while the
diffusion in our experiment was primarily due to thermal
fluctuations. Second, the gas frictional forces in the two
experiments were different, because of different particle sizes
and gas pressure. Third, the plasma in the previous parabolic
flight experiment was generated using a capacitively coupled
RF discharge between two parallel plate electrodes, while in
our PK-4 experiment, the RF power was inductively coupled
to the plasma using an RF coil.

V. CONCLUSION

The random motion of dust particles was analyzed for a 3-D
cloud of dust particles in a plasma under microgravity condi-
tions. The PDF was found to be nearly Gaussian. We found
a good fit to a Kappa distribution with a relatively high value
of k =6.9.

The MSD was found to obey a power law with an exponent
of nearly unity, over all time scales that we measured.
This result indicates that the random motion is nearly diffu-
sive, in contrast to previous ground-based experiments where
the motion was slightly superdiffusive with an exponent of
about 1.1 [6].

The diffusion coefficient for this dusty plasma, with its
3-D cloud of small-diameter dust particles under microgravity
conditions, was found to be D = 0.0017 mm?/s.

To obtain this diffusion coefficient, we analyzed data for
conditions where hydrodynamic flows were very weak, and
we corrected for those weak flows using a method presented
here.
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