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When dust grains are embedded in a partially or a fully ionized plasma, they gain from zero to

several thousands electric charges depending on their size and on the plasma conditions. As a

consequence, they can influence the collective properties of the plasmas perturbing the plasma

dispersion properties [1]  or the transport characteristics [2]. In some conditions, a surprising

crystallization [3]  or self-organization behavior of the dust grains can be observed.

We show that it is possible to observe dust levitation and self-organization in the sheath

edge of a disc plate located in the center of a dc discharge operating at low argon pressure

(Par ~ 0.8  mTorr). The  negative  charge of  the  dust  grains  is  determined  experimentally

by  different  methods:  i) We measure the potential profile of the plate sheath and presheath

for different negative bias. For each profile, we measure the levitation height of an isolated

dust. The balance of the gravitation force and the electric force at this point gives the dust

charge, ii) an initial impulsion exerted on a dust initiates a resonance oscillation (without

damping) whose frequency depends on the charge.

We report, for the first time, the study of a collision between two dust grains. Using the

classical Coulombian scattering relations and taking into account the measured parameters

like scattering angles, impact parameter, minimum approach radius, we can find the dust grain

charge too, in agreement with the charge found in i) and ii).

We observe a two-dimensional self-organization of the dust grains in centered

hexagonal structures. This example of pattern is obtained at low argon pressure when the gas

flux regime is considered as molecular. So, in such experimental conditions, the question of

the dust grains cooling remains an open topic.

1.  Experimental conditions

The argon plasma is produced by a dc discharge [4]  between the grounded wall of a

multipolar device and two heated negatively biased tungsten filaments. The discharge

operates in the so-called “temperature-limited current” regime. A negatively biased disc plate,

is set horizontally in the center of the chamber. Glass micro-balloons (110 kg/m3 mass

density, radius ~30 µm) are injected by a dust dropper above the plate.



2.  Determination of the dust charge

In low temperature laboratory plasmas, a dust grain acquires a negative charge [5]  given by

the balance of the ion and electron currents on its surface. To establish the currents, the

commonly used model is the so-called “Orbital Motion Limited” theory [6]  (OML) where one

assumes that the dust grain behaves like a spherical probe. We write:

I V I V I Vi e ep( ) ( ) ( )+ + = 0                                  (1)

where Ii , Ie are the currents of the ions and electrons Maxwellian populations and  Iep, the

current of the primary electrons assumed to be characterized by an isotropic drifted

Maxwellian population. (1) is fulfilled for the dust surface potential Vdust. Then, the charge of

the grain simply is: Qdust=C.Vdustt   where C=4 0πε rd  is the capacity of a sphere with radius rd .

The standard conditions for our experiment give in the plasma: Vdust=-16 V and for rd =35±2

µm, the charge is:
Qdust  ~ 3.3 ⋅ 10-5 e-              (2)

3.  Experimental results and discussion

a) Charge determination

In general, we observe the suspension of 20-30 dust particles in the sheath edge of the metallic

plate. They are trapped in a small horizontal plane parallel to the plate, of 2 or 3 centimeters in

extent.

We have established the

plate potential profile perpendi-

cularly to its area, using a

differential emissive probe [7].

Figure 1 gives what  we obtain

for 5 negative bias of the plate:

Vbias =-50, -44, -38, -32, -26.5 V.

The last value is the floating

potential. These measurements,

well defined for the presheath-

plasma region, are fitted by the

function:

 V(x) = − a ⋅ exp( − b ⋅x) − c    (3)

where  a,  b,  c  depend  on  Vbias .

We have calculated the electric

forces applied on an isolated dust [8]: i) the ion Coulomb force where the ions transfer a part

of their momentum through classical scattering ii) the ion collection force where the ions give

their momentum through direct collisions and then iii) the opposed electric force due to the

sheath-presheath of the plate.  These three forces are stated with respect to the variable
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Fig. 1 . Potential profiles measurements for 5 different

bias of the plate embedded in the plasma



V = Vdust - V(x) where V(x) is given by (3) and Vdust = -16 V. In these experimental

conditions, we find that the ions forces are negligible. So, the gravitation force Fg is only

balanced by the electric force Fe: 
    Mdust.g  = - Qd .∂ ∂V x/ ,           (4)

In the case where Vbias=-26.5 V for instance, (4) is fulfilled at the height xeq=1.75 mm

corresponding to the local potential V(xeq)=-3.8 V, the electric field E =-∂ ∂V x/ = 2.2 kV/m

and then Qdust is given by Mdust.g / E ~ 3.4 10-5 e-  consistent with (2). The same calculation

for the different Vbias gives:

 Qdust=(3.4± 0.1) 105 e-.

We have experimentally measured the successive levitation heights of an isolated dust

for each Vbias When Vbias  increases, the levitation height increases too, until Fe = Fg. Indeed,

the experimental position of the dust grain in the corresponding potential profile of  Figure 1

gives graphically the equilibrium potential: Veq = -3.3 ± 0.2 V. This value is slightly smaller

(~0.5V) than the calculated one. This result suggests that the dust grains charge is higher than

(2) so Vdust=-16 V is underestimated. The reason could be attributed to the limit of the OML

theory stated for conditions where the dust grain is embedded in a plasma. The plasma

parameters used in (1) are only approximations when dusts are trapped in a sheath potential

profile.

By varying rapidly a discharge parameter (the discharge voltage for example), we can

drive dust oscillations  without  damping  (low argon pressure).   For small oscillations around

the balancing position x0, the resonance frequency is given by: ( )[ ]ω = 1
1 2

/ /
/

M dF dxdust xo
 (5)

where F = Fe+Fg. Measuring a typical frequency f =15 Hz (ω π= 2 f ), we find: Qdust= 4 10 5 e-.

b) Collision between two dust grains

Using a camera with a high magnification, we have studied a collision between two dust

grains in a plane parallel to the plate. We have chosen an example where before the collision,

one of the dust is moving while the second is motionless. Making the following assumptions:

i) they undergo an elastic collision (no charge lost) and ii) the interaction force between the

dust particles is a central force (excluding that they can behave like dipoles), we have checked

the momentum and the energy conservation during the collision. In particular, the energy lost

by the projectile dust (grain 1) is just transferred to the target dust (grain 2) after the collision.

The classical scattering of a charge on an another in the laboratory frame gives a relation

between the projectile deviation angleχ0  and the trajectory angle ψ 0  of the target. This

relation is:                                    tg m m tgχ ψ0 2 1 02= ( / ) ( ) ,          (6)

where  m1,2  is the mass of the dust grain 1 and 2.    Measuring (χ0 , ψ 0 ),  Equation (6) gives

m1 / m2. We have chosen the best couple of radii (r1, r2) allowing us to find the theoretical

couple (χ0 , ψ 0 ) as close as possible to the experimental value. These radii are r1,2 =32, 35 µm.

In particular, injecting them in the classical equation:

1 05 02 2 2+ − =P r r gm m/ ( ) / .φ µ                   (7)



where P is the impact parameter of the dust grain 1, µ the reduced mass,  rm the minimum

approach  radius,  g  the difference  of  the  velocities  before  the  collision  (equal here to the

velocity of 1) and taking ϕ ( r )  equal to the screened Coulombian potential:

ϕ πε λ( ) ( / ) exp( / )r Z Z e r r D= −1 2
2

04             (8)
where λ D is the electron Debye length, we find the charge product of the dust grains 1 and 2:

Z Z e1 2
2 = 4.5 105 e-.     (9)

(the parameters P, rm and g are given by the experiment).

c) Two dimensional dust self-organization observation

In special conditions, we observe a self-organization behavior of the dust grains. Most

commonly, they form centered hexagonal structures in an horizontal plane where the typical

distance separating the dusts is higher than the electron Debye length. The identification of the

structure pattern is possible using two-dimensional (2D) geometrical studies like the Wigner-

Seitz decomposition or the Delaunay triangulation. These 2D crystals are observed at low

argon pressure (Par ~ 8 ⋅ 10-4 Torr) where the gas flux regime is molecular. In our experi-

mental conditions of a plasma produced by a hot cathode dc discharge, the question of the

cooling of the dusts grains remains an open topic.
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