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Abstract. In this paper, the influence of dust particles on the plasma losses in a complex plasma
afterglow is studied. It is shown that the dust particles can drastically shorten the plasma loss time
by absorption-recombination onto their surfaces. The dust particle absorption frequency increases
with the dust density but the dependence is not linear for high dust density. Finally, the possible use
of dust absorption frequency measurements as a diagnostics for complex plasmas is mentioned and
supported by comparison to existing experimental data.
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Complex plasmas are ionized gases containing charged dust particles. Dust particles
are charged due to their interactions with the surrounding plasma ions and electrons [1].
When a discharge is switched off, the dust particles will act as a sink for the electrons
and the ions as absorption-recombination can occur on the dust particle surfaces. Thus,
the dust particles can drastically shorten the plasma loss time.
The dust particle absorption time τQ can be written as [2]:
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where ϕ is the dimensionless dust surface potential which can be linked do the dust
charge number Zd by: ϕ = Zde2/4πε0rdkBTe. When the dust density increases, the
electron and ion densities start to deviate from each other and the Havnes parameter
PH = Zdnd/ni increases. Consequently, the dust surface potential follows [1]:
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For low dust density, the dust particle absorption time can be approximated by [2]:
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where ϕ0 is the dimensionless surface potential of an isolated dust particle. The dust
particle absorption time is not inversely proportional to the dust density. Indeed when
the dust density is high the dust surface potential is lower and the dust particle absorption
time is increased compared to the value it would have if the dust particles can be
considered as isolated. The exact numerical solutions of the dust particle absorption time
(Eqs.1-2) is presented in Fig.1(Left) and compared to the approximate solution (Eq.3).



In Fig.1, the absorption frequency τ"1
Q has been calculated for ni = 108 cm"3, Te =

0.3 eV (close to experimental values of Ref.[3]) and a dust particle radius of rd =
10 µm. For low dust densities the dust absorption frequency τ"1

Q is increasing linearly
as expected. On the contrary, for high dust density the absorption timeτ"1

Q deviates from
linearity. The exact solution and the first order approximation are in agreement even
though some small discrepancies are observed at high dust density.
In Eq.3, there are only a few parameters to know (Te, Ti, rd , ϕ0 and ni). Consequently,
it is possible to use the measurement of the absorption frequency in the afterglow of a
complex plasma in parallel with other diagnostics to deduce some important parameters
of the plasma. For example, in Ref.[3], the dust particle absorption frequency has been
measured in the afterglow of a linear pulsed discharge. Their experimental results are
fitted using Eq.3 (Fig.1(Right)). The fit gives Ti # 0.042 eV , (Te/Ti)ϕ0 = 4.4 and thus
assuming Ti $ Te $ 5Ti (depending when the measurement has been performed in the
plasma afterglow), it gives 107cm"3 $ ni $ 5 ·107cm"3.
To conclude, it has been shown that the presence of dust particles can drastically shorten
the plasma loss time and that the increase of the dust absorption frequency does not
depend linearly on the dust particle density. Finally, by comparing our results with
existing experimental data, the possible use of absorption frequency measurement as
a diagnostic for complex plasma is mentioned.
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FIGURE 1. (Color Online) Left: Particle absorption frequency as a function of the dust density. with or
without taking into account the dust density effect. Right: Fit of experimental results of Ref.[3] using the
first order approximation (Eq.3).

REFERENCES

1. S. Vladimirov, K. Ostrikov, and A. Samarian, Physics and Applications of Complex Plasmas, Imperial
Press, London, 2005.

2. L. Couëdel, M. Mikikian, A. Samarian, and L. Boufendi, Phys. Lett. A, submitted (2008).
3. K. Dimoff, and P. R. Smy, Physics Letters A 32, 13–14 (1970).


