
MOMENTUM TRANSFER IN COMPLEX PLASMAS

Momentum transfer in complex plasmas is investigated assuming an interac-
tion potential between the charged species of the screened Coulomb (Yukawa)
type. Momentum transfer cross sections and rates are derived. The obtained
results have a wide range of applications including calculations of different
kind of drag forces, classification of possible complex plasma states and trans-
port properties.

Momentum transfer between different charged com-
ponents in complex plasmas is investigated. A de-
tailed model analysis of grain-electron, grain-ion,
and grain-grain collisions is performed (electron-
ion collisions are well described within standard
plasma theory). Assuming the screened Coulomb
(Debye-Hückel or Yukawa) interaction potential (at-
tractive or repulsive) the momentum-transfer cross
sections are calculated numerically. In Fig. 1 these
cross sections are shown as functions of the so
called scattering parameter �, which is the ratio of
the Coulomb radius to the screening length. It can
be shown to be the unique parameter describing
scattering of pointlike particles interacting via the
Yukawa potential. For typical complex plasma pa-
rameters the characteristic value of � for different
types of collisions are: For electron-grain � � �, for
ion-grain � � � � ��, and for grain-grain � � �.
The standard Coulomb scattering theory is appli-
cable only for electron-grain collisions, but for ion-
grain and grain-grain collisions different approaches
should be used. Based on our numerical calcula-
tions the required approaches are developed, the
role of the finite grain size is investigated, and an-
alytical approximations for the momentum transfer
cross sections are proposed. The latter are used
to estimate the characteristic momentum-transfer
rates in complex plasmas. The obtained results
have a number of applications, e.g., calculation of
the ion drag [1-3] and electron drag [4] forces, devel-
opment of criteria to classify the possible states of
complex plasmas in terms of the momentum trans-
fer [5-7], investigation of the hierarchy of the mo-
mentum transfer in grain-grain and grain-neutral col-
lisions[7].
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Fig. 1 Momentum-transfer cross section, ��, nor-
malized to ��� (where � is the plasma screening
length), versus the scattering parameter �. The up-
per (red) data are for attractive and the bottom (blue)
data are for repulsive screened Coulomb potentials.
Crosses correspond to our numerical calculation,
circles and (blue) triangles are earlier numerical re-
sults by Hahn et al. and Lane and Everhart, re-
spectively. Solid curves correspond to our analyti-
cal approximations. The dotted line corresponds to
the Coulomb scattering theory. The later underesti-
mates considerably the cross sections above � � �.
Vertical dashed lines conditionally divide �-axis into
three regions: � � � is typical of electron-grain col-
lisions; � � � � �� is typical of ion-grain collisions;
� � � is typical of grain-grain collisions.
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