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The polarization effects on the elastic dust grain collisions are investigated in unmagnetized complex dusty plasmas. The result shows that the
polarization effect enhances the scattering cross section in dusty plasmas. In addition, it is found that the polarization effect on the scattering cross
section increases with an increase of the collision velocity. The polarization effect increases with increasing Coulomb radius of interaction

between thermal ions and the dust grain in high collision velocities.

n recent years, there has been a considerable interest in

the dynamics of complex plasmas containing charged

dust grains containing collective effects, nonlinear
effects, and strong electrostatic interactions.'™ These com-
plex dusty plasma systems have been found not only in
space plasmas but also in the various laboratory plasmas. In
order to understand the physical properties of relevant
plasma parameters, various physical processes have been
investigated in complex dusty plasmas.>> In ordinary
weakly coupled electron—ion plasmas, the collision and
radiation processes have been investigated using the stand-
ard Debye—Hiickel potential model since the average energy
of interaction between charged particles is found to be
smaller than the average kinetic energy of a particle.>®
However, in complex plasmas containing dust grains the
additional force arising due to the plasma polarization
around the dust grain should be taken into account to
describe the total force acting on a charged grain. In these
circumstances, the interaction potential in weakly coupled
complex plasmas would not be represented by the
ordinary Debye—Hiickel potential obtained by the classical
Boltzmann distribution of charged particles because of
the polarization force caused by the charged dust grain.
Very recently, an excellent work” on the influence of the
polarization force is given for the plasma waves in complex
plasmas. This work shows that the polarization interaction
leads to a decrease of the dust acoustic phase velocity.” In
plasmas, the scattering of charged particles has been of great
interest since the scattering cross section is closely related to
the radiative process such as the Coulomb bremsstrahlung.
Since the scattering cross sections of ion collision processes
would be quite large, the heavy-particle collisions should be
considered in plasma diagnostics and plasma modeling.**
Hence, it is expected that the dust grain collisions would be
affected by the additional polarization interaction in weakly
coupled complex plasmas. In addition, it is expected that the
polarization effect would play an important role for electron
emissions in dust grain collisions. Hence, understanding
the influence of the polarization force on the dust grain
collisions has fundamental and practical importance in
complex dusty plasmas. Thus, in this paper we investigate
the polarization effects on the elastic dust grain collisions in
weakly coupled unmagnetized complex plasmas. It has been
shown that the method of stationary phase!? provides a great
advantage in the elastic collision process since the total
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scattering cross section would be represented in a closed
integral form with the scattering phase including the
information on the collision dynamics and various plasma
parameters. Hence, the stationary phase method and the
effective interaction potential containing the polarization
part are employed in order to investigate the influence of the
polarization force on the dust grain collisions as a function
of the impact parameter, collision velocity, Debye radius,
and Coulomb interaction radius.

Using the stationary phase method,!” the partial-wave
representation of the scattering cross section for the colli-
sional angular momentum [/ would be expressed by the
following form of the total elastic scattering cross section
Oel-

ou = 87 / dp psin® n(p), 0
0

where p is the impact parameter and 7(p) denotes the
scattering phase for the interaction potential V(7):

1 o)
= —— darV
n(p) 7 /_ N (r
1 [ 29,V

dzexp (m Vs pv), @

where r = (,02 +z , t =2z/v, v is the relative collision
velocity between the projectile particle and the target
system, and 9,V = 9V /dp. For the case of 9,V/V < 0, the
total elastic scattering cross section is then represented in the
following form:'?
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Very recently, the accurate and useful form of the
polarization force acting on the dust grains in complex
dusty plasmas was suggested as follows:”

2 VA

Fy(Q, deir) = —% Ag::f
where Q is the dust charge, A [= Api(1 4 0.0158;/% +
0.013B7)] is the effective screening length,'V Ap; is the
ion Debye length, and Br is the ratio of the Coulomb radius
of interaction between thermal ions and the dust grain and
the linear Debye radius. Then, the effective interaction
potential Vi (r) between two colliding dust grains including
the standard Debye—Hiickel term and the additional
polarization part would be represented in the following
form:

; @
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2
Verr(r) = Q7 [exp(— %ﬁ) — 57 ﬂ_] ©)

A detailed discussion on the scattering of charged particles
without photon emission would be found in a recent
excellent work by Gould.'” After some mathematical
manipulations using the effective interaction potential with
the stationary phase analysis, the total scaled -elastic
scattering cross section o (= 0 /ma?) in units of wa® for
the collision of the charged dust grains with the charge Q
(= Ze) including the polarization interaction is found to be

00 T 1/222
G =8 / dp ,5sin2{ () —
0 2 Up

x [exp(—p(1 + 0.0158Y% +0.01387) ™" A5
— p(1 4+ 0.0158;/* 4+ 0.01387) ' 2p) ™"
/lexp(—p(1 4+ 0.0158)* +0.01387) "' 2Ap) ")

x (14 p(1 +0.0158)% + 0.013/3T)—'(2/im)—‘)‘/2]},

(6)

where p (= p/a) is the scaled impact parameter, vp
[= (m/wu)">E'/?] is the scaled relative collision velocity
between dust grains, m is the electron mass, u is the reduced
mass of the colliding charged dust grains, E = 1v>/2Ry, Ry
(= me“/2h2 ~ 13.6eV) is the Rydberg constant, and Aot
(= Aegr/a) is the scaled effective screening length. Hence,
it is found that the scattering cross section has a strong
dependence on the Coulomb radius in the complex plasmas.
However, the total scaled elastic scattering cross section o,
in units of 7a® for the collisions of the dust grains without
the polarization effect is given by
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Recently, the accurate form of the ion-atom polarization
interaction'> was obtained in partially ionized plasmas
taking into account the quantum mechanical effects of
diffraction and symmetry of particles and plasma screening
effects. However, the ion-atom polarization effect is ne-
glected in this work since the dust plasma is assumed to be
completely ionized. Hence, the current form of the scattering
cross section, eq. (6), is reliable for the investigation of the
polarization effects on the dust grain collisions in complex
plasmas.

In order to explicitly investigate the influence of the
polarization force on the elastic scattering cross section, we
set Ap; = 20a, Z = 80, and the density of the dust grain is
op = 2gm™3. Figure 1 shows the scaled elastic scattering
cross section including the polarization effect as a function
of the parameter Sr. The scattering cross section without
the polarization is also illustrated. As it is seen in this figure,
the polarization effect enhances the elastic scattering cross
section. It is also shown that the cross section increases with
increasing Coulomb radius in complex plasmas. Figure 2
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Fig. 1. The scaled elastic scattering cross section for the dust grain
collsions in units of ra? as a function of the parameter 8+ when ¥p = 500.
The solid line represents the scattering cross section with the polarization
effect. The dotted line represents the scattering cross section without the
polarization effect.

Fig. 2. The surface plot of the function of the polarization effect
Gp(B7, Wb) as a function of the parameter 87 and collision velocity vp.

represents the surface plot of the influence of the polar-
ization interaction G, (= oe/oL) as a function of the
parameter Br and the scaled collision velocity vp. As shown
in this figure, the polarization effect on the elastic scattering
process increases with an increase of the collision velocity.
In addition, the polarization effect is found to be increased
with the parameter fSr, especially, for high collision
velocities. Hence we have found that the polarization
interaction plays an important role in collision dynamics
in complex dusty plasmas. It can be also expected that the
influence of the polarization force would also be important
in the radiative processes such as the Coulomb bremsstrah-
lung since the scattering cross section is quite closely related
to the corresponding radiative process. These results would
provide useful information on the influence of the polar-
ization force on the dust grain collisions in weakly coupled
complex dusty plasmas.

Acknowledgments One of the authors (Y.D.J.) gratefully acknowl-
edges Dr. M. Rosenberg for warm hospitality and helpful discussions while
visiting the University of California, San Diego. This work was supported
by the research fund of Hanyang University (HYU-2010-T).

© 2010 The Japan Society of Applied Physics



Jpn. J. Appl. Phys. 49 (2010) 120205 Y.-D. Jung and D.-G. Kim
1) A. Bouchouli: Dusty Plasmas (Wiley, Chichester, UK, 1999) Chap. 2. Rev. Lett. 102 (2009) 245004.
2) B. H. Beyer and V. P. Shevelko: Introduction to the Physics of Highly 8) M.-Y. Song, M. S. Litsarev, V. P. Shevelko, H. Tawara, and J.-S. Yoon:
Charged Ions (IOP Publishing, Bristol, UK, 2002) Chap. 6. Nucl. Instrum. Methods Phys. Res., Sect. B 267 (2009) 2369.
3) P. K. Shukla and A. A. Mamun: Introduction to Dusty Plasma Physics 9) V. P. Shevelko, M. S. Litsarev, M.-Y. Song, H. Tawara, and J.-S. Yoon:
(IOP Publishing, Bristol, UK, 2002) Chap. 3. J. Phys. B 42 (2009) 065202.
4) A.Fridman and L. A. Kennedy: Plasma Physics and Engineering (Taylor 10) V. P. Krainov, H. R. Reiss, and B. M. Smirnov: Radiative Processes in
& Francis, New York, 2004) Chap. 11. Atomic Physics (Wiley, New York, 1997) Chap. 2.
5) V. N. Tsytovich, G. E. Morfill, S. V. Vladimirov, and H. M. Thomas: 11) S. A. Khrapak and G. E. Morfill: Contrib. Plasma Phys. 49 (2009) 148.
Elementary Physics of Complex Plasmas (Springer, Berlin, 2008) Chap. 3. 12) R.J. Gould: Electromagnetic Processes (Princeton University, Princeton,
6) K. Nishikawa and M. Wakatani: Plasma Physics (Springer, Berlin, 2000) NJ, 2006) Chap. 4.
3rd ed., Chap. 5. 13) T. S. Ramazanov, K. N. Dzhumagulova, A. N. Jumabekov, and M. K.
7) S. A. Khrapak, A. V. Ivlev, V. V. Yaroshenko, and G. E. Morfill: Phys. Dosbolayev: Phys. Plasmas 15 (2008) 053704.
120205-3 © 2010 The Japan Society of Applied Physics


http://dx.doi.org/10.1103/PhysRevLett.102.245004
http://dx.doi.org/10.1103/PhysRevLett.102.245004
http://dx.doi.org/10.1016/j.nimb.2009.04.004
http://dx.doi.org/10.1088/0953-4075/42/6/065202
http://dx.doi.org/10.1002/ctpp.200910018
http://dx.doi.org/10.1063/1.2918336

	c_rf1
	c_rf2
	c_rf3
	c_rf4
	c_rf5
	c_rf6
	c_rf7
	c_rf8
	c_rf9
	c_rf10
	c_rf11
	c_rf12
	c_rf13

