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Dust charge fluctuations in a magnetized dusty plasma
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Charging currents of electrons and ions to a spherical dust grain in a uniform magnetized dusty plasma have
been examined. It is found that the external magnetic field reduces the charging currents, thereby decreasing
the dust charge fluctuation damping of a low-frequency electrostatic wave in a dusty plasma.
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It is well known[1,2] that dust charge fluctuations induce magnetic field, and finally the fourth condition is true for the
a damping of the dust-acousfig] and dust-ion-acoustigt]  fact that the charging of the dust grain is due to both the
waves in an unmagnetized dusty plasma. There has beenetectron and ion currents. These limits are usually valid in
significant progress in the study of unmagnetized dustyhe context of charging dust grains in a laboratory dusty
plasma physics, which is summarized by Mendi$ How-  magnetoplasma.
ever, space and laboratory dusty plasmas are usually con- We consider a dusty plasma in the presence of an external

fined in external magnetic fields. To the best of our knowl-magnetic ﬁe|dEBO, wherez is the unit vector along theaxis
edge, there does not exist a theory for the dust charggndB, is the magnitude of the external magnetic field. The
fluctuations and the consequent effect of the dust charge flugiasma constituents are electrons, ions, and negatively
tuation damping of the low-frequency waves in the presenceharged micron-sized spherical dust grains. Following Tsy-
of an external magnetic field in a dusty plasma. tovich et al. [11], we first discuss the effects of an external

The charging of a spherical probe in a magnetic field hagnagnetic field on equilibrium charging currents. In a weak
been investigated in connection with the charging of satelmagnetic field, the electron gyroradius.] is much smaller
lites and rockets in Earth’'s ionosphere and magnetospheffian the dust size and the change of dust charges is relatively
[6-8], by assuming that the electron Debye radNjs, is  small. Here, electrons rapidly approach the dust grain surface
usually much larger than the probe s€a<\p.) in space along the external magnetic field direction, so that fast elec-
conditions. In the collisionless limit, strong magnetic field trons charging a grain may have a Boltzmann distribution.
effect has been considered in the limitg,¢;>a, and p.  Accordingly, the orbital motion limitedOLM) electron cur-
<a, wherek ¢, @ andp, are the mean-free path, the probe rent remains in tact and we hay&2,13
radius, and the electron gyroradii®10], respectively.

In general, the presence of an external magnetic field leo= — NepAcUceXp(EVy/Te), (1)
makes a dusty plasma anisotropic. Hence, charging currents . .
to a spherical dust grain is different in different directions. WNeréneo is the unperturbed electron number denshy,is
However, in the presence of a very strong magnetic field, thé€ average dust charging cross SeCt'on-,th'Ch is somewhat
orbits of the magnetized plasma particles are confined to ongmaller than the geometrical cross sectioa” of a dust
dimension along the field lines, as if they are “glued” to the Particle,ue= \/_%Utea vie=(Te/me) 2 is the electron ther-
magnetic field lines. Hence, the perturbed field componenfal speedT. is the electron temperaturm, is the electron
transverse to the magnetic field does not come into play, an@lass, e is the magnitude of the electron charge, avig
the problem of charging currents becomes independent of tHe= ¢4 — ¢~ Zq4€/a) is the potential of the dust grain relative
magnetic field. to the plasma potential. On the other hand, ions are attracted

In the present Brief Report, we consider the plasma reby dust and their effective cross sectidnis larger than the
gimes that are characterized By A s>, (i) a<\p, (i) geometrical cross section. The OLM ion current then reads
pei=4a, and(iv) N\p=<r,, where\p Is the effective dusty A
plasma Debye radiugl3] andr is the intergrain distance. lio=ioAili(1+eVa/K), @
The first condition is valid in the collisionless limit, the sec- \yhere no is the unperturbed ion number density,
ond condition is valid for the usual dusty plasma parameters,_ N

: ;o va . . vii» v=(T;/m)Y? is the ion thermal speed;; is
the third condition is valid for a moderate magnitude of thethe ion temperaturey, is the ion mass, and =m,v2/2 is the

kinetic energy of ions before encountering the grain poten-

) ) tial. The bracketed term is the focusing factor. At equilib-
*Permanent address: Department of Physics, Jahangirnagar UrH-um we have

versity, Savar, Dhaka-1342, Bangladesh.

Email address: msu@juniv.edu Nio=Neo+ ZaoNdo» 3)
TAlso at the Department of Plasma Physics, Untdsiversity,

SE-90187 UmeaSweden, and Center for Interdisciplinary Plasmawhere Zy, is the number of electrons residing on the dust

Science, Max-Planck Institut”fuExtraterrestrischne Physik und grain surface, andyg is the unperturbed dust number den-

Plasmaphysik, D-85741 Garching, Germany. sity. It turns out that for weak magnetic fields the dust charge

Email address: ps@tp4.rub.de remains the same.

1063-651X/2003/6@)/0274034)/$20.00 68 027403-1 ©2003 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW B8, 027403 (2003

However, when the strength of the magnetic field be~  and thex axis, & is the angle betweek, and thex axis,
gpme_s Iargerl thanha C”t'lfal value é\{herefth? electron gy(rjoraJI is thelth order Bessel function of the first kind, affl)
O e e o leone o shenctes a quartty paralperpendiutro - |
the ch,arging process, while a fraction of low energy elec-f. I‘(Ij’huhs ' "?1 thg presence of a tl)ovy-frequency electrostatic
trons would be reflected backwards along the magnetic field®'® the charging current perturbations are
direction. Hence, the charging cross section for electrons
would be smaller, resulting in lowering the electron current  1j1(X,t)= é J;-dS
by a factor of 4 compared to that in the absence of a mag-
netic field[11]. If the ion gyroradius is still much smaller ) )
than the ion dust attraction size, the ions will be attracted to =2ma qJJ (v, cosf+v sinf+uv))fjdv, (6)
the dust grain with approximately the same rate and their
effective cross sectioA; will be much larger than the geo- wheref;, is given by Eq.(5). After a straightforward calcu-
metrical cross sectiomra®. The ion current on the grain will lation, we then obtain from Ed6)
then remain the same as in an unmagnetized plasma. The
reduction of the electron current means a decrease of dust q;P(x.t)
charges. The radial electric fiel, of a dust grain in its T;
vicinity would produce insignificant azimuthalE(B,/c) P T |12
drift of electrons ifa/p, is larger tharZ e?/aT, [11]. Xex;{ _ 9 G) <_J> = 7)

For stronger magnetic fieldsiz., Bo=(c/ea) ym;T;] in a T a
plasma, the ion gyroradius becomes smaller or comparable to
the dust size. Here, both the electron and ion currents ar®

|j1(X,t): —47Ta2an]-0

hereFj:Fjl+ F]2+ Fj31 W|th

modified due.to the strong magneti;ation of the plasma par- e N °

ticles. Tsytovichet al. [11] treated this problem numerically Fi= \GZ ) CJ‘ |exp( —by)| 1+ Z(fn)ly

and reported the dependence of dust charge on the external n KUy \/kavtj

magnetic field strength as well as on the parameier (8)

=ym;T;/m.T, wherem;/mq(T;/T,) is the ion to electron

mass(temperaturgratio. They found that the dust charge in _ \/;kivtj w d

a strong magnetic field can be substantially lar@gr to 12 2=71'NV 7 w0y 5 1+ V2o, Z(&n) d_bj[I“

times than that in the absence of the magnetic figdin a J

weak magnetic field Xexp(—bj)], 9
Next, we consider electrostatic perturbations,K) ac-

counting for dust charge fluctuations. The charging equation T

for dust particles in a dusty plasma is Fis= 2Ky ; Inexp(—by)[1+&,Z2(&)], (10

diQu1=ler *lia, @ andé,=(0—nwg)/ 2k, .

) ) ) For o<wgj, K vij<ag;, andk‘|vtj<|w|,|w—nwcj|, the

whereQy; is the perturbation of the _dust charge in the Pres-modification factorF; reduces to
ence of the perturbed electron and ion currdgts; associ-
ated with the perturbed plasma particle distribution functions = Ko o K2y 2 Kiv.
in the electrostatic field. Herey andk are the frequency and Fi= \ﬁ(l_ by)| — (— —i —2“> ]
the wave vector, respectively. 2 Wej ® w

To calculate the perturbed currents of the magnetized 5 2 ) ] ]
electrons and ions, we assumg;=a, wherep; is the Lar- Whenk; /k; </ wg; and if we neglect the small imaginary
mor radius of the speciggj equalse for electronsj for ions ~ t€rm in Eq.(9), the modification factor is found to be
andd for dust graing We employ the guiding-center coor- p

. (1Y

(l)cj

kLv[j w

dinateq 14,15 and obtain the perturbed distribution function —(1-b) (12)
in the presence of the electrostatic potendilx,t) as 2 g wgj I
D(xt K K which is less than unity.
fjl(X,V,t)Z—qJT—()E > J|( Lvi)\]n( ““) We note from Eq.(7) that for bj<1 andkp,<w, the
i on Wej Wej perturbed currents in a uniform magnetized dusty plasma is
xexgi(n—1)(6— )] reduced by a factoF; from the unperturbed currents to the
grains.
® F9r|w|<wcj Kv<wogj, andk”vtj>|w|,|w—nwcj|, we
x| 1= w—Kjv)—Nag, fios (5 obtain from Eqs(8)—(10)
where ®(x,t)=®qexfi(k-x— wt)], &, being the ampli- F = \/E(l—b-)(iﬂ kLUtl.). (13)
tude of the electrostatic perturbatiofjs the angle between ! 2 P kjy Wc;j
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For |o|/kp >k, v /o we can neglect the imaginary part K oo K2 2 | 2
: : ; i pd@ci I ®pe| _
in Eq. (13), andF; again becomes less than unity. Equations =1 —( - —2) =w,, (18
(12) and(13) reveal thatF; is less than unity for both high- L @pi k® wpg
and low-parallel phase velocity waves.
Takingn;=njo+n;; andQy= Qgo+ Qq1, We obtain from
Eq. (4) where n;ome<ng,m; has been assumed. However, dust
charge fluctuations introduce a damping of the DLH waves
Qui=—iB(w)P/w, (14 with a damping rate
where
’ yL=—4mNgoB(w)/K?, (19
_ & [ope p(e%) F (o)
B(w) \/ﬂ 7\Deex Te e
which is obtained from Eq(17) by letting w=w,+iy,,
n ﬂ(l_ %)F-(w) (15  With y?<w?. Here, B(w,) is modified from the unmagne-
Api T ) ' tized value[1] by the factors=, andF;, given by Eq.(12).

B B ) 2 To summarize, we have investigated the influence of an
Here, Npj=vy/wpj, wpj=(4mnjoqi/m;)™ and Fei(w)  external magnetic field on dust charge perturbations in a
are given by Eq(10) or Eq. (11), depending on the condi- sty plasma. It is found that the external magnetic field
tions of the wave perturbation and the plasma parameters. jaquces the charging currents on the dust grains, thereby de-
To demonstrate how the external magnetic field aﬁec'[gcreasing the dust charge fluctuation damping of a low-
the damping of a low-frequency electrostatic mode pmpagatfrequency electrostatic wave through the reductioB,)
ing nearly perpendicular to the magnetic field direction, Wepy the factors, andF; , which are given by Eq(12) or Eq.
_consider a magnetized dusty plasma with finite electron ang13)_ In order to have some appreciation of our results, we
ion  temperatures.  For wcq,kva . Kjvii Kjue<|o|  estimate the frequency and the damping rate by taking the
<wgj,wce, andbe<1, the electrons and ions are strongly plasma and wave parameters that are relevant for laboratory

magnetized, while cold dust grains are unmagnetized. discharges. Accordingly, we takeno~10° cm 3, ngo
Poisson’s equation in the presence of a low-frequency_qot 3, Zyo~5%X10°, Te~1eV, T,~0.1eV, By,
mode and dust charge fluctuations is ~400 G, anda=10 um. Foer k, ~1 Cm'—l and kﬁ/kf

2 —n.e— _ — <Z§Ondome/neomd, the frequency and the damping rate of
K+ AN Nize~ MoaQuo~ NaoQe) =0 (16 the dust lower hybrid are 108 and 2 §1, respectively. In
where Qq, is given by Eq.(16) for F; given by Eq.(11). ~ conclusion, we state that knowledge of dust charge fluctua-
Inserting nj;=—(K?x;/47q))®, where ye=(wpe/wc)®  tion induced damping of waves is required in calculating the
X (k, /k)z—(wpe/w)z(kH/k) , Xi=(wpil 0 (k, /k)?>  thermal wave spectrum by using a fluctuation dissipation
—(wpil0)*(kj/K)?, and xq=—(wpq/w)? in Eq. (17), we  theorem.
obtaine(w,k)® =0, where the dielectric constant of a mag-
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