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Effect of magnetic field on formation and dynamical characteristics of dust plasma
structuresconfined in electrostatic trap in the axial region of stratdc glow discharge has
been investigated. Experiments were carried out in discharge tube of inner radius 1.8 cm filled
with neon at pressures ~10Torr with discharge currents ~TOA. Spherical melamine
formaldehyde grains 5.5 pm in diameter levitated in axial region of the vertical dc discharge
and formed orderedtructuresin the axial magnetic field, they rotate in the horizontal plane
about the vertical symmetry axis of the dischafjee rotaibn seems to be a rigid-body one:
the angular velocity of all the grains is the same. The rotation velocity depends on the
magnetic field B. In low magnetic fields (B ~®) the angular velocity of the dusty cloud is
directed against the magnetic fieMlith increase in the fieldiotation is decelerated and
terminated at 500 G. In the fieBl= 600 G the dusty structure was rotated in opposite direct.
The dependence of thengular velocity of the dust plasma structuiegresented in Fig. 1.
With the further increase in the magnetic field up to 700 G dust grains went from the axial
region to the discharge periphery with the continuation of the movement ahaLaeds.

An explanation of the rotation inversion of the tpkasma structures iaxial magnetic
fields in dc glowdischarge is the aim of the prespaper.

The ions azimuthally drift in the crossed axial magnetic field and radial electric field, and
the dust plasma structure rotation is due to the ion drag [fb/2g In the uniform rotation,
the ion drag force is balanced by the friction one with the neutral gas of atoms. These forces
for the dust grain of radius a can be estimated as [1]
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where i, Ty, My, Uq, are the density, temperature, mass, and velocity of particles a (a =1, a);
1=TJT; z=|Z, |€° /aT,, Z, is the charge number of the graihis the modified Coulomb
logarithm integrated with thevelocity distribution function of ions. The magnetic field

direction is taken as the positieagular velocity direction. Then, the angular velocityhef
azimuthal drift is [14]
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Fig. 1. Dependence of the angular velocity of the dust plasma structure on the axial magnetic field

Comparison of the theoretical estimation gbjen by curve with experimentdata.
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wherec is the speed of light in vacuum,, is the transporfrequency of ioratom collisions
and w, =eB/cm is the ion cyclotron frequency in the magnetic fi@ldThe radial electric

field E(r) is ambipolar and is determinedtiwe expressiof8]
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As a result we get the expression for the angular velocity of the grain
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It is seen from 4) that the rotation inversion can lmaused by (i)magnetizatiorof
electronsto a degree such that their mobility becomes lowen the ion mobility

(wgw, >V, V., /2) and (ii) a change in the sign of the radial component of thddonity
gradientdn;/dr,
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We now estimate the dependencef on B from @) for the experimental conditions.
Let us assume that the radial distribution in the stratum region near the discharge axis, where
the dusty structure is located, has thRessel profile, which does not contradict the
measurements [3]. The substitution of the experimental parameférs 3 eV, T; = 300 K,
Via~ 1P st v ~ 18 s, n, = 8x10"° cmi®. z ~ 1lyields the approximatdependence dq
onB:
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which is shown by theurve in Fig. 1.Since the effect othe magnetic field and dusty

(5)

structure on then(r) distributionis disregarded in5§, this equation is validonly for small
structures and low magnetic fiel@~ 10° G. Equation 6) provides a qualitatively correct
magnetic field dependence of the angular velocitthefdusty structure and velocity values
(for B < 500 G)close to the experimental datdote that the rotation inversion following from
(5) at B = 1000 G, is attributed to the magnetization of electrhsir lower mobility as
compared to ions). However, this case, the destruction of the potential trap confitieg
dusty structure should be expected, but this destrustiohserved at higher magnetic fields
(B=700 G)thanB = 500 G at which the rotation inversion occurs.

The rotation inversion is likely attributed tochange in the direction of the diffusion
plasma flux: thederivative dn/dr near the structure becomes positive.this case,dn/dr
outside the dusty structure remamasgative and the trap continues tasext is known that
plasma recombination occurs on the surface ofghasts; i.e., the plasma is absorbed by the
dusty structure. If the ionization ratein the volume, where the grain structure is located,
exceeds the rate of recombination ondlustgrainsly, then we have the diffusion plasma flux
lo = 1; — Iq from this volume andin;/dr < 0. In the opposite cade< |4 we have thedlux into
this volume anddn; /dr > 0. Thus, we should compare the rafgsand I4. In the first
approximation theionization rateis independent on the grain sttwre and without the
structure
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where r and tare the radius and height of the structure, respectivelyDand the ambipolar
diffusion coefficientD, in the radial direction perpendicular to the magnetic field [4]. We can
estimate  in the orbit motion limited approximation [1]:
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where N, =7r®hl;® is the number of the dugfrairs in the structurely is the mean intergrain

distance. So we can compalg and l4. It should be noted that the fluy has the radial
direction, whilethe plasma absorption by the grains occurs in different directtmghe
effect of the magnetic field oy is muchstronger.

In low magnetic fieldsB ~ 10> G the ionization ratd; prevails over therate of
recombination on the grainds the magnetic fieldncreases, the plasma is magnetized and
the radial flux toward the wallly decreases, consequentlye ionization ratel; is also
decreasesvhen the discharge currentuschangedAs a result, at a certaiB value (atB =
500 G in our experimentjhe total plasma flux on the dugtrairs becomedarger than the
charged-particle flux generated in tliesschargenear the dusty structure. Therefore, the
inversionof the radial plasma flux occurs in the central dischasggon and leads to the
change in the rotatiagirection of dusgrairs. Comparing (6) and (7) we fined that Iy atB
= 300 G that is close to the experimental value 500 G corresponding to the rotation inversion

With the further increase B, the inversion region of the diffusion flux is expandeug
potential trap disappears, and the dusty struati@éeays aB = 700 G. According to the
experimentaresults, the trap disappears incompletely and is shiftede peripheral region
of the discharge.

Thus, we can conclude that the inversion of the rotation of the dusty plasma stisuature
result of the competition of two the plasma fluxes: to the wall and to the grain siiface.
low magnetic fields the first prevails. With the increase Bn the second becomes

predominants a result of the plasma magnetization.
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