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We consider some aspects of dust dynamics in

tokamak plasmas. We assume that dust density in a
tokamak plasma is rather small; consequently, our
consideration will be based on a single dust particle motion.
Therefore, we shall ignore the collective phenomena
associated with the dust. The plasma parameters in
tokamak edge are very inhomogeneous, and absolute
numbers of plasma density and temperature depend on
discharge characteristics and on confinement regime.
However, in order to simplify our estimates we will assume
that electron, T, and ion, T, temperatures are close to T,
~ 7. ~ 10 eV and plasma density is about3x 103 em™.
These values are typical for tokamak divertor plasmas.
We will show that in a tokamak dust can be very mobile,
and during the duration of one shot dust particles can move
through the edge plasma on distances that are much larger
than the scrape-of-layer (SOL) width and comparable to
tokamak radii.

While in perpendicular direction to a wall the
friction force can be balanced by the electric force, in the
directions along the wall the electric field is only due to
wall and plasma inhomogeneities, but the friction force
remains strong due to plasma flow along oblique magnetic
field lines and ion diamagnetic and £ x B flow in parallel
direction to a wall. Within the sheath, the ion flow
velocities of both parallel direction to a wall is close to ion
flow velocity ¥, which gives the following estimate for the
z (parallel to magnetic field) and x (perpendicular to
magnetic field) components of the friction force
F(rig ~ F(rfg ~ F(,_s,.ﬁ). At distances from the wall larger
than p; ,the diamagnetic ion flow velocity and,
consequently, F)
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significantly decrease, while the

component Fgo remains strong up to the distance @Ay

from the wall, where A;y is the mean-free-path of
ion-neutral  collisions. The importance of plasma
diamagnetic and £ x B flows on dust particle dynamics in
low pressure weakly ionized plasmas was discussed in [17,
18]. However, in tokamak edge plasmas, the effect of these
forces is much stronger. The unbalanced force will cause
acceleration and motion of dust particle along the wall in
both toroidal . and radial directions. Since the force is
proportional to the plasma pressure such acceleration is
particularly strong within some toroidally symmetric strip
of the width A located close to the separatrix striking
point where the plasma pressure is the highest. However,
the polotdat acceleration causes poloidal motion of the dust
particle, which pushes it out of this region. Assuming that
the acceleration acts along a distance of lengthl , we can

estimate the magnitude of radial, Va(,x), and toroidal, V}Z),

velocity components that dust particle gains during the time
it moves along that distance
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For bd~2glcm3 . ng =3x10%em™, T=10er
i~1cm, and rd~3x10_4 cm from Eq. (18) we find

Vf) ~3x10%cm/s. This velocity is so large that if dust
particle would move with such velocity toward the wall (as
an example of such situation one can consider the motion
of dust particle to the corner, see Fig. 6) it would penetrate
through the sheath and hit the wall. Or, in case when dust
particle is launched from the step (see Fig. 7), it can fly into
the plasma volume at fairly large distance, Lgp . The
length Lgign; depends on geometry of the launch, as well
as on plasma flows in the regions far away from the sheath.
We will discuss this aspect in the next Section. Here we
shall only estimate the velocity of dust particle, V,,, that

would allow dust particle to penetrate through the sheath
barrier, We shall also estimate the distance along the wall,
4,,, along which velocity V,, can be gained due to

acceleration by plasma ions. ‘
Since sheath potential drop is of the order of T/e,
in order to penetrate through the sheath the particle
velocity ¥y and the length of trajectory A should satisfy
inequality
MyV2=2cimg Tl AS22,T .
Then, taking into account Eq. (1}, we find
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—3, T=10eV, f‘d~3><10_4 cm ,
and py ~2 g/cm3, from the expressions (20)-(22) we
find Vo =30cmls Ey ~5x10° eV , and

4y = 107 ¢m. We notice that for such plasma parameters

For ng =3x 101%em

it takes only about 10™* s to accelerate dust particle to
the speed ~ V.

As a result, the dust deposition areas on the wall structures
can be far away from the location of dust origin.
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