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Experimental Apparatus (HYPER-I)

Parameters
Magnetic Coil
Power 4-15 kW
Frequency 245 GHz
Magnetic Field 1 kG
Gas (He) 6x10“ Torr
El. Temp. 20 eV
El Density 102 cm?3

Magnetic Field Configuration
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The experiments have been performed with the High Density Plasma Experiment
(HYPER-I) device at National Institute for Fusion Science. The plasmas are produced by
electron cyclotron resonance heating. The magnetic field configuration is a so-called
magnetic beach structure. The plasma discharge time is ~60s and a helium gas is used
with the operation pressures6~8x 104 Torr.




Directional Langmuir Probe
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A set of Directional Langumuir Probes
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Evaluation of Vorticity
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We calculate the z-component of vorticity at each point, by performing the line integration
given above. The vorticity (color contour map) islocalized in the center of the plasma hole.
The solid lines indicate density contour.



Formation of Tripolar Vortex (End View Image)
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contour clearly indicatesthe existense of three
vortices. Two of them have negative polarity
(clockwise) and the central vortex has positive
polarity (counter-clockwise). The observed

clockwise motion in the center. Thevorticity
structureisatripolar vortex.

integration (rotv),=> v-di/AS . Therearetwo

map of z-component of vorticity (Bottom) are
clockwise vortical motion In both side

shown. Thevorticity isevaluating theline
orresponding to ion density peaks. Between

Flow Velocity Field and Vorticity Contour
The vector field plot (Top) and the contour
these vortices, there present a counter -
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Potential Profile and Neutral Density Profile

A remarkable characteristic of thetripolar vortex isthat each vortex rotatesin the
opposite direction to the ExB drift. Thisresults suggests that there should be an
iInward for ce acting on theions.
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The potential profileisa double peaked one, and the peak positionsroughly
coincide with theion density peaks. The neutral density has double minimum, at
which the potential becomes maximum. If thereisa dynamical coupling between
theions and neutrals, the neutral density gradients may produce the inward for ce.



I Arl = nn ne<G exV>

I Arll cn ne<G exV>

noc 1y,
N, oc |, /\/IArll

(425.9nm 5p-4s)
(488.0nm 4p-4s)

1

l o

monochromator
1000mm

PMT




n, [arb.unit]

1

ol
-10

35

30}
- neutrals

N
ol

Q [arb.unit]
= CI—\n )

N Wb~ 01 O

lon Density and Neutral Density Profiles

6.7x10° Torr

ion

llllllllll.llllllllllllllllllllllllllll1

-5

0 5 10

o

o

o O

0

-5

0 5 10
X [cm]

2.5x107 Torr

6 R

5_‘ ion

4_

3_

2_

1_

O . 1 . 1

-10 -5 0 10
35_
30_—

25: neutrals

20_—

15_-

10_—

S5t

O . 1

-10 -5 0 10

x [cm]

The bean-shaped bright regions
correspond to theion density
peaks (Top Right). There
always exists a degp density
depression in neutral particles
(Bottom Right).

When the plasma is uniformly
produced over the whole cross
section, no density depression
In neutrals was observed
(Bottom L eft).
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M echanism of Producing an Effective Force

Force Momentum Flow Flow of Neutrals

Lo

Charge Exchange Collision

Plasma Density Gradient in Neutrals



Generation of Inward Force dueto Neutral Density Gradient

The equation of motion isthen given by
Mn (%H)i -Vov,)=en(E+v,xB)-Vp —v.Mn (v, + DVlogn,)

Where V,,n =V.N  isused. Theperpendicular velocity is
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For y=0, 0/ar >> 0/ ishold, the above equation becomessimple,
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EXB dift FxB dift dueto neutrals
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Neutral-induced FxB drift and ExB drift velocity
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The neutral-induced FxB drift velocity well
agreeswith the observed drift velocity, while
the ExB drift velocity is small and opposite
in direction. The vortex motion is
considered to beinduced by the density
gradient of neutrals
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Nonlinear Stationary Solution (Tripolar Vortex)
Nonlinear calculation showsthe existence of stationary tripolar-vortex
solution (J. Vranjes Phys. Rev. Lett. 2002 inprinting ,

o (r,0) = —% + br?+a,J,(kr) + a,J (kr)cos26

This solution well reproducesthetripolar structure observed in the
experiments (Right).
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Summary

1) A tripolar vortex has been found in a plasma.

2) Therotation direction of each vortex isoppositeto that of

E X B rotation.

3) Net momentum transfer occursthrough the charge-exchange

interaction and produces an effective for ce.
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4) This effective force due to neutral density gradients may
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dominatethe eectric force and drivesionsinto anti-ExB
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rotation.

5) The neutral density can be considered asthe stream

function of theion flow field.

6) The present result will beimportant in considering flow

structurein partially ionized plasmas or surface plasmas.
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