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&6 E Response of the edge plasma potential during
AC limiter biasing in HYBTOK-II tokamak

Y. Uesugi, T. Chiba, A. Okada, S. Sasaki and S. Takamura

Department of Electrical Engineering and Electronics
School of Engineering, Nagoya University
Nagoya, 464-01, Japan

ABSTRACT

Experimental research on the modification of the edge radial electric field by
limiter biasing and its time response has been performed in a small research tokamak,
HYBTOK-II. In the DC negative biasing, the potential drop at the edge increases
linearly with the limiter current. The plasma potential in the positive biasing increases
in proportion to the bias voltage, generating the strong positive radial electric field at
the edge region. The suppression of the electrostatic fluctuation observed during the
positive biasing is related to the ExB velocity shear formed by the positive biasing.
When the bias voltage is changed in time, the limiter current changes in response to
the bias voltage and consequently, the plasma potential in the edge region oscillates
in time. An oscillating radial electric field induces the radial polarization drift in
addition to the ExB drift in the poloidal direction. As the oscillation amplitude of the
radial electric field increases, the radial diffusion processes of heavy ions would be
modified by this radial polarization drift and collision process. This radial diffusion
process due to the polarization drift might be employed for impurity exhaust, such as
helium ash. We have been studying the time response of the plasma potential during
AC limiter biasing and the possibility of the impurity exhaust based on the enhanced
radial diffusion due to the radial polarization drift.

6.1 Introduction

Recent theoretical[1,2] and experimental[3-5] studies on the improved con-
finement like H-mode, indicate that the radial electric field(Er) and/or sheared poloidal
rotation velocity in the edge region has an important role on the plasma transport
processes. This result suggests that the plasma confinement can be improved by
controlling the edge electric field 2 few centimeters inside from the last closed
magnetic surface or the separatrix. Active control of the plasma potential, such as
divertor biasing, has a possibility to obtain the improved confinement by modifying
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Er. In CCT[4] and TEXTORI5] the radial current generated by a small emissive
electrode inserted into the edge plasma, triggered the bifurcation phenomena like H-
mode. This bifurcation phenomenon is explained by the force balance between JxB
driving force induced by the radial current and the poloidal damping force, such as
viscous damping and TTMP. These experiments show that the electrode
biasing(polarization) can modify the intensity and spatial distribution of Er.

Usually the polarization experiment employs a DC biasing to obtain a steady state
of the modified Er profile and improved confinement. When the bias voltage to the
electrode is changed in time periodically, the radial current changes in response to the
bias voltage. Consequently, the plasma potential and Er change periodically. Time
varying Er induces the polarization drift in the radial direction in addition to the
poloidal ExB drift. The polarization drift velocity(Up) depends on the mass of charged
particles. If the radial excursion of the charged particle due to the polarization drift is
much larger thanits Larmor radius, the radial diffusion is enhanced by the polarization
drift through the classical collision process.

Selective pumping of impurities, especially helium ash from a core plasma of
fusion reactoris one of the crucial issues to obtain a steady state operation of the fusion
reaction. Accumulation of helium ash in the core plasma reduces the efficiency of D-
T reaction. The process of helium exhaust can be divided into two processes. The
helium transportis dominated by the cross field diffusionin the core region and parallel
motion is important for the transport from the edge region to the divertor and the
pumping duct through the scrape off layer(SOL). In the present experiment we have
been studying the spatial and temporal behaviour of the plasma potential and radial
electric field during AC limiter biasing, and possibility of the selective exhaust of
impurities using the radial polarization drift induced by AC biasing.

In the next section a belief review of the polarization drift and an estimation of
the oscillation amplitude of Er necessary for the enhancement of the impurity diffusion
is given and experimental results on AC limiter biasing are shown in third section. The
discussion on experimental results and summary are given in final section.

6.2 Enhancement of Radial Diffusion by Polarization Drift
6.2.1' Polarization Drift

When the magnetic and electric fields vary slowly, in the sense that

1>>8 ~ PIVBL 1 dB , (1)
B QBdt



the motion of a charged particle can be obtained using a perturbation expansion, where
p and Q are the Larmor radius and cyclotron frequency of a charged particle,
respectively.[6] The lowest order perpendicular drift is ExB drift given by

Up =ExB (2)
B2
The second order perpendicular drift due to the particle inertia is given by Ug, as,
U, =L BxdUoL 3
n=o B (3)

The time derivative of Uy is
dUp, _ 9 .v)ExB
T—(at + Uo V)? . “4)
Equations (3) and (4) yield the nonlinear polarization drift. Itslinear partis then given
by
_1 9E,
“58 3¢ - )
Equation (5) shows that the polarization drift velocity is proportional to the mass of
a charged particle and time derivative of the perpendicular electric field. When the
oscillating radial electric field is generated in a cylindrical plasma, charged particles
drift in the radial direction periodically. When the oscillating radial electric field is
given by 8Er= ISE e/®! and w<<(j, the radial excursion length induced by the
polarization drift is given by ,

A, ~ —LISE, . 6
P~ OB d (6)

6.2.2 Estimation of Radial Diffusion due to Polarization Drift

Here, we estimate the oscillation amplitude of Er necessary for the enhancement
of the radial particle diffusion. The diffusion coefficient of ionic species for a general
random walk process is given by

D=v;A?, (7)
where vj and A are the ion collision frequency and the excursion between collisions.
The classical diffusion coefficientisthen given by Dc~vip12, where pjistheion Larmor
radius. When Ap>pi, the induced polarization drift modifies the classical diffusion.
Then IOErl must satisfy

>Vii (8)

where vt is the ion thermal velocity. In the present estimation it must be satisfied that
vi<<w<<€2 With increasing the oscillation frequency close to the specific ion
cyclotron frequency the previous analysis on the polarization drift can not be applied
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since eq. (1) is violated. When the left hand polarized wave with @~Qcj is excited, the
resonant acceleration of the ion perpendicular to the magnetic field is occurred and the
ion Larmor radius becomes large. The perpendicular velocity gain between collisions
is roughly given by

AV = Qqvi'l, )

where OE | is the rf electric field of the left hand polarized wave perpendicular to the
magnetic field. The condition for IOE, | similar to eq. (8) is then given by

IOE | |

B
From egs. (8) and (10) we can estimate the amplitude of the perpendicular electric field

necessary to enhance the cross-field diffusion using polarization drift.
The diffusion coefficient in the case of m~wcj is then given by

>PiVi . (10)

2
D, L1 (11)
B2
Forexample, when B=1T, Tj=20eV, nj=1019m-3 the perpendicular electric field

necessary to enhance the helium diffusionis I0ErI>35 V/cmand I18E | I>1 V/cm for He t,
and I8E>10 V/cm and I8E1>0.6 V/cm for Fe3+. From the mass dependence of
egs.(8) and (10) the threshold electric field decreases with increasing the particle mass.

6.3 AC Limiter Biasing Experiment

6149.dat

AC limiter biasing experiment has been “CT T T "
carried out in HYBTOK-II tokamak to gener- = ‘T “z
ate the oscillating Er in the edge and SOL =~ , :‘; CC\: :
region by limiter biasing technique. We 7= 8 """
employ two circular poloidal limiters located % 10 |
on the opposite side in the toroidal direction. g s |-

Limiter bias voltage is fed from a capacitor g 9

bank through a transistor switch. Since the _1e | I CE2 B

bias power supply is uniporlar in the present é;: B i
experiment we change the polarity between N R m—»-——’"'\

the limiter and the vacuum chamber to compare T e \: °

the positive and negative biasing. The plasma ? T
parameters are measured with movable g SZWAAM’WWW\A"
Langmuir probes. The electrostatic and %_‘45 b LA |
magnetic fluctuations are picked by Langmuir T imegms

probes and magnetic probes, respectively.  Fig. 7.1 Typical waveforms of the HYB-

TOK-II plasma during AC biasing.
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Typical wave forms in the case that the bias 6388.DAT
J 1 1 1

150

voltage is positive and its frequency is 30kHz are
shown in Fig.7.1. In the previous DC biasing
experiment we have observed that the electron
density profile is drastically modified by limiter
biasing while the electron temperature is un-
changed.[7,8] The plasma potential rises in pro- -s0
portion to the positive bias voltage. In the nega-
tive biasing, however, the decrease of the plasma
potential is much smaller than the applied bias
voltage. The potential drop in the negative biasing
is proportional to the limiter current, which sug-
gest that the potential formation during limiter
biasing is determined by the radial ion current. -20 —d—dl—l—oal—.
In the case of the AC biasing the conven- Time (me)
tional Langmuir probe measurement with a probe
voltage sweeping can not be applied since the
plasma parameter changes quickly in time during
AC biasing. We estimate the plasma potential
during AC biasing, assuming that the electron
temperature is notchangedand AV = AV, where -100
.AVS is the change of the plasma potential and A’Vf Fig 7.2 Typical waveforms of the
is that of the floating voltage. InFig. 7.2 typical jimiter bias voltage, limiter current and
wave forms of the bias voltage, limiter current, floating potential in the positive
floating potential and fluctuation of the ion
saturation current at r=10 cm are shown in the case of Vp=+85 V and f=10kHz. Inthe
positive polarity the floating potential follows the limiter bias voltage clearly, while
in the negative polarity the potential change is not so clear as that in the positive
biasing. We measured the spatial change of the floating potential, ion saturation
current and their fluctuation components shot by shot. From Fourier analysis of probe
signals we can obtain the frequency dependence of the potential change during AC
limiter biasing. Typical examples of the amplitude and relative phase shift of the
periodic floating potential change(3Vf) at f=40 kHz are shown in Fig. 7.3. The
amplitude of 3Vf(~8Vs) is nearly flat beyond the limiter and has a steep gradient
between the limiter and the wall(r=12.8 cm) both in the negative and positive polarity.
With increasing the bias frequency the spatial profile of V£ tends to peak. Adecrease
of 8Vt with the bias frequency comes from the frequency response of the bias power
supply and that of the plasma itself. The relative phase shift between the floating
potential and the limiter current has a weak spatial dependence as shown in the figure.
Consequently, it is concluded that the plasma potential is varied simultaneously in
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space. Phase difference between the plasma
edge near the wall and r~9 cm is about 0.45

radian in the negative polarity and 0.62

radian in the positive polarity. These phase

differences correspond to time differences of
1.8 us and 2.5 ps, respectively. The spatial

profile of the phase shift in the positive

polarity is different from that in the negative.

In the positive polarity the phase shift near

the wall is in advance of that at the edge
beyond the limiter, and vice versa in the
negative polarity. This difference should be
related to the electron and ion cross-field
transport during AC biasing. We can obtain
the frequency dependence of 8V profile by
changing the bias frequency. Figure 7.4
shows the radial profiles of 8Vt during AC

limiter biasing normalized by the applied

bias voltage, taking the bias frequency as a
parameter. From Fig. 7.4 it is shown that the

periodic potential change in the core region is
about (0.6-0.8)V]im in the negative polarity
and (0.8-1)V]im in the positive polarity. With
increasing the bias frequency the 3Vf profile
becomes broader in the positive polarity, which
means that the radial electric field tends to
penetrate into the core region with increasing
the frequency.

From the amplitude of AVg we can obtain
the space potential and the radial electric
field(Er) during AC biasing, assuming that
AVg~AVf. Figures 7.5(a) and (b) show the
spatial profile of the space potential and the
radial electric field during 40 kHz AC biasing.
Asshown previously in Sec.7. 2, the diffusion
coefficient based on the perpendicular po-
larization drift depends on the amplitude of
the oscillating Er(OEr). When the AC limiter
bias voltage of £85 V is applied from the
capacitor bank, the amplitude of the periodic
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Fig. 7.5 Radial profile of the space potential
(a) and radial electric field(b) calculated
from the space potential profile. 100
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oscillation of Er is then the difference £ O e (a ?;:;Zs:/ ™
between the Er profile at Vp=-85 Vand = 6o | e -
that at Vp=+85 V in the figure. In the ' a0} T, -
. . . . s v e g
present AC bias experiment the oscillating "2 20 | -
Er is observed in SOL between the o PR T R R
limiter(r=11 cm) and the wall(r=12.8 cm). O 10 Alequency Whzy 0 7°

The amplitude of OEris about 35 V/cm at

r=11.6 cm anq =40 ‘kHz. Thﬁ: freguency Fig. 7.6 Frequncy dependence of the
dependence of OEr is shown in Fig. 7.6. amplitude of oscillating E atr=11.6 cm.
With increasing the bias frequency OEr

decreases gradually, whichis related to both the frequency response of the plasmaitself
and that of the bias power supply. The oscillating limiter voltage actually applied to
the limiter(dV]im) drops from 50 V to 10 V when the bias frequency is varied from
5 kHz to 100 kHz. We can generate the oscillating Er at the edge region as high as OEr
~ 30 V/cm at frequencies up to 60 kHz. We believe that the value of OEr increases
significantly if the bias voltage is kept constant against the frequency change.

6.4 Discussion and Conclusion

The radial electric field, which oscillates periodically in time and in phase with
respect to the space, is generated in SOL region by AC limiter biasing. The amplitude
of the oscillating Er, for example, is as high as 60 V/cm in SOL at a frequency of 30
kHz when the voltage swing of AC bias voltage is from V]im=-15V to V]im=+40 V.
We think that the electrode biasing with AC power supply, such as divertor plate AC
biasing, can be applied to the impurity exhaust by the enhancement of the cross field
diffusion using the polarization drift and/or the ion cyclotron resonance. The spatial
profile of the phase shift of 3V fis related to the electron and ion radial transport during
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the limiter biasing. Further study is necessary to clarify this problem.

In addition to the AC biasing, the modulated electron beam injection is an
alternative candidate to generate the oscillating Er. In the previous electron beam
injection experiment we have obtained SEr of about 10 V/cm by the electron beam
injection of 35 A. In this case the modulation of Ey is occurred mainly on the flux
surface where the injected hot electrons drift toroidally.

In near future we will test the present concept for impurity exhaust using the
polarization drift and ion cyclotron resonance in NAGDIS-I[9] and simulate the
particle diffusion during the AC biasing, taking account of the real configuration of the
oscillating Er. These results will be published elsewhere.
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