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CONTROL OF RADIAL ELECTRIC FIELD IN TORUS PLASMA

Abstract
The radial electric field is controlled by changing the direction of neutral beam from co to

counter to plasma current in tokamak, while it is controlled by the 2nd harmonic ECH and NBI and
pellet injection in heliotron/torsatron.
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1. INTRODUCTION

Radial electric field E,. is considered to be one of the key parameter to improve plasma
confinement. In order to control E, profiles, the electron cyclotron resonance heating (ECH) and/or
neutral beam injection (NBI) are applied in tokamak and heliotron/torsatron plasma. Detailed radial
profiles of electric field are obtained from the radial profiles of toroidal and poloidal Totation velocity
measured with multi-channel charge exchange spectroscopy (CXS).

2. CONTROL OF RADIAL ELECTRIC FIELD BY NEUTRAL BEAM INJECTION(NBI) IN JIPP
TII-U AND CHS

In the tokamak, the toroidal rotation velocity profile can be controlled by switching the
direction of momentum input of high energy neutral beam from parallel (co-injection) to anti-paratlel
{counter-injection) to the direction of plasma current. Figure 1 shows the radial electric field profiles
normalized by central ion temperature for parallel injection and near perpendicular injection (9 degree)
in JIPP TIIU tokamak. The radial electric field is negative for perpendicular NB injected plasma. It
becomes positive near the plasma center for co-injection, while it becomes large negative value for
counter-injected NB plasma. This result illustrates the offset part of rotation (spontaneous rotation) and
the combination of the external torque. Since the offset toroidal rotation velocity is in the counter-
direction (negative electric field), the absolute value of electric field is much larger in counter-injected
plasma than that in co-injected plasma[1]. Density peaking associated with this negative electric field
indicates the improvement of particle transport in tokamak.
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Fig.1 Radial electric field profile in JIPP TIIU Fig 2 Radiale electric field profile in CHS

minor radius.

On the other hand in CHS heliotron/torsatron, even parallel NBI can not drive toroidal plasma
rotation large enough to change radial electric field, since parallel viscosity is dominant in the
configuration (R,, =97.4cm : magnetic field ripple of 2-3% cven at the magnetic axis)[2]. The radial
electric field in high density plasma is negative rcgardless of the direction of neutral beam in
heliotron/torsatron as shown in Figure 2. The radial electric field depends on other bipolar fluxes such
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as ion orbit loss, charge-exchange loss, neoclassical and anomalous ion/electron fluxes; it does not
depend on the NB injection direction dominantly. When the magnetic axis is shifted toward the direction
in which more fast ion loss is expected (inward for ctr-NBI and outward for co-NBI), more negative

electric ficld is observed. When the electron density is decreased below 1x101 3em3

, the negative radial
electric field becomes smaller as expected by neoclassical theory, but no positive radial electric field is

observed in NB heated plasma in CHS.

3. CONTROL OF RADIAL ELECTRIC FIELD BY ELECTRON CYCLOTRON RESONANCE
HEATING (ECH) IN CHS

The radial electric field is more easily controlled by use of bipolar fluxes due to ECH than the
momentum input of NBI in CHS because of magnetic ficld ripple. The electron cyclotron resonance
heating (ECH) has been considered to enhance positive radial electric field, because it heats the electron
and enhances electron ripple loss. In order to produce positive electric field, 53GHz ECH is injected to
the NBI plasma with the helical field of 0.92 and 1.9T in CHS.The experiment is restricted only for the
NB target plasma, because charge-exchange measurement needs NBL The positive radial electric field is
observed only when the off-axis second harmonic ECH is applied 10 the low density (n, < 1x1013 cm™
3) NB heated plasmaj3]. As seen in Fig.3 there is a critical ECH power for the radial electric field to
jump to positive values [electron root]. This jump of radial electric field is more visible near the plasma
edge and is considered to be due to the ECH enhanced electron loss. No positive radial electric field is
observed even if the plasma with similar electron density and temperature is sustained only by NBI. The
perpendicular acceleration of ripple trapped electron is one of the candidate of this electron loss.
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Fig.3 Radial electric field at each averaged minor Fig 4 Radial electric field profiles for ECH and
radius as a function of ECH power in CHS. for ECH plus ctr-NBI in CHS

The ion dynamics would be also important in determining the total radial electric field. As
shown in Figure 4, the positive radial electric field produced by ECH disappears when the neutral beam
is injected in counter direction. No improvement of energy transport by the positive electric field is
observed at the transition to the electron-root. This is because the radial electric field shear isnot large
enough to suppress fluctuations. However, if the viscosity for plasma rotation decreases by the reduction
of edge neutral density, or the focusing of the ECH power becomes better, the larger radial electric field

3



shear will be produced and the improvement of energy confinement also will be expected.

4. CONTROL. OF RADIAL ELECTRIC FIELD BY PELLET INJECTION IN HELIOTRON-E

Radial electric field profiles are measured
before and after the pellet injection for NBI 20
heated plasmas in Heliotron-E. The E,. profile
before the pellet injection is similar to that for

- before pellet ——325ms _ ]
- - .- - 3921’118 { ]

Oi— IT\‘I |

NBI heated plasma in CHS (more negative = i
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density profile with pellet injection. Fig. 5. Radial electric field profiles before and

after the pellet injection in heliotron-E.

5. SUMMARY

In conclusion, the radial electric field is controlied by changing the direction of neutral beam
from co to counter to plasma current in tokamak, while it is controlled by the injection of 2nd harmonic
ECH and NBI (either co or counter direction) and pellet injection in heliotron/torsatron.

REFERENCE
[1] IDA, K., et al., Nucl. Fusion 31 (1991) 943.

[2] IDA, K., YAMADA, H., IGUCHI, Hi, et al., Phys. Rev. Lett. 67 (1991) 58.
[31 IDEIL H., IDA, K., SANUKI, H., et al,, Phys. Rev. Lett. 71 (1993) 2220.




NIFS-264

NIFS-265

NIFS-266

NIFS-267

NIFS-268

NIFS-269

NIFS-270

NIFS-271

NIFS-272

NiFS-273

Recent Issues of NIFS Series

K. Masai,

Noneqguilibria in Thermal Emission from Supernova Remnants;
Dec. 1993

K. Masai, K. Nomoto,
X-Ray Enhancement of SN 1987A Due to Interaction with its Ring-like
Nebula; Dec. 1993

J. Uramoto
A Research of Possibility for Negative Muon Production by a Low
Energy Electron Beam Accompanying lon Beam; Dec. 1993

H. iguchi, K. Ida, H. Yamada, K. ltoh, S.-1. ltoh, K. Maisuoka,

S. Okamura, H. Sanuki, |. Yamada, H. Takenaga, K. Uchino, K. Muraoka,
The Effect of Magnetic Field Configuration on Particle Pinch Velocity in
Compact Helical System (CHS); Jan. 1994

T. Shikama, C. Namba, M. Kosuda, Y. Maeda,
Development of High Time-Resolution Laser Flash Equipment for

Thermal Diffusivity Measurements Usting Miniature-Size Specimens;
Jan. 1994

T. Hayashi, T. Sato, P. Merkel, J. Niihrenberg, U. Schwenn,

Formation and ‘Self-Healing’ of Magnetic Islands in Finite-3 Helias
Egquilibria; Jan. 1994

S, Murakami, M. Okamoto, N. Nakajima, T. Muteh,
Efficiencies of the ICRF Minority Heating in the CHS and LHD
Plasmas; Jan. 1994

Y. Nejoh, H. Sanuki,
Large Amplitude Langmuir and lon-Acoustic Waves in a Relativistic
Two-Fluid Plasma; Feb. 1994

A. Fujisawa, H. lguchi, A. Taniike, M. Sasao, Y. Hamada,

A 6MeV Heavy Ion Beam Probe for the Large Helical Device;
Feb. 1994

Y. Hamada, A. Nishizawa, Y. Kawasumi, K. Narihara, K. Sato, T. Seki, K. Toi,
H. lguchi, A. Fujisawa, K. Adachi, A. Ejiri, 8. Hidekuma, S. Hirokura,

K. Ida, J. Koong, K. Kawahata, M. Kojima, R. Kumazawa, H. Kuramoto,

R. Liang, H. Sakakita, M. Sasao, K. N. Sato, T. Tsuzuki, J. Xu, I. Yamada,

T. Watari, I. Negi,

Measurement of Profiles of the Space Potential in JIPP T-1IU Tokamak
Plasmas by Slow Poloidal and Fast Toroidal Sweeps of a Heavy lon
Beam; Feb. 1994



NIFS-274

NiFS-275

NIFS-276

NIFS-277

NIFS-278

NiFS-279

NIFS-280

NIFS-281

NIFS-282

NIFS-283

NIFS-284

NiFS-285

M. Tanaka,
A Mechanism of Collisionless Magnetic Reconnection; Mar. 1994

A. Fukuyama, K. itoh, S.-I. ltoh, M. Yagi and M. Azumi,
Isotope Effect on Confinement in DT Plasmas; Mar. 1994

R.V. Reddy, K. Watanabe, T. Sato and T.H. Watanabe,
Impuisive Alfven Coupling between the Magnetosphere and lonosphere;
Apr.1984

J. Uramoto,

A Possibility of =~ Meson Production by a Low Energy Electron Bunch
and Positive Ion Bunch; Apr. 1994

K. ltoh, S.-I. ltoh, A. Fukuyama, M. Yagi and M. Azumi,
Self-sustained Turbulence and L-mode Confinement in Toroidal Plasmas
II; Apr. 1994

K. Yamazaki and K.Y Watanabe,
New Modular Heliotron System Compatible with Closed Helical Divertor
and Good Plasma Confinement; Apr. 1994

S. Okamura, K. Matsuoka, K. Nishimura, K. Tsumori, R. Akiyama,

S. Sakakibara, H. Yamada, S. Morita, T. Morisaki,. N. Nakajima,

K. Tanaka, J. Xu, K. Ida, H. Iguchi, A. Lazaros, T. Ozaki, H. Arimoto,

A. Ejiri, M. Fujiwara, H. idei. O. Kaneko, K. Kawahata, T. Kawamoto,

A. Komori, S. Kubo, O. Motojima, V.D. Pustovitov, C. Takahashi, K. Toi
and |. Yamada,

High-Beta Discharges with Newtral Beam Injection in CHS; Apr. 1994

K. Kamada, H. Kinoshita and H. Takahashi,
Anomalous Heat Evolution of Deuteron Implanted Al on Electron
Bombardment ; May 1994

H. Takamaru, T. Sato, K. Watanabe and R. Horiuchi,
Super Ion Acoustic Double Layer; May 1994

O.Mitarai and S. Sudo
Ignition Characteristics in D-T Helical Reactors; June 1994

R. Horiuchi and T. Sato,
Particle Simulation Study of Driven Magnetic Reconnection in a
Collisionless Plasma; June 1994

K.Y. Watanabe, N. Nakajima, M. Okamoto, K. Yamazaki, Y. Nakamura,

M. Wakatani,

Effect of Collisionality and Radial Electric Field on Bootstrap Current in
LHD (Large Helical Device}; June 1994




NIFS-286

NIFS-287

NiFS-288

NiFS-289

NIFS-290

NIFS-291

NIFS-292

NIFS-283

NIFS-294

NIFS-295

NIFS-296

H. Sanuki, . Itoh, J. Todoroki, K. ida, H. Idei, H. Iguchi and H. Yamada,
Theoretical and Experimental Studies on Electric Field and Confinement
in Helical Systems; June 1994

K. Itoh and S-1. ltoh,
Influence of the Wall Material on the H-mode Performance; June 1994

K. ltoh, A. Fukuyama, S.-I. lioh, M. Yagi and M. Azumi
Self-Sustained Magnetic Braiding in Toroidal Plasmas: July 1984

Y. Nejoh,
Relativistic Effects on Large Amplitude Nonlinear Langmuir Waves
in a Two-Fluid Plasma; July 1994

N. Ohyabu, A. Komori, K. Akaishi, N. Inoue, Y. Kubota, Al Livshit,

N. Noda, A. Sagara, H. Suzuki, T. Watanabe, O. Motojima, M. Fujiwara,
A. liyoshi,

Innovative Divertor Concepts for LHD; July 1994

H. Idei, K. ida, H. Sanuki, S. Kubo, H. Yamada, H. Iguchi, 8. Merita,
S. Okamura, R. Akiyama, H. Arimoto, K. Matsuoka, K. Nishimura,

K. Ohkubo, C. Takahashi, Y. Takita, K. Toi, K. Tsumori and |. Yamada,
Formation of Positive Radial Electric Field by Electron Cyclotron
Heating in Compact Helical System; July 1994

N. Noda, A. Sagara, H. Yamada, Y. Kubota, N. inoue, K. Akaishi, 0. Motojima,
K. lwamoto, M. Hashiba, |. Fujita, T. Hino, T. Yamashina, K. Okazaki,

J. Rice, M. Yamage, H. Toyoda and H. Sugai,

Boronization Study for Application to Large Helical Device; July 1994

Y. Ueda, T. Tanabe, V. Philipps, L. Kénen, A. Pospieszczyk, U. Samm,
B. Schweer, B. Unterberg, M. Wada, N. Hawkes and N. Noda,

Effects of Impurities Released from High Z Test Limiter on Plasma
Performance in TEXTOR; July. 1994

K. Akaishi, Y. Kubota, K. Ezaki and O. Motojima,
Experimental Study on Scaling Law of Outgassing Rate with A Pumping
Parameter, Aug. 1994

S. Bazdenkov, T. Sato, R. Horiuchi, K. Watanabe
Magnetic Mirror Effect as a Trigger of Collisionless Magnetic
Reconnection, Aug. 1994

K. ltoh, M. Yagi, S.-1. ltch, A. Fukuyama, H. Sanuki, M. Azumi
Anomalous Transport Theory for Toroidal Helical Plasmas,
Aug. 1994 (JTAEA-CN-60/D-III-3)



NIF§-297

NIFS-298

NIFS-299

NIFS-300

NIFS-301

NIFS-302

NIFS-303

J. Yamamoto, O. Motojima, T. Mito, K. Takahata, N. Yanagi, S. Yamada,

H. Chikaraishi, 8. Imagawa, A. Iwamoto, H. Kaneko, A. Nishimura, S. Satoh,
T. Satow, H. Tamura, S. Yamaguchi, K. Yamazaki, M. Fujiwara, A. liyoshi
and LHD group,

New Evaluation Method of Superconductor Characteristics Jor Realizing
the Large Helical Device; Aug. 1994 (IAEA-CN-60/F-P-3)

A. Komori, N. Ohyabu, T. Watanabe, H. Suzuki, A. Sagara, N. Noda,
K. Akaishi, N. inocue, Y. Kubota, O Motojima, M. Fujiwara and A. liyoshi,
Local Island Divertor Concept for LHD: Aug. 1994 (IAEA-CN-60/F-P-4)

K. Toi, T. Morisaki, S. Sakakibara, A. Ejiri, H. Yamada, S. Morita,

K. Tanaka, N. Nakjima, S. Okamura, H. Iguchi, K. Ida, K. Tsumori,

8. Ohdachi, K. Nishimura, K. Matsuoka, J. Xu, |. Yamada, T. Minami,

K. Narihara, R. Akiyama, A. Ando, H. Arimoto, A. Fujisawa, M. Fujiwara,
H. Idei, O. Kanekoe, K. Kawahata, A. Komori, S. Kubo, R. Kumazawa,

T. Ozaki, A. Sagara, C. Takahashi, Y. Takita and T. Watari

Impact of Rotational-Transform Profile Control on Plasma C onfinement
and Stability in CHS; Aug. 1994 (IAEA-CN-60/A6/C-P-3)

H. Sugama and W. Horton,
Dynamical Model of Pressure-Gradient-Driven Turbulence and Shear
Flow Generation in L-H Transition; Aug. 1994 (IAEA/CN-60/D-P-1-11)

Y. Hamada, A. Nishizawa, Y. Kawasumi, K.N. Sato, H. Sakakita, R. Liang,
K. Kawahata, A. Ejiri, K. Narihara, K. Sato, T. Seki, K. Toi, K. lioh,

H. Iguchi, A. Fujisawa, K. Adachi, S. Hidekuma, S. Hirokura, K. Ida,

M. Kojima, J. Koog, R. Kumazawa, H. Kuramoto, T. Minami, 1. Negi,

S. Ohdachi, M. Sasao, T. Tsuzuki, J. Xu, I. Yamada, T. Watari,

Study of Turbulence and Plasma Potential in JIPP T-IIU/ Tokamak;
Aug. 1994 (IAEA/CN-60/A-2-T11-5)

K. Nishimura, R. Kumazawa, T. Mutoh, T. Watari, T. Seki, A. Ando,

S. Masuda, F. Shinpo, S. Murakami, S. Okamura, H. Yamada, K. Matsucka,
S. Morita, T. Ozaki, K. Ida, H. !guchi, |. Yamada, A. Ejiri, H. Idei, S. Muto,
K. Tanaka, J. Xu, R. Akiyama, H. Arimoto, M. Isobe, M. Iwase, Q. Kaneko,
S. Kubo, T. Kawamoto, A. Lazaros, T. Morisaki, S. Sakakibara, Y. Takita,

C. Takahashi and K. Tsumori,

ICRF Heating in CHS; Sep. 1994 (IAEA-CN-60/A-6-1-4)

S. Okamura, K. Matsuoka, K. Nishimura, K. Tsumori, R. Akiyama,

S. Sakakibara, H. Yamada, S. Morita, T. Morisaki, N. Nakajima, K. Tanaka,
J. Xu, K. Ida, H. Iguchi, A. Lazaros, T. Ozaki, H. Arimoto, A. Ejiri,

M. Fujiwara, H. Idei, A. liyoshi, O, Kaneko, K. Kawahata, T. Kawamoto,

S. Kubo, T. Kuroda, O. Motojima, V.D. Pustovitov, A. Sagara, C. Takahashi,
K. Teiand |. Yamada,

High Beta Experiments in CHS; Sep. 1994 (IAEA-CN-60/A-2-IV-3)



