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This report describes the behavior of the initial plasmas in Heliotron J since July 2000. Hydrogen
plasmas has been successfully produced by electron cyclotron resonance heating (ECH) (53 GHz, Pgcy <400
kW, At < <50 ms). The stored energy was measured with the diamagnetic double loops as a function of
magnetic field strength (0.61 T< <B> axis < 1.44 T). The value of Wp = 0.7 kJ, which corresponds to <P>=
0.2 %, was obtained by the second harmonic ECH at <B> axis = 0.95 T with the input power 400 kW, 1/2r =
0.18 m and <R> axis = 1.20 m. The values of Wp = 0.8 kJ and <B> = 0.1 % were obtained at <B> axis = 1.44
T by the off-axis fundamental ECH. Preliminary magnetic configuration scan with the vertical field coils

controls the plasma position (1.1 m < <R> axis < 1.3 m), the rotational transform, etc. The configuration
effects on the energy content are discussed.

1. Introduction

Recently many theoretical optxmlzatlon studies have been done for stellarators [1-3].
However, there are still uncertainties in the theoretical optimization studies, partlcularly for the
anomalous transport. In a medium size experimental device (major radius ~ 1.2 m), in order to
allow experimental flexibility and easy access to the plasma, a continuous helical field coil is
employed for Heliotron J [4-6]. Here the configuration produced by an L = 1/M = 4 continuous
helical field (HF) coil with pitch modulation of
o = - 0.4 has been chosen; where the helical coil
winding law is defined as
@=rn+(M/L)p—asin{(M/L)¢p} [4]. Here 8(¢)
is a poloidal (toroidal) angle variable. One of the
reason to choose a negative value of o 1s to
produce a magnetic well in the entire plasma
region. The magnetic well is necessary to suppress
the pressure driven instabilities up to <> 2= 3 %.
Another advantage of negative o is that the bumpy
field component (toroidal mirror ratio) is easily
controlled to reduce the neoclassical transport.
Schematic of the device is shown in Fig. 1. The
coil system is composed of an L = I/M =
continuous helical coil, two types of toroidal coils
and three pairs of vertical coils. Device parameters
are, R=12m, <a>< 02 m, Bo < 15T, v2rn =
Fig. 1. Schematic of Heliotron J. = 0.3 - 0.8 with low magnetic shear, and 1.5 %

magnetic well depth at the plasma edge.

2. Experimental Results

Hydrogen plasmas have been successfully produced by the second harmonic ECH (53.2 GHz,
Pecy < 400 kW, A t < 50 ms), after the careful examination of the vacuum magnetic surfaces by
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using a directed low energy electron beam [6]. The TEp; mode waves generated by three gyrotrons
were injected through smoothed oversized waveguides. A time trace of typical ECH plasma is
shown in Fig.2. In this shot the toroidal averaged magnetic field strength at axis, <B> axis, is 1 T
for the standard magnetic configuration (STD) with 121 = 0.56, <a> = 0.18 m, and <R>axis =
= 1.2 m. Diamagnetic signal shows that a stored energy of 0.38 kJ is obtained with the input power
about 400 kW. Soft X-ray flux, measured with /.5um aluminum filter, also shows the production
and the formation of ECH plasma.
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Fig. 2. Time history of ECRH plasma at averaged magnetic field strength <B> axis = 1.0 T in the
Heliotron J standard (STD) configuration, (a) diamagnetic stored energy Wp, (b) soft X-ray flux with
1.5um aluminum filter.

We used a diamagnetic double loop method for the measurement of the plasma-stored
energy. Two concentric diamagnetic loops enclose a plasma column in the vacuum chamber. The
merit of this method is a high ability to cancel out the background rippling magnetic field and the
effect of eddy current to measure relatively small diamagnetic signals. The stored energy is
measured with the typical noise of = 0.02 kJ at the rippling magnetic field of 1 T.

To investigate the plasma heating window, the B- dependence of the plasma stored energy
was measured in the magnetic field strength, <B> axis =0.61 T - 1.44 T, under the different gas-
puffing conditions with the STD magnetic configurations in many cases. Although the density
control was not optimized, the peak value of Wp = 0.7 kJ, which corresponds to <> = 0.2 %, was
obtained by the second harmonic ECH at <B> axis = 0.94 T as shown in Fig. 3. The obtainable
stored energy decreases from 0.95 T to 1.2 T. However the plasma stored energy again increases
with the magnetic field strength from 1.3 T to 1.44 T. Fig. 4 shows the time history of the stored
energy at 1.44 T, indicating stored energy of 0.8 kJ and <> = 0.1 % were obtained by the off-axis
ECH.

Fig. 5 shows the stored energy Wp measured with the diamagnetic double loop as a function
of the magnetic field strength. Here, all the data obtained during this experimental period (Pgcy =
~ 100 - 400 kW) are plotted. In the intermediate magnetic field strength (1.2 T - 1.3 T), we detected
the finite signals in the stored energy of 0.08 - 0.04 kJ in off-axis ECH. In the higher magnetic field
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(<B> axis > 1.35 T), we found the effective heating window. Here, the fundamental resonance
condition (|B| = 1.9 T) appears only outside of the plasma half radius. The other heating
mechanisms are also under study. In the low magnetic field strength with about 0.63 T, we have
tried the third harmonic resonance heating. Plasma production and heating were not observed in this
experimental series as shown in Fig. 5.
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Fig. 3. Time history of ECH plasma at the Fig. 4. Time history of ECH plasma at the
magnetic field strength <B> axis = 0.94 T, magnetic field strength <B> axis = 1.44 T

(a) Wp, (b) soft X-ray flux.
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Fig. 5. Dependence of the diamagnetic stored energy of the magnetic field strength on axis.
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The VUV spectra show the Fe and Ti besides light impurities (C and O). The level of the
total radiation loss estimated from bolometers is less than 20 % of the input power. The observed
VUV spectra indicate that the plasma of T. > 300 - 400 eV was created, while the accurate
temperature measurement is in preparation. Measured toroidal plasma current (< 1 kA) has a
possibility to change the rotational transform for the low shear system.

Preliminary magnetic field configuration scan was done with exciting the additional vertical
field coils. In this scan, the plasma position (1.1 m< <R> axis < 1.3 m), the rotational transform
(0.45 < v2m < 0.65), the average plasma radius (0.15 m < <a> < 0.21 m), and the magnetic well
depth at average minor radius of 10 cm (0.0 - 1.0 %) change at the same time. For each magnetic
field configurations with the <R> axis (1.15 - 1.16 m and 1.22 - 1.25 m), we have scanned the
magnetic field strength on axis from 0.85 T to 1.1 T to match the second harmonic ECH at 0.95 T.
Gas puffing was controlled to obtain higher Wp. Fig. 6 shows the dependence of the diamagnetic
stored energy on the averaged position of axis. Here all data obtained during this configuration scan

are plotted. The high-energy content was obtained for the basic configuration with <R> axis =
=1.2m.
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Fig. 6. Dependence of the diamagnetic stored energy on the average radial plasma position of axis
(the vertical field coil scan).

3. Summary

Confinement experiments in Heliotron J have successfully begun to study the optimization physics
since July 2000. The initial ECH (53 GHz, 400 kW) plasmas with Wp < 0.8 kJ and <B> <0.2 %
were produced in the two effective heating windows at 0.95T and 1.44 T. The sensitive dependence
of the diamagnetic stored energy on the magnetic configuration is encouraging to get experimental
insights into the optimization of the helical-axis plasmas.
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M. Hakacyra, T. O6iki, X. Okana, ®. Cano, M. Bakarani, B. JI. Aur, T. Xamana,
K. Iuikapa, M. Ikena, X. Kasazome, T. Kobasui, M. Jliy, C. Maeno, H. ManaGe,
X. Hlixapa, . Cy3syki, M. Takeaa, T. Takamisn, K. Tomisma, O. SImariui, . Inxipi, K. Cakamoro,
T. Cenqxy, M. lli6ano, K. Towi, K. Sryui

Y po6ori onucaHo moBeinky riasMu B 'eniotponi J, mounnatoun 3 sunus 2000 p. Boauesy
iasMy OyJIo OTPMMaHO 3 BHKOPUCTaHHAM BY-HarpiBaHHs Ha €JIEKTPOHHOMY LMKJIOTPOHHOMY PE30HAHCI
(ELIP) (53 I'T'u, Pgipp < 400 kB, A t < 50 Mc). HakonnueHa eHepris BUMiproBaiacs 3a JONOMOTOIO MOABIHHOT
AiamarHeTHdHOT nmeTai Ak QyHKuUis HanpyxkeHocTi MarHiTHoro noas (0.61 Tn < <B> axis < 1.44 Tn).
3uauenns Wp ~ 0.7 kJx, wo Bianosigae <>~ 0.2 %, 6y0 oepkaHo NpH HArpiBaHHi Ha APYrii rapMoHiLi
EIIP npu <B> axis ~ 0.95 Tx i3 BxigHoto nortyxnictio 400 kBT, /27 =0.18 m i <R> axis = 1.20 M. 3HaueHHs
Wp ~ 0.8 x/Ix i <B> =~ 0.1 % Oyno orpumano npu <B> axis ~ 1.44 Tn 3a 10NOMOroi0 Mno3aockOBOro
¢ynnamentanproro EIP. TTonoxkenns nnasmu (1.1 M < <R> axis < 1.3 M) Ta obepTanbHe nepeTBOpeHHs
CHJIOBHX J1iHiH MarHiTHOTO 10Jis 3MiHIOBAJIMCA 32 AOMOMOIOI0 KOTYILOK BEPTHKAIBHOIO MarHiTHOro noss. Y
poboTi 06roBOpeHO BIUIMB 3MiH y MarHiTHIH KOHQIryparii Ha eHeproBMICT M1a3MH.
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