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For the configuration studies of the H-mode, the vacuum edge iota,
1(a)/2w, was changed by changing the ratio of the H+V current to the
TA/TB currents in order that the magnetic axis position should be kept
constant for maintaining the central heating of ECH.
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The edge magnetic surfaces at certain iotas of
Heliotron J are strongly modified by the
resonant Fourier harmonics such as 4/m, etc.,
and insuch a case the plasma is limited from
the separatrices of these natural islands of
considerable widths due to its low-shear
nature.

Configuration dependence of the H-mode
quality in Heliotron J is being studied
primarily as the vacuum edge iota scan
for :

1. ECH(D")-only plasmas
2. NBI(H°—>D%)-only plasmas
3. ECH(D")+NBI(HY% plasmas

1(a)/21=0.62




The 70-GHz, 0.14-MW ECH(D*)-only plasma develops into H-mode at n " =
1.2x10*m™ (Phase 1), characterized by the appearance of the L-H-L short-lived
transition signals of D, . At 273 ms (Phase Il), the H-mode is established with a
marked reduction in Dy as well as with a spontaneous, notable increase in density.
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For 28-keV, 0.54-MW tangential NBI (H) into ECH (D), after a short period
of the dithering phase (Phase 1), a sharp, a factor 2, reduction of D signal
(Phase I1) takes place at ~228 ms, thus leading to a quiescent H-mode of ~40ms’
duration in NBlI-only phase until its back-transition.
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ECH(D*)+NBI(H) plasma also shows a transition to H-mode. After the
dithering period of Phase I, a sharp drop of D_ is attained at ~265 ms, resulting
in the final, established H-mode of ~20 ms’ duration (Phase 11 ).

The H-mode is terminated by the back-transition to L-mode at ~282 ms.
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e\\/ith the transition to
H-mode in Phase 11, the
particle flux across the
separatrix decreases as
measured from I, SOt of
the electrostatic probe

in the SOL.

eThe H 4o -factor after
the transition has
achieved ~1.4 with that
of ~1 before transition.




lota dependence of the peak H, i -factor after the transition and of the H,qgq-
factor before the transition suggests that the high-quality H-mode (1.3<H,qgs
<1.8) is achieved in the iota range where the iota is slightly less than, but not on,
the major natural resonances of n/m=4/8, 4/7 and 12/22.
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A weaker, modified version of H-mode for ECH+NBI plasma can be seen for the
configuration of 1(a)/2n=0.596. After the transition to H-mode, the drop of D_ is
very slow and falls linearly with time during ~25 ms until its back-transition at
~275 ms. Although 18P increases by a factor of 2 in this H-mode phase, the
enhancement of H,.g..-factor is limited to be minor
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One of the key ingredients for the enhancement of the H-mode quality is considered to be
the reduction of the poloidal viscous damping rate coefficient Cy=<e,-VB/B> in the outer
plasma region Y. From the iota scan experiments changing the | Bl spectrum there seems
to be some coincidence between the enhancement of H,gsqs-factor and the numerical

Helfgtﬁon reduction of Cp. However, this result still remains inconclusive.
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For the high-quality H-mode plasmas in 1(a)/27=0.498 and 0.56, the density threshold
at the start of Phase | is located in the range of n.=0.7~1.4x10"m™, suggesting an
insensitive power dependence of this threshold density. With regard to the threshold
density at the start of Phase Il, there seems to be some power dependence although
the dataset is still insufficient.
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For ECH(0.29MW)+NBI(0.57MW) plasmas, the observed iota dependence of the

threshold density indicates that there is a general tendency of the lower threshold
density to result in a larger relative enhancement of H ..-factor, i.e., the ratio of
the peak H s -factor after the transition to that before the transition.

FEC2004 ===

N "(10"°m™) #14990-15456 Hisseslafter) [ Hggoibefore)  414990-15456
i ECH+NBI ECH+NBI
................... e s
[ 4 Phase | L
3 d ase - [
: H Ph |1 2 - II 1
[ ) : o
: ] 151 b i
2 - H m - IE a s.‘ L
] m m ] 1 i
: P ;
1 N [ | N
r 4 n it O5¢L ]
0 , i , o b
OB I gIs L e isE i g s 6165 ORI o fo T IS B S



ya)/2n=0.493
#15605-15632

abs Plasmas.

In the low P, limit of H-mode in ECH+NBI operation at 1(a)/2n=0.493,

low frequency fluctuations (~2 kHz) are observed to appear on the D signal,
which are well correlated with strong magnetic pulses of Mirnov coils, I_,5°-
fluctuations, soft X-ray fluctuations etc., whereas these D fluctuations disappear
( or are stabilized ) at higher P
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To study these fluctuations, the radial distribution of the soft X-ray (SXR)
fluctuation amplitude was measured by the vertical SXR array. The result suggests
that these fluctuations are located in the outer plasma region and that the structure
of the fluctuations resembles an m="“odd “ mode.
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Langmuir probe measurements in the SOL for the high-quality H-mode at
1(a)/2n=0.54 have shown that the rapid drop of V; (negative E, or E -shear)
occurs near LCFS at the H-mode transition of Phase |1, accompanied by the
rapid reductions of the D_, the SOL density I, the SOL density fluctuation .
and the estimated fluctuation-induced particle flux I

fluc.
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Summary

Heliotron
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e L-H transition studies of ECH(D*)-only, NBI(H%)-only and ECH+NBI combination
heating plasmas have revealed the existence of the notable magnetic configuration
dependence of the H-mode quality. The high-quality H-mode (1.3<H,.,,:<1.8) is located in
the specific iota range of slightly less than the values of the major natural resonances of
n/m=4/8, 4/7, and 12/22.

 The threshold line-averaged density, depending on the configuration, is in the region of
0.7~2.0x10m=3 in ECH (0.29MW)+NBI (0.57MW) operation. It is found that there is a
general tendency of the lower threshold density to result in a larger relative enhancement
of the ratio of the peak H,. o--factor after the transition to that before transition.

 Edge plasma measurements suggest the reduction of the fluctuation-induced transport in
the SOL and the formation of the negative E, (or E -shear) near the last closed flux
surface at the transition. However, the detailed study has just started.

. We need to continue to improve theory-experiment comparison to further improve
understanding of the L-H transition and to attain the quasi-steady state, high-quality H-
mode in Heliotron J as an interesting challenge to the next experimental campaign.



For plasma heating, (i) 70-GHz, 0.4-MW 2nd harmonic X-mode ECH of the top
launching type and (ii) 30-keV, 0.7-MW NBI (H9) of the tangential co-injection
type were used. In the 2004 experimental campaign, the working gas of target ECH
plasmas was deuterium.
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