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m Hedliotron J: a hdlical-axis heliotron device
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Heliotron J
Device

Inner Vertical Coil

Auxiliary Vertical Coil

Plasma

Vacuum
Chamber

Toroidal Coil A Toroidal Coil B

Helical axis heliotron
-R=1.2m,a=0.17m -L=1, M=4
-|B] <1.5T - Low magnetic shear, (At/1 < 0.04)

- 5 set coils (Helical, Toroidal A (TA), Toroidal B (TB) and Two
vertical coils (AV, IV) )

NBI (30kV, 0.7MWx2), ECH(70GHz, 0.4MW) , ICRF(16-
24MHz, 0.4MWx2)

Helical Coil

#3.5 O-point

#7.5 X-point
LP with MP

Diregtional LP
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S. Ohshima, et al., EPS2011

Radial structure of the LF mode Hellotron
Spectra Radial structure
e 0N S 4138 A
8 m L .cohere‘nce '.‘phase!pi
S os|- Y - i s T
5 P 405
O ‘ 2 5
02 e et e o §
: X %
3 = a
In order to investigate radial o I
structure of these fluctuations, ﬁ § [ — 1
one probe at #11.5 was fixed, |%& . |L—— 15
and other probe at #8.5 was gk
scanned radially il

v'For HF modes, coherence and phase are constant in radial direction.
v'Although the LF mode has long range correlation, it has small scale structure in
radial direction. ---> meso-scale structure.




Objectives of

new configuration at #14.5 port
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SMBI can expand the operation region of

Heliotron J
(ECH(~ 0.35 MW) +NBI(P,,~ 0.6 MW) plasma)

I B s mmmmm W |[AE, Kyoto Universityn

mmm Heliotron J

NBI+ECH/STD
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The stored energy reached ~ 4.5 kJ, about 50 % higher than the max. one achieved so
far under the normal gas-puff fueling condition in Heliotron J.

Theshort & intense GP cannot increase the stored energy beyond the GP max.

It isinteresting to note that the response of 21,5, to density increase is quite different
between these two dischar ges.



Comparison between
direct and non- dlrect SMBI

3 _ HJ3998]JSTD 3 _ HJ39980/STD
mmm Heliotron J ot W, (kJ) _ — |2§_ W, (kJ)

m Advantage of SMBI fueling is 1 ;10 mY) 1f e
confirmed by comparing the e e— e —
plasma performance between i li ws MM gas
OPEN and CLOSED shutter : GP™ &P
cases. L/ Ha®(au) k L Ha™” <6.L“->f\‘

mTop: Time traces of line- T T T ] T T

averaged density, stored . Bl L |
energy for ECH+NBI plasmas 'l"/’ — s IV R
between two cases of open (a) o 200 = I 200 250
and closed (b) conditions of the i fime (m:)Jgggmgggl
shutter in front of SMBI. e 0o
Bottom: Chord profiles of Ha 0? %
at the SMBI section #3.5) for >, o’, °. > 04 "g 9
the open shutter case (@) and § | em", " “._o s | :::g g
the closed case (H) at two e 10 7 e £ | & e |
different timings, 209 and g b - ® | 2028 f

; D |
212 ms. ?:So%a;i; Closed " | @ Open, m Closd
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Large increment of plasma stored energy after a
short pulse intense GP iIs also observed.

............. EER R
180 200 220 240 260 280

time (ms)

Example of Intense GP
Discharge.(Pygr ~ 1 MW)
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m Large increment of plasma stored energy
after a short-pulse intense GP has been
observed in NBI (or NBI+ECH) plasma.

B The increment in Wp Is observed after a
short-pulse intense GP (t ~ 200 ms), but
W, starts to decrease during the heating

pulse.
— This decrease of \Ms probably due to the
cooling in the outer region of plasma caused
by excess fueling.

m However, W started to increase again (t ~
235 ms) andpfinally reached to over 5 kJ,
which is higher than thefirst peak of W ,.

—Rapid increase in the edge AXUV
Intensity in the same timing might
suggest the recovery of the energy
balance in the edge region.
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-0.21

0.4

Edge Magnetic Field Structure
for STD Configuration

IEEEEEE. EEEEe. s Emmmm = [AE, Kyoto University

0.4
0.2

B of
N L

“Ergodic” state of edge
field lines (red) are similar
to the conventional
heliotron configuration.

The edge filed structure
becomes rather simple
(yellow) when the vessel
wall is taken into account.

The connection length of
the divertor field lines is
much shorter than the
Island divertor case.



The divertor footprints are localized
In toroidal direction.
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One Candidate for Island Divertor
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¢ = 49° mAnother m=8/n=4

0.3
0.2 : Islands around /21T =
] 0.5surface.
0 ] mLarge confinement
£ 0 1 area and middle island
N ] i
] ize.
-0.1 5 Slras
: > Almost no clearance on
-0.2 ] the HFC side (¢ = 10°).
0.3 ] = Need a Target Plate

on the Opposite Side to
the HFC.

0509 1 11 1.2 1.3 14 1.5
R (m)
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Poincaré plot of the edge field lines at

the divertor probe array section.
The inset shows the probe-pin
positions.

B2 4808
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30-kev,0.7-MW 70-GHz, 0.4-MW
NBI (BL-2)

30-keV,0.7-MW
NBI (BL-1)




Experiment
ECH (=0.3MW) + NBI (=0.7 MW, co-injection) @ STD

mmm Heliotron J HJ15449

I I e Emmmm Em (AE, Kyoto University

—. mTheobserved non-inductive toroidal plasma
053 current isgradually increases asincrease of the
z Stored energy.

0 - — In the density range shown in the figure, the obsed
3 plasma current is considered to mainly consist bét
_ bootstrap current and the NB induced current.
2 2 ) HJ15449
1 = — } (a)t-211'ms }t ]
0 g [ ]
e 1F 4
p— ...:':::'
3 t (b) t =277 ms’
— Eat E .
i Posmon of Dlvertor Leg _ : ‘E [ @ § E E E § i i . A
| rH«P- N S Ll B
£ | 14 1.45
1.45F**H@* j;eﬁ‘;;';mkl m The profiles of the diverted
200 o %,?12) plasma density
| att =211 and 277 ms.
m Theoverall trend of the density- —At 211 ms, the density distribution is consistenttwi
peak_position shift seemsto be wdll that expected from the vacuum field topology.
synchroni zed with the change of —At 277 ms, the density peak position shifts inward

about 4 cm compared to the position at 211 ms.
W_or | g g
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