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Ton-cyclotron heating was applied to the Large Helical Device by using single-strap loop antennas located
at the outward side of the toroid. Good experimental results were obtained with adequate plasma confining
configurations and antenna conditionings. Loading resistance of the antenna was 2—8 Ohm and this was a
sufficiently large value. Various heating characteristics were investigated by changing the heating modes, ion
species and magnetic field configurations. The minority-ion heating mode resulted in the best heating perform-
ances, and the heating characteristicslargely depended on the cyclotron resonance positions. There were some
unique features due to the heliotron configuration. These results showed the effectiveness of the ICRF heat-
ing in a helical device and the appropriateness of the ICRF antenna design in the LHD.
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Fig. 1 Right-hand cutoff, R, left-hand cutoff, L, two-ion hybrid
resonance, S, and cyclotron resonance, @ oy, are shown
on the cross section of LHD. (a),(b): Pure hydrogen
plasma, (c): Helium (majority) and hydrogen (minority)
plasma. Magnetic flux surfaces and mod-B contours with
spacing of 0.1T are also shown (B = 2.9T, Freq. = 38.5
MHz).
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(a) A pair of ICRF loop antenna in the LHD vacuum chamber.

(b) Drawings of the cross-sections of the antenna loop at the different heights from the meridian plane.
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Fig. 3 Two types of ceramic feed-through developed for LHD.
Both types have stand-off voltage of over 40 kV during 30
minutes. Cone type is used in LHD.

BRCA# L72[13]. Fig 3ICBARHABICAK L2/
74— FAN—%RY. LHDTiEt T 3 v 7 8rMgEE
FRkE L Twba—r 4 72 HRAL TS, ERPIR
RETY YA DY RETS A YRR CRE S R
bOTHEY, EREMAONSLIICELDYRE
HHBER, BEEHR-MEEROMFT b0 THB.
T3y 7RIS, O A AREDITEEAEITRS L)
Ko Twa., RBRTIEMAGHEEOET Iy 7 Hzko Y
)Yy - ROEEER LD, ZORGHIR T,
O-) Y7 TEEY—LVELTWAHIZ LHD ~NOHRA
BR¥%Eo. ERABTER VIO EELEN TRO



gL

7 4 = FA I —13 ASDEX % W7-AS TO ICRF[19] T3
HwvbhTnsg,

T YT T I ARDEREILT v 7 T OANKIE
R, CHEST oML, TVF S AN TELRKEN
ZEEBOHET LR V=5 Y 2% Vi & Zo
5 BE, Rux (Vo Zo)? TEENLD, R HKE
WeERBEDAFPTHEICR S, Figdilhv =775
DTS ATANIEHEL T v FFEBEETA—F L L
T7uay bLTH5B. TRPERMET, LRI —KITE
FIV20]DERETH L. SHREATTTIATETN
T, TYTTOR, BL, 8, 7797 —-Y—=VF, &
BEHRIGIMOBREASENEEND, 79 AHEITE
RTHLERD 5%DF 71y b &5 2, RAIOHRITE
AMEICAbETEE L, Flg 4 3% 15T, BEK
257 MHz O¥ET, 1 QBEOAEIETH 555, 99
EELDREO KRBTGS L FEK, 79 A<EKE
DERICIVEWENEL L T2 - 8QOEFELNT
Wh. 4QUEORAFINMED & 1%, 0kVOIREET
TYTF—ERKHZN 1MW EBTATIFITEEICEZ > T
%. Fig 4137 ¥ 7 O ARIRBUE O A7 B ARE MDY Pk
D —RIGET AP LR/OENDEFHE LR TS
TEARLTVA, ZRIGHIEN-BATH LAY A
PaZBWTY, EEORELE 7 VT FORFEEEI T
B THOHRTWS—RICE TNV ORI i EH
ACHHTRETHAZLERLTWAS,

4., Pr7FrOACT o adEmMBEE
D)3 %4

ICRF M TRWINZSFEZ R 213w 2D &M
BUETHL., TIAEEEMENT —DF L —
Ta v 4 v FOANBLIE L HA_THRL, AJI8T—
o L CIRSHBR E BE LA Z WA A LESH LML T
H5D. BAEMIZIEY S 7o bo o RBayE, 2f 44
OREL, BHEAFICREMABENY A VIAVE
WOy FIRGA—% 7y EORIE, TVv7FEBEOa Y
FATan Y IPEETHL, I0OFRL—-Yaryg
YRR arFEa vas v IWELICONTIEN S,
U787 —@ NBLIZH~UE, $ovy 4 ¥ R ilkoT
Wah, UTICEREBICh 2 KARRED, EERBKBE
D7 UFFaArF 4y ey S ORABYERENEDOETAL
LEbETHRRS,

Fig. 5 1Z1X19994FE D EERFHIA D b B W INBAF AR 5
NAEICRABETCOTYTFFIORAYT4a=r IO
REBERLTWS, ECHY9A~x%z¥ -4 v belL

KB # VEED ICRF 7 ¥ 7 F & s

499

g, AER

1'5 l L} 1 1 1 I I ] 1) 1 1 1 1 T

— B Theory ]
1 .

T e - 8 .
g 'Fis =
O ® " 10 .
o h [ 2 ]
7] 1 -
§§05_5§ i
o C i i
- : -

0 L l 1 1 1 1 l 1 1 1] ] | L) 1 1] a
0 5 10 15

Antenna - Plasma Gap [cm]
1-5 ] T 1 l T T ) L] I T T T T

[ 8 Experiment
— - ! -
o8 [! ]
£ 1! g —
T3 - 3 H U-Antenna -
[« 3 = - 1) ' 8 -4
- © L AL ® =
s @ - 1O E B B ]
EQ 051" BEe -
s [ 1 L-Antenna ]
o n : -
0 [ ! L 1 I L 1 L L l ] ) L 1 I ]

420 425 430

Antenna Position [cm]

Fig.4 Comparison of the antenna loading resistance between
experiment and calculation by changing the gap from
antennato plasma. (B=1.5T, Freq.= 25.7 MHz, He(H:
minority), average density = 4 x 10"®m™3, ECH target
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Fig.5 Improvement of plasma stored energy by shot accounts
for ICRF maintained plasma in 1999. (B =2.756 T, 7 =
1.254, He (H:minority) ).
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Fig. 7 Connection length of magnetic field lines to the LHD vacuum chamber wall from the outward edge regions (right figures) and from
the inward side of the toroid (left figures) at the vertically elongated section.
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Fig. 8 Improvement of the radiation loss rate of plasma after Ti-gettering was applied in 1999 (left side) and in 2000 (right side).
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Fig. 9 Achieved plasma stored energy on the wide electron
density range by the fast-and slow-wave heating modes
with different pitch parameter 7.
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Fig. 10 Time evolutions of ICRF sustained plasma parameters
(B=2.775T, Freqg. = 40.5 MHz).
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Fig. 11 Cyclotron resonance positions with different frequencies
and ICRF antenna on the LHD cross section. Magnetic
flux surfaces and mod-B contours with spacing of 0.1T

are also shown (Hydrogen, Freq. = 38.5MHz, 28.4 MHz).
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Fig. 12 Calculation of power partition from fast-wave to plasma
species by changing the cyclotron resonance positions
(B=2.75T, Freq. = 38.5 MHz, He (H:minority)).
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Fig. 13 Eigen mode signals on the antenna loading resistance
at the different cyclotron resonance positions which are
shown in Fig. 11.
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Fig. 14 Time evolutions of diamagnetic stored energy, line av-

eraged density, electron temperature and radiation loss
power of NBland ICRF heated plasma. (B=2.75T, Freq.
= 38.5MHz)
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Fig. 15 Increment of stored energy by ICRF pulse from NBI
heated plasma. Squares are for the two-ion heating
mode and closed circles are for the fundamental cyclo-
tron heating mode with NBI beam heating.
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