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We carried out electrode biasing experiments in the LHD and the Heliotron-J. The transition with the
negative plasma resistance was successfully achieved during applying triangular-waveform voltage in
ECRH discharges. The improvement of the stored energy, the depression of the density fluctuation and
the other phenomena indicating the confinement improvement are observed in the forward transition.
The threshold voltage was different between forward transition and backward one and the hysteresis was
observed in the voltage-current curve.

SEATHRERA
(BN - 1)
[ERESES [ESES ¢ & @t

20 % 1,330,000 399,000 1,729,000
21 R 1,190,000 357,000 1,547,000

FEE

I

R
gt 2,520,000 756,000 3,276,000

WFZesy 8« T4

B EOLE - fMH - e

F—U—R:ElE., 77 X<, BGEHALIAD, HLIADKET— R, A 4 kb,
R Znnra— ~UANVR, BT A

. WFFEBR G B WD WIRR L 72D A LA S EE— FIZERT
BH45W77X7 BT HHLIADK L00E, BEER R TRIZSATHD HD0,
BTE— FOYBEIT I E TICHER, Higdtic TR 2 ME R BGEERE RII N ETHEL L
REATHIIEDMTION T E T2, L LR AT TWiewy, A LIADYUEET— FOWEL 2 fF ]



T 5 LT, B LIADE— R~DEBIER%
B SMMNIT D Z LITERFICEETH D,

B LIADE— FEEOMH LA S EICHE
LT, 77 A~HicRELDIEK S, £
NIZ L > TN DREN & A UIADREIC
XoTr—Lv oY hngFiai, Nueafyn
Tu—nEE IS, BEZIICTREDL &
AuaA XN 7e— 385 CiiED R %
VT T7a—ER) 7T A ORI Z
D, fERE L CREERENEI L, B TIA
ODRUESND] LS FIUANREZ LR
TWb, FAURADKEE— F~DZERD
BRI KRE LT, i iBEER O RN S A A
HEDOEENERS N TWD, 77 XA<HT
X, AueA XN FROEREIIHE I TH D
n—L Yl B s LTEIK A
FURMEN LB LD RNT AL TN
% TR TR A F L7 o —iREIC
®ELUT, A A REMEICBRAEFAE L, BEE)
TN D % 8 2 5 & B [ B9 i3 A3 HE K
L. HLIADSEE— NIZEBTLHEE XD
nTns,

2. WO HB

RELGHEHO FEDO —> L L CEMASA
T AFEBRNET 5D, BN T AERT
I, 7T XA~ IcifA LTS E B2 RS
WL TARA T ATEHHRIZLD, 7T X<
WCHEBNICRREL 2 T 2 ENFAHETH
%, BHANA T AR, OBMETR X
VEMEBEREZZLSELFHICLY ., 1D
DERBLHOBENARETH D, QFBMEFH
DR v A X VIEER D BRE) 1) % SEERE I R
TED, EWIHFIEDLH D,

AW TIEA~Y I AREEE CH 2D LHD (12
kU, TN A T AFEBREITV, BB
BRLD, TN E D ERe A X7 o —ERE)
1% EERPOIZEEM L. BB OGRS, I
BRI 2 8 o M o & B 2 1 &
MITHEEHNET S,

3. WDk

LHD T/HA 7 AERZATOIZHTZD | £F
N= R =T OB EAT O, BRI DOFRD
F- oA ERIIREEORE I, METH
Do D b A ZNALEIZI T D EM AN T
AEBRTOMERSERE, Lo LS &, mEwE
ZEETLHE =R (C).F Y 7T (Mo)
MMEfE LTEIT NG, —FH, T AE
FRIZREAE DR E WEE, [Al— DA 7 REIE
2% L CR & e BAREN OBRE S WifFC =
DN, BEIHEAIL > TT T A<IZE 2518
ELOBLEBIL, W2 KEULIZREECH 5
LWz b, LU/ RmFE CRXREME
FAEERTDH-OICIE, BROMEL LTH
VIATLW)RT U HUAFHRT AR
(LaBe)Z®ER L, EFTIvia Ly,

REREMBEM A RBIHDLFELELD
N5, LaBg # W= EM /N1 7 2 FEER T
TU-Heliac, CHS % CHo72E N H 5, LU
FoRERGIL, EBERE KD LS5
RSN - REBOEBMORE - fUWEA1T

9o M. BB AL T AEAED Y T— MMlEI
AT b, FHAGR, T A INEREMEEL, £
Brints 2 84 5,

B NA T AERONRETZ7 X< L LT,
Yy Ao hr ECRHIZX -~ THERESND T
T A< & @R+ %, ECRH ETIX., ZEL
7277 A~ DERK, mEBEE, NBI 77 X~
\ZHEARTA AR - B EEHIIK < 1 2
HIVD (BARSOEEA G /NS UY) & o 72 F]
JNFET D, Z 0 ECRH TARLE N5t
WKL D T T X~ (A AV RFE 100 eV, A
B 2.0x107 mY)E RS LE LEEAIS,
B NA T AN Lo TH LA U2 FERK
S/ D 72DITIE, 15 A FRE O BB FEERE) A
PSR &N D Z &Y Shaing D A A Lk
HETANLTRHISND, £/, ¥—F v b
7T X~ O BN EWIZB T D EFEEN X
+150 V BETHIENERMICHERINT
WAHDT, AT AEIITIE, 1kV/30 AR
EORBEEHET A7 —F v JEREH
4%, REEILEMm A T ASLMEBAE .
INA T AEE - BIE, AT AEENIKRTT S
7T R DRPENDO RN 2T — X & s
L. EBRSME R L%, Bl SA T R
WL CIADHEE— F~DER L B
7T
WA RO EBRMIC KL S 7T X~
NI A= EHNTA LR e A X
7 — R DRI A R L, SR
R L OBESMEEZMRT D, FHRICITERER
Z RS DERIZ V2 Shaing OB o A4
AT T VAT %, Shaing DE T LI,
ANY DNVREBIEHEEO~NY ALY v TV
DR BEEND 2D, AHFZEICI T D HKE
DFHIET NV E L TEHETH D, A A Kk
OFHiIE LHD (Z351) 2RFEH 2% S0 DRk
LEEALIZR LT, Rl— D7 T XA<w/NT A —H
TORED FCHENM L., B A A4 R ECRETE
DREKRAE) 2 LAl 5 FI2 L 0 | BRGENL T
BRICERINDIEMEBEBRN EORETH
D% R D, TDO%, LHD 2B\ THEE
DEGENL TEMAA T AEREZITV, A
A V7 v —BREN ) (ERE )BT 5 &R
FEDY v T EERFEEZ ST 5, 55
= 7 v —BEE) ) O B O 5 B ALK 7
&R U 72 B SRS ME ) O BESS ERALAR AT
PEA e U, AL HERT D,

A T OGRS R EZ B S T L
BRICKT D RMEOREIZH O T 52
WIZ, LHD I NZ, LHD & 3@y 1 X -
WG EDORKRE S Bes ha A XFLViEET
% % TU-Heliac, CHS. Heliotron-J TO¥L: D



REWEHIL LT ST A—Z TEIL, 7
—ZRXR—=24pT 5, ZOE, RaAf XLrna
— X&) F) - A A REMEIE A AV JE AR T,
RuA XN T7a—EETA 4 BT
= OFF)NT L > TEREILEZIT I,
TU-Heliac, CHS TiZ, 7R TX VB E
A T AEBRMPMTON TR, kKMo
BNAREE B BE S oo bh b, 60T
— X DFRNT & DR T — F RN 2~ &
&%, Heliotron-J TIL AL 19 4EFE S 34
TAEBROL AT LD FITNEBEN
TR, 7V IF VT —2RESEShT
W5, ATl Heliotron-J TO /XA 7 AR
BRIZHREMBAIC SN, N— R =7 DT
#iTo7- BT, ALIADSEE— REHO=
DO EBREMORELEIT D, REHIITE
BBEORIGENKFEZIE L, 7 —# X
—2THRET D,

4. WFIERRE
Rk 20 A
LHD T/A 7 AFERZIT I ITHIZY  £F
N—=RU =T O EAT o T, BUYE L2 EMm
X 1ITRT, ERIIER  &BEOCTS TR
< HIZIASND T2, BB AT LT EEE

H—R
T 4R
(4120x140)

RerFA k —»
FA R
(#60.5x1184.5%15)

H—RTE ‘
($130x1165xt5) |

ENEEE

HE

1. BUBHBER IR S L D —
A

D BIFRMBE O a o R—% 2 THEE T
HVEND D, BT =R ROT 4 27
ZEH L. LHD RE% OBRENEEE |Z3E LT,
S BT, BRI X % EAR-ERENEE T OE
PLOEHE A BT 57212, AT A FF
A4 FRIOR 2 ESE, Ho, BEEhEE L »
— R MORTE -, fth, B A T A%
oV '— MY AT A, R, T—H
IWEREREE L, FEREREOEfF AT -1,
AAEEITE 512, LHD & FEEDA~Y F7 L5
7T A< CiADiEE T 5 Heliotron-JIZ 33
WTC, T Zu~FHRT A - EGERZ
W BBRSA 7 A FEBRZAT > T, K21 RS
AT ARHZRBIT DT T X< /8F A —4 O
M7 RN 2o d, 7T A~ 13245
GHz ECRHIZ X » THER S, HEHIZ =
BEOENAL T AT TCND, BT
AW, BEE - EET VX —OEK, %
ERAEROZARIL, ADORELEMK, FEIEN
FEE L~V OB Sz, BT, 2
DO TiADIRIEED LI LT, AT A&
JECHENGFAET 2 F MR T 5, ED
FERIT, WAL T RZL ST, 77 X~
\ZEHER e S, B UIADEEE— R~
BELIZFHERET LR TH D,

R VAR

KA~V J7 V35 (LHD) CRlMR/ A 7 A%
BRZAT OIT Y20 | R0 E DA T A5
ROk EINTZT T AT A=FEH L
(2. FEAERINT A S T8 O D DORESSEIAT ISR L
TShaingDEF /L& W TA A itk DR 1
A XN Ta—IRT DR EHE L, AL
ADIRAEDOER IR X 5 BB E 2
FPAf L 7=, Shaing®EF /L, ~V WL RiE
BIZHEADO~NYINY v T LOHBELEER

VE[V]

Forward
Transition |
'

I A]

E
[
=
o

@

T [eV]

n
e
x10"7 m3

V. [V]

V' [a.u]
[

0 05 1 15 2 25 3 35
Time [s]

2. Heliotron-J] DENR/ A T AFEERIZIS

FA575 Xv,85 A —2 @Rl
7 PR ) 58 R U T



DI ARAFFEIZIS T DRMEDOFHEE T L &
LTRYTHD, ZOFERBEEILIZ, x5
m%m&&ur%ﬁm&%@mu INA TR
B L CH—RT 4 AT Z2 AV CTEMN
AT AFEBREAT > T2, KBITEM A T AREIZ
BB 7T X</ A —& 0 MAIH) 72151 3
JEI T & BT O R R 2, FEBRT
IZECRHIZ ;ofiﬁéht77xv%&~
&/b&Ltomﬁ BRI = A O EMR
BIEEFNL, F Fﬁﬂ:ﬂt0>7/77/7/7/
TH 7 AN XD NEER OB & i A TR S
BVEHCHLZ £ 9 B CiADIRBE OB 2 81115
DEICHRT LTz, BEBRFIZBWT, TR

600 F T T T T T
(a) #97878 Input T
E 400 | =08 " waveform
w Pe ’
> 200 |
0 I -
°f o
T 4
< 2L
T
EF o8}
=) 0.6 |
x 04}
B 0.2
=° 23 [ T T T T T T
(d)
15 F
2
—a 10
=
St :
ECH: ~200 kW
-6
~
T
= o
0.4 06 08 10 12 14 16
Time [s]
7 - T T T T T T =
Waveform f
oL M |
[ Rectangular
51 ——Ramp up i
— Ramp down
. 4r 1
Si 3 Forward i
- Transition
2
Reverse
1 Transition 4
0 4

0 160 260 360 460 560 660
V.
X 3. LHD OEM/ N1 7 AERICBIT ST

T R NT A —F O MBI 7o FERE
R IE & B E GO R Hh AR

X —DHR, 7T X a7 ETORERE
JELE COEFEEWD - B O
4&/5675\5&.4 ézhto F7o. FAUADERERH
ETDHE Fﬁaﬁ JNEER - YEBRF TRV

. EBMEL Fﬁ BRHBEAE ATV 2% H
Tén‘k%i)‘%’c Eﬂto

NS ORHEIL, BBANA T AL ST
F X< DI :F?ﬁjflﬁ M- EBERNPFET
DA\ A KVIREREREN ) A3, A ARG O fiR
KEEBZ D Z LIk > THERDOEAIX
BREh ) 3/ MiE A TRID Z ik > 0) L
ADIRENERTLH VI T U AT E-
TR ENED Z L EREL TN,

* 7= . AW 9 CTIiE TU-Heliac, CHS,
Heliotron-J, LHD (28T, FEZh~Y Bl v
TN KET D HSACER BRE) ) oK A
FHMEiT 22 iz k v, BRASL T AERIZE
T AEBRFOEERKRE LTI LY R
TV RRREHFETND

5. E7pFEIGm LA
(PR DHIE 8 e ORI 28 1
=S

(MRS ) (Bt 4 1)

(D H. Utoh f, "High Beta Discharges with
Hydrogen Storage Electrode Biasing in the
Tohoku University Heliac" J. Plasma Fusion
Res. SERIES, 8 (2009) 1052-1057. (£t H)

@ S. Kitajima, H. Takahashi ftfi, “Study of Ion
Viscosity by Spontaneous L-H Transitions
under Marginal Hot Cathode Biasing in the
Tohoku University Heliac”, Nuclear Fusion,
48 (2008) 035002. (7 u%i)

@ S. Kitajima fifl, “Study of Ion Viscosity by
Spontaneous L-H Transitions under Marginal
Hot Cathode Biasing in the Tohoku
University Heliac”, e-Proc. 22th TAEA
Fusion Energy Conf., EX/P5-12 (2008)
1-8. (EFHA)

@ S. Kitajima ffi, “Effects of Rotating
Magnetic Islands Driven by External
Perturbation Fields in the TU-Heliac”,
Plasma and Fusion Research, 3 (2008)
$1027, 1-4. (&#tH)

(FaFEK] GH51F)
O EEHm i, “~V WV T T X2 BT
B ANA T 2T K D CiAOERI KT
T5YU v INAEEIRAFNE” 7T X~ 1
B 26 AIFER, REPTEER SRR,

2009 £ 12 A4 3 H.

@ S. Kitajima, H. Takahashi ffi “Experimental
study of flow bifurcation by an electrode
biasing in TU-Heliac, CHS and Heliotron J,”
12th International Workshop on "H-mode



Physics and Transport Barriers", USA,
Princeton = University, Plasma  Physics
Laboratory, 2009. 10. 1.

@ PR fh, “HALRFA~V T v 7 EiE
BT DA T AT T X~ T O
B RREGEH, AAYHERKFRE,
REAREIREZS v L /%A, 2009 429 A 27
H.

H. Utoh ffi, “High Beta Discharges
with Hydrogen Storage Electrode
Biasing in the Tohoku University,” 14th
International Congress on Plasma
Physics, Fukuoka, Fukuoka
International Congress Center, 2009. 9.
8.

H. Takahashi ftfi, “Study of Transition
Mechanism Based on Ion Viscosity by
Electrode Biasing in Helical Plasmas,” 36th
European Physical Society Conference on
Plasma Physics, Bulgaria, National Palace of
Calture, 2009. 6. 29

(Z D)
A= AR U
http://www. nifs. ac. jp/phprd/index. html

6. WFITHLR
(D) WFFe R
miE o (TAKAHASHT HIROMT)
Rl AR EF AT KRB Y B ILVRFZEH

Bk

WF9EH %5+ 00462193



