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Abstract

In LHD ( Large Helical Device ) studics on reatization of D-D fusion
burning has been carried out, where tritium burning is-out of this plan. We
propose experiments on D-3He fusion in this plan. This fueled fusion has the
reaction cross-section as large as D-D fusion, however the production rate of
neutrons is quite low compared with other fueled fusions. This low
production rate of neutrons mitigate limitations on experiments. Up to now,
D-T burning with fusion output of 1~10 MW has been studied experimentally
in TFTR and JET, however, fusion produced neutrons restrict physically
detailed experiments in a short pulse operation. D-He burning experiments
with about 0.1~1 MW fusion output in LHD promote the burning physics
because of no limitations on experiments and may take the lead in performance
of the steady and clean fusion.

In this paper, we report the results of studies on D-3He fusion plan in LHD.
In the first section, the significance of this experiments and the basic data of D-
3He fueled fusion are preScnted. In Sec.2 and 3 the theoretical studies as well:
as the experimental plan in LHD are presented. In Sec.4 the development of a
high energy beam source is discussed. In Sec.5 a D-3He steady burning in
LHD is studied. In Sec.6 we summarize and discuss the results of this plan.

This plan is the first step of D-3He fusion experiments and hereafter the
innovative ideas may enrich this plan.

Keywords: D-3He fueled fusion, LHD, D-beam, 3He-be:a,m,
15 MeV fusion protons.



FANE

H1HE
1.1
1.2

M2
2.1
2.2
2.3

HIE
3.1
3.2
3.3
34
3.5

W4
4.1
4.2
43

R

M6
6.1
6.2

------------------------

LHD 12313 3 D-3He =4 =
LHD (27 % EEBRORFE (BREEK. HEFIED) SR
D3He AR 3 HEET —# (FH=R) e

D3He 75 XV OHEIRE -+ - - - s e e

BEGRMT 2 6 B 7 LHD 125511 5 D3He i (A &)

D /3He ¥ 412k % D3He KIS (EHHFRAL) - - - - -
ICRF & % D3He KI5 (Ff bE#®) - -« - - - - R

LHD 25} % D-*He EEif I Ce e
LHD i2#t} 5 D3He £E AT CHEM) - - - - -+ - .
JET 12515 DSHe 8k (&71) -« » « « 0 o o
ICRF I2k % D3He 77 X w0k (s - - - - .
LHD @ 7:%® innovative divertor (K¥sx®k) - - - - -
D3He RISARMOHA (EREET) e

D-3He O = OINEREOMRET < - o e e
BIILE—D/SHe©— L8 (WAREE) -« - - ..
ICRF i &k 3 D /3He fUskFIMPAEE (Kigs) - - - - -
BLANLF— Het — L0 (HRAET) - - - - -
LHD ¥ 3 # ki D-SHe #R0 A (BEH=EE) - - - - -

%\%ﬁﬁ R R

SERETE A 5 B2 LHD (25511 5 D-3He 3l (LLidd8EE)

LHD i2#51F % D-3He EtEORAFE (FIER. REFER)

18
18
25
38
49
49
57
64
6 6
70

76
76

79

80
8 8

96
96

100



LHD SAEA FEREE T 5 40, BHEOSHN S b ) F 9 A4HVE D & BEA
ToLn, foT. THE THEV RGO SIS LT3, DD KISANS s
LTRE 1T - T X,

S, iz D-3He RIS % BV 7o EEREHE 4485 L 724y, D3He KIS, D-D Rt
ARG HHE RIS 2 R 20, T REESRERICOE<MA S 2
LATE D, foT. FEAEETH 0 EESHEOHRA L, BIE, TFTR.
JETCE 1~10 MW D DT SRR AT bh T30, NSALAEETH 5 %k
ERBEMIOHIFR A & » CEE U OHIEEER IS T L & T4 T,

LHD 25T, 0.1 ~ 1 MWk D-3He RISEE M T E HiZ, %%ﬁﬁ ZHlER A
< AR B EER OB L AL A TSI N TES, LRBHTER D
Vo= v A MRARIGOFEG S HRICEMTTIT 22 LA TELTH A D,
AHEBI, LHD 25 3 D3He RISEBRORE R F LY LD TH 5, §
| & CAEREEHOER KV D3He RIBOERT — 212> Glx, $2, 3BT
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g1= LHD (26015 D-3He 82
L11HDKBH6%$®§§

D-3He RBHZRAA R B ET 5 Fo b WIS & L TFMBIOBROBS. K
SHURBREM AP e < BRI L TN TO 3 2 EOEH» S RCEHO b 5 K.
(i) BOSHrmRESRNE <

(ii) O \LILX—, BRI X~vH0HE, 7

Gil) OB T CH D T L0 5 T AL H i TEAES
HEOHE» S DTHREEE LD 77 X2 UAD ST A — ﬁnff'ﬁf‘:" ik
XM TSR, itm%%bﬁwfdzxambw/m%@%ﬁﬁ®M%&
MEEA (20 ~30 %UL) EABERENDHEEFOLT 7 XML L5,
LUk s, HETRERSDEVE DS R, BB 2L — v 2 v KR
PBEBIZEBEEDICEHINBNETH S5, | |
Dﬁk&mé%ﬁﬁnm%mﬁﬁ\H%umufuTmﬁuﬁﬁéh%e

(1) BT 300 % K FORUIRD & - HKER. 4 ORI £0
M. B X OTRK PO, PRHBIORIZ,

(2) BEANLF¥-KFISEREAT S OHBROALEE: KFHKLFEESR
BERUOZThEDBRED/NNG T 7 XD LIADNORE,

(3) BB HDOFEIEE /87 —23F X

BE, EOREORETERT 50, FUBHIEDOKE X2k~ THI, &, TH

AR E D - TL B,

LHDE B T34 £ T2 e B 6 T3 K5I O F TR B~ ) H LR

BT,

() B=4T, MEAH P, =20MW T |
975 X2 <T> = <T;> =3 ~ 4 keV, FHEE <n>=1020m3
(KB TIEB=3T AN TLHDR ¥ — ) ¥ 755 LT <T> = <T;> =
24 ~32keV, <n>=100m3) 075 X7, RUABLA AV IRE T;0) =
10 keV, SEEE <n>=2X100m=3 D75 X7 4 EBT 3,



(I) FHX—-2E <> 25% DT 7 XvDOREREOFEE,
() ERBRT 7 X2 {RFCET 598, T2O%,

HEAN) ANBRBEORME &L, LSRR EE L TERBRMAMRICFEST L
T 5, flif, LHD MEOKEIEE T2, BIRT I X ICBMN YRS OEFER
AT, A ORBA RGBT 2 MR OTE LA BA 79 X< OERO
—HBLLTEBELEAON, DIHe KRB 20O LS LBEL» IR A 63,

LHD THhE X aM%s LT3, B, D3He RIAFOBER & 1S ki,
FE (1) O D3HeDKISAHT O, ERPWOBE T 3N XK TOHENER, FHC
A EPHERSHAITESAERIZERZ2BEIREThHELELONS, T2,
BLAINLE-E—-A0RRERHELONT. yBhEOBRISHIORTR L L D%
LIDNEBABUTAINB[ERUTH A, ¥512, ZOWREBU T, Fho
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~ﬁﬁ@ﬁ\ﬁ%&&@ﬁ%ﬁ%ﬁﬁéhé:&ﬁkwﬁﬁéoAUﬁ»ﬂb—%
2 EEEEBRLPRM TS 528, ANV A ANPBERER T, KT, &
CEIANLE-RTFORCADICEERS D . ZOMEHREORBIA L BEIZA) 5
NERA IR OR RIS K E A BK 4 #0,

LI_ED EIGD 72351 LHD 12 5\ CHEE# % D-3He MELA KIS 4 4ak & 1 5 H ik
- LA THS, T4bHBHD XL He DEHA A V% 7= TCT $h % 7
H428DThb, AMGEEEL., MIEERTOLDIZ, E— LR THOBIR, A8&%
EHMANNERS VDI INF D, 77 XvERE, BEF, 61016
REFEXND VY- AFR L OMBERRBROR AT > 728D TH S, M, ok
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1.2 D-3He HE{ERICE T SEHET —4

T hE COMRMAMEIRRE S OBRARBARD Lr T, K77 XTvmETRIE
TR ASA 2 0 (R 12- 1,2) &5 B S A (D) & ZHEARE (T) AL
5 DT HBA 4 RIS ED bhTE 2,

D+ T — 4He(3.52MeV) + n (14.07MeV)
L Lais, ZORERRL-MEAF R 5720103, Z BRI
MAO73 Yy M ERE R COER X h3<E % ORRNEERIRER TS,
D &S iE 4 ORI DT HEGICHED 4 MeV FEFISERGS LI 526,
BHETFORENE DD ERBHC L ABRIAERELELI LT, nbWD
advanced BORHZRELSORFZRAET INTE 2 (1), F 1.2- 1 12Ky 4 advanced
PR A B l1212t#mAﬁmﬁﬁﬁﬁvv;azvxwﬁ@Aﬁﬁ
(% G

¥ 1.2-1 advanced BAFHZRLA BRIG

B D + 3SHe — p o+ “He + 18.35 MeV
@  CatD |
D + D - p + T + 403 MeV
D + D — n + BSHe + 327MeV
D + T -+ n + 4He + 17.59MeV
D + SHe ~ p + 4He + 18.35 MeV
® »p + SLi — 3He + 4He + 4.02MeV
@ p + UB - 34He + 87MeV

Zh 60 advanced BREHEEA SO 2 T, pSLi, plIB I3EE 14 MeV i F A2 HE
LAWSETHBN TR A PECHRE T, ZThe &L UTRISEHICEHE
B2 HEOERADBEL 55, F7-. CatD REBRA T3 71 14 DT A
HEan1/2 b k&L, TORBLRETLIZLEBTE R, BKREANV D 4-
3B AL 22 RS I3, 14 MeV T AEBEREST,. TONNBEERE N
HOKULT & CHOT 3 [23] 72012, ZOBIILY —BRFISRET S0
ORI AR X . FREEM O FE R RAHLO B TIERIZBNICB A 2 HM
BTH B, ZOBRMEDERED S Bﬁﬂ(im&?}(dﬂ 2 HDO O T4 0.03 % F1E
LT3 7o iikORS. BEAHRIC L 5B X > CHBNEAS I AFAMT
b5, ~HOLRETH 5 3He 3R LD KK, Wik, KRA AT fEr L

— 4 -



fFEEY (CHe/%He=133X10"4) . Zhs i3, 2ONBIZH /- > CZEAE D
SDEBEFOABRIZEOED %A hr 7=, UL, XKERHYHEOBFERo r
v b BEBIR - AEREORY Y TLOGHOBR. BE3m FTOHEHRICA A
<& 10077 b v b OBRFRIZIRYTEEL SHe K SR TWBZ &AL ATk
7z [4-6] . ZHi 1000 EAOHROBHEELHELIRBTHS., ThoD3He
BABTp & D EOBRIBICL > TEs N, ABRE HICATE CRITh TERL
7D TH B, 20 He W IO A LTRERTH B2, HARBETHBK
FBRABCITITERARIFEL TS L E L 50, D3He BRI OB ORI
i,

LSEOBRE L SHe (RIZ D) 7° 7 XA sk T DO (it 3He0) A%Hz & % D-
SHe Bl A RIC BRI B TH 5, TORDORPET —20D—>% LT, D3He RS
RISORSRE (v ) & X~ v b - 75 X% 3He ® cold plasma & UTAS
HARL A AF - OB E UTK 1.23 12779, TAKED cold plasma 12 3He & — 4
AT EBREIZE. FOLIALE-FDE—L4 - TEALE—-D15{ETHEIEDIK
ISEFREPEONS, R12-2iFhFhOY -4 - THIALX I35 D3He #
RS FRGUR IR & RS R AR L7 (1barn = 10%4cm?), ZOEN BB LS,
BAOFISR /BB 70121k, D ¥ —L08AE13 500keV, 3He ¥ — ADBAIE 750
keV DAL XL F - BEL LD,

RIZERPUR FOT I X TOA & VALOERT — 5 &7, Dy — sk
FO A F v{biZ &k % trapping mean free path A (341 & VLN -, & BFEE
n e & F VOORARTERE A,

i o= (12-1)

e Oy

ZZT, PHRTFOAF VLRMER o 13, BYEHR, 44V HR. ROKER
BIZE>TRAD LI ITFREIND,

<geV> |, ni<givV>  nj<0uV>
= = ] Bl BT 42 S 1.2-2
Ot v Ne v Ne v ( )

TZT, g0y 0og BBAETEHR. 14 VR, WEZRIZE D 14 LT
BT, n, BA4REE. v ZEXGEE, <> Maxwell BEHTIZ L 5 V9%



£12.2 BIES —2 v b 123 5 D-3He Ml & KSR & RS %

Beam Energy (keV) | rejative velocity] cross-section reacti\.rity
coefficient

D 3He (m/sec)r (barn) (barn.cm/s)
1000 1500 9.79x 108 0.239 2.34x108
900 1350 9.29% 106 0280 | 2.60x108
800 1200 8.75%106 0.336 2.94% 108
700 1050 8.19x10° 0423 | 346x108
600 900 - 7.58%100 0.548 4.15x108
500 750 6.92x 106 0.733  5.07X108
400 600 6.19x 105 0.794 4.91x108
300 450 5.36x 105 0.516 277X 108
200 300 4.38x 106 0.165 072108
100 150 3.10x 106 0.065 0.20x 108

HRLTW3, RERIHE TR, 1~ 10keV D7 X wiBEIZ 500 ~ 1000 keV O D
XiESHe U— L kBTN DIT, FURTFE— AHE vy &4 4 VBRE v,
BYHRE v, OBITR veo>v, o> vy DOEBREZD, &4 4 {tirinf LRy
IZRAEL D,

<GeV> . ni . nj 5.3
t v + neo'l + neo'ex (1. )

i

o]

BIHEIZL B4 4 {LHHERE & Maxwellian averaged rate coefficient {$X& T

#zENDB (7,
N ln(e/U)

gelem?) = ¥ a5, {1-byexpl-¢; £,U; ~ 1]} (12-4)
N g;C; ] P
3 = 6.7 7 Joj dx -
- <Gev>(em?fs) = 6.7x10 E, TRk { Ui 7; u,{r, x X

bjeti T e
- —dx (1.2-5)
UjtTe +¢; Uj/TIe+Cj X }

ZZT, Tl eV BN OBETRE. U}I j-th shell Mionization potential, §jti i-th

shell DETH. 2, by o, FELhFhOTKTRE BHKTHD. ZhEOMEHE

—f —



AKFE, AN LaiLTHRL2-3 IR LA,

#F12-3 AR, "NV LDOEBFEHERICK S A1 4 LR

N| Uy ¢y | ageViem?d) b, €
DO | 1 {136eV] 1 4.0X 1014 0.60 0.56
SHeO | 1 | 246eV| 2 4.0X 1014 0.75 0.46

INODBEFHRICKLD 4 A VUNMEEOE - X —RFMEL 1 4 EREK

DBTERBRGEH LB 4K 1.2-4 @), G ITR L,
753 X7 - 44V (D+, Herr) OFRIZL B PR 7O 4 A4 VLIFERIZ AR T
5zo5h5 (8,

_ $ oo
oi = X5 Gilvgsvi) (1L.2-6)

ZIZT. vy izionization potential I T 3BT RE, v ILER A A+ VOB T,
Go = 6.56x10"x 22 (eVZcm?) - (1.2-7)

= x? 20+ m@718+ ) |:
Gj(x) = fv(x)x m'i":i( +~Ex") n{2. x)|[x

b= L x? 12-8
x(I=2) [ ~ () ] tx > 0206 (1.2-8-2)
= %ﬁ 1 x<0206 (12-8-b)
Fol®) = S E ¥ o= a2ae (12-9)
v - x2 1+x2 ? =X X )

TH5, D' 44 v #EIZE 3 DO RU3HO D 4 A Ll 42K 1.25 12RY, Z
2T, 3He™ iz Xk B4 4 vbirE#E DY DBAD4ETH B,

Iz, HEAMIZL B A A bER AR, DO & DY, SHer OFFE 25 b i R
i3 A.C.Riviere [9]12& »TH Z b4/ HO & HY AHett OB 200 28K 4 HHHHE
BA-REBBILIZES>THATE S, DO & DY OfE g

_0.6937x1071 (1-0.155log, €)°

| (1.2-10)
1+0.1112x10714¢33

O oy (cm?)



CEEN. e VEFOH OIILE—TDIDIIAX~D 1/2 {EIH%T 5,
DO & 3He** O ff A2 b .

log, o, cm?) = —1478~1.33 (4.5—log,,€)° : £>12keV (1.2-11-2)
10~ cx 7 10
= ~1654+009 (log,,€)>  :e£<12keV (12-11-b)

T2T. el eVHEED T DI AIAF-TDOOT I E -0 2{HIZHYT S,
1.2-6 12DV T3 X~ 124895 DO & D, SHe™ OB I %R T,
3He? & DY D& #2i4 R.L.Freeman et al. [10} &= & 5 4He% & HY D 3ER

1 . '
InOcx(cm?) = 2 Aj(ng % o (12-12)
J'_'

T.H O ILE -2 HIDZTINF-D1/3LTBILICk-THLENS,
3Hel & 3He™ DWW, CF.Barnett [11] 12 & 5 *He? & *He™™ fHIH D KSR
BRIZ BT, He™ DT XN F¥ — ¢ & He) DX A NF D 4/3 LR R I 0
m124uﬁmﬁm$»$w®ﬁﬁabmﬂmﬂaDﬂ%ﬁ”a@ﬁ%&m%@ﬁé
Tl BlLEDA A Vb4 DO, SHl oz 3 ¥~ DB & LT 12-8,91C
MU, DOV — 4% e 75 AVICAHHTHIBE, T1)LF -4 100 keV L LT3
4 A VIRRIC LS4 A N ETHY, ThLUTOAH T R F - TREATBIRD
WEBRAELS LS, —FH.HOE— 2% D 7 I Xz AT 3HAE, IMeV LLE
T34 4 VIEEOYREPKRE VY, FRLYUTOZINE kD LMERROZHR
LRI AD, AHE-AD T IAIPANDRFEE AL 12DIEDy =1/0 TE
# & 15 penetration thickness D # AT 5 L& R 214 A =D /n TEREH
5, 3He 75 x< iz —24%, D7IX7IZ%He ¥ — 4% AT 2BAD
penetration thickness # &4 1.2-10, 11 IZ/AR Lz, ZHhEDRA5 AR T
DT 3N HE— M 100 keV LI_E T3 penetration thickness (3BFRE A 1keV 226 10
keV OB T2 F MITRAFEETEARRXTHEBTE 5,

Dpr(m™2) = L12x1020 3%  : DY beam to *He plasma (12-13-2)
= 1.44x10%0 355 . 3He® beam to D plasma (1.2-13-b)

ThED . AHBERTFOETFEREN 1.0X1020 m3 DIBE D penetration length 2
A& 12-41Z7 L7, BAD D3He HRIARIGE L & % 500keV DO ¥ — 4, 750
keV3He! ¥~ A3 FRE T I XN Im OFELETRET 5.



*®1.2-4 AWBUENTFOETEEN LOX100m 3 DIBED penetration: length A

beam energy A (m) A (m)
keV) DO beam 3HeY beam
100 0.213 0.315
200 0.352 0.498
300 0.471 ~ 0.651
400 0.579 0.787
500 0.680 0.911
600 0.775 1.028
700 0.866 1.138
800 0.954 1.242
900 1.038 1.343
1000 1.12 1.44
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reaction rate coefficient ( barn.cm/sec)
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F2E D-3He 7'5 X~ DIBEGHaET
21 TEERHUTH S B-LHDIC B 5D-3HestHE

D3Held R A ORI . BEA LSO KE FIF BN T2 X - TiHbhh i
HEEIE A WEHTH 5, La L, D3He BBADEESAREZ. DT RIG
E0nr TIMECKEL, BEIHMERZVLOPERENS, £/2, Vo0
b OV E DAL TR ERDICAELT I X0 - N— AEAERE RS, LiLxk
ﬁB*ﬁ%mbﬁmén$mDT&ﬂéwﬁI%%k%%miﬁwfzwﬁtbm
13 D3He MRIS I I I A S DTH B, |

KA A NEE (LHD) SHMAEREETH O . BRINFEEHEZRAAD LDIES
MOBL B, DDHEREERIZTCIOEE XA TOSEA, b Y F o Ammn
MET, . REPUEFRSPEVDIHe BRIGER G RLALDETEHKNH B T
reBEbhs, JRhIZKD., D3He BRIE 451 2 ITHNOM, KIGESRY (3.67
MeV O 7L T 7T, 14.67MeV D70 huy) OEBOWEENTEEE K5,
LHD BT, BUADERA»SRT T B3/ L ALY A A VTR THA N4
AN, TNV LISk 5 LHD B0k ¥ £ KT H 5, D3He
BRE TR, BMaNHoOXRBHEWEN T 5O T, HCADEE» 6 TS
LT PRTRTE b VRTIRRE 5 BT (£ 43— 2§8%) ~EHh b hid
EHEV, IOFAN-AERLERLT —<IlhDB5,

KEIAY) A W3E (LHD) &, FEERE L LT, ROMIE, HEHE A>T\ 3,
D3 oMK FE 4 £ a4 NFk, @2 AWM A~Y AL, DAY AN
T4 ND 3 EORYE, OO EHEIC X0 BERS B, #2253 L0, 77
XD B EHEIE L. BB TO TS XvDd Ol E b — 7 2ZKEHEIZ 30cm
MBXED I L RTES, WEERE By 137 7 XvOEHELEASBNTE 5,
ODEHEIL 2RO AN TANENFIZRNLBHE Iy dn, T 5L
I = In, OBAPVIEEEERTHEMR, [ # 1), ETHBICLD | THRBIENEL
AEAENRTE S, QVEBEIIIHEOBHB I FRITHICEREHT S
LTE, TORRE y F8TA—F y = (M/L) (a,/Rp) AEALERB I LHTE
3, {ALLHDTIE M=10,L=2,Ry=3.9m Ta 3BHHP.LTH5, LHD Ty,
3112426 1.38 FTENLEESEZ AW T, BIFFRE, 77 X FiE, [His
BMEECBEABENTES,



NG EODHERED > 58 1 BHOET A £AT 4 LRI L BHEANRE S £ <
DEN FEDHHNTES, TIXVOMEL b—F A4MAlIZy 7 F E4¢ 5 & MHD
HHIZEISL D, NFEETIE/EAINT A L VOB CRADSHFEE R, /-
IFIZY 9 TAEEBRDT B, 77 XM MHD £EMELR FE CAD
KRBT H AL, - b2 b7y TEERICHU TR ELPHELYS X5, W
3 B=3T (y.=125) ORI, KA LT 4 LREHIE L TRE L 2 fehl 458
RO LIRS, R CREEHTO T I IO Y 7+ A 4 =-15cm T,
P T AR L 2277 X2 WlESISIEMIC K > T 3,

LHDT D3He BKIE ¢ ERFEL Z I 2RITHERY - 2BBIA Lk, T
bHH D it 3He DEHA AV #HAIL T TCT ARIZL 0 D3H BRI %5 %4
ITZEHELOohD, —fRIIBBMARIDIL 2 DO FOMMEE AL LD A X0
& ZAIIBRISHERORAMEY S 5, WAL DT RISDHE, Az rrf—1
110keV & 7= ) TRIGHTEM AR AIZE D, D3He RIETIR I A1 450keV %72 1)
2k %, E—ABMATE, REOKNFE#REEBMICIEL . KICHEESRAICL
B5LANE - {HONTOBEKEER L, ThICXOHRISEMMEELS LT3
BDTH5, ZOREREATHE? SRR FNED DD LI X~ FEAE
RIFAS%T, BEMKIZBEIS 2OREAEFOM, FT775XOBRERS$ DE
KB TH, MBIIHMARGASIXEI L, ARAEBAYhIsB5 LT
%,

LHDIZH5\TRD D3He ¥ — ABRIANE L 5h 5,

(1) NBI
) ICRF
(3 NBI+ICRF

() TIREARPEFET 4 500keV BEISHEL T, NV Y L3I XIIZAMT S,
Q) TREARBREAF VOTFIZIZPBDN) v LI A 2 RBAEEE, ICRF

DA T VIMERETO, BXAIALE-DAN) I L3 4%V EERKL DSHe RIS %

BRI F. 5. D3He 77 X7 T8 2 BEM ICRF MAAFT 5, @) 120
TRAELOAHENEBL AN —-44 V& ICRFIETHEL T, BICHKIGE
HEABRKIZT AL AN BRI SBDA AV EFDTHEI S TERATH 5,
BlED 3 DDFER, WTRLBRRRTFO— @ AL ¥ —ITMEL T, KIS
THHFEORBRK T L OB RELREL LRICEERO LS T38DTH B,

U AR TIRENRED ARER TR TFO— B ETB LI — &1
TR EMFRTILE-FTEI N, LU IR THTANLE-RNTH



A REL LIRS BRIBERFFERITLDHIIETIAVESY H 519
RIFICHCAD ST, ZOBTFEREIHHCHE L LTI LS50, DT
EizonT, BERERHTE—- 4D G00keV 128 % SHe 73 AV AM L -4 %
BB ATHB, 500keV Th—F X7 5 XvAIZHBIBICEFIZAS X7 DO ¥ —
L, TIXVAA Y LHERELCEEEE R, 500keV O DF BT I LE 4 ViC
K%, DTRBSBICHE S h, b —5 AN EHT 5, 2O, &3, DTRETSX
vEBTLHERLTHEEL T, DTOZIAX - HERT L — W, & THGMT
BRRY y FREEENDAE . WLTIC25EDTR T I X4 A v EHRLTY
v FHEBU A6 RE L T, BLW K -

2/3

an?

Wc - 14-8T3Ab 2 :
fneAj

T5A16h3, T,n,R7IXVBTRERVBTEE. A,V - 2FFOERL,
igmp%m7ﬁfv¢®jﬁ4¢y®ﬁﬁm‘%E,%ﬁféaoé‘fafv4
Vet DAL TEE W=34 T, L %5, DYTRBITILE—A F VO AGEED
TFRLF—IE Wy=500keV 226 T, 2 10keV LT E Wy> W, Thd, DVEXL
I -4 F VIBASESS W ETHEEhD ETOM, ¥y FARELERER
VO THBICETARIZE - ARICE 5T D, TV - ADFEHE L HE
£ |

V, = Vpo! In(vyy/v,)

iy = SoT,In(vpe/v,)

v = f2 Wo V. = ’2 W,
bO mb ’ C mb ]
THEALND, Sy X HARFHE Y2 D OFEEA AV AGRET NBI OFMEBEHR I, &

Iy = ZpeSo
DOPREFRIZH B, rsliﬁiﬁ%’ﬁﬁ’f‘

Ap T2 [keV]
Z? n.10Pm>3]InA/16

7, = 0.125 [s]

THELENE, 1 & T,03/2FDUHILT n IBILHIT 5, AHKTF Y — A8
A ARITICR, A, eV, BH BB EAREVERBETSH S, TDDHEM



HEEEOARRCBFRERES AT Ab a0, 2, o BHUADIFH X
NN BIThE L k0, Thbb, ACAD T 7 XvhiZBEA F V2 ER L
T - ANMEAREITIIR, 7IAVORACADSRIFTHE I EHEREN B,
F W AT THMMEEREBIVNELTH50ELH 5,

] 2.1-1 12 500 keV D X 3L ¥ — A FDEARKRF 4 LHD 77 X< A4 U 7-pF
DEHA A VERGERT . AW FEECRE LHD OFFERRT =0 DBED
EDTH B, BENMERIREICE ), FOFE nyld, @TH ny=1x100m3,
BT ng=05x100m3 Th 5, ARKEIHERMBHOES A VFEAR VA, 8
L. A4 VR 1 BOARE LR, QRS LOEHI VLB, @), D& SFWICH
HAREA A VERSHEBMEON TS, ERIMEIBEONE,» RO EDT
BEEE L > Tohnd, RO THEHI PGB/ LTI THETFHE L - T

L ULSRBMIEL £ 2720 THEFGIC L AN THREFRE L,

ERENAED BLAINF — 4 4 VIEFREM RIS > T b — 7 22 BT 3,
BT EHRLAPASHRL T, ZOM, 79 X744 D 3Hett LMKIE%
RIY, W,k THEENS L Yy 5 AlELE 20 EDN T 3BT & 20—
BOEHAT B2, ZOED OXILF-RT2R0, BROERIIEFINE L
%o FATAHO NBI & - ABRIADEBAE, AHRFOL I LY 2T
B (DFEFT500keV BLE) | F7c r HHIREROERIIZEGRLL 2 RDOD
BRISPIFTE S, |

ICRF Mt % 72 DSHe MRKIGEBR TR O EE A FIE L L L ¥ — 44 VDAL
ROTHE5. BIARETIXTAX Y HBEKRTHIEAF VAN DL Het D
D ICRE D84 A ¥ ST id SHet + L0848 4 5 @I Ic Bl s
BESZELL, BRELTIHe REEAEICME ST, OB T SHe*
SRERT 2 5 BRI T, RN TANEBED PR Y -2 AT, fHENT
FECRLIC & > TIRBACIADELS | BRK TR E5ICE O, LI X -0 Het*
A X VHHBRELTLE I EEOABRISRBETHLDT, BXAINF—-AF YV
NDENERACAD NS »BRENZES, BLINLF—AF Y OALADIE
TIXvHEE P -FARMICY 7 b TREREBEEIND, 1, ROKELEFBBE,
MIFAET B L@ Eh5b, HLED E, (E.> 0, EREHE) OBEIEITAA LD
PE A BT S HEI@L B, KESLWADE, DREBAF /D VBFY 7 1 &
FIHBHL T A > CTHEBDOHMRE» 5D TNERESTIEND D, ZDLD LB
B2 5 ICRE B % V338813, 79 X4 T 52 FAHFLICL A CRER

TS NENRS B, F4, BEELEDIIIERIND P ERFELHET S4B

Wb B,



D3He MISIB VT, 7O MY ETAT P TFHARIGERME UCRET S,
70k Ik 15MeV, TAT 7R TFII35MeV DL AR E -4 TRET S,
FOLIABELIAF R TPI/DEENS0~60cm 2O LHD TR ZDIEELAE
HE CADAS, ST T U E 5, B AAX K FOREBEBERIZFET
%, P55 C, D3He KIS IZH W TRISERMAERBERICED L D IZF5T 5
RGO HARETHAS>LBDND, 4 B FILFX -4 TIXAVRT
DS BELO HRA RIENOWE BT 5 DE 5 5, '
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2.2 D /3He ¥ — ALlZ & % D-3He HIis

TEAREDOI U ¥ 23 CHe) A1 OBEME A EEKRED)- Y F 9 40)
FUG] &N THRETEHREFHPLL, BRIBICES /237 —DIFE AL 2 HER T
BIES LS FHTREBRA L > TS, LALAMNS, D3He b4 HOTH
BRI IR, 77 XvORM RUEE %100 keV KU 1020 m-3 28 2%/
BRIEL ST, LHDIZE W T I hAETTa 2 &, ERNICHBETCH 5L E L0
N5, 72T, D3He BBIAEBRAIT A5 2010, SHe 77 A PICHIINLFE -0
DY — 4 54THAtr, 7213, D79 X<l SHe ¥'— A%*TBLUL.J:’S}%K 7
D& EORISERVCH I AFHET S, - o

DY — 2% 3He 779 X2HIZITBRAAFBAIZIE, BIEE LT, FIZD3He K
i [3He(d, p4He 1 KU DD RISA#EZ 5, Z Zi2, DD KEITHWTiE, D,
n)3He RU'DW, p)T A, IEFRCHATRIND X 5, Y FT#HFTS L 512, D3He
FGE# & e, DD RIBEINE< Q/1018%E), BRLAS, ZOZ&IiZKD, DD
RISTHERENS ) Fus ) EEHAE O EORBIZOWTL, 2 Tl#H
LV, HEB3He 79 X7 DEEA 2keV L L, A D - 2DAS 7 -RUA
JEFZNXE— 4 20 MW KU 500keV & L7z & &1, RIBHEI, 1.0x1017 1/sec T,
ik, 03I MW RBETH B, 77 XTDREE 6keV & Lk 223, RISER
U HE, 4. 5><1017 Vsec RN 13MW BBETH 5,

—F . 3He ¥ — AAEDT I X HUZ AS L BAITI, Vﬁmtbfzunﬂhﬁ
AR S, 22T, DI X<RELO DD BERGEEID 250, ZORIGE
2. D3He RIS & IR TIEBIZ/NEX L (DT T XvDRIEN 6keV D & % 1/55 FBHE
TH3), BRLALSZ, AESHe ¥ — 2D AN Y - ADTHRLE—-%20MW,
750keV & L, WED 77 XA vDREL 2keV R 6keV & L1z ZORIBE LW
Hiz. 2hFh, 53x1016 1/sec. 0.16 MW K U* 2.4x1017 1/sec, 0.70 MW 12T
%,

2.2.1 W N L e
a) ¥ — &zt b Fokker-Planck #RA XV — &

FFIUDIZ, TIXPIIBRAATEA A V- L0 HBEAM AL TO X
312525, V- A0STEKIL. Gaffey [1] DB -»TROBZ LIz 5, B
CEABERTNET I Xz D44 Y E— LT BRAAFRE, 20K -4
S TTBRI £, (x,v,1) 42720 F % Coulomb @R, KD &K 5 % Fokker-Planck 12501



X05a1on5b;

J
*g%'+v Vfb*'ﬁgui*“ B)({ Lol f ) 2.2-1)

T, f a;t:,'a?%f-a;waw Ay (j=i) RUBT (j—e)@%fﬁﬁ-ﬁﬁ%ﬁb\
gfy [) BHEFRA XL -2 A FKT 5, ZITE, U-LADEEE, HRTIX7
DT L HRTHHNEnELTHLHDT, - ABOEEIZBRU 7=, $7/-. &
— AAHOBICHEE XA EHEREL A ERH L 2. DT TR, E—- 20018
L BRSOV UTHENE TS L, 0 F okkerPlanck@i-}:?i"\Lf ﬁg(fb,

£;) £ LT Landau OFRA XL -4 2] #HWB Z LI2T 5,

1 I 4
Y = 2 e Ay o —— e
8y 1 ) Zn:eﬁe,InAm 8v j(pv’m(mb@v m;j av )fbff
J [a R
= Fb;av [-aj;h (ava F(xbj)+ q.lbjF (.?ij)J

mi v ’ r” xl'%,j I”I ) |
+ 2"""—]_.1‘-17? Fxp)—xp; F (x;;,j)“TF (xo.)f| (22-2)

ZZiZ, In A, Coulombd v bA THFTHD .

dg _ 1 o |

©= vy, _2(3 I-gg) ; 8=|g|=\v—v_jl| , | (2.2-3)
27el eingInA . o

thj = bnji%w ’ | (2.2-4)

FOrng) = s [0 s8 2.2-5)
DJ |

if:.\ Xb,j_ V/Vthj Vthj &U‘ ”01 i3, j@*‘l%@;’ﬁ‘ gﬁo?ﬁfgféﬁéo
BB FxIE. x<1E-3x> 103, UTOLSISERTE S;

F(x) = :/%(1-+%-x2—§1-6x4+ L) for x<<|, 22-6)
-2
exp(-x) L) for x>>1, 22-7)

1
F(x) = X+E-W(l—;—

HB5ET 5. IORER, C-bDIINF-#A X VEREDREVSY, BTFE
BLUNTET m, /m k0 EAkELS AVETBILIck 0l Ehs, JORE



6)i’€;’&(222) NITHVT,

_ 8xj, mb afy
8y fe) = v m Che(Vry? +3f;,) , (2.2-8)

EHD . =, KLl AV EDWRE RV~ IR, (v, /vy) > L THBSD,
227 XERANT, |

5 |
g(fpf)) = [i[ﬂ £%) f”] 2'””"%{,”] (2.2-9)

mj

Eld, JTIT, BBER, f=cosf=(v/v) - €, LBEL, HEL,E 1T, B
SO ZHANY PLBABTHD . 6. v EE LORTHTHS, KT, A4
I Y=Ll 5 Fokker-Planckiia A XL — 23, EFEA A U 6DE5
HhtT,

_ 1| 8Tpempxi. df,
%g(fb:fj) = v3,: r me (v prvals 3f)

+zrb.{2"’” ) 55[0 52\89};;}1)}} (2.2-10)
kb, BRABE v,
— 1/2 ' '
_(3rmezi) . _<niZtm
Ve & (W} Vihe > ZI_IZ—W 22-11)

Wb L, WEANL -2, LTOLSICET 3;

1 7
%g(fb,fj) = F I V;‘;{V:;fb(x,v,g,f)}]

o

1
TsV

" P

ZiC, BIFHE, BFAro0FE, BRI, A X VHhLDFEERT, 3.
Spitzer O WREFTE (3] ;

8v{v"fb(x v, 6 f)}+Zz 3 aé{(l—‘iz) fb(x,v,é,t)}] (2.2-12)

3 3
Ve mbvc
- 22-13
U T OTpeZi | AnelelZingnA ( )

e, Ny s T IOV A4 Y OSMBHEZ, 13,

ni Z*}
= 22-14
Za >:: e Zs ( )




Thd, 2T, E—LO@E v MEREE v ICHLWEE, ¥-allk0nT3

BTLAXVHODOFENELEDS, v XD BHOBETAHL -4, &
CHECBFEOBREDIEL, C6ICTOREN v kD EhE<hdE, X
CAF Y EWMEL, vy FARGEUCEDFIRNCL D ODOREL T, ¥4, &
DB Z, A k&L § 3L ¥ — AOFHMHET,

b) Y — A0 7hPIB O FE R

HPAEBL . E— 205 HAEBIZ—8RTH 586D Fokker-Planck 5
BROBERERERD S, JITR, E-a203MBEL, W5 B=B,= Byé,
2720 U TR Cd 3 & 0E U= T, Boltzmann 72500 B R 7AE I

—-( vxB) St f =0 | O @22-15
LB, KoT., WFESK, D MHBBAEITIE,. Fokker-Planck gt
DIk B,

of 9
5780 = a8

Zyvi d 2.af.b
- l_ T A Va b, 3G, . . "l
27,y 35{( &%) o (v.&,1)p + S(v,6,1) ” (22 6.)

ZIT, E—bEREt=0 K0 —EDHIEG Sy l/sec T, Ky FHLIILF -
DONWTF LB AR LT3 &, RTFREIZ

+

0
SW.60) = 23 8(v-ve) 8¢—8) V) @2

EEBTB, 2, U@L, FEEBER L T 5. Fokker-Planck 783 (2.2-16) DI,

fov.&1) = rs({ ;Sn{§§3§HLMW—v)

i
3+ 2

o Y 3 (+)Z216
x850-2-(2(%I)Pe(ﬁ)Pe(éb)[[;g](ﬁH o @2-18)

4

DESIZHEA6NB [1]. ZZic, Ped) ix, Legendre B HATH 3, M (2218 Tid,
HE v ~v Lol - 2HTR, HRSIZXCELT g, (ven BRI TIR
- TCW5, Fokker-Planck HTER (2.2-16) Tld, TR NX -3 (92f,/9v?) & HE
BUZ0is, AHLETRTOY - AKTIE, B URHHMAER - 228Bhcig - TR
WE B, TOZ ik, BEIWEEK (v, £,0 I travelling front BIEREh 5,



R (2.2-18) OBFFICEE4 HHEERBES D & 30 5 K S5 12, travelling front D X
VininOK O BN EVHELE S 5 - 2MTFREFELEN, 2212,

34 1/3
Vmin(f) = [(v?,+ vﬁ)exl}{—?}— vs] (2.2-19)

S

ThHb,
U—LDRNAfB NG . XDESIZHEA603,

oo i
Np(t) = [dvv? [dEfp(v.60)
1] —1

_ {s‘)r for 1 <7o(vy) (2.2-20)
S0 (vs) for  r27y(vy)

ZZE, rom i, EEvOL-ARNTFAFRIN I Y2 Y70y FOREE I

%5 FETORRMAERL,

1 3_|_ 3 ~
To(v) = §fsln[v v;’”} (2.2-21)
2 ‘

Thd, t=rgvp) DEE, v (rov )=0TH%,

TIXeDEER n;=n,/Z;=50x108cm3 & L, 7B L T,=T,=2keV,
o HA@EKRKB)DAN ST ~RUEANE AT~ E20 MW KU 500keV i LT, W
BOBMELRW (=) ICAH L 2OV - 257 WK, M2210E5i12k5,
2L, R, D522tk [ rgv) IOBTETH 2, ZOLE, BTO
BGRIE v iE, 27X10% cm/sec, ¥ — LD AKME v, i3, 6.9x108 cm/sec. ERRR
B v i, 21x108 cm/sec TH B, F7o, BEEH - vy X, 0.068sec ThH B,
ERFA A v LIT T, 440 LOWRBNT, FABBEMICEH L T30
BB,

2.2.2 D-3He BUSORIEGEEELE HA. LV D-D Bt L 2P TR HR

DY —2%3He 777 A=z BAAFEE,. DE—LE3He 9 X2 LD
KIS [3He(d,p)*He ] X UD Y — ABIDKIG [ D(d,n)3He X UDA,p)T 143422 %, D(¥
—4)3He (73 XK U D(E — 4)D(K— &) KIBOKIGHE (0 &, ThZh

PFoXk3ic5a6n5,
Fov.0) fag(v,,0)

UPEMO R VfdaledBVZ V V O'n»"m(lvl - VZI)IVI - V2|
S oV, 0) fag v .0
= de3v14[d3v2 2 vl . V 2 0[)-Jllf(|Vl,)lV]| » (2.2 - 22)

_.,_29 oo



n{)—!)([) = n!)(r!,n).‘&l{r(t) T’D(d‘.p)?'(r)

fi)(vl':t) f%H‘,(Vz,f)
14 14

1’4
= “2"Id3v1fd3h

X[ paminc v = Vo) + O Qv = voDvi— v (2.2-23)

T2, DE 20881, SHe I AVOBE L RT, A AkENWELE, V
3, TIXeOEBEET, WET I ORI, Maxwell534;

372 -9 )
M: Moy
1 = Of &t “de — e _
fraV) = N (27;7*3,,,) exp{ T } , (2.2-24)

EL., £ -0 BHEKE LT 218 REEZB L, D(¥—24)3He (7 X
IBERIE

: NSty Y v
. 'Iio_sm(t) = % § J' deO")_3’Iﬂ(V) , (22—25)
ijn(f) ¢
E%B, £, D(¥—24)-D (¥—)RIGRIL,
180,V v, Vb viv3 © (2k+1)(2¢+1)
= — d d
Moo (8) V( 2r ) v _J(,)VIV _I(,)Vz (v?+vg)(v§+v2~)k,gzze 4

Zak(k+1) 16 Zr €+ /6
viYvi+vi[ ( viY vi+va)I™° (D
oS Nl e D e
Vi A V] T Ve vy A va T v '

n r 2
x[defdO, Jdo2m — o) Pi(&,) Pr(cosB)sing; Pe(E,) Pe(cos@y)sing,
o 0 0

X[O.D(d.n)EHr(Vl: v2,61,8,,0)+ O'r)(d.p)‘r(V] V2,0 ,92,05)]
X{v? + v& — 2 v v2(5in @;8in 03 cos @ + cos 6, 00892)}”2 (2.2-26)

Ligd, TIIZ. a=¢,— ¢4 ¢, R g3, HMATHS, D3He RIS & DD
fiﬂ@wﬁﬁﬁ‘j‘l P )U#‘“‘i‘ %h%\h\ € D-3He:18'353 MeV, ¢ D(d,n)3He=3'269.
MeV BV ¢ g yp=4033MeV TH 505, LoT, A PO,

Ppop(t) = eSD-’mnD}H,(t) s (2.2-27)
PD-D(I) = egﬂ(d,n)aﬁe np(d‘"):;”,(t) + eeD(d-P)Tnf)(d.p)T(t) (2.2 - 28)

DESIZhB. UTOHETI, E—-ald, BBICETFICASLEET S,

2.225). 220N R&b., WRTIXvOEE% n;=n,/2=50x10183cm3, B
b Type=T,=2keV & L, EAKE - AOAN/Y ~RUAHT I AF— 4 20 MW
RU'500keV iUk 2D, LHD ST % — #2704 5 RIGE RO 10 EMZELL



. 222 RUB 2230 @Ok 51255, J0T. ZOEEDY — ADHME
B v id. 0.068secTh %, (NHOWHIE. WET 7 XvORE £ Ty, =T,=6
keV & U738 0 D-He KISOKSERFH I ThH 5, ZOL 2OMMERMIL, 0.2
ecTh5, ) THZHLT, DE—-2)-DE—2)KIiE., BHTEBIZENXL,
HRTIX2D@EY 6keV D& X, +53UFHIOD 72 - 228 (¢ > 041 sec) T, KIk
FRUHNE., 2hFh, 4.0x101° 1/sec RV 23x103 MW 188 TH B, 72,
MFEREIR, 2251010 I/sec BETH S,

Lo, HRTIATELTE-=D 93XV ED U~ L LDORIGEELB &
9%, 77 XOHUCADIME cy &T5L, DT 7 XD mBEIE. 1
> rovp i2EWT,

fg-pm,,.a(v,t) = N%(r)(zf;u)me)tp{—ﬂ%f} ; (2.2-29)

NO() = Sﬂn[l—-exp(—i—ﬁlﬂﬂ ' 2.2-30)
&&D\$GT\%®EE$¢®M\

) = Ng(f‘)/SOTsz”dv v3fvg[o'm,,_,,,m,(v)+o',,(‘,_,,,,(v)] | (2.2-31)

LEERD, ThED, WRTIATOREN6keV DL ¥, BIUADIE - #
1sec & LT, DDBRISORIGER VT NERD D L+l - 2% TE
1.8x1016 1/sec U LIX102MW B8 Th D . BRTEDZZ LMW G, iz, ZDL
xOPHEFEREL, 1.0X1016 1/sec FEETH 5, D-D BHEOHKRERENSZH
AFRLEAFEORIBIZ, ZEAROERELNZ OPHETERE L IZITFERE &/
EWDHEHTED,

R LT, ANY D43 = A2EKET T XHIZATIST — 20 MW RUA
FTINE— 750keV THHRAAF L EORIBEROHIE, K224 RV 5D &S
Sk B, AL, HRE, FRTIZVORES, Tp=T,=2keV DHE, BRI,
Tp=T,=6keV DPEAHET, /2, TAThOBEDOE - LDOBHFHIE, HR
T3 XvDREN2keV DL E, 0.055sec TH D, 6keV D& %L, 017sec TH 5,
D-D BRSO RIEE, HhBs XU FESRLRL, 77X vDEEH6keV D&
. FhEN, 44x1015 1/sec. 2.6X103 MW 35Xk U 2.2X1010 /sec IRETH 5,

L Eo##HTIR, MFOBMERLIERE L Cokn, RMTORERLKOHES
EET 57000, RICHEIBIZZO U T 01,1 =0 EP 5 0,50 = 110 EE TOFHAL
45 OB TARBIELELEL LT, K- ARHEE» RO TRIBRALHELE



L7z, FORKBITILAEEDLO o7, U= ABAS L THh 6+ 58 s
P& XO@EBUCEE L B Y0R FIZ K BD3He RS E A Sl B & |

NOSOZ Vo R © 2k+]1
= - v 3. ';O‘D 3H('(V) 2
+ g k=0 2

Zk(k+1)/ 6
l:v?’ vg+v§] - 9

Pk(éb)

less=2 4@ Py (cos8)sin 22-32
vi vi+vi '[" k(cosO)el ( )

loss—1

LD, DIE-L)3He (F7XVEBIZBEWT, 779AVBE 6keVDEE, Th
ZEED 1/570 BB Td 5, Z0XSIZ, D3HMBEEITIILE-DFOE -
LARTIE, FOIREAERARBEBEIZAML TCOEDT (X 2.2-188), 5RIOK
WOBHEANTIE., PuEBROEZEIEHEAL A S,

BE @

[1]1 ].D.Gaffey,Jr., J.Plasma Phys. 16 (1976) 149.

[2] L.D.Landau, Phys. Z. Sowjetunion 10 (1936) 154 ; M.N.Rosenbluth,
W.M.MacDonald, and D.L.Judd, Phys. Rev. 107 (1957) 1.

[3] L.Spitzer, in The Physics of Fully Ionized Gases (Interscience , 1962) p.128-129.
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reaction rate (1/sec)

6)( 1017 T T T T
T=6keV
41017} g -
2% 1017 = ",’ ]
‘J" T= 2 keV
0 1 [ i 1
0 0.05 0.1 0.15 0.2 0.25
time (sec)

[22-2 3He 73 X% (n,=n; / Z =50x1013 cm3,
T, = Ty = 2 keV: FH4, 6 keV: Bkt ) I A4t
L=EAKFEE -4 (500 keV, 20MW ) Ik 5
reaction rate,



fusion power (MW)

1.6

1.4

1.2

0.8

0.6

. 04

0.2

T T T T
T=6keV .
J'" 7
"'
{ ¥
l”
"l
’:‘ T= 2 kev 7
i 1 i 1
0.05 0.1 0.15 0.2 0.25
time (sec)

22-3 e 79 X (n.=n; / Z =50x108 cm’3,

LzEAKEE— A (500keV, 20 MW ) IZX 5
fusion power.
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reaction rate (1/sec)

GX 1017 T T T T

4x1017 + y
T=6keV
2x1017 } -
T=2keV |
0 1 1 1 1 :
0 0.05 0.1 0.15 0.2 0.25
time (sec)

K22-4 D 73X~ (ng=n;/Z=50x1013cm?,
T.=Tp=2keV: 2245 6keV: BERR) IZAH
L7-3He ¥'— 4 (7500 keV, 20 MW ) {2k 5
reaction rate.



fusion power (MW)

1.6 T T T T
14 . _ -
1.2 F -
I ]
08 - T=6keV N
06 | ‘ -
04 | i
oa L T=2keV ]
0 , . . .
0 0.05 0.1 A 0.15 0.2 0.25
time (sec)

22-5 D 73X (n,=n;/% =50x1013 cm’3,
T,=Tp =2keV: FH, 6 keV: 8K ) IZAS
L7z 3He ¥'— 4 (7500 keV, 20 MW ) 2k 5
fusion power.



23 ICRF hn#hi- & % D-3He BEI4

ICRF MBS A A v OELFNLFX ~ - FANEERTE I LAk, FOBLIL
Fo- o A F Y EFAVCVTHRIAFERATS ZEAHES, 4TI, JETZSD N Hhv
2BV TUE JCRF MELE vy 72 D3He MBA EBR AT b, 100kW 48 % 2 Kik
A& Eh s, ZITE, NV by by b YyERITH S LHD IS
i) 5Pk 2% ICRF MEL 4 Fv 72 D-3He BRLA KBRS F Y 4 12D\ T ICRF i#o
HADEE P LU ICRF MEL & NBIEE OBEBMBDBAIZI DN TEYTHLD -
VIialb—Ya Itk ORE AT R .

2.3.1 ICRF M#4i- & % D-3He ¥Ftd

AYF oYy /by b e YEAIZEB T B ICRF MMEAo EEETFZE Heliotron-E,
ATF X UCHSTirbh, ZOFDEIRENTH TS, LHD 2B\ Th. 12
MW (10%). 3 MW (&%) O 114 HAEIZ ICRF MIBAC & 3 7 9 X v IBEER A2t
ENT%, RF REEEIE, fE4 0 ICRF MIBIC/ET 5 2%, 25 MHz 75 95
MHz £ THE L UTRRET L > T3, EiEEL 45 MHz DK, 2584 o+ v BE
%%%ﬁfﬁxv®¢®%%uﬁﬁb\%wFﬁﬁ%ﬁLtEﬁm&%%mﬂﬁT
L b, £/, PEBAXVOHEBERD 2T 21250084 4 v N#k (Hor
3He) E—- FAEEETH B,

DLEA A VINEAE - FIZBWTIE, PEAFT Vi 100keV 2882 5B 10

9mﬁéh‘I%#/%D&L\?&4%/&LT%M&L&%%D%&&E
@ﬁ%ﬁéh%oL#L&ﬁB\«UﬁbBV/b»%meTm\%@@%&m
RENLID 228, MBE MBI FILE— 44 > DR FPEIBET» 5 A%< Fh
BHELIDT, PBAAVOEELIINF - ERDB DIz, DAL
YORTFHBEOMRBREELS<HD ANSIBENSSD, T2 Tk, LHD 2B+ 3
ICRF M#D H¥ A + ¥ MEE — FTD D3He RIBIZPWT, EYFHn - &3
b =Y a itk R ET Ko, TOY I AL =Ygy - 2-F [1-3] 13,
EELAINE—KFHE, 7—o /HE, BENTFOREERREER TS,

Ffbhbhid, EAKEAAX Y D) AT/ AV EL, SHe/ AV &P HAA L
LT, LHD fEHERNICH U 5 ICRF MBIZ L AR INKE - FALDIE TS T A
ROy I ab—i g ViZkDRD 2, RN, A 15cm 7 FOBRKT, T
YRS AZITEAETH Y, i B =5% 2BV TE MHD BicRELERMNTH 5,



ICRF MEAEE B L L IV A AV TH B He DL I KX - BHIIFLRANLE
— TANLDERETL, TOIAINLFT—E3300keV LLEIZEZET BT L Mgh -
7oo 32311 ICREMBAIZEDPBA A VO L INLE bR L, 22T, H
MBI IEE., I n=1.0x1009m3, T=10keV & L. SHA 4 O lgid
SHe/(D+He) =3 % & U7z, 7z, ICRF M#AD/Y 13 13MW Th 3, bhbhii,
ZOB/ENZ3He DL ANLF—BHE 0 4 4 ¥ D & D D3He BRILHOHE 41T
Kol, 22T, BHENIZB AT W5 D3He BRISHTTM A B, £442 D
DEEIZ 0L L. 0RTLEFLEBOCEB L2, ZOBKR, LHD 125 3 KI5%
713 2.18X101° /Fp, RISIZ& 5799 — 12 64kW R L k7=, TOIRJET ST
T b -FRREOME T -DEERIZILANNECEDEL TS, TOFELH
& LT, ICRF BN KO RET 38T 2L ¥ —~FRK 7O UADMRED#
NHiF5N5, LHD EERAIZE TN A LB FOWMERBEEH O Th
Th., ZhARBLAIAF-RFORREMMEE, BLAILE T4 LOERAE
HEEizLTna LBbhsd, —H b Av2ilbnWCid, NN TFHED BRI E
S5DFRIL, NY ANLROFRK FOHBICHANE L HEHIZHELRILE - - 7
ANBERENTVS, ' '

ZONY HNRICE YT AR T OYEOME & R 5 H %L LT, bhbh
BEEBBEEAOHBRNOEREE L 5, LHD 2\ T, EFERHSHIEIC
S D WSHECAL & BRI K D & XS ICAF RIS T I HSMK, Thickh~NY B
WERTOWEEBRTEOThARO L. HERNTORELRESHETE S,
X 2.3-2 1%, HEERA [NEFE 15cm] @) BXUHFE 30cm @ IZBI5 buf F 0
HHZHFE L 22~ UK F OB 4 mod B, DHFERE B GEMMIZR L
7z Z Z°Tidk, Boozer BEAEAHWTEH D, MAHEIIFEOME L%, AFH 30cm i
Buvtid, BHERRGL I RIS N Y A RN T OPGEO Th K s U
TWBDRA 5, K233 13 ICRF MBPORTHEELRL 2D TH D, EHER
7 @ 2B Tid, ICRF ME X 0 IBIER 1 & & - 2 4 4 V3R & T - EE)
BG4 A VA ITAHUAEELL T UL LA S  AEE 30cm FRHL ©)
CBO TR FOMEARB I NI LI VB ALY - KTFOEHAOH;
B RIBICHD LTWAERS LB, DTk, N%E 30cm 20Tt
KIEE MBI EOHBEBUBI ALY —F A LOBRE LRAMBONS LT %
Bo

HRELT, ABAA VO INF-HEIR234DE51Ckd, 2T, i
B AEE, IBEE n=1.0X100m3, T=20keV & L, DA+ ORI
SHe/(D+3He) =3% & L7z, £ 7=, ICRF EMD/ 7 —13 26 MW Th 5, FEHERIIIC



HARDPEAA DL FINE-ABELIFILE~HIZ TP LT3R GIE, 20D
5376 & B C D3He RIS EOHE 4175 & . KIBHE 513 1.6X1016 /8| RIBIZ&
B/NT =348 RKW BB L L -7, ZOHRIEWTRIERT7XIEE % 2keV 1
L HEBESIREL 220, 26 MW QBN =B ETH >4, 5keV ~10

keV BEOBREARET2 2 L1240, 10 MW REOMEY — T & 5ISEL ¥
NE—RFAROBEMARGh2 LBbh, RIRICKS/37-3MT5&8bh
Bo ¥, I TRHEABEBICLAMBOAEEL LN, F2aBESHVE
MEATRBIIAE— - FANELDEDHTZ &0k, %ﬁﬁ%mutﬁmA
EEORFESHBRITOTETH D,

2.3.2 ICRF + NBI fi#ic & 3 D-3He ¥E1S

IRFETOYF ) AT ICRE JIED &I & B D3He HRKIEEERIZDWT
BET LT3R, Richivbid NBIME L DEBREOAREMIC>OW T E 4T -
720 VAL LT NBIAEASIZESZEL ALY~ - -4 (D $7/i23He 4
4 ) % ICRF MEIC K DFEICMELL, BRIGAFIERITIL4#E LS, NBLIC
N —aA4AF v idRELARFEAEORE #2778, ICRF MEIZ L ERHED
MEHUTONTE . NFRMWERTFIAD#S, I THEE L > THRALF T2
NX—-RFOMBELOBELETS Z RSB, 4, KEAFICHWTHY
— ARTFIRBER TS XTI AR AREABEHAAD L ALY~ TWWEI
6, 2REMBICKIMBEZEZLIBE, NBLICKD A ERFL R LY K
FOLBMBEI N, PWENLEFLAILY T A LOERSHFEENS,

V3ialb—vaYOFIEE UTIE, £9 NBIKFOD deposition 7746 % FREYA 2
— FEDEEL, Zhi2PHE&GE UTRICRWZEY T LT - V3 4L —T 3
v+ 23— FiZX b NBI+ICRF (2 XEHFHH) MBI —-Af A /DX
— i E KD, ZITIREAEY -2088L 3He U — 2A0BA IOV TRE %
oo £7. bhbhid3He N F2FAF L TD¥—~at AHTIH464%
Az, TIZT, BRI E U TIRIEHERDGL (N3 15 cm] D RZEDI[A OMEIBACHL 4 FH
VO, B 0 =03x100 m 3 BEEIL T=4.0keV #{REL 22, AHIILY - E, &
UCid B, =200keV DX ALK —&F X/, &7, RFFEOKEHHOHEE k, & L
T M/R(M: ANV HL - EwFB10, R A¥E3IM) #{EL, ¥—LKT0H
NS AL T d 5 5 5. RF FBRERD -,

A ENBRELY - L4 A4 VZICRF MEz ko EERAEICMEL S, AT
INF— B DB EOITHNT ALY~ TTF A LA EC S, X235 38



RKFEAF VDI INX—BHBEE LD £=0~ 25 msec BIOBFBIEW 257 U2, Hilil.
BIZNEN (ORI, T2 F— [keV] THD. EAFAAVOELIL

FoTANBAFLINLF -TH5200keV LORFELTHI0PRENS, F 1.
TANLGRDIEADIERF BEOBHORKEXPAZL L BIZONT, 28 R
N -CHET Z2, WMo LRRELNFINE RF BROKE X IZKFL T
BNEEZOGND, ZThid, KEXRFBEOBAIZE, U— 44X V30RO
FET (~5msec) ML AN X —L A EH, FOH50HEBEIROERIZ BT X i 4
A UARRPR O, IFEENAEEL B L, RAICET ALY - 245 RF BBON
éb\i»%ﬁ*&k%t%ﬁ§%6ha<téa%i Ehs,

=77, WiFOBBEHEAEL, 600keVIZEET T AL BHENEITCHBIZEH
2 6°¢, ICRF MIBBEMOBEITHAELS . 25 msec %IZHEWTEHL LR FO
HER15~20%EETHB, 2hoDT &3, NBIIEIZ ICRF g4 88T 5 2
CRKOIERMIIB AN -RFEERTIESTE, ICRF MBBMOIBEAIZ 1
NKELABRIGH A EohELEZ 6N B, :

FERIORIZB N TIE, ICRF MED ZDBE L R, KD F Y7 bl aEn
728, BUERIEIZBWTRIM R 7 o TE2/N ST MBS 54, 202D, 2
NETIODEBIZRVEIEMM A LB THD, BEMEE T -2 FOIFLE—
DAY I b=V a TRl R Er o7, LHEALENS, BLiILE— .
T A AIHBE IR VB CHEERRIBIC A D, TOBKFHEEICE DR A IHE
LT ZEME, EXANF— - T4 LD UADIER A 30 msec B L RE L .
ZD/REN DB (E ;= 10kV/m DFAE) & RIIHISH N EBE L Taz,
(% 2.3-1)

fERE LT, 10 MW O NBIj#4/ ST — #{RE L 72384 . 3.7 MW @ ICRF n# 4
HET5 Ltk 1.2x107/BORISE L 340 kW OBEISE B L hT-,
7=, 20 MW @ NBI fN#k/$7 —Ti2 74 MW @ ICRF OE&8msu- kb . | 12x
1017 /BORIGEL 680 kW DIEISHIAEB SR, TH 6 OEId%ICERER &
FH 7 ICRF MIBLE T OMBUIBI 110 10 42 LTd » NBI+ ICRF OF 4R
LTwa,

Kiz, bhbhBEAFREFEAA VL LT3 He ¥ — A5 AT IIBAAEL S,
COBEIRE LI AX - ICMBENEHAEE A -y Y LAEKRELOBT
SIERIENS DDRUNICE5HETFORERAME 1 5T LR, EERMSH
FREDDE N, K2~V BREEBRPTAISEEZ NS, Bfe LCidiEs
Adfz (ANEF Y 15 cm] DEZEDBE OREIBENL % vy, BHEIE n =05%x1020 mi3,
ﬁﬁd7ﬁ¢mmV%ﬁibfoA%l%w¥wﬁ%tbfuﬁy£%JmAMkﬂf



D3OOTFIIE—5E L NBI K — 28 T O 5345 13K 4 Flo 22 B0 BBy
BRI, Vo FASEHCWGIREYT -, 720 RFFEOKRFELFROKEK k,
ELTUEEAROBA L RRRIZ Y — 28 FO B AR TcH 5 X9 REHE
WA W, , '

NBI {2 & 0 A8 &7 3He 4 4 » 3 ICRF NEUZ & b EE AWML X 3, A4t
THNE- By KD ESITENTRLE—FRTT A LHHET 5, [X236 1% 3He
44O FNF - Dt =0~ 4.5msec OEBFEEE5R U /2, S, W%
MWLz N Zh FOBRMN. TALX - [keVITH B, SHe 4 + Y OHMHIZED E,,
DJPHIZBOTE I MeV #HAAELANT — - TAUBRERERTHBE L5
5, £, AFTINLF-OEVIBAEDHH 400 ~ 800 keV DL 0 F — {EIRIC
BOWITXDRELSHERL, E,D@VARLDRZLURISH N /{5 2L hy
"B,

—7 . WTOHEEALEIL, 1 MeV 2BAD T4 L BMBHETHB g b
5%, ICRF MIFAHIMDB ST HAEL . 45 msec FicB W T AL 2R FOEIA
16~10%EETH 5, |

RIZZ OB & FIOTEARE Y — AOW & BRECHRIGH & B8 LT Ak, (£
2.32) FOER. 300keV - HAHIZH T 10 MW O NBIMI#L S 7 — & {RE
L7384 . 83 MW @ ICRF fi#4 HBT 5 Z L1 & 0 55X108/BOKISE 160
kW FBEOMKIGH A e, £/, 400keV AFIZEWWTIEFEL 10 MW @
NBI fli#k/$7 —C, 5.8 MW @ ICRF OFEBMEAAT I 2 &2k, 6.8x1015/#0
FOGEE 200 kW BEOMKEL ARG, ZhEDEIRLEOEAKEDIBEIC
BB H J3E /N v, ICRF AR TOMRISH D 10 %L ETH 0 SHe &
— L EAWEERIZBOT S ENHRISEBRBTAS I EaR LTV,

23.3 E o))

bibiid, ICRF P84 A vz k5 D3He BRIBEBRO Y I 2L —v 2 V &
EVFHANLGT - T— FERAOTIT L -7, LHD T3, MIBRMNL 4 R L 0 X 5
CAZEET S I LIZK 0BT LR R T OB UAY & KIRICRET B 2 &8
Hoske . KIEAREISEOMMA T 52 LAtk Bbhs, £k, 22T
BEARENHIC L AMADLEE L2, B2 BRESLAOLMBATIIELT AL
- FALE RO BT KD, SR, BEBLIUBELEDINT A -
A ARTEME R RSB 4 A\ 7 ICRF B X A RRISORM 65 S TETH 5.

$ 72, HAbIINBIMELL OEBEROTHMIZ DOV T ERET 41T - %2, NBI



MBLEBTLI LI AT AN T —RTOHEE ARICEE T2 HAM R,
#RENLIC B W ICRE MEABMMOIBE I WL oK hI8Eoh 3 E
AR E . NBI+ICRF MFAEBOFME 7§ Z & AR, SHIE, BRIBH T
FOLOFMAEHO 20T - FORRFIC X0 MEME L THELTITETS
%,

EHBENR

{11 J.D.Gaffey,Jr., J.Plasma Phys. 16 (1976) 149.

{11 S. Murakami, M. Okamoto, et al, Nucl. Fusion 34 (1994) 913.

2] S. Murakami, M. Okamoto, N. Nakajima, and T. Mutoh, Fusion Eng. Design
26 (1995) 209.

31 S. Murakami, M. Okamoto, et al,, to be published in Plasma Physics Controlled
Nuclear Fusion Research 1994 (Proc. 15th Int. Conf. Sevira, 1994), IAEA-CN-
60/D-P-1-14. '



#923.1 EAFVY— 44 H7 ICRF + NBI i3 & 5 D-3He BEA KRG

I NBI heating power

ICRF heatmg power |

[MW]

beam energy

[keV]

fu‘smn power
(kW]

)

1.8

200

170

10

3.7

200

340

9.5

200

510

20

74

200

680

# 23.2 3He ¥'— 4 & Fi\ 7 ICRF + NBI M#ki= X 3 D-3He A& KIG

beam energy
[keV]

NBI heating power

[MW]

ICRF heating power

[MW]

fusion power
[kW]

200

10

8.3

130

300

10

8.3

160

400

10

0.8

200




inf
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I m

MR 1110

0.0 100.0 200.0 300.0 400.0 500.0
energy [keV]

K 2.3-1 ICRF Mi#k (13 MW) 2L 5D EA A DT X LX -2,
2T, PSRBT BEE, RER 1 =1.0x100m 3,
T=10keV. D4 A+ D 3He/D+3He) =3% TH 5,



93.2 FEHEERIG [NEE 15cm] @) B L UNFH 30cm () 126D
b4 TSR L Y LIRS T o EEh,

X 2.3-3 RERERIAT [N 15cm] @) # L UNEFE 30cm G ISk 5
ICRF NEA RO, FHhH,



Inf

Minority Ion Distribution (D-3He)

I ¥ T N ¥ T T

il

0.0 100.0 200.0 300.0 400.0 500.0
energy [keV]

2.3-4 ICRF IN#& 26 MW) I2 Xk 34084 & VDT 3 — 234,
T 2T, Jubic B AR, RS 0 =1.0X1020m3,
T=20keV . DA A v DILHEIL 3He/(D+He)=3% TH 5,



deuteron energy distribution

T I
—e—Erf=10kV/m §__]
—s—Erf=15kV/m
—o— Erf=20kV/m ]

]/ Erf=25kV/m §.. ] %
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0 200 400 600 800 1000
energy [keV]

235 AMEAZAA VYOI IAE—SHBER FO

t=0 —~ 25 msec [BIDEFIN-1, Hidh, B
FhENFOERSE,. 23 L¥— [keV]I TH B,

P

*He energy distribution

! ! ! ! ! ! !
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| —o— Eb=400keV |-
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" P g H E
. . 2o W Ay X
o ¥ i i H H al [P
LLg 2 1 | | r i e Yok

0 200 400 600 800 1000120014001600
energy [keV]

(.236 A#f3He 41 Ay TR F -3 O

t=0 ~ 4.5 msec IO BEREISEYy . St W
BZNEN FORBRHE. LILF— [keV]TH 3,



B53FE  LHD (kT D D-3He EEk#RET
31 LHD (Z5f 5 D-SHe XERI&H

3.1.1 BE

AKETIZ LHD 12851 5 D3He LERIZDWTRE 4175, HI5. LHD BT
D75 X7iZ3He ¥ — 4 (NBD) # A S 5 0idHe 77 X2 D K25 AHT 53
ZEEEZD, THE, EBE5DAF—-L0NEMNP? BokElobTrgEic
EM? ZLT, EOLSHOVOBRAN NP K E NS ? FhidFEBRELT
BEBHOME LA V2 M OHB33DLE LTREENIBEN»?  HEoBE,
5, EOSOWDBTFAREL., 2RS4, ? 2oV Z LAHED
IZRRETEREE LTHTL B,

7. RHO_LTDL SHe DBBA KBTS L ELEHTH 545, hDFET
MERTOBE LI, F— 2 3SROBREIC B 2RI LTS EELES T
=~ ABAFTES, RICHETNERESEL LT

(1) 75 X~BF - A+ VK

(2) 79 XvEE

(3) Rilit

(4) SHe £ 73 DK —~ALDITRXALFE—~ - )3T —
(5) 3He £713 D ¥ — LD AHH

ZERETONEN, BETHENSEOFHMAEHNTUTOREH RT3,
FF3He FHEDE—LENBIVE—LELTAHTABDY v 4 Y AN-AK
XL D TER VAU S TCAS, PHESHe 213D - ADBEERIT & — 4y b
75 XeDBEER X102 m3 ~100m3THBL LTH T msecDA—4—ThH0.
TITRTIXHET100% BHET 2 LERMLTROWTH 55, He 4 F+ VT
T 5B CHMARMICEORET IR - K TEEHET 5, HRELMRICTS -
BHE 1 JGEME UTERR FABE T S@IETA -y b o X0hBAR ke 2 3 fE
B2, COREEH,EDBMARISH N EBAFHT 2 Z LIk 20RE4E1H
5, EHOMBHES 54T, £-Ey PO XRHBRMOR LGB~ 1oL —
CaVvAREEESEA, ZITOREEABECZODDEDELTHEL S,



24 % DIHe RUD-D RS RIS 1 & hFIREOR EHRE % 3.1-1

»mﬁ E—2OM#EBTRY - LAHIZE L CEEicingoa@#RRE LT, 4
—F b AT VOBEL X0 mIY L, ¥—-any—-ZBEEL T GIREHTIR
20 MW) RT3 & . D3He HBLS SO P 7R M OB A 513 3He € — 4
D TIXCICABTEFEN AT o P ADH BN, BRERIGH B TED Y —-4%
SHe 77 I AT A M 2B KRELL ER D, ZHIED - 4D BEGH
BHRAKENZEIZLS, HIH7 -£2FICIZT 520, HENEREEIMEOLH
FEYRBRAEML . - TREBRTFEAMEINT20TH 5, EEFTIZDEY—4
DT I XCICAMLERESERLTH B, BRARKISH TR T HL & <,
FOFNATRUTREL B, .

#3122 D ¥—24i2k 5 DSHe MRIA RIS F10 7 7 X v RERFEM 2T,
BRRENE - L2DORERELRDE1 6, HEEKEHHOEFEERFEEIR
X, BFEEHS 6keV FTLEIT A Z & TENIHBMARGH T 1MW & 5128
HEIZA T B, LML, ZOBE-20BZFERRET6ms OEY-404 -1
v PEZRFEERR o 2 SMBHTEIRE TATMEL S v, B#l4 4 VORAU
ADBRNEND FHVBETH S,

HELLTE-sEHWEW DD BBRAERIGHEDID T 7 XvBBIRGEM 4%
313150 T, BEREN 10keV TERBMARKGHE NI WKW IZUL2 A6k, L
U, PMEFRARIZ 08U/ Bk b,

— BT, REBEFMEASERHO NBIO H & — A@mﬁﬁrmumwv&aqu
D, TOWEETEZSHLE2HIZIZ360keV DD ¥ - A 20 MW HIRE X 5 A1,
CDVATFAIZIATS500keV DD E—4 20 MW S4BT H0IZEMETIE AW
nERbhb, -7,

(1) "—FY X7 HE -4 180keV 26 D -4 500keV ICUINBEX S Z

ENTELNE S, X,
(2) DE—2A4500keV Ic8IDBATHELE LT, Vv A VAL —OHKALEBEM
BEERIZXIEA X TR0, -
BTN B, |

BL. 360keV DD ¥ — A 20MW B3 ThH->Td. Te=2keV THRAKIIEHH
300 kKW 21 200 kW {2, Te=6keV T 1000 kW MR 700 kW (ZHD T 5 L0 HBETH
50T, BREREHHCHELRBEOREE L EThiE, 360keV DD -
LT HERL E OBE Y 51315 D3He BRIARISKER A BHBDH 5D L b &
ZEibhb,



D & — 420 MW 0B4 . 300keV $ TLILE—4 Fif5 L, Te=2keV T
BivE IS5 77 300 KW 4% 150 kKW 12, Te =6keV T 1000 KW #% 430 kW & Aigi= ¥
BEb, BEIZEBEV-—UrOIELELD L, HEEL DIHMHMATRETEL
IETEHEDE-LALFNX-300keV HEXTRE LB THASH, LirL, —K
TRIINE—AFTVORCADE®AL I AL —-2 5 VAP TEHEL, LD
BERIEH DO ME FIENRENLHIZ U LT, mEbT 208 S 5,

V' — ADBWERTBICH T 5 4 4 ¥ O#ER LR ORRILA RO B D1 4% 4 5|
UCTlWERPR T I XvRiCHRINBZI I ENRELIONE, JOHBWLWEBRICKD
WA T3 XD CADRELRFENIZ N, FREROCENMELVERD
B CiIADEBERNRIZ DO TOFHER S %O REBMETFEDO—2Th 5,

#F3.1-1 ¥—Al2Lk 5 D3He RU DD HBIARIEH D & hEFRE

Fixed Condition
n,=5%X10m3
T,=T,=2keV
Beam Power 20 (MW)

[ —— | D D-3He D-D
Beam Ey (keV) 3He 750 D 500 D 250
Fusion Power (kW) 160 ' 300 8
Neutron Production (1/s} | 9Xx 1013 | 2x1014* ~ 2x10!5** 7X 1013

D Y- 2KFECADEA IR " & 18 0.



#1312 DE—A4Ick3 D3He RARIGH ho 75 X< BB RENY

Fixed Condition

n, ,=3X 1019 m3
Beam Ey; D 500 keV
Beam Power 20 (MW)

T, =T, (keV) 4 6 10
750 1000 2000
Fusion Power (kW) | at¢ =70 ms at/=65ms | att =138 ms
(saturated) {not saturated) | (not saturated)

#%3.13 DD BiEMARISH DO 7 7 X v inBikGEMH

Thermal D-D Plasma

Fixed Condition
n, = 5% 1019 m3

T, =T, (keV) 2 5 10 50 100

Fusion Power (kW) | 0.1 2.7 14 270 410

(75 X% 4 X3 LHD @ 30 m3 THEE, )




314.2 HB#F & N 2 USSR 8 & 5HAIETE

I ZCRHNC ek T EAE 5 M B A Fusion T4 3 dHe / p O B A SEli L
Th<, ERRTHRHEOFY 7 1 ZIZAHTL BRTFEHE 7 OFMIZLTO
A3t 5i6h5,

_LLIJ, ScosedLdQdA

1 ar[,Sdv

I TEEFOERIRDEL S BEDTH B,
7 . detection efficiency of particles

A : detection area

S : source profile

¢ : angle between detector normal and incident particle orbit

L : particle orbit path length

W : detector solid angle

V : plasma volume in coordinate space
IOy QBEITEEE R FHE A ZRICARZLT I A S v, BEICIIRTE
FEUERER L RVZFOMMBE O TFHMIGRRTE 3,

Sdctccmr
n=
Schambcr
FIZT, LHD T3 X~EHEm2 S 10cm B /- EISHRE L7=¥1F 1 mm O
HiE: (5 Si#RER) DAV 7 4 RIZA->TL BRFE AT 5,

Sdcleclor _ T l"?] | ~ (1 X 10"‘3 )2
S chamber (27FR) . (27[&) - 4 %« 4.0 < 0.7 *
= 2.8X10°8

—7 . Fusion TH4ET 5 4He/p DB AZHIT 5 & . 100kW o4
dN/dt=34X1016 (ff /s) THB 75,

dN det — dN v Sdctcctor
dt df Schamber

= 9.5x108 (1/9)

1ms OMSEBOEBE © N = 9.5x10°

count ~



M->T, 1000kWOHHTHREAY Y P EE->TOWS, RERTEREIThEZO
EE LD THBH. 3% ADHATFREL BHEE ThIE Ny = 1}10° b hid
vns, ZOERIOESD S 213 T Fusion I 100W Tl ns Z ki

B, bbb, FFROBEEY ST EHD Fusion AT,

3.1.3 Neutron O & % 54

DTHFOLNATRERPMETRERZ 1~ 10MW /m2 2L EA 505, LHD
TIHKEMS=123m2 EETH 0, D3He BRICHIT 29MEFOT 79 o 2G 18
i N, = 1x1014 ~ 2X 100 BETH 505

fbn/S=4O~800W/123m2=1.6><10‘7~6.5><10‘6MW/mz

L% o7, LHD CREETX28Th5,
314 BHe /NI TSXTELTESHEOIR FE

Db —A&HWT, SHe A/ 73 Xv & LB4A . 3He ﬁ‘z@?ﬁﬁgcil .
aw bY7DInl~5nf(nf: /==Yy ML) F‘Ec‘:’tﬁ%éhéo T,
SHeldBicHh 20T, BRNLFHEICHE 21REFLTEHL, %i%ﬂtcz:'c
M3 3 &, SHeD{HEY ((RESARMBIZEDL) RFRO&IICTIY v M~
+HEDA -4~ THHDTHAHRIETESI EEALLNDS, ZOMliKIE, HEDH
MENPER AL I L1 Y ay PE20DIR M EFZIUTER L LD TR
B\, R

1 Shot Frgi&E
79 XK n CHe) =5x109m-3, V=30m3 — N=15x102

= 10N=15x1022 —25HM, 100 N=15%x102 — 25 /M

(BEEH) SHeDiER

3SHe #17599.95% 22 F5M,/ 5n¢ (94-2-10) 1 n¢=2.1x10%2

5n¢=1.3x1023

BET7008/g = 4708/ 5n¢=5FFM,/5n 2 CKETOM)



3.1.5 FEHERE

EZ=25)

1. D3He IIGIZ & D BRA RIS A ED 512133 He ¥ — 4k D ¥ — 2,
AT 5 A EMERAENT 32X I ENTH B,

2. 8= 9 bTIXTIDAFEESXIOIm3, ¥— 4787~ 20MW D
ZHCTLHD 2B W T 3He 73 X2 500keV D D V- 4% AT 2E
R 41T 534 . DSHe KISIZ X A HBAIKIBHHIE € — ADBKIEHERT
DK ETHT 5 & T, =2keV OB 300kW, T, =4 keV DR 750 kW At
INTNHEE, T,=6keV TR IMW 28AES, #-T. #— 9t
TIATOBFREIIBKRTT S, —H. DDEBKIER F 4T
Te=10keV TH, 7TkW DA TH 5,

3. U—AFD D KT2 1 WIEEORGK FHCADIME LTS, D He
A& — A TIRPH T3 AL 2% 1015 n/s T2EE & D V0 T, 1HIE
PHEHEE EDETD 2 Y v MEkE L, |

4. D3He 2 % — 4T 14.7 MeV proton i T=2keV TEHRAFHMLE SR
B THBEELIOLND,

W-T

[LHD3He 7S X7ICDE— LK AU D3He RIS RIS %
BT A¥X—LEBRIIBHTIAMBER RS HIEEZOND,

[ thDiE]

1. 3He 73 X1= NBID 250 keV A% T ICRF @ D 7 1 LIN#AD Z % — 4
DALY 5 P RRET,

2. 250 ~ 500keV ODEFEK FALHD TEDREDRLRIZE S,
2, ICRFEBOBAIZEI N ? FRENLIBEROMBIZE 55 ? 4
AEEL, EVFALOY I AL—V g VEITEOMERS S,

3.3 He 7’3 X2 FD{ OO CADICRIEIIE v ? SHe /9 X2ichB 0
TERALBFRENRBONEN? HBABHO TR Y Z e d
B ?

U



D3HeEERDEFE L REEAL Vb

n;=5x 1012 m3, Beam Power 20 MWD £ C LHD {238\ T

3He 77 X712 500 keV DDY — 4 % A4 L TD-3He FUEIC & 0 %R
BRI E - LADRFBE TOEK BT 5 L T, =2 keV DFF 300
kW, T,=4keV OFF 750 kW 23T N THRE, T, =6keV Tidl MW
*HBRIG5,

—7%. DDBHRICAF — AT T, =10keV TH, 7kW,

o T, PHUTREDL T D3He FKIBIC X o TRAT AT OIR

AEVEBRIAT A EICL D, BEETOM U AOYHEEMRET S
LEBHIT, I RETALEZONABERILE Y A<M
CADOWHFEEIT) o

-

NBI 12:4F Beam Power 4 (MW) 0247 LHD 15\ 3He 75 X212
500keV M D ¥ 2% AGH5 5 ? |

(B CHIZTED TR VDR ?)

T,=2keV OFF, D3He RISIC & 0 A RIGHF113B 4 60 kW,

HRA RIS 123 60 kW L~ T, BRI 0 b v BERSFTH 5.

FARERALRLA RIS B8 ?

BEA AN 2 E— FEOMAERIZ XS ERVE RIS J158m ?
55 2 WIRBREHE - fo T B & OB TR L ?

1 HEBR T IHe ) IV T I XA DEETHES L EHE?

"NBID ¥ — A DBGE T B H 7

BRA RIS 1 MW 13258 ?

1m2 DD SRHRMARDHNERD AL, 100W OBEERE 1 ELLTL
TREBZEHELD L, BN 7 Lgh Dk EBINOERME S
BB EHEE 10% &5, 1IkW/m2exn, &heLTid

100kW gL 3, - T, TOBMA» S BIER 100kW 2L EETHd
DO TIREVWhEEIONS,




3.2 ZhETICITFbn s D-SHe 8

INETIZfTbh7z D3He BERIGERBRE LT P v 2 BBICAWTER D D F
NHb, INEOREITIFE LT, ICRFO 254 A4V IBANMABED I FbHIT
WBZ LA, DAY ELUTRRMBE h73He 4 4 ¥ & D77 X< LOBKIG
LK BERDABEBENE TSI LICEORIEL LS LS HETITbhTW3, B
FIOFIE PLT T1983 Fic#igsahs (1] . I TEREBERMELT. D
(GHe, p) 4He KIGIZ & 5 146 MeV B FIZHEB L, ThopBHUCAD AT S S X
LT T LI AA LY AV N RSB TERERNT 25, B
TICREZERE LT He £ PBEE D 77 X212 40keV D ¥4 % A8 LCHIS
ARLC SEEHH AT 724, DD RIBICEAHMEFRP DT RIBICEAE T I L E -
P aREEBbhd /4 XHPED S /N 28 LT, HEWTITFbhz ICRF
O SHe H# 4 * ¥ MMEERTIZ (DD KIS A AR ENDT) /4 XA &1z
BRLLEHML. 300-400keV DFEIANF—F A ABER SN TVBHI L %
W L7, ICRF LEBHCHY — 22 AHMBL TS5 X~vDBEBFEE L LT3 &5
BLALEHEML, ZHEEIFINF -4 4 VOSSN AE U TSR E &
Nl nIEE T 5, X, FFIID Y- AHLTHES L~ TMMmML
o TNIEFELLTD & 3He DM EZINF -NKEL B 5T LI 5 KIGHTTE
FoRMmE UTEHB LT3, #RE UTICRF DAS 37 — L HIZHRIE i
RIML. AF1787 — 04- LOMW IS LT 02- LEKW DI AABERAE L LT5,
BRIEHTIEATI NI —D 2-35 FTHML, 75 XvBED 3 TR HBIL TH
LT BERVBE/EERTNS,

ZOFA S b L3I, D3He EBRHKICHER A MER TS 29Iz, (1)
BLAINE—DHe A A VWEETBZE, (2) FLTEREAMILT2REL
AHENTHWEZE, (3) HEOBWEIHENELENTWEZE, HBETH
%, VHEDKBIEE TIZMEAANPHCIADDOEFIZ S D DR WEEMTFEIC
Botre BHZICRFIZK BB I ANE-—FANOERDPFEL LTHLEATET
B 1MeVURALDA Gy EREN, LA OB IRRICE 7, ZD—F
TRRISERPTHIBI I BT He ¢ BIFIC 77 XvhizBILAB S
570, BB UAEEOR WEHIIRICHENLIZS 5,

JET iz %4#05 5 ICRF KB I AEEL b, 20O—BL LT D3He KK
BB AR ONDL ) ~ A TREBELTETWS, JET Tid 146 MeV BBFE LA
HENBEBRHRO 7Y VA b TR bR LS BERKFOBEEN LT ILEL



VW, 2T, 1988 FITiTh N zFER [2] T THMERERI Y LT 2 ROMEISTH
% D CHe, )’)5' IHEIZ& % 166 MeV O v #AME L Tvd, EETIIICRF (24
5 3He ORALINELA FT . 12MW D A 1287 — T 2x 1016 /sec DR T B 4 EH
L& LT3, ZOfiE60 kW ORRBIANIICHY T 5, AN Y —D

5/3ICHAME L THIML 7245, /37 —Dk Xk & 2 ATREENT 3 EmrR ot
WB, ZORIMOMAE UCiE, RF BT 7 X iZEd LR T 4 LORBES
AT ECREAEEZ AL X — X TUE - A EHAL T2 P EEA
ERIEOBROBRTIEA N, X, BohAHREAHI NI Stix DF 4 LEREF L
8] CREATE AL LT 5, ‘ _

JET 7' L — 7OREHC K hid [4] . Stix EFAERAWEEIILY —F 4 LD[R
B RO TEREN S,

T = Te(1+56) G2

T,
&= Prts!/ (3munTe) _ (3.2-2)

1, ‘& slowing down time TH 5. n=n,,/n. & T5&, ED2ZANE,

312 ' '
T,xffa (32-3)
e -

kBHEBENBONS, ZOF A LEROSH L RISHEHO T - 410577 X 7D
D4 % ViR % 10keV & LRORIEEE T, L3I ) OBIBL LTHLE26DE
[%32-11Z7F, ZOR»SKIERSRKIZED 93 13% MTT A MiRER
1MeV i Th B I bbb, —F., HHAHNERRIRDE S &35 4 — 21T
EROZENRENRD,

Pﬁu - 0! Wfasr (32'4)

Wos = BPauw TY? / ne (3.2-5)

TITald pllKET AR, BT I XVEEAMR/ ST MR FT 5 R
Thb, W HBTILY —TALDROIINE—EETH S, Wy D g K77
HRE32-20&Sich, HREUTNI2-3IZRENS LI ITHMAN R
KIZTB il 7% TH DL AbR D

iR 1988 SEDEER THMAWUNIVNE o ZHHD—2L LT Z 4 ¥ KEL
zERETENB, (324) Rrbbhd K5 ICEMAELTIE ng /2B 54,

.._..58 e



1988 GEDFERIFIZId ny /n,~ 03 Th 7. £ TI989 G Be & v # — 4475 T
itk 75 X v DM R LT THRMAN I £100kW (Q=P,/Prp~ 1 %) I
FT R [5]. {BL Be #8A LI 2K 0 | SHe B DRIGTRET S 5 @A
vy 7y PELTHRATEHOBEICHEL RIET LIOICE»TLES 2,

1991 #4243, JET AfdiI Bessv /8- 34— 4 Fw, ICRF 7V 77 i3 Be 7
FITAY=AFELTTIAIANDRMPRALIA 5 & HIC, NBILIZk 3 120
keV 3He V' — A AHH & 4Ty, 79 X v Hh~ 3He 4 {48 U ICRF hiZt-4 5 EER 41T
7z, ®RELUTIOMW @ RF JIEAFIZH LT 140kW OHRBAH BB R
ELTW3 (6], BRIAH IO AS Yy —KFHITRIRIOER £ SfER S §OCH
RBLUTW3, K3.2-412B5NEANT1O ICRE ek sy —~kFHERT, 7
— 2 @3PS DONTNEY, ZOFRKBEHREREIHORS DXL g0l
EDRILBeNEEbRD, BT I XhLED p OISO XICELTIREL
b Ty, ZO/ATEREROOIKK 3.2-4 12T, NBLiZ&k 3 120 keV 3He
- A AHETVT I X2l SHe G L 2 BAOBRBIANL E 7 X871k
5HEHORRBRICHKRL CEVWIETH S, JTHIARBBICIDHILTO § R
HEO 7T %5MATLE 7S THBEHHAML TS,

DIk, B hE TORBRERDE 2, IhE COXEER ICRF & MAFH
ELTHOTWS, D3He BRIGOHBERER#1TH L5 8RS, ICRFIZEX
NE-AFVEERLTHRIGEEI EE3IZ3HEORWERTH 38, Z0OM
MBS S5 32-4 DX S ICHEESE I LT3 He DBIZERBENFEL, 7D
HEOLNIQUEIME . MWBOERMARNIFERFTHEY LEBAEQEE LT 24
HaHD, ZORBIEREFNBLAINLT -DOE—-LENUEELAS, ¥— ATHIC
DNWTIRE4 BTN S,

BE
[1] R.E.Chrien and J.D.Strachan, Phys. Fluids 26 (1983) 1953.

{21 D.A.Boyd, D.J.Campbell, J.G.Cordey, W.G.F.Core, J.P.Christiansen, et al,
Nucl. Fusion 29 (1989) 593.

[3] T.H.Stix, Nucl. Fusion 15 (1975) 737.

4] JJacquitnot and G.Sadler, JET Report, JET-P(91)07.

[5] JET Team, IAEA-CN-53/E-2-1, Washington, (1990).

[6] G.Sadler, J.P.Christiansen, G.A.Cottrell, H.P.L.de Esch, L.Ericksson etal,
Proc. 18th European Conference Berlin (1991) Partl, 29.



R (Reactions.s.m™)
n
i
o
&
I

0 [ 1
0 0.1 0.2 03

n

o
I\ Gergren

K 32-1 JET - ICRF MEED 7 35 X2 MR 3 BKGEEL 74 1L
WBHED p (= ngy, /D RIENE (4], BEICHAIL 2K,
Pgie = 10MW, T (0) =10keV, n =25x109m3, Z (=2,
ny /ne=0.60

Tl(MeV)



6.10°
5.10°

£ 4,105
2

fast(

= 3.10°

2.10°

10°

NNy eI

[X3.2-2 JET - ICRF fI#ED 75 Xv T 22N X - KT
DD LRXNF ~HED  KFN 4], SREEAEN3.2-1 &
BL,

—- 61 I



JGR1L.27WD

0.2
=
§3Q1~
Q__E
0.09
O | 1 :
0 1 2 3

Wfast(MJ)

[X13.2-3  JET - ICRF MEMGORBRIEGHNIOBL 3 L ¥ - KT O
WL ANE —~ADIREFNE &3 T A -2 IZLTRLES D,
RITRL 726 DI Py, = 1I0MW, T, (0) = 10keV, MUAT
LD Py, = 7.5 MW, T (0) =8keV DIFATH 5,
(fhD MK 3.2-1,2 LF L)

MMGZM



150+

100

E‘us[ kwi

50r

Pica (MW]

32-4 JET - ICRF MEEE TR S - EAH 710 RF MBLA HK

1% [6].

ASHe H A7, B2 R—-NLT7VFH, [p=35MA,

WM3HeNBI, ®/HE—-ALTF7 Y577, [p=3.5MA.

& 3He #2737 and/or NBl, # 4 F—n7 57+,
Ip =35MA.,

@3He HA/87, B/ E—LTVFF, Ip=5MA,
Be) 34—,



3.3 ICRF {2k 3 D-3He 75 X7 OM#E,

ICRF n#4 LHD #EI5HHT 272010, EFEMATIMW, 232 @F) B
THA 12 MW O ICRF IMEREOER X TE IR TS, JThRBFIZT 7 XvDE
LTANE—OLRAEBLESDT, 44 v MBhe FIFICBEMAMAD T — § & 0
ICARNTEHBETH B, ZOBWAEOMELS F ) A4 TR TOEEEK & W% 5 7 3
ABEIZ, BEFIALX -4 T YOO L AL BRLD, PEA X Y OH
AL FOMOBENEELMEICE TS, KROTFETHS D3He 75 Xw D
MEATIE, BEMICDRAOBLAINLY - TANEEBRTEILEELLN, I0D
BARBIIEBIALE-A 4+ VOB UADOME EETS 5,

AYF P vEIFCAHEE T, ICRFIZEZRZ ALY -NTOMEE FA L
RAER O L INVY - SHEAROEREHBRICBAT S Z e nERA AT
B, ANYF oy ERETOICRE ERT, v4 /I T A KEA A YD ARF -
AELT100keV FTERIESB LAY - F 4 LEKGHPEHBE T3, (1]

FOXTEKMOB L BE XN -BM A+ VO FROWFERME (N# 7 — OFF
#HO) BEYTFHINLOEHBEICLISTFRUEIFT-BML TSI EMH-THB, 2]
oTANYF boyBIRETOICRFIZLS A i/bl];__c‘:ﬁﬁbx.&bt;tﬁﬁw@ﬁ%ﬁ
ATTFRIENSIRBERTEELONS,

TOEBIZVA IV FAALT VDY A0 b0y BRAENETH S0, BXEH
WMEAE RV LB ILF T A LRAOMBERT TS LR THS, 7
I ZATREBOLFIZPEN, 2R3KAKOMEEENTH S, 3] LHD T THD
RICBIINE—FANEFRT S DI 2 T 5 X OMELET 75 H
VDT, P IAF OO FE NBLIZCEDEHEL, ZHIZ2 ~3Xwep P
EEIMEASE Y Th B,

A A Iz X BEEOBRNIIHEZRE TOHRARERE LTER AW TEh, &
FNE—-TFANORBRIZEVBONE T Z XD HBIZBRHEE D 2MIULFH L &
By Y VEBOBREBTROOND, 4T, 2wy BESXI0m3Ds85
A~ A TIE8MeV L A0, +aKEV, FEEAZIZ500keV DHET XL X —
aic B S EiE Tm#ETE S,

PlLEDEERE L L ICRERIZ LHD TORBZE#NOMERT, LB FLF
—~THLOBRIGERFTS 202, e 73 XRIID VA /Y F 44 H 5
WBOMBAEEZ S, AHOICREFMBLBADENA S V&4 /)T &L
M F VA THEIY, A4 VIREPRBODTA A YAOWNPBHETE5, BL
HEALEI-FTRD A4 VA Maxwell DXIFIALE-GBHEFRELTWEDT, D



DNBIE—LA AV EMBRTEEOSRELDEA & ORI LT3,
F33-1DT7 7 X287 4~ B=4 T, /37K 7 MMOBOLEE 5 x101?
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WA RIZEDITY, BRY AT ARERAA v FAR (A3 —&% - av)3i—4
H) L. SF6 HAEHWEFAL Y v EANTEBERBLITS.

COES A THEE Z501E, Pt Ik > BRE A Y- ANASH
FTEE—LF Y TOBRARTH D, BAA LT V- LD AHAREBIINEL T5k
ERATRLTS 2kW/em? BLEDBERI LB L EL NS, Ay 7 —LED
BABMAREFERELZY, C-A0HANKEL RS T5EOHRIZLD, ¥4
BT LOBMBROEN LB ALNENS B, LD L 4EETS &, 500keV-
IOMW @ D E— 2 AS Y X5 4k, HERMIZIZE 4.1- 11577 250 keV -20 MW D
Ke LV X7 ADHRE K& BaB I Lk, RS 20, FER,
60 ~ 100 &M & FPHEINBZMEIRA I THSS, £k, C—aitk-THRBIENIS
BHEAITBHET DI, 28— 4 &35 Y 2AAHBBETHD, T0D
BE, -7 A VPoDAHBERRESMW &, ¥— A&/7®ﬁﬁfﬁ%
WA, BIRICIRESISES, L, 8432 2 ERT 3,

JiZ, 250keV-D € — AV AT LD—H & 500keV ¥ AT LIZEETHHELE
2B, COWE. 1E—L34 Vv oDOARENISMW TREFEATHE4D,
1A AVETIE-L54 v EBRL, 2E—-AF34VEBHNTI0MW % A4
B LD, I5TBILT, NI VAARNAELEEYD, Y -LFYTD
BB NBRE N B, 250keV ¥ X 7 ADOHRE - BBEHCYUTOBRAEICEET
APERE L, 1, TIXHHAOBRELDNETHSRELNT 7 v b — L00
4 600kV BEICLTHL RENSS, £, F—TAFY P RUHRF L 7V 2D
FE & 600kV DETH B, WL 27 AR EFROTHALRZ 4 v FHRUY
Lo LTBL A ERH 5, BEHEA A VEREADOREHEAIZOWTE 500keV-D ¥
mAﬁﬁ%ﬂN~Lf§%T&Hhﬁ&6&n

TOES510. 250keV-D ¥~ AL AFLAD—E %, 500keV Y AT LMZEETHD
. 950keV VAT ADBYED A A ERAT S, 2EFLLTEHEDAY 9 b



M, o7 . LHD O8 2 HIEERAY 7 NBI O8GE 4 7S5 FRIC. MHlk b 10
MW % 250keV 25 4, 1I0MW % 500keV > A5 4 & UCERET - 83 <& T

b,

PlEDZ &nms, D3He RERIZHT AR 1 IR 4% D 500 keV-10 MW DD
E— A A Y 25 ADKE - BIECBOTRAE LB, O UABRES 2
FERCEE XN TS 250keV VAT AL OBAME+HEETIHNEND S, £
72, 250keV ¥V A 7T LDOHGEIZE B 500keV P AT LADBUEIZ I A FPIZH F D A
Jow b, BED250keV AT LEIOMW 2. 500keV ¥ A5 L %10 MW

BEMEL AR TH B L VA B,

F41-1 BEBICHBIIELILFY—EHARAH Y 27 L0k

i MR ARIEM g | BARRT AR | AR R
% 21 LHD , . % 2 1 LHD
RO B e DD B T-60U 3o
10MWX 1
| 5MWX 4 10 MWX 1 C—b74 Y
ARITES) K—bF 4 b—a54y | 5MWX2
| K—b54 Y
E-ATiLE—{ 250keV (D) 500 keV (D) 500keV (D)
s vy AGMA o A TRINE Yy ARIME
AR | e | RERAR | R
‘fj“%g'ﬁ 22.5 A 22 A 204
Hgaiﬁiﬁﬁém (15mA /cm?) (13mA /cm?) (20mA /cm?)
. : 45cmXx110 ¢m .

V-5 Ui || 25 cmX150 cm (45 cnx 18 cmX5) | 25cmX100 cm
l:*—--fabﬁiaﬁit FFERY 2 Byi#E AR 3 BYiIE HER 3 F&Bﬂiﬂ | |
¥ —LFEA 9 mrad 5mrad <9mrad
AR ~15m 25m ~156m
Ny R AR e A Bt g A st

IAY Y -] 10 sec 10 sec 10 sec




4.2 ICRF (& % D /3He I AMM&IETE

LHID} 7@ ICRF MEAERIZ S < OMBLL 7 ) AW 2 X 5 1 R
MRA R - - RIRR L EREY A7 A B L C\5, ICRF MBI/ 5 £ — 213
ToEBDTHS, ‘

#42-1 LHD @ ICRF MEAKE V57 2 — 4

R 25 ~ 100 MHz 3%
I8 - 12MW (7312 ) _
2L A8 CW((3MW), 2% (9MW)
RBikiz B 1286
= . W=7 2= (GRIBNELH )
77T hR NAGOYA TYPEAL.FWG (A A V3=V 284 V%)

BB 4 T 00 2nd ~ 3rd ¥ 4.2 0 b 0V FAEEIE D 4 > T 60 MHz ~ 90
MHz T& v . BEFE R OIEA ICRE 3¥E O RBEBEEICA - Tw b, .
SEMEE7 v F HRTRUCRT E DI 7S AvOMRMEI-HE L h, 7 X
7 EBOBROENANR—-ZEFHL @RI ->TWE, ZOMEBTOT 77XV
LEELOBIIZ 25 ~30cm 0. T FTOREEEPI5em ADTP YT HET T
v OMBErEERBICTABBEE LT3, ZOMEIEFANY ALBIRRTFRT
I XvHERPLBARTIERTCELEV, AFNBIC-208EIZEL>TL, TV
F+ETIXIHOHL THERA2ITO) ZEMNTHETHS, bo{ FNBE—EHRT
FTFhoET22o007 7 48%EBL. 2MW LLE /1 ERrom#s, 7 — %5t
\L T35,

K4.2-1 LHD OMEMAEHT v 5+ L BRAHO 3T EH



4.3 ST x)¥— 3Hel B — L DOATBEM:
4.3.1 U IC

HO & — 2 4R T3 RkO 4HOHRS D 5,

a ALY (He') #MBRU A 2L ThH 43Kk

b HeHY4 AV #H#EL F XA L ThiE{l4 5 Kk

d BAAY (He) ZEMBRU A v Thid 5 H sk

d BAAY (He) FMEL. TRTIFRI A HeO 1o & AARISE X 4 3 /5 11,

$70. HeO U o TRy 2 30T, REHER He') OBFETH 5, T 3ER
& (23S)) THY 10000 BOFR £ 2. EHIKELRETSH 2, Thbd ABOKEE
DS H LR a),b), 0 O 3TEEDOHE T & 5 REOMRFER DR T ¥ — 4 HVER,
XhB, ERENBPERTE— 2095, HERIED He0 1275 X7 iz A4 L
2B, EEMA LA, ERFHEMRSIIEFEE, 1AV H R A 1L
NPT, BEET I ORI OBETERE NS I LR TF ALY,
BAE, JT60U X JET D TEBR TR, L LTT I XD 7=DIzAY &7 20
MR FE— B8 BboRTNE, TNEDERETIE, EA44 Y E—A%100keV ~
200 keV IO L, ~U D AH X THHLLTAH LTV S (L a) OFE)., Zh
EDIINE—TIE, IE4 XY E—Lh50RMARIEZ T LXK,
LA LA EICERONTWBE LT, JTTEASATHE LS 4 750keV &4
5 LANFE-HERTIR, ESRRIERIONES BT A B2 LR PHENS,
DX ALALE -], HeH" (27213 He DY) A v ML, # R &
N THHELTEDE0EDDHETH S, Stearns S, 500keV »5., 1 MeV D
ERTIDA AV RBEH AR TED LS IZREET 50 H . 2R 6 OWiTER % RIE
L7z 2], ZORERIZK S E 1 MeV BEOBE I L E T 20 mHED 1/10 72
B HeO (o4 5, Ll BHOIE4 A4V HEOEBRT He H OFHEIRHER X h
TWwizEidwi, Ok 2LFTTOERSEMTI00, EORBOBREE
BEAENBZDH,, BB LHEHMIC HBRES 200 5ED . 44 v FE UTORLEEN
BREEZERTOEN, £, TOHFROMBEDV LD, 750keV DAY W 4
DHMER T — 4 & 500 keV OEAFKO AR 7 ¥ — 2 &85 202, 1255MV O
MEBRAARL 2T SELE VI ETH B, |
DXIZEZILNBEDIRBEA A YOI AORER T U — A 54K S 2T
HbH, ZOBPE. BHIHIFUF—FEBTIE 10 ~30% D Lodh b8 BE T



XBN, LhLAHS " DOMELRS 5B, DLk, BAXVarbERENAAY
2 ADFHRYRF - AhiZIEAM O B K VERFEMRAOBIEAE O E NS
TETHDL, NYTLAHFZA AR AL UTHH L =HE. 1 MeV iEETIR 20
0% < NERFERENK T THSETHEND, EOMER, ~NUvL084A
VOERBFENHLWEWNWIZETHS, U LaTEOBIBEIZOWTIE, LEHE:
d) @, RATERRIZERAIEZ R HEL S5 0RE, 100% EEKIRRED Hel & -
LEBHIENTES,

ZITRET. 400 LOHESARRREMIERTS B0 ElN, AU YLD
4 A 2 RS BOBRIRRA TN T 5.

4.3.2 ETZINF¥—He® E—LOERFHiE

ZIZTRETLADDHHETHY €~ A8 ERT 2L AFHET 5. a),b),0 42
Wi, BELH R L LTAY Y AH 2AFETIORBLRENTH S, DL
EEETNEHOEAR AR 4311077, K431 XEA LAY (He') LA~
Y AN T 5, B431b) ik HeHY 4 4 ¥ OREOHA, K
4310 A4 A Y (He) DORROBAETHS. UTOIHE TR, HEFEME L
TXCHE (23] Az, 275U, WERTEUERT He' 04 4 ¥ {LMFTIRGZ IR % 100
. ok CEMEOBT W LB A o VLIRS . TRUER HeO 0 HeO 124 5 1
F AT & 37 UBEQBFEIRIC X 5 4 4 v {LIFEIRO b THREL L <R
7o Mle 7. dERSEHER L HERREHMOBBMEMEZ LY 7Y v 7L 550 TH
SN VE LTERL -, |

5 ABAT X ¢r & 50, HeO He', He', He', Hett, He HY D & ¥ — 45 H
L1015 I I i 431 ISR & hs k5 SR svhiy — P HRR LR
QZrizkkpohs, FlAiE He ORELoBe, HERE,

dI"/dx z-(a_,0 taxt o % 03+J I |

A1%dx = +a_ oI+ ougl +a, oI 4+ 0 oI - (agus agu+ 0g,,) 10
AI/dx =40 T + 0gx 0+ o I 4 o oI (ongron v o )T
dIt/dx =+a_'+I" + 0’0,+IO + &*’4_1* + o++’+1++-(a+'o+ ot a‘+’++)1+
dI*de=+aﬁ%J"+00#+10+a*ﬁ+1*+a+&+ft(0+ﬁ0+a+h*+a+hgl++

L, ZDESILTELDAEBE-LARBTOENORTE, ZFLE— 600
keV DB{AEIZ K 4.32 12787
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432 Y I LHZIRTD 600keV He D2 SR XIS,
He, He', He , Het, He** D& ¥ — A4,

WEWTERE LT3, B4 A4 Vo SWREREMICK DI85 B BEREIC X 5 &0
LAENA, BTEOE D BPEN R LDOWHRTA A VL ERRLT W, HAER
INE O TRV BRARE LD ZOREY TS, Ko THARLR#LTHI L
1z & D BEIREED KO - A5 EKT B I ENTE S, FRkIZL T 50keV, 100
keV, 200 keV, 400 keV, 600 keV, 1 MeV, 2 MeV TO 4 He', He® Atk & iz - 7= & %
DR FEEL 433177, K433 icidFz A, AIMIZLCERICEDE LD
7=, Het, HeH" ¥ — 2 6 Eh 5N F € -2 ORTIEE 77T, 800 keV
DL TIE 2) DHRTIE 5% BEOHFHAHELAB LA LVDIZAZWLT, b),J
DFETIL10 ~15% OPERBOo D, B4V (He) &, *Pgy (1s 2 2p) REE
L AP, (1525 2p) REEL AFIT 1/2 8L > TWBEFR bh, ThThDORMIEE
B —Alzk 0D b nnd 500, £300 ~ 400 msec, 10 msectd
Ll X h (5], 2ORGTEEREORHL IZHMT S, K-> TM#EL He ¥— 4
I TEITIERIRIZ HeO o B X D, RITFEMEA 30m & L 7-Ba0pitah® 4
433 HiIzLHT, P—ALIAFX-RIMeV £2BIABLZDOHENERNEL S,
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4.3.3 ANY T LBA 4 BREROIRK

—fHCEA A Y EERTBITIIRO 3D ELRS 5,

) 77 XV ToEREERK

2) (HLHENOEWERTCOREDmER

3 @EAALY (He') %@ﬁu7mﬁUﬁxthﬁ4¢yugm¢5ﬁmo
ID5B. 1) OFETRE » < AREhAOT EAELHBENT VNS, 2) O
HHETIE30mA OBA X VBERTEREOWE LD B4, Sasao & DFEETIE#
MIEEBEOERBIBHNTE Y, FEEEFT =7~ LA 5 He OERIER LM
EL2EZ 5 434 izhbnb L5102, FRIEKREOEBIERD 103 ~ 104 LIF
Tho[6l. L2AUMERORBRTEOLINI,Fa4 772 o v OENEHR.
FEAA - LD 2@EEFBITRIDICED YA 207 Uy R7PYTOBHRAELNS
ZEBHIERNT B,

W

—
Fa

(b) \ laser off §
ij [ L ey
A=l l

p
[ ’
BV IL

T

3 10 12 14 1©
— time{(min)

p. e.{dye)

peak height in
mass analyzer
.
=3

FiG. 3. (a) Time evolution of photoelectron emission current by dye laser
irradiation and peak heights of H™ and A /q = 4 in the mass analyzer, A
typical spectrum is shown in (b). Discharge conditions are the same as in

Fig. 2.

X434 HBFHETEALTOIREHFHKEERY 4OV -5 OB
ZhE He b LEBARATEKEDERERD 103 ~ 104TH - 7= [6].
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43512, PAAVERBAZAIZKD . B4 L VOB Ty ADERGEL LY
T 7 RbDHAELERHNSI&IZXD, WKW E-LZ I ALE-T, 2%
REOERELFEEMNIZEBOND I b >T03, L, BHEIZ 100
mA/cm? Bl EDHet 1 2 v ¥ — 4 % AT E UL, 2mA/cm? 77 7 RFEHIT
HEEZNBAE-LHBHEOEL DL LD H B,

5 | I I [
He’
8\?, 2 B .:;:?r\- N
—9 Rb ,-'*-\\ \
= 7 AN Y
Cs——" P
£ 05 Li=" N\.\K =
\
\
.".—.
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435 TAHVERARIZED, E4A V84T VOERDE (7],

2 ThhbhiEZEDEDO He BA A VEE LT, TAHY) HALALARELE,
RETHRBEIZ XD He BA A Y EARRBLTWS, $FE—I27 7 X~HLADMRE
DEOANY Y ATEA & CEERG, BUET AL L, DEOIWHEERT 2 LN
AWEH, BUET A LICEAL K E, K436 DKS A HBRFEBELHEL 2z, ZOK
HOKEBR2A THHL, 2EBR 2mA AELsh, FEHELRBETES, L
L, E—aDBREBRBRBE, PEVRRLTOBZZENRDID, U ADKFER
HICHER DB b ol, HWEBEBRTZALNLIZDOWTR, VEDY AN A%
s e, WBHAHZILE-EELLTHHBEBRBENB NI L, L, 20
7DD H AN ETBWEL, CITRAEDY AT ADA F VRADEA LR X
g7kl EEBEHTESLS, AV ARPMSBE B XS ICHA L,
5 4.3-6 1R U ERBANTBIEDEA A Y L BAF VO, B EUCEHBIN
TToTHREREIMELLEIA, M43TICRENSIIICAF I INLFE - 4kV
T, WHEMED O PHRENZERRRL DS ERE LR,
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FHE LHD (Z5(T 3 EFE#EE D-3He BEl &

ABE T, LHD 251 3 EHRSE D-He BBHERIA OIF L85 4 — IZDWTH
9%, D-3He #EIA Ti3 DT HBAICHATEF keV DE 75 X il EE X
., BT, LHD 50 %8 (§<02) T, vy oot u vk ks
ZOBBOBORARRNEEGT S, 2T, BEMAL M§&77173L@
BNMTEANCT T VIR, R R NS R 5.

HHEMRSERIETIZ. 79X - A+ Y RUAFD/ST 8T ¥ X %hcw%h
FUABMIAL TS, TIX7 - A XV RUBFDINT 135 v A& 4,

Pi = Py + P, (5-1)
Pse = Pie + Pp + Py s (5-2)

MREAD Py, P B&LTIX7 - 44V, BFAOBMANTRRTEENS,

P
Pi = YSpEifi + Q—"f (5-3)
Jk r . .
— Py
Py, = ﬁSﬁEﬁU‘ﬂJ+'§rUfwa-FPw, (5-4)
Js | p

ZZT, Sy ij-kfEAXVIZLB 7y 7 XY TABMARIBET,

Sik = T/]—‘;vadvp6jknjnk<0'V>jk, ‘ (5—.5)
Vo B7 7 X7, 0 13 D-D RIGDHEGR 1/2 T, ZOMOKIETIZ 1T 3,
nyd jREAA VOREE, <o v > Rk YD7y s 2T TERERIE
RHRUT. E) BETORKIBIZEDRELINE - f;, f,,, BELHHMARKGE
BRER T2 & 5 4 4 VB, SHBIIBATIC X 5 4 4 VIR, Py dA%RA
1. Q m7727Q@éT¢oP“mlﬁﬁ%®ﬂﬁ%T

et -7
f GwER fOEMTYE, [ IBEEOERC L5 EMTIETH S, 1,

TANE—-FACADKH &R Y. P, Coulomb HRIZLZ TSI X~ - 4 FVhb
%:‘F‘j\*zé‘)quf‘\



(I+a,)? y
Qo —1/ 207+ DJ1+ar

ne . — = - .
X _3/3 z%nJ'(Tj(kﬂV)_Te{keV)) ) (5-8)

Totievy § Ai

xr

Pje('vv/ma) = 241X 10"35 InA

ZIT ay. api3BER, EEO parabolic %?ﬁd)#éﬂz“@& 5. Py, (3HIBhEEs
BT, BT -BTRUBT- 44 Y OMMBEHOMTE XN,

Py, = P{ + Pg, (5-10)

D-3He $RIA T 50 keV TR 77 AV BENTFHE BT, HLUTOLS
MR (T, { m2=511keV) 5 DRHF TR EN DB,

1 o :
PEWin') = (40, Zegiid [duw?®nhg (T, W), = (5-11)
0 .

<= (5

¢ = 536x10Y (Togeyy | Te<35keV  (5-12-1)
= 4.71%10°% (Toery (1 +2 mTZZ)
€

: 35keV <T,<800keV (5-12-2)

|
PEWimdy = (I+on) il [duu?@nhie (T, W), (5-13)
0
e = 3.14x107°T%2,,, . T,<50keV (5-14-1)
_ 39 13/2 T,
= 3.05x107°7¥2, (1+0.31—55)
mMecC

: 50 keV<ST, (5-14-2)
PWM?V¢EbUVﬁ%ﬁf?X?*T@ﬁﬁﬂ@ﬁﬁ%—ﬁﬁwﬁ%bt%?
DI|KER L, BRETFY S h B ERPR/ 7 - Q,, LFART K, RV,

P sy = K § st ’- (5 - ]5)
sxEhd [



N e L
x[1+2 (Hg;(";‘i;f?zm) HZZZ] , (5-16)
K, = 134x1075 e(k,_v,\/l_(l"\/@mx
\/(1+T;%Z;)(1+ZT)G-R,) ._ (5-17):

ZIZT, a,By, 2, RpBREAT I A/ HE, —REH, 77X~ - N—2{li, &
BE—BETORFHETH), yp BRNTREND -7 2OBRETFTH 5,

18. O4a
Xr = —5 1 Tegen) - (5-18)
R b= XEHFETH D,
KIZBRE DS ORTF (p, o, T) YT 2L,
np .
—— = Sp (pT)+'SDlﬂ Sp (5-19)
TN
Re _ Spie + Spr S (5-20)
(2
L= Sppgpay ~ Spr T (5-21)
TN
X 5o, BhRihMERGE LT,
e = Ap + fip + Ar + 2(fsge+7g) , (5-22)

MM LT3,

P DT — 23502 51, GARRPK T/ ¥ X, (519 - 5224 6 B
KEHHRED, ZI TR, BBELEBFE LTSI XV EBRNI LB LD IcE
Ao R.5L2IZ&ABBAF VEEI ngy / np &7 52 - 4 A VIRE T,
T E7 77 pEDENERT, 22T, ry/ v, =20.&BMERHR R, =
090, 79 X7 QI Q= ThH. B.51 THT I X< - 4%+ VEHFIE30keV |



(.52 Cld nay,/ np=040 & Lce THOEDORPSRB LI, T75Xv - 44
VIBEA 30keV, ngy./ np=040THDRAFHTEH SIS 77 X7 pllid R
ez, 739Xv - A FVIRE., REA T VEBEA CNLDEIZERD T, KT
BHUADER & 2 r L X - UADIBOWN ¢/ ¢, KT 5 EOENETRL
RORE.SITHD, v/ v H20DHAICEFE SN pHEIZ0.13 TH 345,
e/ T L0 ETTEARBEBHEIZ009 FTHPT S, E612, RKOEHTT
A7 QM Qp B 10 DHWADEFHEE NS pEOELERL DN K. 54 @) ThH 5,
QBN 10 FTEHAT B LEFHX NS BIEIL0.07-0.09 12 £ THAY 5, iz, LHD
TD D-3He HRBHZRLA OHREM: 4R35, LHD TO X 3L — B LA ISR
FACIADEEFR S yy 28O TRNTERENS 2],

ﬁ ¥ g s ]
Te.LHD (seC) = 0.17“(],5;;6)0-69 BYMa* RO/ Py, . (5-23)

. 54(2) DEEARRMHTE LT, a=2m, R=10m, By=7T, 7, =20X10%
m3 OFAICBHENBALADHFRT vy # K. 540) 1ZRT, Zhikbrd
L2, HUADHFERT yy £ LTE6-75 B EEH SN D,

Plbtokitk o, LHD ¥B TO D3He RAAIZE LT 5 X< Qffidt 10 DHE
CHEFEENE T I X7 - /872 —2 L LT, 77 X7IEE T, =30keV. BREA
A VBB nqy./ np=0401280T, 77X p{H=007-009, FACKARD, T X
R eTe=3.5-43%10" m73seccH 0, NEE2m, EHZ10m, T
7T, BTHEE 2x1020m-3 0 LHD TREICADERMEAT & LT 6-7.5 NEFHX
NEZERPEMIE 2, E6IZ, MorDHETHRTFHLADRKME T A LF
~BACIADIEEE L D TE AIRDEL T 0B D,

BB B
[1] B.ATrubnikov, Rev. of Plasma Phys. (Consultants Bureau, New York, 1979)

Vol.7, 345.
[2] S.Sudo, Y. Takeiri, H.Zushi, F.Sano, K.Itoh, K.Kondo, and A.liyoshi, Nucl.
Fusion 30 (1990) 11.
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0.25 B 1 1 1 £ T | |} [ 1{ ] ] I . 1 ¥ T l 1 l 1§ I l. 1 : 5
' " a‘ ‘ 7 —
- *——\ Pn-total/ Py ] %rh))
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Nape / Np
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6.1 L H DERRETE» S & 7= D-3He &t

6.1.1 L HDEBRSHE

LHDEBRTIYMARRVEARRTOERICFRE BV TRE ML SR TE /L,

ZOEEBEHEE U COETREFEE., ULTo4FE sz oNn3, [1]

O BE @En T BT) B

@ ®~—# & MHD ¥

B) HH - £ 45— R

@) RIS ER .
o, BEREEM (3TEE) LB (4THEE My —8H) 4T
HERREE SLBELEN—- Vo7 ORBMEED TS (¥%6.1-1) , D3He BRI ML
LD (4) OFEICEELTHED ., D-DEEIGHRICHIMAMEL B,

6.1.2 L H D RS ERREHE

D-3He O HRMOB AL TWB X512,
(1) D-3He BRIGHEEE. -

(2) D-He ¥
BB SRR
R G 28R
IZKAITZ S,

(1) DEAMBEEIE I ZEIIBLALSIZ, 500keVOD E—-4, %0t 750
keVO He €~ 45T IMW (O ) —  2iGMAMDhERETEIETH B,
(2) I DDFOERICYIFRERIZLILBILIRETH S, VI ab—v 3 VER
L EBROBICYHERIC TSI LB TES,

YIalb—va VERELTE, TATrRTFRTU Y- ADAM - BERE
1o, BERIVEBRMOFEENRT 5, W—RTFORBMEE, BEA%ENE (TAE
T— F%) SOBMFMATRE X5, ZOERTRARRESLOMRIZIBE T
vy, —%. EBEO DD KR, D3He HERE LTIk, BRI, FISEMEHE
A4V OACIAY - &, BALENE, SXMRRETHS, FHic, 773 XvHL
ADERE LT, BEYR (N9 AT I X TOBRBYRIZEZDOECADHE).
BIBELACAY (Fo b YRETEREBVPERINTE T I XD CADEFEOT
BEtE) % D3He KBROEBT —~vThH 3.



6.1.3 AT a— N EPETFREFRE

INEDFEELIT S -DICEHIRT REHFNRE L £, S THRESHL TN
LTI — E— AMRRAFEOMIZ, TR, RKISERAEE RO D )
V. FORESRBEFON S, BHICPMHERICBE LTI, LHD TR, #61215%
F &9 % DD HERIC & BT RAEBAME L TOAKENE - B, RREY
At - BERET > TE T 5,

EOMOEBR TR, 7IXOBFLLOA Y ORLREALIZ 5keV L LT,
20 MW, 250keV DD ¥ — A RAS X B A1213 24X 1016 i,/ B it 7 23564
T35, 2035, TCT (T'wo Component Torus) FEfSIZ k0 23X 1016 @ F. % 7=,
BALRISIZ K B P METRAEL 0.IX106 |, B Th 5, ZOPMFRE 4 FEHRRHE
K 1000 Fh & FHET 5 L AT FRIZ 24X109F,/ £ TH 5, LHDI@EOKT
BASE RIS EM BB R B E CORRISER T PETH D T RERN
HIZIME< k%, FIHTRD I XV+HY — A0RBRI A EER AT S EH 448
LT, PUFREFFRSE 2 WIEEHED 17100 O 24X 1017 il /4 & WE L TR
it BRED SR TETCWS, LN T, ZOHRETHEERNTO D3He %
KISEBRMTETH 5,

WIS, DE—AdC <6«T¢&%%$Eﬁ7}" F—BHEWDT, BTN
F—DO He ¥ — ARRBHTREL 51X, PHFEROE LS 6 3B —HORNTOHEE
NEHETH S, DE-ALAFHDOBHEIZE, E—-4-E— Aﬁm#;%¢ﬁ%%$g
DEERASEIEF = 9 2T HHENE B,

B2 TEROBA» S Dﬁhvﬁmiﬁmim#ﬂﬁféé 6.1.2 #i
T R724RIC He ¥ — A2 & D B A e EBRE AV ETR TS 5,

6.1.4 EKRERE LS DES

TCT KISz & ARG HIFIZATEETSH 5 23, DT—TCT 47 & #4 » D-3He @ TCT
T3 2 D RGHTHIRA AN E W ADICERRMICIIET S 2 LN TE AV, D3He X
J5 % FIE U D-3He FISHRAFAD KT T izid, A#0G% D-3He BUkRIA {7 45
WETHY, LHDTO D3He EERA /L LT, D3He~Y ANIF (R
BRI TAFEL U TOAEERF) OREBRNSIBIZED 5h 551
chTwb,

e
[1] KEIAY B AREEH P 22 b2 (AR Y HILKEEE, REREHER
g1 199243 H  (NIFS LHD Technical Report 2).
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LHDSM R4 et

%I D7IXe+HUE—-A
241017 @,/ DL

HOIH @ DIFI9Xv+DE—L4
W c4x109 M@ Bk
BRAE 24X1020 R4 DT

I HUE (4T 70230 —EER)
241016 (@, ¥
TCT KIS : 2.3
ARG 101
FuiEE BF- 1A 5 keV
SEygEEE 8x1019 /cm’




6.2

LHD 237 3 D-3He EBR DS FE

AR T, [ 118 LHD Ilii 2EROBHE] THENGNTHSAND=BHIC
KBIAY H LR (LHD ) TO D3He BADORE 517 » 72 ZORKBRUT D EH
s MzEh-, '

1)

ZONBIADEID DD Y — ABRIA TR, ¥ —ANTE L TR A/
T—TIEDVE—4 & 3He 75 XITAS LTS BBRBAH HIOBA»S
Bh T3, ZHIEKISARKAE &5 HE 485 7:HICi 3He U — ADIES
NEILILE— ARBEE LD, B—AG 87 - TIRAFER L LI AFH
FHEEEPTE-HTH 5B, BEHSX10Ym3 D73 X1z 20 MW, 500
keV D DY -2 A48T 3E., 773 X2BIEMN2 4, 6keV 12/ L THEIS
HARFNFI 03,075, 1L0MW Fohd, ZhoDEIR 77 X-REN 10
keV @ DD MRADBAITHRMAH DA TKW Th 5 2 & 441 5 L,
IZKELESTWABZ Edbrs, ZOEMHIEEEIZ D3He BB IZ XL 515
FHRBoTVBDOTHEHBLAIAF-FRII L > TERB I EE2L L LWH
ThD, ChOFEVAML -3 Y5752 8FAONS, EHIT, H
433 e proton DEUIFHRNCH LT+ R ABIZE 2T 05,

D &'~ 4% 3He 77 X2 IZ AS L 2SBAI ik RAE R A 101° #/F T,
BT LTl W/m? &3E312/h & <. LHD @ D-D #1555 11 3%
SPEUER 1020 /R4 ZRET 2 L EM 10 WOERR T THTHTDH 5. |

3)NBIICICRF MIEAEB L A RBLERIRETH LB . ZORLFNE ~ -

A4 VOB CADHBIZRLTCT I IO AR 7 P2 EEIZ+
DhELRIEHFAERAMEL ZNS, ThoOBBESEISHOMBBNERE &
CEIERBMREHC L > TR AN A LEYRDH S,

X512, LHD OWRHELHE > TUTORD L 2R/ BEE &5,

81 HIRERIE LHD Sl HM, BR0L 25 (L1H) ISR TnBE LIz,
Y A ABIBEE Iz B CAY, MHD, EHOMRICESNAYToh, 2aLT
KRES I A2RBREIONTWDS, WHRINSOFREOMERLED=BHIZHELD
FTEDT I X EBRIFR LM, ERINBNET, D3He HERE & — 4 » FAIC
HIONAERTHDH, BEOHE, HAXAHATTEDORT ALY —hik Y
- A AR ICRF Mt EI2 & AT AN F-RFERELEIZIDENTES L
#xoh30, D3He RIBHAZ X8, EHNY v FHREFE L4V L3R
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KB A VEEOERMOTE LB EFNT 350 E 0L T I X ORRISHE,
FAHERC, FHAYEREARBITES LA ERVIIRKRD S 2RIZEK S
YELILbND, £, BIILKE-E-A0BRLMELDORT. Bk EOBRIE

TR0 LEOWMEL IORRFBUTH IS AL KUITH S, RICHE H K

NEBRTHITED D-D EE (D-plasma {2 D-beam Af) #FELTCHBH, &

DOWFRIL. B CADMREOEEIRGF L S0 7 7 X< I ERLE RIS EER

DOWREITHIIELEE#HNELTOWSE, N"—FO 7L LTEHE— A4 (180keV ) D

D & A~0EE (180 ~ 360 keV) Oz, BAEPMTF OB, ERIhAME=

HARROPNHE X & HRREF S h T D, LHD i1 5 D3He AIARERIZ, Th

RO EEBAEM L L > THITENDLEDTH S,

1) 180 ~ 360 keV @ D - beam @ 3He- plasma ~D ASIZ X ¥ D3He EEEA 175 =
ETHIMEBRMER IS 561X DD EEROERR LOMRLELTELILHL D,

2) D-beam X X LF — 43500 keV, 10 MW LI BB L % 535413 K08 4 B0E A
WREEBEBbNhS, '

3) MEFORED DK XHETEETH 5 SHe-beam (2L Tid, 3He- beam (750
keV) /10 ~ 20 MW {3 3He- beam R BBRECRERE TER+2THh ., TOE
BEMRETVAENS T THIERE T HOUELRS S,

4) 3~9MW O ICRF ¥3hooingt (FEI1HTEE) . 372 D-beam A%, 3He-
plasma® ICRF & (1 #) 2k 0 D3He RIS EBWISLETRETH 5, H
U 3He-beam At ICRF {2 (3) EFEBO I L EEA SR SD,

PLEDO#EHE LT, LHD 2317 % D3He A O EERMIZIE, BHENTIOE I
WEO DD EE L & 31277 AVDBLAD, HE- FALGRBEEAOEEDE
OWMRBWIRTH 54, BRIGER LU THERIBERE T 3L X — KTy
AR (BURAD. B8R, B i ¥ —KT0ERTIERELY) OBEE
T UM RIS ADOETZL L IZZTOBELD DHET HMERHHIHBLEL
b, SHBIZHF LT A F7TORMPHEHE SIS,
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