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Study on Particle Transport to Wall in JFT-2

Edge Plasma by Accelerator-Based Analysis

Tadashi NAKAJIMA®, Tzumi TAKAYA®, Takeshi AKIYAMA™
Akira KITAMURA®, Syukuro YANO™
Seio SENGOKU, Hideo OHTSUKAT and Hikosuke MAEDA

Department of Thermonuclear Fusion Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Maka-machi, Naka-gun, Ibaraki-ken

(Received February 20, 1991)

Transport of hydrogen-isotope particles, D and H, in the scrape-off layer
(SOL) of JFT-2M having $.5.304 wall (partially covered with carbon ~40%) was
studied using an accelerator-based collector probe method. Here irradiation
conditions were provided with the Taylor discharge cleaning (TDC) and the
ohmically heated discharge (OHD) with or without neutral beam injection (NBI).

First, effects of the wall on TDC-particle transport were examined with
Si probes in the D-~OHD after the Dz-(or Hy-)IDC; some of the D{(cr H) parti-
cles absorbed in the wall in the preceding Dz;-(or Hy=)TDC are recycled in
the subsequent COHD to reach the plasma boundary through the SOL. This
effect was also confirmed in another experiment; in the H;-TDC followed by
the D-OHD the H/D fluence ratio distribution is found to increase toward the
wall, indicating that some of the H particles due to the Hp;-TDC are recycled
from the wall to join the SOL plasma.

Next, we measured the effect of high-fluence H>-TDC particles on the H
retention of two C probes (C: Type AX-650K of Toyo Carbon Co., which is the

same as JFT-2M divertor-plate material). 1In spite of the same H fluence
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(~6 x 10%% en™?) the retention of a sample having the smooth surface
reached a saturated level of 5.44 x 10'7 em~? while that of the other sam-
ple having the ropugh surface (as made) was in an unsaturated region (1.6 X
10" em=?), suggesting an importance of the surface condition.

Finally, it becomes evident from the C-probe experiment in the D2+H; {or
H,»D,) TDC that some of the D{(or H) particles absorbed in C during the pre-
ceding Dz-(or Hpy-) TDC are replaced "partially” by the H(or D) particles
entering during the subsequent Ho—{or D;-) TDC even under the "unsaturated"
condition. This isotope exchange can mot be explained fully by the Local
Mixing Model (LMM). One of the reasons may be an extremely low ion tempera-
ture (£7<10 eV) in the TDC because the validity of the LMM was confirmed in

another experiment conducted in the H;-TDC followed by D-OHD (T ~50 eV).

Keywords: JFT-2M Tokamak, Hydrogen-lsotope Transport, Scrape Off Layer,

Accelerator Based Collector Probe Method



1.
A
3.

JAERI-M 91-048

T ANE

IFT—-2MEE

W o — 7 & B KR B K O I AR 53 T ik
ME7 o - T OWHE

L1 #ETe - TOEER

1.2 S Tue-—7F

3.

i gs o i ik O B
J2.1 sEMEERARNE
2.2 BEBULSI TR
3.3 SHTHIER

1
3
3
3.1.3 C7ne—-7
2
3
3

K LHER
41 HBOWE
4.2 Ei#1

4.2.1 SOLwW® S17e—-7RE
4.2.2 TR
43 FEH2
431 SOLfoOC7o— 7
4.3.2  NEEE SN
4.4 FE3
4.4.1 H;—TDC ToHOEMEH
4,4.2 BEREESIMER S
4.5 HEE4
45,1 C7o—-7DH%fEsESOLEA
4.5.2 InEIESHT
1 #
5.1 S.8.304 8-k F & DHEAEIER
5.9 CBEMOTDC-HRFORFEE
5.3  CEEH oIk E i iR E
5,31 TDCH FOHEA
5.3.2 KTOE#HR
5.4 & OfthdRRER
¥ i
i

K

—

[ 2 T o + B o & BN i NN S e

11
14
14
15
15
15
18
18
19
21
21
22
23
23
23
45
45
46
46
46
47
48
50



5
181
8 2

ik

JAERI-M 91-048

e ~ERDE & *He—NRAZDIHE T o735 48
CP4,CP5,CP6IL X3 RFATMAMAOATER

51
53
54



JAERI-M 91-048

Contents

L. IntrodUCTION tue v sensensenesssesnsssstsssrarsessnsatnsesssenasssnnasa
2. Details of JET=2M 1 ierr e it oannssesancatsanssnssssassssesanenanea

3, Accelerator~based analysis of hydrogen isotopes by

collector probe method ...... e e irae e e ety e ceeeas
3.1 Arrangement of collector Probe ... eierrresrerennrnceancnvnenannn
3.1.1 Kinds of probe ..........- Cee e o iee e e e
3.1.2 Si probe it i e s i et et aa e e,
3.1.3 £ probe  wuriiii i eee s N
3.2 Summary of acceleratcr-based analysis ..... et
3.2.1 Elastic recoil detection analysis ...veivvaconene S e e
3.2.2 Nuclear reaction analvysis ..oeeeeincceens Cerassae s ee e
3.3 Experimental arrangement of measuring device for anmalysis .....
4. TExperiment and result .....cvieiiiiiersatssetr it s
4,1 Outlines of experiments ....ceivevrsnsacosss et ta e e Ceeees
4.2 Experiment 1 ..: ........................................ seeaaaas
4.,2.1 TIrradiation of Si probe in SOL ............ P
4.,2.2 Accelerator-based analysis .. .iieveecennnn Ch e e e
4.3 Experiment 2 . .eiieiieiienaaaenetaaataaaanrantaanan e
4.3.1 TIrradiation of C probe in SOL ....... et raaaea
4,3,2 Accelerator-based analysis ...veeeena.s Che e cese e cees
o4 EXperiment 3  .uiieeivaverveantionnsnsasotnoriasrarsay e e
4.4,1 Irradiation of C probe in high fluence ....... et eaeee ey
4.4,2 Observation by eyes and accelerator-based analysis .........
4,5 Experiment 4 ........0...... . s er et ee s e e e
4.5.1 Preparation of C probe followed by irradiation in SOL ......
4.5,2 Accelerator-based analysis ...... et Crhe e e
5. Discussion ...ieiiee vovan. e cenenaa e P heea e
5.1 Interaction of particles with 5.8. 304 wall ........... cee e
5.2 TDC-H retention in C wall-material ...... Creseraa et e
5.3 Hydrogen isotope exchange in C wall-material ..... fera e “es
5.3.1 TDC-particle exchange .......... cerrer e, et
5.3.2 Particle exchange ..... i teedenereeaee st
5.4 Other problems ...cvevev.. et cheen e e chesesen ce
6., Conclusion ...eieevennnaennn e f e ee i chaa e .
Acknowlegdement . ..cii ittt e aeteaes e rinesann et e s
RefeTenCes  cuiirrrecsesascrrrnaransacasnsns ree e et s st

L & e L L - T L

L T ot N B L S L T L N N S R
b i
P—‘OC)OO‘-IO\O‘\O\U'ILJ’!L.\JUJL.\JNI—JH\OOOCOU‘IU'IEE;H



JAERI-M 91-048

Appendix 1 Computer pregrams for *He-FRD and ‘He~-NRA methods ......

Appendix 2 Retention profiles for CP4, CP5 and CP6

------



JABRI-M 21-048

S5 ATBEAOHTHEOBRER, 7o ATOMTRI A VF~FUADAERT 5 LT
FHICEETH L, WTELTIR, 77 XvERICHEER T Z2E oA, T LEDHE
BEEA»OHRAT D IRNES bH L, L IKBMBCEEZEBEZRIITEOE, 77 XA<8
ﬂﬁ?,?Eb%ﬁ%@&%{f?iﬁ@$%ﬁ??%%o%%Hcmﬁﬁd%ﬂﬁkéﬁﬁ
BAERIFEdo,

BEfI U TR FHGENEF ZmiE, &b A A scrape-off layer(SOLYETH S, 75 X7
LTI SOL KA FRERBBOR FRAAGHHET 20, £NE 77 X v RiEkh S0H
For N o EEMEOMEERICE S TRNFHEL > TERSNLLDTH DI, L=
T SOL CHENTEMMFAE LHETICHENTTAE, BELo0EELFqHT 2 E0TE,
T AT LELOEBEERPANCN S,

5, COMBERFEAGICEE L, SOL FEMEBRFEACEESE LTHHT S
ELbTES, BAIKE-THE, THROMEAS A VY EAEE EHE -2 EKRT SOL ZHEFHIT
MBS A A VIEEBELTEE

LD EES 2N EBRBITE SN, 1D JFT-2MO 7 5 X <8 (S.8.304 ) T
G4 % SOL TEKE7 I A-HBET2&%, H2E@HAETE7 -7 - WERA (He
S TDC) AT T - 2 BENBEOEENH KU DORTEATICED LS BN B HEH
EFETEIETHELE, COHNT SIiFE7o -~ 7ESHNONI,

59 12, JET—2MDEA N— s ER—MEDH —F 7 EE (HES - AV AX—
550K) % SOL thic Ad, BA OB AR (Hy,De) %M1 3 TDC 2B E AL 3EH L TIT
H &%, TDCHFHEHOKERVKEFHBICEANNRELE L GLEFNLDTEH S,
CHECHEE D - TROETREENL. £ H—TDCOEERBEEC LD, BHKE
75 % R KEO TR T AR (NBI) AWK LD, & 5ICsEREICKERMEA 2
o FEE-170 LT, CHMEBEEHMIDKEEERAPEMNEERHROE T L EH T,

E2ETJRT 2MESOMIEE, H3FTHE Y o - 7kE, H4TKERBREENT
W3, BAOBKALESRERESELATEY, BEFCRANLEENTHATL 5,



JAERI-M 91-048

2. JET—-2M &

JET—2MRIdE E, LITOREEE LD,

1) 19834 4 B JFT—2M526%, S.S.304®IEE Y 34— RUHEEY I 5 DA%
T9e
2) 198347 A BiEY 5 - ROTH Y 15 -0 CER B,

MEROAS -+ ECG—52H ( SHELEFELALLD ),

3) 19844 3 8 HA4x— g CCHRE) ZRUU &

MEREES —~ K v AX—650KE ( SHENEAL LIED ),

4) 1987THETH CHRiC L 2BEBEHOEETRWT 5,

SEE, DEREBWOCRICISWMBEIT D,
MBI RERZ ISEM-3 (SMELEAE LD ).

EE L, 1) ~3) % KR LY, Fig 2lic FARAER T, )0 CHE TFEIUERE XK
B EIFK, Fig . 2200 EER%ETT. CONE JET 2MAFREFTRASDOT, WEITE
S TCOWMBIENSH OIS EERT BREOCIREMNN% TS B,

WETHEOTER, ETEESOELEPWE 7o - T70s5 - 252 CTHBL, SBAMY
DWE AL T HIER S D, BREMWIT AT —va vy DOLRARO T LEDTIER THEED
WA CEELTORE D,



JAERI-M 91-048

Cx D CrysialSO
A LH
- :mchar

In-Vessel Components

on Median Plane
vessel

Surface
station

gas duct
Rllewes hatry FW
Antennd

ICH
antenna
cinside)

~ graphile
timiter
taroandy

W S nag. orobe
(Z83)

} mag. probe
.J

Limiter

Laser TS
NB

JFT—2M bhefore remadeling.

O Cx D Crysfal §
VUV — LE
uncher

Fig. 21

In-Vessel Componcuts ‘

on Median Plane !

Surface
station
Q \ gas ducl
ICH Qower Tul 1) W
anlorna -~ an tenna
{anside \
grash, tile — ~— graphite
limiter Bola
D taround »
ECH D
o Wave
Pellet Q

Lascer TS

JFT —2M after remodeling.

Fig. 22
.ﬁ34_



JAERI-M 91-048

3. W7 v — 7K BRERMEONEETE

COETH SOL WIKEB L EME Yo — 7o, 3LU0 70— 7REICHESNIKE
B ATk % ISR TN T 5 I H O FEEENT 5.

3.1 BE7O-70HE

3.1.1 HESv-T70BE
ﬁ%fﬂ—fmfﬁfvﬁﬁﬁﬁﬁéﬁﬁéﬁm?@ﬁéﬂéc%@%M&ﬁﬂmﬁﬁm
ﬁmm,w&gwiﬁﬁﬁﬁﬁmi&bem1wéhﬁ

o - FRHEBRICI D, 1) BRESER, 2)EAME, DEMPHUO I s nEI NS,
Dit 75 - KHEBENOHER TORSEMLEANCAET 0T, @EMARBRELTS
D, 2Ny FEARELOBERTERESZ2H05E 0, DR 1 ~HIOEOT I XvHEILI L
LOHERNTFOBEESSASAFEL, SOL MORFHRE T T 2 F - DERMAELRE
HLACERASN D, DitHAN~H B OBMUET SOL hizEhh, TICEMMEGRRD
MEHAR O (L2 NEES TS UB 2 OMBZENTEILL > THATIDIEMH 5N 5, T
NTFo— TZEDY Ly - LE—HMEDIEEPEL, £ INCOMEEEEZEREBICNEOD
ETWoHLTHNEI LD o

AFFTOEMRIZ SOL T 3 X+ EAMED SBRELHPDONTFRAOHHITHD, MW
E7ro— TOREOCET S, COEIIEBSTOIE,SHICERSI NS FHIRE, (AHE
SNAHPDABELIC L, DBAHS < BEEFEEFLL, (CIRRPATMTH, DOERR
BEAE L, (EREMBLBTHE, 5THL, COBREFBAT I —IHELLTSIECE
EAF . TO-TTHY 7 AHECE:—RitEBE AR ONANLODT, CH Siiclk
LT SOL OBEHEICIRER TH 525, MERIHO L & HIRADATL LARHTS B,
LaLInoosas TS @B aL TENEMEEsTTNE, £5607 0 -7 JFT-2M®
BHSEUTTHERIETH %,

3.1.2 Si7a-—7

Si7o— 7SRO SUS 304 BEiCEB I3 32 SOLTHEME N, 70 - 7TOMEREEF
AR CP4 BO< 100 >HER Sive - "Thd, EX5254m T, RKHBHEE
HEFasnTHRKERBTHDL, BEF233g/cm® TH 5B,

CORERD<C 100 > REICEETH LG, HPDHFHBERCASTELE, F+
Ay v rRRARC LTEBERESAHICRFEAETAAEESEL, LALFr vy 2 X7
A G BER< 100 >8ic LT PBINENE W, £8T SOL PTHFHF v 5 LKA
B4 2SS, CODRIBENIBEREFICE . KERTE Si 7o — 7% SOL WICE S
CEx AL hRTYA—SETRTOAMAEIHET 2L OUAHBEEITOL L. £

A4_



JAERI-M 91-048

CTHES N ENRES DA SR - AREHTHERE Si KffsnsE ORI STt
N BIEL, EHMICANEHECARENERNTOEELOND, COTER 10keVOHRTIC
LFBMDY - YEBRTOBAINTV S, LS ARERTT o - THEL LTSI
HEREEOFE ETHO

§i 7o—7& SOL TIMEEHTa4H0D7 0~ 7EFK (SUS304) % Photo 3.1{A)
CFde COTREEZEED 7o - 7E2HV L, R0lEo v/ 7e -7 (8P1,5P2),
EhnHE v a— 70T (SP3,SP4)EIFES,

Pid SOL DRE2EAH#ISLILEEENDS (Fig.31). S1V=-77 7 R
lax80ommiictnh B Ens e 444, Photo.2.1amk 2, RREFEOSHFHIEIC
FELTSP1,SP2 &9 5, Cho#Fig 3.10k5iC SOL 0RELEEFHETLL DI
BT 5,

SP ] HEAFF CEHREAW O L N THET A2OT, TOAMERIZIZEEEIE 14x80
m2ic i, $72 SP2 HEBADOWEAFECAR TS A TRALLYSTENT, FYHHE
R TR S AT 8 X80mnE S/NE L, ik, ENTo - T EEERC RIS ERIC S
SEASEESNTOT, 2OEHEREER SPL T10xsmm?, SP2 T20x20mm® TH 5,
( SP1,2uF—BWTHEAS ALY, 772 2 E il SP1 #EFHTHLL &
BSEIBE L 7o fevh, DB RO 70~ 724 <T SP1 I L THER LT 5,0

SP3, SP413SOL @7 5 XMt 2~ 5 & EiEEEN5 DT, Photo. 3. HAID X Jic, &
b HERTHEOSBENTICR IS0 ARORBE » oM 5. SEHERIL 9 x 165mn?
Thdo

Photo. 3.1 BIEEN - WA T o - 752ERT 5720077 ) vBIEROERELT
b, CORBE 70— TERHBRICO -5 ) — Ry T THEHEHLQS 1, DAL bI0HM
10Pa REOCETEARFETE 5,

3..3 C7Fu-—7

C7u—-7id JET-2MOHERIHER &N, CEREVAFLEAE, CH7 7 2B
B PAEE A ARBIHBBIFAMES -2 &, & 0CRET 7 X7 CiAnHErodE
AR LB, VIS —, ¥4N-SHBIRCAMOVSE EMG, SOL TCORMBERHE L L a
V= va VEBRTHEHNDLILHTH S, '
7o — 7TOMBEEEEN - F U HOAX—650KTH B, T 19844FEZ FICH DT 5417
GA = FR M ETE B, CHC 7o —FidEs 1mm |, B0 HE L 14 x80mm?
AX—B50KEE 2 MAEBR SHE M+ 2liillfic SP1 DBE R FETHE L
LT, FOEYEEG 14x80mm? L, C7 e~ YRLETIZAE#ENACPL, 2, -
12&REENT B

3.1.1 g~k dic, CREAMIECPHBEBOETHEEUBTRANNDTFE R
LS, FLTREAT — ¥ a2 vADBEIEHABEFEGEN-F 7/ Thaall. ZOH
T AN S EEFEREEB LGS L, EEEHNAS RO~ —F v VEENFRENT
%ﬁ@ﬂ%?mwbiﬁiy7%ﬁ@ﬁﬁ,CﬂKCﬁﬂﬁ%@é&ﬂ802@@MM§7T

,.._5i



JAERI-M 91-048

BCuBls s v7ENLTEREARTFCERSN TS, Mos 7 VP EBAELERIS,
A AIS O ( 26100), AN S (567X 10780 -m at 20C), AF LT, T&iTX
Z, M4x80x1mm*DCEHE%E 20000 T <X~ 7T BCIRLABELBIZHIKW T, ZED~N—

5 I%ic 13 250 ~27T0AT, EFH 15V TH » oo H2E~— 7 EOE JIZ MEBABER T 1.20x107°
Pa T, BElsiic L& LGy, B THEICIEZH 1.33x107°Pa TH - 72,

3.2 MEHFSTEOERN

EHESO- TOEARAESNAHPDHTRMESTEENN S Wi, DINEDS B
bR LD HERBEBRLET, DEA A VOARICLDINLDRFERBKEIE S, &
(ICHPDEARBICOR TE5NDEASBAETH S, R TAlMIC:, "He £ AHA A
Ve AMRIBETDESN L, ERDEICELADOMTEREIEAET BRI LML 5,
LIF, Cao0hEDEEEENT 5,

3.2.1 EMNEEREE

TRk T pk#g H (elastic recoil detection ; ERD ) iEd, ARAA Y b ) o 1l 2
CE DR SRS N ENEF (RBEF) Oz 2 v E-aaTo, EEmsLD
E kT AEUETOBREANES 5o KB ON EETES 5 B TENT .

ERDAENEES Fig.3.2it Rt HEM,, BTES ZIOARA A v HAHRE 0, xiid-
B, THEIARL, FORKICH - CTHEEOBEIEEES, K-> THREETT L, BEES X
TABRTFICLDRBEIAAET (EEM, , RTESZ: D RXEKH T ALF—Ey %
b, HIEEESTEEB T AAF—Eo TREER» SHIEEN B, 0EARAF VRN
BEEDEOHDETE (M >Mp)o BEBRREK TFoMICAE» MR T Z20
Biwy, BESAATRVFE-ZRI P LECNLGRFORBGASICL > THEEICH S, €C
THEHK TFOAREZEILT2ADIKENT 7 40 F —ZRHEBAIHEIICE (.

T FRHEETRILSNANBRTOIAALF— BEs 2K B, 7 40y —INTORBENT D
LTHRNNF-IBELIE LTS E

E¢=Eq: —4E: (1)

TH Do Sins Sont FENFNTALF —E;, DARA F ¥, THv¥F— B, ORBIFICH
+ARENEIESEEL, CNSHEBRABECT—ELRTET L&

Sin Snut
Edzk,.(EinA—-"———X) — B X — J4F
fcos @] lcos (0 + ¢ )
=k,E.,—(S) X—4F )
THRbhafid, T

- kr Sin Snul

(s = T e (3)
icos @ | icos (0 + 6

THbe TRAMNAAVERBNFHOBEHERT k, T i v ¥ - REFAL LUEHRRF
AlL v 52514,



JAERI-M 91-048

s D,
S F R TFRBECHELRRE LT, AR A v ERERTFHED 77 4 — FEELEK
WOMERENS B, EBERTH
(Ei)= { _Zl,ZZGZ(MIfM_g_) 2 1 6]
LB, CCTE AHEEEFOARNKNTOT 0¥ —CTE=FE - (S, x/lcosf1)TH
A Hitb,
EREAEEELT, AHA4 vEBZBR- A XEX+ 2 XOBDFHERICIDXBENZHTD
MAZERSONS (MCA) THET 2L EONERERDLL L
do dE,
Yx =N(X2 I (Eﬁ)LdQEc/(— E'-X_) :
T T,
Yy t BT 2 F— By KB AKBRFOIE (counts. ch)
N(X) : ABA # v EBREX TSR TORE (atoms,/cm®)
[ (&ZE~AHT LA A O (lons)
(do/dQ)y: MRS WITR (EBR=H) (cmd/sr)
40 TR O RS (sT)
Eqo :MCADLlF ¢+ viarHrdorxd— (eV/ch)
B /dX I #BHEARA A YBREEXIEHT S 20 F - DA (eV./cm
TH B,
REEXORbOICESx=Xcos 0 ZHVTEXEEEELSL, 02 ELLTYx=Yy,
N(X)=N{(x) &&B8H{Z

do dE4
Yx=N(X>I(Ea)LdQEc/(— 7 cos ) (7}
THHo
H(NDENT
dE, dE,u dEq
St = . 5 (8)
&%%Ei’(é%o Tk E
Eouw =k B1—[(s])x (9)
THBEMPL, ROEXTHILT
dE o
T =[s] (10



JAERL-M 91-048

FH B, F4ATE2HNDAE,/ dE g @I FANVF —Ey B KEWHB7 + 05 —RTOMH
IEEEDILTRT O ENWTE
dEq4 Sr{Eq)

= 1
AE gar Sr(Equt )
EHlB, TTT,
Sp(Eq) HEEhfzan¥—itEBd 57 vy —BTODHIERE
Sp(Eout) | 7 48 —BBFIOZAAF—TEF 57 1+ vs —tATOMIEEE
Thb, CHGERENTFIIHETLIETH S,
RN 7 Vs ~HETEEEHEKCHIL S, TOE
Re = —EiEe) "
Sr(Equ?
EB <,
#(8), 10, 09k v XN
a(8) Ry oos 0 .

N(x) =
do)AQE

1(— :

(o ‘

R A
20043 ERD 0 EAN A TH S, KR TOT 2 v F - A7 brZlliEd fid, B
ITANFE - Ea BT HNBERRQENLTREXICETINE Y £ANT LB TEDL
¥, CHERNATEIRL-THES XICHFABAETOBRENXINKRD NS,
RWYONXExKHLTTay bE 58, ENERFOBERsSSN, 3B LTES DA
BELND, NXZEX=0DORKES Xnad THALALOFRFELFUOR(cm™ ) TE
T, THDE,

R=ﬁf“” Nix)dx 14

CCT X Ry CHENXI=0 &L, pOBRBABEEEAESE (Xy) e — P HNDRE
HTOBRET A AT - HE =0 —5F58E, Xunoe < (K max EUET B
HERORTF (s)PRBHEAWMERE (do/dQ)LiKEKRT 3., D, HHITOAHKFEL
T, BUEEA A0 PFH, oF i Hesllv binre, ROCETE (s)EAH, KKK
T OMIEESin, Sout 5KRDBEEE, AH - KB TFoBELEHEEFNSTINEL LA
o PEILMTEREIZ J.F.Ziegler X SFHBEEA/AHD, chg;zﬁ?) 4He“€£iiﬁk;ﬁ)lgF
Tiiﬁ(ﬁﬂgzﬁ:ﬂﬂ?} Lo —F, (do/dQip i, ARAA YR PFEHCELE, BHEOI F L
FHE (=EMeV) TR THF7 4 — FREKBEIWERORGIZL (T 5, Ll
‘He e, SN TOH, DORBEAKMEREILENSFNTCEDT, HIEZOLTRX
ﬁ%,Dmowfuxﬁgﬁmﬁﬁmﬁﬁbﬁomﬁ?-y@mpl$w$_®&céTm
NEETHERE T RKD T 5,
WWMATREEOEAS Y2 H0 3 ERD ATIEYETOD, HRBEA <7 P vh5ES
NERRIGBEEDSE 707 7 £ %58 # L, |DE3ERDENERGD - KT, BREDANIC

.,_gi



JAERI-M 91-048

WLTHQDESIS, TALOMBICENTHEFT NS (do dQ) EXBEHF OBRE © A
wE~ By EG5AS. £ 1@, RROEREMALTREPW,SD, HONXIPRZE
WBERDPROT- NThb. CHBDT D75 %5 LTHAYT 5, £/ "He —ERD %
DESIT AWMEBEBIELALAANE VoV 7 abBESNIL, COTa T 7 LD7 574 0E%E
fTek 1 ichriF b,

3.2.2 MKIEHHE

R IGAHHEE (nuclear reaction analysis ; NRA) i D(’He, "He) H IS % 1 H
LT, SIKDDAIELES ERDECHETF = v 7T 5 HKBASN I, CAIEHLE

ZICHEH LA LB RIGETE L, B MTﬁTém%ﬁﬁxifiH)w*zw#ux

N7 b EBEMEL, HE0DRRS B EEDHHRTHD ok OFIEMEH U Fig.3.2
EZ B

TAAF - BEnOARHETMI GRAEEERLI0ESXDEIATERIEM2 (M1 ,M3)M4
AT LT B EEXDETLHCHFETALTI, MTMIEEET TR 0F —54£0,
E, KHE#ES NS, BER TM3DPEMICERICF>Z A0 — Ez 33 s —FHEYUEE
FREENPLAESAD. MIFABP Tz ALFEF-FR, E,, TR SHRIE L.
M3 RBEBFICE N T 4 v 8 —HRAB. #2207 a5 —EMA bHES ¥ THRINE
CETESZ5ALEECHEN( O FESHEMIICLLHEST LR PoiciRinE T
feEd 5 ), ABRRKTMICE 2RBEFTLSOHIEPREFTALOFHILTS 28EF
CENEF 2, 20T MI="He, M2=D , M3="He , Md=H TH 3
TR R UIEE BT AEEE o, THDL 1) ANKEF ‘Held HLETE Tolltp
THUEBEICHE » THRGE 0 5, i) KIBBICER LB F *Heid, ERD E0 Rk 7 &
e, BEET7 vy~ THIERICESRREZT LO0bic, iFicpESs N TIKKEE
Snd, ©2HTHE, SHECEET SR, BRILBRICER LRI T *Hed x &
WE— By, RIGHESEESE (de/dQ) . BLXUDBEDEIZHANEXITS 5,

9 1) WKWHE LT Es A2t 0T 5&, BRIEFIRTE 2AVvFEF—REFEUNLHEEHRMEFHD S

_ MiMsE, Mg ( Mz +Mq) M|

o ~{ 2cos¥gp+ — e e (— - =)
(T\/I3+M4) M| My My
Mg (M3 T My
+ 2C08 ¢ {COS @ + —4-- : - ——4— (—Q + 1= - )} /2} {15
M1M3 El M4

T ByREBKIBEGO *Hed =5 0¥ —, ¢ @3GH, QUERIEDQE (=1835MeV),
VM1, Mz, Ms, My BEH&h°He, D, ‘He, HOHBTH 5

#1590 Es 12 ERDEO By (DB H ) in4h b, EJIRRIECHERFENT k, T
Britoh, MEILHEELARBESxEZABTHEER LS, £oi, A3do (de /dO) %
WML AN TR E MBI ZLENEL, LA LIS MAERTE, NIXJPREZRD S
%4, ERDEOAM~WE4T<THET AL EPTE L, TITUT, {OMBHDHEIL
~AHETEICLED.

BHNCH G WINE » 51 4, TARTLRTHRADL D ffj/uoﬂ/?‘o

_9_.



TAERI-M ©1-048

Utot

(dg)
- = F )
a0 a {16

rC 4r

C T FalEAY y v FLOSIFARTEINAIREFRTTH S, "Hed T 20 F ~ BELHKT
500keV ( EERER T L25Me VIS F i, *He +DORIGIREHHNTH L. R TH
e T 2L H— % 820keVE LTHD, BMEESKEANTH L, Fa=1 &7 5, 2WTHE
o RN THEALLN S

eB(Ce e +E)
: an

Gigr = A
% rCePe +E

2T, eiiMeVHG D *He oz s v¥—, A, B, C, D, Erii@é/\“ax~ﬁ?ﬁﬁf§%
5 A=1577%10% B=23530 , C=0.2921 , D=2411, E=7390x10"°" THd,
UnAE WAL, BLORb oHKBEERNET L L,
dag (2r-g’~cos<b——r2)3/2 T 1ot
dgz L Q47 ecos g -7 ' 4m "
CeT, rEVe Vs, C =V vy Vo =BO0EE , vy =FLRTO "He DHE,
V. =EBERTOD ‘He DEETH 5,
o?wxmiﬁmﬁﬁb,i)&ﬁ)@@i%%%%ié&%@ﬁ%%ﬁNéoﬁ)f@&
GHLT 5 HeT B B 5, WLIF BRI CRICHE » CHEHES N5, Lol 1) DARKT
Helt ¢ A BERABATAES, (NAEHTIFVFE=(4/3)En DEMH He &A1
NI T RIETE S50,
GIRO LA, BESXE2R02EEFLABEFOEEAMATEN L, I TE2EDHED
LT D, WEZFAF-EDORTOREEZR(E)ETHLE
E dE’
RU(E)=fO I—\]j(E")
FE UNs BB OBEFEETs(ENET 2 vF - FE DEFOEFHERTHED, FLTI RN
¥R, ORTH E, K@ nssTcHECHBEt. (EDR

oo = f P E
Ei Ns(ED
=Ry (Ein) —Ro(E1) (19
ThHh, CNEEAHBETI EThTEEERE,LSOERSTXE
x=1t;,,(E,) = cosd 20

&ﬁéo—T.C@ﬁéiﬁﬁ%&ﬁﬁ?&bt&ﬁﬁ?lﬁ»#—%Eaéb,i@ﬁ%
Enulrcsllfl—ct‘\< &'@"5(‘2, E3 &Enutmgﬂ{%ii
ti.{(E;) * cos @

B T = R (E ) !
cos (¢ +06) ’ ’ o

THA LN,
LT, AU —CFNERFELT ‘He ORI T A0 F By EES XEHETT 54150
CHTOT S LMT 4 @G AEfTE L ICEEHT B



JAERI-M 91-048

3.3 SOFRER

APETD, HOESDHERET 200 ARA 4 ¥ids v 7 X HENES (RENEC
@ o 5SDHAD TRES N, 1 A VBT AT T AT R Y ERFAHKD 2D
THb, BIBEEAA Y UFPY %, BEIF PHe , ‘He BRET D,

ﬂgﬁBH%%ﬁ&ﬁﬂQD,H%ﬁ%ﬁiﬁb®§¥?12”*&Mﬁ%%ﬁﬁoK%4
k- THEREE - RERICTHERE 2 ST & ohF3, 2 WEFHHIF 8o 3.2rmme
DAYy hDT Y EERE, FEESENEEARNIE (SSBDIITAL, A4 A D
e bR REDERICK L TE S AR 40 = 0002351 Th 5o BT 3 SSBD
DESBH T A ¥ —E%L, SSBDRKFOL2AF¥F—KHALALEEEZHANT S, &
DIESWIERLETHEIESIN MCA THESDTEN 5,

—F, ABETEIARA A CBRABHESSTH2L, TONVRETERT -7 0 Y
A=THHT AL EDBLAS, FFHPREDEICET DL, X7 -5« 5473 MCA
CAFIEE S R b,

A5 A7 SSBDR B R ETEEHETFOTDY 20-025—200A 8T , A 20keVD LA
NE-—DEREAET D, RINBOEIICRALERRT, &ICARKNTORESOIEEY
FFBhbmT 45 A, 7405 -, LTHE, “F ERDEDE & IEFEE 6.24m D
£ AFN( CloHsOu s ATHE 3057x10%cm™) %, *He ~ERDE® & 2iTi3 124 4m
SRELHEY TRFLE, £ 'He—NRAMEODE &3, 1.26am 0= FvHEETNTNRA

L7a



JAERI-M §1-048

311 O3 PRYor3ile 74S UITM [oSS9A

unnoea () PUBR “HJd§ pPue ¢J5 ‘saqoad
jioys pue ‘gds pur [d§ ‘seqoad Buogd (V)
¢ [9ss9A UNMNOBA pue saqoad 103091709 IS

't

*o30yd

*AT1oaT3oodsex

‘19N snld DQd Y3It# 714D Pu® 2uOT® DAd

y3itma [TdD ©3 I9J21 (97T) pue (OTT) 2soyl
oTTym ‘Aroatradedssa ‘IgN snTd Dad YITm 748
pue 2ucle (J0d) ®8aeyosTp euseld yaTA I4s
01 I93J91 (S7) Ppu®r (S[) SPOBJANS OTIPUZEU
posoTr jsouwawlino ¢ Kg-L4lC JO uoIlels
90B3INS JB JI9pioy oqoiad Jo juswwBuriay T°¢ 914

A\

/

"~ AR

. -~

o

0=
WUl Gg =1

| W Vd |

said JOMBAIP \\
3 S493-D



JAERI-M 91-048

Detecter

Fig. 3.2 Principle of elastic recoil detection (ERD) and
nuclear reaction analysis (NRA).
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Fig. 3.3 Experimental arrengement of ERD or RNA.
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Table 4.1 JFT-2M operation parameters in Experiment 1

Sample SP1 SP2 SP3 SP4
(Date) (10/14/'86)  (5/21/'86) (10/15/786)  (10/16/'86)
TDC.

Working gas Hz E, Ha Ha

Time {(min) 16 12 16 7

P  (x10-°Torr) 4,9 ? 4.9 5.1

Prop (¥10=° Torr) 8.0 ? 8.0 8,0

Ip (k&) [ ? ? 9

By  (10-'T) 0.082 ? 0.082 0.082

Plasma discharge

Shot Ne. 324347 o 28594] 10 32529] s 32658 .
~32438 ~ 28604 ~32533 ~32662

Plasma shape D-shape D-shape Upper single Upper single
limitexr limiter null divertor null divertor

Working gas 0.8D,+0.2H; 0.8D,+0.2H; 0.8D2+0.2H, 0.8D,+0.2H>

Ip (kA) 285 341 275 273

Bt (T 1.20 1.07 1.26 1.27

Pnpr (kW) - Cf,Table 4.2 - —
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Table 4.2 Neutral Beam Injection operating parameters for SP2 with
34-keV H® beam co-injected from 700 to 900 msec and counter-

injected from 800 to 900 wsec for every discharge duration

of 1 sec

l Co-injecticn Counter injection
shot M- Yy 7, (1] T, [A] P, (<]
28594 T 62.4 771 47.0 463
28595 62.1 776 47.1 470
28596 62.2 768 47,1 474
28397 62.6 774 47.5 482
28598 62.3 769 47.9 475
28599 : 61.9 763 46.9 463
28600 - 62,4 | 771 46.9 463
28601 62.9 778 46.9 464
28602 | 62.4 772 46.9 470
28603 62.6 774 46.9 464

Table 4.3 Measured relexation distances in S0L for SP1 and SP2

{with all dimensions in mm)

5P1 5p2
Side a1 Aso *s1 hg2
Upper side o0 4%1 oo 10%1
[Al (35€r<65) | (7.5€r<25) | (46<r<58) | (10<r<38)
ion drift side 2941 28+73 10t1
[§P§°f SEL, D forj (15¢r<65) (28<r<58) | (82rild)
lower side 43+7 11.1%0.4 23£5 4.,0%0.5
[c] (35<r65) | (7.55r<25) | (38<r<58) | (108r228)
electron drift side 26.250. 7 49+ 16 i 2544
[0 for SPL, B forJ (7.55r%65) (385r<58) | (105ri28)
F




JAERI-M 91-048

(00~-¥) {00-V)

- - T€F09S ¢1+808 — — = — (m)  1eNg
(MD2) (M2D) (MDD)

— - $970 £8°0 EAN — — — — (L) g
(M22) (Mo2) (400)

— - 0c¢t 011 £9e — — — (V1) d71

— — q (44 q - - - - sed BurdioM

JOJIDATP TINU  103IISATP TINU  IJIOJIBATP TInU

— — d
e18urs i1addy  aySurs zeing  ei8urs ieddpy - edeys ewsed

0900%~ 9L66E~ 6886¢ ~ ‘o
— — — — - N 204§
s ﬁ@mooq 8 ﬁmcmmm 9 [vesse 4
98aBYOSTIp BUSEBJ
- 780 7870 7870 78'0 ¢8°0 780 780 (L,-0T) 4
LT TST 6 971 G 9T S* 9T G'91 ¢'9T G 9T 697 (va) 41
0°9 G'9 S S Al <L VAl 9/ <l VAl (110L,-0Tx) g
[°€ 9 Sty ¢y R A 6°€ ¥y ) Gy (1101,-0Tx) *d
C'6 ¢'6 L L 4 L L { L (utw) Luwrl
Ty 7 [4%] Zq 2 [44 g 4| 4t} sBd JuTNIOM
L 1 L I
odL
QqE
(£8./L2/8) (£8./97/8) (L8./S2/8) cdn 70 Lo (e3m@)
£dD 940 €dn d) aTdues

7z Juewtaedxy ur szeojeuweied uworieiado Kg-14r %% °T9el




JAERI-M 91-048

Table 4.5 JFT-2M operation parameters in Experiment 3 for a

pericd from 7/20 to 7/22 in 1988

Sample CP8 CP9
{(surface condition) (unpelished) (polished)
TDC
Working gas Hz Hz
Time ‘ 13h48m 13h48m
P, (x10-%Torr) 4.5 4.5
Prcp (X107°Torr) 4.2 4.2
Ip (k&) 16.5 16.5
Br  (107'T) 0.82 0.82
Table 4.6 JFT-2M operation parameters in Experiment 4
Féample CPl10 CP11 CPiz2
(Date) (16/6/'88) (10/4/'88)
TDC
Working gas H, H, H;
Time {(min) 10 10 10
P, (x107%Torr) 2.4 2.9 2.9
Prep (x107°Torr) 9.0 9.0 8.5
Ip {(kA) 16.5 16.5 16.5
Br  (107'T) 0.82 0.82 0.82 -
Plasma discharge
Shot No. - 49117} 49037} Y
~4£9126 ~49050
Piasma shape _ Upper single null Upper single null
divertor divertor
Working gas - D, Dy
I, (ka) 254 250
(CCW) (CCwW)
Br (D) — 1.25 1.25
(ccw) (CCW)
Pxpr (kW) - - 82961
{A-CO)




Yield (count)

= Op. CQ; E%n

a,

Table 4.7 Measured relaxation distances in S0L for CP11

JAERI-M 21-048

CP12 (dimensiong in mm)

Side (cdepry () epro
ion drift side 16.7£0.7 13.8+0.7

[A] {22.5<r<60) (22<1<65)
electron drift 311 28+1
side 1q (9.5<r<55) (12.55r$55)

and

T

Wi m’htW

51“ Channel no. (ch)

Fig. 4.1
19

F-ERD at ¢ =7.5mm.

.bB .
Energy (MeV)

8

Recoil-particle energy spectra of SP2-A obtained by
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Fig. 4.11 Recoil-particle energy spectra of CP4-T obtained by 19F—ERD

at 7 =3mm.
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