JAERI -M

88-007

A A M H £ H
— [ER PRI F- 23 AR 1 d5 1 B A e —

1988# 2 H |

% B OR

B * E F H W R F
Jupan Atomic Energy Research Institute




JAERI-M LB — b, HEBRFHFERPATEHIISA LT I3IERSH T,
AToEb e, BRI FERSER BN (T319—11 KINEARRETRIEH )
HT, FELIU{EE 0, &F, ZOERPIBERBART-HEGS SRR v & — (FT319-11 TR

BABE BEHUEAS B A B NIRRT TSI LI EBEHA S It TH D E T,

JAERI-M reports are issued irregularly.

Inquiries about availability of the reports should be addressed to Information Division, Department
of Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun,
Ibaraki-ken 319-11, Japan.

@€ Japan Atomic Energy Research Institute, 1988

RERRIT W R BT N R
A RNTT:: C



. JAERI-M 88007

b - EEFEEAER
—BHEPIRF B 1 5 HEEEE -

B A EF O Eag e
BFaF7F—sHERESL
KE m%*

(1988 fE 1 H 8 Hz 1)

BT SEEROMEMERE LTR, SRR ETL7 7 X< « BEHEM R, FELTH
PEEMICE D 24 v 777 —va v, BEYBIRCS T A3EHALEE  OFFSEFH
RELTWS, KRBV TE, 77 X7« BEEAONEO—3FLLT, 7RI
a7 -TJRLEBTIXHTOFEIvavTud z4 i i, 75 XD R
L, BN T 7 ZeH T OA A DB IcONT, RRASEBEORE - AT H. 20OH—
BEE LT, AEBLTE, i 1978 ~4ELRRINTVIRIL 5, BrOHE
kB 73 AT LAHEBICOVWT, FOLHSsREH 7o —7HEDLI Ao, &
DEIUEREREEBEBTI SN ER<S, BT JFT-2MTHOLETm 70—
TEABHTRLERLE ST, RV —=FF T -7 — D77 X7 OREPRFECIHS MiTE
S THRT B,

AMERR 6 FECBD 3 ERRKENOEAFEORRE T LD D TEHES
WAHFFERT | T 31911 RIREMNEE BN QB F AR 2 -4
* FH I IR A S

5y



JAERI-M 88-007

Investigation on Particle-Solid Interactions

— Basic Process Relating to the Plasma Particle

Deposition Profiles in Solids —

*
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Surface depoéition probes have been conveniently used to diagnose
plasma;wall interactions in recent magnetic plasma confinement devices,
Deposition profiles of plaéma particles in the surface probes reveal
the basié mechanisms of particle-solids interacticons as well as the
plasma particle transport in the scrape-off-layers. In the first stage
of this investigation, thls report presents a review of surface probe

experiments on various plasma confinement devices reported in 1978-1984,
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Interaction, Scrape-off-layer
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1. & C & I

W& EROHEEER GRS SME L OBAERE LT, S<hoh{HRENTS/T. H
DRI B B EE O REHEREDREMEE O KRB0 ERMBAS A 5 PR EHE
B LEERMETSY, T, EEBERE LT, BEROBEFENSSZ T 2E(LcpE Lt EE
BWFEF —2 &5 > T,

R, BRESFEEHEO-HORERERBICROT, MM CADEERG 577 X<BHAE
A (PWI) OWESBEIRT7 XA<ER EOEEMELL T 9 X7 » 7&0, 1, &0
FROZMAFORMBERLNLT, #OXKYOBAEIBOTIENERMETH L LB -T
Xto k1, —HEUHEHRASOFRICROTE, BATHAEEOL —F— PR —a (10%
~10°W/cm’) PEMNVHEHICAREL, BEEEDOGRT 7 X7 2ERT HHDOLALF - F
AN E LTHEENTH . NS RO TIENEBICEEL - HEXTEHED, TOH
54+ cEBRREREEA LOMBEIBESTEGMIRESEDENL > T b,

—J, JBEDOHEFEOAIT, 10~ 1000keVOR « B A Y E— sl odl, 1441
VIS UF -V YEMTELT, COERICERSE R ARS TS, HEMOMRICEA &
YE-LITEBAMEOET 4 74—V a vy, BAEERETREETELVHEMEEEEEED
BISEFRFRSBEAT, MEEY — L CL32HEMEORREELCDORFOILALEL >TSS,

L EEOHEFR I ERO LS BMIEWEREEL, £/, TOoRBLECEIALSTnE
BoBWHBEFE LTHALD2DH 5,

AFAFEITHOTIE, T & UTHIBE UADEES TR 2T LEEOEBFROHT,
PWIORBO—HELT, 77 XeLLEAKRALLT 7 X FOAMICOOTOHEREE
TS EDTHD, BE, PLEEHK 000 FECT I X2 LAH S L EREE P HRO
FERCPROTEESNTOL S, TOSOEBICHOTR, 77 X v 2BTHEEFROBILT
B, TIXIEER IO FELLHIEORECERBALL, ETHLIOMITKTO Y F1
TN T EIT TS, HBib, BRA~NDT 7 XwDFEA L, BEmb L EToRHoRET
FEOHA G, BADA A= XLt X Z2RETOMREKEHSEL, ZOapT 7 Xv~OR
BO—EALL, 73X TREIALVF-DEDEVICEERREEZRLLL TV S, ki,
73 X< OALAHEIMESCH LT, “HBOHE-F DAY, 7Y YA YODTFTROD
A —Nm gy b RECEAEL T XA ORARORLIBENDRENEELERTE TS
LENEEZONBLITE o ok, 77 XHUALHSHBIGEL, EECEMERILH
SO 7 7 X TCRAET A LD QRAERB ORI 7 A EZB0RTERIN S L 51T
3, ZEKE, SEhiET, EOoRELLEEL0F LOERSINDYD, He L mHEEN
IO S L0, MAFHORERECELLEDITLHLTFEINSD,

79 Av LEOREEBIRNT 7 X0 AR XD 20 2REAL, RQEST 7 X7 OEHE
LRI AEEOMAORENHH. AIERLCESET 7 A ERRTLDICEETDH O,
B, PHTTTFIXTONT A 5354 F RN 35 -0k EZDT T X< DEHEIC
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bIKEL, A A Y DERIZE - TEELSMETH L. S/, BERL 7 727 h T OE~D
AT TV VIELABRMB O ERELBEICE Z THFNLIEHTEROFE 1BE LT
DFHTEEOIMBEAGOE L, BB USE(D 7 7 X ~Phik - TL AR EORERH
%o

—4, BRENCENE, BOTERE (~ms) KEULHRE, 2L OKEAERSLD, £
o, ERHERARE LABEOYDRLINIhOMEERLEBUEETA2L0TH %,
FAEHFRZHRV TR, PWIDHIED—EBTHE 77 X DEEE~DRADKES, HE
BORCIKHREBE LRAT 0 -7k >TRET 2 HECESSB X, fERkoMRAL2HEL, %
DEKELE>TOLEZRSPICTLCEEZHNET A, DT —FE 77 RvDRI
- 74 7L —%— (SOL) OARCEB I, TNITHREINE 77 X<k FEa L, 77
ZwDEMICEVDLEDTHD, (DT —TRT7 ARl Hr s RNTERLD 513548
HUNSBARCH LTRASNEG LY, 77 Z7DELGEVCRIETHEIBRD TN, %
DF -9 B SABEAASALZC LN P ABHEBL L EHEKEEDTH S,

oy, ARBEFRTREIRBE LT, AFRECELITPN LKL/ k@7 D
— 77 OF#ET AMAREGEZZ FHERICR L, SHOIICRIITEL LI CBET L&
P oEEH I,

COWEABCHET 2HEHE2REL DT DL, ROLIURELRXICHHETE S, 1]
B, [2] 753 X-0PAUAHEBCET 7o —72M0/EE. (3] PW [ 0&FxBRE,
4] Zm7o—70khE [5] ZRE7 9 - 7OEANYH —fFRE, F+30 7, K
WA L ERBEOYR, LHMLER, Py CVIERARE, 2V -F - v ialb -
a v, 6} HRIGKHE, (7] cxvF—f@REBIbgE, (81 2EMILLESD, [9)
TR, i, RUSroflslozd nBEBicihics. SEEOFEATHE, LD
SLEZ2RBETC DO TRELESE TS E L

DN
e,
e
EH |
=N
!

PWIoBarENRSEE LTH, 1979F Nuclear Fusion iz McCracken 54593 Bit 47
ST AT IR THPW I DREF AT TV o« TOHXOMEHIIRE, BEOEEE
FDHIES Chap. 5, 6 iCli~N o1, REAMTEILDWTE 10 B bl>TB<E1TED, 5l
XS 351 B K- TS, £ U<, Manos &McCracken {3 Post and Behrisch®d
Physics of plasma-wall interaction in controlled fusion: Plenum Press ( 1986 ) 135 ~
209 HiC plasma edge diagnostics & LT 7 0 — 7 O@EHAIT-TW0 A, 55, ORNL
@ Zuhr (¥ Nuclear Science Applicationitiiz 1984 #£“I on beam surface analysis in pla-
sma edge studies” »58 L TEAMIEIRNFEFAEFTLTOEY 77 A<k sLkro—7
ORFARIC DO TOMRTIE, 1978 £ Bdttiger DHR U He OEWARE M IE DD HEEOEE
LENEFNOREKNED, MEBIFONEABTHS S
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bIKGEL, ASEA A Y OERICE > TEELGMETH S, £/, BEFL 77 AT OE~D
AVT 707 —Ya VELLGEMBEOZH 5B LR 5 TFHHETEREOFE 18- LT
DF s EOMREL MWD& L, BYMBEICEUSE (N 77 Xe~phia - T 2R ROMENH
%o

—74, BRI RNE, BHTERE (~ms) KLU0 E, 2L DKELERSI D, &
foid, ERAEREZRE LAEODRL TN FNOMEERLENEETE0TH %,
FEEFFTICHRCTIE, PWI OHED—RTHS 75 X2DEERBEA~DHFADLEES, B
BOFSCEREBE LARR 70 - TR - THET A HRCESRABE X, EROFELHAEL, £
DEREL>TCOLBBEXHOMICT S EEXENLE T, BT -TETIXAvDRI U
=747 —7— (SOL) OABR KRB SN, THIHRINE 77 XvRFE224H L, 77
Xz DBWCHNBEDTH S, COT v —TRT 7 AvREALEPLRNVTERA LS 21358
HONEBEEIN LTHRASNE LY, 77 AvDREEVICRIETEERIBH TS, %
DF PSR B ASAL LB T 7 AVEMAEBLCELHERL LD TH S,

Lo, AREARTEEIBRRLE LT, AFRECEIGONA IR -c K@ 7 o
— 77 OMET APREAE IHENCHBEL, SHROWFRICERI/ L LICEBETLCE
pLEEH T,

COPFEHECHEET 23RS REL{ NI LE, ROLIUMELBCHETEE, 1]
i, 2] 753 A0 UAYEBLER 7 — 720/ KER, 3] PW I OEABRE,
Ta] ZFm7To-70hE T5]1 ZBE7 2 —7oOBEAME —HFRE, F+3 0 7, KE
BIBH L SRBEOYR, HWHEER, Py EVIERRI, TYEa S - viab oy
a v, T6) gRIGHER, (7] cxrvd—5lHIbRE, 81 ZERILEEALSD, T9)
st k, B, RUaHoflgloz{EEIChI s, SEEOHETE, UED
ALFE2EEETIEODOTHILEFT L& & L

o X

Do
)
ot

PW I og&fEiias s LTI, 19794 Nuclear Fusion i€ McCracken & #4593 HiT 1z
STEAR VAT BEPW I DEFAT-> TS s TORLOAFEER L, FiEOEs
Fr>PIEDS Chap, b, 6 i~ oh, EMAREICHOVTH 0 B bl-Th~N6nTEYD, 5
SRS 351 & LIl - T b, T/ <, Manos & McCracken it Post and Behrisch®
Physics of plasma-wall interaction in controlled fusion; Plenum Press (1986 ) 135 ~
209 Hiz plasma edge diagnostics & LT 7 0 — 7O AIT-> T3S doic, ORNL
@ Zuhr {3 Nuclear Science Applicationz&iz 1984 f£"I on beam surface analysis in pla-
sma edge studies” 5L TEAEMIKMIEOHEMALTELTNEY 77 A7ICE S L7 m-7
DRNTHFT DV TOREHTIE, 1978 FF Béttiger DHKR U He OBUART O HEEOSH
EENFNOWENED, MEBITORFCHHTHSS
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3. 79 XAVHEADEBRBIINTI EL T —TD
WHIZ & A

31 BEULLCEE

FEL7-EFE, ROBEBICH LU TITONIHAET, $1FADEDERAFOLDSEDHA
Hirrabo EE Lo (1) USA®Princeton Univ, Plasma Physics Laboratory @ P L
T, PDX, ORNL®ISX-B, EBT-S, Livermore ®L. RN L ®>mirror — fusion,
TMX# &, (2) fFA v Garching IPPOPULSATOR, ASDEX, WENDELSTEIN-
VEA, KFA Julich®@TEXTOR, (3] UK-CULHAM Laboratory®DITE
Tokamak, [4) 7% v X, Fontenay—-aux—Roses®TFR, (5] USSR»DT- 10,
(6) HEDEEBRESSAHRFO] I PP -T ML ETHL, ik, EHHE, BE
BT DU e DR ST S ORI AN 61 EEM S L, JFT -2Mba <= 7cx
TAERE 7O — TORMEEIT > T 5B, THIEDOTHE, BlIiKExE, ZDEd, BAOHET
BOPOREDH B, AT Lo

FH T EWMHETE T I XAHAUAHLEERED, MMESNER TS X7 A — 5 OERE
25t 5EFigl DEH>ThHb. /4, ARMA=I2EE5DNATFTR, JET, JT-60,
T—150&Em7To -~ TAERECLI THS,

nli - . —
E ////f‘,// -~
r 0-T BURNING /
L -
10" //7 /
= JET g
: (tull hedting power|
e AlcATORg _ Sm
@ E FT-® JET == _TFIR
# C rwﬁggg
€ ool LT Sy —
s 3 TEXTOR
WEKA pe—i)
. E /%__ASDEX
é - (tuil hegting power)
'l =Pulsutor\ o.g
E Té TFRI pgx PLT © »nlanned
3 3@ @ uil 1988
N “SDEX ® ® ull 1977
T Fomn 1SAR I ® till 1972
3 O uil 1965
0" NI FFETI SIS YUY I RVPYI TSI BTY
o ; 0! 104 - 10?
T (keV) )

Fig. 1 Confinement parameter nt and plasma temperature for a number
of fusicn plasma devices. The time history shows a gradual
approach tce the region required for D-T ignition and burning
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3.2 USAICRITIEHE

KENCHEWTHE, PPPL, ORNL, LIVERMOREKALVWTHEALALLER 7 X<
U1 BAO 75 ZT0MBOWESBRAT, REICEATED, SAND I AR
(Albuquerque B F Livermore ), RCA &N L THOBREEZREIFTHS, :

3.2.1 PDX

PDX kA= 2icxt LTH, Staib, Dylla, Wampler & D85 5, Staib i3 7+# V¥ 3
v7u— FHRTHLOA, SOL (Scrape off layer ) * G AR FH, THAVF—, KU
TRREAH~L ), EXBT+H 744 4280F, HEL, BERTEOF) 7 PR TEER
RlE L TEBBOF -4 5B TS, Fig2itPDX T+ 54 F %53

PDX D&M, [,=200kA, n.=1.5X10%cm®, Zsyr=2.5THbB, ERELTHE,
H - 22~200eVDEMD0.8~5x 10" /enfs, KI5 565~22eVDED0.3~3 % 10/
crfs AT, %7 surface analysis station TAES, XPS, SIMSUFolkickDE
MDA AT, O, Ti, Cl M EoBEEkskboni. e0sid, EE10"
JemisA — Y —THBE% X, Bb-rHETER, HEFOARIKELEEH —FY 7 L aDER
BHADENEDR TEARAET S AR VER7e -7 " 2PL T LTEEHL, 77 X
I, VP44 VEREMSPDXTI0eVEF, PLTT300eVELEES S4RAE TN,

322 PLT

PLTOEBRTIE, in-situ®AES (Auger Electron Spectroscopy), SIMS (Se-
condary Ion Mass Spectroscopy), E SD (Electron Stimulated Desorption) 7L &DA
ik, 305SSEH YT ELT, ZOKEICLBE(L", i Cohen ST h sDFHEIC
E SCA (Photoelectron Speciroscopy) & &AMV, BEEBROFE(LE Fe, Cr, Ni,O,
WHEDEKRBZEMEHE~, SS, SisEMFAu—7ELTHY, BERMicbi s, EKER
FORENREBELDL LA He OBRIGTHB TS, Fig 3,4icTable 1 & & biT, 20 FE
ERFERATRS . B, TOHEILP P PL®Cohen, Dylla, Sandia National Lab. ®Pi-
craux TP R C AdMagee 5 D FEEIC L %% :

Hiz, Sandia ® Wampler & Picraux 53, UKA E A#» & MMcCracken % & 117, Cohen
5 &4 PL TIRROTNER SR OB e L, Si74nva, C7 g4 (Papyex )& 70
—7ELTHY, H, DO7a7 40 Y 7EETHS, sfREoEic LD, Maxwell 534
T3, SBHEAARICEA500 -600eVER 7SI X< JD B0 -30eVOH, Do, X, NBI®
F¥ D5 —40keV DA HEE /e FiofkfATable2, Fig.5,6,7,8, 9 kU Table
3HZ

F4, Cohen 5E~NWNIVRTHRDRAF YV RT -7 IV 74—, BBICETHRIOO

*xFIENCDEBRTIZ=D3 b7 72T o VENERO 7 7 X7 HEREA SOL &3, 77 X<
T, Sld Y R BICET AT I X TOELLOERICH BT A OERERE S,

_47
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15 EO RS ORHEBELAE SickpiT-7"s
PLTORREEICEREICED SN TW5S, Cohen, Dylla, Wampler, Magee (8R4
BTxAMEA S — Ky (Papyex) o —7Fig 101k, DORFEAAEL, HTFHRE
LT2X10%4mnL 3 X107 /cnfs, TawdE—-60~226eV, FhiEvs D-REERES
Nize COBRIFICE, H—FE vy 7rs7 7 Xl S5 L%, RCAL Sandia Lab.~i%0,
BB CECsAZ VR #DSIMSIKEYD, TABETEDOREREESL " He DNRARRLD K
B b DTHS ) ThoDFLEEAFig 11,12, L Table 4R L1z, BB, PLTR
I,=350kA, V=14V, n=175x 10", HEEHEZ t=150~750ms, H7H|D run T
450 kA, 1.0V, 1.6~3.7x10%/cnf, t=900ms THb, X, MADHE L & Bt =25kG
TEEANem Y Iy ECERST B,

Wampler SREIL S A —-Ry 7o FickD@E X T2 AMMERBSIKE - THIEL T
Bo ARMONEROHEERICET HREN, NBLLEEVHEENRLLATVE
WER12) D& Stk & LT, Wampler 5 3R CRELDS —FHyFo-T2HWTPLT®
SOL73 275 DOMTHE T F VF -AHE LA L BEORENLER% Fig 13105
Lfze THNMF—OBEICIEZTRIM —Monte CarloitBEz —FE2HOTWL A, ZHICEHEIE
HELTO 44D /COBMEAT -T 5B, Fig 14 KU Table5 D r=45cmMB 77 X7 Ly ¥
TY w70 3y 7O, r=50cmMEORNEALRT, F/4, Fig b rizd 542 /E
B, RUDKMFEDELE R LIt COEBRER 70 - 7ORENHREEALEDEELS
5o

VLEo#fiEEEA — 3w 7MADESTHLH, PLTRUPDXITHVT, #hthIC
RHEISNBIODE 2EBMEEOD 7 5 v 7 AORIESWampler 5L DiThill, £ OFFH
ZE{b S 00ms DAERET, 77 X~ o DEMORKE LTkponi. ¥F, PDX ORAIE
HRIITig 16ITR LY. COEXDTO—THNY R I2)O6DLHEUTH 505, [HH5E
N AAF-RALIHOREH LD~ S0, 0.2umdDh—Fv, FHiE, MoD
TAA4NERHEL, FOLTL0gmDSi 7 4 v aEEZFLEDEFEOTLE, ZOSiH D
DOESTUT 74 V% Fig ITICE L AIEIRIZS TM S #sflibh, NRATHEIN/, NBI
DI, #30%O superthermal DA A VHFFEELY . PLTTRICRODHRL A -F 7
0 - FHODORERTRD SN, WA BDT 7 5 7 2DHINBRERH 5™

DT ERTEPLTIARGWT, 500eVOH, D, TOFZTiOFEEEHREEXRS
foh, §-Ti-allov, a-Ti, a—-F-Ti alloy, 316SS%&+r s LIBEELLLD,
RUDDHTHREET=5 -3 5107 e -7 L LTA-FYEMR, jon—side & electron—
side i L THEGAIE Lz, 77 X=@ disruptionic &0 ion —side TE R TH 2 31EDEE
MED, X, LRSSORMICH K50 ~200AME L, ZheDolEsh T 3

16}

fo, @™ thermal desorption &lIEZI N TV S,

3.2.3 ISX, EBT-8
[SXo7o—-FHlES X {fThbhTEH, Zuhr, Withrow, Roberto SOORNL DI v
—FWAELLDDT Ty 7 A, ML STONT, BMERSRE, A F-AESE —d
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DU HTT-> T b

£9, 17) LRhwTE, FigBIGRT LA XY » b AL OR & LR OBRSHE 70—
Tk, I1SX-A753X=DA1F v 7LAlEERTT-72o AESIKKEY, Fe, Ti, Cr, Pb
LEAS S N7co AESERBSOUEMRBTHWADTTable § L mLTHEL, KB, 77X
THREETH NI OREFIZ DL 5.

Ffz, Zuhr 5'iE, I SX -BKET, Sivr7ugHy, RBS&EFw 71U v 70,
‘He -DONRA%ITY, DDESTO7 74 ) v 7EBE L. AIOMEBELKICLEELS
Ravtos HOF-S1E (100) HERFES 1500 A% TSI U~ 2A0BEIC LD FELT » RUC L
foo 7 RTHA— 3 JIMAKRUNBIMADRD 75 X+T1,=110kA, B;=15T, n.
= 1.6 x10"%/cm’, Te=1050eVTHH, £/ NBI DI, 100ms, 350 kW, 40keV O
HaEAHL, 1,=120kA, Br=1.5T, n.=2.6X10"%cm® T, = 1450 eV T » 20 1 JEH
Fo D DAY Table TR Lice BRI T 551 7o —-7H~0 Fe GEERIL Fig 19
iR Lo #— 39 7ENBIDBADFe, ODHENTableRits 2 TH 5. —H, DORE
BEOWEHEEEITH L TFIg 20 DL DICRHOLNT NS, BETO7 7 4005 FHIR AR
HL Table9 D& DAY, 12HKBOBER I KEORICE~ENL, AMBEIENTH S,
HREGETERMARLOWERZ X - TS, ZhEDOHEICKD, DO T 2 AF - 150 ~ 200
eVEEZ o b, FEEOHEMEBENS 19), 20) OAETAF T v -ZBHERE, D
i3 150 eV ric/in, s—-SioREGL B Ltz rvF—Ld, 31T ET5, 72,
1050 eVOL 77 X=BEENB I LD 1450 eV & 505, EMRAETOD LA A 103 %
DERBRHFEDRERNLTEENHh -,

Roberto 513 1 SX -B7 7 X=T0ER (erosion) 4B 5%, 3~4dmmdAu7 1
L%E(G6X1.8emDs—Si it ANy s EELIZSDEHOVT, RBSICLDZDESDELL
A", MAEHERBS 27 A Fig 21 I8HR Lo $72HED TS X<ickt LT, Br
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Summary of exposures in PLT 10}

Sample Group E-1,2,3 E-5 F
7/13/78 10/16/78 12/19/78

Plasma Parameters

Plasma D H D
Neutral Beams H D None
Limiter 30458,C 30488 C
Limiter Radius 40 40 40

No., of Discharges 45,39,25 24 1,1,1,2,3,6,12

Table 3 Calculated D temperature and fluences

Ip (kA) 370,300,320 430 250
Bt (kG) 32 32 17
Ng (1013 /cm?) 2=5 2.5 1
To(0) (keV) 2.4,2.3,2.0 1.7 1.1
Sample Material: 5i:3-9 §41:6.5 C:10-180
D Retained 3048S:1-4 Si:.04-2.5
(101% ecm™2) Be:4-5 -
Deposited Impurities Ti:.5 Ti:110 Fe:2-18
(1015 cm~2) 0:70 Cu:3-28
Fe:2 Ta:2-13
Cu:.37
Ta:.6
10)

Measured Calculated
Sample r(em) D/cm?(101%) A (nm) T(eV) 6 (1017 cm?)
\ _ , |

C(F) 47 30210 | 12.5:2.5 | 230550 | 1.1 s
C(F) | 48.5 | 1053 | 6.0:l.2 | 100:20 | .45 TO¢¢
51 (F) 47 2.55.2 6.5%.6 155+20 .13+.02

Si(F) 52 .04%,03 3.5%.4 73+7 L022+.003
51 (E-2) 56 | 742 10.441.0 | 280:40 = .3z.1

‘ 2+, 4 19.5+2.0 560+60 L07+.02 J
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Table 4 DV fluxes and lower limits of pt energy {temperature)
calculated from the experimental data of ref. 12}
using the assumption of monoenergetic, normal incidence
implants (Maxwellian, cos§ implants) 12)

Monocenergetic Maxwellian

Sample r __ normal incidence cos® incidence

T(em™?s™ 1) Epip(eV) Plem 287 1) Tpip(eV)
1 45 9.2x101% - 180 3.1x1017 225
2 46.3 5.7x1015 110 2.0x1018 150
3 47.6  3.4x1015 70 1.1x101® 100
4 48.9 2.5%x1013 65 8.3x101° 80
5 50. 2 2.4x1013 60 7.8x101° 70
Table 5 Energy and flux of deuterium incident on carbon
samples determined from the experimental data of
ref. 13) assuming a Maxwellian velocity distribution
and moncenergetic normal incidence implants 13
r Maxwellian Monoenergetic
{(cm) kT P E ¢
: (eV) (D/cm?s) (eV) (D/cm?s)
44,0 270 3.3 x10t7 600 3.1 x10t7
45,3 140 2.8 400 1.5
46.6 140 3.6 450 1.4
47.8 120 1.3 300 0.8
49.1 110 1.0 280 0.7
50.4 90 0.65 200 0.5
51.7 - ~0.05 - ~0.03
Table 6 AES/RBS comparison 17)
AES (atms/m?) RBS (atms/m?)
Fe (Max.) 4.86x1018 12.0x1018
(Min. ) 2,43%1018 4.7x10'8
Ti (Max.) 5.88x1017 5.0x10'8
(Min. ) 0.78x10%7 1.7x10%8
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Table 7 Retained concentrations per discharge of
ohmically heated, D plasma. The samples
were located 20 mm behind the limiter
radius facing By (ion drife) 16)

C 3.0x10t8 =2
N 8.2x1017 m~2
0 4.3x101% p=2
3 2.0x10% p 2
Cr 1.1x10+8 ¢
Fe 3.0x1048 m~2
Ni 2.3x1017 m™2
Pb 2.1x101% @2

Table 8 Estimated Fe and 0 fluxes and densities for D plasma

at 20 mm behind the limiter radius 18)
Ohmic N.B.I.
Flux Fe 3.0%10%8 3.4x1018 /m? discharge
0 4.3x10%9 2.4x1019 /m* discharge
Density Fe 5.7x10%% 6.5%x10%° /3
0 4.4x1016 2.5x1016 /m3

Table 9 Comparison of experimental D depth profiles
with MARLOWE code predictions 18)

Experiment Theory
D profile FWHM Energy FWHM
1 Shot 92 A 50 eV 26 A
12 Shots 134 A 150 eV 71 A
300 eV 135 A
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Table 10 Typical ISX-B edge parameters as inferred from surface
probe and laser—induced fluorescence measurements.
The data are for nongettered, ohmic plasmas with &, =
4x1013/em®, I, = 150 kA and By = 1.31 2%)

2 ¢m outside limiter radius Ref.
Ton density 2x1012 /em? 24)
Ion temperature 20 eV, Maxwellian 24}
Circulating ion flux 2x1048/em?s 24)
Circulating impurity fluxes:

Oxygen 2-5x1016/cm?s 18,22)
Iron 2-5%x101%/cm?s 18,22)
Carbon 2x101%/cm?s 18)
Titanium (with TiC limiter) 4x10+%/em?s 22)

Flux scrapeoff length:

Hydrogen and iron 2 cm 18)

Iron impurity density:

Neutral 107-108/cm3 26,27)
Total (for E = 25 eV) 5x10°%/em3 18)
Surface erosion rate (Au) 2x1015/em?s 21)

At outer wall position (away from limiter)

Neutral hydrogen flux to wall 2x1018/cm?s 24)
Mean neutral energy 30 eV (with high E tail) 24)
Iron impurity deposition <1012/cm?s 24)
Surface erosion rate {(Au) <i01%/cemés 21)

Table 11 7TMX plasma parameters 30)
Parameter End plug Center cell
Density (1013 cm~3) 1.5 0.27
Electron temperature (eV) 87 49
Ion energy (keV) 9 0.06
Plasma potential (V) 510 325

# D.P. Grubb et al., Phys. Fluids 26, 1987 (1983).
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Table 12 End loss experiment 30)

Fluence (D/cm?)@ Flux (D/cmzs)b

r {(cm)
0 10 0 10

(1) D end plug and 6.0x101%  6.8x1013  6.0x1015  5.8x10i%
D center cell
(2) D end plug and 2.9x101%  4.0%1013  1.9x10!5  2.2x10l%
H center cell
(3) Neutral beams

l.4x101%  2.3x1013 - e
and plasma guns

8 5 discharges per sample, 17 ms exposure per discharge.

b Background subtracted.

Table 13 Impurity analysis 30)
No. discharges Impurities (x101°/cm?)
at r = 30 cm o Ti Fe Cu N
3 i .. 0.7 . e o .
10 7.5 2.25 0.27 0.26 v
41 15.4 6.0 0.29 0.97 0

Estimated lower limit

for detection 0.2 0.02 0.02 Q.02 0.2

84 gIMS measurements indicate that 0 extends into the silicon.
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Schematic representation of the PDX analyzer.
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Table 14 Plasma parameters for the series of discharges in ASDEX 3%)
1 series - 2 series 3 series
#1906-08,2101 #3856-66 #4667-75
2229-32,2916-23
Large radius R {cm) 1650 1650 1652
Small radius r 40 40 35
Discharge type double null single null gsingie null
divertor in divertor in divertor in
Ho Do Dy
Toroidal field By (kG) 22 22 22
Plasma current Jp (kA) 250 400 325
Electron density Tig (em™3) 3x1013 4x1013 2x1013
Neutral injection (MW) - l beam line 2 beam lines
0.95 2.45
Central electron 600 800 800
temperature T, (eV) 1200 during NT 1300 during NI
Central iomn . . .
temperature Ti (eV) 450 1050 during NI 2700 during NI
+ .
H' flux at fixed
16 le 15
limiter (cm~2/s) 1.5x10 2x10 4=10
i energy at fixed
49 20 20

limiter (eV)
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Fig. 33 Schematic view of QWAASS 31)
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Fig. 34 Range of surface compositions for various discharges
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Fig. 43 Schematic diagram of the carbon probe assembly on ASDEX 35)
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Fig., 44 Schematic cross section of the ASDEX torus for an single
null divertor discharge with torcidal stainless steel limiter.
The fixed poloidal limiters and the movable poloidal limiter
are projected into the plane of carbon probes. The separatrix
and the magnetic field line which is touching the divertor
entrance slits, the torcidal limiter and inner poloidal
limiter are shown 35)
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Fig. 54 BSchematic of ceollector geometry 41)
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Fig. 55 Spectrum from a papyex stripe with an area exposed
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3.4.1 T-—10

T-10EZ2F6NFWASA (Wall Analysis by SIMS and AES) DIERrTAl 70—
7 & - T Chicherov & sER D R EI AT %17 - 7 “L #800ms £ O, Fe, Cr,
NiZBHL, 10~100eVERELT, no=0.7~22xX10° nm=04~13x10°, ny
=1.1~3.5X10° nec=008~0.25 x 10*/cn® DIE & 75 - 72,

F#H F4{ v Hildebrandt 53T — 10t LIHERKCL <y b A ASURE, #0OASER
SHAlIC & BWA S A THTAITY, RE4 4 YoM CiAnBMAB~THE", BohimU
AWESE T 13 XIS o OB E LT H - Fro BIRT B & T,=23TkA, ne=3x10%m", Br
=2.5T, rp=37cm, q=4.2, LiHitwLTr,= 150ms, F7, 366kA, 4.8 X 10%%crn?,
2.5T, 34cm, q=1.8, KCl LT 130ms T »7=s

3.5 FRANCE

3.5,1 TFR

TR VT, TFRZW—d0%, XEREDTETA0kA, 60 kG DUETORM
MDERDOREEBH T D, 0%, TFR - 400 & 600 82\ Tt Garching® IPP @ B
WEDWHOS LT, ZE T v - 7IC LD FNHEEIENBEINTO S,

Behrisch 543, SANDIA®DBilewer &7 LTCTFR — 400 @ 2 FHOBEFLEDS S
G4 F—ms50EDH Y FERD, 2.5MeVOBFTRBSSFETH, 1V ig—icAn s
Ni-ZtDHETEARBLTOE", CORBSOA~Y + v 1 fl4 Fig 57ic, % 7 BEEC
BORFAMBETORHEFIgBIERLz, ZNEFEDTLCEKEHLHEEbLILE, V14—
14 i T, 2HED oA s a4 vohEEDOEED O LD E OB SRE SN
Fooo Lin L, HT® b oA L FROMHEE RN ST,

EZ, Staudenmaier 5%, TFR —400 & 600 i, QWAAS ST YD in— situ @F
MYHIEET 770 V17 oD K v 7 a— 7OME OB, MonBIIEH
BEERI TR L O {8, CoHTEDEIAE LTIZ, deposition & erosion® 220 70 & &
BN TED, erosionds deposition CEBRTEARIKE{BBELTOLEL OGNS, REE
ELTHEMoTO5emHb, huid, U 34 &5 AvHBIBICPITRROKENEEMAHE~
DFE-LERICEE D ETHETUVTHETES, 2 YVOBREE WeVERELT, TOE
HE{HETE S, Cr, NioHEIEM Fig 59 TR T

%72, Staudenmaier 53" TFR - 600 DQWAAS SOBABEAE-T, EXBTFF 37
AF—-ZHNT, SiKEDHFOIFAAF—REFTO, HEHHFHTE L, FHash2#
D70 — 7% Fig 60 05 d . BBITH - THRILAATL 3R TR 7 —~—EE D oo, R
BEXLTHOEEEOERONCH L TR T AV~ KL ETFBBFERHED. COBEER
HGFICE b, Fig6l, 62 1cMHfLOEE®0.3cm, B=4T& Loz DHEOEAZRN,
zheEh, HLeEONEE r CEE KT 2/ LT3 ohTnb, Fig 83 TFRT



JAERI-M 88-007

0.3mma 7 N—F v — i L OBIESNIcH v 7w EOKE FE oA 4 4 v oah S RE
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cm, Y3 —id4 AR ED ThHbHo Taylor HERFIR LD Zr = 1 ~2 E1L D, M=
SHREIL1,= 180 ~220kA, B=4T, 100~ 120ms ®E>5 & n.=4 x 10”/cn’, T, =
1200eV, T, =400 eVT&D. QWAAS SOIEIZFig 64 iR L1z, 7o—-TREL{ BV
Simkrik, 1200mmOHA—FyE2EFF&D (C/S1) THb, D77X=icas LI, He
ONRAERBSTHAIEL:. SN DOEAFig.66, 66 iTn Lize 77 A=IGEVLRTH,
LA VAL DBTHTODD M5 » TP 0. COMBEIPLT 00 —HLT3. L

L, BAC THERELTVWD, BRKEBKEVW .70 -JCABA 4 VY777 AT
kKT, + kKZT:\"?
Fi(t):ni'(t)(w—“_—)

2 7T m;

THEZ b BEKEF7ATRZI=1TSOLTRT.<TiTHb, -7, A7z

S
. o o
®I,1—J r(t)ydt=rits
6

Lin LIREB O, BAFEALO, T30 ¥-E& O, BEICERFET 5. 00CETOZORTE
MENDIEGFIRED

.‘.(DT,% = g(ml,iv E: 8)

Thbdo HH g IBROBEHA~NLY, BRHEEROLESNLINTED, TOREIE19),
10), 473, 20) HEHATHD. L TRIAHREEBRO LK Fig 67, 68iCRLIe 70 7R T
TAFICH S S Fig. 68 DIt E L HBOHERLD

I (E) =y { = Ve, - (kTi)m
TR TP S T

SCHK 47 ) o Table -1 ¢id Case Bid cosine HAicHf L

2E E
dr(g, 6 =r, exp(f-—) sinf cosf a8 dE
(kT)? kT

Lith, ko 77 X=wDN5 4 —#FTable 15CH 3.
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Table 15 Plasma edge parameter of TFR 800 for several radial
positions evaluated with different model. As to the
models A, B, C, see the caption of Fig. &7 16)

r (cm) 20.1 22.1 23.6
Incident flux 1.2 0.7 0.42
4}

0.75 0.5 0.3
(10 Dem 257

1.7 1.3 -
Mean energy so+10 | 3010 | 2077 | A
kT; (eV) - - -10

90 + 10 5010 3c£10
6010 3010 -

Ion density 6.0 4.6 3.4
n; 2.8 2.5 2.0 B
(10" D-em™)
8 10 -
| 2.5 MeV H* — SS (TFR 400, 13*WALL, 322")
1500 —
] i1C Iw
i :
| i
i 3 FeNiCr i
W . i
1000 —| ol :
" ]
o
4 ]
: -
o
[45) 500 —
¢ : ™ oo T '.'i"l T iR T
0 160 200 300 400 500

CHANNELS

Fig. 57 Proton elastic backscattering (PES) spectrum from a wall
sample of TFR ( at 320 deg) as obtained on a multichannel
analyser. Increasing channel numbers correspond te increasing
energy. For Fe, Ni, Cr, Mo and W the Rutherford cross section
applies, while for B, C and O the cross section 1s enhanced
by a (p, p)-reaction 44
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Fig. 58 Spatial distribution of different deposiﬁs on the outer

circumference of TFR 400. The sector numbers of TFR are
indicated on the top of the figure, while on the bottom

the azimuthal position in degrees is shown. The position

of the toroidal field coils and limiters and probes is
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Fig. 58 Radial distribution on a 50 mm long sample after 15
discharges in TFR 600 analysed with Rutherford back-
scattering (RB3) and X-ray microanalysis {XMA). The

distance along the sample, x

radial distance are shown
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Fig. 61 Calculated ion flux transmission, T(r, kT) = r(r, kKT)/T,
of an aperture of 0.3 cm diameter in a magnetic field of
4 T for DT icong of five different temperatures 45
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Fig. 62 Calculated ion flux transmission T{0, kT) as a function
cf ion temperature for different ion species. Diameter
of aperture: 0.3 cmy B =4 T 45
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Cle, kTHIC{O, WT)
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Distribution of the ion flux transmission, I f{r, kT), of
an aperture (0.3 e¢m diam.) in a magnetic field cof

B(Rp + ar) = 3.5 T. Compariscn of experimental data for
metals (Inconel) and calculation. Horizontal distribution
indicates that it was measured on a line which is
parallel to the horizontal plane of TFR. A line scan
perpendicular to the one shown is broadened due to the
varying pcloidal field 45)
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Fig. 64 Schematic view of horizontal cross-section of TFR 600

showing the lcocation c¢f the probe with respect to the
limiters and other structures 49
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Fig. 65 Radial profile of deuterium trapped in a carbon sample
exposed in the limiter shadow region (electron side Q2,
ion side Q8&) 46)
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Fig. 66 Deuterium trapped in carbon as a function of the
number of discharges (icn side). The data are taken
from five different minor radii indicatin% the
distance from the plasma edge, a = 20 cm &)
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Fig. 68 Calculated trapping curves for deuterium in carbon for
a Maxwellian energy distributicon and a cosine distribution
of the incident flux (case A; TRIM) at six different
temperatures. The experimental values are introduced with
a best fit to the shape of the curves 46)
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Fig. 70 Metallic flux to the collector disc as a functicn of time
in a gettered discharge. The density is increased with time
by continuous gas puffing during the discharge 49
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incident 15N energy for various samples as shown. The depth
scale was calculted from dE/dx values estimated from the
energy loss tables of Northcliffe and Schilling. The con-
centration scale was calculted from the measured y yield
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Fig. 73 Average hydrogen concentration from 3.7 tc 33.7 mm
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Fig. 74 Linear arc tracks on a Fig. 75 Arc damage con the probe
Molybdenum probe limiter 52) limiter support tube 52)

Fig. 76 A cross section of the DITE tockamak 52)
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81 Photogaph of probe holders and vacuum vessel
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Table 16-1 JFT-2M operating parameters

probe 5.p.C.-1 §.P.C.-2 5.P.C.-3

material c C C

date 10/15 10/16 10/29

discharge cleaning T.D.C. T.D.C. T.D.C.
working gass Hy Do Hy
time [min] 6 7 7
Py [1078 Torr] 5.1 3.6
Pypc [107° Torr] 8.0 8.0 v

shot No. —_— — 3329933305

plasma shape

single-null

null point — — L
working gass — _— Dy
gass puff Py/(PygtPp) — - 0.3
Ip [kA] _— — 230
Br [T] — — 1.17
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Table 16~2 JFT-2M cperating parameters {(continue)

probe L.P.5.-1 L.P.5.-2 5.P.S5.-1 5.P.5.-2
material 51 Si 51 51
date 5/21 10/ 14 10/15 10/16
shot No. 28594n 32434~ 32529~ 32658~
28604 32438 32533 32662
plasma shape D-shape single- single- single-—
null null null
working gass D, Dy Dy Dy
filling pressure ratio
Pp/ (Py+Pp) 0.8 0.8 0.8 0.8
Ip [kal 342 300 275 273
Br [T] 1.07 1.2¢ 1.26 1.27
N.B.T.
Co~injection [msec] 7007900 —_— — —
counter inje. [msec] 800~900 —_— — —_—
incident beam HY —_— —_ —_—
incident energy [keV] 34 s E— —_—

Table 16-3 Neutral beam injection operating parameters

Co-injection Counter injection
shot No. ‘
In LA] Pn [kW] In [A] Pn L[kW]
28594 62.4 771 47.0 1 463
28595 62.1 776 471 470
28596 62.2 768 47.1 474
28597 = 62.6 | 774 47.5 482
28598 62.3 769 47.9 ’ 575
| 28599 61.9 763 46.9 463
28600 62.4 771 | 46.9 463
28601 62.9 778 469 464
28602 62.4 . 772 46.9 470
28603 62.6 774 46.9 | 464 |

— 70 —
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