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Active Neutral Particle Diagnostics for High Temperature Plasma
Kenji TOBITA

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

Naka-gun, Naka-machi, Ibaraki-ken

{(Received December 10, 1992)

This paper describes experimental studies related to active neutral
particle diagnostics in the JT-60 tokamak.

Detection efficiencies of a micro-channel plate (MCPF), which has
widely used in plasma diagnostics, were determined for ions and neutrals.
Above | keV, the detection efficiencies for ions and neutrals are same
and the value is almost equal to the open area ratio of the MCP.

Recently developed calculations predict that multi-step processes
for a neutral beam can enhance the beam stopping cross section in a plasma.
In order to confirm the predictions, shine-through for a hydrogen and for
a helium beam was measured in the JT-60 ohmic plasmas. The measurements
for a hydrogen beam resulted in the cross sectional enhancement in the
beam stopping. The enhancement agreed with the calculated value by
Janev et al. This is the first experiment showing the significant
enhancement due to multi-step ionization. The same experiment using a
helium beam indicated that the cross sectiomal enhancement for helium
was much smaller than that for hydrogen at almost same plasma parameters.

Ion temperature diagnostic using active beam scattering was deve-
loped in data processing technique, in consideration of the device func-
tion of a neutral particle analyzer and in estimation of the effect of
beam ion component., The obtained ion temperature was in reasonable
agreement with other diagnostics at 1 - 10 keV,

Fundamental experiments for detecting helium ions in a plasma were

performed using two-electron transfer reaction between a helium atomic
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beam and helium ions, and the energy distribution and the density of

the helium ions were determined. These experiments demonstrated promise
of the two-electron transfer reaction as an alpha ash detection in a
burning plasma.

A parasitic neutral efflux accompanied by active beam injection
was investigated. From the appearence region and the flux of the
parasitic efflux, the effect was concluded to be attributed to trajec-
parasitic efflux, the effect was concluded to be due to the orbits and
the atomic processes of beam ions trapped in the peripheral plasma. A

few measures against the parasitic effect are also presented.

Keywords: Neutral Particle Diagnostic, Multistep Tonizatiom, Small

Angle Scattering, Double Charge Exchange, Plasma Diagnostics,

JT-60
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ERROEF 5L | HRERS WERK AR Fo 0, BEEN 7 AT PTG
BICHELTLE) o nl #0007 — ¥ OAFHMSE — 2O AFREE L6 200, AS
E— A IlEENARRERTORGMEPEEINE DL ThHD, IONEROnL =028
DU L AHE-ABORS L, BECHTFOSAPN L RESND, A by KV THER
DRAE I BWT, BEEET (He*) RUFMELHEN S LFA M 0T, ZOERIFLD
BEOLOPIITRET I ERLE ). 40E 2 AHe* L HY L OMERRICHE T 5 Wi
7% v, He* 2 HT & OB ZTM K U He* & e LOHREWBER G, £ Th. XRI4ORT
[USIRE X TV A, SOkeViamud & & | HY & 0L BEMTER Q. He (256)i0af L T5.9x10°
16.m2. He @lsyicit LTLIx101 7 cm? T 5, 72, BT HREMITERIE, He @)t L
@25 7x10 0 em?, He @Is)icat LT, 25-1)x107 10 em® T 5 o HEL XV DO HIIHM T %
WER OB AEY4x10 T em?2TH BT X /T 2L, Ho*0 7 7 A PILBI 5 FHEEAT
i, He(S)wEho 1 /1 0BEL A h, 75 A3 EBBT 2 REERFOREER L~V
PEFRIHLERTER LM R2, THbLL, 7IAXTCAHTIE-2HELL
T, BEEETFOFEELFVAREL VO V-2 BELEL I EXTHE, YA YA
W—RIEI B IEEEHETFORBRIERTE S,

Zog P LAT D & WL EFEEL YO 70 by DEIED LA TRHNA 4~ HEDH
MT 5 720, WZogs7 7 ARPICBIT BE— LD BBERITHYOHBIRANDL L) L2
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TLAEELOND, JT-6 00%E Bz, BHOT—VRTHEINLZEH0, ERAH
MFIC L7 —RBMPHENTWE0TH S, ChHNETHR, BRFT Vv bR
W, 73 XIOEMREROTIR, ZLERI A VORTTI ATHIEHES 5. $3.8H
(b) &\ B Zegg (=2565) RUME Zypr (= 1025) DT FXTHEBH AU T AE-LDE
BEENJIOMBE L TRL T A, TORIRIND L HIL, AU 7 A — ADRRFERZ g
CEBETH Do TOL I RMRICE DEEIE, FHYWA T > 12 & 5 HODE FH KK W
Oloss (HERHE £ + ERBBEROR) 25, 78 i & 2 BF MKW W0 o 725
5THD (ZTT, gAY+ Y OBEFEEREL T B) o EB, Olsonid, BEFOKITHAR
7= 56, HODBIER A+ ¥ 10 & S Mo oo o2V TRD &) 2EBRALEVTVS

[16]o

165292 '

ZoXRT, EEZS0keViamuiEE & T35 &,

Oloss = 3.1 x 10'16q cm2 (3.11)

LB EAL, Oy < qL B hT LBPE, SOLI %I ERS, HOE = AT I AR
BIFBMER, Z gl k5T THERS TLE ). $72, HI.8HE, AV VLE-ADE
BEHn L &b IHBEREITRBET 5 ZLERT, COT L}, E-LDRREFSFT 28
B, SRMER T E—FHRETHHIILETRRTIOOTH L, b L. FERBERIEER
61, BBEFRexptnMol), (7L, m>1) OBk 50T, BEEHEK L VESHET S
BEEPLTH D,

U AR by Uy 7T, $3.80 (a) ORFEROEEHORESRD, $3.9

.a:,% XNAHBEOLS I, ALy ¥y 7 WEREIL. 40< E/m <47.5 keV/amu O FHIE T (2.65-
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285x10° 16 cm2 T 5, AEICRELAWEHKO LS —/ 5~ ik, HIEROE6 D s OREFEE
YELTWE, T, B, Tj=1keV, T,=2keV & L7 & & O Maxwell 537 TFHE L7
EERBORO M T A EFHRBE (Oa) . 44 YERES (i) KU HEHRNER
(Oex) Thb, ST, THLOWARE, HEXERTA 4 YHZEHITOTid Rudd 5
7107 — % i 5. BFHEZEEIC DV Tit Freeman & Jones D EK[181% > (ARSI NT
v, Cﬂ%@@fmﬁﬁm%ﬁﬁ@l’i*%ﬁ-cflﬂ%@‘?\ bk fio THHES hHHH
HbLEIF0RRENLT % &, AEFOEHR, Tn b 32OWHEOMERLTEY,
ORI OEBRILRESNAMER L0 OHFTL - HLTWE, ZOHRPL, N
<5x1013 em BOBEER T, N TAE-ADTIATHIBFAY— L X by ¥ TBRE
e ERROHODE—HRTRIY. LLASEBBEROEBTHZ L THTOHEH

0% FTThsb, LERNTIONE,

3.4 %%

WROEBRN,S ., AECHT2EEROACHIERRBEE X 2 EOMHEMELY b E
¢. Fl. AUYADOEA REMELTanevE X A F A L FAEHEORBENT KL
Fro TOEWTIE, CORREFIFYUCTHLHH L) PHEROBEAPLRH L TH L.

L BH OB, n2IORELAVICA S RAKETEE OROFET BRI L o TERHEIC
UPEET 2 L ERET R, AERFV- A0 BERUTIORT BYLSBAEE> TRO LT

LR D,
Ml_( 1,1 . 1 P 1
ettt [t 12 (3.12)
dl AL Als Ao A S
dp 1 g (1, 1 )
= 1- +—102 3.13)
a 3 (lz_rfl Aaos, ¢
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T, HRULiR, EnEn, HEL~NV (n=1) RUn=20F8 L NVilsbKEL—

ADBETH %,
1=00 % &I =1,1,=02 ) WARHESX CIOELHEACBE, 1> 50 V) RELH
7T hHHEMS ETHRONDI LI, OMER] BRIy 8T A T, EEF LV ERICBIT

BRI FO R CEADI DEE] e T AL, GHATERS LD S RKRD L ITFHES

b

In[JdT, ) +1zo
0=- n[ WLIJM 2 ﬂ (3.14)

GIDETGIHRE. n=1 DREALTEFEN 1 > FoHA TERICELHEDEDIC,

n=1%6n=3 ¥ CEHEHRINTEECTLIABLEEL TV, GIDAVEB)RAPOET

RUZns ofid, 1, =G-5x10B3 em 3, T, =1.5keV RUZ g = 150K, BTF0 L%
%o

A =1 DEFRHT ARy ¥y OFHRETE (30om) .

A5 in=1->2 ~ORHEEE BT 5 E AT (100em) .

M3 in=1->3 ~OE2ERICMT 5 FYEETE (800cm) |

Ay o3Xin=2->3 ~OEEBEECHT 2 FHEHTE (3em) |

Aoy Pin=2-> 1 ~NOREHECET 5 FHEMmTRE (15em) .
CIT, L OFHEHETRRER UERIHT 2 b0 THY, E3nE—ARFEEL T
v, o, ThOOEIERFEL LT, BT, 7ut Y RUFMBAF Vit aBEEERL
Twh, FOBEENE, BADPSEL TV SEERRCEPORARFAL Y v A ¥ ANV — %)%
BV LThb, T2, FHHRTEOE AV BRI IMU3ICL 5,

(GA)—(.14) R BMEHET L&, RADEREHT TS =013 2132, 2L, koL

BARER AV CEIE S N s Ok, n230FRVAVOFESRFn=1->1'(n'24) ~DOHHE
Bt EE T L., OB, 6L LTRERE LV, Janevs D & ) BELEH19]IC LN

. R4 DERBRSENHT TS B0.15THY, LoBEICL ORD- s 0E (80.13) & —8T
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5, —F. BBICL > TROs OERB02TH Y., SOEIE, KFETFOFRBEREZH
L&A by ¥y VHHROEFOREMIC—T &,
ﬁu\AUWA&—A@%%%%ifﬁiéoH&uaﬁe&wmt®§%%%1%§L5
Wi L bz, 21s, 235, 2lp, BPRUBIPTH B, T TIBAZFIE L AVidE ORI
RO EAEr2x10 18 cm2 2 Mi 2b0TH B, bL, ThLORES AETIN T A
SMERR L L TRk 20010 Sem22 FET 5 &L & b OTHMERR ik, T =6.5x101
em3D L xax108s LB, LiEOL i, LY bASVHER LAV 01, HTEE
ERTHERShAREERFOA Y2 bv— Y a YHFEUPCL2 ehrEBRICHAT 20T
Bao 2lPL3lpAEEL N UABBT AHE (ARK) X, Fnen. 180x10° RUS.66x10°
s1eh 0. ke - PHEREMEY EMT 5 LS ORELVid, RO FBREES
BLEDD FECEELAVIBBT A N bh b, K. 218, SERUPPo T KA
_u‘%n%n‘am&1&&Ummn¢%t§w@fwmu\:naw@ﬁvxw&ﬁumgﬁ
QETFBEIRHESCD R by ¥y ZHEE Y BN €5 THEENE S, Ll ThoDpiEY
NURTRTREM-EESNEEEELTh, APy Py V7 EROHES X, e =
6.5x1013 cm 30 L %1 %L 0BV, BED LS aRTARFEFESS S DPB LS I, HODS
o, BEBEEICLLA Ly VY ZEROBESEHZEC PP B ESS (, FL OHE

HREIFT Bo

3.5 K

KERUEAY T AEFE— A% ] T—607FATAHLT, TALDY ¥ A Y AN—%
HE L., BRBEESHEAT C- ADREC COBRERST 20T~/
HMEHA A KRE — A, 7T RV F—140keV, BAFHL) 2 6y 3 =7%: 32%: 61%7D
E—AThd, Te>3x10B3 cm>n L &, FIESH/Y v A VAN IREBRHEROEEIH

REEnt, Te=31-50x103 cm B3R UZp=1.6250L EDR by KV FHHROHS 6 ¥

02T3 0, JanevH[19)DETEM (0.15) &i3d—F L7,
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AU AY—ADRA by ¥y ZHERIZ160-190keVORBOE - 2% HTHIE L7 56
NS, T <65x1013 em 3OBERRT. og = (265285x1013 em?TH h, HEL
VDAL v ¥y SO EEICHERZENT LT

WADEBERIY, KM AT 7 OHBR LTS AN FA—FFEBIBVT, G4V
FoKBE—-ADR Ny ¥ 7% T 2803, ZEHRESRLERTETHLHI L ER

1o
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ION SOURCE NEUTRALIZER | BEAM DUMP DAIFT TUBE
Ground-State o~ 10% r: to JT-60
MEtﬂStab]e 3%
ARemaining lons 6% 15%
Relonization Geometric Loss
Loss by a Beam Limlter

Orbit Loss Geometric Loss
onto Grids  In a Neutralizer to a Beam Dump

#I3I3F AV AE—-LARF|EHLIZBEONRT - TH—

H*a 6562.8 A

Ha(E/3)

Ha(E/2)

! L ot}
6550 6560 6570

Wavelength (R)

w3 AE bV EOCRESNKE N — a#DANT PV
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T T T T
Voo =140 KV
0.7 .
H Beam
—~ Q06 ]
205} .
3

02k ! He Beam i

0.1 1 1 | b

0 i 2 3 4

3 5F AKERUANYTAE—LARZKHTAFHLERE E— AREAOBMFK

1[:'O T T T v T ;
Full Energy 140keV ]
Zeft = 2.0 h
— .'"’&.,. Teo = 3.0keV
2 e,
= L R
AT RS- E
4 ".::‘.'-.__:.-.__‘ 1
S N\\w::u"""-..
g’ .":-"’-
S S
=} . .
= . ",
o 4p¢p [ee== FuE S
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g ——————— Third
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4. NABELEC XA A+ YRENE

4.1 LB

T X7 T hRESED SR ZRNTFRICLAEENT - A0 ELOER G, BT HROTH
Kﬁbfé(#%ﬁ%éhf%fwéo%@#%%%Wﬁﬁ\mm&u\ﬁﬁ%%ﬂﬁﬁﬁ%
BICHTFE— A% AS Lc L Eo#ELIco W TIFFEL. £ OREMERY B LT 51 £
D, 79 XvTW~DILHEERL T, 75 A0/ 4 VIBE LEERFRO F V-7
MOREHER LB 2D iz Abramov S TH 5 [2]. BER FRMABEEEZHCTT 7 X014
?ﬁﬁ%ﬁ@ﬁﬂ%bt@ﬁ\Mﬂwﬁm%W&&mmmﬂ%M?%éoﬁ6ﬁ\T—4Fﬂ
=2 DA VR /NABELE L BT R BRPHR T L o THIE L, MEOHE
AR —HT AT & v MR L, MABHEER LS4 ynE 0filEsd, T-40Erk
JET—-2[S1IBT]T—60 [6,71RHE2DHET, 44 ViREREEL LTOEHIZ LY
BRI AFYOBREYERENET AR CELLFHNETH 2,

COETH, JT—6 08BN THAIAEEEICLS 44 VREHEC DV TES

5o

4.2 WEIEHE

77fv4iymlé¢ﬁﬁ%®ﬁﬁ®ﬁ%u\Eﬂﬂ%u%dwtiﬁéﬁﬁﬁﬁ?%
Bo LALLENSG, B4OR T IRLOEEDIMEFED/20, BELS LioP ikl FORES
HAOERAC AR GCHERET 2.  OFEOTMIC O T, Abramov & [2] & UBurrell &
BIPARLKHELLERLN TS, TOHTR, HonBM LAFREFAL T, COFHE
DEBEBRD LT B,

H4 100 31, HEm. BEFHSZ RUEE0PHE FE— 2%, KEmy. ETH
BLRUBESHRR () e o7 IATAHT BL &, AffsaTu—-TE- LD
RAA L OMWFRRIC L IBEL S LD, ERERCBIIBEAOL L &, BARML
ﬁUﬁﬁﬁ%%Vﬁ@T@ﬁKﬁﬂéﬂﬁﬁﬁﬁ@ﬁ?ﬂ%*ﬁﬁ%@@ﬁNWﬂBﬁﬁkQ
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RiLsoTHELLNRE,

N(v1') = Np(v1") Ma(v1") T1 g %An aveL- : @

22, Ty %1 ny 31 nyv BT EhER, SEROBEAFTRIAS TS
370—-7E—sDHTHE, FOEROA G VHE, BLUHBEL S ATHNTO 7IX<E
BR, BLUA Ny U 7R CREBOSDED St T i EHTFAHEOREHETH
Bo F7-. AV [T HEADUREROBIE F L. do/dQ (m21HEHT ((vp) & FoA
VRHT A Fu—TE— AOBAHEANER TH D Burrell LI L 2 TRO & S ERLE N

Twh,
do _ vi' ZyZye? )2 i f(v 2
= 24t Vo) d°vay
aQ vy |¥ -vP2neom) | ) 4.2)
1+7)v1'2 - 21 vicos B + (7-1)v,2
vayy = (1+7)v1 TV_E‘ 1_. (yv-1vy @3)
21¥ - ¥4

TIT, B LV TO-TE - ABLUTIXR £ v OBHHERT . yEE—AET
S AT A A YOEELERL, y=myimy CHA BB, X 1on <z bV -V -
KT AT LA H v ORENEERS B & UKTFRGE, €hTh, VaBLUV2LERL
Twb, bL, 79X744 v Maxwell 57 % LTB Y . £0OREF<v > € — ADHEY,

I oA nibif, @R EROL I IAPTE S,

do ~ Vi ( Z1 Zp eV

my 1/2 P{ zvzf[)
dQ v1|v1 -wi|? 2 T g my

21rT1

4.4)

o, FIZXTA A VBEO LRI THERTOI AN ¥F—@BYEFE I EERLT
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w6oanxq#0ﬁﬂﬁﬁ%¢?&%(%m%oqmmmu)kwa%ﬁvmmﬁxv
@HREFERT 5L, HEDHERTF 0= 2L F— 54 OFMEIE (Full Width Half Maximum,

FWHM) i3kD L3k b,

AEpwiMm =4 sin © YYE; T; In2 4.5

72y, A4 VRESTHENWEE 2ANF-FHOY -~ EERRATIA LN,

Ep=E,(1-[Lsin0 | @6

@55 LFEORPOE . AFE—LDZINF—ERL T2, @HRIE, HEFWIC L
WT—4RUJFT—204 3 ViRELRD 2 BICHAS ALY, 414 VREFEH X BILD
NTELUSEL 2 ), ERAMERTVEV. GDRFEHREFAL T KoL Hic7—7

EHTAILIL Y, LHLBERREBERETAA VREYRETED L) ILE S,

_E2/l =1n N(Vlr)l vi' -Vt |5
Ti  mp(vi)nplvi') vi'3 dvy’

+ const @7
TIT, By =myvy A /2T h %D, GHROBARREFLPIT 501, ¥Iab—Ya
> 21— ¥ [DIAGNO| % IwT. T;& ABpy @B L K0, (49X % JORREIHALL
§®$%42E?&zcivs;v—vay:—koﬁﬁu\ﬁﬁu%ﬁf%ccw@m;a
E@SROE Y LOHERIE, 65T, <E{TH N, ] T—6 0 HBU Y — ADE = 2 F—200
keVEM AT 5 &, Abramovs D#H L7 ERKOOBHBEHET, <3 1keVE S, J T—6
O LTHBE VEANTE Y, T2, AER, T ERT 5 IK2 N TAERy gy PHEIHES
BATHZERRT, COZ L, EBHRTHREEEA»OYE S [ 4 v ifE R, WS

BVWEERED LT —RA—FKEL LD ELTEKT S,
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4.3 BHEAERFOIINVEF—ANRS PN

4. 3E. NBIN#®RTT ATKE;=170keVONY T AE—AFAS LAL S, 53°
A BE SN 70— T ADIA VK- FHTH B, HEIE, AFH=FVEF—- (170
keV) fEEOSEVINE, AHZILVEF-INEBEVEIS (170keV) KE -7 2HOREL
PRWBESNLE, TRED ) LELFVE—[D %60k 1L, BEoHT T+ i
HESNTEHELZbDTHE, —H. ATz AvF—oEHIERIGE LR, F i, AP
AF Vi EBBERL > THLEY—2 LEZLNE, 22T, TOBRORUHELRAT
%o

BT DA F I AEER, BERF Vo VBB AHERTORETHL L)
Bk TRutherford B Bl & & 2 545, HELWER 18 L THRutherfordMBELTH LV o £ D HEH
i, OBROBELMTEH L. Rutherford BGELWT A 2 & PHR T OESET T8 L 1 b IR
HEOWEREE LI TELNE»LThb, Donné b i, PMAEBEE 2 2HRNT A—F
FMCHO & BRI 4 o+ > OFEIIC £ 2R BTHRREE LA LTV 59,100, %
LOFTHMREEEL I RICRT .

$£4.1% ~UTARFOMMEIEECBTINEEFHERE

R PEETHREESR

Hel 4+ HY 90 % (25 keV/amu, exp), 75 % (47.5 keV/amu, CTMC )

Hel + 6+ 98.8 % (20-40 keV/amu, ECB), 96 % (47.5 keV/amu, CTMC)

Hel+ o8+ 99.5 % (20-40 keV/amu, ECB), 97 % (47.5 keV/amu, CTMC)

FROHIEs — 1 VBT 7V (extended Coulomb barrier model, ECB) |2 & 2 EHHId, E/m >
25 keVamu TEEMSE L, T /-, HEBHET L F 4V aEtE (classical trajectry Monte Carlo,
CTMC) 2 & AfEi. Em <50keViamuCREENIEbNRE, JT-6 0OBWHLE— LD RNV
F—13E/m=30-50 keV/amu TRIEX N T L HE L, TOMBE 2 0DEFNVIHEO BRBHED

LiThTtwad, LaL, MEL21370¥—EBROTH %52 ZECBE, LHlOEY
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HAACTMCORIHMRELNFLC, BRI SHAHEANR S PAEKRT PICESTH I LIRT
ETHL I,

CTMCREME TR &L 210 BHEORFREL RO Lo s (FELEMT 5 LHY +COR
UHO + OB i+ 2 BFHEHE2100%2 BATLED) | wi. HO+H Lo TiER
190 % [111% v, HeO + CO*RUH + 08*ic oV THECBOELFIBIL T, J T —6 0 M
BLARZ PUVEFEL, BIIERREORELRALTLIIL LI, GDR2ebH DB LI I,
BEF MR FOLANE-DIEH N d, BAHEN ikdo/dQiz 2B T 2 0 T, MORELWE
BMEGERIELT, THY 2RO /5 A~ Lo THEL SR FHEFOII L F—ARY
FPERARLEERT S, 75XATFORMY A 3 1EHOAL L, +ORMBIF &

LTCH 2 nr -2 L0 30— 2% 81 2, FHW A4 YOPBR LMY AND 228

. BOBENERY RO L S ICHEERL B,

do_ (. el)[d_GJ +fz(1_pze1)[d_c}
40 Pp aal, Q. (4.8)

T, p R U, Enen, BEABRIC BB TE Y RURMY A+ LD T U
7¢— hOBTREAELRL . [00/dQ1 R F[do/dQ], it 71 Y RUFKEA 4> K& 5
Fr— 7 AW HEINTERE KT o 727 L. 480MS BEIFTRLH V5 B4, @D
ROnyd 70 b Y OB En L BT 2 20T Bo 37 5 AP BY 2RMP A 4 > OFFE
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%, MBS EOBEM L FET 5 2003, BENGHAEE T AU Y LARVHFEHCHFRL
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5.2 WEHE
5.2.1 #lEkHE

AY AL YEBERIET A HER, BRI, BRI L FECRPER T AIIETS
3, fiEVFIHET 2 UG
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. DBIMHERGE R 2 EFBITRICE BIFER D, AU T LD F YERER, LOK
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Naa(¥) = Ny g fa¥) 02007 - %D |V - %ol Ty T o) 82 AV Atdv

ST NRUVbi, TnEn, BARMYS2 DT XTRIi A Sh o RHEF E— 4D
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[ dV Ndet
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FRENHHT 5o

RN ¥ A HOWERE, 0keVOATY Y ANBIL L3V ¥—RERBDEY (3-
100keV) E/BREIGHT#THRINL, ZOGHEOHMIE, ~V7ANBIDOE- LTS L
1500 C%#E T B, CONYYANB ik, BWE— A& L ToRE L R —F, B il
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HRAE=H (RGA) £54 -5 ERALFHETHE, RGCARPERF - MIBFLAY
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B, SR, AT AL Gy DEEGAPPLTE—Z LTS Il A, T2, HANT
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REBOFNE L LBHEAIS L9 TH 5,

Fa—AVERTF ST Y AORISIEED &0 ~Y v AOEMET B Lok % 5

TAHEIEBTEE, FO— RGN FAT  ADRBROLIHILELLNE,

dNg N N
dr s B T



JAERI-M 92-—-214

- _Ne

TET. Ny Np» My REUTH, 2080, 75 X7 & MLAD 5N TwEAY Y A
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