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The cross sections for the °Li (e, ¢'t) *He and the "Li (e, € t) ‘He reactions were measured
at the transfered energies from 13 to 46 MeV. In contrast with the ®Li (v, t) reaction,
large foward-backward asymmetry was observed in the angular distributions. The experi-

mental results were compared with the direct-knockout calculation.
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In order to study the properties of the giant dipole resonance in Li nuclei and reaction
mechanism itself, the ®'Li (e, p) reaction cross sections were measured in the giant reso-
nance region and above. The angular distribution had a peak at the forward angle for all
measured reaction channels. Experimental results were compared with the DWIA calcula-
tion, by which angular distributions and their (g, @) dependence were well reproduced.

The GDR states, which were predicted by theories, were not strongly observed.

§1. F @&

TR EAIIBIRIER, SO 1 KT — 1 EFIREED coherent 12 B8 - 7o SRHLEBNIRE
THB, BOETH T, BH5 LhTF— | EFURERO 2 2 v —ZSKRE 2D, B
BOICEBOBARC TS, FFHIEICKE BB WHERT, T, &OEL plliT
BTk L%, MADas 5 Ry —kEEhBEAIBIREOWT & 2 o ik Z R g
FBEEILNTVS Y,

19604EFR I, EAZEIBARE T ONMIBERD S Li D a7 5 X ¥ — RS O AR
Y, BA® ad d GRERPNCE sk & pil) I &k BHTFROGERASEHERK Lo~
Dr—sELTHAIENh TV B I EAREBI NI, LrL, BHlEShl, LOHED
EVERIGKERS S T, B, OZ(LicH L TReABE(LERLTE Y, HEHRTTHlE
hict P EREIE R TV,

FEBRTIE, BEALEFEL L TOBITT A VE-T "L (e, p) EBEI T 70 TO
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YBITE - KRR v 8 —




11

NBIENTED,

22T, (e p) RIEHBHEKIIDVWTOERT 2 LENMDH 2, AEBRTIE, BITEFHES
ZhIFEREL 2L, EFENEMEMEMEUGITIE W T &2 O RUGHERE & ERRUNITE W T &
BY¥EENh 5, ThETofiTid, *Clee p) KIGY FTEALBREOHASTSHTW
%5, —HT, HEMUHELIR TN TH EEBREO, EXMRHRBEL TOFSICOVT
132C (e,¢' p) RIGICH L THRINTVLEY $DOTERITIMSHIT STV, |
AR T, “Li (e’ p) EBD S, RIEEHIIOWTHNS & & bIcERILBRESE 20
BRI VW TORBERER S LEHNET 5,

§2. ERER

AEERIE—ED L (e,e’ x) EBRE LT, HKEPHIBVTI34MeV BEEEFRREHWTITE »
Foo EBREMZOMII >V TRBCHMELTVWEDOTI I TRERT 2,

2.1 C®Li(e,e' p) RICHITEM

BLcHE L TWw 3 &5, SLi(ee’ p) KILD missing-energy 2 %7 bV IT iZ(VEH
¥ *He ORJERIREE (3./27) Icibd 5 —7, (2 a +n+p OZAEIREEDFEER, (3)°He
D16.7MeV (3 /2%) REICHILT 5 E— 7 BEAII e, 2h T oKIREBICt 9 2 Wi
BEa~<s bz, (1) 2<E,< 8MeV, (2) 8<E,<20MeV, (3)20<E, < 23MeV O#i
PHTHES LTk o,

FBINBLUOE 2N ENEFNORIGTF + ¥ 2 VIS 2 MSMEBEO—Fl R4, X,
BFOBEAE 6 BRHBFLEBEKOBELRTEL TV S, HHB T, KHAFE 6, =
—45° , —135° CTHIEL /DT, DT ORICHEED ¢, KEH,L SIHETFBE (o+0 1),
LT F¥IH 0 D BSHCHT T 5 C &0k 5,

O toqg = —12— [0 ($,=—45°) + 0 (—135°)]

____1___ _AEOY __ _ o

Mo DWIA FHEOERTH D, ThI>VWTRREITHMT 3, *Lile,e’ p) KGO
AENIZ, AEBROAUTEHEALAT, EOMGTF v v 2Vt LT HRTE GEBIEBITAHRD
KE—2 2B LTOWAIENDN B, T, 6= =30°FHETHTHRED ¢ , kEHESRL Hh
TEY, KXo HOEHEERLTVWS, Tk, HEBORE >V THES M,
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0ux = TBP! (cos 07) (2)
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BicHon 3 kRS2~ bVid He+ 2n+
P NOARISICHIET 5D EEX LN, E,
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COERT, ‘Li0 1 BTHEEIRERREND SRS bOTRERICEDY, 7525 —
BRI 3RS EIC & 2 RIS ERERAFHT 2 CEBHLMIISATV S, LIL, 4
B DT C RO - BRI & L CRIREI T X7 v v v VORERAY, 1sKEE 1p
REEAERADEL SO TEM L, TR TD/85 2 — 7 ITRBEBFO °Liic & 2Bk
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om (pm>|2:0.25]¢ 1o 124031 @ 152 (4)
SRR LT,
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LUt MEEMMPEEELEER® T, BIREN a +ntp OEKER B E, ST LW T HKA
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¢ (P 2=0.13 ¢ 15 [2+0.18 | ¢ 151* (6)
E,>9.TMeV iZX LT
o (pm)] 2=0.19] ¢ 1s |2 (7

LV HEBIMAE W CHEERTE o7, 2T T, E,>9.TMeV TiE, EFESHEZHIRN
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R BV, BF YV v VDT A =5 S ZOERTELNISDEHA VY, EROK
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FRF Vv r i, PIFORICER L
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=7 hoy 1 d .
A ARAL (;n—c o AT 5/ reo, as)t Ve (nre) )
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_ 1
f(rro,ae)= L4exp Lr—rA"?) a,]

(9)

THY, F7 VY VORED T XNVF—, FFHIREN 310~50MeV H D 1 p 3ot 4
5T RELO ZHEM D 58 S N IBRBRIARY 1TV, REEKTH 5 ‘He U *Helzxf L
THHEATE S EELTREL 2o T, —HOEREMOKIHEF D £ X vF—1510MeV
PRicis-T0w3aEIATh, RLREHVT/ S 2 =5 2HRE L2
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HOFRIERFEICEIRI0MED T » 7 ¥ —2 I TFT, COXIB 7275 —Hdb3
b0, EO¥IREBICKHET 5 RIGIC2 W T & DWIA OFERMSER D S8 5 h i IETEIE
(oLt0.) ZRSHBLTVWAHICRZA S, LT THIE (0.0) oW Ti, EFBIHIEE
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REHMERELRIIC B0 5 (e, ¢'p) RN, 1HEOMTHIENRTE 1 EZGHEEHALT
Jitt & £15 Direct Knock Out (DKO) ERIOFETLSHHINE I MmO TWS YD,
—7J5, At xv¥— E, =60~100MeV $HRIcB T % (7, p) RIEOKIGHEREIc>WTI,
PR REER (MEC) < HF53 2 #ER A & C © DKO #8 & O TR WHRSH
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RUT HEE, COERIMECOFES5TREHPTESLEL, E, =60~100MeV $HiE D
(7,p) RIGE MEC OHFE50XEMNTH 5 LiEmfTid 72 &E 1R,

Lo (7,p) RIGOKKIC, EEEEELEL D SKHBFOT XL — (T, =40MeV)
CHITEEHE (¢=60MeV.c) O/NSWVEEE T, DWIAHESEHTE 3 RALTLEIE-
EH LTV, KR TIE, OS5 72T DWIAGTEOZ YA 5 i, &
BITT 2 V¥ —, BEBITEHECTHOMECOFED/NS W (e, e'p) FEEE DWIA SHE % H
B LT, 7220, ZOHEEBD (e, ¢'p) RISREARBOFSEEX ONBDT, TITiRE
FTOMRKICBT B (6, ¢'p) RIGEZENEFHOBE»SHERET I LICE->T, HEARE
THEWT 5 EOZYWEHFN, TD®RICDWIA DK ETS,

§ 2. EREREBM

AREBRIE, FHIEBRENICRBELESVAE—AR Ly F v —h5ESN3129MeV 8k
BTHE, BELEMNICHRE L72E&18.5mg,cm? O ™CEMICHBH L TiT - o BITT 3V
F—wldd0MeV & L, BEFHELH O, 1330°, 70° IKREL/e 2D EXOBITEHE g 137
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107 10" . 10
10 T Trees 12
1 w0 C 110"
9 \ °
107 | 2 . Oy, 1 0.0 MeV
Cle.e'p)v.p) @ 10 10
10" b . el 10 110
Ground State, 3/2 o4 1
w0 | ] o™ | 10"
10‘7 I 1
10 |— 10*
8 LN
10 {‘Mﬁ,“* 13 27Al
w0 has ] g» 10° | 10
— > T
e o S = 1.81 MeV
§ 10 b Cle.eP)(1.p) Nﬂg 4 § 0" 1 0™
> . 3
ERU 2.12 MeV, 172 N | 8
‘s 107 g 10" 11"
% -8 ‘ =4
& 0T aeeeal 1 3 10 10*
2 . - ea 2
2 10 [/" *e 1 @ 40 51
S 4 " Txgmoq, < 40 Ca |} A TN
3! r Cle.e'p)/(1.p) B 1 0.0 MV 2.7+ 3.2 MeV
310" 5.02 MeV, 3/2 1 10" 1 {10
T " "
B’ 10° {10
10°
10~9 S N 10‘" 1 s 1 1 1 + 10'"
S L P LN 1 200 250 300 350 250 300 350 400
10" 1 i e o
1 . Cle.e'p)(v.p) 1 Missing Momentum [MeV/c]
10"} 7 Mev, (712, 1127, 512
1
12 .

0 100 200 300
Missing Momentum [MeV/c]

IR (&) EMHERELE (v, p) RIGOBEWHEER O DWIA & O, #ihid miss-
ing momentum T, 5B OREIREE, 1,727, 327, (1727, 1727, 5/27) K
BEANETRIGEET, B 2C (e, ¢'p) HEBMEREL, B (v, p) RISOEERH
BT, EMEHENERTEINS DWIAGEE LIS —HT 2oL, (v,p) K
IGOERMBIZI DWIAFEIDH6EREL, (B) EXO(7,p)icBir 5 DWIA FHE
2 MEC 2 #E L 23t EER, BEVWERICRE N MEC #ZE L7/ DWIA FTHE O
HiE, 2C,7Al “Ca, "VIZ oW TEREE X CHIAL TV S,

hZhe9, 1290MeV,c ThH b, AHETHIHEE FRICKE L " RETFE =% — THAlE
Lo BT & » THELS NABTRABEMS A <7 o4 —4%— (LDM) TEFESHFS
N, LDM OESHEICEE LAEER KY 7 b F = vy— (VDC) 28Ei#T 5, HEEFO T
FNVF- G OBBMNELHET 5 LIX > TREL

B SIS N ABFI13, BEEPICHE L 3BV L 4 BOFEEKRILE,» 5155 6
D4 EETREF RIS TRIE Lz, CORERIE 1EHI0um, 2EHUREE I mm, 2
mm, 4mm QORMEEER Y Y 3 FBERHE (Admm ObDRFY ¥y 4Ky 7 M) TH
RENTVB, HHIMA G, 13-135°, -45° & LT, #kELFHES (out-of-plane) THF 24k L
to BITEBRHEID SOBTHTERSNZREBFORA O, IOV TIE, 32 KITRT
£ 912 0~180° d 6 A THRIL 726

RiFanlE, FERTOREICL > TSSDhTox 3 ¥ —HHEMNES FLFH L THH
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TEAEEEZRAOCTITY, BTFOEREME L, SSDOT X VF—BKIFdI DT 2 LF—
{HK & Bethe-Bloch Oxic & 2 BMRETH ALK T 2 T LItk > TiT» 120 B TFORBEIES
PIRE TN BARERTHEROESE, VDCERAICERBE LNy 2T v 7ho v —0H
JTHES %R 9 — MES, SSDOHNEERZ b v ZEBIHWVE TDC )2 kb BRES -
7o TOEGRETORHAEICK > TES S, SEIOBHMAICOVTOEY T IRII0%IEE
Th -1,

AT

AHET —AEEET
BT
HET
Bl EBEBIT
FoX BFeiHRomREX,
NS ORERERED 5185 N Miss- o b
w o ©.-)
ing Energy X7 b+ )LD BEIH 7S F % Ewo E
Q L
#3RITRY, 16MeV FHED E— 2 id ® b
BEBERERE 627 KETRIG sl
THY, TORKHENBBTE p & ol wmﬂh
BF3%, 18MeV K U21MeV [HED € — 7 o U *Hm
C t
RENTHEREE2.12MeV (1,727, - S e e
) - E, MeV
5.02MeV (3/27) BHERIBICER TS 553X BN 7S missing energy R =7 b b,
B " ) BICWEOA Y 2T EEDE— 2% 7 4
“ o Zas @ N f
I T B, S[E ORISR &5 5 p, bLETR, ERTRINS p, ORS
1316~26MeV OEE T 2 V¥ —% & 2 HipH (E, <17.5MeV) iIZ& NV p F

RENILKREBETHOE -7 h 508813
ZENTE, TOHIBIRALF-—DFHL BIERCIK 5 7,
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BT 3@E WL 480 SSD AXEXKFTLESDOT, p@E— 7 EHRENE CEEET
#3MeV Th B0 T O/REEIZEEREL F—RHRRE (1720 -7 2083 50121
FAEEE ARV, T TRAFESFITICAVO LE L E,17.5MeV (R#R) % po O
RO E Lize CCTORMEEL BELB®, 22008 ZFLoDH Y ZARITT 1 v
FL7 & CARAERP D p Db LE, HE—RERED E -7 » o RAMEICBAT

ZEBIFIRIFLTH 70

§3. % A

3.1 EMEHICXT SER

PEDE 51 LTES N UC (e, ¢'py) MRS, 6,=30" &[] UHEBFHIZMAT 92
FlHFE L > THbNEERERE SbE TEARCAESHRE LTRY, FEENL
Wﬁ%uomfﬁ,%@@%i&bf%liKﬁToﬁmmﬁﬁéiﬂﬁﬁwﬁﬁéﬁxét
Bio, COREENEENY v v FVEETT 4 v b L, B850 A % Mott BTEE TE 5 C
Ltk - TIIRRTFABER LEC A, 0,=30° £70° DM Fir (¢, )/ Far (g, @) =
18.9& 75 » 120 —7, FifEE & L CETFAEEMES & L TH > Goldhaber-Teller (GT)
RIBIR O Tassie AP 2\, E1, B2 OBRETFEFAELL (5K, KIGIKEL El
RUOE2DABFEEL TV ERETSE, 0,=30° £70° OREFRZNENDOAKIC
B33 E1, E2 OBRETOEEEATSA 5N, 30° £70° OFRKET DR,

~20
5[
> L
é”_
-015..
[=}
=0 0 §,=-135
& 10
g
'
'nbs
L °r
of
I B B A B T B ST B B
0 50 100 150 0 50 100 150

Bp (degree) Gp (degree)

WA EH 0, =30°, HNT° DREN, SEFEVY Y Y FVT 4 v FT, FER D
BHSEAEF VY v VDT A — 5 1AM L DWIAFTEOE R, DWIA FFRHR

BFBHOAX S 2EBREEHKT 2720120, =0° THELLTH 2,
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1k “Cle, ¢'p) KILKTEM,
1) 6,=30°
,, ¢) §6/6Q 6906 E[nb/MeVsf] error [nb/MeV sr’]
(0°, =) 18.2 0.673
(90°, —45°) 1.47 0.236
(90°, —135°) 1.61 0.238
(120°, —45°) 1.05 0.210
(120°, ~135°) 0.398 0.171
(180°, =) 0.152 0.0791
2) 6.=170°
6, &) 80/6Q 6Q06E[nb/MeVst] error [nb,/ MeV sr]
0°, =) 9.48 0.806
(30°, —135°) 7.65 0.831
(60°, —45°) 0.624 0.278
(60°, —135°) 2.315 0.622
(90°, —45°) 0.313 0.169
(180°, =) 0.00 0.00624

0.9

= 0.7
0.6
0.5
0.4
03
0.2
0.1

Fa (g, )  Fy ™(q, @)+ Fy ®(q, ®)

_ Fry E‘(q, ) Fre Ez(q, w)

a Fype El(q, ) Fp Ez(q, )

L AR RRRAN RARL)

0, =30deg

e

6, =70 deg

e

E1l

© [T T T

20 40 60 80 100 120 140 160 180 200
q(MeV/c)

#5X El, E2ERKEToBITEEBKETE,

Goldhaber-Teller € 7V T El,

Tassie €

7T B2OTARRFEFHE L 127,

Fope E‘(q, ) Fyy Ez(q, ®)
Fye E‘(q, )

Fype El(q, )

g

THZonh3, ES5MN,PSEL E2%
neEnIcBF 56, =30° £70° DLk
(Fur ®¥(q, )/ Fyr " ®(q, 0)) %
Ko, SOICHBESERD SRD 7:
6.=30° DE1, E2 DIRKFD L
Fy ®(q, 0)/Fyr ® (g, ) =0.75° %
RALLEDOHAERD &5, EBD
LB DML 6 D 1:3.1& 78 hEER
B oG thzBATEL VL, i,

HETE30° 2B 2 AESHETLH
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RIFLERL (RPA) En—t Y=< 74y 7 (HF) ENck 2R HBELT, mEFZEREL
KD, EHLLEREELCHEERETAEMELTVS, Dol thd, oy s
C (e, e'py) RIGREHEBESHFG L, ENEHOFZRNEVEEI LN,
3.2 EEAROER
AT EKT 1L ESBIX L, O T2rEEK%EOMEER (FSD 20> &WEZIF I
BHEh B &S EHiRA vV REL (PWIA) ORED S ET, (e, e'p) IO M HIH
0w i3, EBHERT K (p,) EFRBEOD e-p HHEMELNERK o, ZHVT,
Oy = K000 (pa)
TEENEY I Tpaldpw=1p-q THXONBMANTOEEET, 0 (p.) 3% DEE)
B4 b > M FOBNTORERREERT 5, FSINd 25810}, JOBAKTOESE
NRED OB TRIES NS, 22T, TTTRIDFSIAZEL BBEWHEE 0 (pn)
%
0 (Pw) =0/ Koo
CEEHET B,
SEE SN (e, 'po) MOWTREDY S, D EOHETEHN L HENEEEFRTIIHEL
tﬁ%ﬁﬁﬁ<@ﬁ@,&U(ymooﬁﬁﬁ”&%mﬁeﬂmﬁb,%@@%%zim%

10 g
F A ua
C . /S * ° e AAAA‘“Quasi-]-“_slastic
o moaA o A“A
2107 B
XE B A + N
% o % “ .
10 = ° *.(7,P)
o = %
C A .
0
10 &
] Jr # .
_I Lol 1 ' L N T ) ' | - ' | T | I ) T ] 11 ' 11
0 50 100 150 200 250 300

p,MeV/c)

%6 PUEWTER, BilD missing momentum AL WE I AT, HATRINB 0, =
70° OFEEMEIZ, H=ARUUATEEINSEI® OFERELD REXWV, T/, INH
ASEELNZEREIIVTNOESATRINBEBEHEL (e, p® &0 b/hE W,
Bhiz (r,p) OBEWHEE £%7,
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To HALY, 70° OFEEBRET, ThSRBHV=AKRUIEATRL730° OFEBRELD & 3~10
B3 & EA->TVW3, KAERTR, BFOT X VF—PREBFO T 3 L¥—330° THT70°
THRTDp, TRIEF U TH B0, q DEICE > THREKERICKZXSEVWABES W,
7, AlEEsNEREARVT N S HELOBBERER L v/hs v EEHEIL 72,

IREEM B 22 L /- BT BITI3, Steenhoven ZE SR HELOH EICH VWD &
& Ul 1 v -2 28 (DWIA) @52 — F DWEEPY® 2V, £ OB, kg
{3 Steenhoven % & [ABEIC, Woods-Saxon BlO# 7 v & v LA AWV CEE AR ERE V12—
KT SRR O B BIRE I L 72,

DWIA Tld, RIREEOKBBEBALFRT VY v VESGH T T itk - T FSI #5H&
T3, (e,e'p) KINICHIT 2 DWIAGETI, TORFEEF VY Y v VDT 2 — 7 FHH &
NEBTFEFELCTXVF—D (p,p) BHHEICL > TRD SN NI X — I ZHW S DH—
ISR E LTRSS N TV B, (p,p) MMHHELE (6, ¢'p) & REFICIRIGHEE I E S
m, T O kEFEHEELRIcB W TREREH T TV B, T2 TR, DWIAGTED/ ¢

F2EK B SSDEREAKICB T BIKHEEF D missing momentum & FEMHER,
1) 6,=230°(92)

6, [deg.] DPn [MeV,/c] 0 (o) [(MeV,/c)®]  error [(MeV,/¢c) %]
0.0 141.22 2.62x107° 2.65x107%
7.5 142.04 2.14x107° 2.02x10710
15.0 144.43 2.05x107° 1.94x107%
22.5 148.30 1.84x107° 1.84%107%
30.0 153.43 2.67x107° 1.93x107%°
37.5 159.63 1.21x107° 1.31x107
60.0 182.31 6.60x107" 1.39x107%
90.0 214.84 8.73x107" 5.24x1074
120.0 242.30 1.25x107% 5.37x107"
150.0 260.14 3.70x107" 1.85x 107"

2) 6.=30°(93)
0.0 141.22 1.73x197° 6.55x1071
90.0 214.83 1.53x107° 2.31x107™"
120.0 242.30 6.71x1071 1.70x1071
180.0 266.27 2.01x1071 7.85 X107

3) 6.=70°(C93

0.0 83.23 8.52x107° 7.25%X107°
30.0 118.22 5.75x107* 6.24 X107
60.0 180.89 1.19x107° 3.91x107
90.0 239.07 4.36X107"° 2.35x107"
180.0 319.63 0.0 6.39x107"
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* — S EE A RIFICANS 12, X
WE—0ES (p,p) BHHELL SRD
SNEZMD /T A =5 IO VTEEE
Totie BIRIT/NS A —FDEEFTL,
FTRICHERRER T, ftRERVY
hb (e, e'p) HEHMHELD S EEBRHIC
R 5N FHEFR T35 LTH 5,
FBTIRPOOIDELIIC/ YT A -5 DR
UHICE>TERDBN, ~NIA-%1,
2 DREIC Vi, D/NEWVWNT A — & %R
£30° £70° i DWIA MBI EERE
X EHET S, FHTT0° oWENERE
2330° KD ARZWVEWVSERERE, T

#3E FHLIEEERT VY LDNTA—5,
NS A — 4 19) 210) 311)
T, 17.00 30.00 21.60
target iB B 120 *
14 50.00 45.18 47.60
7o 1.13 1.09 1.17
Q 0.700 0.597 0.517
w 13.30
rw 1.13
Aw 0.70
W 3.38 5.56
Tws 1.30 1.36
Qws 1.01 0.70
Vis 7.79 30.40
T 0.98 1.02
s 0.57 0.50

* i3 AR E BB L THILE L /i,

7
10 ¢
F A.M
- * Af‘&AA“Quasi-Elastic
S 8f -
>10
Q S
2 L
gi i
9
o TR
10| N .
10 £
-II|)IllIIIlLIIIIlIIIIli‘)IIIL
0 50 100 150 200 250 300
p,(MeV/c)

TR EEEE DWIAGE (0, =30°:p, =141~266MeV/c, 0, =70° :p, =83~319
MeV/c) & DHEL, EEMEIFEE6NER L, EHE (BE) TRshd 524 —-4519
(29 %2FH L7 DWIA ST BORBERERELE IS H>TD, mpTERINE YT

A —%3WRMEHAL K DWIAFREOFHRIT ofttfEzaETE SV, 1,

ih

SVEFND/ 5 4 — 5 E2FHL TR pa TR O, =70° OFEEII0° OFEMELD

bREW,
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DHEILL > TEILHRSIN TV, £, K4OHESE» 005 L5 ic DWIA FHE IR
TFHHEHOKE S BIZIFHBEL TV 5,

§4. £ & &

AR TR BT 2V F —40MeV, BITEBREI, 129MeV/ciBWLTiTbhiz “C (e,
¢'po) ISEMNT L, HRABELOMELEIT-7, JOEHENEHIcB I 2EMEHOFS
ERRBIH, 6,=30° £70° DBEFOAESHELVY + Y FLV7 49 b LTHRLNK A,
%, ThZhoMEICHET %€ v PRI TEH > OBRERF2REH L, mEOLERD 7,
Tm30° &70° ORKET o Lh%KHES %508 T 5 € F A E,L SRDI LA, EBTR
WD 1/6 LD, SEIEBE O TREREERIITE Bty —F, HEB
BoHSA»OHERTELDDWIATE LK LLEZ S, VLO/NSWHELEF VY » VDY
5 * — 4 %B~NE DWIA FHEIZIZIZEBRMEEFE L, £/, DWIAFBRBRIS N0, =
30° £70° O g DEVICXZBBEREBEOEV &IZIFHBEL fo

Dwmﬂﬁviﬁﬁéﬁﬁﬁmfgkt&u;b,KE%#%%@TT@”madm)ﬁm
REZBESYENTSHEEEZONE, 7, AEHFEORLBITEHRE (¢ =69~129
MeV/c) RBHEBHFO T 2V F—D/NS WL (T, =16~26MeV) 1<\ T d DWIA FHHEIZ
BWHTE, COMEHTONRERT v Y v Mk BRREHEEHORD FVWASEYTH B T &
WBbhot, THHDORERI, E, =60~100MeV i2BF 5 (7, p) KGO DKO F44 DWIA
ARETRMICAEL O TS I EARKRL, PRTFREBEROFEHN ZORITITBVTIRXZ
EHTHELEVIFREZIFHTE2HDTH %,

AL B O CEELEE 2 5 5 DWIAFHH 2 — F DWEEPY 224t L T Wiz,
NIKHEF @ van der Steenhoven I BHBML £ 9, £/, TODWEEPY OFHIKELE
FISHE%2 T & > C. Giusti L O CHHCBEHK LT, v~V v I Vv—TF0H 4 BHE
SIEROBMEE L, ERBICIEEOL—AMNTELIFAB LTV ALLZVWEBLFT, LWV
F— s EWBEMWTEE L, SSTR OFEERITH /o 0 ¥, HRBLERLBEIATHAV
ViS5 i Ok BILEL LF 9, IS V- 70Kh 2 8EICETREEOEHR
BEREL TRV EBMT T, F-sEEREBICBIEIESTET LT,



30

e z X s
1) D. G. Ireland and G. van der Steenhoven : Phys. Rev. C49 (1994) 2182.
2) S. Boffi, C. Giusti, and F. D. Pacati : Nucl. Phys. A359 (1981) 91.
3) M. Gari and H. Hebach : Phys. Rep. 72 (1981) 1.
4) T. Tadokoro et al. : Nucl. Phys. A575 (1994) 333.
5) M. Sasao and Y. Torizuka : Phys. Rev. 15 (1977) 217.
6) M. Cavinato : Phys. Rev. C37 (1988) 1823.
7) D. G. Ireland et al. : Nucl. Phys. A554 (1993) 173.
8) S. Boffi, R. Cenni, C. Giusti and F. D. Pacati : Nucl. Phys. A420 (1984) 38.
9) O. Karban et al. : Nucl. Phys. A133 (1969) 255.
10) H. G. Pugh et al. : Phys. Rev. 155 (1967) 1054.
11) J. R. Comfort and B. C. Karp : Phys. Rev. C21 (1980) 2162.



MERRTHTE R $529% 15 199649 H 31

LiCe, ¢ n)°Li K& D W52

IR, FEEICREE T,

TR T ™ ARy
RS, PRSI
Kps—, g™, mg g™
Epg

§1. F

BRI R 2 R0 ERILIR O RS X P EKLL Eo BEAES & > —h T— 2K
BOMAER LR BMSHELZ T TREATE S, BEREORUSENE L3105, B
HOBERKLIBOREIE, ZoHEHSKT L HERNETTRIEZVEVWSHIHD, s R vE—
KL > TREBEMES R ON S LI d, BBV p- Bk Tl T E AL 1272
SR —7 ZRiD, starlike ™7 52§ —HEOWEER > TV 5, BEAMIBR T 2 v ¥ —
DEVEHETIIE S I —HBP a1t D7 525 —DOFEDHEE (5—15 MeV) L THY,
B OFRTRIE a K FEBIN DR (25—40 MeV) EHELTW 3, T QAR O ik~ 12
0s’1p°(2s—2d) DR FEFREIC L >TEDSNTV B,

KEBROMRTH B LIICOVTIR a-tFD I 52 7 —HEE~QHIRIE &5 5% OWFFEH
BENTWE, BEXRILIBEED S ORHHK T2 HE L 72#1& LT, Denisov 5DLi( 7, t)'He
ISDOFERTRADMEREL, VY v ¥ FIVERHERDERL TV 3,7 A4I13131390°
AT E =2 % b2l EMS, ZORBREIBAA Y THEH, E2EHE Ml 0FS5%2%
L& LGtETR, EROMAMAHETERL,

T T v 2 VICBE T BOERBUL O EER I B B 08, JAEAHIRIEREEE L TR L
METH%, M—, Ferdinande 5% BERBKOENEZRT L LERET -, L L,
LiC 7, n)OMSHEUE L 12 KRIZEMETH 5,

ARFEERDLile, ¢ n)°Li RIGTR, HMEEFOT 2 VF—LEHPETO 2 x V¥ — 2 RE
TEZ0DT, HHTFHOBMF » ¥ 2 VTR, ZOEREMOEMEZRELRS, HHEOH
HriHSsZHV S &icky, ThETF— 501> ANTMCBEL T, REHKEIS
I3 2 i FOMAHEABIR SN Z, HICERAKLIOTA VY X €Y ORI BIREE T=0(n,, n,),
T=0(n)~DEBZ 3T 2 2 E kL, BEALRHEO 74 v 2 € v icBd 3 EH0E
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LB AREMED B B, X24WIZehER < Lie, ¢ p) RIGDOWZENBITONTEH Y, LiCe, € p)
ELie, ¢ n) OFEAENET 3 13, SUCKEEH~NS ETRKLSR/cn 5, UEor%
P %2 TLiCe, ¢ n)°Li RUGDERETT - 720

§2. % B

FER L AR TAGII S e D 150MeV /S VR =4 « 2 b LF v —h 5 DR
TAEROWTIT» 120 MELBTRBTROETHD 530° @M 2 BIORAZ <7 b o
A — Y RUFOEARICEBES N EER K Y 7 b F = o3 — (VDC) 1T & b EBEIT
X7, BUHBET I EELE ET TOF BEEE Im ic BN 08 0RIFIC L D EE 17,
913 natural Li 2FV, THAEFELTTmg/cm*OfiRic UTHER L, MER, Bk x %
WE— 9~35MeV OFEERT, EBIEBITH0.33~0.44fm " TiTb i, HHEFRIHEE OHE
RS CHEBREH A LD TH 1 RITRT

#1% PMTREBORBERUOEETERM. 0,43 g hlroRl-cAETH 2, F. 3HE
TR B OB GRIEMARD RO Bl R IC & 2 IEDOZNRIC & 5 FHIEFREL
ZNo 4 ZHAEL L TELTVS,

No. | 6.(deg) | TOF (em) | 3r4&f (msr) | BI# Bi(ecm) |2 A =% ¢(cm)| F.

1 49.4 107.1 22.1 6.0 16,18,18,20 1.66
2 69.5 105.2 22.9 4.0 16,18,18,20 1.10
3 89.7 105.2 22.9 4.0 16,18,18,20 1.14
4 112.2 105.2 22.9 4.0 16,18,18,20 1.00
5 133.1 105.2 22.9 4.0 16,18,18,20 1.04
6 155.6 105.6 22.7 4.0 16,18,18,20 0.82
7 208.6 104.8 23.1 4.0 16,18,18,20 0.81
8 228.9 104.8 23.1 4.0 16,18,18,20 1.04
9 249.5 107.8 26.9 4.0 16,18,18,20 0.75
10 269.8 107.8 26.9 4.0 16,18,18,20 0.69

§3.#% &R

3. 1 TOF AR bib
1 & O T TR BELE T ORI A RHEAE & U TOF iz & » CRHllE h 3o T
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HLOAERO HL1H%D TOF 2%27 b IVEBED (e, ¢ n) KERE KL TH 1 KIT/RT,
Bh A7 b IVICAEREIR RIS IR B R — BRI S R o 1, FRIRGHEERRIOHG
THEE—IBZED LIRS LVIREER > TV 5, MR THEIRTT-> 72528, *Ole, ¢ n)
“Cale, ¢ n) EHBELTRLAD, SBIOFRTRBARRRGEIC T 2 Ho R OF
Lot (S/N) P EORBRIHNTIEFFICRWI &880 5, TOBEHE LTHROEED
PRI O L E WEABEBEOERICIRTED» - 122 &, RURFETIWNE WEFZE
HITH - 1 BITHIBHER G D Ny 7 759 v KD h - 1t HENEZ SN B,

Counts

—— ; . —————] 100 .

80 | “Ca ] , ]

- 1 8or ]
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Characteristics of the GDR Fission

N. Takahashi,' A. Yokoyama,' H. Baba,' T. Yamaguchi,' D. Yano, !
T. Saito,' N. Nitani,! Y. Hamajima, ? T. Ohtsuki® and K. Masumoto®

' Department of Chemistry and Laboratory of Nuclear Studies,
Faculty of Science, Osaka University, Toyonaka, Osaka 560, Japan
Department of Chemistry, Faculty of Science,
Kanazawa University, Kakuma, Kanazawa, Ishikawa 920—11, Japan
*Laboratory of Nuclear Science, Faculty of Science,

Tohoku University, Mikamigamine, Taihaku, Sendai 982, Japan

Photofission of **U with the bremsstrahlung of the end-point energies, 15, 30, and 60
MeV was studied radiochemically to elucidate the characteristics of the fission of U
nucleus excited via the giant dipole resonance (GDR) in contrast to those in the lower
energy region. Observed charge dispersion widths for 30- and 60-MeV bremsstrahlungs
were broad, just as those found among various types of energetic fission, while the width
for the 15-MeV case turned out to be equal to that reported for thermal neutron fission.
The obtained charge and mass-yield distributions also revealed distinct differences between
the above two groups;one characteristic of fission at moderate excitation and the other
of low-energy fission. The avarage excitation energy calculated with the energy spectrum
of bremsstrahlung and the fission cross section located within the GDR region, while the
effective excitation energy left in the fissioning nucleus deduced by the analysis of the
peak-to-valley ratio turned out to be well below the GDR energy range in the case of 15-

MeV bremsstrahlung though it was still in the GDR region for the higher energy cases.

§ 1. Introduction
It is demomstrated »? that the actinide nuclei excited by the giant dipole rasonance decay
via fission in the competition with neutron emission. The characteristics of photofission

of actinides in the relevant energy region have been studied from various aspects. For
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instance, fragment angular distributions are measured to demonstrate a 90-degree peaking
distribition for the asymmetric mass division®® in contrast to the ordinary 1 /sin @
distribution for the symmetric mass division. Jacobs et al.® D have measured fragment
yields radiochemically to deduce mass yield distributions, most probable charges and so
on. Prompt neutron multiplicities were also determined ® from the provisional and post-
neutron mass distributions by Terrell’s method®. Kahane and Wolf'” measured cumulative
yields of 19 mass chains for the photofission of **U with monochromatic gamma rays by
means of neutron capture reactions and deduced the most probable charges for the mass
chains of 92, 134, and 135. The results were compared with those for the photofission using
bremsstrahlung.

Changes in the fission characteristics of such as charge, mass, and kinetic energy distri-
butions are investigated versus excita'tion energy "', Pommé et al.?” claim that there
is a discontinuity in the energy dependence of the total kinetic energy and the total fragment
kinetic energy at the average excitation energy around 7 to 8 MeV. They also point out
appearance of a similar discontinuity in the proton odd-even effect®. However, neither
observed data are necessarily recognized to reveal such discontinuities.

On the other hand, we have a good reason® to believe that a mechanism controlling the
fission of moderately excited nuclei ceases to exist around 14 MeV. The critical energy
happens to coincide with the giant dipole resonance. Therefore, we like to investigate the

characteristics of fission in the giant dipole resonance region in detail and compare them

with those of lower-energy fission.

§ 2. Experimental

The uranium target was made of uranyl acetate shaped in a disk of 10 mm diam. and
60-90 mgU/cm? in thickness. A gold current monitor (96 or 100 mgAu/cm?) was placed
behind the uranium disk. The target stack was sealed in a glass tube and fixed in a target
holder placed in the beam line.

Irradiation was carried out with bremsstrahlung generated in an electron linear acceler-
ator of Laboratory of Nuclear Science, Tohoku University. Electron-free 7 rays were

obtained by using a sweeping electromagnet.Three end-point energies, 15, 30, and 60 MeV,
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were adopted for experiment. A long irradiation for 2 to 3 hours and a short irradiation
of 30 min were undertaken in each energy to measure long-lived and short-lived fission
product nuclides, respectively. In order to evaluate the contribution of fast neutron fission
due to stray neutrons, a uranium blank target was placed in an off-beam position apart
from the irradiation port by a few meters in the case of irradiation with 60-MeV brems-
strahlung.

The irradiated target and monitor were subjected to non-destructive 7-ray spectrometry
using Ge detectors to identify and determine the produced activities. In separate runs, the
irradiated target was dissolved with acid, from which iodine and rare earths were chemically
separated before being subjected to the 7-ray spectrometry. Detailsof thechemical procedure
are described elsewhere®.

Obtained 7 -ray spectra were analyzed with BOB code®”

and the succeeding decay analysis
program to determine the activity at the moment of bombardment. Nuclear data necessary
to deduce the absolute activity were referred to Ref.?. Yields of individual product nuclides
were expressed in mb per equivalent quanta (eq. q.) by comparing the deduced relative
yield with the corresponding yield of '*Au via the *"Au (7, n) reaction, whose effective

cross section data were taken from Ref.®

§ 3. Results and Discussion

Observed independent and cumulative yields of the fission products are listed in Table
1 for 60-, 30-, and 15-MeV bremsstrahlung gamma rays. The resulting mass yield curve
for the blank target is shown in Fig. 1, which is considered to give an upper limit for the
contribution from the fast-neutron fission. Considering the results given in Table 1, the
contribution of the fast-neutron fission is concluded to be at most 109 even for the highest
energy. Though this is not trivial, it is still small enough to allow us to discuss
the photofission characteristics such as charge dispersion, charge distribution and mass
distribution on the basis of the observed data in Table 1.

For a mass chain in which three or more yield data are available, we can construct the
charge dispersion curve. The resulting dispersion was ¢ =1.056%0.10 charge unit for 60-

and 30-MeV bremsstrahlung as shown in Fig. 2, while the dispersion width was 0.70+0.10
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charge unit for 15-MeV bremsstrahlung — ]
as given in Fig. 3. The latter is just o
equal tothedispersion widthof thermal- 100 1 ]

28-30)

neutron fission . On the contrary,

the former coincides with the width

o (mb per eq. q.)
—,
——

found for high-energy or heavy-ion 107k |
fission®™.

Now that we have determined the b 5 \o
charge dispersion width, we can deduce 102 J
the most probable charges for mass P BT —T ‘-60

A

Fig. 1. Obtained mass-yield distribution
of the fission of 38U induced by the stray
neutrons. Open circles represent the total

chains in which two or more isobaric

yields are available. Resulting Zp values

are listed in Table 2 and depicted chain yields determined with cumulative
) o yields while solid circles are those
versus mass ngmber Ain Fig. 4. The determined with independent yields.

slopes of Zp for heavy fragment masses are found from Fig. 4 to be identical for 30- and
60-MeV cases, whereas 15-MeV bremsstrahlung gave much steeper slope both for light and
heavy fragment masses. Thus, the charge distribution again reveals a distinctive difference
in the fission characteristics between the GDR and lower-energy regions.

Unfortunately, only one or two Zp values were obtained in the light mass wing in the
cases of 30- and 60-MeV bremsstrahlung. Therefore, we had to assume the same slope for
light fragment masses as that for heavy fragment masses. This may be conceivable
considering that we obtained the identical slope for both wings in the case of 15-MeV
bremsstrahlung.

We can give a general expression for the most probable charge of a given secondary

fragment mass A as

Ly

Zy (A)= {A+ v, (AD+A A}, (1

F
where Zz and Ay are the charge and mass of the fissioning nucleus, and v and A represent
the post-scission neutron multiplicity and charge polarization, respectively. The observed

mass dependence of Z» of 0.39 for 30- and 60-MeV bremsstrahlung is close to 92/ 238,
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Table 1. Determined independent and fractional cumulative yields after being corrected for
the growth and decay during irradiation® for three bremsstrahlung end-point energies.

Nuclide Half-life 15 MeV 30 MeV 60 MeV

0 O¢ g O¢ [ J¢
"Zn 46.5h 0.077%£0.016 0.2151+0.046
BGa 4.87h 0.199£0.03
"Gestm 11.30h 0.119%0.020
"BGe 1.47Th 0.233£0.014
&pretm 35.3h 0.024£0.011 0.021£0.005
¥Bre 31.8m 0.414£0.054 0.82+0.10
K 4.48h 0.338£0.029 0.60£0.08 0.64+0.06
8Ky 76.3m 0.531+0.032 1.07£0.06 1.411+0.19
®Kr 2.84h 0.83£0.07 1.14%0.05 1.35+0.13
¥Rb 15.4m 1.24%0.12
ISr 9.52h 1.64+0.08 3.03+0.12 2.82+0.19
Sy= 49.71m 1.50+0.07 2.79%0.19
#Sr 2.71h 1.83+0.17 3.38+0.18 3.52+0.29
2y 3.54h 0.21£0.09 1.97+0.13 0.04£0.11 3.33%+0.14 5.7+0.7
Sr 7.32m 2.01+0.44
8y 10.1h 2.04%0.15 3.35%+0.35 4.13%0.31
“y 18.6m 1.84%0.14 53%1.0
®y 10.3m 2.84+0.34
%7r 64.03d 2.00£0.09 4.03%0.16 5.74+0.19
BNt = 34.78d 0.028+0.005 2.03+0.09
“Nb 23.35h 0.124%0.14 0.340.04 0.21£0.07
7r 17.0h 2.28%+0.09 4.14%0.15 5.02+0.19
TNbs 72.1m 0.030%£0.007 2.30+0.18
BNbB 51.3m 0.135%0.033 0.35+0.13
“Mo 2.75d 2.19%+0.16 4.14%0.21 5.67+0.37
STem 6.01h 0.0131+0.0037 2.15+0.16 0.001£0.006 4.14%+0.21
"Mo 14.6m 2.14%+0.18
e 14.2m 3.6£0.5
Mo 51.2m 29+0.8
“Ru 39.25d 1.90£0.10 3.56+0.17 4.91%0.23
%7 18.4m 1.54+0.15 1.96%0.23
%Ru 4.44h 1.07+0.09 2.09+0.08 2.391+0.15
WRhe*™  35.36h 0.99+0.08 1.82£0.11 2.301+0.14
%Ry 371.6d 0.64£0.19 1.38%0.18 2.00+0.22
1%Rhm 217h 0.84+0.15 0.104£0.019 1.481+0.18 0.38%0.05 2.19+0.23
Rh 21.7m 0.30210.036 0.84%0.14
uzpq 21.05h 0.102+0.07 0.399+0.021
WAg 3.14h 0.128+0.070  0.231£0.069 0.069%0.049  0.488=0.053 0.665+0.038
A ge 5.37h 0.274%0.022 0.554£0.041
1Cds 2.23d 0.163%0.017 0.215%0.015 0.436+0.026
HCde 2.49h 0.127£0.027 0.253£0.016 0.522£0.034
Hegm 3.36h 0.0213+0.025 0.118+0.009 0.294+0.018
Bgpm 40.08m 0.3190.060
124Gt 60.2d 0.0094£0.0008 0.0110£0.0023 -
BGne 9.64d 0.19+0.18 0.181+0.023 0.333%0.028

#Sb 2.73y 0.400%+0.023
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Table 1 (continued).

Nuclide Half-life 15 MeV 30 MeV 60 MeV

g, O¢ g, Oc¢ g, Oc¢
1%5he 12.4d 0.332£0.044 0.0513%0.062 0.086£0.005
1%5gpm 19.0m 0.0419£0.0052
12gne 2.10h 0.137£0.022 0.409+0.040 0.523+0.035
1Sp 3.85d 0.180%0.039 0.590+0.025 0.981+0.042
1Bgpetm 59.1m 0.225%0.015 0.587+0.019 0.520+0.038
158G 9.01h 0.010£0.007 0.125%0.012 0.233+0.014
Ry ) 4.32h 0.418+0.021 1.006+0.048 1.231+0.06
130gpA 40m 0.307%0.023 0.656 £0.049 1.57%+0.11
10[gtm 12.36h 0.062+0.014 0.0086+0.0028 0.044£0.007
BSh 23.0m 1.35+0.14 1.70£0.20 1.58+0.13
1818 25.0m 0.55+0.16 2.00%£0.14
13 em 30h 0.0290.020 0.175+0.041 0.633£0.027
B 8.02d 1.33£0.06 2.78+0.13 2.89+0.15
13e 3.26d 1.820+0.041 3.47%0.09 4.56%£0.11
132]gtm 2.30h 0.37£0.06 2.19%+0.06 0.630.05 4.11%0.10 2.05+0.33 6.61+0.35
i 1.3%h 0.103%0.045
1598 12.5m 2.21%0.23 3.43%0.20
13 gm 55.4m 1.23%+0.09 2.31%0.23 2.43%0.19
18[gtm 20.8h 2.66%0.12 4.87+0.19 3.54+0.15
18X e8 5.29d 2.21%0.22
15X em 2.19d 0.109+0.037 0.198+0.026
137 41.8m 2.28%0.16 4.89+0.31 4.61%£0.34
e Gl 52.6m 0.41%0.16 2.67+0.16 0.43+0.33 4.48+0.23 7.29+0.36 11.90+0.44
1MCgetm 2.06y 0.56+0.21
1] 6.61h 2.34%0.06 4.07+0.13 4.76+0.13
15X estm 9.08h 0.008+0.009 2.34+0.05 3.96+0.12 1.5+0.8 6.3%0.8
1%5Cem 53m 0.077£0.009 0.152%0.011
¥Cs 30.14y 4.08%0.24 6.0+0.9
¥Xe 14.1m 2.44%0.27
1BCestm 32.2m 1.941+0.37 4.8+0.8
¥Ba 1.38h 1.96£0.18 3.40%0.21 3.45+0.29
By 12.75d 1.99£0.05 3.70+0.08 4.49+0.10
WLa 40.28h 0.023%0.003 2.01+£0.05  0.009£0.004  3.71£0.08 0.43£0.07 4.94%0.10
“1Ba 18.27Tm 1.97£0.17 3.0£0.9 3.28+0.25
M1, 3.92h 1.98+0.33 3.9910.44 3.68+0.31
“Ce 32.50d 1.84%0.10 3.31%0.18 4.06%0.34
“Ba 10.7m 1.73%0.19 1.75%0.18
“La 1.52h 1.96£0.17 3.00£0.19 2.97%0.19
3Ce 33.0h 1.78%0.10 3.33%0.16 4.11%0.23
pr 13.58d 3.27%+0.16
Ce 284.9d 2.26+0.50 2.85%0.15 3.79+0.21
465Ce 13.52m 0.98+0.08
“6pr 24.1m 1.35£0.27
“Tpy 13.6m 1.15+0.41
“INd 10.98d 0.96+0.11 1.72+0.09 2.44%0.13
Pme 5.37d 0.01160.0034
¥pm™ 41.3d 0.018%0.007 0.027810.036
“Nd 1.73h 0.496£0.005 0.89+0.07 1.42%0.11
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Nuclide Half-life 15 MeV 30 MeV 60 MeV
o, ¢ g, [ o Oc
*Pm 2.21d 0.66+0.08 1.00%0.12 1.90£0.25
Py 2.68h 0.038£0.004
BINd 12.4m 0.209%0.053 0.56+0.07
Bpm 28.4h 0.280%0.022 0.57%0.05
53Sm 46.7h 0.225+0.017
e 8.8y 0.30%0.12 0.50+0.28
B O 4.68y 0.2710.26
1%Sm 9.4h 0.0426£0.0037 0.036£0.014 0.138+0.013
By 156.2d 0.067+0.012 0.0910.007
YRy 15.1h 0.042£0.013 0.073%0.021 0.075%0.007
Th 72.3d 0.0090£0.0012
T, 1.81h 0.070£0.014
¥Ho 3.10h 0.0043+0.0039
which implies that v, and A should . . . . . .
be practically independent of A since 0=1.05
the fissioning nucleus is taken to
100
be ¥ U. From the available excitation ’\é\
T
energy the consequence is not unreasona- g \g
T
ble considering rather weak mass E
. 2107 \g -
dependence of fission-neutron multi- §
=z 4
plicity *™* and the charge polariza-
. 34) . . .
tion **in the charged-particle induced ce 30MeV
o 1072 24 GOMev -
fission. As a result, we deduced V o= ‘K
2.5 and A =1.5 with plus sign for light S
. . -2 0 +2 +4
and minus sign for heavy fragments Z-2o

in Eq.(1).
In the caseof 15-MeV bremsstrahlung,

the fairly large gradient as obtained

Fig. 2. Charge dispersion curve constructed
for 30- and 60-MeV bremsstrahlungs.
Open circles represent cumulative yields
and solid circles give independent yields.

in Fig. 4 requires mass-dependent neutron multiplicity. Furthermore, the practically

identical gradient for light and heavy fragments results in a constant charge polarization

with respect to the fragment mass. Assuming the fissioning nucleus being **U and A =

1.5 as before, we obtain
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0.18 (A-T77.4) for light fragments (2)
l‘Jpost (A) =
0.18 (A—121.3) for heavy fragments.

Thus deduced neutron multiplicities turned out to be almost twice as many as those of
thermal neutron fission®. This is an annoying consequence since there is not much room
for changing Ato reduce V... Whether the apparently extraordinary neutron multiplicity
is merely a virtual feature or a real consequence of the photofission is an open question
to study further.

By means of thus obtained charge dispersion and distributions, the total chain yields
were computed from the observed yields given in Table 1. The obtained total chain yields

for 15-MeV bremsstrahlung are plotted in Fig. 5. The constructed mass-yield curve

consists of two very steep peaks wifh 10’ T T T T T T
reflection symmetry to each other, =070 J
that resembles that of thermal neutron
fission® as depicted in Fig. 6. Neither
of them is reproduced with a single 109k
Gaussian but two Gaussian curves are
necessary to represent each wing of the
distribution. The FWHM of either wing

of the distribution given in Fig. 5 is 10k

Normalized Yield

14.2 amu as a whole and the peak-to-

valley ratio is 22.3%+3.5.

The chain yields given by Jacobs et

al.” are also presentedinFig. 5.Present 5 E.=15MeV
1074 -

data agree reasonably well with them

except in the valley region. The mass-
-2 0 +2

yield distributions given by Katz et Z-7p

Fig. 3. Charge dispersion curve constructed
for 15-MeV bremsstrahlung. Same for

similar to the present data in the peak the marks as Fig. 2.

al. Palso give a fine structure quite



Table 2. Observed most probable charges. The charge dispersion
width was taken to be 0.70 for 15-MeV bremsstrahlung and 1.05

for 30- and 60- MeV cases.

A 16MeV 30MeV 60MeV
92 37.65%4% 38.38:3%
93 <37.25+0.95

95 39.08£0.05

96 41.50%68

97 39.08%0.10

99 40.88%0.10

101 42.40%3%

106 44.05%0.05 43.10553 43.6083%
112 46.65-8% 45.7023%

125 <51.15+0.25

127 <50.05+0.35 <50.20+0.30 <50.70+0.20
130 <51.11+0.05 <49.45+0.15 <50.52+0.08
131 51.25%¢3 51.224%% 51.40%0.20
132 51.90%0.05 51.60%0.05 52.25%438
133 51.90%638

134 51.88182 51.10%98 53.20%0.10
135 <51.75+0.15 <52.15+0.45 52.97%08
140 55.00£0.05 53.65:3% 55.20%0.10
141 <55.25+1.00 56.603%
142 <55.77+0.40 56.504%
146 58.15%4%

149 60.10%83 <59.35+0.65 60.0022%
151 <60.10+0.40 60.7023%

region.
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The mass-yield distributions obtained for 30-and 60-MeV bremsstrahlung are depicted
in Figs. 7 and 8, respectively, together with the data given by Jacobs et al.” for 30 and
70 MeV. The light mass wing of either case was found well reproduced with a single
Gaussian of FWHM =14.4 amu, while the heavy-mass wing revealed an enhancement of
the yields in the double-magic region and the corresponding deficit in the mass region just
above the double shell closure.

The enchancement observed in the mass region of 133 and 134 by Jacobs et al. is fairly
small, however, compared to the presently obtained structure. The correction for the
ingrowth from the precursor during irradiation is quite significant in this mass region?.

If this correction were not taken into consideration, the results would be much distorted.

If one uses independent yields to determine the total chain yields, the choice of the correct
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charge distribution becomesvery crucial : . . ; . ; ,

because they are quite sensitive to Zp. oor g |
We have measured the yields of more

thantwoisobaricnuclidesin therelevant 50

mass region, from which we obtained

nearly the same values for the total

chain yield of a given mass. Fur- o 40r

thermore, the total chain yields deter-

N

mined from the independent yields are

in a fairly smooth relation with those 40r
deduced from cumulative yields as is #
seen in Figs. 7 and 8. These results 40
justifies thechargedistributionadopted
"in Fig. 4, and supports in turn the 1 L L L L L L
80 100 120 140 160
mass-yield distributions given in Figs. A

7 and 8. It is, therefore, clear that Fig. 4. Observed most probable charges
(open circles) and adopted charge distri-
there is again a distinct difference in butions (solid lines) for three end-point
energies. Dotted lines represent the
assumed charge distribution [ Zp =0.39
(A+2.5) ] for the symmetric mode.

thephotofission characteristics between
15-MeV and 30- or 60-MeV brems-
strahlung from the viewpoint of mass distribution.

Since we are using a continuous energy spectrum, a fission characteristics f (E,) experi-
mentally observed for a given bremsstrahlung end-point energy E, is derived in terms of
the energy spectrum N (E,, E) and the fission cross section o; (E) as

% F (E) N (E,, E) o; (E) dE

f &) = , 3)
S5 N (E,, E) o0; (E) dE

where F (E) denotes the magnitude of the relevant observables at E. Inserting F(E) =E
into Eq. (3), we can evaluate the average excitation energy E,,. Calculated E,,values are
given in the last column of Table 3, where the energy spectrum was taken from Ref. 26)

and o, was obtained from Refs. 1 and 2. The average excitation energy E,, is found very
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A

Fig. 5. Mass-yield distribution obtained for 15-MeV bremsstrahlung which is of
reflection symmetry. The light- and heavy-mass wings were deconvoluted into two
Gaussian curves, respectively. Open circles give the total chain yields obtained in
the present work while triangles represent those given by Jacobs et al.”.

T T T T T T T T

ZJSU(nth'f)

10 F

Relative Yield (%)

1072}

1 !

3 A \
10 120 140 160
A

80 100

Fig. 6. Mass-yield distribution of thermal-neutron fission of **U*, which are decon-
voluted into two Gaussians similar to those obtained in Fig. 5.
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Fig. 7. Mass-yield distribution obtained for 30-MeV bremsstrahlung. The light-mass
wing is well represented with a single Gaussian and the heavy-mass wing may be
expressed essentially with the identical Gaussian though there are some fine
structures due to the shell effect of the primary fragments. Open and closed circles
give the total chain yields obtained in the present work; the former were evaluated
from the cumulative yields while the latter were deduced from the independent
yields. Triangles represent the total chain yields given by Jacobs et al.”.
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Fig. 8. Mass-yield distribution obtained for 60-MeV bremsstrahlung. Further expla-
nations of the figure are the same as those in Fig. 7.
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Table. 3. Average excitation energies E,, (cf. Eq.
(3), peak-to-valley ratios R, and effective excitation
energies E; (cf. Eq. (5)).

E. \MeV) E,, (MeV) R E4 (MeV)

15 11.4%1.0 22.3+3.5 12.6£0.6

35+4° 11.6£0.3

30 13.1+£2.0 15.7£0.7 13.7%0.2

60 13.7£2.0 10.4£0.8 15.5%0.5
DRef. 7

close to each other for the 30- and 60-MeV cases. This is conceivable considering that we
observed almost identical fission characteristics for these cases. The resulting E,, coincides

with the high-energy peak in the double-humped GDR fission excitation function?, while

3
the value found for the 15-MeV 10 T T T T
case locates in the low-energy 4 Schmitt& Sugarman 1
< Richter & Coryell
peak of the excitation function. N @ Katz etal.
+ Cuninghame et al.
. o .
This consequence does not seem to o 102+ & Swindle et al. g
5 ¢ v Chattopadhyay et al.
. .. 2 [}
explain why the fission character- - L ° o Jacobs etal. ]
L & Ga v Schrpder et al.
istics are so drastically different 2 gy o present work
o )
. 1
between the two energy regions. 5ok e%ng ° i
. . a § a
According to the two-mode fis- A
sion mechanism, the cross section M .
v
ratio of asymmetric fission to Vv
|00 1 1 1 L L !
symmetric fission is considered to 10 100 1000

Bremsstrahlung End-Point Energy (MeV)

be equal to the phase-space ratio Fig. 9 . Observed peak-to-valley ratios of

238 : :
between the two modes®. Neglecting the U photofission.

trivial pre-exponential factors in the level density formulas, we obtain

In (0,/0) =2+ a, (E-B.—6) —2+ a; (E—B.—9), (4)

where 0 and B are the fission cross section and barrier height, respectively, a; is the level
density parameter for fission channel, and 0 gives the pairing correction. The suffixes a

and s denote asymmetric and symmetric fission, respectively.
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In the fission of ordinary actinide elements, the symmetric fission cross section is not
directly determined, however. Then, we must apply Eq. (4) to the peak-to-valley ratio R
instead of the cross-section ratio®. Since the width of the symmetric peak is taken to be
approximately equal to that of the asymmetric peak in Fig. 5, 7, or 8, we can substitute
the cross section ratio by twice the peak-to-valley ratio R. Rearranging Eq. (4), we obtain

the effective excitation energy Eu as

[ (Bs—B,)?

s+ L
Eg=0+ 1

2. :__1_ 2 ‘
o (BB y+y )i y=g - [n @RI, 6

We assumed the fissioning nucleus being **U. B. and B were taken to be 5.3°” and 7.0

MeV*®, respectively, while 6 and a¢ 21'0_ U
were taken to be 1.4MeV*® and 25.2  “°[
MeV ™" *. The second column of Table _ 160F ':Ill - ,
3 gives R whilethethird column presents E_ 120 o I,"l ' i
thus deduced Ey values. 8ot ' g,l ‘ 58 H o
Available data of R for the fission 40 ' T TT
of ®*U with bremsstrahlung are sum- o e ]
4 6 8 10 12 14 16 18 20

marized for comparison in Fig. 9. The Photon Energy (MeV)

present data lie within a reasonable  Fig.10. GDR fission cross sections Pand the
positions of the average excitation

range from the reported R values. energy E,, for each end-point energy

) designated in the parentheses.

However, the height of the valley may

be somewhat ambiguous for the present 15-MeV data. On the other hand, the peak-to-val-

ley ratio deduced from Ref”. (dotted curve in Fig. 5) is considered more reliable because

a number of yield data were given in the valley region. Figure 9 tells us that the present

data at 15 MeV is likely lower than the true value so that the resulting E. could be an

upper limit, while those at 30 and 60 MeV seem to be somewhat higher than other data.

If so, they give slightly lower E, values than they should be. These speculations do not,

however, affect the consequence of the succeeding discussion.

Considering that we are discussing rather complex phenomenon in a simplified way



53

of taking the averages, we may conclude that the resulting E is in fair agreement with
the corresponding E,, value. It follows that the excited **U nucleus via GDR directly fissions
without emitting any pre-fission neutrons. This is consistent with the picture of the **U "
GDR fission we have postulated so far.

The average excitation energy E,, is depicted in Fig. 10 together with the photofission
cross section reported by Caldwell et al.?. Figure 10 indicates that the excitation takes
place mainly via the higher-energy resonance of GDR in the case of 30- and 60-MeV brems-
strahlung, whereas the lower-energy resonance state is predominantly responsible for ex-
citation of **U in the case of 15-MeV bremsstrahlung. It is not, however, conceivable that
the difference in the resonance states causes the drastic change of the fission characteris
tics between them as demonstrated in the present work. Hence, we must look for the caus
e of this sudden change of fission characteristics among other sources than the onset of
giant dipole resonance state.

A possible source of the change we can think of is the phase transition between the
normal state and superconducting state. Sano et al. discussed *“™*? the phase transition
effect on the nuclear level density and calculated the critical temperature be 0.55MeV
for éan. Considering the fission barrier, the critical energy is then 12 to 13 MeV and this \

is just what we expect for the present observation.

§84. Conclusion

Photofission of **U induced by the bremsstrahlung with the end-point energies of 15,
30, and 60 MeV was studied radiochemically to elucidate the characteristics of fission of
#81 excited via giant dipole resonance. Observed charge dispersion widths for 30- and 60-
MeV bremsstrahlung were broad, just as those found among various types of energetic
fission®, while the width for the 15-MeV case turned out to be equal to that reported for
thermal neutron fission®*”. The obtained charge and mass yield distributions also revealed
distinct differences between the above two groups; one characteristic of fission at modera
te excitation and the other of low-energy fission.

The average excitation energy was calculated with the energy spectrum® of brems-

2

strahlung and the photofission cross section " ? which was found to locate within the
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GDR region for all the cases. On the other hand, the effective excitation energy E,, remaining
in the nucleus at the moment of fission was evaluated by the analysis of the peak-to-valley
ratio of the fragment mass distribution, which turned out to coincide with E,, indicating
that the excited nucleus directly fissioned without emitting any pre-fission neutrons. It
implies that the giant dipole resonance itself is not responsible to the sudden change of the
fission characteristics. It is suggested then that a possible cause of the sudden change

would be the nuclear phase transition between the normal and superconducting states.
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Some Specific Features of the Recoil Behaviour of Central
Metal Atoms in the Solid System of Water-Soluble
Metalloporphyrin Ion Associates

H. Shoji
Department of Chemistry, University of Tsukuba,
Tsukuba, Ibaraki 305, Japan

The recoil process accompanying the photonuclear reaction and thermal neutron capture
was investigated in the bi-component solid system of water-soluble metalloporphyrin ion
associates. Very preferable substitutions were observed in some combinations of central
metals, which can be explained by the use of the stability order of metalloporphyrins

proposed.

§1. Introduction

In recoil chemistry of metal complexes, complex yields including the retention have been
paid much attention to by many researchers. Generally speaking, a complex yield experi-
mentally obtained is not always from a single reaction process, and which is very often
the combined result of plural elementary reaction processes. In some cases it is very
effective in the analysis of reaction mechanism to adopt the bi-component system, which
may lead us to the hidden predominant factor of the reaction processes. Mixed crystals
of isomorphous metal complexes have been usually used as the bi-component system. It
is, however, very difficult to prepare microscopically homogeneous genuine mixed crystals.
To avoid such preparative difficulties in keeping the advantage of bi-component systems,
the author have been dealing with water-soluble metalloporphyrin ion associates as the bi-
component system instead of the mixed crystal. This kind of ion associates was newly
obtained by the author’s group as the precipitates from the aqueous solution, which are
thought to be microscopically homogeneous from the point of the necessary mutural electric

neutralization.
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§ 2. Experimental

Metal free ligands (water-soluble porphyrins : tetrakis ( 4 -N-methylpyridyl) porphine
[ H.TMPyP ], tetra (p-carboxyphenyl) porphine [ H,TCPP) ] and tetra (p-sulfophenyl)
porphine [ H,TPPS 1) were purchased, which were mainly developed as the highly sensitive
reagent for the spectroscopic determination of trace amount of heavy metal ions. It was
mixed with a metal salt in an appropriate solvent. The solution was refluxed for several
hours and the central metal atom was introduced. The water-soluble metalloporphyrin
was collected in the from of the precipitate. After the purification by reprecipitation, the
aqueous solution of each component complex was prepared. The solutions of the component
metal complexes were mixed in (1 : 1) mole ratio and the mixed solution was left over-
night or so. Then the precitate of the ion associate formed. It was collected by filtration
and purified by reprecipitation using mixed solvent of the aqueous solution of ammonium
chloride, ammonia water and ethanol, Finally it was dried under the reduced pressure,
The purified ion associate sample was checked by elemental analysis, spectroscopic mea-
surement and powder X-ray diffraction before it was subjected to the irradiation.

Two kinds of irradiation were done, one was bremsstrahlung irradiation, the other
thermal neutron irradiation. The bremsstrahlung irradiation was done in the 300 - MeV
electron linear accelerator of Tohoku University, Sendai, Japan, where Pt-converter was
used. The irradiation was carried out at lower temperature than —130°C and unconverted
electrons were removed by a sweep magnet. The themal neutron irradiation was done in
TRIGA MARK I reactor of Rikkyo University, Yokosuka, Japan. The irradiation tem-
perature was —78°C and thermal neutron flux was 1.5X 10 n“af * sec.

Irradiated samples were dissolved in an ice-cooled above-mentioned mixed solvent con-
taining necessary carriers. An aliquot of the solution was passed through the cation and
anion exchanger columns. In the effluent from the anion exchanger column, the co-existing
bare metal ioﬁs were removed in the from of the precipitate of metal carbamates, after
adding the carrier for the precipitation. From oneirradiated sample three counting samples
were prepared.

The 7-specra of these samples were measured using Ge (Li) or pure germanium detector

and they were analysed by the computer system.
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§ 3. Results and Discussion

A part of complex yields in the system of [ M (TMPyP) ] [ M’ (TCPP) ] (M, M’=Cu,
7n) is shown in Table 1, where the only result in the case of the ion associates with dif-
ferent central metal atoms is shown.

Table 1. Complex Yields (%).

Sample [ Zn(TMPyP) ] [ Cu(TCPP) ] [ Cu(TMPyP) ] [ Zn(TCPP) ]
Fraction M(TMPyP)  M(TCPP) M(TMPyP)  M(TCPP)
%Cy 9+1 2.8+0.6 2.8+0.4 21+ 2

9.140.2 3.6+0.2 2.4%+0.2 19.7+0.5
0y 9.0+0.1 3.0%0.1 2.5+0.1 22.140.3
270 2.3+0.4 3.8+0.3 3.3+0.4 4.6+0.5
%7n 2.20.4 36405 4=+1 4.0+0.7

2.4%+0.1 3.6%0.1 3.3+0.2 2.740.3
70 1.5+0.8 3.9+0.6 4.4+0.8 242

6.8+0.2 3.6%0.2 3.140.2 6.9+0.4

Upper value : Bremsstrahlung irradiation.
Lower value : Thermal neutron irradiation,

In these cases of different central metal atoms, copper nuclides very preferentially made
their complexes in the Zn-complex side, not Cu-complex side in all the cases in both irra-
diation, while zinc nuclides showed rather uniform dispersion in both sides. This is the
fundamental feature in this combination of central metal atoms and ligands. In addition,
in thermal neutron irradiation, *"Zn always showed higher retention value than ®Zn
because of the difference of averaged recoil energy (¥™Zn : 166 eV, ®Zn : 446 eV) through
the contribution of primary retention part without bond rupture. It is noteworthy that
the probabilities of replacement of Zn by *Cu are similar to each other in both irradiation,
which leads us to the already common concept that the recoils react with neighbouring

ligands after losing their initial high kinetic energy and /or high charge and that the
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Table 2. Complex Yields (%).

Sample [ Zn(TMPyP) ] [ Cu(TPPS) ] [ Cu(TMPyP) 1 [ Zn(TPPS) ]
Fraction M(TMPyP)  M(TPPS) M(TMPyP)  M(TPPS)
#Cuy 0.5%0.1 25+0.3 0.6+0.3 2.840.9
0.5+0.1 2.2+0.1 1.1+0.1 2.8+0.9
“Cu 0.5+0.1 2.5+0.3 0.5+0.2 2.6%0.2
270 0.5+0.1 2.4+0.2 1.1£0.2 0.7£0.2
7n 0.9+0.3 2.7+0.3 1.240.4 0=+0.
0.8+0.2 2.5+0.2 1.4+0.2 1.0£0.1
7n 0.6%0.2 2.7+0.2 1.2+0.3 0.8+0.3
3.3+0.3 2.3+0.1 1.8%0.2 3.4+0.4

Upper and lower values are in the same case as in Table 1.

reaction probabilities are therefore almost independent of the nuclear reaction or initial
recoil energy.

The negatively charged component complex ions were changed from M (TCPP)to
M(TPPS) keeping other conditions unchanged. Curiously the anomalous preferential s
ubstitu-tion of *Cu to stable Zn central atoms disappeared as shown in Table 2. The onl
y remainingcommon tendency was the influence of averaged recoil energy to the primary
retention of zinc nuclides in thermal neutron irradiation,

Then the combinaton of central metal atoms was changed from Cu-Zn, Zn-Cu to Cu-Co,
Co-Cu. So another new tendency was found as shown in Table 3. It was that recoiling
cobalt always showed much higher affinity to ligand TMPyP than to TPPS. Althoughits
reaction mechanism cannot be clearly explained in detail yet, this is also thought to be
one evidence that the final fate of the recoils is determined at a later chemical reaction
stage.

In order to confirm any contribution through the dynamical process such as billiard ball-

like to the complex formation, Zn and Cd were chosen for the central metal, which belong
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Table 3. Complex Yields (%).

Sample [ Cu(TMPyP) ] [ Co(TPPS) ] [ Co(TMPyP) ] [ Cu(TPPS) ]
Fraction M(TMPyP)  M(TPPS) M(TMPyP) M(TPPS)
#Cu 0.7+0.2 1.7+0.3 ~( 1.8+0.4
1.5%+0.2 1.4%0.1 0.2£0.1 1.4%£0.2
YCu 19.0+0.8 4.7t04 15.6+1.3 4.1%0.6
%Co 17.6£0.2 4.7%+0.2 14.7£0.7 3.3%£0.1
“Co — — — —
12.0%+0.2 3.4%0.1 10.5£0.1 4.7%+0.1

Upper and lower values are in the same case as in Table 1.

Table 4. Complex Yields (9).

Sample [ Zn(TMPyP) ] [ Cd(TPPS) ] [ CA(TMPyP) ] [ Zn(TPPS) ]
Fraction M(TMPyP) M(TPPS) M(TMPyP) M(TPPS)

“Cu 7£2 80*1.5 29+4.5 14£3
%Zn 1.9£0.2 3210 15+4.5 2+1
2*1 30x12 25%6.5 5+3

®n7n 2.5+0.7 3519 21t4.5 5+2
62 31+11 26 13£5

5Cd 1.0£0.8 15+3 8+3 2+1
0.09%£0.05 10.7+0.6 4%15 0.6%0.2

Upper and lower values are in the same case as in Table 1.
to the same family on the periodic table with large mass difference between them. Table
4 represents the complex yields experimentally obtained. It is clearly shown that all the

nuclides concerned very preferentially madecomplexes in the Cd-complex side, not the Zn-
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side,
This is the special fundamental feature of this combination of central metal atoms. X-ray
data show that large cadmium ions cannot be retained within the porphyrin ring plane,
which causes the remarkably large unstability of the Cd-complex. From these data it was
also concluded that the chemical reaction process was predominant and that no contribu-
tion of dynamical process could be found.

As for the stability order among the metalloporphyrins, two kinds of criteria have been
proposed. One is called "Stability Class”, which is based on the easiness of demetalliza-
tion with the treatment of the reagent with various reactivity " ?’. Another criterion is
called “Stability Index”, the definition of which is valence times Pauling’s electronega
tivity divided by ionic radius®’. Although in a few positions these two criteria have shown
inconsistency, in almost all the cases they appear to be consistent with each other. Accor-
ding to the “Stability Index”, we can make stability order of metalloporphyrin complexes
“as in the following :

Pd) Ni) 9_1_1) Pt) @) Fe) _Z_r}> Sn) Pb Hg) Mn) Mg %)) Ca) Sr) Ba

In this study the underlined four complexes were concerned. Cd-complex is located at a
much weaker position than the other three. Preferential substitution of a kind of metal
recoils to the other kind of central metal atoms may be explained by using this stability
order of the complex. However, the preferential substitution to the central metal atoms
does not always takes place. It is concluded that in the water-soluble metalloporphyrin
ion associate system, complex formation by recoils is dominated by plural factors, one
of which has to be the stability of the component complex but some other factors do exist.
For the further consideration, structural analysis of each complex ion associate using a

single crystal is essential, which has not been successful yet.

The author expresses his hearty thanks to Dr.Kazuyoshi Masumoto, Dr.Tsutomu Ohtsuki
and all the members of LINAC machine group of this Laboratory for their great efforts
in doing this work. The author is also very grateful to Professor Tsutomu Sekine of De-

partment of Chemistry for his very valuable and kind cooperation,



63

References
1) J. W. Buchler : Habilitationsschrift (Technische Hochschule, Aachen, 1971).
2) J.W.Buchler, L. Puppe, K. Rohbock and H. H. Schneehagee : Ann. N.Y. Acad.
Sci. 206 (1973) 116.
3) K. M. Smith : Porphyrins and Metalloporphyrins (Elsevier Scientific Publishing Co.,
1975).



64 HETIRRE $20% H15 199649/

AR VBEEBERIZES
4w MY LESD O

EXL
HAEEA « RBRIERS « RKEER—

§1. FLBIC

LT T7—R MY YA, #EESE-TERTEIEBEL, ThbdEONEEPEINAKE
BEELE S 5, BICBIIEBMNICOM L ZOFEAEROZ WD, ThiDHRBVSEEASKD
SNd, Y(2-zFu~Fv L)Y vEE (DEHPA) FoBEMERE) v RHEBEHIEL 77— X1
WL, EOHEELEREZH > TV3 ™, L LS, MlEERIcEv 77 —2E L
bl Fe(l) b RS IcHian 2, V77— REONEICR Fe(ID %S5 UDBRETZ, H
30 iE Fe(ID 2 & i W Fe(IDNBILT 2 FDHEMNS 5035, Th 5 DRHIIEEKOM
HAR/RICT 2 EELIBERENE I N S,

—7F, HHEERL T 7 - X0AMBFe(l) kb b\, DEHPAIZX 54 v + ) v 4 (1)
DIz VT Fe(ID O 3 & OB O W C & 2FH U TRR R O M & il
BEICE D YD OB AR LS E 2 ENTESY

WKL 3, BHMHECERE B 2BOSRRMETH Y, LT T - R LEAXD
) v RHIEFIAEREEEA S LTHL SN T 35, BRI B O TS S ik
BEAOEBOME, RZEMNOFHBORGHNERTHD, INVBEORE LK D,
CHOBMERE &I, K70 XA TORIGEEPILHEE T EOHHERIC LD, #HXH
BRIAXEEELS>F5, LT7T7— A& Fe(l) OREKFERXEE2EZ 5 &, Fe(ll) B VI
RISICA TRV ORESMES W TRESINZL SN, L7 7 — 22 BENIES, 2
BB EMHRRICIR B EEZ SN B,

AFETRLVT T —AOPrSRIEFELLRDO 12 TH S YD ZEY, Fe(ll) LDEH
BRIBAERREC X 208 O VWTHRE Lico AL LTR2-2F v~ F Y VR K v
Be/-2-2FL~Fv VX570 (EHPA) 2HWV/, Zhi3 DEHPA L[EREE OO BEEEA:
Hohs, HHANES WS BV TEEEOBA2EOLE TRV EVSFILEMND
D, HH-FHHEOMAAEETH ZRAROMEEERLE L THETH 5,



65

§2. £ B

2.1 HE

Pr—9—& LTHOERY (t,.,=105d) &, BRIEKFEAIRRFREEHERROEF 5
4 F v 75 DOFBBEHRE VT v b Yy 2ARIMERBE L, ®Y(r, n) *YRIE2 LD
BE L 72o PFe(ti,»=45d) ¥ DuPont,/NEN Research Products #:84% ] U 7z,

2-TFIWAFYNKFAFVYEE /-2-2F v~F v vz 257 v (EHPA, HA ; KL
X%, PR PC—88A) I THEEMAMME 7 VA VIRK Tl ET 2 LickRrELR
bDEMWVI, MEIZ.05%TH - 72,

2.2 i

BrPL—=4—T5~WL7107*M Y(II) %7213 Fe(ID) 2ELHRMER E0.1M (EHPA),D
oy g E25°C, 26083 THRE S &, MHOBEEEEZ Nal(TDH AR Y v F L —v 3
VRRHIBIC & 0 BIE L THBLL D %R oo B, 107M Y (I % 72 1% Fe(I) % 107*M
HSOdEH D 53 X THIH L 7B & Fiic kK EIR E 5 L THEClEE KD 12,
2.3 iRIKEEEX

FBREBRIZHORY = F L v EIOHERZR, 512 5% NIRELIO THERIC AR 0 3Rk
ERBAHKMBHEOR Y F STt vzF LU (7ouET7FP—045; FAEL, KE
80 um, FHHFLEE0.45 pm, KARTAY) EHEL TH B, THic0.IM (EHPA)LEZJL 7 v
v VIR E LA E B TEBRAEEE (Supported Liquid Membrane, SLM, [Rifif&26cm?)
AFEEL 72, T OREASRICHHBAOKER (Product) 10em*E2 A, &L —%—T3
AV LEI0TM OY(IDB LT Fe(IDEEGAER (Feed) 100ecm*D A - 7o A A &I A»
N5, HERKEBCOERENTKEAMI0E,/ 2TikReES L, —ERHEBICEhTH
DIERD 52em* T OFRETRL, 7BEEEZAE L 720 I L 70K I BUHGENERB U
BENICR LTz,

§3. WBRLEBE

3.1 Y(HI)<& Fe()mik— it

BAEBEEXORBEMEOFNOHRE T 5725, Y(I) & Fe() D — kit 0 #E &
SNz O WTRE L2,

B—ROEB X UCHHMHEEEREZNE0 R, kh&ET 5L, KETOSBER [(M] Ok
bR ickvERsh s,



66

% 13 Extraction rate constants, extraction constants
and separation factors.

Constant Y () Fe(Il) Separation factor
ks 552X 107° 4.79%x107* 11.5 Che v/ R ve)
Ry 3.70x107® 2.94x107* 12.6 (ky, v/ Ry, 5o)
Kex 4‘7 90 ([{ex,Fe/Kex,Y)
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de
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Bee t= S m[ . } )
[MJO [Mjaq,z - [M]aq,e
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0 L 0
0 1000 2000 3000
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1 The first-order rate expression as a function

of time. 0.1M (EHPA), in kerosene.

OC® : Y(I), [T : Fe(ll), Open : forward
extraction from 0.1M H,SO,, closed : back-
ward extraction into 1 M H,SO;.
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B2 Equilibrium distribution
ratios of Y (Il ) and
Fe(Il) as a function of
H,SOs.
0.1M (EHPA).inkerosene.
O:Y(mM)at 1h;O:
Fe(Il) at 24h.
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ZNFNOEBOLEICKT 5 Feed

O 1
B L U Product HOE|A AR, Fee 0 100 200 300 400
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do Y( k& ok L, — 3 Transport of Y(II) and Fe(Il) across SLM
. containing 0.1M (EHPA), in kerosene.

77 Product o Y (I i & ki Membrane area : 26cm?. Feed : 0.01M H,SOs,
ML TV 3, Feed ho Jgi/b & 100cm® ; product : 1 M H;SO,;, 10em®. O@ :

Y(I), (M : Fe(I). Open : feed ; closed :

Product 1 o ¥ 2 2 &8 ¥ <, product.
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FEHc T L, ZhEnbHE e # 5K Transport of Y(II) and Fe(I) in the nitric
acid system.

A2RIFTEEL OGN, EMPEED/N SLM : 0.1M (EHPA)inkerosene ; feed : 0.01M

e wm s HNOs ; product : 1 M HNO;. O@ : Y(II),

&0 Fe(ID O#MEA, EOE D [ : Fe(I). Open : feed ; closed : product.
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%6 Effect of pH of the feed solution T Effect of pH of the feed solution

on the transport of Y(II). on the transport of Fe(1l).
SLM : 0.1M (EHPA), in kerosene ; Experimental conditions are same
product : 1M H,SO, ; feed : 0.1M as the preceding figure.

(H,Na):50,. O®@ : pH2.51, AA :
pH3.01, (M : pH3.47. Open : feed ;
closed : product.
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%8 Effect of sulfuric concentration in the pro-
duct solution.
SLM : 0.1M (EHPA), in kerosene ; feed : 0.5
M (H,Na),SO,, pH2.51. O@ : Y(II),0.5M H
2804; AAY(]]I), 4M HQSO4;D-Z
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9 Transport of Y(II) and Fe(I) across SLM
having different area.
Feed : 0.01M H,SO4, 100cm® ; product : 1M
H,804, 100cm®. SLM : 0.1M (EHPA): in
kerosene ; O® : Y(II), 32cm®; AA : Y(I),
26cm?® ; (M : Fe(Il), 32cm’; O@ : Fe(I),
26cm®. Open : feed ; closed : product.
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Zeolite Type Typical Unit Cell Content Si/Al  E Pl
A Baylith T-144 Nai, [(A102)12(Si02)1z] 27H.0 1 223 552

X Baylith W-894  Nag [(AlO2) &(SiO2) 106] 264H.0 1.23 262 419
Chabazite 1E-96 Na, [(AlO,)«(Si0,)s] 13H,0 2 207 390

Mordenite  Zeolon 900Na  Nag; [(AlO4)7(Si0) 53] 24H,0 452 196 218
%  He: Cs™ DA & vRBARE (meq/100g€+ 71 +)
xx He 1 St 04 & vRHERE (meq/100g€4 54 +)
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A M3, A7 UHSKTEREL32~482 v ¥ 2 ik UTe, TKBERZERSR, fafltifky v €= &
BEDON - - BEHRSET 2 B ESHE L e b o2 ERIER L7,

2.2 WERER

B5CITER L AN & H 5 4 (10mm ¢ X 150mmL) i, FHRK LIz €4 54 FEAK
(1g) #FH Lo 74— FIRKELT, FCs &¥Sr 2 b L—#—& LTAL RIAHK (1,000
ppm Cs*, 1,000 ppm Sr**, 1,350 ppm Na*) 350 em ™%, EER Itk 0 I 5 MT—ERE
(=R (SV) 25/h)) THEk L7,

¥Csid, HAT7 AV b =7 Hah SEALHARL TRV, *Srid, *Sr % #E#E L 72 SrCOs
%% —4y &L, LINAC OHIERERERZFHA LT, ¥Sr( 7y, n)®Sr KIkic & b 8IS L 72,
€A 54 FOREFRE, C/A MA, C/X, BLXUOM/ X &L, BEHIE1 3, 1: 18
K3 1& LT, BEASA FHIMTHWIEEDOHR BT,

2.3 BERE bR ELE

W05 B L USr R RER, BT AL SEL T4 FEBMDIL, KRS So— TRy 2
2THITE Uz RERHE, 7L RIE350 kef/om? TF 4 % 2 RICHIFERRE L, BRI 2 5
RIFTT7 vy A 2% —Ef#E (45cm®/min) THR LA S1,050°CT 3 BRI L 720 703,
NG A 2 SIS THER L /o729, HRETH 5 Cs,0 OAERMSNIZ S, BEkiE» 5@ Cs
DHERIIBD SNIEh 12

2.4 BHEER

BERRE LA D ¥Cs B3 L O%Sr @ v ERER, T Ge F8AK HE (CANBERRA Series
35 PLUS) THlE U7z, BEEU A% 7 7 o vBIRHRTT, BEKE 71301 M (=mol/dm?)
HCI & # 50 cm® & 25°C TRt & R NFEERE T - 1oo BHKE LTI, HCLIEKICE b pH 1
~5 FTEEEIEROIT - oo BHRIZ2AEEE I H s L, #0458 (3,000 rpm,
1043) U7tk LREAKE 3cm* HINL T y BURBERIIE L 72, 128, BHEOH» v v s
BEOEAITE10em B L, BOSHE%R LB A 3 em *O S EE BERAIE L7, BHK
(%) FEUEAH QYIS REIC T3 2 RINE T OBURREO H /7 & LTRD 72,

§3. WBRLEEE

3.1 BBELSA bADCs & Sr OTHRAE

75 MR, A T4 MR L2 Cs B USSr © r HUNEEERRIE L, BHEOHBRE
BEEH LI, —HIELT, Yv ¥ A+ ARBRICBI S, Cs & Sr oA R LEAR
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& OBIRER L KITRY o Cs WBREDHWV ¥+ N9 sor=s 1
1 F ORAEHSHINT 3 E Os DRBARBIHAL, ST § -
N 2001
CEFRMOEV AR A 54 PO L SrORBAR 8 p
BT, TO& D IRIARLREGHEE ORICIRIZER §1m7\741\\§y
% o] \
BIEHMAY b hl, COBAIRLTORARTEDON 2 (//
foo B35, SSAR AT 54 HEAH w961 Y o m

L, iM% 109 meq/100g » €4 54 P ORBWAET SR Ve HA b ARSE
—FELTHBECTE BIRAEETH %, i%é&%ﬁgééﬁﬁz
3.2 BERE{LADEER

YNy A b X BERTRARE 1 . 3L LA, FREILAOKR A X RN %
82 TR T . EEME LTHRVFA b (CaAlSi,06) BLU SrEf (SrAlSi,0s, =Fl
) BEEsh, CsE2RE LY v /5% A4 POBERTHEVY A M, Sc2REL X LA
SA MBS ERIHEBILE DEEZONE Y, C/ARARTHRBROBEIEHSEILE S
Nize —H, M/ABLXUM/ XBARTE SrRADAHEESh, Cs OREEMH ZED 57k
D otre Cs BRI Lz E VT F A b i3 CsAlSiOp HICEWT 2 EHEX N TV ERY,
AT Cs ORHRBSEMBICHXTEF LTV 3 DEREICRLELEEZOND, BB
5 LB, BEEASA FDOELTFA FOABEFLGERTHRT 2L, ERETH S

TEEMHRL TS,
k O Pollucite(CsAlSia0g)
1.0}
° @ Sr-Feldspar(SrAlaSis0g)
(]
o
Vo5t
o 0 o o 0 ) A o
10 20 30 40 50 60

20 (Cu-Ka)

F2R YA b SXBEEA S A BERAOBK X BRETE

3.3 Csé& Srozditt

BUL DB, Z0hicaE hT 3 BB T~ 0BT 4 3HEd 5 L THEE
BT TH B, AT, BEHEREZ EREERE L €4 54 HBERE G2 50 Cs & Sr
DBMME, 454 + ORAEE L VBHKORMHEELS +THN,
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100

FIN (a) BLY (b) &, Y+ %A+ @ CIACS) ..
ABEF 51 FORALREZLATHR L g %] 0 canra
BEHL 50 Cs & Sr ORI OEIELE 8 O .
Tt CsBEU S ORMEEEANME k. S °
[EFF BEABED b, E, V4894 20
b ORE AR B EBIEE T L, o 1z 5 %5 & 7 8
Cs DBHTHE, ATIEA 54 b BETHERL esenne Tne @

r UL TIE 7 B TORMEAREES 5 £ 97 O Gran
WITEELTVBH, ¥ v /NH A %50 wt BT 3 or

MC:A=1:1) F52EILDIBHLT § T

FTIERL, BHMLOR EABS bRty WE % |

NOBEHLAT S 6 HLKED Cs B 1239 D1 .l éé%%%ﬂ&atﬁpq

FIfE R Ltze SrOBHTIR, Yo %4 0 1 2 3 4 5 6 7 8
Leaching Time (d)
BcRBHEAD ARV, ATIE A 54

FEIN BEEAXIA+ (C/A) BERKE L&
FMEAEROBIMT & bR WEIEREmML, 7 oD Cs & Sr FRHMHPH 1, 25C

HIRE S B TH 5 BREEDRIHAED Shi,

FTAK () BT (b)) &, EVFFA b AABEA 5S4 MEESRTO, BERELED S50
Cs & Sr BHROBERE(LERT, BEEIBERMELIETL, EVvFF 1 b ORAKM
WNd 3 EBHRIET L, CsORHTI, Tvirq PEMBICEAK 3 @ 1 TSR
LiBlbish oo, 2 HUBEBRHRBALI T TS > 7o SroRhTid, EvyF+4 B
WMoBAaTH 4 HETREPBD Shlc, v+ N9 4 FESTR, SrOBEEMELTSrEBA
DEESAE L DI LT, TENVFF A FRFITIR COFEMARELES, ERETH B &N
FREEZ SN B, VI3 HHETO Sr BRI, C/ARICERTOROEWEERL 7,

VoA b XBEL 54 FREARTORUEROBEEZESK (a) BLU (b) i
R Cs DBRHTHE, XAI¥A 54 FEBXRAH 1 ¢ 3 THERL 2Ebikds 5> 0B H
KZTHETRENKTH 570 ¥ ¥/ A b OEGHRBEMT 201 & WV Cs BHIE
BIEFLTEY, TOMMIBC/AREFENTS 5, SroRIHTIE, ARBMIcH X LA
54 b BTER U RS 5 0 Sr BHE KL, BUTC/A RICHRTEWEERL
720

ENFFA b XBEEE 54 MEERTORMEOBERE(LEZE 6K (a) BLXT (b) T
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HH5R RBEEA A (C/X) BEK
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KT, Cs DRHTIE, XBEA 54 FHIOBAZRE, Tv7FF4 L ORAROMME b
BOEHRIZEBICE T L, SroRITE, P14 HE TORMERE LK LA, TV
F A4+ ZEA LR TR X BB N TRHESEMT 2 @E1 % S i,

Libxg s s, BHEGREREE B L, B&¥L 54 MRk oREER, ¥
* 54 b BMTER U 2 R kA o BIHE O ZEhHofi% /R L7z, Cs DBEIMTE, v ¥
NH A FHEBZVBEVTFA MEGHOEMCE SR OVRERIZE T 2 HEBED Svlc,
SrOBHTR, Y+ ¥4 FBRUEVFFA FHBTHR L < E{biEh o 0B HEREY
B, BALLRTRARE LI XEE A 54 P BMOBHRICEVEZR LI, CsBL T Sr
OBRHESIITBEVRARE, Y FA P EXBERAELEEATHY, OFREHK%LT
IR EZ B T EWTHRETH B,

C/XBLUOM/ XRDEEGEA A bPEREZHWT, ¥ pH 222 T Cs & Sr R
HEHE~ 2oRREE TR (2) BLY (b) W/RT, pHOWMZ E 750, BHERZAH
WWIETFL, Cs 0BT, pH 3LIET3.9X10 * mgCs/g E{LAUTFicE TETF L, Sr D&
HTi, pH 2 LETIIBRHEBARLITTH - 7o C/XZORHIZ, M/XRick~XT1 /28
BofzRL Ty, REFSMERIEEZEL TV,

SSr EIFEICEEL T, THAVIZ WL REREN SANEE LSSy vy ov—
TDOH A IS LET, '

& % X ik
1) T. Kanno and H. Mimura : JAEA-TECDOC-337 (1985) 237.
2) TAEA Technical Report Series No. 356 (1993) 33.
3) H. Mimura, T. Kimura and T, Kanno : Res. Rep. Lab. Nucl. Sci., Tohoku Univ.
15 (1983) 120.
4) =Af 1, 1L B, RKEER— . HAMEAEAEE 1989 (3) 621
5) =& ¥, BEER . BARETIF23E20 (1978) 282.
6) H. Mimura and T. Kanno : J. Nucl. Sci. Technol. 22 (1985) 284.
7) E¥aE, =R B, N 8 BARTFFAR 18 (1976) 518.
8) =& ¥, BEHEG  HART ¥R 24 (1982) 228.
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TR A A o AR O B PR O R R Tk

AT, EEAE ™
=H 1. KRR - BKEER—
LA RIsE

§1. [FULSIC

WA A VB R, BEOA A VI L TEVEREEZBEL TV b00E <, MK
BRI I BN TH 0, BEHEERAEAOFFASTRsh T Lr L, #EREK
SHTVBREA 4 v AR FRYERIEEALTHD, 75 2% LRI
70+ Z~NOEHI RS B,

AR T, AU RRERA 4 v RBAE BRI L, BRREYEN O BRSO
WS> VWT, BREFES X USEEHOmED> SBE L o

§2. % E

2.1 TS K TERLE

R LA A VSRR, YV YBY VI =L, TYFEVERBIUTVYFEVERRRX
DOIFEETH B, BRKa—) vBEY VI =9 5 (Nafff, Zr(NaPO,),-H,0)® %, <> 5
A MBEOVYAVVEREEL, BRICEE L TER L, E51T, 800°CTHERR L &,
BCTHFEERL, FvavEo) vBEYva=y s (HZr,(POy &HK (IXE-150G,
HESK) 2870 BARROBREET v 7€ B (Sh,05° 4H,0) BLUT v FEVRAX
(7 vFEvBEXIBORESE) &, v VAV VEEREL, BRICERREE, 300°CTHEKL T
Ehik%E B (IXE—300G B & PIXE—1200G, HHEARK), FEICIZ12~424 »v ¥ 2 iV
SiFte b oAV, BREKEE —EICHEET 500, HANHCUAKROA - LBEHARPICT
B2APEHBELLODOEFEH LI, .

2.2 BEEE

ERKICRKT B KSR OB R OBIZEALE, Ny FHEICL VRN, $18bE, i
B (0.167g) omkiAB LU RIEK (50cm®) %25°CT 9 HRMRE 5 Lo —ERRIEICHE
H|EFY 7Y v 7L, BOSEE (3,000rpm, 104) L7k, 7 KEHEEENaI(T) ¥ v F L —
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Vo VEHEEEE THEIE L oo BEER (R, %) RIRick b EHE L,

R= {(4—A) /A} X100 (%) (1)
TIT, ABLUAR, ThZhHS LUt BRIBROKHEO v BtETH 5, WRE L
AR RE IR, ®Na, ¥Cs, ®Sr, ¥Co, "EuB LU ™AmTHY, ++ VY T7EEE, Am
(2.1x10 °M (=mol/dm?®)) PIARVEFNH10ppmE L1z, 2 Na OFKE TIE107°M HNO,
B ERY, o TIR0.IM (H, Na) NO, 2T, ¥ pH 221 L CREERE
-7 ®Na, Cs, ®CoB&LU™Euld, HATA YV b—THREIPLOBALL DEH/RL
THW, *Am 3, B{t¥ (Radiochemical Centre, HE) % HNO;— HF &M’ TINBIEMF
%, HERAK THERL CHW . ®Srid, ¥Sr&EML/A SrCO; %% —4 v b & LT, LINAC
OHBBERAEFIAL T, *Sr(y, n)¥®SrIGiIc &k b &EEL 12,

2.3 PHEER

RIZAHK (50 cm?) &iEhiscHuk (0.167g) %, Lt (V./m) 300T—ERMR & 5,
WA AR OBEL, LROFETy BHEZAEL, SEAH (K, on’®/g) 2Q@HKickb
B L7,

Ki= {((A—Ap JA} XV/m (em?®/g) 2

IIT, ABIUA R, TNZWBIBLIOIRE SBRD v EHEETH 5, BRFPDOF + U T
JERr 310 ppm & L, ¥ pH i3 1 ~ 4 O&PATHMERET -7 Na® ORETIZ, MBA
BOATHIH pH AFHEL, #hoAf 4+ v Tid0.1M (H Na)NOAKREZH W, FEERII2CO
HEZEDTITY, ke ORI S~9HEE L,

§3. RRLEE

31 BEERE

) VYL a =y Tkt B AR REORE R ORI ES L KicRd, 1flivF+v
DOBEHIR, Cs* TR 1AL THRB0XDOEEICEL TV, Na™ TROKEETHD,
EAEEREIC RS HEAE L, 2Mlin F4 v TR, Co? BLU S OWERIT | BrRFEEE
TEEEIEL, WIFNBI0BREOWRERER LI, 3MiAF4A YT, Am®" 21334
HTL00% DRERICEL, En® 3PHEEZ TR LEMEAEL, BERRBKEETH -7,
W%, Y3 B cORERERICHKT 5L, Am* > Cs"™>Na" >Eu’" > S
= Co* ORFFITH » 7,

7 v FE VBBICH T 2GR O BE RO L EE 2RI R T, Na™ (3B EHE N
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R U7z HIHA 3 B % TOREEE DR
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LTh, Am*" ORBHERAEL, TVFEVBBIUT v FEVBAIIHLTE,
Na* OWREHEPKE VEERSE S NI,

3.2 SyECHSME ‘

) VBV VA =y st BB O SR (Ko &4 pH & OREfR%E, % 4X(@)
~CNTRT, WIFNOKET &4 pH & Ky O HE & ORI REREGRAS D, MO
EhnecBEROEX NI 2EHEPED LN, 14 VY RERIETH B EBREIHN
%3, K% F#pH 3 THELLBAEOFFIE, Eu®  >Am®*  >Cs " >Na* >8r*" >Co "
THY, 3MiHFAVEEVBEREERL 7,

T v FE VBRI T B G RRE O S ELARE & S pH & OBAfR%E, 2B 5 B@~(ChT R T,
Na* OIEAEKRE, WFNLFH pH Ic~NTPE pH METF L, FEpH R 1 ~ 2 ORVE
FEMsTce TYFE VMY Nat ZBRINICHDIAS, RPOH BESEALLLDEE
ZoNh3, LlinF4YOHETIR, Na® OK fEIZ10% ~10* ecm® g K%<, Na™*ioxf
LEWEREZET L8005, Cs* Tid, P pH OMINICE b5V K, EAERBIC
EF Lo TvFEVERTR Na ITHANTCs* OBIRMEMEL P, AHPIciE s 5 Nat B
BEOREBEZFEDEELLND, 2finF4 YT, Sr* & Co® @ Ky EORIC X 2 #i
EEOENEDONLY, 3MhF4 YT, KT 276 pH ORBIRIZLALRD
5N, Am* A & U BBRIRWICRE T 5 &M 5, FipH 2 TK, AR L 54
DOFF)IE, Na™ >Am®* >Sr?* S>Eu* >Co?* > Cs* Thofco 7V FEVEAXIIXT 51K
BHERRE O S ERE & M pH & 0BAfR%E, HoX@~CIRT, 7V F € VBROBAITHN
T, BMEO K fEICRRERBESTH LAY, Wb pH 1 ~3 DA TI02~10°cm ¥ g
DEERL foo RIHYAT S Cs™ DAELIR, Ff pH DI & b TEWET 3 2\ 8D 5
Ntz i pH 2 TREGHED K, EAHET 2L, Am® > Na® >Sr?" >Eu* >Co?" > Cs* 0
FHTdH - 1o '

W NOBRAHAKITH L Th 3lih F 4 v idEVWIREWER U, SEhA~D B’ B
LU Am* OHEICKIZT Na™ BEOXELHN, TOoRBREE TSI UESKIZRT,
YrBEYva =9 s (IXE—150G) X4 % Eu®t ORETIE, 5T % Nat BEH0.IM £
T, K 310 emY g LILEOEWVEERLS, T LOBETREBIE T L, 7
vFEVE (IXE-300G) 8LU7vFEVERXAX (IXE—-1200G) TiE, Na® BEOHEME
fhic, K ERBEFEICET T 2EEABRD Shl, Thoockics L TNat EIREVER
WEETED, E—0ONa" BETES DK EELE~NE L, ChooRMBRICXT 3 K,
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Biz) vEBEI VI =g ADFRICHRTNSV I EBGM S, —H Am* ORE TR, VWTh
DORBUATDH, 1072~ 1 M © Na "EEFEHT, Am® O K, REBA 2R THEBESRD Shi,
Yy yBEYLa =y s (IXE-150G) 1254 % Am® OEETIE, Na® BEMSL10°~5M O#
BT, Kofi310°cm3g Ll EomuwEERLE?,

BEICHIz T, THHVWEZVRERILRESEN SAf SEL, A BELEs Ui
T VYT IN—TDOH AR BL 7,

& % X a
1) kR %, BERERE, 85K B A4 VRE Gy vz v 4747, 1991) p.124.
2) IAEA Technical Report Series, No. 356 (1993) p. 31.
3) H. Mimura, K. Akiba, N. Yamamoto : J. Nucl. Sci. Technol. 32 (1995) 819.
4) A. Clearfield, et al. : J. Phy. Chem. 73 (1969) 3424.
5) M. Abe : Inorganic Ion Exchange Materials, Chap. 6 (CRC Press Inc., 1982) .

6) M. Abe, M. Hirata, M. Tsuji : Bull. Chem. Soc. Jpn. 62 (1989) 3804.
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§1. F

Eb, 5y FBLUOKBHOREIMOBE SN I MESBE CROERME R, B
Wik, BFPROLEEEPICPEREEHVTRDOATVEE P, FEEL S, 75 OB &
Ul O 9 EEOMBS B LR LR TBEHMEAE T LY, L LEEFHYIIOL
T, EVESHTRELIEELNATVEH00, TROERMBERBELALFLNTVE
WY, FITEELR, BEFMOTTOHEELPT V=% I H (Cervus nippon) DI
KE N ABBEB TR EIFWERR TS TETER L, fiEsh/ 9Kk 550
2EKICOVWTR, ZONFHERETCIKRELTHE 0T, SEIZERS THEEKIIOVT
Br, Ca, Mg, Mn, Mo, Na, Rb, Zn ® 8 tRONIHERE2EBOTHET 5,

§2. £ B

2.1 SwEE

EFEEfMHELMcBVWCHEI N AZTED =+ v Y h 7T HEEOFEAE SR E LTHV,
KO B AT WY TH 5o

2.2 REEH

Siralkl & LBERESDEH00~300mg %2 BRI 7V 3 = v AfHICE S, BEEIImmES 1~
3mm ORHFENT L1, Th b DRHEEERFAAEECEH U AR, HERESR L L
TlE NIST SRM —1633a Coal Fly Ash, NIST SRM —1577b Bovine Liver, NRCC TORT —
1 Lobster ¥ & UF BCR No186 Pig Kidney @ 4 FE¥i% W 72,

2.3 BHBELUAE

g3, BEILAY R PRI R IC B VO TE RIS I & 5 30MeV OHIB RS T
3~ AT 5 1o BHEBICH LV T VI =y ABTEABBLTH S, BUILHEIRR %
BOT Ce k% (Ortec, GEM40200P, GEM —30185) ¥ & U NAIG ®EEaREZH W
Ty BEAE L2, ERICHAVIKERE, v#d L CHEARRHEZS | RITRT,
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Table 1. Nuclear data for the analyzed elements.

Target Nuclide . Product . Cooling Comparative
Element (Abundance, %) Reaction Nuclide Half Life 7 -ray used(keV) Time Standard"

Br  Br-79 (50.69) (7,2n) Br-77 2.3765D 238.97 1 day BL
Ca Ca-44 (2.09) (r.p) K-43 22.3H 372.9, 617.8 lday CFA, BL, L
Mg Mg-25 (10) (r,p Na24 15.02H 1368.6 lday CFA,BL, L
Mn  Mn-55 (100) (7,n) Mn-54 312.2D 834.8 1month BL,L
Mo Mo-100 (9.62) (7,n) Mo-99 66H 140.5 1 day L
Na Na-23 (100) (r,n) Na-22 2602Y 1 1274.6 lmonth BL,L
Rb  Rb-85 (72.15) (7v,n) Rb-84 32.9D 881.6 1 month CFA, BL
In  7Zn-66 (27.81) (7,n) Zn-65 244.1D 1115.5 lmonth L, PK

* CFA : NIST SRM-1633a Coal Fly Ash
BL : NIST SRM-1577b Bovine Liver
L : NRCC TORT-1 Lobster
PK : BCR No186 Pig Kidney

§3. WHREER

3.1 SRR

BT & RIRRICBES R E TS o oo 9KRICHL T, Bont-A oL pERsRERICH
LTKRDBE, 26.913.9%Ic8 -7z, F, BEAORKEIE L TR, H30HF0bicE
5 7-200mesh LI ORI O¥ERE H W12,

32 EERE

TED=xvIh THE (D3~D9) DIFIcOVWTE LN 8 TRONHE (CEE+
BRERZS) ZHMREREL & I 2RISR T, BEIEREELRMECL VS, T
I2% % & Br, Ca, Mn LMD W TREMEERESI0BLINICE > TH Y, HEBED
LVEERSB O, o, BONKCBEOMEZELAB72DI1Z, D3~D 9 OOHHEDOFEY
EERERZE, MHERRZEL EBITR L, Thiy, HEMHEEREORXSITHER
Br, Ca, Na® 3 tHRTHY, #IZn DAWER B EA SEEENED ATV EVZ B,
LHPLE2RICBVW T NaDEERSBSE, DTIOVTOESMHOMIZHNTHIEDAZ L,
COFRKE LTI, HELEICD 705 ORIMIRE AR E BRI > TWEEZL SN
50 ZITDTIZOWTOMEEZRVTRD PG, Rz, MAMEEREZ S SICERL
o THODFEERLD, Br, Ca, Mo, NalzoW T RMAKBIDERE ICEMNH S DD, Mg,
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Table 2. Concentrations of elements in livers of Japanese sika deer.

Element Br  Ca Mg Mn Mo Na RDb Zn
Unit ppm ppm ppm ppm ppm % ppm ppm

D3 153423  330+107  492+41  16.6+2.1  3.0%0.1 0.272+0.001 22.3£18 9L.7¥L1
15.0% 32.4% 8.0% 12.7% 3.3% 0.4% 8.1% 1.2%
D4 181438  287+16 50642  20.0+41  31+0.0 0.438+0.031 27.2£15 86.9+2.9
21.0% 5.6% 8.3% 20.5% 0.0% 7.1% 5.5% 3.3%
Db 156126  217+41 580466 148419 24103 0.254£0.013 31.3+19 95.3+23
16.7% 18.9% 11.4% 12.8% 12.5% 5.1% 6.1% 2.4%
D6 9201403 207454 512£29  17.7%1.2  25%0.1 0.396+0.013 27.1£3.5 83.8%1.0
1.5% 26.1% 5.7% 6.8% 4.0% 3.3% 12.9% 1.2%

D17 359140 347232 687145 113128 0.705£0.057 18.2%0.9
11.1% 9.2% 6.6% 24.8% 8.1% . 49%

D8 204+40 170+38  496+11  16.3+08 21401 0.279£0.010 30.2£13 86.5+1.9
19.6% 22.4% 2.2% 4.9% 4.8% 3.6% 4.3% 2.2%

D9 984124 16046 474%15  17.5E11  2.0%0.1 0.351%40.025 30.1£23 80.4%2.5
8.5% 28.8% 3.2% 6.3% 5.0% 7.1% 7.6% 3.1%

Range 15.3-359 160-347 474-687 11.3-20.0 2.0-3.1 0.2564-0.705 18.2-31.3 80.4-95.3

Ave. £SD* 22.0%75  245+76  535+75  16.3%£2.7 25105 0.385+0.157 26.6+4.8 87.4+54
% RSD  34.3% 30.9% 14.0% 16.7% 18.0% 40.7% 17.9% 6.1%

Ave. £SD** 197448  229+67 51037  17.2£17  25%05 0.33210.075 28.0£33 87.4%54
% RSD  24.4% 29.3% 7.2% 10.1% 18.0% 22.6% 11.7% 6.1%

* Ave. 2SDforD3-D9
#* Ave. = SD forD3-D9 except D7

Mn, Rb, Zn iV TRAHEERESZZI0BLITICEY, HED =& ¥ I h OfFEDOF
B EEEEL LB TEREEDbN S,

AR AT b, BMEERICK > LEILRE IR oMATIRE L, AM#ELES
VRey vy I V—TDh4, BEOH 2 ICEHELET,

& % X Lo
1) Trace Elements in Man and Animals-TEMA 5, eds. C. F. Mills, I. Bremner & J. K.
Chesters, (Commonwealth Agricultural Bureux, U. K., 1985).
9) T. Sato : “Activation Analysis Vol. T”., (ed. Zeef B. Alfassi, CRC Press, USA, 1990)
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p. 323.

3) M. Fukushima : J. Radioanal. Nucl. Chem., Articles, 195 (1995) 145.

4) K. Honda, H. Ichihashi and R. Tatsukawa : Arch. Environ. Contam. Toxicol. 16 (1987)
551.

5) M. Fukushima and H. Tamate : Res. Rep. Lab. Nucl. Sci. Tohoku Univ. 27 (1994)
262.
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BARBERICE S 3 — L v MEEHEREOHIE &R

IR, Rt
ANBESEAT ' + ch RS - /N LFE
S - L)t - BRTER
MWiREE* - GHHEL ™
SHFES™ - LemiTE *
S

§1.F @
vvyutboVBRERRLAI» S, N FInBFHh oSN BHIEER, ToNvTF
LD BRVEEMETI, Je— LY MBI ETFEIA TV, 2 —L v b BES
SRS Y FNETHOBRICHAILEAKICE 50, Tk — L v GG & 2 HBgHEE b
URETH I W TSI AVF BT Y V70 b o VORAKEEL X VE - %24[B4 20Tk
BOBLRHEONT W, Schiff a3k — LY PSHEHBAERE LGB E L bic, HZES
PEOEMKFERICLD e — LY MIUHER LSS B T & ERXTWB Y, Schwinger
BEAZH T coEHO—BlbahicXNEH W, ZD%, Nodvick & Saxon i Schwinger
DOR%E 2 WOMREITROMEZEFHREEIT 2 L VSEKUEDO T TRE, MIBFEITEAERIC X
IR OREH NP, YEHRIDFVEZEL I VF-2851BIc, YvsotrovT
DIk —L v MEHEOREERBBRINCHIES 5 2 E RS, Ld L, ERICERSH
TEZEE T, 2e— Ly P REFHEREIERIWE 51,

19824F1C, Michel 3T DIk — L v MEABESBETERY) v/ TERED <1 s/ ojFe L
THRUSNBHREMDOH 2 L 2R LY, Thic LT, HEDEFHE LCRshTw 3
BYERH) v/ Tae— VY MIUER RO 3 2 EBRMITb N, 19844F Yarwood % 3,
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®Present Address : Mitsubishi Electric Corporation, Itami Works, Tsukaguchi-honmachi
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* Present Address : Department of Materials Science, University of Osaka Prefecture,
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Daresbury &MY v 7 SRS CTHIE & Nz 1 mm & b RVWIFEARTORAOLHRED, 15
ISR TH BEEKBRIT L0 7 &b LBV E2MELLY, o, D
BIERRS I E— L Y MEEDER 2 b VDAL B EH DS T OBEIINT S 5 A REk: & 155
Ltz UL, ZhPIKicfTHhhiz BESSYY, NSLS®, UVSOR” d%Ek T 2@ RN O
BEETIE— LY MEERTHRBRONLE L -1,

INODBTERE) v/ OEFE— LDV FEIR3~30cm ThH 3, i, MWLM
(54Fv27) OVvFER1I~6mmTHBDT, LOROBENESBEVERE I -
Ly RGBSR S N B L EZ BB, 1989, HILAFD300MeV 74 + v 2 T, EIRA
FHERT, TEe— L v MEEDEDHR TS CRElS P, HtWT, tOEFIAF 7T
Tk — LY MEEDESERIS e 0,

Tk — LY FEEED 27 P VHSER0.16~3.5mm OFFTRES i P, 1HOE
FNVENEETEaE— LY MREDEOER AR b ViR, 1HEOBETHBET LY o0
bEYEEDED R b, NYFREBFEOEE, ZLT (Y FORIRERESERBRS
2) NYFHRERTFORTEALON S, NV FORRKEN Y ABHERETNIE, -1V
FEEDER Y FORS ERBEORE TABMICHEELZ L, Tov—2 L bRERMTE
EEE1ETBE) AV THDT B, Ll, EBICBHEIS W REEHEKOZ <7 v
OHEER, HRPOTFTHINIEXID SIS LIKAMTH 1o ThEHRHALFBIEADO—D
LT, BEY VEOEBKERICE e — LY MREDEOMIESIRMAE X SN B,

COMIERIRAEES 57201, HILRFEDI00MeV 54 F v 7 EHWTEREZT- 7o 7
A+ 9 7 PODOBTHIE— LY MEEDEABS T 2 RAEB#AD Y7 PRI, 2KROERK
EHWCETICEE L. COLBRMBOMKELT, 2e—L Y MEEDERRI PV ER
SEEEAHIE Utco Preliminary ZEBREER T TIclEshTw3 Y,

EHFEOBMI, ()VEEEROZICED 3t — Ly MREDEOMIESERICT X s h
ZhEPEERINCKREFT 5 2 &, (i) Nodvick & Saxon ic & Ehh - HlERER/ TZ D
Tk — LY MDD BEOLEEBRHTE 2N EIpEFENL L, @3k — Ly MEEDE
A2 PVOREKREBBECTOMES BIIEIRICEKSL DL EI P EKRIET S5 L, TH b,

§ 2. HEHROER
WRPATEASERIC LS 2t — LY MEEDEOIIERIR X, Nodvick & Saxon i & b B
RSN TV, BIROD LS, z=% ¢/ 2 IKERICKSOHTEBERBEPN T
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T, 2=00xy FHEZFEROMN#ELE, HEv=Lc TETFVFHERLTL
LEINET B, COLEBJBFNVYF2OLaE—L Y PEHFEINIZKOBER <7 b
WP, (B, A, @) RIRRTHZA LN 3,

P (B, 2, @) =N*P(B, &, a) f, (1) (1)
TIT, ARER NRBSYFRNETH f 3 Y FERET, P(B,1,0) B1HOEBEF
DRFT B NOMETH B, EMOBMNZRT P, 1HOBTFHHE LS 1 mrad 220 #D
BV, 1 %0V FIERICHET 2678 E LT, UToRTtE52 503,

2 <2Ba/ 2 2
P(8,2,0) = 4><10-57z(‘1"§/1Re {12& [—HS>JH+‘—32—(HS’_1J,L_1+ H2 s ]}

(2)
ZIT, al3WHREEER, n=27R/ A, J.\3 Bessel B9%, H®I2% 1 & Hankel BA%K
Thb, ThoDEDTIEIT

: R ) e
r.r= [y - (12BY] "R [2agy ) N

a

Thb, BT OEFEEEUMEER LRESTSE, P(B=1,1,0), UFP(1,0) Ll
T35, FTEoLsic5AoN035,

-5 2 | j<2a/2
P(a @ = 3107 aR {

3 o 12& (Ef/n)4 [K1/32< E3/3 n2> + K2/32< £33 n2>]}

(4)

ICT, E;=jnR/"a Kis Kys BEFE
Bessel BT H 5%, ,

# 2 Kb OFRIREWR D 518 5h 5 B 2 I
NI MIVTH B, MERROERE, L ,
EMEMRCHOMES s EAFELTY N
%, Q R ) > Y
HRASSBKOMBL D I 55 L, BIDE ;;fif;;; 2
SRR I3, BRI WIEAIT50MeV D /
BT/ F OIS 5 B OMRIDEORE x

HOBKPOMMR, SOKECED, SORMR o mpk RS 2EAD T b —
PR 1B &, BUOZO®REIESS, H2K bV AL R O 729 OB,

z=+a/2
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hORHTRINBFERKATHESNE S 9,

A=2a+va/R (5)
I Tal3&BROMR, RIiZdhRF
BThd, ORI, Hbat RHBE
Zohi & XL, WEDEOFA IS
nN3EEOTRECHEEEX 5,

S EKEETE, BWOXTHREsN
BB IR HE ML, @ OBEEX
R7 PP OLRESTNTVE, THiF
BAOREELBETRELEEVWLIL 1

1077 10‘6 10'5 107 10‘3 10‘2 10“ 10°
KRERT 2 DEELSND, Lich- Wavelength [m]
T AEHREZBLLELVEEED ) 5 Nodvick & Saxon OEIC £ b,

1 0_4 | I I I [ T
107°
107°

1077

1078

Intensity
[Photons/(electron mrad 1%BW)]

2Ry Vi3, BT O®E OKE KIEWETEBIRIC X 2 HNIERREZFE L
foak—L v MREHEOERRARY b v,
AR b, RERNTOMEDR BRI DG RS B S BRI T 5 10
oxsiweonsonereos  ERNSLLIICRY MRS
LEEZ LGNS, FEZ NI PV, TDOEEOEFDOT RN

F—350MeV, BIR¥XIZ2.44m TH 5,
FIMDOFELFIZ, ¢ =40mm, R=2.44

m DBEEOMIENEAZE LA vIab— LY MEERDORARI PV TH B, TE—L VT
BUE B ERESRTIIES 30}, 1 vt — Ly MEEbESBRERIcL vk 3
CEICHRRT B, T THROA & CIREBEBRIC X 0 BEDEREASED Ui, B I35REE
DR TH 5, BIEROOHRELT, fABALCOT R V¥ —DFIIZFHHBO T %
NE-RELV, COZER1IHEOETFIA v — Ly MIBEBHERE L TR TRV F—
BERLMHICESEWT EABEKL TV S, Ll ae— vy bEgDEoEa I, BN
FE LS, TOWER Y FHRET f, ikiFT 5, AILEAZGT Ty FORS PR
5% (20=1, 10, 30mm) EFIcky, BESNBEI—L Y FBEDEOFITHEZ <7 bV b
M3 IRENTVE, NV FOEISHEGRTHZ bh2EEL bRVESICE, -V

VFW%%®%&ﬁMﬁ%<HU%ﬂ%$KK50”V%wﬁéﬁ%¥54fyﬁfwﬁﬂ%
754 1 ~10mm <, £ERERSBRAO OB & L THREKZEOmm O & S a
t—vyb&%%ﬁ”V?E&ﬁﬁﬁ@ﬁﬁﬁﬁwﬁ%énéo%ﬁ,%%va@NV%E
1330mm L ETh by, BUERE&H T — LY MR IIEShTw3, CHIRE
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FNVvFBRIEe—Lv Y MBEDEERE L TR 2 2V F - RBIBRLHEE NV FOESITE -
TRELENTEIEEBEKRLTVWS,

-
o
o
I

L1 L i I ,
107 107 107 107 107

Wavelength [m]

Intensity
[Photons/(3.6x10%lectrons mrad 1%BW)]

_.
o
1
i
QO j—
&)

FIR #IEVWETEBRIC L AMIESEAER LIS vakE—1L
VMg E, BRUBERERHEOLETEE ANV FEEFE ST
FNYFPLOLDIE—L Y MEEPED AT b, EFIZA v
E—L Y MEBEPER <2 vV THD, 2ol —L v MK
HHDR~RT b, BFTRUFE— 1350MeV, NV FHNEFHK
123.6X10° ff, £BHRAEIREIZ40mm RICERCG © th = H£%2.44m
Thb, Te—L vV MEDEOLI XA NVF— RV FOEXICL-
TARELEALT B, HAKIZA Yo —L v NSEE D 2~
FVO—EBEIAR LIS DTH B, BiEELS, FHRA+CO
IFNVF-—=fEEBOTRANVF -, 5, 2O LiF1lHOETF
BAvae—vy bEEDEE LTENT 323V F— 132BIR
DEEDEEICL S VWEERLTWV S,

§ 3. EREBELAE
COERBEEERMS I — LY MIFDEORA S 2 EBEPIR TS LAEHNEL,

HILRFED300MeV 51 F v 7 2OV TITR bR, TOE XOERESORE %5 4 MR
To 74 F v 7 T50MeV E TIESNILEFE—- LMWRHEBHA Bs AT SN 3, DR
[ EHA O EER32.44m T, WSO RE 1368.6mT TH b, BEFE—L20T 2V F—IRIZ
0.2%, E— a9V 2OERIEG 2 £s T, #VIELI1E300pulses, s TH D, 7SIV ZYFzh Do
Y FEIIKIBT00T, Ny FHD OBEFHIIKB.6X10°TH B, NV FOREE I Tmm T,
I 1132.856GHz DN rf FEEDAAEA T5.5% TGS %,
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w4 EEBROREBEN, B.: BEHEARRAER A, Ba: v 7HRER
BTG, P: FtE. M, : £B#K, SEM : &f€=%, M1, M
9, M4 : Ffgs, M3 : Mifl8E. S,: 7K. D.: E5HRH
g%o Dm: %;y_ﬁqﬁﬂjggo Sl: RY v }‘o vC: E%E%o
IB:%7uvys, CB:avsy—tr7uav7,

IRIEERG Bs HOBEEOREA P icid 2O FET7 VIR Mp (JEE 1 mm) »E— 4

OEETEI I LT « ZRBIcE Y FShTw3, £ OMRBIERLEI2~8mm O THET
52, LEROBREEET, ZOKESEE— L8ICH > T300mm ORE T, EFHMlOD
OIEH180mm, FHAOLDIEA200mm TH %, LERO THRMlD 550mm % TREIERD
WA AR LW E 5 1049100mrad OFEAMN I TV S, FEE P TOEES 7 + Olif
2, WETE270mm & & 180mm TH %,

IRPEBROHVE TETFE — Ak B s vk, FOERP icxt LZHEAT0mrad
OERTESE M3 1o & DR N, 20 Sp b B, SEE REFTRFRISEES & RETR
F#sto 2 BEHSHV SNz, HEFFEEL, £BRHBOBNE L OtoRELAET 25
Lacid, EFTETFRERASEESAV SN, ROREER, ToMLENITREETERD
HUCHES N, i, RETFETEE, SBREREEEL, BEEOR 7 bVER]
FEFZOIAVONI, ThSICX VRSN, BIE~NY v ATHREENZY ) Ty -
FoA—p—D ek BRiEN, REED, RAFEEEE=TEOICHV N, =
F. SEECRES NI LTRIERA S OEHRT 5700, HLsi M3 DO
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Bz )y bSIZERT I, TORY v MER, 2IET6mm Th5, COIEE, BEROFR
HEPICEFARITEEEL, 2B -V FIKOREE81~24mm ¥ TELE #7 & X,
RESBOESHELLBVE S IR SR,
AEREEROBRHZRIBENFEEHVTRIES N, 2 — LY MEEDEOBE R E— 4
BRICHAIT 2DI TR RBVOT, BIEF—FICRE—2BHROS 52> E2MIE LTINS
510, HKE16, 3.0, 40mm DIk — L ¥ MREDLOREE Y E — A BHOS~5 LA T
BIE Lo D © — ABFKEMER, Tt — L v MEEEREOB S I s 2 £ — A EHK
DHETEL 749 b T&, 2LT, HEBDO7 4 v VBB LOTHD r. m. s, EBEE[FE
Aot =Ly b BEDRREICE S AEREEE L, COMEICE, BTy OBELEEE
BRI B =7 ) 7 1, RIBORMLER, LOLBEICHT 2 ) =7 ) 74, NVFE
ROBILEN & BRICHT 2KEHR EBETN S,

§ 4. MIERRLEEE

BHXL, SBRMEREE8l~15mm F TEbs L 2T, RAETETHHEZHY CAIE
Shikab—v Y MEEHEDRRI P VERLTWS, CITRHOFERIEEH » bDRY o
FEOHTHEShIcaE— LY MREEDZ X7 bV THD, 1HEERIIRY v FELTO
AR P NTHB, AV v FELTORETIE, BIEINIZARI P VIZREBKTOREIC
LM EEND, i, RV v FEAVLEETE, XY v Mk ZRERBRTOET
BROHIZTE— LY MEREBRO—IBIdEbNE T LI, RERSEE CEFoBEEHE
BT b ERRFETHLH, BOEHMTERY vy bHDERY » MELOHHDBAD XY
MVERLTWS, BRRIZED), WXEHVWCGHREs A IESRESC e — L v FREHE
DERARI P VTH B, TOFETIE, BFE—20 NV FEIRE LT, FHEIE2 0 $20.36
mm DAY ZAGHEREL T2, COBERBBESNcaE—L Y PRENXR<S brors b
WO Sy EREAMOBEEOKRERETS) THEXS—HTIIIERD SN, I TRE
SRtV FIER, DIENCHEEBEMICAES N2 Y FELTmm L0 bEWETH - 72, #IE
INS AR P VIEZHATOmrad OFEO S MBS Nt THEIr BN D TH 5,
fthly, BEFRR 7 MVIEE— AOHEREICEE LA TSI NI THTH 5, OEEHA
TR, M vae—vy b SREDEOTEE T R O H RS G RIE R O A T0mrad & FIFEEE
DT LA %, ST Take— vy MEFBEOABESHMBA vak — L v FEREDED %
NERUTHBERET S Eicky, ERBEEEELKRTE Z2HRA7 bv (Xho 580
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5K 4EREREA8lI~15mm CEELLEED L — L v MRS
HD <7 F v, MPEDOEHE 1 SBE AR IcEE S HH%
HIPRTBZ2Y v b (IE6mm) MHIEEMENEXDRIEME, B
BIoe—v v MEEDEOERETEME, SRiE o e — v v MRS
SOFHESTNA vt — LY MEREHROZHERU EREL
& X, T0mrad DZHEATELZONZEHARI bV, TOD
EENVFRRE LCOHER 2 0 =0.36mm O A I RO ERE
LTWwW3,

E6MIE, KEZ1.6~5.0mm TEBERBEROEIE LT, EWRFRSEESEH WV THIE
Ik — vy MEEDEDORREERL TV %, RAERESBROMBIKERS, KES
mm 2RV TEE—ETH b, COKEKImmBEDRNAE DD BELEHA-TL BT L
KEBRATEOHBDT, KENKRSOTREVEEZTVWE, HEL6~45mm DIk —L
¥ MREHE DR BLIETIC & 0V iR0.333~0.66Tmm THIES hcfE& iZiE—H L TV
5%,

BHXDORAE SN2 b vid Nodvick & Saxon ODEFRAOTFEINEFEE LD EL
BETHDLTWVS, HROTANCR L, BEHCBESSEICELT 2 EEREIEBRMEBE &
bltRZE LTV RVES KA T oNn s, IIERIRU Eicx <27 b vEEZEZ L5 5tho
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BEL CEACREELCBEERE T, 2V, P= U~ 1)
S Uy —1,) EFEFBINTV S,

INSDEVEVORKROVESELT, ok —L Y MNEGHELOAESGEORIEMS EF S
5, AL — LY MEEHOHESHNA Y I E— LY MEEROZN XD I > TV BEE
i, EURCRERBECOMERDE25|ISEITEEI SND, COEBRIEEICIIIKE
T30, @BRROMBICIEKELRRV, ChEEET DR TFg(1) 28K, ToRT
KRERIKEHEEZ O T X CORTFEED 2ENTE 5, i, bI5—D0FKE LT, &
BTHOIEAN Y FRRET £,(1) OFRES A XOREIC>EF ESBEREMH 5, EL
FeN Y FIARDIE U S 3Mh D HETHEA DI RIEE 5150,

CONRYFERPAVFORIKET 250 EVE%E, RKAORT &ERICHRd 30,
EBICHESNEHE Py’ (8,1, 0) %

P/ (B,4,a) =N’P(2, @) fo (1) g (1) (8)
LEBRLET, COARY FVERBRER e OEAOREIRI P VEDAE L Z T LI
£,
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Pcoh/(Bylya):P(A, a) (9)
Pcoh/(Bylya(D P(Ayao)

285, COXBNVYFORKP YA X, ZoMo (BEKERNOEKERZ b772V) KT
KREELRE WV, 2070, EBRIICEONKLATOD 2 E— L Y MNEEDEOEELI, Nodvick
& Saxon OIEHRFED SRD ONALOLOME E BEENLKT 2 EATREE K 5,

87 RRETFET S 2 HY CRIE L - S B IR R54~15mm O & E D2 <x7 vk
B AR PIVEHARLTWS, TOEXITa=8lmm DL EDARY b VEREL TV 2,
MhoFEHEFRY » bED, 1ESERIEIRAY v MELTORERETH D, BH3HER» 555
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The neutron scattering facility using pulsed neutrons from a tungsten target which was
irradiated by the electron beam (220Mev, 5kW) has been utilized for 23 years. After being
cored out the concrete shield (thickness : 2-2.5m) for five directions radiated from the
target, the depth profiles of various radionuclides induced in the samples by bremsstrahlung
and neutron were observed by 7-ray and B-ray counting methods. Then the radioactive
area in the shield which should be stored as radioactive waste was assessed for the deco-
missioning of this facility. The shield wall of down stream was strongly activated along
with the beam axis and the thickness of tenth value of radioactivity was 130g/cm? which
did not depend on the types of nuclear reactions. The side wall has been mainly activated
by thermal neutron and the thickness of tenth value was 75g/cm®. The average neutron
flux at the inside wall was isotoropically about 107/cm?/sec. The photon flux of down

stream was about 10'/cm®/sec and the of side wall was about 107/cm?/sec.
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BT 35 HMOMEEEB B V- BlIEI S AEEEIEZI LN B,
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2. EFRELEERRE

2.1 BisEE

P FHELERIZBT V=7 v 270 o0E T 2 VF BT (I x V¥ — : 220MeV, /¥
WWZNE . 3 s, BOEL : 100pps, FHEHTI: 5kW) 25 v 7257V« 5 =4y PITEE
L, #=% v b5 IRNCHEET 2T EHOTITONTE L, ¥ —7 v MIKBENT
BY, FERCHETZEEE L& 20RER LT, PFRELEREE TR S — 7y
FEXRZ PO -y ORIiIca Y Y -+ OEREDBHRT SNTEY, NERFROEEERK
RICEBIL 7R %E LT 5, 3 1 Kic##dE o mXE /R Ui, MERE@Ea Y7 Y-+,

8xdud. s
0.5% xn.o 8m
sl - ls 2x3.1
0.3x2%2.75= nj \ /
—Zza ] '
@ A g b-- 3 ¥
&?3, =T \V2
&:572—55431 N
4t AT
&
= I T — No.5
0 VJIS.DZ L1 B0 205 T 0——;
OL L ; T ; 3 8 llUn\

B T HEL BRI O,
RIROER 34— ) ¥ 7 EH AR o

BEQIFS 132 ~2.5m THE R dm Th b, BRI IE T ©— MBI XML 7 b 84,
b=ty NEBITVES 2 b LA, QEOADS S k55— y M AL HEIRICREY 54
THY, EREERG X 5 i BESRIEIEEE, BRESE, R, MR
EBBEINT W, Flo<w v v o4 AREETHEI0~30>7 ~ (1 v7 F=¥H) T
D, BE, T, SO, EW (B, RMID 15 E0PEE DO ERBPEA O
T&/,
22 EBhOHETE & UHEINSR
Setd B HETIRSTRY 10 KU 7 =y b B ARIKSEBRE T 3 X 10°/cm? /sec
S SN TE 70, EMOMSEEENS b, LRF<Y Y4 2O TS| % Hi
LHE =257 FAIZ AuiE200em 2 THAL, Aud (7, ), (o 7) KISERIFLT
BN & TP T DRI & R IE L 7o MBI E — 2 F ¥ (straight), &—
LA LZETORE (loft), H3TEE (right) © 3 Hi T 5o MEHRES 2 RICRT,
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Shield

]0”

Flux (n/cm 2/sec)

0 50 100 150 200 250 300
Distance (cm)

B2 T E— A5 FNTORIBIRRE & TS OB,

B T200cm DHESEREAEICH 2> TEY, 0cm BABED 5200ecm A - 728 d iz v,
FERAKNEE S T3 straight & left ©50cm, right T150cm DEEEA S 5, XH S, HETF,
HIENENER E BIC5 7 PATREPLICERE LSS E—45 7 FE2EEL TL 3HT850
3, % DREEOEE ZHBBHEBROABIHTICHNTRPL TH > o Al —45 7 b
I3V 5 150cm DALEIC T Y A — 9 i8d > fctedd, TOTIC AuiEoBEnTLEY, i
50cm DS DBERFERE I RENF TR ->TW3,

FIENBRER 3 £ — A FRATIC, A4 TI0/cm?/sec DA — 5 —Tdh » 1o, HHEFERES
f%@’fﬁt?&{ﬁﬁ@“é &, E—AFRMTIO~10°, A4 TI0~10%/cm? /sec F2FE & R &
S — A FRED SHI OB B> TH Y, BplEFREANIMGERT EVS FHIRLT
Wio 22T, E—AFHRAIEAREO £ — 2FLHINIC Cd # 7 VMIT AR D E ARV
bDxREE, Thoo (n, r) RIBOERLE»SZHETNTO X €Y — vihitkT, B+
HERDI, TORE, E—aTFHRAlTO100 0+ -5 —Th-oREHF LoboT, £
B iz = B9 — < VT SFEE T, IR 4 X10%/cm? /sec BB E B o1z, TDE DI, E—
ATFHRME BTl FOBRERIRIEECTH 50, ZoflEFa~s P VIZER ST
WB I EWTFI T,
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§ 3. ERANIBOEMEEAE
ERAENTOMEERIREIEET 5700, BRENOEHORAMEZAE L/, £~ 4 Mk
filicd 7 B IETOEER (35 31X OBV ~vEA 4 v F 2 VN ZHOTHEL 72, il

Beam axis

Dose rate (uSv/h)

-20  Horizontal
(cm)

Vertical (cm) =)
o
FIN ERIAN E — & NREBEIIT O KITAR R D 5340,

BRI 50| E, Hm3Emodfulh s EAGOME, #2757 omS dEER (uSv/h)
THZ, E— 254 v FONEPEBFRENEL, ©— 2 FiARICRE LRSI £ -
TRIFTINCE L OBEHERE LTV B T EMnh 5, O & 5 RIS LI E-FMndd
DRBEVA LD, ZDRK, Sk SRBERINL T ZET - 78R, #F L WGHEREER
E— A0 5% 10cm OIFICR S0 -EHITh D, FAMEMEDE I E— ahlh
SEENALE & £ — AHOOE VSR L N vOEEE R TR IKDO L I BMEREGE - T
EMB - 12,

E—AFHIC LAAIBEHOBBE A A v F 2 N —B LU Nal v v FL—va v ¥ —nN
AA=5Z2AOTHEL 7, FARBE-L54 YOS TOHRBROENERLILEDT,
E— A RHEAIOBEm D o DEREEARRNC & > TWB, =4 v b XD BRIABI TR RS
Mz & EBIRABIZBDL, ¥—7» PXDBRAIESE EPPELLICEDLTVWE I &0
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Surface dose rate of the inside wall of ND shield.

Dose rate (micro Sv/h)

FAK R AN IBET T D RAFRE O £ — & NREED S DR
X BEAL,

D Be Fio, MBS CEESMOEEMEL & 25, =4y P LOFTHAITE, -
LT A v ONE TR b RABRENE S, KEICHD > TRBICED LTV, §—7 v b &
DEHTREADPOOESICELSTRBEETH >, T, ¥—4 v FRIAMTRAADEE
o EMEERITAEER TP 10 UL, & =4y MGG KimER
T 3 2 OKESN TS 1o T, E—L 57 b SAEEE TOWEEIZ50cm TH 5
oicxtl, GEEHE TIR100cm EEENTW B EERX 5N 5,

§ 4. HEHENRE L TAIE

41 FRPEIREEEREAT

HERANE O BB OREE A TS DK E1.6m (E—4 354 ) OAEZNERD S R —
Yy L, EE5om ®3 TIRICHKER - 7o HIREFTEE | IR Lz, € — & FHfloN
2 HEFTIZNEED S45em OO IV 7 Y= b BRI TLEY, a7 ELTRINT 22 &8
TENMP T,

BUlcNal v v FL—va vH—~_A X =9 TENThDa 7RO REREERIE L 720
HIEER, SNy 775y v FE (0.1pSv/hr) 2ZELBIVIfEZ T oy b LEDOBEHE ST
H 2, HElIINED S OEREE LTE L2, No 2 BTk RmBEShoREhc ERTE LS
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1
10 E e
B o No.I-BG }-—
] B No.2-BG §...
[m] No.3-BG }....
= m A No4-BG | .
§ - e No5-BG
wn 0
3 10 ot
:(;)/ ‘A\A o
S g
3
(=]
o
: B
<
£ =
[75] W
O-0-0+0-0
o-0-® OO T T B (B
1 L 1 1 1 1 L 1 1 1 1 1

0 50 100 150 200 . 250
Distance (cm)

$E5K avs Y-t a7TERHORMRERDOEL,

<, PBEA 5 170cm % CHEBIBIICEE L TV, Ny 7 75y Y FEEBEFL K
201, No 2 RECIENEED 5170em, £ OIIZPEED 550cm TH 7o TORRDP S, E—
LFHRAIC IR BIEIRERRIC & > TERARISEL £ THRIMEL T 2HB0H - o

4.2 HEHLIE & HEHEa

iz, WHREEE, BEIMEO 72 » ORI ERNT 5720, %3 7hoBEYEHREEEVTI0
B AET, 1om OIETYIDHL, 100mesh ORFFICIE 5 & THEL 720

1l & ORTEAS AR 2 PRI 73 - 7o BEIRE & RBUB 2 HEE U, il IR & o iR (b
VETRR, HIENEHED o, REEREETET I, Ivs ) - trbEbLGENTY
BUEOTHEBEDF — 4 AR TH B, £ T, HlETHBLUERTBE TR L
0 TERITEFT » 120 PHEFHEMEAHT S FEBAR TARERFT O KUR Pn-2 (BrhihT : 2.8
x10%/cm?/sec, = B4 —=< VT : 1.1X10%/cm?/sec) 1BV T RRE L1, No 1,
No.4, No5%% 2 MtkD&F THEENT L, SHRII50mg T, HBHRAERENT 3 B A
B DD JB-la, JA-1, JA-2 &HL, 18THROERET-> o HETBEMEDTIA
Mo B \WTER L, HhiskEsEatklc i3 NIST SRM 1633a Coal fly ash Z W7o, dl¥E
13200mg T, THZNEME Al TR L, RS & bicaREIcHALL, BRE
TR UF-30MeV, FEIEHI120 A T 3 ERIRH L7zo No1, No3, Nod, No 5% 681k,
No23RIED BT A DT L, 230HAETERT B ENTE, TNTNDOHETHLONIF
Yl RS LA, BUMEEE 1 RITR U, 2ROLETHE LM RRIZIFRITEL
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Table 1. Analytical resuts of concrete asmples by NAA and PAA (concentration in ppm).

Element Average Range Average Range
Na 167001300 15400—19500 163001400 13600—20300
Mg 9600—2500 5900— 11800
Ca 65008000 76000—52000 680009000 48000— 93000
Ti 2500£400 3300—1800
Fe 310007000 24000—43000 300005000 21000—43000
Sc 12.0£2.5 9.3—15.5 13.2+2.2 9.4—18
Cr 55+17 47—88 522+22 26—110
Mn 134%23 100—183
Co 10.0£2.1 7.7—13.7 10£2.4 6.6—16.6
Ni 24—56 22.2+£12.7 9.5—49.6
Zn 149+30 122—209 176£93 94—575
As 6.7£2.6 3.2—13
Rb 36*4 30—43 38.7+7.6 26—63.6
Sr 201+14 173—222

Y 17.5+1.8 14.7—21.4
Zr 85+ 10 62.8—103.7
Nb 4.8+0.5 4.0—5.8
Sb 0.8%+0.3 0.3—14
Cs 1.2+0.4 0.6—2.1
Ba 471112 327—626 478+75 353—1702
La 9.44+0.9 8.2—10.8

Ce 19.2+2.1 16.4—21.6 21.3%£3.4 17.1—-32.5
Sm 2.6+0.2 2.3—2.9

Eu 0.8£0.1 0.7—-1.1

Tb 0.27—0.82

Yb 2.1£0.4 1.8—2.3

Lu 0.4%0.1 0.3—0.5

Hf 2.6+0.5 2.3—3.7

Ta 0.21-0.36

Pb 24+20 7—110
Th .3 2.2—3.1

u 0.2 0.7—1.2 1.0+0.2 0.5—14

—HLTBY, R TRTEOEEAIET S ENTEL, CagERBREBEEOEA VD
ED5HVWLISD 1 THY, AROTHEMRIZEA Y FE O dERICELULTVWE T EMR
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Motz

4.3 Y#RBIE

YRRIE R Ny 7 759 v FERIERN & Ge FEARIZ (FEXIRIR : 20%, S#6E - 1.9
keV) ZHWTIT oo 5AKD 3 7k 53 8 ~13KHSRtE e, 22T, N2, N
1 BEUNo 3 OHFENTOFERIC>WTENENE 6, T, 8BUT/RLI, 5 XInbkklZ
WEED & DIREE L TR LT, No 2 TROUBUEIC L 2 I ERL TH D, €O HEHEED
A ®Na, *Mn, "Be DIFETH 70 “NaidF 2 ®Na (7, n) *Na UL THE L, "Mg (7,
pn) #Na KIE® Al (7, an) *Na G 5 & —HERT 5, “Mn Tl *Fe (7, pn) *Mn X
IEDEGHAE L (70%), *Mn (7, n) *Mn UGEh S bEKT % (30%)s Beix C, N, O
EWV S HBEIEEMN 5121 T Na, Mg, Al SiZEMSEmT 2 v F —HIENBERIC X 58
BRBUB THER L7 EE 2 505, No 1 PNo 3 Rl Tt FHiE RIS IC & 3 ¥Eu, “Co B
U Sc DERAEE TH - 1o, dlBhO KRB YK 130.4Bq/g T, BE—ETH -
2o No. 2 DA DK TIZAEED 53078 L50cm TS & ORGFED HSHHEDS YK 0% v Rl -
720 LA L, No.2 TRESHEORDEEIIZW 590 T, “KO LV~ ETHE 2 D 13200cm % i

ZTHHTH -1,

100

Specific Activity (Bq/g)

0.1

0.01

0.001

Distance(cm)

56 a vy — kRN 2 A AR O AR &
ik 3%AL,
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AP

Mn- SAT\

100

Distance(cm)

150
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BT 3 v27 9 — rilkNo 1 LR ERA%FE D HERAAZE &
Tk 581k,

250
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<o
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(3

&
\ Cs-134

n

¢

Co-58

%m a-22
Mn-54 D-60

150

Distance(cm)

200

250

8 a7y — bEENo. 3 A B RE D IR A ZE S
ik 3%A4t,

300
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E 8 ]
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g - B --0--No4
= 100 E - -m- -No.5
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10?2 ¢ :
& —a— No.l
o b @ - No2
) ER @y -4 No3
S =, — --0--No4
o 100 Sy B - m- -No.5
e =AM, 5
g AN, e
g 10k e B )
35 E N N N~ B om
15 - N ~
& LT "y
107 L
1()‘3 i 1 1 1 1 1t - L1 i 1 1 1 L 1 1 1 1 1 ] ! 1 1
0 50 100 150 200 250 300

Distance (cm)

SEIS %3 7S TO PR RO b,

iz, ®Na, *Mn, “Fe, ®Co, Eu, *“Sc, Cs ® THKHIc> VO TKEHICE EHHER
ZH9~15RNTR Utco @, T & HEMEHROBRETH IR LS LTV, UL,
N O DEERE KT 3 & hiE TG, HRRIGE Ic 2 OREREIED 57, SRS
KIKFEL TV B T &N B, Fiz, JERBRUE & kT BUbENo. 2 DRk T DA & £ 1kl
AOFRITOERERZNEER E THF L e & ZDOEHBARE VNS VLA TXRITE 2 2 LH5
ot TIbB, No2 THOHITERENSAE W PNa, “Mn BIESUSIT & AR LI
Zz2 50, No2 &EZNDATEINNS W ®Fe, ®Co, "Eu BHMHTIGICLZ D THE LWV
23, OO %Se & HCs R HOEFSAEBET 2LENH 50 No 2 T “Sc 13 HlBYHH
Bz X >TOT1 Cr, pn) “Sc iUl & “Ti (7, p) “Sc Rt & 3 ERIEERT 5, JHHL,
No.2 LIATIZ #Sc (n, 7) “Sc BUBDHFTFHARE 0, ¥Cs DB bNo. 2 TIRHEIBIEH RIS &L -
T™®Ba (7, p) ¥Cs Ut &, —#™Ba (7, pn) Cs Ut 64K 5, THITHL, No2
LIS TIE ®Cs (n, 7) ™Cs RUG
2% Comparison of residual activities (Bg/g) in
DEFEEPREVENZ B, the concrete sampled near the inside wall calcu-

T, ZZNa, 54Mn Giﬁ‘f}&}i lated values.

Nuclide No.1 No.3 No.4 No.5 Cale.
\\, 60, , 152E , 134 A
I, “Co ™Eu, "Cs @rhtkrx ZNg 31 22 1.8 014 36

IGTHRT 3 & L, NEETOHIE) “Mn 0.4 0.6 0.1 004 05
BURE & T O BREE % 7 %Se 0.4 1.3 0.8 0.19 1
0 e s L. 9Co 1.1 2.2 4.6 1.0 3

cme/sec ' #(0g 011 011 015 004 0.1

i tEE R DT AT, FTEER By 2.9 3.8 10 2.2 4
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%No.1, No.3, No4, No5 TONEHCHRBEVWHEMELE & I 2 RITRLI, SETR, &
60> 7 b C2MFERIBI S e & Uic, F/z, JUREBEILE | ROOVHEOFHEE Vi,
Nol, No3, NdTRHBEMBEREIFLL, HIBBFEREDhHETRE S0/
em’/sec DA —F—=TH->fe EHEEEN S, Fh, =4 v MEHITH 7 3N 5 TlEIBNH
MOHFE RS SIT LV NS VERSD B, ZOFERIIHFIEMEHHBIC L TIREB2KTRL
FAEREG > TVBEY, HETHRICH L TR 3HEEVWERE M- TV 3,

44 £ BBAE

BRI E THOBDOIEEET ONMHEFMOREF— 5 & L TEENL S, 22T, No
213 GM MethiZs, Zofhoikliz 2 7472 7 o —RHE T2 B ITEDRIE Z1T - 720 &k
#1200mg % ERZ25mm OFEHIITIFF I AN THIE L7, MRS O HRIRNIE 13 KCI % H
WTIT - 720 GM R TIZT0Bg/g, 2 74/ X 7 o —RRINETIR10Bg/g BRHETRETS -
too MIEHERAEIOKNIR LD, Nal YV F L—Y g V¥ =A% — 9 TOXRFHERONE
R (ESXD LE—HLTW e, 2O EMS, BETOMEEDOBICRY — AR,
V7Y — O BBRREEMET 2 EMFRETH B LMo T, E1, £ BHEIER 7
BEDBNEEDO G L7 b DI TR I B WEZ R Lz, 2O & rERE LBV X
IVKBEREET HIEERKELTVS, HlZIE, “Ca® > Fe B EDFEGEL LN D,

10*
e No.l |-
e B No2 |-
o o NoJ3 |.
A Nod4
~ 103 E\Ei\m ¢ Nos
E“ o
3) e =
> x T
?—1 102 Exa O {‘i o2 e
g oy .I\‘Q Q 5 SOONMRORONNN 2 2
2 Y I o)
5 \ N S 7
8. 1 ‘E‘T\\?‘—
5} 10
100 R B T T PR T o1 by 1 TR
0 50 100 150 200 250
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16X &3 7R ToL BIUHEEDZ L,
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S AN W e T — |
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= 1
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Distance (cm)

TR a2 7HEENe 2 ENa 3 TD M Y F 7 AEREDZEA L,

45 H-3, C-l4RERAT

DL BAROBHEAETINETELAEMTENTOIROKEICF Y F v AL 1C
BHb, TIT, PIFoLECREIERICLZNBELIRIEY Y FL—YaryA oYy -tk
A GDOETERT 5 2 Lic L, BRESUHIcER, B (BIEs) % 1¢
EANIRE R~ FEBAL, BESE FT0CTRIESE/, PYFILIFIATA R
LY —WBHIN S o FTHEEL, "ClrEe/ 28/ =T IVEANI NS v TTHITEL 12,
No2 ENe 3 DEEITOD b Y F o ADMTREREFITRNITIR L 1z,
PYUFOLDHEREEZT Y )~ PNEFTHRHLAEE, No2 &No 3 THEKBURGRICE L
WENEL, PHTRIGOBAEOHI R L TWB T EX5h >, 28], & xvF —HFilE)
BURR TR DA U b U F 7 2AEREN S b D EHEE Lo b L, BBIRRIEAS TR
Th5EThIE, "Be DAKRDBE EFKN. 2 05 BEVEERTIZTTH 545, No 3 alkhic
BOTHREREED Ny F v adtidnriz, ol EhS, FUFvARFEIR L (n, a)’H
RIS ic & > THEBR LI bDEZEL SN B, EBICY 1 7 o b o vick 3G FIEHE T v
7Y — FEREhO Li 0% T s A, EERER Tppm THotio 3 ¥ 7 Y — FHO
Li&EE% Tppm &30, 107/cm?®/sec OBAWEF R TR LE /e & £24Bq/g PHEKT
BRIEEILY, FEHfEZE S £ FHTE 5,

HC ORI & UTOEBUG TR 0 (7, 2p)"C RIEDSE A 51, HMEFRIGTIR “N (n, p)"C,
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70 (n, @)¥C, C (n, P)'CHELLNDB, SRIOMHI TR C2HRINT 2T LR3TEEH-
f2o & 512, NaOH+Na.0,ic&k 3 7vh Y Efigdids X O W:Sn &4, CuBiRZMA TR
KR T T1000°C TOBEREIT X 5 “C O kA 108, MHIRAED0.05Bq/g LT TH - 120

avy Y= bARHO Y F Y AL COBEEDOHLE, IO ORIEDE RIS D HERE
%% 5789, BHEERTH (JMTR, KUR) TalklEhiTRE L, FUF oLl CnEnE
BT 2 HFETTH B,

4.6 MEESKROMSTRERIE

PBERAR DI L ORI I BB FER O BGHIE CBEROMREEE R 5 5 A THEETSH
3, 2T, E— & FRAEBERDOHND S € — A HulEE > TR RO FEE A 10cm 43T
200~400mg FEEE F Y MIc K D EELL Ty BRERTT o 720 F/2, flIEETRE— LS A VD F
S TERBERIL 120 SHOF AR IR ©— 2 FHRAITIE *Fe (7, pn) *Mn BEH» 5
@ *Mn, BT *Co (n, 7)%Co Uiz & B ¥Co TH - 1o FHI8KNTIFIEHER T D “Mn
ONTER Ui HlGHER £ — a4t T51kBq/g, #%E20cm TIRZD1/10&78 D, WHT
POGEEICER LTV S 2 &5 - 1, BT IET# 580cm OE#iE TR E— A&
LD HEHEED 1/1002 51/150ETH Y, & =4 » b OBERITI W 225¢m T 1/1000,

Specific activity (Bg/g)

Vertical (cm)

18K WA £ — & THREERITO *Mn OWME S,
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Specific activity (Bq/g)

Veriical (cm) = g

10X HERAAN & — & TUREERIT O “Co OHREESM.

375~500cm T1&1/10000, 600cm %A 3 & & 5i21/100000F THA L7z, T ORI HIB)
HORG OB No 1, No3, Nod TNo2®1/1000, No.5 T1/10000& PSS /8 2 KD
HREG->TV S,

THICKL, ®Co PHIAIREIOKICIEF#K TONMERLcL S ic € — 4L T30Bq/g
T, LATEL/2, RETL/SEEE TY 2 00Icib LT\, BREVDR, AZHEETERIE
gkt D> 520cm T 11Bq/g TH-712Dh, ¥ —4 v Mclid{ >N THML, 225cm O
& T40Bq/g, 300cm T30Bq/g & 15 -1z, % D#13375~500cm & T10Bg/g, 600cm T 2 Bq
Jg WD Lo TOTEDDS, BT RERERIICZy — 7y b EHLI 4 75 RNCHR
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