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FANF 27 KT BIEE = - ERIVET - LR
BEHEEE « ZEEE - FHEE
J7RERsE* « v, M. SHIN*®
SHRBEAHBCES 2B TERNRY, BR2T-12, ERCRTIRHBORFHDO NS v *
BT ARECARY PV EDR—DOEZPR L ARBEORHBTHIEL 1241C data DEFEE DL
MLEU?Z, radiation tail DEL P XZBROERCEEZLHE 2 RIITOTZORF 274>
o B2 —7 o FOEI t 2BATERTIHIRLD, 1ickflTrHSE 2 Kkl 2ES
RPN, 2 DREVBWETEXIEITERTSL L ZH T, peak L T radiation
tail OFSPHENMICEY, BERILBOBESRB L L1,
EAILIEIZ40Ca, 58Ni, 116 Sn, 197 Aq it DO THIE AL 1225, BhEzdis—e5A LS
MeV, i 130AY3Me VD peak 2 E2 & U2 A D energy weighted sum rule (EWSR)%
HD B %RROML 25,

40 (g, 58Ni | 116 §p 197 Ay
E2, EWSR(4T=0) 66 57 120 120
E2, EWSR(4T=1) 10 60 130

FKIEE sum rule limitZ2 5D 2 E8EMTACEBERBINS, 116Sn, 17 Au O
AT MVITH BN B LEIECEHET % V¥ — 6 Me VHIED peak 2 b BICBIRL K FHEL T
Bh, ZDq—dependence iIZHEMTIZL L, SHID peak DHPARD > THBERZFETHS 9,

VCaDZTEME XKL OBE

90 Ca IOV TEREEML, BRFE2RAKOKRLEL, !

) BEcx Vv¥—10~25MeV TITAVF—EAMNXLBMA (EWSR) D40 HDKEXIDE S
HIEHH B,
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2 16MeVHEZHNELTE 2RAIDTO% %1 T E 2 BHESMBOE & ABEFEET %,
8) E2;7 ES Fhiditicits e b, 10Me VEED T # V¥ —HEWCHEL TV 5,
4) HEEGT X B REMEHELOERERN FEEL 5 EARBHEE TR EREL b /I,

w\me(c v

KT C b 1o D FE T AL B & £ 2 B ASIBASEIET 2 1 ¥ —~65A7 T MeViT
BT ? (p, p) OBEMES CREGDAL (SHe, SHe ) O%BY T 4R
BINTUVS, Lewis et al, X 5%Calp, p ) OHBFTRHET * V¥ — 19Me VL
5B E1BEAREBOMIC 188Me VICES, 1TMeVICE 2RIE2HEL T 5,

® W
R T AWAAE LT radiation tail KHEHSLOBRET 2 &0, EOAST %

VE—HORSHETRREF 22D 2 ESH 5, 150Me V35° TOEHMERD counts &
G 3 v ¥ — 10~25Me V TTHEB/NT 5, MEIR C OB 4 v ¥ —H MeV TEARR
DAEILAREAIILSCED, ChdBEng —% 2 b ( $B.6mg/cm? ) DHE bremsstrah—
lung JEICHEASH B & EA b, REDOES 220%REH LT bremsstrahlung 2 A 120

B EEL TR T B L % 55 5 B BT FIRIC 75 5 O i3 HERHE L 1 & B IR D FFIE T &
5, BREmmusR

d2o
dE d#2

= (B, E,0F i

ZRWT 35MeV MET data (&DE BEIT fit LIZHCDBERIIMainz THONIOELFERF
ROEBED M1, Maing OEBRICENIE 19.8MeV #E—2 ELTHT A V¥ — iK1 H
DT EBS T BH ( 3B5MeV TE— 2 HDOK 14% ), CNEZEL THEGREOE 5% XD,
10~25Me V DILIBREOBRETF R EL, E2, E3CHMHNKL, XT2MINSE 1 BRI 3
LD UTERAICS T B E | EARBRA 25U 12, £ 10 g —IKFFHEE Goldhaber —Teller
MR X 5 DWB AT 2, EHERBREANEEZB (EL) #@L T Mainz  data (<5
AL 12,

EERBITg=12fm" FETIREL, E2 B diffraction minimum {85, &7
250Me V 60 D ILIGRIER £ BFEE ZA T 374MeV Lot 87 0 g— KFFHE % ML THOME
DE3BIZRKDA L — AL EEDRARY v S 6pbEL, E3 BKARELBINIL, ZLUGIC
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16%F Ca 4

[ FORM FACTOR INTEGRATED FROM 10 TO 25 MeV ]

1 1 I | n L L L U . I L

L
0.5 1.0 15 q(tm™)

K2 4°Ca OHBREBOBREFZEL, E2, E8 BRIV
12 E 1B EFERINEROERICHBLL 12,

REORN2»LFHINABRCE 2RAEEAOGNSY, H1IKRINS LS CREAUEER
RU T Be I Tassie EEI %A T 250Me V60 °icii) 5 E 2057 2R, HRRELLEL
BOTHUL E 8 E LI,
AROBITE 2HEDZA RS b5 A 3IERAUEEZRL T 595103, 108, 119, 14.6,
154, 180MeVic¥ —2 2>, E 3EEOY —% 2 10.3, 108, 11.7, 126, 138, 145,
16.8, 195MeVich h 2 E L Tiz 10 Me VEEDMICEL SHL TWAEEALLGN %,
BEFT5| 55 & Energy — weighted sum rule i€ 5% 2 %G

E,(MeV) L B(EL) (e fm') Percentage of ESWR(47=0)
10 — 18 2 72 8.2
3 2.97X108 6.3
18— 16 2 144 20.6
3 2.93 X103 7.9
16 — 19 2 148 25.6
3 2.71 X103 8.8
19 — 22 2 57 11.6
3 2.43 X103 9.2
22 — 25 2 0 0
, 38 1.08X103 4.4
10 — 25 2 421 66
0 688" 102
3 1.21 X104 36.6
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PIM(0) 12 =1<Z 41 2> 1% in fm*.
1

HREHEB

10Me VA5 25Me VE T 8MeV A2 E DB (E2 ), B(E8)Ed4T=00@MAIHT
BEIGRRINCRUT, £KELUTES, E3 BRIKNTORINSG 2T 5, E 2E#E E 0 B
DA S B 550 DHAE 0 @AM % 31ZW T, compressible mode ® E0 DFFFIERDE
B DWB AFEEACLY E0REE T3 L 100 52 nEIE, E 2 BEN E KI0%% R
BCERBERTHDNI Zr, 6 Fe,” s8Ni® 208 Py BTHE BN X1 Calp, p))
DFEFEREALUERZTD 5,

EHERTOEKNENER21T0-7120 &340 Ca THRMADW0%icET % E SHHEROTFER
MUIZEZEADBNDD, EBRRLTE 2 S HEIA ABUL TV 5 & B Kica Uy
A_ERBRCTEBEVHR TV LXBEINTLE2DTRLZVH»EEL LN %, Microscopic
iTi3 particle — hole BT X 41iF 10MeV > 5 21MeV % TORICHI0ARDHEHUL 12 8~ HEAIHS
»b, Gbe THRINOIBZOES HBFEINTL 5,

M1 THARES v v VROBEED O EHRENLE D 5 2B TOLEREIE 23R I EEM
B E OB E L 72, CUCOL TR DBIHICHED S 2D TEBaNI, ¥ ~ 14,
~20, ~24, ~28MeVDE—232NFNE1+E4, E2+E4, EO+E2+E5, E3+E
2+EA+EBRRICLA $DTH 3,

& £ X itk

1) KEE#E 4 No. 1 RUNo, 2(1972)

2 S.Fukuda and Y. Torizuka, Phys. Rev. Letters 29 (1972) 1109
M. Nagao and Y. Torizuka, Phys. Rev. Letters 30 (1972) 1068
Y.Torizuka et al., Proc. Int. Conf. on Nuclear Stucture Studies
Using Electron Scattering and Photoreaction (Sendai, Japan, 1972)
Y. Torizuka et al., Proc. Int. Conf. Photoreactions and Applications
(Asilomar, California, 1978)

9 H. Tyren and Th, A, J. Maris, Nucl. Phys. 4, 637 (1957) and 6,
446 (1958), and 7, (1958) 24
M, B. Lewis, Phys. Rev, Letters 229 (1972) 1257
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5) J. Ahrens et al., in Proc. Int. Conf. on Nuclear Structure
Studies Using Electron Scattering and Photoreacton (Sendai. Japans
1972)
6 EPTHE 5 No, 2 (1972)
7 K. Itoh et al., Phys. Rev., C2 (1970) 2181
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§1 F

S Ni BB TVBOWEROLLDT, WALNSLHED SHESR/INTLEY, FERE
CE 1UADERLRZHN BN CETHEOER2 T 12,

EBICHWTI S — 7y b it 9.95 % RBHINIIER 48 mg/cn? DFETH 5, FBZs —v
CRRTF (ERETFOMRT ) BVBEI NS VRIS OAE 2 R, EHEBRAVE 1 BRETF
Tmaximum#> 5 diffraction minimum €72 % 8T 4 SERZFT L1,

§ 2 EBRERRUEN

SN (BB BEEFO R <) b B 11 RT, BEOAME 40 ¥ — ROHAME, 150
MeV35°, 200MeV35°, 250 MeV35° & 250 MeV45° Th 5, fitliliz 1 MeV %4 b DM
HEZMott BEMTEI> LHAUTRLTH D, »HE -7 D20 TZDOEMEE L MEBRE T
DBELIEKEZDT, K156 E—2ORREFORETIILZ B2, 150MeV8° D=
NI PVTIR 18 Me VALIKIBOLWCEALKRO R 6N %05, EBHRBITqBARELDE, HIG
DEBEL s h, BEARBORLS 1TMe VELICE 22 E05, Pl b ofBik=>DE
RIERBFEL, ZO—DOREL1LD $ECFEBEREFOL LMV TFHRING,

%Rﬂ¥%XW6%K,&®:Eb®ﬁ&%aAKO—OuE1,E2%®%ﬁﬁ¥@q—m
FHERZABLT, 27 b v 2ZNZNOBRRFORDCHEET 2 HETH %, b 5—2DF
HEid, HIGEEATHL T, HKBOEE U TH AL Lorentz 2 REL, LBz 2 VvF—, @, €
= DREIRBANRY P NVTEIRKERD, Zhr oBRET2RKD3HETH 3,

%1 OFECHRETE K 3101, EFRETO g —KiFt % Tassie 8D %o T
HELT, COBBTRRAOBCESENERE 0, OBEERREOEREE 0, () OMATET
5z5h3,

L—1d
0,, r=Nr ;ﬁo('r)

LLTLRBBOAEGR, NIRELERTH B, 53Ni OEBEREOBEHBELLT, B
O Stanford OEEZ T8 —/5 x—% 7 2 bt ITEHL I, ¢ =4.315 fm, z = 0.499
fm, w=—1018 %L 1,
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IFI?|
% Ni
|

10°+ .
10 E
oL ~~E3(x1000) i

1 1 1

0 05 1. 15

q(fm’')

M2 Tassie BEZH-> THELISNI ORRETFO ¢ — KiFkk,
KENIA A EBR % TS5 - 1A OBEBREBIT 2R,

R 2B 4V F—% 1TMeV & UT Tassie BEITHELBRRFO ¢ —KEHRZTRT,
RTELl, E2, E3XLT, B(EL)DENZAZHN 10, 100, 1000275 &k 5 ik
L ThH%, IpHE1DOE—2713045fmiChh, E2RPVESDE—sizZzhib 0.2
fm'o g DBV BT EBDD B, KRS EEREZITS > 12 ADEBRBT 27T,

AT DR T HIRELS> T, AT b VEDONT, EHEHEE»LOFSIKL

continuos part % background & LTS ZRAWTERNI

(do9dE),,,,=a(E~E,)Y"

cont

CCT,Emth%¥®@@&mﬁmntLT3~w,aﬂ@&1*w¥—®EPtC5TL'
KPBRART FVIRED X 5 ERDIZ,

SRAERZTL-> LEOBEBRBIT TR, FCELLE 20BRAFSFSTEEELLNS
DT, FRTHELNIZZART bV B IDIZODRITCHTT I,
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IW( g Ct))lzexPZGIW(q, @) lél +B 1W(g w)l%z

CCTIW(g, @)I12,  RRLZRLIZARY bV THAMeV %0 OREF, 1WC( g,
©)12, ROIW(q, ®)1%, RELIROE2EHT S Tassie R % > TEHEL TR
HFThB, &, fREBETANVE—0HLT, 4EOERMD»S 12 — fitting KL HRD

o M1DAXY P VB FVE—E08Me VDR bvicELICET, EX2M-> THBEL T

xIO_*

58N .

150 MeV

200 MeV 35°

(Mev")

mott

d%0/ade /o

| " L s L I s s " 1 s s L ) I L ) L " L
30 25 20 15 10
EXCITATION ENERGY (MeV)

M8 E1XRUE2RSICHTEELUIZENIDANRS bV

EELMSICRT, MTX, o, [JH}, ZNZNEBRE F1RIE2ORDTZRT. M3»
558 Nji Tz 18Me VALK E 1, 16MeV AL E 2 DEKILBBHEET 5 C & WD 5o ZOMIC
183Me VAL 2ADE 2D — 2 %5, 28Me VALICIBDILWE 20— 0355 EH3 DD %o
wieehED Y — 27 O EED 5 BREF%2 KD 12,
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IFI N ¥ 8 N
¢ 163 Mev $ 29 Mev
¢ 18.5MeV
10°} . 0 kﬂ\\ |
b L ] - . : 4
—E?2 E2
El—
10°+ g 107t 4
I " " 1 " n " 1 " L " I L 1 n n 1 n L 1 1 i I 1 s 1 1
0 05 10 15 - 0 05 10 15
q(fm™) q(fm")
M4 16.3 %78 185 MeV BEALBOERAEF 5 29 Me VILIEBELNDERHAF

M4i2185MeV DFE 1 KX 16.8MeV OF 2 0BRAF2RT, MOMKIE Tassie HE%Z
- ZEHEET, Chpb&ErOBRIECNTAB(EL )M KES, M5id29Me VDE 2T
TAERRRF2RT, 16MeVOE 2T 1/100KEITH 5,

ERAFE2ERDZE2O[ELELT, LBEMOKIBEDIEE U T Lorentz

E*r?
(E} —E*)+ET?

f(E)=N

ZRFEL, 16, 18, 29 MeVIZIEDLILIGAENIDS, 13, 14 MeV CIRDPVILIGER DS H
BLUT, Bz A V¥ —Eo, I, KBOKSINE5 =5 £ LT, LREEHRT
Y51 Tx— 5 kDI, M6IEDERERT, M6T185MeV (I'=50MeV ) DILIE
ELMTHD, 165MeV (I'=45MeV ) HE 2M0Th % C & 2 81T/RU 12 550 BAF D
BE—HT 5, COLorentzBZREL THBELIZZRY v b BIRAF2RDIERZHT
R O 812 R,

M7i216.3MeV & 185MeV QEAIBICHT 3 HRAT 2 7T, ML Tassie BHIC L
BEEET, 16.3MeV @HUTE 2, 185MeV KNUTE 1 OFEERE B —KT 3, X
ERRFZ2FE1OFETERKOITER (KL ) LR T A EME L § EREZIBZOHEEART—H
T3, K82 132MeV (I'=0.6MeV ) & 14.0 MeV ( I' = 0.6 MeV ) i£4¥ 2 HREF T,
WFNLE 2 BB TT A2 & ERL TV 3,
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M6 HBOFELTLorentzBZ{HEL THBELIZZARY bov
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2
58 o,
,Flz X 58Ni ] lFI b . Ni
¢ 163 Mev : ¢ 132 MeV
¢ 18.5Mev v g $ 140 Mev
0 0 m
T E2 |
104 4 10%h .
o o5 o 1 o 05 o 15
q(fm" q(fm™
B7 655K 16.3 K 185MeV 28  13.2 &2 14.0 Me V M OIBREA T
BERHLBOBRAEA T, dhiid T assie g% Tassie REIC X 25 ERHR
Bl X 23 EERZRT ZRY
§3 & €8

SE/BONIFERZEEDTELERT, FHLBEMEHLU T, B(EL ), WeisskopfBfI
TOBEBRHE N energy weighted sum rule (IFEWSREBT ) L DOHEEEZRLIZ,

%1 o o
Ex T Ex-B(E1)/EWSR
J B(E B B
(MeV ) (E1) (E2)/BwE 1) 4T=0 AT=1
13.2 2t 91.3+9.1 1.87%0.14 0.074+0.007  0.069--0.007
14.0 ot 56.5+7.9 0.8470.12 0.048+0.007  0.045--0.006
16.3 ot 56545 848085 0.57+0.06 0.53+0.05
o™ 1270180 1.22--0.12
185 1 115+1.2 3.97+0.40 0.99+0.10
o9 2™ 65+13 0.98+0.20 0.1240.02 0.1140.01

Isospiné BEFRLUTZEW S Rik2W Tid, Nathan and Nilsson4)‘PWarburton and Wenes—
er 5 E-TERINTEBY, NETHEICTK 5 isoscalar transition EEWS R &@B@%
2P allieros VEIC & » THAN TV B, ETHBLEZEWS RiWarburton and Weneser

‘CJ: 60
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ElitHL T
n? 9e? NZ
oMp 47 A

S(L=1)=

ELZ=20848, 4T=0RFI4TI=11IR/LT

® L(2L+1) 72
S(L, 4T=0)= 2 I
( 4 ) TV ix e A <lrz>
W L(2L+1)2 NZ
S(L, 14T1=1) = 2 22
¢ )= oMy 4n Ty >

DOXZA, E 0L Tk FallierosFiC L %
S(L=0, T=0)=("/)2<r2>

DOH 2 AT,

185MeV DE1EARILIBIFEWS RO 100 % %59, Chid5EOE 5N KBRS,
reasonable MIERTH B E2RT1IODOARZEA TS, BTFHEDOEBRTE, E£2LF
0% g —IRFHED HXFIT A C LIRBETH 55, 163MeV DEAKIBEE 2L LITHERE
WSROD0%%EDE 0 ELIBETIIEWSRD 120 %2595 E0»5CDERKRIE 2
BLWVEEA Do

PLEASEE BN ET HE OFRRCTH B, EANRBCEEL 1 KB RILE FEASN
THADNTIH, 2D H(3He,* He )L polarized proton beam% {H -1 EBRITOLTH T,

9 it Michigan A% OMoalem 1k 3 (*He, 9He ) DEBTE/ENIIA NS LT,
2701 »5209Bi T T OO TIICE ERREIEBRON S, KREUZE 1 BERIIBONE 2 R
LTW3, 8Ni TRREALIBONEIZ 165 MeV TEFHEATELNIIHERE —HT 5,
Moalem B3 C OBBHWE L EWSREDHEDLS E 2BERKLIRTHS 5 LHIEL TV 2,

X 10ix Kocher 8

itX %0ak Ridge T®D polarized protoniTk 2%EBRT, spin up &
spin down & DZX~<%Z kVERL, 165MeV ICEAIIE, 135 MeV BDHRNHEIBOFLE
BETFHAE (M6 ) EAUEREZS5A TV %, HILEKI10% 5K 165 MeV DEASIRIC
%9 % analyzing power RTo. EBAMEIE 2D EICH>THH, Kocher BRI DL & DH
165MeV @NUTE 2EXRKIEBTH 5 LML T3,

P EEFHECHBEN FRIGOERERZHBET S L, 8Ni T 16.3MeV ITE 2 EAHKIR
VL, ZOBEBHRERIEWSROKO%ZZ EDTVE ERA b,

(k)



208g,

mb/sr/ 35 keV
Q —
@ ]
L 1
%)
o
N
-
k‘..“b‘

o

000 1200 1400 1600 1800 |
CHANNEL NUMBER

LR L
26 22 18 14 0
Ex (MeV)

B9 Michigan KEODMoalem i X % (3He, 3He' ) D2 <4
Vo BOLRWE -7 3 E 2 BEREBT, KRENZE 1 EALLE

DAEZTRT,

T

6

2000

179



180

£y (MeV)

28 32 36 40 . 44 a8
l { [ I T T T T T T
S8Ni (5, ") r £,=16.5 MeV
WL G=s02 M |
e & £,~13.5MeV

--==SPIN UP |
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d2a/dLdE (mb/sr-MeV)
w
T
1
K

=£, (MeV)

M10 Kocher €& 50ak Rige TO polarized protoniTX %
S8Ni DAY by '

I I T I ] I ]
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~
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SnOERHEEBOEFHIAER
BEPITIZ-> T3 —HDBHEEMOEFHEERO—RE L T SnOETHE EB 217
o7, ZORR(T, n) FOXBRIETHEIINS 15.7TMeV O E1G. R. (E1 EALE) %
NID T 12Me VT E 2 M2 B 2 K50 SLIRHERIDS, 25 Me VD@D E2 HEE 2 £
=7 BBAINI, SEI NS DRBENOUEIC OV THRE TS,
§%¥ B
RALREREFF 800 MeV V=7 v 7 2T, AHEFT A VF—F, =150, 183, 215,
-%OMMT,ﬁﬁ%ﬁzsw&vwozzmMem 6 =45° EHRBEITq=044~0.94fm™
T, 96HICEMELIZES 91.8mgcn2D116Sn D& —4 5 b 2AVT, GHET %V F—35MeV
MEZTORRY 5 AZEHAILI,
§ IS WL
EFHECH AL radiation  tail, FCHEFESPKE LFETROMBHI Y -2 ick 3
radiation tail DHIERZ  ORMEE SA TV 51 B4 EIZRD 2 8% ZEL THK 21T 12,
() BEERELY — 7 ORI T O & v % — (REFH % ZIBU 10BN 2 15 12,0 ¢ ¢ I B L
DOERRFIEEREOERFHE L Tmodied Gaussian BA2REL T, MEHELOER L
hRDI/CS x—% ¢ =5255fm, z=2575fmTD phase shift OEHEICL b K12
(@ HHERE C— 2 OEKT radiation tail OFXBIXBEC Y, 2 0DADESORREIET
FUF =D 2FOBEFUTHHIL T 5, 213 radiation tail DZ—5 v FDEI t2 Tk
PIT2HMBEMTLNC EICRBEEBAOND, 2L TE—%y FOBEITL 2HBRHENS
MITE) =150 MeV, §=385°T% —% v FDEX % 91.8mgcn? H 5 82.2mgcn? & <
RATERET-IHER LROREABPLOBFEINSLC EBFTNbNI, DT ELbE
HA T3 radiation tail O t? CHAITZESKIBESEEA, COEAETBHTIEL T
B> KR CORRBFLAHZFINT, MBI A VF—10MeVE EDR <2 +
FLli3 12 REATTEBIZEALEDNLIL,
§EHBERDIRI PS5 A
BHFIERDOA XY b5 L 2R - 1IRT, MENCEIET 20 ¥ —, fQcBPE#EL Y — 2 ©
BREAL I I MeV &2 ORREAF27RT, Mhdn, p, ¢ zhZnhmdT, BF ol
OB ART, /
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M—1 @\EHBEBEDOXI ba, (7, n ) THHAINS E1G.R.DMMITI2

Me V&2 MeV T8 — 2 BEHIIN S,

o) Y SORBRGTERIN S 157 MeV D E1G.R.O
BENDFAET 5, FITBMe VHRIRMDIENE—~ 2 BEET S, K=
B REBT g DK X
E2MsHEE%2RT, X25Me VOMDENE —4 3
E2/0% g —IKIFHEETRT, 65Me VCBEISNEZ L -2 D q —RERR O - BL=38X

H—-1XbvBerXse(r,
iz 12 Me V icsii 3t
=150MeV, §=8°"TE1G.R.EBFL TS 12MeVDE -2
{IEHh BE1G.R.WHILL->THED,
2N EOmultipolarity2 8 DBATH L EERTY, COE—7B EL1G.R.P12MeV

HIRAEMD L 5T 1 DORIRENTH 208 5 RIS H TRV, & T A5 g DELITHL
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T2RI 5 AOEBBEFRAIKEINTNEC XD E S FED multipolarity2 Ko %
POEAETFEHINS,

1165n b
150 MeV S
35° -
q:0.44 fm" h '%
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9
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MPTATY o WAL i a b

‘“”walHW T <
ﬁiso 540 B T30 s 0 10 5 0

EXCITATION ENERGY (MeV)

M—2 ©¢—2 0Nk, 22 5 .%contimam back ground & Breit —Wigner type O
FEAGDETHILT, COLE B1G.R.OEBST2—2E,, IT'ix(7, o) of
2RV,

§E—Ho DR
EHMIERD 2 Y b5 Lh 5 EILBENOHT B EREZ KD S C &1L {, ZLOME

BPEATED, T ZOHERIRIINTVREY, LLTIZZO—20RAE L TROIED T

TEBEEMNDOTHERTT - 12,

1) 227 b3 FCERESEOFS L EA SN 5 continmum  background & F L IR HELL D
FEhEbETEDINS, TDE X continumum background & & ILIBAENT DR K M Z AL IBHENT
BT THBLENEER S,

(2 contimmm background DIEF continuum (E) SHBEM S DFEB/NIVEEZL LN
BEo=20MeV, 0=45°D2RY + 35 L2BECRET S,

@) AIIBEROLIBEME L T Breit —Wigner HOBEMN 2 KET 5.

PLDFREDFTEZRY b 5 63RORTEDINS,

d2o do ’ . 1 ri
— =ZIF 12—
d.QdE)/(d.Q Mottt T i 27 (E;—E)2 +4T1¢

( 'l’a'Fcontinuum(’E) 1
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oo
f I I - dE=1 @
27 (Bi—E)2 +4T17

— o0
LCTHBNRS x—2 B, NIRZFNAFRILBONME, FEM254A5X, 1F: 12 3BREF
B5A5. BlG.R.OEEA5x—23 (7, n)Y OB DREIALEEMOTASY
b LDEEERT 3 X 5T contiomum  background DK & X & ROMDLIR/ N5 x — & 2RE
U, BHBENOEREF IF: 12 2XDT, M- 2HEB T2 -4 2RT, H—8ikE—7
DEERFTo12ARY b 5 B RRT,

§ ERBF

=M X O BRELIZ 12MeV, 157 MeV, 25MeV #EMNOERRF2H— 4 1TRT,
LLT g BWADEHRBEGTTH2, c TBMeViCHI % 1MeV DD continmum

background DEIRAF 27K,

T T T T
S t 12.0 MeV
IF1 p 157 MeV

j 250MeV
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w4

2N
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Qesi(irm™ 10

M—4 120MeV, 157MeV, 25.0MeV FIBENDIRKTF,
B f ¢ T25MeV T} % contimmum background 1MeV
MoERRF 2R T

157MeV GhECHERT
M= 51c 157MeV, B1G.R. DHREF%RT. AFHCG—T (Goldhaber — Teller )°
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modelB 08 J — S ( J enoen — § teinwedel ) model DDWB Aic & 32 EE% (7, n)? @
SEERL DWELIZB ( BL ) OETHEBKMLL TR,

FRPEFER & B FERD dipole fRBimode % Z A 12G—T model THEBEMHEE 0, B33 TH
ADNBERECTHT 5, CHUTHU THORMIZET 2 BREEOEE mode 2ZATZT — S
model T o, BIEAICHTEL T, EEREBOBMHIA D sharp cut—off ThH 3 EIRET 3 &
£, 34 THAOSND, BEETOEEREDOEHIHD diffuseness 2ZMT 5550,
RAS TARMICEAONS LEA NG, FICNy e VEM ) WD 1 ROAILY 2 EAB Lo,
B 6 THABNE,

do,

p”:ot-dr ( G—Tmodel ) ®

p”:{d-A(ﬂ (r=R) ( J —Smodel ) @
0 (r>R)

p”:a.]'l (I).po (5)

p, =d-r p (6)

CCTPrRERRBOEHIHET L BBMEERTSH 5,

R CTEEREBOBEMAHE LU THMEHELL b KD 1%5 £ — 2 ZANTTHADGT model
DDWBAIL 251 EE% R T, BT half charge density radious ¢ % 09c¢ &/h&<
Lre, Bib e, ZEARTBEHLISEOHE#Z2TT. EHRTI - SmodelitX 2DWBATOD
AtREZRT, COCELY E1G.R.OBEEMAEE ., @G~ Tmodel TFHINS L b
ORENCHTHEL TV B EEA BN S,

12 Me V Bh iR #EAT

B— 6ic 12 Me VRN ORRE T2 7T, E#id Tassie model CIBE2DDWBA
X B3 EE2RT, B breathing modeiC X A2E 0DDWBAFHETEWSR ( energy
weighted sum rule )% 100 i 2T % & 9 TS 2HBILL Th 5,

BEOBRI B—ARDEMCENT 5 L{UET 5 & isoscaler modeDEBEBEMEL 0, 3K T
DTassie model &< ALETEALNG, O XE 0DEEE 8 XD breathing mode * &
RT3, '



188

"®sn 157MeV E1 ]

......... Goldhaber-Teller
model
----- C=Cx0.9 1
—— Hydrodynamic
U-s) ~ model?

0%

TRANSITION
CHARGE DENSITY

dPo
0% 6T Ptr“?% +
[ o J=S PyroerP.

05 Qeit (tm™) 10

M—5 157MeV R1G. R.EMOEIRAF, AEIZG—T model
X BDWBAZE, BiI2G-T modelTc =109 Xce&
LT2DWBASE, E£HiEJ—S modelit X 3DWBAZHE
i, ZhbDBEBRO®BRIZ (7, n) DERL OKRDIZB(EL)

DECHEBILL TH 5,
d oy
—d - 1
Pir i ™
1 d
Py = 'F'd—r—(r“’o ) ®

TP, RERKRBOBHIACEIBBAERTLiIEnultipolarityTd 5,

25 Me V Bh#Z2ENL

M — 71z 25 Me V BHBEERIOIRE T2 EH T J — Smodelic & 32 E2 D HEHERRT, BAR
TTassie model €& 3 E2%— AT B30 HMETRT, COEMIPRAFOREI
B2 contimmm back ground® KX S DARMEEL S DR B2 HEZY 2D T4 b OREEHE
IRBATVALEEDNS,
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b "sn . 120MeV E20rE0
IF* L

—— E2 Tassie model
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TRNSITION CHARGE DENSITY e’ |

o Tassie
model Pir o rLT. gi:-_

I ¢ Breathing mode

Pt S

05

10

Qeft (tm™)

M—6 12MeV E2 or E0 G.R. ORBRRET, Tassie
modeliT &5 E2DDWBAGHZERTRT, Breathing
modeliTX APEWS R 100 %D EODDWBAGER2HRT
R,

ik T 25.MeV E2

— Hydrodynamic model
----- Tassie model L=2
L=3

105  TRNSITION CHARGE DENSITY 4
Hydrodynamic model

Pyro< r3 P,
Tassie model

L-1.d
Pire<r ’a%‘

05 Qeff(fm™) 10

X—7 25MeVORBRAFKITassie model X3 E 2K
J—SmodeliTX2E 2DDWBAFE
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SEWSR
HEEEMOB(EL ) DE&AIB(EL) - Ex tEWSROKZEXR—-1TRY, EWSR
BREROKXTHA LN 5,
EWSR=3B(EL) - Ex 9)
E1 T=1
2 .2
EWSsz% 2;-§f~ 10
EL T=0
EWSRZL%jly i; iﬁ<ﬁ“€> i)
4T=1
EWSR=Lij”{-ﬁ§f-Tf<Q“”> o)
E0 T=0
EWSRzZ!MUW~Ex:A-EL<rP> 13
M
LT

2
i

2

I

A

12 Me VEHEEM OB RE TR E 2 ML BBRET ¢ —KEEERTH, E0D g —KEFHED
E2:2<CALTHBCELD CDREBEMNBE 0 THARENH S, & 505 DR
% isoscalar E 2L TAEEWSRD120%TH % DI L T isoscalar EO0 £ TZEEWS R
DBOG%ERBIDTELD LORBEMNI E2BETHELEEALN L,

% 1
Ex-B(EL) ™1 -
(o 7T B(EL) B(EL).Bw EWSR MODE
12.0 2t 8540 21. 1.20 +0.36 T=0
0or 7237 — 2.45 +0.74 T=0
15.7 - 2.4 5.7 1.08 + 0.07 T=1
3
250 2+ 1083 6.4 0.77 +0.38 T=0
0.58 + 0.29 T=1
onit EWSR T=0 T=1
2 L (o] = =
x fo rof L=0 E1l 404
a) (1, n) a E 2 35300 46600
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T T T

EXCITATION ENERGY ( MeV)
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ft DEER & D L&
M—8TSn® (7, n), (e, e ), (¢He, 3He ), (p, p IDEBROUBAEIT |12,
BREFMRHICL 3T — 8k (7, n)Y OEBRTELG.R.SECHEINZHLIG. R,
D 1. 645D 25 Me VI A Hydrodynamic model TFEIN3 E2 G.R. BBHlanIzEW)
BEDH5. 0 (e, eHNOEBRTR(7, n) OXRCEAINSE 1G.R.OMIT 12MeV
HITICEWS R % 120 % B3 A%\ isoscalar E2G.R.PEHEIINZ, X285 Me VINEIZE
2 MHE R RN LR HEHE NS, (“He, *He ) DXB RO (p, p) O
B < 12 Mo VHHEIC EWS R % 100 %27 5 isoscalar B 2 B TH 5 & @ESNTL
T(er e)DEBE—HT 3, (e, ) THONE 25 Me VHEDMDENE =21 (*He,
’
3He ) TRHEHiZ- X HhEDLOATLLL, )
£ = X i
w87 EHBECET I+ B,
KEFIZSE VoL, 6. No. 1”7 EstEC ST
HEBRI®EG VoL, 4, No,2”7114Ca, 1161205y OEFHE".
Eisenberg and Greiner Nuclear models VoL1l., Chaper 10, 11.
S. C. Fultz et. al. Phys. Rev. 186 (1969) 1255,
M. Goldhaber and E. Teller. Phys. Rev. 74 (1948) 1946.
Eisenberg and Greiner Nuclear models VoL, 1, Chaper 10.
G. R. Satchler Nuclear Physics A 195 (1971) 1.
T=0 mode @ Sum rule &
T. J. Deal and S. Fallieros Phys. Rev., C7, (1973) 1709,
S. Fallieros Nuclear structure studies using electron scattering and
photon scattering SENDAI Conference 1972, pl85,
T=1 mode ® 4T=1Dsum rule &
E. K. Warburton and J ., Weneser [sospin tn nuclear phystes.
H. Uberall Electron scattering from complex mnucler PART B,
T. D. Urbas and W. Greiner Phys. Rev, Lett. 24 (1970) 10286,

A. Moalen, W, Benenson and G. M. Crawley Phys. Rev, Lett. 31, (1973)482,

M. B, Lewis and F., E, Bertrand Nuclear Physics A 196 (1972) 3837,
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LTAUBRHEBREROBFHE

BALASER R O 300 MeV EFL INA C 2T Aud EALREROBFHE KR 21T
51z, FEAZ 101.2 mg cn?® target %ML, #ELA 35° T AL energy 3% NNEH 150MeV,

183MeV, 215MeV, 250 MeV DHAD 4 AONTHTDALI,

197 A iz B9 % BB THEL BRI BEPEELIC oV Tid Stanford™ , Tohokm® FTHECTDONAT
Bh, EALBERCSNT b BEDarmstadt R 3 RROBES 236 2,

AFOERE Zr RO ETE—EORERTOEARBERETHAEHY 0—B e LT
KONz DTH B, ZOERERZBOBROEEL—HL TV %,

M 1iCRT OIRESBIERD A7 VT, background & FILIRHAR & WE TV 5, HEMILT
HoNTWA E 1 EAREIE 187 MeV KAIET 5205, 11 Me VALK 23 Me VA &I § MOIL
WHIBSEET B8O S, SRR CNLR2EL—DODRIBLEATZNSDHEZFANT AT

KT 21D 5 BOBN S HENE - 1 d 50, FO—OVEHNEETH S, (X5, EHMIEKC
Bdsaxr b (BHEKE)ZR) KIZCNTBULETAHERBTOLLY, SEHAWVIH
B REED/RE R EAPZOED D, —Did radiation tail DFH

dz2 o d?
A at. i n E: ’
(deEf 4E¢ )y deE (B, B 0){g(E Bs)
v B IF(g)I?
+ , B ) ——="—1 4E
B (B B () s ) 4B @
2
B =By
Bo=oye ~ 5%
AR UL
£ 2Mr X

g(Bi, B ) tenergy loss probability

| F@1? - RETF
THRRIZ 1 FlQ 12/1F()1? 21, HIBRREFEZ—EL L TV D2 BEHECNT S tail
ZELUTOATIZS 5, BEHEOBERERF 2ZANTL b ERETEL TV 3, T
EICH LT & R b VST 5 BT h 505 AL X » TR IGRE T A ERICA 51
TORNBD b B Y, NBEHE L BT 2B O p0FS5RTA NIV EEL SN DTEA
U TUWg,
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RRF 2 BRI AN 5 BEHER = 2 Vv F—BRKOREWHRIORAD | Fg12/1F () 1205~
BIZ1EORELSES>TRZEDRS, BEHEEMNENRETIHEFERIEHMLTRKIEDEEALN
%,

BRELT, BEHEOETAVF— LR T3 —5 1 ~BMe V TRV T—RIC TN
HEGAL L AEASH Y, AFHz 2 Vv F-BEACEVEFESSKE VL KR fE> TMott Wil
BERECHERE, 50 target VEWHABRAVKELL2EARZR-> TWT, BEEHELC
WT 5 tail OFIFBEBBETVAEEEALNSGD, FRREALSNZ—DOMHELHETHS|
KTRIPBEBZNEFHSIIICL TS, Hlb, target OEI t ZHELEUIEL S LT
> TRDOEHBLL LB L 5Lz, COR150 MeV 85T 101.2mgcm? D target 2 FAVIIH
A(H1)E 222mg/cn? D target ZAVICEE (K2 ) ET, ARZIZBNXBDTHS
B, 25 N VOERO B ERO EHIHEEL <72 b BRI, ¢ AL tail OF] 3
BEHER HEf, H5VREELSEOOCTNCEREND 5 00EL TRV, BALNLEY
BB FED—>E UT, target BB LB EARLIEABHRLET LD, tail D
TERK (Z DD energy loss probability YD t2 (g % 3y

[ ((prad +¢coll)
2cos§

% .44 - bremsstrahlung term

9,011 - collision loss term

DHEEVSENSDEZAZNZ tITRIVAZRIIICUIIEDTHS, CORBHELBFED
—2& U Cradiative tail correction K& FNAEICMOTDA 5T, line shape
correction ( peak DFHIE) XA EN 5 bremsstrahlrung M Landau stragglingiCBI3 4%
e, 0/(0—1)WCROT S t ZARKEL TS,

UEMBPERORETEERELL REZMWATH B, FZORROVTRIICE IR DBRED
b %,

HIZRIEE 75 3 O EMERFE D 552 B £ HA 515 backgromnd THAH D5 40 Me VLI
BT ROBFEL LV EZBANEN 2D DOBTHEA 7 b » 62k & BOBRT
WF — ( 80~40Me V LI ) TD bacrground %ﬂ%%ﬁ?ééocnéﬁlmﬁﬁmmmtx&
7 v ERETIRS, BOBET 2 V¥ —EEANRZOhR2ELPREELIL, COBELIEX
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RBRETIR (7, n) 07— 5B (E1) 2 ko BRATOEBRBTRIKFEE LTI
Goldhaber Teller ModelZ{EL, BTHEDA S bV B E 1 ERILIR%Z Breit—Wigner
BITHEDT & 5L T background DA X I ZIRH T 5, UL g KIFFEC Goldhaher Teller
Model % L 72854 half  devsity radius c % ZEERRECRIT 5 {5 6.35fm ( 2=0.56 fm, w=0.20
fm)é ULIZRHCIEBETHELA 7 b v 5 L HEBRTE 20O T (RRHROBmES/NS BiTg
%), EBRRRIBTHEA S bV 5 ELERT2 IS RBRCL 6 2 EETHBHEDOE S
O background DAX I ZFHLUTH 5, COBERMHTC 11 Me VR 28 Me VHEDIHIGIZ >
WTH AT bR S ELHEBTS LS HIRER ( Breit Wigner ) D/¥5 4 =42 2RO T
%5, THHDMHEREET & VF—HBZNZEN 10.7(+0.8) MeV, 187MeV, 225(+05)MeV
T, ¥HEMIZNZN8.1(02)MeV, 475MeV, 65(+05)MeVTH5%, ( )HIRAK
N5H/EETRT,

M3z ZNOEIGHHEL oE b N SHEHEE Mott MIEREDHEULTEA SN AERA
FRRT, HERITELU CHEMHT 5 EZEL background ITHT 23R (10% EIRE ) T 5
HIBHBROE JICHT2HETHR-> T 5, BIRAFOE@RIRR (E# )3 E 1 D5E Goldhaber
Teller Model 2t T half density radius 209 c¢ LUNEODWBAFETHH, E2
D% E i Tassie Model €& 5D ( BREMEE XY 5 parameter FEERBICNT 5 3
DEFIL ) Thb, 225MeVDILIRIL isovector mode DE 2 EEA LN DM, qRKEMZHS
129 & LT isoscalar mode Tid 523 Tassie Model & L T3,

BFUETIERATO ¢ KEHD 512 E0 & E 2ORKINIZT X200 KT 11 Me VT 2 B8
HENT Y isoscalar mode DE 0, E20HICHEALALEBSDT, MADR energy weighted
sum rule limit &ODOHEZI - THT,

DWBATHEL TWRWDTE 2L TV /LD breathing mede® RFEL 1235E& D Born
ELTOHETER 10.7TMeV OHERL=0, 4T=00Dsum rule limitDBLZ 25%5D
3o (Hed, He?' ) Tiz10f5 05 e@Ti 3,9

A4T=00D sum rule~D%H 5L isoscalar HHBZ DIKA L 2, 4 T=1D sum rule~D
BB isovector EAFA E B EDEDTT 107 MeV DIRIEDE L E b isovector mode D
E2ERTH->TEODHGRHBELTHIE2X VRPN EBALNS, 18TMeV &
isovector mode DE 1 Tdhbh, 225MeVidisovector mode DE2LEBAHN B,

197 Ay REBCERKTHD, (7, n)OEBRTRE 1551 MeV BAMEL TV 2 & ORI
b b, SR AL & 5 o TR, SREBFEVCTEBREZIT-> T 5181 Tak il %
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HOLOV4 INHOA

houlg /esprop

AU

13.7 MeV
103 — —
- I\ E1 ]
- I\ 4
1074 — -
L | 1 1 1 1 i | 1 ] 1 1 B

10.7 MeV
1073 |~ —
- E2 or EO ]
- ~ " .

1073 225MeV  —
r~ —
- I E2or EO 7
10 — I\/\ -
_ 1 | 1 | | { 1 1 i 1 |
05 10 q
MOMENTUM TRANSFER (fm™)
E1 — Goldhaber Teller Model : Py, ocdBy/dr

E2— Tassie Model @ pyoc e ldpy/dr | L=2
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*2 B(EL )R Sum Rule & DHE

Ex-P/(EWSR)
EX‘MGV) L AT P EX . P / , (6) (5)
(e, e) (3He, 3He ') {7, n)
10.7 2 0 (84+1.6)X10° (9.0+1.8)X10* 1.19-+0.24 1.8
187 1 1 (82+1L.1)X10 (1.14+0.2)X10%2 1.59-+0.21 1.1 1.23(1.44)*

225 2 1 (65+1.4)X10% (1.5+0.83)X10° 1.83+0.27

¥ WiEREZ 0 ~c0 (MeV) T THEALIEBAT, (e ) CHETAHETH 5,
PRLYB1IOHEEB(EL) %2, LY2DEHBEB(E2) 2R, BEMIZNAZFN e2fm?,
e2fm* Th 5,

TEFERODREN S ILESFNTHDBEDD B,

X, 20 Me VHHEIC=ADIIBHR TIREBRT 3 LA g A X 5512250 Me V 35Tt
5> & D ERDNTV A, CRERET 3 E3C208 PhTES &40 5 S 23 s N T 225 BB
HBEHTHY, 250MeV 45 TERZITLVZ DR 2HED T 3,

BRHRIT, background DDA TEHICTH L AHETidd 505 30 Me VHIBITI 5 > DE 5D
Ron2H2HEHEL T,

(=)
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EHWECRHTSIX Vb

BTHELEBR T B B8R & e BUEL R B SRR 2 179 B, LR ClmEL S
WTIELLBERZ LT L 500, THRBRAST 2 v ¥ —EVETTADEE ( low—q
experiment ) S P EMLFAROEBR THER L HEL 25, KxIOBEROVT, KMAMCH 1
HIZRLTH b, 208 Phic L THIB OB SR EIC, WD 3 0HERMRL THLL,

Typical order of our
low ¢ experiment

o
a
o
5
3 3
c; x~10 g
Radiation tail 2
from 2 8
. elastic peak w
quasi elastic pe - /// M
Ry
35 S s Ao, ///
7 g
<81, o
7 / / /’///’ %1003
l/,/ / ’//'

o

MeV 30 20 10

M1 LD lew—q. BITEBROKKDorder ~8%4ELH B
D3, 10~20MeV, 20~ 30 Me VOHEEK TEADHDtail
DEDBEE (C0Zr, 150MeV 35° OEE ), BHEG DRI
U 1000 FFLL ERHEEEELS K & W,

EHFMTERTT 5 %4, radiation tail @ BMEE L TROELTTEY S 5,
A @L{BRBEML (FlI~E a/dE+ b/ (4E)?%H) XT 22— fittingTHR® T, radiation
tailZ I L0 <o (ref @)
® BHEHXZ2AV%, (not iteration ) (ref®)
© BEHREAVSY, EBidata 2SI SEBCHIT, BT AVF {5, WELELS
X% DEL, BEBEVBEDARY + 54 %2HBT % iteration proceedure ( ref @)
2095 bARESDDEEDDH > T b parameter THEEK fitting BHEIZFEMDH 5, —HE
KBS EDOEBR TR, ORICA-> TWARLZAHT A V¥ - COWMERZ2LEL T2/,
HAXVSBETHH, BODHECRENE, BRLAZODHHEILHES> T, RED chamel > 5 IRE
ICHIET % programTFi- T %, ZOWRBFRDVTHIBIZDE-> T 5, (HL) (ref D)

BUE programCAL TV 2 BHK 2 —B/L TH L E (1ef ©)
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d2o

d2 g 2
= 0
> (E Efy 0)= deE (E Ef’ ) (11— 5(AE))+deEf

_a°9 (E; E; 0) (1]
dQdE, / o )ad

R— I peak N T 2FHIERTF T, soft — photon ¥ cut — of f energy 4 EEDT 2 V¥ —%
B d % real photon TNTEEDTH %,

— — @D—
1= 0 (4E)=ST(4E)=e 0% ¢ 700 21 3
4a 2E E
8s =—{(In ( 7 s )——]E n—dz,“‘—]+—}
S chwinger Correction
6 = — —
s ={t/(X, cos In2) In( w; )
Bremsstrahlung Correction
A —0.63 '
©=244087T ————7 1 s .87
Ttos m(7+080)
0
A=4E/ (0.154 Zt/A/cos—2—)
Landau Straggling Correction
fAL. X, (& radiation length Thb
7
Xi'=4¢=—(2+1) Ny 1 In (1882°7) (8

W~ B RBEAPHCTNERNTH 5, MOFELDFELE OEEIZ28Ph, 12C OV THT
Bitd b, (ref D)

(D ABBUIEESHITHE ) B F D energy loss ( z. e. radiation tail ) DEHTH %, tiC
B9 25 ( MEURFIITL 5 bremsstrahlung —— LT bremsstrahlung term ) & t2 i€
A9 25 (HERTFRUAD OB & 5 bremsstrahlung —— LT radiation  term, &
CRTFEE, 14 FCX 5355 — LT collision term) 25 H > T3, (ref®)
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d2o

> E; Ep 0)=g(E E~k) —0f

_ (E,~k E, 9)
dQdE; /4 /s

d.QdE

d2 0,
fEU k I3 photon D energy Th 5,

WHAB—FHTREIZHEOAST AV F— T 5 cross section ZRBEEL TU 3,

E o6 E
_—— —fZ 2E s Y — f ~ N
9 Ep) =— E,—E E(1+(Ei))ln(mc2 sz) 7, 3
4 ¢

E )+

+ 2){() 008(0/2) frad (Ei, f 2008(0/2) fCOll(Ei, Ef)

Traa i, By f)z-—(i) }+9—E—( In 183Z°3)13 ¢+ (5)

l

(see. ref®@D)

1 Ei2 ~E,E/+E}

(see. ref@)

T 5 DPEFHIND base td, S chiff O peaking approximation %2WVT, 1&D Born &l
L BRRTH2, (ref® )X radiation termid complete screening 2SERIIF 34 D
KT, BADEREMTRIEET %, ROKEIIMo—and Tsai €& %&, BeHe—HeiHevd
i Bethe —-Ashkiné)iUCtt’\")I%EGiE (BN ELLDE b, RENIKKEXLENTEOR E;
=0.35E; LITEWVWIHTHD, RAXOEREBRTE, EBLVEHFINSEY, HlLFzo s
BEIZFT> T,

(ref®)

AISIC S |MEINTRIC W RNBE—HORL 2 AS T 2 0¥ — {7 3 EAROE 52, SR

BEQIRIC MR T 2 7600, Cramell R~ T ( ref @) BELFIAD photon HIHEEENB L & 4

3L, ZOHES5
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1 doy /dQ(Ei—k-6)
2 1+ do,,/d2 (i, 0) ) (6

~

LB, WEBOKS SOECOBIT, HEMTO pholon HHD > DHFEVRE (5, 1t
% (6) DM ERIE LT Mott Cross Section DAZECANIKIZGLDT, BLHKOFRER
Xxp AT ARREATS (6)Iavhuds b, MOPEATERS & fix LTI AVF—DR
1% EBRER EE6)~ID ANSEHE b H B (ref @), FriZC Db b IHERELOW
BRIy B BRUIEER( ref @) 2BV 2HITT 2,

—
—— 907, 150MeV__ 35° —|
——— 499mg/em? ]

N H R

(a) /(b)

0.9 08 E/5

M2 (@iPRECELCHEREZ ANIZ S0, biZO)ICMott
Cross Section DAZEUIZE D, (9/WTRINBEIT,
£EHT tail 25 1pREZ 5L,

TN EDEEN L » RN 2ITRL Th b, HALUREDH, BEHELLOVTOAEZEL TH %,
-T2k b, low—q data TREBEEMMT spectrum OFHKE < RICHENDD S,
PLE BRI D ANT 2o 12 BELEATH b, UNOBEECH 520 Zr, 192 Sm, 28 Pb FEOD

spectrum & low—g data @Z{ETEHICL B, ( ref @)
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U b%BE A ECESHHEDHERZIET 5 L
WF v v 2RI (BB AEE) BED S(4E ) RRUIHESL, BIED program TORBEHR
HOKWEER H~N% LB, FiC10~20 % BAVEIBEBH S, (ref D)

@ — 2 (T BEEREL ) OET 2 v ¥ —fIT tail OB X BEVBRSN S, L0 Ca UL
TG B LHECROND,

NEX DR B FA—DET, MiE# spectrum BRI 5,

%1 f#Hldata 2 JEZsumUT S(4E) 2RUIZH DL,
ENHMERICIELsumLICd DD
(@ 4E=1MeV%& 1K

E,.,(MeV) 6(9 t(mg/cnf ) S(4E) .
150.0 35 18.9 1,207 0.997
150.0 35 49.9 1,239 1.011
183.0 35 49.9 1,261 1.008
250.0 35 49.9 1,299 1.004

() 4E=2MeV%&E-TIHE

150.0 35 18.9 1,168 1.002
150.0 35 49.9 1,194 1.017
183.0 35 49.9 1,214 1.016
250.0 35 49.9 1,247 1.011

PEDS bUIENNTid?0Zr TRAKX1DED, HE2ZUTT—HL, EHMERTSUE
ZoOWTIE, MESZOREICEDNR S, (208 PhORKICENE AT coulomb  distortion (€&
AMEMSEETELVEBDNSY, ENEHALURHERLVETH S, )T, CORMTE
(DKROPH=IE, D% b radiation tail KOV TEETHHITT 5,

[@ﬁ@g(g,@Juk%l*w¥—5i®%%mﬂbf,%ﬁﬁﬁﬁ%b@gqu+4@



206

DEIT energg loss TAHER LS WENEHKNH 5, (N % Bremsstrahlung term, radi—

ation term, collision loss term®DFSITHIIT, 120, 90 Zy, 208PhL {THOVWTHART

5ERBELB, T bEIVRAUKL, BEVKE 2 ROFELBREVESDH S, KEKX

&g tail D& 513 bremsstrahlung term Td bH, X collision loss termid 1L/k% T AL

TERBTELT AESOND, CCTHEEEZADN, AFTFAVF—23/E<{ T, 1 chamel [

DUEBNI B, WESKE DT ET, WO peak OEBTRY B HVTBDLE,

O(E, g+

T

— All 150 M« 35° 5 ; ]
- | - R
| e |

| _tze |\ . T'Pb

h\ i\

1 t

1 - : :‘n - B S -

10§ LA S

e g1

i\ | E
(A e

I

1
|-\ N\
Rl i S IS .
s N — T . ]
i} _ S [ 3
\ A\ J—
\ \ - -
| AU I D . LN .
\ \\ \-\\ -------- \ \.
\ N N
-2 \ \ \\ \‘\
10 : b e N T o
\ L} B - N, B N \" . \7~f |
X < — — - b \\ -
AN < TN T r RN ]
~_ collision R N H —~ \\ y
~. - N H -1 N N
"\ _radiation N | SN \\\ R
radi + I . .
™~ [N ~ ~
! ~._ S~ S~o t . ~
~. . MR e
3 . 1 20 05 1.0 15 20 05 10 15 .
05 10 5 o o (MeV)
M8 8D&dB50mg/ em? &UT tail DT bremsstrahlung, radiation, collision D%
5 #R7,

SEMEE L > TOILEAD ) bEWY 2 BT 52T, bremsstrahlung term (EFRVRTE
BEETHIL T30S HTHEHSEVEEA GN30T, FiK ¢ ESMETH2EL THE
CMMIERT S (4F) 2EAT, tail CHUT effective KHI 2 ¢~ t, ;=c. t(c<1) &
EIRI3BR2RAI I, (RS- 10EOEI TD Zr, 118 S0, 7 AuBOEHNHIER
DARY FSLBRDAXKELNB—DORME k> T3, (KBROBER)
%07r OHE 1st. excited state 0 TREEINTVALDT, MEEHFELE 2.18 MeV (2T
EDMT, tail DL spectrum H—H T B HIC 12 —fitting T t, ., EROTR- 17, COHER
c~08—07 FIKICT S EIVEBOYP- I, EFEROMCHS, 11680, 7 Au DERER
B RROAUHBT, ,, #UD 5L ADREHSDE LD, BCHEANICOVTEHEL L
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WEINBHEEDD- 15

FIZFHL Bl data & 84S tail 2 BT 5%, BIfED iteration program T tail 2L 3]
(DO, MAGHDESET, Bllldata & EEEKT 25T 5, 5056, BHEHELD tail
DEEVBHETH S5, THOAEL D, v
?0%r T 150 MeV=385° , JES £ #549.9mg/en?, 189mg/en? TH> LB X, 4 ¢,
ROt =0 & UIKO tail DFFEE spectrum ZRAD 1~ 4ICFRT. CORMBERDL, £,
BEMIHZHETE tail DEIZELILEIITH S0, M4a— 4h5Hid, FiT tail & spe—
ctrum DD, HEOECEHEENOTTEDLL T, t,7p DATIREEIT level DML Fr %
0ICT BHBHRLZVESDY 5, CDOFREEL TE, EBYerror (HI~id, efficiency ODMH
%, spectrum DAL OEHTEL ete ., ), BRKED, Xid iteration proceedure DAL
PDIEARY DB — B EZBASNBIBEDH, D> TVEY, COERVCEETOD tail OER
EARHLIREEER) &, mW—qdMa?@ﬁﬁ%®£§K0§ﬁ6oﬁof,%2&%&?5$ﬁ
FEU <, FBRM check b BETH BHUCEBDN S, MA—4%D t~00 tail line EEBA
BF>TVEHedD, t~0LALEIHAOERIMBELIEbNE, ((GIXNXVEIR
radiation length unit TR R[ICAUIEI T, BOF A effective KHWEBIZE 3, )

#2 10mg/cn? & UIHAED radiation length unit (Xo 2 BIRiTL 3, )

57 Xo(y/cmz) t/Xo
40Ca 16.2 0.0006
6 Fe 13.86 0.0007
90%r 9.88 0.0010
208 pp 5.85 0.0017

D EESBECO O THERDA ETIRT, IERLLBBRS>VLTVEL, LB L/ELSHE
DEBT, BIOHAGHHEIE, 2EL LTI 2LTLBEAMBHD, low—g data DHEOD data
WK TH 5B, GHD—DOFED» b LN,

(&H)
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7r-90 150MeV  35°
T= 18.£)mg/cm2

Channel number

TN T P T T TS AV AU RA TS AU TR SRR CURE RN DN ladaaaiian lissaris ol by

sl e 00 B0 0 0 O

7r-90 150 MeV  35°
T=18.9 mg/cm?

.
Low-lying §

- —2(208MeV)

) . Channel number’
100 50 0

M4— 1,2 HOBAETHENTOLEDHIV, Ex~60 MeVigs » Tl %,



Zr-90 150MeV  35°
T= 49.9 mgfem?

Channel number

1100 1000 900 800 700 600 500 400 300 200 100

M4—38 BEOBHEET, tail DOETEIC 5,

Zr-90 150MeV 35° T=49.9mg/cm?
Low-lying

2?0 l100

Channel number

M4—-4 HE5—3D lowlyiny D, T,rp 3 0~2MeV T
¥? fitting UL TKRDIZHD, - FHTATHE tail
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[ —2 DWBA Calculation for Monopole Transitions

MEEmE  JIRRE

The DWBA code for the monopole transitions is required.
because we found‘recently the strong indication of the giant
monopole resonances and have a necessity to calculate the form
factor for the two-phonon o states. Unfortunately, however,
the DWBA code DUELSl)’2) by Onley et. al. for the inelastic
electron scattering analysis, which is usually used in our
laboratory, can not be applied to the monopole transitions.
Therefore, we have improved DUELS and written a new DWBA code
for EO (CO) transitions.

‘The Coulomb part of the DWBA differential cross section
for the inelastic electron scattering is written in the

Coulomb gauge in the notations of refs. 1) and 3) as,

do (47 )°e? ( E+mec?)?

d Q2 8h'c* 2L+1
X3 1 fdF AT b, (VR
z—comp,
X3 Y
v 22+1  rl 2y (7<) 1y, ()

X3 et Ot 0ps) 11
KX

/ .
Cdjla—m mu) (' 35"\ —m’ m’ u )
IC/I“/

* Y. Kawazoe: Department of Physics, Tohoku University,
Sendai, Japan.
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7+

XY/ [~ A 9{ A M 72 . :
Vol (ppY, L I X 99t f W

where / =k and j = x - 4 for £> 0O and
[ = —g-1 and]' :—ﬁ—%forx< 0.

Furthermore, we assume the spin of the target is zero here.

Since we performed all the summations over all spin di-
rections, eq.(1) is suitable for the following experimental
conditions.

1) Electron beam is unpolarized.

2) The detector can not distinguish the direction of the
spin of electrons.

The transition charge density p (r) 'is defined by

tr

| 1 \
CFloN > = e, (P )Y, (7)) ©
m tr N LM N 7.

Now we reduce eq.(1) to a simple form for actual calcu-
lations.

1) If we take the z—direction parallel to p; then

> A /2141
Ylu—m (pt) = 0

47 My ™, (3

2) The angular integrations for the target and for the
electron can be done for the monopole transition (L=M=0) such

as

A X A \ 1 o
JYiQNylM(TN)YﬁV(T<)yHV(;>) =V '0105 (4)

AT vo

and
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1
Jae xp” Y, 2 = g by, ®)

Using above formulae, the integration in eq.(1) is

reduced to be

fT:d’)"N Tze dr, o, (r.) :ﬁ>
20 Ik | 2 2 :
x%’e E'V' Pl(cospf)(y,:‘i-f,c). ®

Finally we obtain the differential cross section for the

monopole transition as

do T e? E 2y
= (E+me
de, ke
2i0
><|ﬁ:1,22)37 e F IC‘{P'{ (cos]of) +P,_, (cospf)}R(/:, 0,£)|% @
where
2 1 2 2
R(IC,'O,IC)T—f T drNT: dr, o,, (TN)T;(gx +f/c ) ®

and fk(cost)'s are the conventional Legendre functions,
Although for simplisity we have written the formulae in
the Coulomb gauge here, the code itself is wfitten in the
Lorentz gauge and can be used for the both gauges.
We calculate the form factor for the giant resonance in

0
Zr and the form factor for the two-phonon 0" state in 106

Pa
using this computer code: they are shown in Fig.1l and Fig.2,
respectively. The form of the transition charge densities and

the parameters are taken from ref.4.
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30 60

30 60 90
S e

0
Fig.1l. Form factors for the 14MeV level in ? Zr, The result
of the DWBA calculation is given by the solid line and

that of the PWBA calculation by the broken line.
106Pd

.

+
Form factors for the two-phonon O state in
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[-3 Quasi—Elastic Electron Scattering

(D

The Coulomb Exeitation Functions for

4003 and 197Au

BHERYE  JIIREE

Abstract: Quasi-elastic electron scattering in a square well
shell model was treated by Donnellyl). In his paper quasi-
elastic cross section is defined by the sum of the single par-
ticle-hole transitions from the bound to the continuum states.

0
This model was applied to the nuclei 12C and 4 Ca, Although a

fairly good agreement with experiment was obtained for 120,
his model did not work well for 4OCa because of the narrow
peaks associated with the resonant g-wave. We have introduced
the spin-orbit force phenomenologically into his model and get
a very much improved results. Our model is successfully ap-

plied also to the nucleus 197Au.

§1. The Donnelly Model

He summed up all the contributions of the single parti-
cle-hole excitations from the bound hole to the continuum par-
ticle states to the differential cross section and got a very
good fit to the data for 12C at various momentum transfers.

For 4OCa there exists a resonant g-level at about 9 MeV

in the square well he took for this nucleus. The differential

* Y. Kawazoe: Department of Physics, Tohoku University,

Sendai, Japan.
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cross sections related to this level have very narrow peaks,
and he subtracted the contribution of this level from the
spectra. Even after this subtraction the differential cross
section can not be so well reproduced as in the case of 120.
Donnelly calculated both the Coulomb and the transverse com-
ponents.

We show only the cross section for the Coulomb part here.
The result on the transverse part will appear in near future.

1),2)

In the usual notations we write the differential cross

section as

4 Amoy(E, §) ~
= (g, ), 6)
d2dE 1+ 2 Esin? 3-0/M
where
quy : Mol 9, @ @
— u 2 2 2 Q) P 2
R (g, ®) ( qz> fo W@p)ha (g) X Sﬂktie{%gfst ¢, ul)}
XZ X . (24+1)(246L+1)(2),+1)(2),+1)(2]+1)
J=0 Zx]xzz]z
Zl]'l‘é“ 2 51]52 2
X (dy54, 19, (C dy 5L, )2
{JZQJ} (0 oo> Vi 1y, Gqrd s sl )t @

§2. Phenomenological /-5 force

We assume that the nucleons obey the Schrodinger equation:

Bdr L+
el

G T T T IR Vs =E Y ®

Here we use a square well potential of range R, and depth .V,

—

with a phenomenological /.s force:

— —3(l+1 =
Veo, =< i) > +( ) for ) l—%

R for ) ={(+4
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The strength of 7.5 force is determined by fitting the
experimental data.

In this model the wave functions are expressed in terms
of the Bessel functions and the matrix elements are easily

calculated numerically.

§3. The Nucleus %0 (Ca

We apply our model to 4OCa at several incident energies
and angles. The square well parameters we take are Ro =4.55
fm and Vo:37.36 MeV, and the spin-orbit force is fixed as
<:v63)> =-2.3 MeV. The binding energies are shown in Fig. 1
together with the continuum levels, and the phase shifts are
shown in Fig., 2 for various angular momenta. In our pheno-

menological s force model 1f level is unbound but the

5/2
wave function for this level has a shape for a bound state.

This fact is indicated by a broken line at O MeV in Fig, 1.

MaV
3601
sy
50___ﬂu2____
401 hgp | 270
13
or fg52 ’
0bk—h2 S
10 )
9972 Pz <
ow/%/z o
L) 30
20 1d3/2 "
P12
1p. S
301512 312 0
E(MeV)

0
Fig.1l. The levels of 4 Ca in the square well of radius R,=

4.55 fm. Continuum levels are estimated by looking for
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the peaks of the cross section.

Fig.2. Phase shifts for 4OCa in our model with the Perey re-
duction factor of exp(-0.4E/V,). By comparing Fig.l

with Fig.2, one sees that not only the energies where
the phase shifts passes 90° upwards but also downwards
correspond to the peaks of the cross section.

We show in Fig.3 and Fig.4 the Coulomb excitation func-
tions at © = 35° and E = 150 MeV, 6 = 35° and E = 183 MeV,
6 = 45° and E = 183 MeV, and 6 = 60° and E = 250 MeV with the
experimental differential cross sections. Calculations at

3)

other energies and angles are reported elsewhere. In con-
trast with the Fermi gas model the most interasting point in
this calculation is the fact that we can see immediately the
contributions of each multipolarity to the cross section as
shown in Fig, 5 and Fig. 6. Summing the cross sections in
various multipolarity in Fig. 5, we get a curve in the upper;
most one in Fig, 3, and Fig. 6 corresponds to Fig. 4 as the
same manner. From these results, one sees that at 6 = 35°
and E = 150 MeV (q = 0.46 fm—l) the cross section is due
almost to EO, E1l and E2 excitations, but at © = 60° and B =
250 MeV (q = 1.25 fm_l) there exist EO to E6 transitions
comparatively. |

We show the main configurations of the peaks appear in
Figs. 3 to 6 in table I,

In conclusion, considerable informations for 4OCa can be
obtained by this model, though the level scheme is not so well

reproduced in our simple model.
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Fig.3.

Fig.4.

X 1030(cm?/sr-MeV)

2q
o dQdE
(82} -

©

20

—
o
T

10 cm2/st-MeV)

do
dQdE

L L 1 L

0 20 40 60 80 100 120
W(MeV)

0
The calculated quasi-elastic cross sections for 4 Ca

with the experimental points of Tohoku Linac after tail
subtraction at 6=35° and E=150MeV, 6=35° and E=183MeV,
and ©=45° and E=183MeV, respectively.

0
The calculated quasi-elastic cross sectio? for 4 Ca at
0=60° and E=250MeV with Zimmerman's data?’.
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2,
d“0
i (arbtrary)

d

W(MeV)

E1 E3. Fig, 6

(arbitrary)

d20
dQdE
N
T

W(MeV)

Fig.5. The differential cross sections for each multipolarity
for 4%Ca at 6=35° and E=150MeV.

Fig.6. Same as for Fig.5 except at 6=60° and E=250MeV.
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Multipolarity Excitation Main Configuration
Energy ( MeV)
Eo 24 1ps =ps, 1py =Py
10 25‘%—70%
E1 14 25, =Py ld}gﬁp%
16 Mggqp%
34 ls}{-Qpig 1sjé—ap}£
21 M%{ﬁg%
E2 27 1dy —gq,
29 TPy —95
E3 39 1py —9y
14 25, =gy, 1dg —go
E4 20 1ds, =gy,
28 25y, ~9gy Mgéeg%
34 ldo g5, 15y, gy
y 24 Ipy ~9y
Es 26 1ps =9,
14 Tdy —go
Ee 20 1ds, —g4,
35 lds, ~gs,

Table I. Main configulations for the calculated quasi-elastic
cross section for 40¢q,

§4. The Nucleus ¥y

We calculate the quasi-elastic cross section for 197Au in
our medel, This is done with the plausible assumption that
the quasi-elastic cross section is not significantly different
from the nucleus to nucleus in the same mass region, and we
take only the protons into account. Then we first fill up to

the 2d level and calculate the cross section and after that

3/2

we multiply the resulting cross section associated with 2d3/2

level by 3/4. The well parameter used are V, = 37.03 MeV and
R, = 6.87 fm. We took<w (r)>= -0.59 MeV for this nucleus.

The binding energies are given in table II, and the Coulomb

excitation function is shown with the experimental differen-
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tial cross section at © = 35%° and E = 183 MeV (q = 0.56 fm 1)
and © = 35° and E = 250 MeV (q = 0.77 £m1).

?

The contributions of each multipolarity are also consid-
ered. We note that the main contributions of the multipo-

larities are almost _same as for 40cq,

) Binding energy ) Binding energy
(niy)) , (néy)
( MeV) ( MeV)
2d2' 7.68 113y 18.64
lﬁ% 8.00 111y 20.71
20[52 9.16 25y 23.14
1g72 12.08 1dsy 24.40
1g% 14.74 1d sy 2&87
2p12 15.63 1py 29.27
2)032 16.52 1py 30.16
1sy 33.51

19 .
Table II. Bound state levels for 7Au in a square well of
radius R,=6.87fm.

N
T

—_
T

o

x102%crmPsr-MeV)

o
(o]
T

d%o
dQdE

Q
~
T

0 10 20 30 40 50
w(MeV)

Fig.7. The calculated quasi—elastic cross section for 197 pu
at 6=35° and E=183MeV, and 6=35° and E=250MeV with
the data of Tohoku LinaCS).
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Numerical calculations are carried out at the Computer

Center of Tohoku University.
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25
Mg )
Eo= 250 MeV + N
— o N .
0 o
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* |
é >
& A x 1/3
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& 5 & DR S ®
o ™ I o S
| I ] |
e ST SO O . ' N
7 6 5 4 3 2 1 0

R Mgl X AHEABT A b ( ESRIER ) B =250 MeV, =50 °

EXCITATION ENERGY ( MeV)

#£1. @XB@HoT (e, ') DERMED ORDIZ, HEREAD 7 HEBHEE (Weiss—
kopf unit) o /€7 X —% R& ¢ ZR& BEHT, THRETFO AT ERUIZ,
¥ 2. 7AMEV, 2.80Me VEERLIZ OV Tid, ¥ — 2 BT XL h 5 12728, BN ¢ 2
fm2d THEDLI, (@ X#h1l, ©b) XHi12, () XE 13

B(EA) (W. u. ]

ExM JT | &
MeV) | P o) w o E B @
161 | 7,2t | E2| 06 £11 | 24 ZLEEHD
2.56 12t E2|26 + 0.3 0.57 + 0.832)
* 1.56+ 0.40.¢c) ( 2.7T4AMeV)¢? fm?
+ . X . e e Im
2.80 3,27 | E4| 1543+ 327&nf
3.40 oot | E2]65 + 0.4 |21 tfi’id
A E2|0.63+0.09 =~ c)
3.91 5,21 0.5
E4|55 + 1.0
E2|13 + 0.1 5 @)
4.06 9,/2F L9 £ 0
E4]2.4 + 0.4
5.245 11,27 | E4|87 + 1.8
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CCTARBEBET, RE g3, 1L.61MeV Vot %D ¢ 2RETFD ¢ KEFEHITH S X
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& 3
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I-1 TiNi ODFP'P%%@]EW(%@
TRRB D FEd RS )

ILEZRSRE, EFF RHLR - Bxxz*
T¥EREFE* NV - SFrEERT
& R k™ ‘

#

i1}

Ti Ni &%, BREEOHEZEL, “marmem” HEDOEDTH B, 2025
$4 PEBTR, B0 “marmem "ASIT IR EOHREEH 2RI, FIAE OEKMEH—
REHBRIC IO TE =2 21E5 3549, (2 XHREHO powder pattern Tid, ( 110 ) ¥ — 2 48
2O EET 539, Q) FIREHFBEFREAFIT T, B (B2 ) DEFADL/ 8 DALE,sate-
llite spotHTbN 30, ¢ &1t EHBMESNTL 3, '

MRS T AT, B4 () CsCOBIRAIMEST , 2C s C O RSRAIMEE P3m1Ht
FREY, <744 MR OHEMEDSY , Q22EHOBAROLEY, Q=85 @F,
P1, P6/mOLFEY, (54 H, 12RO*EF Y, BOBREHDHH, s 44 HECHEL
TAR—H e mHZ W, £12, Dautovichs 943, Cs C O BBAMEDEHEY 5, =R~
YHANERT AROBBHE L TR TBHEOFEELREL T 3L, Sandrock 593, £
P mechanical instability%27/RL, <111 > plane wave 2f£7; 5 premartensite REEDE
FERERL TV,

REDI V=T, CNET, TiNi OFEFHEABENOEISAXNC &5, BETD
BRECERSARETERICL D, BERCs COBBAIR <7 44 HEI, BSE TR
INBCERRLIZT,

AH, BREHO € — 2 2E 5 REHER CHRETFEFT 2T, CORBITH T 3R BEE
BHoricTsERENEL,

bl &

—JBRBOR BHEELTI-> THLNIZTi —52at %Ni DM (t =1.5 mm ) 25,
12X50X 1.5 mm ORREL 28 H HU, 1000°CX 2 hr , FHOE—NEE, FEORNLE
2IIo128 D6 MEELRTHETFEITHZRIE L1,
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1.4 I T
| Tisg Nisgo

12 Tq=1000°C =
1.0 ¥
e b

_ !
0.9 C>/,,4£:::::7N\__’/i
L 500°Cx 1hr |

0.7 l '
-200  -100 o 100
Temp.(°C)

©
—®
©
l -l

X1. Ti—b2at % Ni DESMEH—IRE dhiR

21 iz, 1000 ° Ch 6 KBEAN UIZRRE, & 0% KEEANE 500 °C @ 1RAIRRF L7234
ORI — R E S 2 RT, FEETETE, KEANL OREBO, OEROHEAZREE
500°C iz 1 BSRIREEL 128 @EE@— 68° CE—94°CO®— 191 °C , OFRRL TIT > 12, [
#13, TOF Debye—Scherrerikick b, EELMAIZ, 26 =90°Tdh 3,

5 BREBLUEER

B2z, 1000°C > 5 /KEEAN L REBOFRITHT 2 TR/ — 2 2RT. 7 74
F 24 9 b BLUORE D TRMCENI TN 2T ADE = BSEEINBY, ThER L,
Cs COBMAIME THENY SN 5. BABREM, 512500°CIc 1 BfiRRFL IR OEH
Docs— b A, Cs CORTERAIING, coced» b, Ti Nifaws, 744
¢ E$1000°C T Cs CORBAREE ZRL T h, B 1RKIIRL 12 BB s 5 B RUE
H—EE i o2, BFOMRIMLC L > TRFEMPT EL N LIL 5,

3 [IiT, 500°Cic 1 BERIEREFL 128D, — 68 °CiCHsiF B/ — v 2/RT, LNET,
X@EEFc kb, (110 ) €—2 OHEESREIN TV B8 Y, SEOREFEHFT TR, 35
W HRAER (100 ) OHEEVSEEINI,

SAN B5Mic, ZhFN, —9°C, —191°C &l BEF/ 4 — v 2R RT, EEDK
Tk, wv7 o944 btk 2L N3 E—2 (KAL), HELI
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COUNTS
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3
x10

4
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I
)
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— o~ . ]
Tg=1000°C B
2 26=90° B
o~ ® R.T.
B < _
O : —
o <o 7
N o o
o, . . - (@] ]
' ’-.‘"“:a.. '4.* ; - ;
| g "'%,M_,,_” | s ".VM
00 200 300 400 500
CHANNEL NUMBER
2. Ti—52at %Ni OBEANREOEERT OFREETEFT <2 — o
I l
- o8 TisgNisgy 7
| oo Tqg =1000°C
500°Cx1hr
26=90"
s ®-68°C
| <z _
. N
(@)
«° o o
- LS - — o ]
< < |}
100 200 300 400 500
CHANNEL NUMBER
3. Ti—52at %Ni D — 68 °C TOREFEIFT/ <2 —>
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3 - — [ I
x10 o
~ O
=L TisgNis2
’ To=1000°C
2 + ) 500°Cx 1hr —
> 20=90"°
V2] o °
g i ® -9s4°C
= N
- o
3T - i
<uo© =
2 < b
100 200 300 400 . 500
CHANNEL NUMBER
4. Ti—52at % Ni D—94 °CTORYETEH/$4 —
X1 03 I [ I
S e Tq=1000°C
ERE 500°C x1hr
3 | . : p—
286 =90"°
o ®-191°C
< —
2 e} - -~
o —
o~ —
- o o
<t — (@]
1 = .. - - - .
. < < b
O l B "..w..‘..‘....": """""" e et et st e e e mmsaet® ~ ....!"""""‘"-.
100 200 300 400 500

CHANNEL NUMBER

X5. Ti—52at %Ni®—191°C TOFEFEIHT/* 2 —
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CsC¢l experiment tetragonal [rhombchedral | monoclinic
r.t, | —68°C|—94°C|—191C
(hk€)doap | dons | dps, | dons, | dovs, | doap, (hKE)| dgyy (k&) | dgp,, (hkO)
843 (111)
(100) 800 | 300 | 304 | 304 | 304 | 304 (001)| 301 (200)
295 | 295 | 295 | 295 (100)
268 (210)
2.58 (101)
(110) 212 | 212 | 212 | 212 | 210 | 212 (101)| 214 (10Z)| 219 (11T)
209 | 209 | 207 | 209 (110) | 211 (202)| 205 (111)
2.01{§%‘1’§§ 201 (012)
192 (102)
1.88 (021)
(111) 178 | 178 | 170 | 178 | 171 | 172 (111) | 175 (222)| 174 (112)
1.69 1.69 169 (102)
167 (120)
161 (121)
158 (112)
158 | 1.54 | 153 157 (121)
152 (002)
(200) 150 | 150 147 | 150 148 | 148 (200) | 150 (400)
135 (102)
(210) 134 | 185 | 134 | 134 | 182 | 133 (201) | 132 (421)
182 (120) | 1.29 (332)
(211) 1.28 '
(220) 106
1.01 (008)
{ 300 3}1.00‘ 101 | 0994 | 1.01 | 0994 | 0996( 122) ‘
0.987 ( 221 )

0.983 (800 )
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1L, FRABEOEF/ 2 — > 2EMETEELT, Dautovich5® DREL r BHHDE!
B, BLORELD) DTi —50 at Ni D w7 44+ HOPEFEFHICE 5 JERE & 3t
CRULIZ,

(100 ), (110) €—2 OF B, BHE5, Dautovichs O BRI ERBEICRZLL I
rHEELLNBY, BEBEETIR, (100 ) ¥—27 ON/ESFHAINLWL E, FA—HERD
GET 3, MESD VT w44 FEDOHIEMEDHEICLD, v vF o9 4 MECLBZEEL
ENBE—2 BRLE, AR, ¢/ a=1080FHR (e =294, ¢ =8.044)THMH
anz, LHL, FARTHBETHE, BHED (100 ) v —2rid, BABREL2 : 10HET
AEETHIITTHEH, AR 31Xl :1Thh, BHAEELES,

4%, MEAR K XL UREREREZTY, EREAOC—27 OFBOREZHEL, &
&%@%%*ﬁﬁ@ﬁ%ﬁbi%ﬁ?ﬁ)éo

e z X ik

1) xfEck : AASBFS®, 12 (1978)157

2) C.M.WAYMAN and K.SHIMIZU : Met. Sci.J., 6(1972)175

3) ARk, FEHEN, MAE: BRREK B(1972)74

4) F.E.WANG, S.J.PICKART and H.A,PLPERIN:J. Appl. Phys., 43(1972)97

5) D.P.DAUTOVICH and G.R.PURDY : CanMet.Quart., 4 (1965)129

6) G.D.SANDROCK, A.J.PERKINS and R.F.HEHEMANN:Met. Trans.,
2 (1971)2769

7) MEKE TEEH, KREHCK: Zg® 28 (1972)65

8) K.OTSUKA, T.SAWAMURA and K.SHIMIZU: Phys. Stat. Sol., (a)
5 (1971)457 ’

9) R.F.HEHEMANN and SANDROCK: S cripta Met., 5 (1971)801

10) M.J.MARCINKOWSKI, A.S.SASTRI and D.KOSKIMAKI : Phil.Mag.,
18 (1968)945

11) A.NAGASAWA : J.Phys. Soc.J apan, 31(1971)136
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I -2 5&gEMMnGaGe o R T

B FHER BER—
i UR]

1 B

g

MnGaGe HIZEE S ITL > TREI N HRESBMEEYTH 5, ) S 2 Cuy SbAE
T, BYERETFOBERIFRERTOE 2 28N U THRBENICEEL TV 5, %2 9 —EF I 40
KHETH 3, R, Street 5 ABRABELEERZ L T3, —MRIT Cuy SbE D53 BIfTE
T2 EMOBSHNE Z2H L, Zh b3 ENCMEERNCREAE LTS, L LMnGaGe i2
— T ORI BSHRERF TEBIN T2, By, HOKBRREDLEY &
HEBL T, c#ib8O#EA c/a BINILE-> T 3, BLWEE b’CMﬁAl GedhHmbn T
W5, MnAlGe » 58#L T, Mn RFwx (0, 0, 0), (12, 12, 0), Ga EF

(0, 172, 2 ), (172, 0, 2, ), 2UTGe BFi2 (0, 172, 2z, ),(1/2 0,
22 )2 EDB3THA5 (K1),

oM e O ce

K 1. MnGaGe D &ERHERE

SERAPETEITCE->TGa, Ge HFMNBORERZREAIZ, XBAFRTIZGa & Ge BEFOH
ALREGIZIIRUREITHE 12D, LHNODONBOREICEAFTH 5, HR/CS 2 —20D8%
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FERABICRSEERIT T -1,

2 EBRBR

BEARIZEZ 1.4 cm, B35 cm, TV IBORBMCANGN, 2ESEECHIINTY
%, B gEss 2 0 =90° T kb, M2@, MI27°C, 200°CiKsi) AEFT/ 4 —
BRT, CHODEER* 2 ) —BEOLTEHRIET 5, N2()Til, BEEEL (111 ) OREFT
BOPBCBEAIN TV S, TO FETRBEIEERIXRNTEALN S,

Toc s (MA4; 1 F ]2 e 2% 45(d ()

(a)

1o

200 250 300 350 400 450
Channe!l Number

200 250 300 350 400 450
Channel Number

B2 MnGaGe OOFR¥EFEIYT/ €4 —
() 21°C (y 200°C, HEM20=90°
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CCﬁiWRkﬁwﬁ%z&abw,Au$ﬁ%®&§,jmziﬁﬁ%,Fu%ﬁﬁ%f”
BFENA 7 —=5—RF, As ARBRRFTHE, i Qg7 9 LOAFT/ % — i vs
TS5 R ERNOMERZ LTH/ENTI, 4s(Ai20.1 mm B HES NI 15 370D BELAIC
DOTEHINTH/LN, ZOMREZN B IWRT, CCTRIMERLBRCHEMAT 3 ERES
NTB, NF T ACODNTRUFHETELNIZAs WRHRUI, THOLERELT,

i~

1.O 2.0 . 3.0 4.0 5.0
X (A)

K3 MnGaGeR O F o AQWINET ORE K #ElA 20=90°

U3y QEHTERSTZON, AEMEFEBLIOIVC—BIERINT, O EizUKRDOH
AEBohnr  WORUEORRERZ BET 5, WICMnGaGe DWW TORIEM EEEME %
BT 20, 754 - 9 —5 W72 ELRCEHET 3, 271°C& 290 °CikBT B BEL
(002 ) DEFHFROBEZED S, WBLEHEDE, 7 /51 EE2285 0K EBonr, FHafss
BAGOVRDBEZIBD TREL,

#11290°Cicisl 2 EMEHEME DHBORIN TS, (112 )5 ( 200 ) +(008),
(22 )3 (113 ) OREH2ERINCERL T, B/ANTEERCE > T 21=0.29 £ 0.005,2, =
071 &= 0. 005D EHR b1z, T b DEIZ AL S OMn Al Ge & H#L TRYLEEB DA
o WAIZGa HF LG e FFEVRLIGRTHL HAMCEIIL TN B EREL TAHHEZED
THRIZDS, CREDETHARBANICE->TVAELTHRAL 21 , 22 OEEMBD, FRKAE
Bib> 5 RAIESIL TO B EMRTEL L, LALLM Gad* Get O 4 + »BAIHIRET
E5&FHUE, Ga EGe RFRHAFIIL TWAHBNIZAVF—HIBTHS I,

K213 21° Clesld 2REMEFRMBE DTS 2, HatHELLVIHTRIL L3I
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* 1. KEELOBEHRE & EME O, HERE 200°C

I cal
h k 1 Tobs
Nuclear Total
0 0 2 64 66 6.6
1 1 0 137 16.6 166
1 1 1 0 0 0
j 1 1 2 97
2 0 0 188 1.2 178
0 0 3 6.9
2 0 1 59 53 5.3
2 0 2 283
< ) 496 477
1 1 3 193

£ 2. RS BELR OREELD BHRAE & A & OLE, RIERE 20°C

I cal
h k1 Tons
Nuclear Magnetic Total
00 2 6.6 7.2 0 72
110 157 182 0.5 187
111 0.7 0 07 0.7
11 2 10.9 0.3
2 00 218 14 0.3 206
00 3 (o 0
201 7.0 6.1 04 6.5
20 2 3380 02
{ 577 56.0
113 226 0.1

S XD EALVY, REHE (111 ) OBOHWEDLL, T—x UM cEiE HTL 5 1.2 4,
FEES 51 LTu,DE2B2, RIEHEOKEY2EZET 2L, -4 FICEIE T,
EETMnEFM D 1.2,+0.08 p, DEZED,
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& z X ik

1) K.Shibata, T. Shinchara and H,Watauabe : J, Phys. Ses. Japan 32(1972)1431

2) G.B.Street,E, Sawatzky and K, Lee : J.appl. Phys, 44(1973)410

38) J.H. Wernick, S.E. Haszko and W.J. Romanow : J, appl. Phys.32(1961)2495,
N.S. Satya Marthy,R.J. Begum, C.S. Somatham and M.R,L.N.Murthy :
J. appl. Phys ., 40(1969)1870
K. Shibata, T. Shinohara and H.Watanabe : J. Phys. Soc. J apan33(1972)1828
K. Shibata, H, Watanabe, H. Yamauchi and T. Shinohara : J. Phys. Soc. Japan
35(1973)448
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-3 TOFEhlFEInCL 25
TS SRS AT (1)

HEF fATER
FR R, BEOCEF aEES

§1 F

AT 3T B GBI DRSS TE & B L T & OO T O Frkic d b,22) 2 DR BENIC
FET X 5—oDIGHE LT, BEBERFI~OGASREI N T MY FIT, ITHEXRMR
B OBE S ALEL TL30EEL, PEFIRE 3BHOHE (BRE) TRECRHDK
SR EE L (BT AL (BROBRETR—BERT/ 70— 2 2BL T Y- 22 Bk
T BEEE RS D EROREIZEML E =2 T8 5, ) ) X#ERETIC L 2kmEE i
O HED 5 6 DHIRREL S & T 58, FCHAETFRETICL 2 ROBESHECE 5,
CDL D HAEBNLREGERECEOEEE ) DITHL, TOFETEENKEDRHO BN
BEBICI A B, U U IS B S RS AT 21T 5 (i3 ATRE 2 IR D 2 < O BragelUH 2 K%, #E
wic B BT E L 20OT, HERTEBEL cEEE T4 x -2 ZHNAC LI
U, ZHDBYIERIT - 12, VOEHEY T = & % —% AROBER V& OHIE%R @B O®RE 235 A T
WIZIZ T ER LT, AHETIE, § 21T O FHC & 2 M S EE BT OMER 28 §3
LB TZEN 5 ORES 2B L T 12 DIFT - I EBRRE R R OMHE LB R 2T 5, M, Ml
BT = 2 —2 ORI FICEEBAE TER, MR FEENIEEZ S > TH

{/E%ﬁ? r:o

§2 TOFERICLI2EBREEBERBFTOMES

T O FHEEEIC I 5 Brage RATHRE N
I=Ic-]F]2~i(l)~/14-A(l)-L(ﬁ)'Y(/I) ............ (1)
tEDAND, CCTERAY—VRT, FREJWERT, « (1) & B A OAHHEET R
B, 4(2) @REick 2RETORNERFCHREFORRICEET 5, L (0) S HEADS2
0 DEED Lorentz T, ¥ (4) 2 Extinction BFTH 3,

(1) X&b | F| oKEER,
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AQF) 1 [(AU)N\ | (AGA))N\? AN (A4R))\?
I "E« I >+< i(3) >+16< 2 >+<A(1)

ALONNE . (ATR) N\
< L(@) >+ < %0 >} ................................................ (2)

EligB, TTTA( DIZBEETH 3,
RICQHRDEEHZRFALTAH 3,
a) HEBRE OHERSE
CDREEITR S BT 5 O background ThH 5, EBELTRSNEEZHIBHE2T S

BB H 505, background DZEUF|XHBEROMEIICKLS, OOV Tik § 4 THIC
BET 5,
b) ASHFRYE TR  (ADBIERSE
ZHCDVTH § 4 THICRHT 5,
¢) BraggR§tZzTHETEEOER

Bragg RN 5
QXQ:) = cot 7 CAD @8)

D 10°<O<60° T 1074~ 1075 B CIRBI A 5N 5,
d) WIURT O

AR T ORIERFETIT 5 Y LIS 22 < ST T RSN 255 0 L I TR B E A
$H R CHELAET 0 BB T 3 Bl e KD 3 L LHEETH B, BINOWERY

A(l):exp{-—-é;']vsgsfr} .......................................... 4
0> 5 KSR
NA
— =NS{(T'AU)2+(G'AT)2>}1/2 ....................................... (5)

tieh, N~103, r~1, c~10"* BEORBTAAL 4% 1%URLCTHCIE o
~10" - DBREOEETRKE-> Tk h, Ar~10TEBEOKBE CHENS T AT L,
PR T = & 2 — 2 HRCEBERVIREZ LT B CLDHE UL, ZORD r 2RO B
BRI REIUBECRET 5,
e) LorentzAF
TOF®ETREH, BELAEE T Bragg RNHE 7 — 4% 2 [N8ET 5 D T LorentzRFDH
FEEAREE L, EBIEXRDOKEHL/NS OHEEA TR, KB ROREHHIIR X O EELA
THHATAC LR e 39, Z20L X3 MHCHBEL 1257 —2 2H 00T HBL



270

T BOHEET LorentzBF 2 AV THRBMIZL BV, L LRICEN 3 HEHROR T2
K 3 B i3 Lorentz KT O# EMSBEITL 5o
f) HEHR
TO P EFEIFOHEA2EA 5T EICL D H % BraggH 2 THETFORE
%E%mgﬁfgaﬁﬁw@5vnm%ﬁ@%mﬁmﬁ%%imawwﬁbfﬁb,%%B
b »AEEORANL INGE) —[RORFRBLNI05, Lorentz RF5EH5HE & —H
LEnCE, MEPRODEHORESEIIEABEORASES Y, hbE2—ROMRICIGHT
5 BUKBIDRESL & RIBIRTD 5,
UtwﬁmﬁofﬁﬁbfénwcnBﬂﬂwﬁmﬁtUTMTDS@ﬁE,Aﬁ$ﬁ?
AATEEMEL , REFPEETRITEME L, OBEVEZZBCONIIEMEREORME 5
ﬁ%%%mmnf%ﬁ@Bm%ﬁ%®iab@ﬁm%ﬁéa

§3 MEHE T A—5DQRERD HRE

PO T = % x — % OEMROMRERHCRESH 5V OT, T TREFEEE L TOHRE
B ERORE R 2B 5,

a) REBT

TOHOKU LINAC ND FACILITYY®OH—7 OY— AfiC MHA T =% £ — 2 %2 &
BLfz, (M1BM) L1=877.8cm, L= 40 cm~ 100 em (AH), E—4
WHELUODKEX 5 ecmX 5 cmy, Ly =45 cod ULIZEEOHFEFRELF + » A VEED
Btk

A= 1.5><10-2><Ich ................................................ (6)

ZZTIchizF v 2V T 1 channel i3 16 p sec Th 5,

1. PUEABIT = x —2 OF BB
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b) R 2%

R TREBRRAOHBIR 2R TENOBRERE L TIROA2 -t — 2 X BOAAH
728 =%, Model : RS—P4—0806—80—10% 25mm ¢, AHZHE 150mm, H 3 # 2
K10 atms, fFE)EE 3300 V, BREPHETOHBHEL2EL TALH AT v 2 —DRE
HEE2IVT HZRARTIHRXUTHEALRL, Z2hick 2mETFRITEREOBEE AL/ L

He-3 COUNTER

8,C POWDER ] i

X2 Hel w74 —0FRGHE

~ 107 2TRIEIR SV, B 7 2 —DERIZBCHERZ 10 ~20mm FECFKBELUIZ, #74
—DAT%2B 4C, Cd THBL, FEBRZ2FT-1, FHICL 2ERZE1LITRT,

TR (A ) FREEFEEH ( counts/ ch. hr )
0.5 120
1.0 6.3
2.0 2.5
3.0 1.2
4.0 1.0
5.0 0.9
6.0 0.4
7.0 0.4
£ L

§4 TOFEICLIBERGBEERTORE

§2TTOFHICL 2 BB BEPNTOMEARIERLILY, Zho2ERETRILIE
BRC XD, ‘
a) N9T T3 FDER X
PER DT Y 12 Brage REDIIDTZ0 565 vo 55 v FERRD 3 5ETH 505 DS
B> TOARRRAESETH B, FCTHA Y255 FORRREL, N9 255 KD



BELEIEH~OBBLD ET B EITUI,
Nor 5 FRARXLLODITREDPOEXZDERABUNLBEES b DIRHT 51 5,

= N Wr o7, A A
=, BIEERD 4 X CruS, BHr
—TVENDL

KRS | H Y 2 - N

Ny 05 K 'E"—:u&tiéﬁ(ﬁ‘

Bl M| N — 2
Fh\‘l#—?@%b

B E AL
2 OB o» 5| FE OB OB OB A
r — % O H &

& 2

INHREB2RE EDTHD, 3TN I 772 PR EARL DRD S DAL L THE
LI OTRFREERBLNT, 7 CTES L RTEEMITIITOAT off Bragg L T/Y Y
555 vk REE U, FEI( 100, 110, 111 ) O FMC X2 o b & ROFEHEF R L SN
VDT, TV RERSVIET AR S ML, Ll AROWEFREHEE =7 v
FERDSTEIRT B2 DIENF v F v OEGEL 2 50EH 1D, HOEHLE TR KR

B URDELMBEBTS v 2 770 FRERDIZ,

1 .
Jﬁgsnu) . if IZ=20

B(I)=
~L3~ 3 Bu(1), if  I<20
N—M™ where B (I1)<B, (I)>

CCTB, dElnOEHETDOF—2T, 200F v 2V EOHKEOF v 2V THEF
AR R B2 C ERBLU TR VOTEFEERE -1, —FH20F v+ 2 VU TFTETY
U KBRS R T AT S R AT B HTREMENS B B DT ME<B, (I ) > TD7—4 ORIl
¥R E 512, M3 KBr ([HE6 mm BEORRIAKR ) D 2007 ERDIZ/N 27 7
ayF%ﬁTo3fcém9975yk&%wri®t3mgﬁ%ﬁﬁ(m ET3, )&,
RERDHEY 2AANTRKDIZED( o £T5) ZHELTAL, M4 LZDOERZTRT,
i T2 i B4 200, 400, 600, 800, 311, 622 K& TH B, COMDIZTHIZ

l%gﬂfx—ﬁoﬁééﬁvocn#%%%@ﬁ&uﬂwa‘5yr%§<§u$sﬁ§



TEYECENF»y A NVTRE—-IJDOELHICE Y ZOEEAIECHENC E ZRL TV 3,

720

640

5604

480

H
3

COUNTS / 2K MON:
8
[«]
1

;

160-1

80

OBSERVED
BACKGROUND

KBr

100 200 300 400
CH. NO.

4 3. Ny T

i
%
Ko

n

F

CH. NO

X4, PEROFHEESEDOHETRDIZ AN v 55 v FOHE
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b) ASFHHETRE ORES HOHE

AHPHETFHREORENT : AORER, N7 27 L 08TEEFTHEHERCENT L
RRIALT, 09 A0EF—4 i, BNOMIE ZEMELOME, FHMHEHEELOMIE
%ﬁoriméibrmnob#bch%@ﬁmuﬁﬁaé®?a<ﬁ%@k%ﬂ%ﬁ%g
BT > T B, FAKERORBECONTEAE, ZOMEOKEEROATESA LGNS0
L TRIEA<] ThHBIHEREMTORMEIIFCELIL S, ZEEE, FHEHGEL
CoWT b AETH B, MELL CHEE  D2HET X A5HEE L Tdirect beam % [HEE
BET 5550555, ¥ —burst ik hp 7 8 —CRBRHSELTLE St ENF
v 2 VAIOF—2RELEAL . LPLINRTIAF v oD —LiEEE T 5 &R
BRI H34E { LB DTIENF v 3 VHUADF—2 CRBBEDHETH 3, CNLEMAG
bDRETROBFC LT : DRI, |

D) Ia<110F % A

Ommd O~ F o AFABTEOET 20 =90 °TRD 10 7 — £ (ICRINOHIE ( 0.8 mm X
0.3mmD» vz CRKHLBHALTKDR, ) ROSEHEDHIE VT 107—4
BERL I, |
i M1F +» 2 V<IrZ<200F+ %V
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-4 Gd&EEOBHNHHETET
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AER - BORY - ABEAN
MAES - $R=+EB

- An epithermal neutron diffractometer using an incident neutron energies
ranging from 0.5 eV to 4 eV has been designed and has been installed at
the Laboratory of Nuclear Science. This diffractometer in cooperation with
the pulsed neutron source produced by an electron linear accelerator made it
possible to make the neutron diffraction study of the Gd ¥ compounds which
have been known as the best absorber of the thermal neutrons.  The results
of the neutron diffraction from a single crystal of Gdog—Yo1 have indicated
that the nuclear scattering amplitude b of GdY is independent of the wave
length except the resonance scattering regions, which assures that this
technique can be used to determine the crystal and magnetic structures of
Gd¥ compounds .
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Fig. 1. Nuclear total cross section of Gd¥
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Fig. 2. Epithernal neutron diffractometer.
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Fig. 8. Neutron diffaction patte;ﬁs obtained from a

single crystal of Gdoe—You at room temperature.
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Fig. 4. Nuclear scattering amplitude of Gd¥ estimated from
the mneutron diffraction from Gdoo—Yoa The effect of
the absorption has not been corrected. The circles
and triangles are the results obtained with different
experimental conditions which are normalized on the

same scale.

CEDDPoI, BHDA0 2D 2H, 157 » 320240 ORMZRT 2B T O HER
PlEb 2R B AEBHES EEALN S,
COMERELFHAULEDTH S, SBROWEZTFEL T3,
D s BEAORE EOHE ik s PEADOTEZSABFESOHAEICLD, Gd Db %
HECHET 5,
i HIBIINEE TO BT & 3 HREINEBBOME
i) Gd 2atemMs Gd—Y, GdAg, GdSe FXi2Cd 23U RiEE Cd Cre Seq FOR

S OB

g E) X i

1) 7ov 2 FRIT & 5 T EEL AR, ﬁﬂl% H A ¥BRF =565 28(1973)461



BB RE Vo 1, 6= No. 2 Deec, 1978 281
I1-5 BHEF 54 FEDBSE

BERmE, KE
AGIER - BOFE" #ARES
HE - $K=TFE

§ FF

FHEFHEYPERCAHL IO BTRIE

2N
2

n=1-

THEAsNB, HL, ARPETFORR, NRBEMEBETORTE s REFOHIEETH 3,
bHEDR n <1 &ih, AERIHPERCAHTIHETICN LT, ERHORREMS BT
3, LROBEZHRFERKNIVOT, ERHOERAR,

b= 37T

THA BN B, BIAKNI OBE
0.(min)= 5.954 (4)

LrB, COLSRETHEEDBOMETE o~ METEANIE 5L, BRAREL DER

ROPHTFRERN 2LV PATLEREST, EBHETESETET 3, ChidEFH 4 F

BEEN, BT B AROERE HETH 5, 2N 2 BALL BRI T3 &, I

BU IR IRIET 2185 C &55C 35, SEIRCOL 5 HHET 44 K82 EALT 5 BOFHY

BT 12, |

SRBREXUZORE

HEER & LTI, BNHETFHELEROBIESNI/NAREIEE VAL,

AN, BREINTIRATIZXELT, —BEAOBESIVID( 70— #5 %, 300mm
X 50mmX 5 mm ) i&, Ni 2#92000 4 OEICRELE b DB >DARLE 2,

5 5 — % ABFEEF DFD 54409 OB U 1 B0 SRAERO—B2RICRT, ()
(b (R BRBIC OO CORBTH B, 10T MBI TR 2 AR TR TRl 12
$OT, Ni o5 ORHRCHIET 3R TH2, AFHPETHREICHE( D ~30% ) b 3



282

o
>

o
o

I.O—w

o
-

A dependence of neutron reflectivities

measured for Ni foils.
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Fig. 2 Semi —log, plot of the scattered neutron intensity against
the square of the energy transfer for MnO at room tempera—

ture. The insert shows the scattered neutron energy distribut-
ion (eeeeeeees at T=553.5K ).
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Fig. 3 Semi —log, plot of the scattered neutron intensity against
(h @)? for MnG e O3 ( pyroxene ) at room temperature ( 20 =
88.8°). The top shows the raw TOF spectrum and the insert
shows the determination of the resolution function,
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Fig, 4 The raw TOF spectra and semi —log, plot of the scattered
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for Pd2MnSn single crystal at room temperature,
Vanadium data represent the resolution function,
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-2 Photon Activation Analysis of Biological
Materials I1.

Elemental Abundances of NBS Standard
Reference Material, Bovine Liver

BERAE  EEnT
BFAHE W EELET

Summary — Nondestructive multielement analysis by 30 MeV
bremsstrahlung photon activation with high-resolution gamma-—
spectrometry has been applied to the determination of trace
elements in the NBS biological matrix standard reference
material, Bovine Liver. Simultaneous irradiation of the
sample with synthetic multielement standards containing 25
elements has shown that the method is successful with regard
to the capability of determining such essential elements as
calcium, chlorine, iron, magnesium, potassium, rubidium, sodium
and zinc. The principal nuclides, their gamma-rays used in
the determinations, and the best time after irradiation for
counting are summarized. Agreement of the results with pub-

lished data 1is excéllent.

* Toyoaki Kato: Department of Chemistry, Faculty of
Science, Tohoku University.

** Nobuyoshi Sato: College of General Education, Iwate
University, Morioka.
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Introduction

Because of the impressive potential of activation analysis
for the determination of trace elements in a variety of bio-
logical materials, this method has prompted a large volume of
work on their biological role in the life sciences. Many
trace elements have been found to exercise essentiality or
toxicity, and some of the remaining elements may also be
characterized by their biological significance by further
research in the future, Thermal-neutron activation analysis
has so far been the most attractive method for many elements’
when a very high sensitivity was required. The recent advent
of high-resolution lithium-drifted germanium detectors for
gamma-spectrometry has further increased the value of neutron
activation by providing the capability of multielement analy-
ses. Because of the high sodium content in most biological
materials, some chemical handling is generally indespensable
to eliminate high swamping 24Na activities in an irradiated
specimen in determining concentrations of many elements by
thermal-neutron activation analysis. Alternate nuclear method
of analysis to overcome this difficulty is photon activation
analysis. When combined with high-resolution gamma-spectro-
metry, simultaneous determination of many elements is possible
and, in our previous report,l) this technique has been applied
to the intact survey analysis of the elemental composition of
the U. S. National Bureau of Standards SRM-1571, Orchard
Leaves.

The present study describes further application of this
method to the nondestructive multielement analysis of a bio-
logical matrix standard reference material, NBS'SRM—1577,
Bovine Liver. Simultaneous irradiation of the sample with 30

MeV bremsstrahlung together with synthetic multielement
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standards containing 25 elements has shown that the method is
particularly effective for the nondestructive determination of
calcium, chlorine, iron, magnesium, potassium, rubidium,

sodium and zine. Since the method includes no chemical hand-
ling, loss of volatile species or loss of trace species during

this process is excluded.

Experimental

Samples and irradiation

The Bovine Liver sample was dried prior to irradiation at
90°C for 24 hours as recommended by NBS for Orchard Leaves.z)
A portion of the dried sample weighing about 1 g was compressed
into a cylindrical pellet 13 mm in diameter with a thickness
of about 5 mm. A comparative standard used in this experiment
was a synthetic mixture containing the elements of interest
distributed evenly in cellulose powder. This multielement
standard consisted of 25 elements, mostly added as oxides, at
appropriate concentrations in a matrix of cellulose. The
concentration levels of the elements in this mixture were 1%
of each of chlorine and potassium, 0.5% of sodium, 0.1% of
each of calcium and magnesium, 500 ppm of each of copper, iron
and zine, 50 ppm of each of barium, manganese, nickel, rubidium
and strontium, and 25 ppm of each of arsenic, cerium, cobalt,
chromium, cesium, iodine, molybdenum, lead, antimony, titanium,
thallium and zirconium, About 1 g of this mixture was com-
pressed into a pellet 13 mm in diameter. The sample and the
multielement standards were encapsulated into a silica tube so
that the standards were placed on the front and back of the
sample (face to face) for simultaneous irradiation. This

unit was placed in a water-cooled sample holder for brems-
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strahlung irradiation by the linear electron acgelerator
of the Tohoku University and was aligned along the beam axis
with the front face of the tube 12 ~ 14 c¢m from the photon-
producing converter. The electron beam produced bremsstrah-
lung in a platinum converter with a thickness of 3 mm located
3 cm from the beam exit window. In a typical irradiation, a
dose rate of 106 R/min was obtained at the sample position.
All irradiations lasted 2 hours.

Counting and evaluation

Gamma-rays were observed with a lithium-drifted germa-
nium detector with a sensitive volume of 33 cm3, ORTEC Model
8101-0525, and its associated electronics coupled to a 4096-
channel pulse-height analyzer, Toshiba Model USC-I, The
counting system had a resolution of 2.4 keV for the 1332 keV
gamma-line of 6000. Counting has been made consecutively for
increasing intervals over a period of one month or longer.

For short-lived nuclides, 38K and 34m

Cl, the counting time was
progressively increased from 4 to 16 min. During this inter-
val, a 50-mm thick Lucite plate was placed between the sample
and the detector surface to absorb positrons from a number of
positron emitting nuclides. For nuclides with‘intermediate
half-lives, counting times of 30 - 60 min, and, for long-
lived nuclides, counting times of 5 - 20 hrs were used.
Characterization of gamma-rays was obtained form a knowledge
of the gamma-spectra obtained by irradiating pertinent pure
elements and nuclear data listed in the Table of Isotopes.B)
In obtaining full-energy peak areas, total peak counté were
computed and background contribution was subtracted, assuming
linear variation of background over the peak of .interest.

Decay curve analyses were made to check for interferences. A

mean specific activity in terms of the peak areas for any
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specified gamma-ray from standards on both sides was used for
calculating the concentration of an element in question in a

sample.

Duplicate analyses were made for each element.

Results and Discussion

Typical gamma-spectra measured at several different decay
times after irradiation of Bovine Liver sample are shown in
Figs. 1 and 2. At shorter decay times after the end of irradi-
~ation, the gamma-spectra of both the Bovine Liver and the
multielement standards were so strongly dominated by 511-keV
annihilation radiations form positron emitters that no gamma-
rays below that energy were observable. The only products
observed at this time were those with higher energy gamma-
rays, e. g. 7.71l-min 38K and 32-min 34mCl. As shown in the
spectrum taken 5 hrs after irradiation, the products of major
interest at this decay time are those from (v,p) reactions on
iron (56Mn), calcium (43K) and magnesium (24Na). At longer
decay times, photopeaks due to the (Y,n) reaction products of

a number of elements could be observed. Those observed in the

>
multielement standard were 74As, 47Ca, 13205, 5800,1“61, 54Mn,
0
22y, Bdpy, 1225 2020, 89, 1a ®%Zn. In addition, the
67

Cu activity from zinc was also measured. The photon acti-
vation products found in a multielement standard are given in
Table 1 with half—lives, gamma-rays observed and their peak’
intensities, and time intervals best suited for measurements
after irradiation. The elements identifiable in both sample
and standard have been determined quantitatively. Those were
calcium, chlorine, iron, potassium, magnesium, rubidium,
sodium and zinc.

Chlorine could be determined using the 2130 keV photopeak
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Table 1. Photon activation products observed
Gamma-ray Photopeak  Time interval
Product
Element Process Half-life = observed intensity for measurement
nuoclide
keV cpm,/mng * after irradiation

 As ™As (r,n) 1794 596 1.66 X 10° 10 ~20d

” ” Y ” 634 4.00 X 102 204

Ca K (r, p) 2.4 hr 374 2.26 X 10?2 1~ 3d

” ” ” ” 619 1.11 X 10® ”

” “Ca (r,n) 4.53d 1,298 6.35 10 ~ 20d

Cl #mc | (r,n) 320min 2,130 298 X 103 1~2hr

” ” ” ” 3,320 487 X 102 ”

Cs 2Cs (r,n) 6.5d 668 104 X 10! 10 ~204d

Fe *Mn (r,p 2.576 hr 847 1.01 X 10° 2~10hr

1 =y (r,n) 13d 386 364 X 10° 10~20d

K *K (rsn) 77lmin 2,170 1.94 X 10* l1hr >

Mg *Na (r, p) 15hr 1,368 888 X 10? 1~3d

Mn *Mn (r.n) 303d 835 877 X 10" 204

Na 2Na (r,n) 2.60 y 1,275 6.27 >20d

Rb ¥Rb (r,n) 330d 880 570 X 102 10 ~ 204

Sb ZSh (r,n) 280d 564 7.89 X 10° 3~104d

Sr fmg p (r,n) 2.83 hr 388 346 X 10° 2~10hr

T1 =71 (r,n) 12.04d 440 292 X 10° 10 ~204d

Zn “Cu (r,p 59 hr 185 590 X 102 ~ 3d

” ®Zn (r,n) 245d 1,115 2.36 X 10! 204d

Zr ®Zr (r.n) 784 hr 913 4.94 X 10° 3~10d

% At the end of 2—hr irradiation with 30 MeV bremsstrahlung ( 10° Ry/min)



316

of 34mCl. The 3320 keV peak was only used for confirmation

because of its lower intensity.

Since animal tissues contain far less calcium than plant
tissues, the productions of both the *’K and the */Ca activi-
ties are not so high. The only 619 keV peak of 43K was found
to produce accurate and precise value of calcium concentration.

In the determination of magnesium using the 25Mg(¥,p)

27

24Na reaction, aluminum interferes through the reaction Al

24

(n,x) Na. A separate irradiation of each definite amount of

magnesium and aluminum under identical conditions produced a

ratio of 24Na specific activities of 206 : 1. The 27Al(n,a)

24Na contribution to the total 24Na activity could be estimated
to be 0,004% when an aluminum concentration of 45.6 ppm in
Bovine Liver recently reported by Nadkarni and Morrison4 was
used.

The results of duplicate analyses are given in Table 2
together with the NBS certified values.S) The results of
duplicate analyses for each of the elements determined here
generally agree with uncertainties better than = 5%. The NBS
tentative values for calcium, chlorine and magnesium are in
fairly good agreement with those by this work.

The method presented here is successful with regard to
the capability of determining such essential elements in bio-
logical materials as calcium, chlorine, iron, potassium,
magnesium, rubidium sodium and zinc. Obviously, the number of
elements determinable by this method depends on the levels at
which they are present and on the bremsstrahlung fluxes to
which the sample is exposed. Qne can measure additionally
concentrations of several essential elements such as fluorine
and iodine. The method will also be valuable for the deter-

minations of lead and nickel which are quite important because
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Table 2. Elemental abundnces of NBS S tandard Reference
Material 1577, Bovine L iver

Element, This work NBS
pom unless (Nondestructive PAA) Certified value
indicated
Ca 139 142 128*
c1 2690 2680 2600
Fe 293 286 270420
K 0.97 % 0.98 % (0.97+0.06)%
Mg 605 5838 605"
Na 0.235 % 0.240 % (0.243+0.013)%
Rb , 24 21 18.3+1.0
Zn 185 141 130+ 10

¥ Noncertified value

of their known toxicities. These problems will be discussed
by further analyses on the biological materials of a wide

variety.
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HOAS, T2 —OHBBEESPCEY, CCTERRI VY-V EALT T 120 OAN
ans,
b) DATA EDIT for CRT DISPLAY
4ODEDF—2 %2 ABDCRTRERTE DL IXE >TVEY, Fv—TF, =) 7%
HIABIEE INIZFULL MMLEUmTjnwﬁﬁy?%i)mﬁmsm%*yiwﬁ®?
— A REELTERT 3, SOV 7DF — 2 RRDAI T X E Y —DF —2 2R,
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START

i

initial
condltlon

i)
<3

data edit
for
CRT display?

count stop

count start

i

ERERENEIERRRRRERE

3
S

i

registration yes registration
<f0 for out put
data

S
)
2/ 8
g/ =
o
g
o
5
5
&
Y

LP out put

@
Iy
13

3
S

HTP out put

DP out put

03
©
@

3
3,

function
reset

83
Iy
>3

3
S,

function set

|

aé
3
By
@

yes
data clear ? data clear

n0)

X 5. FFu 5 aRUEFTe 7S L0HKENAN

ZNLUANEDISPLAY THEININT I 7DO7F—2 2B5F S5 20 08B0 THRRT 3,
¢) COUNT STOP
COUT, P, itH % STOP #2 v 2MTLZDRDESV—TOEEIL LD, a7 2%
V- EAILF— 42 DB COUNT AREA THEINIZTY Ttﬁbl{?&’f?i FSaDzy 7 ERD
T Y TRRAELRING, AU COUNT ARBAI4DRE, TY74& LIZEXINS, %
DOREHEF + » A VD5 6F v+ ANVETEVCTRTHEREZHEAT S, %D COUNT STOP
BRBICHITICEB L A S,
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% 1

F xRV 1 29 bEZZ —
2 F— 2 D/E
3 ErBEtARE Y
4 EFEKRT RN
5 i BEH
. 6 F v v iV

d) COUNT START
CONT. P12 % START ¥4 > % #i3& COUNT AREA THEINTWAT Y 7DF —
2 RBEE I L0567 xTY —IKERL, 20 EREATE V7V — 7 OHKEHK TS,
e) REGISTRATION for OUTPUT DATA
TN—TF DI Y 7EICHILIT ED HTIBRE 2 FIAT % 2>% CONT, P, ® OUT PUT
DEVICE T®RUREAD OUT © START®% v ATk ->TH, H e
LT@54v T8 (LP), A"ARE—EF—FRNuF 5 (HTP), F4 S0 F0 o4
(DP)D3FEE TH S, WHERBZSHEDFT 2 L TERTE S, BRIEITLILF—2i312
EAEB—4—8DI5RXF—2DZHIMBAF 2T TR/ ERIN 5,
£f) LP OUTPUT
LP AHEL TF — 4 2BRL THNEBHIEC ABPHICH S 0T 50 TRRERE R
D AT A EI WV, HTP, DPIXOWVWTH LD LA THS, M6 L PHEIINIHE
ROB 28T,
g) HTP OUTPUT
F—2@EN4F) «E—FTHIING, F—2OEBEREXLFHERATT —2DZFT% /2
LFUTh B, B TICHTP A 3 nifROR 2R,
h) DP OUTPUT
Favanvsay s THEPNG Y5 IO THIOFULL SCALE@ CRT ICHERIN TV
% EFU FULL SCALET®% %25, 7—4#BROMFULL SCALE OHEMLETH 3,
M8DPHAOINIFEROAZRT, — DTS 7R xkAisrE, avy—vs 4754
4 TERINTIEE, 7 —420O%A, FULL SCALEDHFMSB bh s,



NO
B @ . @ S ) ©
START & STop NET MonITOR  (2642) NET TIME NAME
CH NO 0 50 100 150 200 250 300 350 400 450 500
1 915 450 172 73 40 23 25 21 7 10
S R 832 4564 163 - 64 61 -32. 15 13 12 11.
3 861 418 180 82 36 16 17 13 9 8
— 816 395 162 53 .. 45 23 17 11 12
5 861 434 159 61 46 26 14 13 10
b 864 393 132 a1 33 24 15. 1 12
7 822 363 131 75 39 23 16 24 11 7
8 300 412 147 63 37 29 23 13 14 13
9 868 381 169 62 35 27 16 17 12 12
—do M85 .30 135 __ g5
11 835 390 146 79 35 31 14 12 10 11
12 824 357 128 33 26 19 19 10
13 19750 871 364 136 28 13 11 13
14 18630 908 338 129 22 22 10 10
~—1S TR . d2¢ 337 . _lao. 20 16 o9
16 15964 889 311 139 30 18 16 11
17 14355 873 339 126 27 le 13 13
18 13575 806 310 122 24 16 13 15
19 12499 874 310 140 25 20 11 10
20 11522 846 314 124 24 21 14 7
21 10422 779 319 130 49 45 26 14 13 7
22 9518 828 284 111 67 46 24 17 21 El
23 8706 790 293 115 59 39 23 10 19 12
24 8043 762 272 101 60 38 21 12 13 6
25 7023 768 243 93 68 35 29 17 19 8
26 6113 703 256 111 Ao 3425 a0 0. .. .
27 5296 664 265 106 67 35 25 17 13 9
28 4330 694 245 105 57 33 18 14 14 7
29 4069 721 237 112 49 34 21 18 13 11
30 3321 627 213 103 55 32 22 18 21 15
~Alo 2738 . 63l . 228 . __ 39 a3 30 S22 15 6. BBl
32 2212 615 249 93 52 43 16 18 14, 10
33 1365 583 233 104 56 30 21 13 12 3
34 1707 621 240 84 64 38 19 17 13 12
35 1497 534 223 85 49 29 25 17 14 10
36 1434 543 212 98 50 34 35 19 12 10
37 ... 1339 612, ... 213 ____ 97 ST ... 23 _1a 12 13 12
38 1325 554 195 101 47 41 23 10 13 10
39 1247 553 210 93 50 22 23 1c 10 6
40 1263 548 191 86 49 32 35 25 5 11
41 1187 524 189 100 50 30 25 8 9
.82, 1079 S21 . L7890 ... 46 . 33 ... s K 12
43 1036 553 193 100 51 40 27 3 11
44 1076 437 174 93 35 27 19 16 10 8
45 1065 505 169 94 47 27 24 7 7 12
46 990 434 146 79 62 28 23 13 9 9
47 9188 449 169 85 24 20 17 9 12 3
_4d...__ 96 478 1SS 103 _ __as S NS § S . S
49 949 477 ~183 89 44 23 20 17 12 7
50 921 489 191 78 41 24 21 11 12 2
X 6. L P outpat OF)

FTECBERE LT BEH
==V =1 /A N
7 — 42 DGR

~

©® WHHEFE=s—Dv L K

® FHEEEE

o000 °
o o 0o
o o o
cob 9000

o9

o

ooo %0
°

o o o

oo

o (13 °
989 00000000000000000C00000000c 00000008
o o o 0o

o0 O © (-]

000000 QQo0o0 Q00 -3
T ¥
o) ® ®

7.

HTP output D5EFHD IS,

@ #AH

® TOSBAC — 3400 i = — FEHD 12D D b 0,

® F—2045

F—%

®
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iy

[ " "
i Y

' o
|
‘I
l1I

i, K

W )
oty

1 i Ly

SN A N R R le]
X 8.

DP output D #l

(—#)
i) FUNCTION SET

5 — 5 O BEEB I S EOBRER HIAA TE L bR AL ENTES, LOT BT T L
T@ﬁE%iéﬂt%%@?—&@%iéﬂk?vV%w@@%ﬁ%ﬁ%t%%ﬁﬁ%éo

z#z:—jm%%ﬁﬁﬁ%taﬁﬁ?«y*w,%Tffyzwékmvaa,ﬁﬁﬁﬁ
SHEBIE E = 4, BED T = 2 AR OZ OO RER/ A * 23 —TLRRI NG,
i) FUNCTION RESET

FEOBEER of f ILT B,
k) DATA CLEAR

CONT. P.®CLEARK % v 2473 LR XV EEINIZAD T — £ BHKH T AETD

%, =V 7HEERIVLTE COUNT AREA & DISPLAYOR S T—H L ILEDR D AER)
Thb, sPPICOKX s VEIB/HTDH 5,
1.

£ U T2 S ERZ OK ITAC — 4500 T ND % € Y FEE@I6Y v F ThHB 1L DHEH, B
B@EznE 4y PEOCRYD IGEHTRET 2 LERIZIIDZED L HITL TS,
(0000), PEBTRINIOBIGERD LT, A~TFi3 10~ 15 2EKT 3,

WO Avs—72422KETOMILIC 1024 X 2, 512X 4,

256 X8, T T NV—TFITX
B, COTB Y ILTIRBIZF » VA NVEEELCLTVLDT, %%(;80037’)1/—7’&&&}%
SNTWA, AU DR 512X 4 + 1024 X 2TH 5,
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2 z X i

1) B, LEWE, mEEE, NMUEES BOR HINEH, AN BApEEams
2THE=FRE 12a—T—10 (1972) p, 231



V. DES - 7 — 4 R R
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V-1 WBM48EETHM~ Y v #Hisk

BEH. v v —7
I 5, —A B, BRE—
FER 5= 5% L P O

300MeV

ﬁ

n

- EGEEE 5 1B BRI 2 MEMK L 77, PSS LD s L, EERoEE
BAIT 4 70 b IR R 2 A, @ EEhEE 2 4 EEHE L TV 5,

U TAR Y U UHBBOREREDE YT 42 b o Vv OBARIEEE 2Dk
TaRD, TR HEMEZSET 1500 B (BEMN, UTRL) ERATEEL TV
T2 D% 2500 BfERICEZRE L 17, 41 1500 RS TREBBORBE LV EHIBEL 12
1HTH 5,

CHEY—T 3 75 U FDOEPFEBIONIERY — 5, BIRFEEARLIL, CNDEER
BHEHER RS S D TIEERAS L EHHD b LicfTebns iy nids 5720, o
1HERE TRET ARMBMOEEL DF o, M—BMIZBUILY, [RIR
DA E AR & BRI BUES R 3 L T 5,

R EMAEE ; SEROMN CER 2T 5L LK U, PEBORVOT—BAE, M
Vo F\ABIL IV —F TS, BRFEGRE 3 A,

e F—NFk—; 4 BITERLUI, H2BEDTFETD -12558 HEELIZ,

o T {4 E BROD R 5 BB 07T AARLKRUHN v - VYD EEERBOD AR
oAF R TOEBRERIT 12,
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2oV 4 LERBKR
( AL BE0O)

2 & (HEFEEB) I = ES i i W
e s (B ) 15 1a+2 " +1
e s ( Shin ) 6 6 0
e s (5D 9 9 0
Ce,ep (EE ) 2 2 0
e, ép (B &) 3 3 0
e-dp (B B) 6 6 0
e, ¢p ()L KD 6 6 0
e, ep (FE  H) 4 4 0
e, ¢p (. H) 5 5 0
T, «a ( Ba i) .2 2 0
T, T (& i) 2 2 0
TOF (& H) 4 4 0
" EH CE ) 4 4 0
(% ) 1 1 0

N D (13 #mE) 195 20 +0.5
R I (17 #M8E) 2 3.5 24 +0.5
~vy o (I D) 1. 1 0
At 113 118+2 2

T S 33 35.5 +2.5
F 0B A B 5 5 0
B B . W m 19—27 16.5 —0.5
3t 57— 2 57 +2
=) 3 170—2 17042 +4

1) 4+ 2HARCERBLIZSD
2) kA 2HEAL
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V-2 7 - S ABEE, Wk BIEREIRG

57
INUHEIESE - ZHERH - Uo=E L34
EIRARE - VPHEERE - Rk ER

F—SUBEE

KEDID 7 — 2 LB BEOBMRIIT OV TR, fIEEL Y OBEHETH S - 1. PEFE
FRI=A X =2 ROFHEEORE (FHERFIZREOHRANE) 20 T2 7,4
WERL, 27 2 ® YRR (O — 4500) 8. ADCH#HE(0—4500) D 3IHEDHA 1z T
B—ILFET L, BEFAMBEB2LU T3, 2OV TRETURERER S V—F 05U 7+ D
WEIEERIT > T B, BV TR TPHEDOBKTERHBKE L0 572, 2O T—3400 A0 7 o
vE = 2ATTAL—EOEFREFEBETRAED L 5TV 3B,
CRTESHOBBRITH 505, A0 54 v F— 2 MBREE (T—3400), Fo54 7 —4%
BB (O — 4500 ) OFZRFIFIAEERZE LIT/RT, 0—4500 2 DV TR &, 2RI 1416
RO >~ 5 1 5305 10130 & T1 iCEL, BYTH 165K[Ez b 5405 —
SEBEBE U TERBIRA SITER2RL TS, LU 6 BICBDMD T 0 73 A5RIC & 5
T—8400 & b DBFT, 8HADI 7Y &Y —HRICLANDOEEMNBITICLZ bDTH B, O
LD A5 4 VBETEA D CBIROBT 2570 AT T—3400 DIRTED 5 4 1 H bR
AYEEN L, T—3400 120 TREFIA 1954 BMONA 5 4 2 228MTH B, Ll
COd PHA (4TRE ) 2B TO—4500 BT L T/a b (Bld ) KD 5 &2 38/ 3,
—HATITAT 2 MEEL T 1140 58 ZITEL TRB 5, I HIC—MRETE229 % £80
FUWELA 75407 — 2 BEBECS SIHEERL TWE, COMBEARIHDER M4
SAVF—HMBEE | I 0F T4 R A TIAVERABNIBE S 51, COHEEI T+
YIACT - RRER] OBAC L DEREEKIZEOT, BAICEEL TOR BN N B/
DR, ABBORE SEBHL Tv 5,

FRRAIE 8 ALIE A © 5 4 v 7 — S BNC, 775 4 2% — 4 I & BRICE > TRAL
(BETEE 2 ) T EDNIIT—3400 b X 2FERFITEE T, ZE L  EmE oRn &
B oTET, WERAIIZOWTATE L YR TAS &, ATERA20MM, SII5085RE, 4178
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* 1

Fr3 407 -4 EHER

BB AMREREE

(OKITAC — 4500)

A Lom | Bom | ND (BTN o Ble o m|a &t
4 40 0 14 54/ 28| 90 7 ol 179
5 106 0 40| 146| 47| 382 4 o| 229
6 113| 125| 88| 276 12| 15 3 o| 308
7 83| 87 58| 228 7| 25| 28 o| =288
8 25| 17 68| 110 o| 82| 12 6| 169
9 65| 63| 71| 199 17| 18 9 2| 245
& =t | 432| =292| 289 1018 120| 212| 63 8| 1416
A ¥ 8 7e| 49| 48| 169| 20| 84| 11 1| 236
% 305! 206! 204 715 85| 150 44| 06| 1000
F 54 rF—2 NEEE
(TOSBAC — 3400)
A pov | ND | pEA [PZN DA Bl o m om|a &
4 0 9 0 9| 118| 15/ 13| 10| 165
5 87| 87 0| 124| 181] 62 8 6| 331
6 1| 37 0 3g| 143| 74| 24| 12| =291
7 0| 10 0 10| 211| 71 17 8| 317
8 0 ol 4t a7| 262| 91 8 2| 410
9 0 0 0 ol 275| 115| 10| 40| 440
a &t 88 98 417 228| 1,140 428 80 78| 1954
¥ 15 16 8 sg| 190| 71| 13| 18| 326
% 45| 48| 24| 117| s583| 219 41| 40| 1000
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DATA PROCESSOR OPERATION REPORT ¢ OKITAC-4500 )

CENT

LR R R R R T I T T T

R L

ssessene

cccsscans

. '

R R T R

ceseseen

R S

. LET Y .
. EXEEEREERE .
. EETRRERTRRE .
. * KEREXKERKXKXREERR X K% .
. HEREXRE KEXEBRXRXKKAAFRCERKR KR KRS .
. FEEERER AR KRR A KT KRR RS KRR KA SA L XA XS .
. R L L T T T T T T T T T Py .
. l'**““‘K*‘.““l““*t‘tt‘x‘*“*tl‘,!t .
.e B R R R i e L
. R L T T T P TR e ey .
. R T e T .
. l‘t*tt‘t(titt‘t"t‘*##‘“*‘tt“ti"#*"*lt"l“ .
. t*!K*‘*&**Itttt‘*‘l#‘l“X.*l**!‘tt““lttx“t‘t"l -
. ’3*!!‘*3‘3'*3*.l‘t“‘8'!“’3““*“"3**3"“:'*"#‘ .
. *tl!‘.tt*tttt"*t.tt.’tt““‘t*‘lt“l‘t*‘tt"**.‘t‘l‘ .
. *t%*"‘-‘it‘ltt,Xtt“i*‘*l*“‘**tt‘i*ttl'*t‘*l“t*tl*t‘*’t .
. 3“‘*Xttlt*tl*t‘*"t*“t#t*‘*t*.t“*ttt‘**t‘l’*t‘*t‘t#ttt .
. ‘Xl**X““‘t*“t'lt‘*"tltﬂ*“l.*“tt'lt‘t‘t*tt"“t&'*‘.t* .
ceee chessenene B b T L P
SEEX b L e S T T R IS TsT I
JEEREK g% . ibbdibidehhihhhbe it At L R L L e e S
CEEERERRE KK R e b L D T T

,a;x:tst:tn:ttt:**tttttttttttutu:::xtvkt:tttttttat:txtt::t:ttt::xatt*x:utttxt:atxttux:tt*t:ttttt:,
,tttttt*ttx:xta:tt:t*axat:t::tttttttt:xta*xa:x:xtt*:ttzntatxt:x:tt:t::ztttt:ssttt:*tnt*ttt*ta::tz;
attt:tt*sttttttx;t»ttat*xxt‘tﬂttt*ttx:t#a*ttx:xxt*ttsx:x:t:*a;xttttttttxtttttx*ttttt:t::;:t::ntt:,
.ta:stztt:txttttat:ttttxttt*t#ttzx:txx:atxt:txtt:tts:tx:;*x:x:a:tttt;:txtt:ttttttxtltttxzxtt::tw:,
,ttt*“’**t*'#‘zztttttxxttsttttttattxtt#txxtt:ttx:xttttttxxxt*x::ttttttxttt*xt**tttxtxttttta*ttzt,
D i b Rt e R L T T LT T T T T Ty
. B . - . .

0 2 ¥ 6

. . . . .

16 12 0" 14

.

16 " 18 2 o2 24

1973~ &4 -- 1973~ 8

100

80

0

40

TIME
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PER
100

80

60

uo

20

DATA PROCESSOR OPERATION REPORT ( TOSBAC-3400 )

1973- 4 -— 1973~ 9

CENT

TR R AR E R R ERE R R R R AL R RS SR

. .

S R R R R E R R PR R R L R A RS A AR R AR

. . * * .
. *x EXE ¥ X K KEX EXX .
. EEXE * BEEXEEFXKKE KKK KEEX .
. AEKEPEER  KEKKEKRREREERRKFERKERKRRRRE .
sasessscsscsssessecsssssssnee .--o...----...-..*"“*“."“*“*“*“‘*’****'*““'..-....-.........
o LRI et T S R R R R R R R R L L .
. AAKKEERKRXREFEAXKTREAKEARXXXRRRXKXRE XS .
. AEERKEEER RS AR SRR EE RN R XK RERRRRKKBR KK .
B EEEKEEE SR RKARARAEREERRE AR RAE R L KRR EHRER AN .
. FEERKXFREXRRERRRXKKKERRRKERERRRKXXKARKRKKRE * X & .

EARKERE KRR E KRB RAEX KK AR AR R KA R KK FER R SRR SR KE KRA KA KKK S .

ARKKKKKEXRERE ERAXXFERERCERERKRRAKKKARKERK KA RREXXRRTEXE
ERKKEKSE KRR E KR REREF KR IA R AR B EXTXXABRERKEXERA XXX EREI X KX,

JEEE [ T T 2L e R TR LR L L R RS LR R S R L L R e b E b by
CEEKEEK, s 0eosenscsssans e et ve e FERERKRAKER KRR KERKERAKTAEAFRERETECRXR R LR TLRX XK RS RRAALASAA
CHEEKRER KT REEREK KRR KRR KR X AR KRR R R R R AR R IR KRR X FE XXX KRR KKK TS,
JEETEIRER A RKRKRK R KRR A KRR R AR AR R RRE R RN XK AR FETF R XK KA ERKEK TR AR R IR XX,
CEEEEERREER AR FEERKERKERE KL AR KRR KRR KNSR R KRR A EX KRR IR AR AR KK BRI RERIRNA K,
CEREKEREEKEE [ e T T I T L R TR L R S R LR R R R LR LR bbb
EETTE TR LR L] AR AR REKRAKRKA KRR F R AR AR R R RA KK A A RRRER XKL AR RE R IR LR
CEEEEEERE I KEREEK EEAERE SRR R AR ERR AR SRR KA KA X XK AKX KKK KRR KK KRR KR KK EKRRIKKA
LEEEEEEREREERRKKKAK R K ER R KRR KKK KKK KA K R A EX RN T K AR KRR AR ERK KKK KRR XKL RR X,
CEXERFXREBREREXTKED & *ttttaxxttt;xs*xtoxt:att:**x:txtttt:t:xttxtt3:::sttx:ttt*txxx*,
LEEAEREAFRXRKRERKERRR AR AEERRF KK KRR KR AR KA B K AR FE XX AK SR FRE A B R IR RS XX KL IRIEREKAR
.ttttltlttttttt!’txt*t*t*,_,,,...*tttxtttttt*xt**zttxt*ttt#tt******itti*x!x*‘ttttttttt:tl!*xzttxl.
JAIERERXXEXKFBER R AERKERK e T TSR R R R L R R S e R e LA L LR bbb

.ttxtx$xlt*ttttltlttitt‘ttittt*t*t‘ttt*tt‘t*‘tttttt‘k*ttt:tt*lttt:t*ttxtx*:txt*ltx‘*ttt!tt**!xttt.
,:***ztt*'txtit’t*i‘Ct*tt:t*‘l*t**‘tltt*tttxxtt¥$ttt¥z#t*tx#titt#*ttt*lxt!t*#ttlttttttxt**itttttt,
c**"‘*‘*’*‘**“*“ttxttlitxtxxx*tkttt!*tttttt*lltt‘xttt*!!t*!xttttxttt**!*tx:x3Xt*$l¥ttttktxt**t.
.x:;ttt:uxvtx:txxxa*t:x:*xx::xtx:xxxts:x.nt:*x*tt*t:tt:ttttxgaxt;x:g:x:zx::g:xtxxnnxtx::ttt:txzxg
,tx:txxttttt*tttxtaxx*xxtt*:nt*t*tttx#tttttttvttixttti:x*ttxt*tttt*xxt#ttxtxxxxx*tttttxttttttttxt,
o‘****‘**‘**"**“‘**"t#ttsttxtttttt*ttl&tttltt*t!!ltttlttttxti*tttttttttxtttktttt*ttti#xtt*txtt.
,*"ttttktkt*tttxttt‘xxxttttttt#xtxt*ttttttnttttltttttttt*t‘ttttxtttt:s*tttktttttlt*txx!(ttttt*'t,
,tx*:xtt*txt*txxt*#tttt*!txttt!ttlttltttt!ltx:ttttxtxttltxtl*Xtit#ttttttttt!txt“xtt*tttttttttttx.

h T 16 T a8 T 20 T2 2%

§ 2 i é 8 10 12

100

60

TIME
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YN ADER S —T 2T B, 10—, NERIRBTH 28D D RS LHIFRIRT
ROBRRTH B,

BEHASNT LINAC DEGRH D ER HSFERIC LY ZOERBPR/IN TV B3, EHUK
BAEDF 7 54 v F — 2 UEOHEIN 25RO T—38400 TEDORBEMBER 0SB L LB, &
BEYMFIBEERRAE NG ERTEOWREI L 57— 2 BOBIMCHTIA 7510 7 —
2 BIC DV TORE 21T > TR D T O THEBOBIESY, HRH2HRCHEL 2T,

C/hiiE, #H, "oFE)

2 A E =

AYEF GRIER ( FRNIMtype ) DBFR#F 7 —<icthE 2 TV 5, SEBE I Pre
amp, Main amp, Discriminator, Strecher, Scaler/Timer DEMF%R5%ET 34, X
ﬁ@%%%?Céﬁfééﬁﬁﬁiféofwstuoit~%¥%%mGCmMm%m%%®
ME%%E%bfﬁbvtwﬁé%ﬁ&éﬂfméﬁ,%EE@B;géU%@bmo%Eﬁw
STHEDHTE Z THIZL,

(1) Pre amp ( Charge sensitive type )

BERIED $ DD noise (£ 0 pF T 8 KeV FWHM Si ( 2usec CR—RC) 2B THH
ABETHEBCHE ZMAEBH LIV, FREBET (BHCOBROFE T45E) 28T
AEIC LD G ERAEOHEEZBLIELTRETDHS I,

(2) Main amp

Main amp (AT 5 EHERD unit amplODEﬁ%i)gli(f%Tbéf &%t = multimode type
DAmp 2RAVETHFETH S, FCERBEMD S BERMH 2HE E unit amp & clipping
delay line 2 &Y Main amp Z1EA BRI 5T AIRET H 5,

(8) Scaler/Timer

e, HRBQ ORTEC#HDModel 715 1H2 79 % 20 MHz @ dual type D Scaler/Timer
DG 2T > T D AYE 1 ARETEERET 2 TETL 5, MR & ST D count WA
DEKIC display TE 2D BRBMTH 5,

(4) Discriminator, Strecher _

Main ampDRESEMTET U BER K E %2175 FETH 5, HEERIIZIE 50 ~ 100 nsec D
pulse LB T X AT L IZWY,

Pl EModule @ BEFAVEIRTL 2 RT3, T 6 DFPC OV TR HOBERCHEET 5 FET
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»H3,
RUHIBAE L 1o EBRER B, BIIBIEPEDOEBRIER 2 ICHIZEL TH <,

ov/ A —2 (KHEP RI)FET

o E—HEREE(E LHB)ITT

o S S DHIFEZEE ( BB 7 —channel ) ikt

o Neutron comnter f} amp ( EBf 7IARBF) 11 AFE

o Neutron chopper ONAHKIHEBOKE (ZEH ND) 1~8AFE
(BB ¥&®)
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