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259fmTd 3,

B 51106 pa,114Cd, 15120 gn 0 2} R~ OB EHBEE 2RI, SnD L5
(B 50 (DB RS 2 O K D B BHEE 13 Tassie R TE AL N A RKKEMIC 1HDO Y —
BHESETIREASNT, BEFOBTHALN S, P& cs2814Cd, " Pd D L5 B TFOM
WEEDORNIIKIE TassieBRTE5A 603 E2L TV S
b) 21 ByEAEN '

3, M4z nEnPPad 113MeV (2} ), 114 Cd © L2IMeV (2% ) iR B O EHRR



TRANSITION CHARGE DENSITY 27
o
'o
5 _ 106y
o~
14
"o
L
&
£
s
r(fm) 10
5. 19 pq,14Cd,® Sn, ' Snd 2, FHADEE AT~ DB
BERERE

X 6.

anharmenic

: vibrator BAlIC X 5 2,7 #&
fOFREAEF

13

FRRT, 2% GHBAEMOMRRE FOME

REFHE i 27 BhADAEOL & AT T2 R L,

harmonic vibratonf®iYiZ X % 2 —phonon

state ~DFRRFTOBE & R& LB %
T, (K 6 1Z harmonic vibratorfiBlic

& % 2—phonon state ~DEIREF %27~7s)
SE 42 anharmonic vibratorf&#&Y, HIbH 1

—phonon state & 2—phonon state O
mixing 2Z A 128580 BWBA T & 55HE
BTH b, EBfEiZz 5% (HHEL TV 5,

anharm enic vibrator 7 Tit 27,

27 BREMBDXNT5A6N3 sDER
ET B,

127 >=+/1-a I 1ph>-a | 2ph> "

127 >=a 1 1ph >+/1-a% | 2ph>
CoTIlph> |2ph>HEREFRL-
phonon 2 7, 2- phonon 2" GHEC R DR
BENTH 2, 27, 2% Ghid il ~ DB
ENEERER, @XNTH5A50 5,

42 )=v1—ag (iph)~a-q (2ph) (@)

s f23)=a-q (1phh/1—a"- (2ph) (3)
CcTpq (Iph), o (2ph) BZHNZHN 1 —
phonon 2¥Fh#H4ERL, 2 — phonon 2% FhiR
EN~OBBREHBE CTh b, HhiELITE
HTrDO@, BXTHA50%,(Appendix

=)
i d

r——0,

ptr(lph)ZT? dr

@

e =/E Gty 6
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LT oy HERIE DBHATECPermi WERET 5, £ IZBEOMI ZWET 557 5 =4 T
BT RS 2 —4& EIFIEH, FEBRE hRkw2] BREM~OBRRFE2EERTS & 5 CREINS,
@), (5)itfﬂ‘<@*; 3 i 1- phonon state ~ DEREMEE ﬂgr (1ph) R D1 &KDA—% —THA
5h, » tr (2ph) iz ADA—4— THEz6h 3, BRTEDINSL ST anharmonic vibrator

BT 2t G R~ OBBEWEE o, (27 ) Zamplitude ICL T a® 1-phonon state™
DESEHEE o, (1 ph)OFELHD B, a DML TOHF 2B DT, KL KDL 2: Byl
~OFRATF 2 RT3 & 5 CRESN S, £, aDEIRE S ERDONL D 27 B RO

Q-moment DEZHET 5L LV TE 5,

e=8/77 <zl > | ®
<2tiQ:ll 27 >=(1-a? ) Q4 @ Qe - 208/ 1-a% Q- @
T
~ 1542 :
»Qllz-‘\/?—” <l'2>/92 . ) ) (8)
Q=5vZ<r?>4 )
~ 342 15 2 o2
Q,zz* 7 \/_——7_7; <rt>p 10
<t2>=/%p r*dr, 472/ o,r?dr=1z ®)
0o 0
I1-pr;onon I 1 _l
_ 183Mev'®pg ]
IFI2 ¢ 520
t 250

B 0.20

102

100

10!

30 0 60 90
7. anharmonic vibrator AT X % 2, HEADOIRKEF
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1073 T
- R 50 .
IF12 g 0.95
8. 0.20
1074 -

1-phonon_2°

2-phonon

8. harmonic vibrator f&&T X 5 2—phonon 0% 2% 4HEA DR T ( Born L)

B11 icm ixing /¢ * —% o« DEOZALICES Q-moment DEDZEA ZRT,

91219 pd, 114 Cd @ 1- phonon 2 ¥ 2~ phonon 2" BYEHEN ~DBB EHHE 0, (1
), otr(2ph) 2RT, (o, (27 )& e, (1ph)REFEALALTROE TR TE
B, ) CTT e, by, @1O°Pd, N CATENE e, =09y, b, =105ty €, =0.
95C,, ty =t, Thb, 2: BREMOBRENEE 0,,(27) IERMEEE b B HR
TEEST, 1% Pd TiIzA =028, =025, '1*CAdTIEA=0.18 a«=021Th 3, X0, &K
R7iczNEN a OFBOEICL S 0,, (28 ) OZELKE 27 BREN~DIFRETFOL AR
T, Bica DEOELICE 2BRETOELZH 6 R, Chbdd hHLLRL S KETHED
EBR L ko, BRRTOMEREEL D OBB2Z L TZ0MI» 6 aDEERET S C &

BTE B,
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TRANSITION CHARGE DENSITY 2"

002 [ 106P d

pure r (tm) 10
2-phonon

002 1 14 cd

ole/fm3)

r (fm) 10

ure
2-phonon
L

9. 19 Pg,''* Cd D 2, 2,7 WM~ DBBEHHE

TRANSITION CHARGE DENSITY 23
i /S 9==025

X 10. mixing /¢35 x —% —a DFBEDOELIT L 3 BREEREOEL
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-10 - @ moment - -

- 106pg

-05

(bt

11. mixing /%7 4—% a DEDOZEAIT L % Q—moment DEDZEAL,

31219 Pd D 1.18Me V(27 ) BHEMER ~DTERAT 2 R d, EMiZA =028, a=025&L
ITBEODWB AR X AEHEMETH %, '

R 42114Cd ® 1.21MeV ( 27 ) BB ~DORRF 2R T, E#Rizs =018, a=021¢L
77DWBAICK FHEETH 3,

B4 OEBRTI2 27 BRRERIONE < (CHAET 5 2- phonon state ICHET 5 07, 47 Ehmeefie
11404 OB EICRFEIZDOLED 0, 27 BHEEM2HEET 5 C E8T X7 27 B EM~ORREA
FOHIC Ch s DEEER D 5DFESH 5 EEL bNB, 1TCaDenbD07, 27, 47, 0,,
27 EERENIIC DT (p, p')DEEBD 25477511, 2 - phonon state RS T 3 27 FhE AN
1- phonon state ® 2" ¥ERTOmixing H5E X HAELDH 305D 05, 4] BHEAELT 2R 2 -
phonon fIMEE %#7RL, ZOED0;, 27 BHEEM~DOBBOBI /NI VT EBTLRLNT,
N8 iz Born FLUT & 5 2-phonon 07, 27, 4 "EHEEM~DEREF2RT, UbDcEdb
100 pq, 114 Cd OEFHE THE S 172 1.2Me V HIFTO FHE %0712 1 - phonon 2 "HHEHERL D
mixing BEA SN D 2: FEEMISTEAES2L T3 EBDOND, ZHTRITIZ2: B8R
I b DFE RE AT 12, '

£1cRL DETHEER L H KD 12106 Pd, 114 Cd @ 2] Ghid M ~D B(E2) D, ZR/¢
5 x—4—F, mixing €7 A —2 —a BIENLDNT 2 —& — = AVTEHEL T 27 Bt
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D Q-moment DfE %2

R9, X Coulomb [ih

_B(E2) B(E2)
Boged)| Mo | & | 92000 |ggen| Q2P EOEBICL 5 B(E

34 |-0.38 a) 2) D{EKFreorien—
312 |-0.32:0.08 D
48:3 ©

106
Pd | 50 | 023 | 025 |-053t007 »1rQ- t O
423 | - 045840059 d) Q-moment Off

Nacy 29 018 | 0.21 |-0.39£007

tation effect L0k

% AR IR T,

a) S.G.Steadman et.al. N.PA155(1970)1

1 - phonon state &
b) A.MKleinfeld ctal.  N.PAI58(1970)81 P state

¢) R.L.Robinson et.al. N.PA124 (1969) 553 . 2- phonon state O
®1 d)R.Beyer etal.  RR.C2(1970)1469

mixing 2 ZAT
anhar monic vibrator
B R V5 & ETEEL L DR 27 BREM~OBRET 25 £ (HHEL, FZnlhke

72 Q-moment DL reorientation effect dXKE L ke BO—H2TY,

A ppend ix
BEOREREBOBHIMEL T Fermi B2{RET S &

. o,
ﬂo(r, C,t)—1+exp{4,4(r“c)} (l)
t

BN TOE#HE—FELTRAKE—-KBELLNG Y 4, ROEREE-—N2ELL,

mode [ 0260(1‘*““00}’00'*}%“/1/1}&:) @
mode I r=r,4( 1+“00Y00+Fﬂ“/zﬂ}’xz ) ®
f('r()) *
= +ao Yo+ Za R @
mode K r=r, (1 00 ¥ 00 Az,n n = )

K JETEGEEE, JEHE YD AR — OB & R L 72 Tassie BAY TRENOER € — FEREXT

Hzbh, 1=20%&Emode [ & —HT 5,

7 1-2 *
Tassie model r =17, { 1+ ay, YOO-FE'“GM‘TO "1y, (65)
4 mode 1DV TA=2DHFE2ER 2,
@K &LD
4 r =17y (“00Y00+;a2# Yz:) 1)

T T Tay ke —EiCRO LI ICRET 5,
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dooz—@—[a&]Xa@]JO (7)
wRHL TN BEOBEMATE o) 2 HERBOEHAT Ty —5—EH% T 3,

80 (r, 92 o
o0 (rot+dr) =29 (7, )+—i~)'4r+% -—‘—E‘M(AT)Z-F'" 8
07y 07,
@HIO®OHXZERAL T adD 2D order ETEX 3,
7} 0
olr)=o,(r+ r- p”}ja;;Yz#—l-r i %0 Yoo
or ﬂ‘ 0r
5 5 0%0, C(220500) ., @ @1
T2 T, Tegzavis (2D O L2 X ]iﬂY“‘ ©
LT
(2 @57 _ .
[a"Xa ]m—:Q#C(ZZZ,uU)aZﬂan 10

ZERa v 375 SIS EERB OB DE b T harmonic IRB 2177210, é\lu 38
436D harmonic 7% #REHD creation, annihilation operator D 1 KEAE TEDINBD
Byu= BB + " Boe ) an
T /{Z , ’,;9\1# 2% N Z 1 phonon D creation, annihilation operator T 4 it deformation

parameter &IFiFN %, 1-phonon, 2- phonon state KDL S ICEDIN S,

A

1-phonon state | 1,2M>=7%;,10> 12
1 N

2-phonon state | 2, 1M>=V—T[@+‘2]x preylio> )

charge operator //} i3

) 00 /

/,0\(7‘):/0\0(7‘)'1‘ Tt 0 2 /C\Z\zz YZ,u_ s - i [ /‘}(2] X/a\(zj ] !
or & or T

8% €(222500) G @ @

5 2
+2 (
27 9., 2\::0,2,4\/47:(2“? ‘

¢ ,
1. Y, a4

TEROLINB, WX 2RAT 5L 1-phonon. 2-phonon state ~DER BEABE 124 ¢
/o h, ROXNTHEALNS,

1 phonon state
do,
dr

£
.otr(lph)=(7?) STt
2 phonon state

5 g d%o +
2ph) =V —— (—)2 ,2 0 for 2,7 4 {
ﬂtr( ph) 28 7 ;\/5) r 12 or {16)
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/5 A 1 d  ,d@ ¥
PT(th) 871?( _—5) Tzdr('r ) for 0

dr

multipole operator RKDNTH A 5h 5,

24

6/1,“"—\/47!./; ﬂ(’r)'rzd—r"’l’u —fo . r3dr-agy, '51,0
o dao A
+‘/0‘ r o T +2dr4x\12
2 1,00) 2)
5 o0 od”# +2 c(2z B ND s D
42 o~ () _ a8
2/,{; s T dr* IACITID ) ]ﬂ

~ /N . 1
1950 & H reduced matrix element QifE < f - phonon 2% 110 || i - phonon 27> x D

KTHAHBN 5,

~ 1542

Qll=-_——_/fj—7‘\i—‘—<7'2>ﬂ2 19

Qi.=5ve<r?> 4 20

Qo= 5<r*>" 7 2

~ 15 .

an:'ﬁ < r2>p2 "22)7

~ WE 15 _ .

e =" < >4 23
T

<ri>= f Co, ) rtdr, 4z Co,NrPdr=2z 24)

0

sharp cut off, mode I, mode I, mode B, Tassie model @ 1 -phonon state, 2-

phonon state ~DBER BT EE BXORTHAON D,

3z £ 1 z/5 B a1 s
sharp cutoff Tn J— R25 (r- R), 1 287 (\/—) o' (r-R) (25)
5 9?2 p(r,c)
~mode I —\/_co 50 o(r ), 28n ("‘_) T aer 26
o [5 £, 4 0%0(ne) ,
mode 1 \/_ arﬂ(r,e) 2875( 2y 3,2 27
el ) Var ¢ (£ iy %)
m ode 'r—"‘ Th - 2 - - !
ode \/__ f «/_) ? 3,2
ﬂ' 2 ’1—2 a“p(r) 1
Tassie model —— e r p(r), v287r( PR 29)
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€ T 2-phonon state ~DEBEHBEEDOEY 2 (27) 2D 27 state ~DBE DB EE R,
L TT sharp cut-off model idmode I D t— 0DFETH 5, (i)

e E X it

1. EHBIE®E VoL.4,No.2(1972)15
2. R.L.Robinson et. al. Nucl. Phys. A124(1969)558
F.K.McGowan et. al. Nucl. Phys. A113 (1968)529
F.K.McGowan et. al. Nucl. Phys. 66(1967)97
3. S.G.Steadman et. al. Nucl. Phvs. A155(1970)1
A.M. Kleinfeld et. al. Nucl. Phys. A158(1970)81
R. Beyer et. al. Phys. Rev. C2(1970) 1469
4. T.Tamura and T.Udagawa Phys. Rev. 150Na 3 (1966)783
5. J.W. Lightbody Jr. Phys. Letters. 38B No.7(1972)475
6. J.D.Walecka, Phys. Rev. 126 (1962) 653
7. M. Sakai and H. Ikegami et. al. Phys. Letters 8, No. 3 (1964)197
- P.H. Stelson, J.L. C. Ford et al. Nucl. Phys. A119(1968) 14
8. L. J. Tassie, Australian J. Phys. 9, 407(1956)

9. Eisenberg, Greiner ”Nuclear Models” Vol.. I
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S PhDEXILIBIEHEFHE

ELUNDEXRKEBOFED, °Zr (e, ') SOERTHXLLIZINTET, ZRHDEKX
HIEHs
(1) Mass Number AIT E¥DX 5 ITEET S H
(2 BRiER EDL S ITKMY 50
BRNBE—DELT, 2EHR Py OBFHILERZB -1,

AHBF LA VEF—LHE AR R A THONIBHBAERED 2RI L 522K 1IKRT, T
5 DEHRBITORE T, WMERFMERSEENKE {, Z O radiation tail i3, BEARIHLE
BT DI D PN TE TS, £77, HETF, BFO threshold B ZNZN T4, 8IMeVT »
5DT, ZDHEEICIE, BETFVLEFORN T2 3HTC L 28505, BHEBILEORESE,
particle emission D&H5 %,

(DKIT O threshold F 5> 6 &S H T,
QEE T4 VF—DENE AT, BEBERDOBEIZIIEAERVLTHS 5,
EWNHREIWC S &ETT

A al Ex—Eth);”-  E,, =T threshold
EEAT, TLTal niffree parameter Th 5, M11T, o & nZHEIELIRIZEDAOOD
HF5 % ERTRT, ,

wit, E1BERER»LOESTHAD, E1EREEIE, (r, 2 )P TBEIHh HEHE
it 0,=848+0.23 MeVb ‘ (1
Th 5B,

photon excitation @ cross section &, Transition probability OfEjiciz & 0 OMBT

J
— a 1 k J+1
“oiv (27T oy Sy BED @
DOFELBERIT>DT, DDED S
B(E1) =64+42 e? £2 3

BETHE.ORREF
v PEV o, By 12

% Tassic model & Goldhuver - Teller model itk 5 BB EM TH

)
4Py @

tr] = a
pt’f’r dr
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0o (r)=2L[ERBE D BT 376

TEHHEL, 5 x—4%a%, B(E1) BB BL 5ICRET 5, E1DIHIEH
E'=184MeV
I'=4.05MeV

T Breit -Wigner B THAETELEEBFHEDZ R b F A

r

E1 g 1
® FF7 2 (0,E)) 1%-—-
0 T (Ex'El)z'{“ AL

DHEEGNHE C &t B,
L-oTAWEBZILOWIELD, E1BEAFRBRUNOREBEOES L EZL N3, 1T, N
F o S OFEBLUTHAEBDESTH 3,

208, . | o
.m ‘
¥ 1\ =8 04
B | ’ i
Eo —250 Mev N R Ix800 - o2
geff ~0.818F \ M/"":‘ K
L I i = M 0
B "l
.‘ .
L]
i f
Ay it

iy
bt S
T

AT »

0.5
Eo=215Mev  6-35°
Geff —0.T12F "
o}
>
: i, 4
W Akl ]
A, N 5
N
1 SNe
Eo=~183Mev  -35° o

Qeff =0.615F *

10-29

(=]

o

»

Eo =150 Mev
Qeff =0.515F '

N

Qeff ~0495F " ; at
D v i

30 25 20 15 10 8T o 0

Ex (Mev)

M-1 2%Pph(e,e')Dz~<> 354
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ThbHR, P Z2rTh EoMIINIILIITE LUNDEXRKBOFEEZRL THOEE»H Th
{ RDE D IsFE 6> T3,
1 E1EAHEBL IBE=F vF—DENETH, 8.9, 10.1, 10.5, 11.2 MeVig g
HEXALNS,
@ hbDE—2rD>LH%=HD, A. Veyssiere 5D (r, n) T AD0> T3, P 2D

IR 12 =8 531 20~50mbMe V. Th 5,

K2iczn b0 —2DERET 2RI, " LA T

20.5 ~ 255 |

photo ~reaction TiZE 0B IZIEIN, ¢ b 38 4 Mev
AKOE— 7 DFRAFIRCTNBE2MTH AL E»D,
L/
WD 2 H>DTREMEDD B, Lt 7/L-;'
D BEz* v ¥—8MeVh 5 12MeVICEV, XITE2 R
10t TN —
DIED RN HIE 255 > T, 20E 101, 105, 11.2 B #47N
- /'{ A 16 ~2o.3
MeV ITEL OBNE—2 8D D, COHHIT, €— & ™ .
- -3 i
5 ELTEOHUEHOBRATFO ¢ ik 2 E 1 /| '
MTDH 225, (HM2ZCXHTRYT) CODB(EL) /17\7 o
145 f2 T, Zhuto,=550mbMeV IZHEL, ! "‘-\\{
VA BN
(7, n) OXBFEREFET 5, hd |
10 ! lez\/:aooP‘“

(2 89, 101, 105, 11.2MeVIiCig 04~08MeV D
4KDE -2, 3 95MeViCp HENTFHELTE 6
WEZ2ThbB, (r,n) EXIGINE3EDB(ER)

104 L

BEF 2500 £ T, 0,=91mbMeVTH5, 95

MeV, 89MeV%ZE 2, L, 62MeV, 41MeV DE2

E&ETHE, energy ~weighted sum rule D 63%

Y5,

BEZTOECAHR, (1), @QEL6OTRERTI LIE
THELENTERLY, B 40 ¥—TD (e, )P

D EBRY C OFic 27 BEET B CERRL T B, 165

XLICHE T 2 V¥ — 16~25MeVic B A BN B

B3, HBOFOBBEHL >od b, FRET S E 2, ~ et (F)

E 3, E4@Z"ﬁnb){iﬁghbfiﬁ‘o (‘E‘ B) X -2 %l’k?



& £ X
1) A.Veyssiere, et al Nucl. Phy. A159,

2 ) F.R.Buskirk, et al private communication

L
561(1970)
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26 BB % Vol. 5 No. 2 Dec, 1972

I—2 *¢MgiZt 2BEFEFE

BED - BRERYET NUEESE - FREE -
R FTE « thEAIK « &HER -
ARE=" « 5% %" « LRE”

SEBL DT Vv—IHREF T2 Mg Bt s - d REOT TEEHESDH 5 /0 & — 3 BAZS
{9 5 EBHEHBIICH b BCHEDS 2K TH 305, MOEBOREZKITHT, #OBEREITL L
Hohn T,

C@&Qﬁ@@ﬁ%@lﬁy-&U?%MIKHMM%DK&OT,(mp),u,p%(mdw
DOEBRBER» GHEEINT VB0, RLDERBEREFOESTU 8 —HL RO DBD 3,

BEiCHEKD 5 Mg D &) CEERBO7A V20T, BBTROVEOE 1 EALEE
ZOMBINTZRED 74V 2 (TyRiZT,+ 1) hEigT 2 v ¥R h, BEXHLE
OWERBIC2 2D —sBHES, WDWETAIZREL - X2 FY » 57, »IBTFEING, DB
L7i2 o0 —sDx 3 v ¥ —EROEEREDODE 1 BRI W CRERIFESE « v
xhTz, 2°

ERIBERGER TH 5 UTRABEELZREL TH<,

EBAERUER

B 7220 Mg & —% 5 M2 99A% ML 7 499mgem®? OSBRI TH 5, 4 —4 5 FEICH
TEETOAHNARFBHEAZRAICICL TS —7 v Mok 250 Btz &/ R L 72, ASE
FoOx A vF—I3250Me VTEELAIL 85° 50°% 60°%5 70°% 80°%2RBATS, HALEERE IXEKEHD
TH5HD, 33F + 4 VSSDHRHBOHENYROBIEL 757 7 A b DEBMEKEO 2 <Y VA
AFEREORBRER TH, L5555 L THSEL T Cramell O 0 FHETREL 12,

BELA 60° R 80° THLNIIEEABEFDO2RY b it THEHMBEZT-> 2 028 1 KO
B OBwRT, BE OSRIEIL0.12%Th 3,

HELMT ARO[ L, FR CRIE U7zt C O BIdESIEL ROt 4.44Me VEERT D> 5 0D JEBBEBELD

Yieldé Zh FhOBAOMER L0 bRDIBIEROHEZHOTAIS L EBHK 5, ¢ OlfiE
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<
|
2
6+ 6Ms(e,e')
Eo = 250 MeV 8 = 60°
5-
= B
S B 49
g B
B
w
o E
g 2 2
© g 2 . o =
A (o)} .
(32} ~r
¥ ~ l
o I w0 | o e
I ~r o~
0 "l T
i 1 I 1 T T T T
6 5 4 3 2 1 0
EXCITATION ENERGY (MeV)
<
26 T
5- Mg(eQE')
Eo = 250 MeV 6 = 80°
4 o
5 E o
E g 3 <
= 2
-
& g2 .
< l
(=)}
o~
1 /\ o
1 T Vo T
3 2 1 0

EXCITATION ENERGY ~ (MeV)

BIRKW *°Mgd> b OHMEET 2 <7 b v (EHHER) £, =250MeV 0 =60°
B **MgHSOHEBEF A< b v (EBHBIEE) Ee=250MeV 6 = 80°

Wz Mott HELMHM TH> TRREF2 RO, REMDBRRTF 25 2 N~F 4MIcRT,
B2MI2 1.81MeV 27 RO 2.94MeV 27 01 O BRETFTH 205 Ch b MWL E 25



28

BMg  Ex=1.81 M 2°

10-2 - -
[ ]
2
IF] ,
1073 :
by

1074 % |

2.94 MeV }
20

1075}

o i

1
ey ()

WOl Mg 1.81MeV 27 (BAH),
2.94MeV 27 ( BRL) EMORET,

stg
103k Ex =6.88 MeV 3~
$
IF12 t
[ ]
{
- f
Ex =5.29 MeV 1
X160
b
? % }
1075} {
10-3 N ! N
0 2

L -1
Qyy(fm™)

23K *°Mg 6.88MeV 3 (BAL), 529MeV
( Bh) BAORREF,

B2RLTVA, B(E2; 0—181)2H10W, U. CEMEEGNTH» DR L T, B (E2

3 0—2.94) 120.3W. U. TH-NTHEEZTREL T\ 5, ;
25 3 5.29MeV 2 8 6.88Me V N DR NF 2759, 6.88MeVEENIIZ 3~ THLE/ £ 35

BTHBH, B2IMeVEM NS ESFHRDOLSICRA S, Hik g DA IVEIEAMBB OGN

NEiZ-&xHT5THA I,

4.32-, 4.833-, 4.35-Me VD 8 KOUENK 84.83-, 4.90-, 4.97-MeV D 3 KDUERIZE »

DERTRZFNFANEL THEEKRS VDT, ZRFNOHEL TEARITRT, MEDOERRA
TFRERCECBTED, 49Me VEOHIKIZAT BESEENTVA LI ICEA B, HENER

BAXCESi DABIMe VAT BRI L 655, Mg BEREGEE (K'=0") 2 ZA 57556



Hinds 2D E % & 28> T, RIZCO
47 HERTHSZ D 5 s — s b IS,
Hinds %13 4.90Me V#f1 % (27 8%)

ELTV B ORAIH AT » s AN e
Wy RCIZZRL T uds, 57Me VAT
DOFRATF 6, ZTELARRD g - K&

BRRL T h, 49MeV RN FEE

DHRITH 5,

(¢, p) RIETHC BB NG 358
MeV 0T DUERT 128 1 BHE HERL 1.81M eV
27~ T REBHE SRR OHET
BIFBT/NI CHB C s b 53 ERR
BEX2~6W. U.BEDH B Lo bR
BhbR& TR ERRE TR
DEZELLNTO A, 2 KL DEBRTIE
HELA B THhI»ICRATE Y, Hi
NS 75 g T B T A SRR & 0 1
FRVHEL B THS S,

5N ANEFT 4 V¥ —250Me V
HELA 35° T8 7 BmEhEIRRE 2 T DOHEL

BF A7 hwB/RLUT, Darmstadt

DTV —FTHq=025fm ', 041fm "

29

26Mg
1073} Ex =4.9 MeV
F? 1y
$
¢
% 1074}
Ex = 4.3 MeV
KL
10
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Broad Range Spectrometer %Al
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R
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SHEDRE DK DIV, B 021 (eip)

proton spectrum
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ENERGY

AHBF T & V¥ —8.04Me V (T5EL CALIBRATION

resonance 035,64, iz’ 0 YD 3164 1.
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Incident Spectrometer Channel

B4 2 FiL TEHL0 Energy Field Number Ep Ev(max)
AflE s -1z, ~ E€(Mev)  (gauB) X 5 Y (Mev)  (Mev)
( EBED R Tk 17.40 61 8970 17.46
ok p@Egse 1640 48 8079 1656
et . 16.40 4L8 8079 1656

BRIy 15,80 79260 45 39 7427 1590
ABFOTF VF 15,80 38 7365 1584
~ lessm @) 1880 40 7489 1596

1580 39 7427 1590
HER2ELICWRT,
ABETF LA LF 1740 9 8920 1741
70038 72 ’ ’

. 16.20 70 7750 1623
A wF¥F—Ee Lk 1740 91432 17 29 8936 1743

SEDHHETREDI

x 1
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21.1TMeV iT g7/, @ states ¥5d B, 209 By x10'3‘;Tr:—2
4<
D ground state i3h9y, TH 2056 g%l AS ) ,
gr a 72 2% B;zog(e,ep)
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40 (e, ¢'p) &(7, p)D resonance Dcross D §5R, Bi#fiZ incident electron energy, #i #l
X cross section,
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ZERO™ ORDER NEUTRON PARTICLE~
HOLE - STATES AND ITS CONFIGURATIONS
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1) Phys. ReV. 138B (1969) 615
2) EEHIRE Vol. 5 No. 1 ( July 1972)
8) Phys. Rev. 183 (1969) 1007

4) Phys. Rev. 165 (1968) 1312
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BNz EiTis B,
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2=y D08, (71, p,) WEROHETHBTE B L3P b, XE X E evaporation



47

, 0‘4.’; Ip (e, &p)PSi

+

t PROTON ENERGY SPECTRA
¥ , AT 90°
t

Ee=23 MEV
Ee=21 MEV

Ee=17 MEV

W .

.fk‘ o,

W ""a’ L.,
_

4 1

5 7 9 11 13 15 17
PROTON ENERGY (MEV)

X5 3'P(r, p)®°8i Dproton TH VF—2R7 L

THHIN S proton BUED T A VvF—227 L vigEDONEEL T HDh, ZDH S %R
RTHha, ChDBBEINNGE, H°TO giant resonance D protonTh v ¥— 2 <Y h wd

gross B oWTH, BEBIND EBbha,

-ES ) j "hhf’,; |"t||uf A ; _ ’I
‘T‘%,z Ifh: }lﬁll | w“ | (ll| I”Ill} B ”Hl I» lﬂ)
s N Iﬂw | h‘ IWH |I

1 “”ﬂi'ffliﬂ}hn' . W’ﬁ’ ﬂ“ J‘ “H ‘ "Nm"m}

14 16 18 20 22 24
EXCITATION (MEV)

X6 5P (7, p,)PSidD0°TOMITH; Hk

14 16 18 20 22 24
EXCITATION (MEV)

7 P(7, py) 308 i D0 T DM IYKT FIFR



48

6, M7k LEbHHBOENIZNTDYP(r, py), 1 P(r, p ) OWAMERETD 3,
CIRAMEWME LT (7, p,) BTEEE E; = 20Me VUL EOHEFBEN B> T2, CHERIED
data RMEEHEESH L H R, RE, % 2MeV stepTEATLZ XY b v LBLNIZEDT,
B2 P VOMEDBORESBRKEDPSTITIODEDTH 3,

6%2A5&, 1P (1 py) OMSKEBREIBEL L OBE» SR> T b, XEy = 16MeV L)
TTH(7, 1) OWIEREGAXL, 1P (r, p WERRLEVEECHIZI> TV AL LB 5,

28, p(,')“ POMAKEMIIEIP(p 7,032 SORBICL > T2 v F—NHEEORL
date 0 HBS5HNTL 3, detailed balance theoremiz B~ TR®D7232 8 (7, p )3 PO R°
TOMAWEEE 2 P(r, py) Ddata ZHEET 5 &, ZDgross & M @FEHCL (—HL T
B, D EET -RINOHFD PPEP ST TH A LT IS, (ALK
THL A X —HEHTOENEEEHLT 1P(7r, py) @2 8(r, p)) L3 B ETH 2, )

REPERID (1, p) ERCHTS (7, p, WEKOHEDAKDHEAZ S 120, R%
%2R LT, C(D%’G‘f%%ﬂ dE (2f597 5 isotropic THHELT [ o (np)dE%
AT TH->Thd, > TRIABH AKX H W estimate SNTH2, COEMLIIP32sLh

Rdstie h D &3,

%2
fj—;( 7, p)dE (mb-MeV) fjﬁg( 7, po YAE (mb-MeV) R:fdi;(r’””i
fd‘g(r,p)dE
27 A} 7962 a) 0.39 - 0.0 5225 0.0 5
2895 | 11152 a) 468352 ¢) 0.4 2
31p 278732 b) 149+ 011221 0.0 5
523 207133 a) ~4.712 d) 0.2 3

a) K. Shoda, K. Abe. T. Isizuka, N, Kawamura and M. Kimura J. Phys. soc.
Japan 17(1962)785

b) B.S. Ishkanov, I.M. Kapitonov, V.G, Shevchenko and B. A. Yur'ev Phys. Lett.
9(1964)162

c¢) P.P.Singh, R.E.Segel, L.. Meyer-schutzmeister, S. S. Hauna and R. G. Allas.
Nucl. Phys. 65(1965)577

d) G.Dearnaley, D. S.Gemmel, B.W,Hooton and G. A. Jones Nucl. Phys. 64
(1965)177 ’
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UEDT &5, 31P(71, py), 22 S (7, p ) OWAKERCEE L THEST % proton 14, °1 B,
32 S 4T AL orbit b B DT, ZDHHDEIE I, residual D ground state DR F KA
T HEOTEITVHEBDON 3,
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guvation mixing 231 P X h Ak XL EBbha®,
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p-wave Tliitud 7 67y, CDRE (71, py) D proto.n (Xdirect Y72 process Z# 3 & THI,
(7, p,) OKERE B D ground state D configuration DHFHICKE CEEIND C Eichs,
CDEHCELDE, 328, P, 3081 LDz ground state DEEF > 532 S (1, p,) 5
SIP(r, p )k DkE /b, HADBIzdata ZERMCTRH DL CHPTES,

B L B TREPTH 225 27 ALCOWT S AL L5 HTEEEBbhs, UbL,
LOBEEL VAR T EELLNS,

M6, MT2HETHE LPOHEE (1, p )W (7, py) OWIEREL h 8 APV, Chid
PTAIDBEERL & 54T, 2L PD ground state (}2+), 8081 ® ground K F 1st excited state

ke 0", 2" ThBECLDLERING,

§3 & H b (C

H4iE, s-dshell D odd-mass ETH 527 AL 1P, BAD even -even BT H-XT,
(715 py) ﬁiv)f'}\i\{éﬁr’;ﬂﬁcé)éctéﬁotﬂzo X (71, p GICEE L THEET 2Dk
valence mcleon Tdh 5 & L, ffjHi7/s direct 972 process 2% 5 L & Th, BN 3T 4D
data ZHBPTEXBCEBRUIL, LELZODC & EHECERNICTHES»DBBEBD B, 201>
&L TIRASTHEORE 2170, M proton @ orbital angular momentum 2 K5 T & #3
L TV 5,

KO GBI D2y v —F DT %, MOBHE SHARNKICE CORROZTEHIZ->TL
ANACERITEh, #EFPHL ETET,

9) 3% 8 iDground state {Z->U T single particle 7% configuration Tdh 5 & 105 data it
[ RN A :
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Summary — A new diffractometer to measure the structure factor, S(Q), for
amorphous and liquid substances has been installed to the palsed neutron

source at Tohoku B800MeV electron linac facility. The diffractometer was
designed to measure S(Q ) over the wide range of momentum transfer, O,
with high counting efficiehcy and  reasonable ‘accuracy. The installation has
been used to measure the S tructure factor for amorphous Si0, and GeO,

glasses and preliminary resnlts are presented.
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I—4 Lo>L Time—of-Flight Neutron
Spectrometer and ’ ,

Measurement of High Momentum
Transfer Structure Factor in
Molecular Liquids

& Bt
=RIERS « FER=
BN - T X

1. Introduction

It was ascertained by Misawa et alV) that the static structure factor of
liquid metals could be observed by the T-O-F Dedye-Scherrer powder
spectrometer 2 besed on the Tohoku University 300 MeV electron LINAC and a
fairly good agreement between the T-O-F result and the traditional diffraction
one for liquid Sn was experimentally demonstrated.

Based on the conclusion described above, we have constructed the new
T-O-F neutron spectrometer which is mainly served for the study of the static
structure of a variety of liquids with fast data collection and high accuracy.

The structure factor data for liquids measured previously are almostly
fallen into a restricted momentum transfer (Q) region, for example 11’?\‘l <Q
'<151&.'1 However, the rapid and essential development in the field of the liquid

study desires strongly the expansion of experimental observation range of Q.

M. Misawa, K.Kai, K. Suzuki and S. Takeuchi

The Research Institute for Iron, Steel and O‘ther Metals,
Tohoku University,
Sendai 980

Japan.
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As a prelfminary measurement for the high Q structure factors of liquid
metals, the structure factors of CCl, and CS, molecular liquids were
observed up to Q =30A ' by the new T-0O-F spectrometer.

These results are reported and discussed below.

2. Lo )L T-O-F Neutron Spectrometer
As is well known the double differential coherent scattering cross section

for N molecules in the liquid can be written as

d*eon __ con \z [ K » [ How /_ ‘}TZFQZ
de£_N(Z:bi ") (ko ) exp \QkB—T>8XP \ mﬁS(Q, w), (1)

where ko and k are wave vectors of the incident and scattered neutrons, hw and
»ﬁ;@\:ﬁ%g -—l{\) are energy and momentu.m transfered to the liquid in the scattering
process, bf*® is the bound coherent scattering length of nucleus-i in a molecule
and i in (2b{™ Jranges over the nuclei in a molecule.

In the measurement made by the T-O-F method the intensity distribution
of scattered neutrons I;(t,8 )is measured as a function of time of flight t=Lo/

/vo+L/v at a fixed scattering angle as follows;

Lo L

L(1,6 )= [dB [ dE6(5 )0 {112 L) ar {Femn(E) ag, @

dQdw

where, Lo and L are the flight path lengths from source to sample and sample t
to detector, v, and v are the velocities of incident and scattered neutrons, 4t
is the burst time width of source neutron pulse, ¢{(Eo )is the incident neutron
flux per unit energy at energy Eo, AQ is the soli(i angle subtended by the
detector at the sample position and 7 (E)is the detector efficiency for neutrons
of energy E.

The energy integration of Eq.{2) is carried out along a locus in the

(Q, w)space defined by

2
BQ g i E— 2 (EE)" % cos20 (3)

2m

and

hz 2 2
ho=5_(kK —k ) =E —E, (4)
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by a detector under the condition of fixed 26 and t, .

If it is not worried to sacrifice the observed intensity, the instrumental
integration path in the Lo=L T-O-F spectrometer ® can provide the closest
approach to the constant-Q condition. On the other hand, the elastic
scattering condition is apparently satisfied by choosing the smallest possible L
for given L,, because this arrangement can accumulate all the scattered neutrons
from the sample in the nearly same time interval. Furthermore the Lo 2L
arrangement can maximize the scattered intensity, as the counting rate is
proportional to 1/L%-1/L? However, unfortunately it is difficult to keep ideally
the constant-Q integration path i‘n the case of Ly L.

In order to derive the final S (Q) from I (t,#), the necessary corrections
have to be made for the energy distribution ¢ (Eg) of incident neutrons, detailed
balance condition exp (Rw/2%x8T), recoil effect exp( h’Q*/8M«ksT) and detector
efficiency 7 (E).

We have constructed the Lo) L T-O-F spectromter based on the electron
LINAC of Tohoku University in order to. do mainly tl;le measurement on liquid
samples. The schematic diagram of the L,» L T-O-F spectrometer is

shown in Fig. 1.

BORATED PARAFFIN
SHIELD

W TARGET g
&  HO IGHT
MODERATER £ 5ot &
o
ELECTRON L
BEAM oNCRETE |
SHIELD
“o ]
TOSBAC INTER |E===LI N-ANPE===PRE-ANP =]
i | FACE i m
[ BIN ] HIGH-VOL

Fig. 1 Schematic diagram of the Lo» L T-O-F neutron spectrometer
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The scattered neutrons are counted simultaneously at four scattering
angles 26=15; 30; 60° and 150; and two He-3 qounters(ZSmm diameter, 150mm length
10 atms. He-3, Reutter Stokes Model RS—P4—0806—10) are located at each
scattering angle. A pair of He-3 counters are shielded by a small counter box
which -contains B,C powder. The whole system of the sample and the counters
are surrounded by a borated paraffin wall of 10cm thickness. The present
lengths of L, and L are fixed at 4.373m and v0.420m, respectively.

Fig. 2 ShOV\;S some representative instrumental integration loci followed by
the four scattering angles. Provided we make a clever choice for the
relations between the desired Q value and the scattering angle, it can be found
that the instrumental integration loci of the Lo ) L T-O-F spectrometer more
nearly approach the constant-Q condition than the conventional crystal

diffractometer with 1 A neutron incident beam.

15° 30° 60" 150"
e Ay
20
10
3 0 —
g 21 |4 6| 8 0 2] | 16 18 20 30
b —
-10 QeA?
-20

Fig. 2 Instrumental integration loci for the L,» L T-O-F
neutron spectrometer (lo/L=10.41)

The total resolution width of Q in T-O-F measurement is approximately

given by the root mean square sum of the individual resolution widths,

AQ [7AQ LIAQ" L /AQy
Q VUQle Q) TV Q)ur (5)

where (AQ/Q)se =cotf*Af is the angular resolution width of soller slit,
(AQ/Q )ar is the R.M. S.sum of burst and channel resolution widths and
(AQ/Q )sL is the path length resolution width due to the finite thickness of the
detectors.

The calculated resolution widths are summarized in Table 1.



77

- A - [ )
26 | 0| (g2l [Be| (Ll (BY | s0k)jaauh™
A=1.5~05
. | 1.0 0026 0.095| 0.095] 0.05
1 ~ poy = ~ ~
> | 2% | 0091|5550 | 0006| 0.583] 030 | o2
Y 0026 0046|010 | 005
30° | 43 | 0038 | 630} 0006|0623 078 | 61
oo | 43 0.026 0035 [015 | 0.08
| 81 | 0022|0020 | 0006|6030 | 0%4 | 04
.| 81 0.026 0028022 | 013
150" 12570 | 0010 | 0020 | 0-006| 0523 | 058 | 03

Table 1 Calculdted resolution widths

A4Q sk . indicates the momentum transfer range corresponding to Aw= * 10mev

The apertures of the soller slits located just in front of He-3 counters are
0.015 rad. at the scattering angle 2Q =15;0.015rad. at 30, 0.02rad. at 60°and
0.05rad. at 150° Therefore, (AQ/Q )as is decreased with increase of the
scattering angle. The burst width of the incident pulse neutron is 12 to 44
u sec correspondiné to the neutron energy 125 to 20 meV by the room
temperature water moderator of 40mm thickness used now® The channel width
of ‘the time analyser is chosen as 16 usec/ch. Hence the burst width contributes

mainly to the time resolution width of the high scattering angle detecting system.

3. Measured Results for Solid Vanadium and CCl , Liquid

All the measurements were carried out using the scattering angle 26 =30°
and 150° detecting systems with a He-3 counter of the Lo)L T-O-F spetrometer.

The Tohoku Universitﬁr electron LINAC was operated through these
measurements at an electron acceleration energy of 250 MeV with a peak beam
current of about 60 mA and at a pulse duration of 3 usec w‘ith pulse repetition
frequency of 100 pps.

Fig. 3 shows the measured results for standard vanadium sample with 10mm
diameter, which are quite useful to convert the observed intensities into the
absolute ones, because vanadium is >regarded as an almostly perfect incoherent
scatterer. The details and practices of the conversion procedure hav.e deen

discussed in the work of T-O-F neutron diffraction from liquid Sn by Misawa
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Fig. 3 Observed intensity for standard vanadium sample

CCl, sample was contained in a vanadium cylindrical cell with 0.25mm
thick wall and 10mm diameter. Fig. 4 shows the observed intensities from
the sample with the vanadium cell, the cell and the background, respectively. In
the casve of 26=150° detecting system the relative intensities from the .cell and.
the background are higher than those of 26 =30° detecting system. This behaviour

is a very important factor to make the careful analysiﬂs of the data in high Q

region.
8¢
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. 6_ :
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L = ] S
10 , N T 20=150°
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2 4T ;
2 < s
E = ot
05}
Z -
] -
0 e 300 % 160 O gty
0 Channet Channel

L 1 1 L -
312 155 925 58 461 384X

- 155 124 103 Q&Y

Fig. 4 Odserved intensify for CCl, liquid
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4. Tentative Analysis of High Momentum Transfer
Structure Factor

The oscillation of structure factor in liquid metals is damped more rapidly
in high Q region than that of rare gas liquids. This characteristic behaviour
of liquid metals can be considered to come from the soft repulsive core of the
effective interionic potential in liquid metals compared with that of rare gas
liquids.(s) On the other hand, the long-range oscillation of structure factor must
persist obviously in the liquid state of covalentic chemical compounds, ionic
salts and the special alloys with so-called clusters,® because the species having
definite bond lengths and angles exist in their liquid states. Therefore, the
detailed information about high Q structure factors are essentially important to
interpret the relation between the structure and the interionic potential or
the charactor of chemical bonds of liguids.

From the above point of view the experimental derivation of high Q structure
factore up to about Q=30 A was tentatively tried for CS; and CCL quu»ids
using the observed data by the Lo,y L T-O-F spectrometer.

If the molecular orientation is completely correlated or uncorrelated, the

i )
molecular structucture factor Su(Q) may be written as follows,

Sm(Q) =Nm(2ibi)_2i;bibj<exp(iQ.rij) N (6)

=F1 (Q)+F: (Q) [Se(Q)—1] , @)

where Np, is the number of molecules in the sémple, b; is the mean coherent
scattering length of nucleus i, (- ) is the time average, AAI,'\ij =r;—_.; is the
vector distance between the nuclei at r; and r;, F,(Q)is the molecular form
factor for a single molecule, F, (Q) is the form factor related to correlation of
molecular orientation and Sc (Q) is the structure factor for molecular centres.
As Sc(Q) asymptotically becomes unity in high Q region, Sm(Q) approxima-
tes to F1(Q), that is,
Sm(Q) =F1(Q) (8)
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if the structure and size of a single molecule are unchanged even in the liquid

state.  For a CS; molecule, F:(Q) is written as

__ bt +4bcbssin( Qres ) /Qres +op2[1 +sin{ Qrss ) /Qrss |
FuQ) = (be+ 2be )’ ©
08

% CCl CS

1 1 0 o 1 1

0 % 4 o T
a(k") Q™)

Fig. 5 Observed molecular structure Fig. 6 Observed molecular structure
factor Sm(Q) and calvculated molec- factor Sm(Q) and calculated molecular
cular form factor F,(Q) for CCl, form factor F, (Q) for CS, liquid
liquid ( rea = 1. 769/0\., rect=2. 890& (res=1. 554A, rss = 3. 108104, be=0.661

¢=0661X10"cm, bar=0. 98X 10" em) ~ X107*em, bs=0.309X 107 cm)

Sm(Q) and F, (Q) for CCl, and CS, liquids are shown in Figs. 5
andv 6. The absolute values of S (Q) in high Q regivon still have the ambiguous
errors due to the time resolution width which is shown in Table 1, the statsti-
cal fluctuation of counts and the several unsuitable correction parameters.
Therefore, we cannot discuss the detailed behaviours of the high Q structure
factors, which give obviously the relation S, (Q) =F:(Q) at Q) ZOA&*1 in the
case of CS; liquid. The result of CS; in Fig. 6 encourages us to make furthér

‘experiments by improving the counting rate and the time resolution width.
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£ 1 Ta—HREIB 3KEDRERBORER

Root mean square
Energy of displacement of | Half—value | Ratio of intensity
Specimen | localmode hydrogen wid th between two local
ho(meV) JIE (;) . (meV) ‘ modes
Ta—H ‘
TaH,; 121 0. 18, 48 0 55
(25C) 175 0. 10, 41 )
TaH,, 117 0. 13, 53 0. 55
(87T) 175 0. 10, 46 ]
TaH,, 128 0. 12, 54 0. 43
(25C) 180 0. 10, 40 '
TaH,, 118 0. 13, 54 0. 60
(8°C) 178 0. 104 61 )
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NDINT 2 FHEDOMEZRL TV B L EREBEE, 7k —KEMOHEER 288U 17 BARELD
TT ROILHERPCENTRESHEER FRMER & 3R, BV 3Ly —DREE
~FPEZEHEERT 23T TH D, —HAEKRKETFHMES & 3BT, ENT 2 LF —DREE
—FOZEICHERT 2BHBTFRINDG, COCEZERT 5 E LOERERIE, KESLL AAR
HIEFHMNER & 2BE2RL TV ERRING,

RICRI =R THEREH 25°C & 85 COBER LM T 5 &, TaH,, , TaH,, & b=>0DR
FEE-FOIAVF -HROBELE SREEEMIE Do, COC ED D, BANRERICBIANT
%,Kﬁ%ﬁ%mﬁvfé*%ﬁﬁﬁ®%¥EmEKﬁﬁbTw5é@t%ﬁéﬂ%o

LIRF—EE T Tal,;, $TaH,, ZHELUIHE, B0 i3 OREE - KO —2 %@Eh
BTaH,, OFHBTalH,, DZNLOKE, THUIAE - KEMOMEERICL 2BMOES &
ELONB,

AR THN AR OKREORER DL O KXY, KE —KEMOHEEERIZERL 4 2010
DT, SHRAGRBEOHCH 2N TEREZTOZOOREET — FOREHHSE 5B 30 %
FRTHIZN,

B#ICE { ORB) 2 SN EABHER 2D & T 2 KB A TFEHR 7V — S 0B BH L E T,



102

X ik

1) T.Waite, W, Wallace and R. Craig : J.Chem. Phys. 24 (1956) 634.

2) V. Somenkov, A. Gurskaya, M. Zemlyanovy, M. Kost, N. Chernoplekov and
A. Chertkov : Soviet Physics — Solid State 10 (1969) 2123.

3) BEF, (1A, ¥H, B, AN AAHMBEEXTHRE KCO1970) 7p -M~—13.

4) V. Petrunin, V. Somenkov, S. Shil’shtein and A. Chertkov I Soviet
Physics —Crystallography 15 (1970) 187.

5) HEF, ik KERTHE Vol.4 No. 2 (1972) 47.

6) AAHh . KEPIHE Vol.2 No. 2 (1969) 89.

7) V. Turchin : Slow Neutrons, Jerusalem (1965).

8) G.Verdan, R.Rubin and W, Kley: Neutron Inelastic Scattering IAEA Vol. 1l

(1968) 223.



103

BB #e Vo 1, 5462 Dec 1972

I—10 Inelastic Scattering of Neutron
from Polystyrene Solutions (])

FEKBF, KR
ERE - Eag*

Inelastic scattering of neutrons from molecular liquids and solutions have .-
been studied in terms of molecular dynamics of molecules in liquid phase and have
afforded decisive results about collective and single particle motions. As for the
solutions of high polymers, the molecular motions are fairly complicated ;i.e.,
not only the center of gravity of a chain molecule drifts randomly (macro
brownian motion ) but each segment of molecule moves arorund the center
of gravity ramblingly (microbrownian motion ). Hitheherto, the diffusion of the
center of gravity of high polymers has been investigated by various methods
but the natures of microbrownian have not been elucidated suffficiently. In the
present work, we have attempted to study the microbwnian motion of polystyrene

in solutions by means of neutron scattering
Experimentals

Polystyrene (atactic, degree of polymerization, 1600—1800) was dis-
solved into carbon disulfide and was introduced into an aluminum cell of 150 x
150 x 3mm . The thickness of aluminum wall was 0.2mm.

Details of facility employed for the inelastic scatteriﬁg experiments was
described in a preceding paper ; consisting of, pulsed white neutron source -
flight tube - sample - BeO filter - BF'3 counter. In the present experiments,
neutrons scattered by polystyrene solutions at 90°and passed through BeO

filter were counted.



104

NEUTRON COUNTS/CHANNEL ( RELATIVE VALUE )

2.5% in CS,

5% in cs,

20% in cs,

w '

Figure 1.

NEUTRON COUNTS/CHANNEL ( RELATIVE VALUE )

T T T T T T

100 200 300 Loo

NO. OF 16 HSEC CHANNELS

The time -of - flight spectra of pulsed
neutrons scattered by polystyrene

in CS2 and polystyrene  film
observed at room temperature.
These data have not been corrected

for back ground.

j
5% in CSp

20% i

% in CSZ

FILM ’

T T
400 450

NO. OF 16 - SEC CHANNELS
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Figgre 1 shows the time-of-flight spectra of polystyrene solution in
carbon disulfide  (the concentration, 2.5, 5 and 20 w %), together with that of
polystyrene film of 0.5 mm in.thickness. While polystystyrene film showed fairly
well-resolved lpeaks, the spectra of solutions were generally broad and the
resolution Wa; reducea as the concentration decreased. Especially, the half
width of quas-elastic peak around 450 channel was remarkable influenced. It
would be noteworthy that the peaks in high energy regions ( (350 channels )
were sensitively affected by the concentration while quasi-elastic peak was
slightly affected. Macroscopic viscosity of solution decreases remarkable
with dilution, which might be responsible for reduced intensity and ill-resolved
peaks in high energy transfer regions. On the other hand, the quasi-elastic
peak was scarcely affected by the concentration. This peak is closely related
with the diffusive long time motions of segment corresqonding to a continuum of
very small energy transfer and segmental motions is expected to be affected not
by macroscopic visosity of solutions but by hydrodynamic interaction between
segments only. .

Analyzing the broadening of the edge of beryllium filtered neutron spectra,
Larson and Dahlborg' estimated the effective self-diffusion coefficient for
glycerol from the line width curves plotted against Q? :line width broadening AE

is related with D as follows,

oh( e )
A = — —_—— e ——
S A N AL A
Similar method would be applicable for the investigation of microbrownian
motion of polymers. For this purpose, the compilation of experimental data

with various scattering angles and incident (or scattered ) ‘neutron energies

are necessitated.

1) K.E.Larsson and U.Dahlborg, Physica, 30, 1561 (1964) .
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I—11 BFY =77 7% H - Mn &8{L
2> D O 1R ML

Neutron Paramagnetic Scattering from
Mn Oxides Using Electron Linear Accele—
rator

AL ARGER B "B AL A B 0 BE
B0 R AllIEMS BR—E T

o B

BFYV=7 >0 0&o TREVISOV ZREETFE2 AV THEFHRTHEIFREREL 2 AET 5
FHE2HREL, FLOSHBELZRBELUIL, CNRSAB )T 4,255 7 4 et sux—4
RRCT V2t F2BHEML, ZOHENEFOZALF -2 <7 b2 TOFETHRETS
BETH5, COTKEZAOTELOMuLEYH b OEBEHELZRTELIZ, < OWEDOEL
ZHNECNOBREMTTROEELSRAZRL TV 3Mo ~MnEEEEEMAZ2HTEL, 208
NZBETHCETHE, T ELOERZ AV TINSBEYD S OHBMESED b BEAEED
HERBHETHDCHETE S LD 12, 2 DFHHERIT OV TRT,

Abstract

A New type of Spectrometer to measure the neutron incoherent inelastic
scattering has been installed to the pulsed neutron source produced by the
Tohoku electron linear acvelerator. The monochromatized pulse neutron beam
bas been obtained by the Bragg reflection from the large pyrolytic graphite
plate with mosaic spread of 8.5° which has been placed about 2.7 meters far
from the pulse neutron source. A counter bank composed of 6 BFs counters
which has been placed about 2 meters apart from the sample with the
glancing solid angle of 0.025 ster. has detected the scattered neutrons. The
Vinstallation has bee used to detect the neutron paramagnetic scattering from
the various manganese oxides. The investigation has been aimed to determine
7+ jons

the direct interaction between the Mn in oxides which has been

N.Watanabe : Laboratory of Nuclear Science, Tohokn University.
Y. Ishikawa and K, Tsuzuki @ Department of Physics, Faculty of Science,
Tohoku University.
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reported to play an important role in the magnetic interaction in these
magnetic compounds. It has been found that five hours operation is suffici—
ent” to accumulate the data for energy spectra of the 'scattered neutrons

with reasonable energy resolution and fairly good signal to background ratio

if the incident peutrons with the wavelength of about 4 A is used. A prelimi—

nary result obtained for MnO, MnTiO: and M nGeOs has been presented.

1 i

2V 2RO FIEF B HEELIC E > TENTH 2BREHNCRIEHINTVWIETD
BH5, CNBETLL, o/ ZAHETROF UGB ERZ LT 5 100 TS R aELA
AEETAEBRPERL N L2ZELII, CODNBIBEEOEREESL. /S PIBF Vv ~VEE
BEEL BEAPKFOREET - Mk 28EL, Wk, FRESOFBUHEFFCGEL T L
WABTOFERABPEEIN TN S, DRONOE- ILE—DORKKR, COBEOKRENIZFD, RiEX
45y VEEOHRMTERCHEILEN EWVIETH - T2, TG TERIRTGETHaEH
BETH 5T & DHPAL 12,

RICAKIE S —< & UTETM n BADOBBIERE 20D £ 72, Chd—DiidMn? Tps
2L S=3RKb, BbAXCHANERER> TOALDTH B, MITIX L ORBEHET
XotMert BORSHEFAZRET 5 2B@ELIIL LT B, HRUEEELT L 2hlET
OHEBTRL, FHATEDREGOSAEOBE (Q>1)1 ‘

42 e?r ¢ Ay . 2 Z exp/——wz—>
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R.F.TPERINTWNBDT, H picosec DRifEIM%Z $ DBEFH NV DFI» LK > T b, T
DETHE, THITES Cérenkov EESTE 2T, ¥ ps —2 100 ps R DORE RN TORINE
TR BIET 2B EERL, ZOFHERETo 1o B—BEEE LT, KOKMBETOERMYE
2 ps MR CHRET A DDFHERZIT-1205 747 » 7OBFRBHFCE > TET 5K
BRI IBNEY, REBETHBID, S/ NHEMKEL T, BEDH, BETREF—458
BONBIH > T, |

BBIZT, 547, 7 2EBELTTFIVELIIHA, SO VEBUTTFIVELI/DE,
FWROBRICESHETL T,
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& DR AR E BbNns, #ic CH, ®*BrBr DOEE DY — it CH, *BrBr &+4i4
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CBr Fs 2EINT % & BENEIBHTHD T 5 ik CH:*Br 23 fraction 1%
L ONCH,® BrBr %% fraction 3 iFOBWD G L T 5, HFiC fraction 3£0.2
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§4 & 3
Br 4% LB 1184 eV T N ESEERE ( °P ) W GLTW 5, G iREE O IS
THA4A MEBAE LT Rack 56212.28 (*P, ) 1282( *Po), B L 1295( 1D, ) eV
EVSEEBIALTY 5,5 o TAF 235X 0 CH, & OMOBABEIRISE T8 & 2 558
BbsH, COBBMIGHHEMEE threshold energy , Eth 2 6D EEZAbNL A, 9
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#BEwH 2B L CH, & DED threshold energy 2B LEK1ICE DT,

-1 WRAEWBEHRG(Br® +M—Br+M")
T 9 5 threshold energy (eV)
threshold energy
M Ip
*P, ) P ‘D,

Ne 2156 4821 46.31 4587 42.74
Ar 15.76 11.76 10.60 10.33 8.44
Kr 14.00 422 3.46 3.8 2.05
CH. 12.99 6.90 4.55 4.01 0.24
Xe 12.13 047 (FEO (FEED (FE)

b OEFBEIGRL TN 6 FEILRK TH 5205 44 & FREETRD R BB (XSSO
EEO AR 0D BT ANE —fl( Epgr ) PLEWWS 5 & LIRBHBEHOHEG L —HTH L&
A6N5, V EnaxDEEOINTEALN 5,

Frax = %m(—‘;;)szt? @)

121 Um @4+ v OBE, LTI OE, ot Massey$ adiabatic parameter, 4E

IR VE—ETHL, aDEELT TX10%cm A OUIZED Enx DEZHELE 21

R~ LT,
K—2 FFHLBEME BRI (Brf+M — Br+ M"Y
T3 % Emax (V)

M I E max

4 P, S P, 5P, 1D,
Ne 2156 11 x 10° | 10 x 10° | 1.0 x 10°| 88 x 10°
Ar 15.76 1.8 X 10° | 15 x10° | 14 x 10°| 94 x 10*
Kr 14.00 55 x 10 | 3.7 x 10* | 84 X 10*| 13 x 10*
CH, 12.99 16 % 10* | 6.9 x 10° | 53 X 10°| 19 X 10
Xe 12.13 1.0 x 10° | 1.2 X 102 | 4.2 x 10%| 1.8 X 10*

0 BBy DKBEMAEBROED ¥ o— YKFEIC X > TRE®Br 0B85 EH=T 4 V¥ — 3HE
BB L OBHODS FRAOBIE > TREEZEBRSEK 100eV Th 50 6 Brr & HFEH XD BVE
CH, & DEOBBMEBHBERIGE T ANVF —HICE £ BTHALWVE OTEFIL,

L UEERED Bri4 2 v 2E 4 58 CH, & OEMBEIFGICNT 5 threshold energy
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B BRGNS R, Bk *°Br OBHOHFEAE S0 Bradb 510 CH &
MCHREINBC ERRET 56D EEALNSG, COCEREE * Br 414 » 0R5 % (o
TNETNEWET 5, T4DL  threshold erergy RENET % ¥ — p5kx { mhnid il
555, Kr O%HE 'DREED Br T 2.05eV TH 50N CH. 05E 0.2 eV £ T/ ¢
£5, B Emx fHE KrDHE 1.8 X10eVETL DTSV DIcL CH, Tid 19¢V &
TETT %, chbd & biChfE ®Brr 4+ 058, CHe & OBHBBIRIGO K EED o
AR E DBMEBFICOMERE 0 b XX CHAETET A V¥ —{ICE ML, KX BE
OB LA ERRLTVADTH S, CITHIEEAF v & Xe & ORIOEE BB 3
BMEL VIO ERIITHICE ORIEHABOA XL AT & 2BET 5 6 DTRZV, BE
FHFEOMOHILIREHREE SUG T it Emar & 01 5D ICE T 4 V¥ —fITEIFBEIT b T
bRHERE/NI VD5 TH 5, 12 Xe DBBRFIE PBri4+ L icis 5E, 8 L5 Emsx
DEIREKLBHEE HBT @, B A4 > & DOBD s B O fl OLH BN T & %R
L Tw 5,

Cnb OBk %, B BSUCOBEROEGR (Ve ) & Bri 44 v ddE & o R
(V) LDBfRE LT — TITRL 12, HIBEHERS BRICON EREH 5 1+ > 0B 5 815G
ORTEE D ERMEZE5A2 58 DT H B0, Rappisk & Fracis HSAEZEER ( 10° ~ 10°
cm/Sec ) ICRBWTEEBHECE 0 HEL HERZ2AV TBri4 4 it T 5 ek 12,
P RIBET 5 EXe OF 25 CHy £ 06 Emans Ewh & 6O/ <, WERD BT 405 —
BIICER DL T, KBRS 2 HBIT 372 W05 D, R BT Xe D E s (2 KX ¢, CH, @
Emax /NS 78 0 &2 CHe @ Ech /NS 78 BFER, KHITRLIZ L 51C Xe 36 & O°CH,
& DH O B BFIGD Wil B I CHe OBES—FE A V¥ —@ETEOMTC & &g
b, ZNROWEEZATS CH, ® BrBr o IR ICH ST E055 61U bo 1M 2 Ok
Re—GPTE 5,



132

- <|

LT(HB) LT(Bp) (n,¥)
* T

100 p—t—rrrrrey T

capture collision

-
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X—7 Hypothetical velocity dependence of cross sections for charge transfer,

WIL7 LA 27 ADFHRICD WV TEET 5,
%810 CF,, CBrFs , CClF. O4% oALEMZMOTFOA L A AGEAE EHITAL
- 9) .

*-3 KEBRTHOIIAERED A + LB (eV)

o & 4 % v {LEA
N 21. 5592
CF. 17.8 2
Ar 15.7552
Kr 13.9962
CH. 12.99 P
Xe 12.1272
CBr B 12.3 © 11.89 4
Br 11.84 2 :
CCL F, 11.8 ¢
Br: 10.53 P

a) spectroscopic method

b) photoionization method

¢) electron impact method
d) vcritical slope method

e) vanishing current method
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CF., CBrFs: 83X CCLE ¢» CH., ¥ BrBr O uIC BIZ T Riz 4 & LB OKX
JHECBRLTON AL etsbr b, Tab5 CFe DA%+ BRI Ne & Ar DD ETH
s0ic L CH: ® BrBr UKz H6 KT3I CBrE & sz CCekF. 4 % ALEBALE
Br 4% ALEALIM DEDTFLD 6FLV, K> TERERED Br™ 4 > & it Hgic
FNEE CERBESB OO A, 128 ARBISE 5> Th 20 threshold energy 374 %
ChHNE CHe EOBBE 03260 IUNILEE EEXL BN B, LIFHEA * > 2 EBT 5¢,
AE GEERUATVRE SOFKBME 2505, CBrFs, CCk P 5ZFFHT Th hiRES 51>
EEERD T AV F— LD BET T 4V ¥ — BAICHBIRBL TV A L2 BRT 5 &, i
OBr* 4%+ > & CBrFs , CCLFs &M accidental resonant charge transferidsagb
Vo R d A EBbNs, PLED T E» S CH*BrBr DK CBrFs, CCLF DR
ek » TEZFLRBD%Z RUIZDE, CBrE , CCk B KBk *°Br 4 % e sid 5 %R Ay rh
MFELTERL ®Br A4 v 2 B IV E L D5 b Bl TH b OB 5 BIRIG
DO—REFEANCFBELZ,  CR B 44 VBB E WO Kr EBRORZ RiFL, 12
Br, @75 0 4 % > ALBELL S (K12 01 FEEEIE S IR B ATTS B oD — FOME [ 1S it 03 I8 BY R
BEL O MROSESEO EEL NS, '

Ptz b, Kr 2300 ETAFFTARE > TEIEIINT CBrFs & 503 CCL F,
I -THflans Q&sﬂhBr@Eﬁu%ﬁﬁm%bﬁ“Tﬁ4zym¥§bﬁ“%4#
VR Thh, CBrFs ® CCkF & Bri4# LT d 535D LW AAE LTERLTL
5EMEET BT EDT &5,

LdsLst56 CH. *°BrBr DRSS “#4 4 VIS 5% 00 — Br e 544 v
FFRINCE 586 DTHAHIZDITIE, ZH T 4 v F—FICHATRE (FE) Ty udw b e
WHT EHERTH 5,

CH. ®BrBr 2AERT 514 * > - HFFEIGE LTINS REHA@, 6), @%FELIZ, ©

Bt + CH, — (CH®Br)* @
(CH. ®Br)* - CH*Br + HK* ®)
CHE*Br +Br — CH*BrBr + Br ®)

FE 6 @& HCL IR OER» 66T L6 CH, ®Br 7 4 Ve L BYA & @t 9°( CH, Br )*
AZEBL, ED2FRIGT CH.* BrBr #SARULY 5 &2@EL I, W)

(CH.*Br)* + Br. — CH®BrBr +HBr" (@
ZORDPEZALONANL,HSPOREIGELT
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(CH,*Br)* + Br. — CH¥Br + Br. + H, @®)
(CH.*Br)* + Br. — CH®Br + HBr" )
(CH.*Br)* + HCI — CH.®BrCl + H* 10

BHABCNEDFEIED T v 2V E—Ele kDL 51T UTRKD I,

T4 e —BREREERROEEERT Y 2 v e — DFEE LTKRD LN 505, FRH
(CH, Br)* OERT % ve —0fbic CH, OAERT Y2 ve—EBrm OERT v e
— tORMEAVAC EET B,  AHF(CH,) =—0.776eV, 4Hf (Br:. ) = 0.318¢V,
4Hfo( Br* ) =1300eV, 4Hf( HCl) =-0.96 eV, 4Hf°(CH:Br.) =-0.04¢V
AHf(EBrY) = 9986V, AHf(CH Br) =-0.89 eV, 4H°C HBr") = 1618 eV
4H (CHBr) = 152eV, 4Hp( Br,') =10.87eV, 4H;°( CH:BrCD) =-052 eV
AHf(Hs* ) = 1286€V
EV D ERBITER T — 40 b EHULTAVS EO)~1004 F » - FFRICOIHE L TEK=4 D
5B s NIz,

F—4 AF 2 -PDFRIGDAH (V)

& it 4H
(CH.Br )™ . CH.Br -+ H." + 4.73
(CH.Br)* + Br: — CH.BrBr + H.Br™* <-— 1.61
(CH,Br)" 4+ Br. — CH:Br + HBr,” < — 2.60
(CH,Br)* + Br. — CH.Br + Br." + K - 0.15

( CH, Br)* + HCl — CH.BrCl + H* + 1.08

C b CHL®Br 5 & 1w h50eBitk & 7512 LT 6 24 ( CEL ©Br)* OB FHICE -
TTRE, Bro E DL FRINC L o THERT & BA BB LAV F — MCRYTH 5T D8
5. Ut LEBCE A 4 L RISARY E L TEESNE L CH® Br 53 4 0 ¥ — T
AEETH h, MCERMCHHE SNTV 5 CHBrCl ORGSR K& KRR LE L5 ED
R RIES 4 LTV B, CHEOE DIC@ETEICAVIC L OEEER T V2 Ve —OfFEps,
Lo DPDIRED & EICHIBERCBLNI § DTHAILDEEALNL, LOLEKELTREES
DRIGOFEBTHO CH, *°BrBr 054 YA FRIGIC &> THERT sA gD 2 £ T 4

WE—IEF+HH DI HEELBN S,
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R BYEARERRIC & - THRHR 3 N 10 BN RRD RS 2 KB T 5 A FE RSB V05, AL
TEERORNEECRNYE U TAEOR TR ESBD 7L v 2% & hdhlT, EBICREE “#
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fEEALDS Br iHEWHEMYTH 5 CBrFe sk &8 CC E 5B 851K X ¢ CH: *®BrBr mius%
EMOICEC LRI LIz, Br' o mATOR 2 BB 50— AR 55\ T B
ThiE, Boh iERERE CBrFs & 5u i@ CCLF: 23R8k Brig v ok Wbfn#l & LTBr*
% scavenge LTWALERRLTWAEEALNS, I HITERERT 4 VW —Dffi % HiT
BAon1zRxT CH: *BrBr DERDERA L v - DFRIGICL > TR HH BT ER bR
U, ® BrBr — CH. RTHLGIC B4 4 VG 558BL > T 5 E W 5 B OB 285 C
EBT XTI,

Kr i2d » TIES B L WEISEAFET & 0 HIF 12 ©°Br Br — CH. RLLANT &,
H*"Br — CH: %d 512 ®"BrBr — CHsBr %% H"Br — CH: Br %22 E 2 ¥ mbh
T BDT, ZHHDRIC CBrFs ® CCLF: % i TIERIC K IZTH Be FB~hif, Kr gk
> THH SNEORIGOBHICEA £ URIETH 20 b o0 £ 124 JloFH LV G 5 8
ODLDRPTE 56 DL IN 5,

KEBR 2T 2 O H12 0 ¥ Br OBMEICEB NIV EEAEETF 54+ o Y EES L —
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I—2 Sensitivity List for Multi—

element Photon Activation
Analysis with 30 MeV Bremsstrahlung

it gui¥(als
moE 8 m*
Summary —— Photon activation products and their gamma-ray photopeak

activities have been tabulated for the interpretation of spectral data in multi-
element photon activation analysis using high—resolution gamma-spectrometry.

The table includes activity data for the gamma-rays emitted by essentially all
of the product nuclides found in 71 elements, from carbon up to bismuth, with
~2min as the lower half-life limit for detection with 30 MeV bremsstrahlung.
Sensitivities have been calculated based on the minimum detectable photopeak’

areas and listed in ascending order of gamma-ray energies.

In recent years, activation analysis has been used as a tool for the simul-
taneous determination of a number of the elements in a sample non-destructively,
or with a minimum of chemical separations, by many iﬁvestigators to gain an
overall view of the elemental patterns of complex samples of a wide variety such
as geological, biological and environmental materials. The success of such a method
has been dependenf to a gfeat degree on the high-resolution of a solid-state detector,
refering exclusively to lithium-drifted germanium, and on the availability of
the computerized gamma-spectrometer system for processing corhplex spectral

data acquired by pulse-height analyzers. Because of its sensitivity, thermal

% Toyoaki Kato :Department of Chemistry, Faculty of Science, Tohoku

University.
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neutron activation analysis has exclusively been used for such purposes. A synthetic
standard containing multi-elements was prepared and irradiated fogether with the
sample for comparisons. In thermal neutron activation analysis, however, high
swamping ctivities either from the matrix or from trace elements with high thermal
neutron capture cross sections sometimes prohibit the determination of many
elements by non-destructive method.

High-energy photon activation shares with thermal neutron activation the
advantages of homogeneous‘ activation, but produces an entirely different range of
nuclides. In some casés, alternate products induced by (y,n) or (7y,p) re-
actions have more convenient half-lives or gamma-ray energies than those produced
by (n, y) reactions. The multi-element photon activation analysis was assessed
to be promising in our previous work'’in which a number of major and minor
constituents in standard silicate rocks has been determined non-destructively by
activation with 30 MeV bremsstrahlung followed by high-resolution gamma-
spectrometry.

The main problem associated with the multi-element activation analysis is
the nuclidic assignment of the gamma-rays found in the complex spectra. The
quantitative evaluation of interferences with a certain gamma-ray of a given radio-

) have

nuclide is also an important problem. Recently, Galatanu and Grecescu’
prepared the tables of gamma-rays emitted by radionuclides produced through
photonuclear reactions based on the literature data for the nuclides. It was felt,
however, that, for quantitative analyses, the wealth of counting data obtained
under identical experimental conditions should be taken into account. The author
has given thought and experimentation so far to the collection of the experimental
data on the specific activities obtained for evach element studied at a given ele-
ctron energy and to the quantitative importance of interfering reactions. Thu_s,‘
yields have been. determined for the photonuclear reactions of various types induc-
ed in 71 elements, from carbon up to bismuth, by means of bremsstrahiung
irradiation with maximum energies ranging from 30to 72 MeV and of detection

of the resultant activities with a 24 cm® Ge(Li) detector.®*’
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The purpose of the present work was to prepare a sensitivity list, from
the data obtained previously, with the intention of providing a useful tool for the
interpretation of results in multi-element photon activation analysis.

The sample materials and experimental method involving photon irradiation
and radioactivity measurements were just the same as those found in the previous

papers.s’ o

Table I summarizes the results of photopeak intensity and sensitivity
in ascending order of the gamma-ray energies. This table includes activity data
for gamma rays emitted byessentially all of the product nuclides found in 71 elements
with ~2 min as the lower half-life limit for detection with 30 MeV bremsstrahlung.
All activity data have been expressed in cpm per milligram of the element, mea-
sured at 20 mm from the active surface of a 24 cm® Ge(Li) detector, at the end
of I-hr irradiation with 30 MeV bremsstrahlung when a standard amount of brems-
strahlung photons had passed through the sample. With this dose rate, 30. 1
u# Ci ®Cu was produced in 1 mg of copper. From this value, the dose rate was
calculated as 4. 41 x 10° R /min by using the yield value of 2. 8 x10° per mole per
roentgen for the “Cu(y,n) *Cu reaction reported by Katz et al. * Sensitivity was
then calculated on the basis of minimum detectable photopeak area. This was
assumed, depending on the half-life of the product in question, to be the quantity
of the element needed to give either 100 cpm for a radionuclide with a half-life
shorter than 1 hr or 10 cpm for a radionuclide with a half-life longer than 1 hr
under the present experimental conditions.

The author hopes that the present list will be useful for those working on
multi-element activation analysis experiments in which high-energy photon; are to

be used.
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bers of the linac staff at the Institute of Nuclear Sciences, Tohoku University,
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Table I. Sensitivity list for multi-element

photon activation analysis with 30

MeV bremsstahlung

—
Element Reaction Half-life Objs/eiii;d, fc}l?i?i);’ak R Sensitivity,
of product (MeV) (opm/mg) (ug)
Os  0s (v, n) P0s 15 4 0.062 | 7.37 X 10° 1.4
(X-ray)
Ho " Ho (v, n) ™Ho 37  min 0.073 | 1.25 X 10° 0. 80
Lu " Lu (y, v )"™Lu| 3.7 hr 0.088 | 3.22 X 10° 3.1
Eu ¥ Eu (7, n) "mEy 96  min 0.089 | 1.46 x 10* 0.69
Ho " Ho (¥, n) ™Ho 37  min 0.092 | 2.73 X 10° 0.37
Ta ¥'Ta (y, n) ¥ Ta 8.1 hr 0.093 | 7.93 X 10* 0.13
Se #Se (y, n) *"Se 57  min 0.103 | 3.47 x 10* 2.9
Ta "' Ta (7, n) ™ Ta 8.1 hr 0.103 | 1.55 X 10* 0. 65
Yh ' Yb (y, n) " Yb 18  min 0.106 | 2.96 X 10° 34
Nd "'Nd (y, n) ™Nd 1.8 hr 0.114 | 5.87 X 10* 0.17
Yb *Yb (7, n) " Yb 18  min +g’ ﬁz 1.09 X 10* 9.2
Eu S Eu (y, n) "™ Eu 9.3 hr 0.122 | 2.17 x 10* 0.46
Hf "™ Hf (y, n) " Hf 23.6 hr 0.124 6.77 X 10° 15
Os " 0s (v, n) ™0s 15 d 0.129 | 6.55 X 10° 15
Hg " Hg (v, n) “"Hg 24 hr 0.134 | 1.92 x 10° 5.2
Se Se (y, n) *Se 120.4 d 0.136 1.69 X 10° 59
Re ¥ Re (y, n) ®Re 90  hr 0.137 7.12 X 10° 1.4
Gd  Gd (v, p) "Eu 18  min 0.143 | 4.67 X 10% | 214
Cl %Cl (y, n)*Cl 32.0 min 0.145 2.65 X 10° 0.38
Ce ¥ Ce (7, n)"Ce 33 d 0.145 | 5.28 X 102 19
Cr ®Cr (v, n) *Cr 41.9 min 0.153 2.24 X 10" 4.5
In In (y, n) ™I 20.7 min 0.156 5.32 X 10" 1.9
Nd "'Nd (7, n) *Nd 1.8 hr 0.156 3.08 X 10* 0.33
118 117 m
Sno 4, " (7, “>/ mf“ 140 4 |+ Teasx 10t | 15
Sn (y, v )""™Sn 0.159
Ti “Ti (y, p)"Sc 3.43 d 0.160 | 7.49 x 10° 1.3
v "V (v, a)“Sc 3.43 d 0.160 | 3.07 X 10° 33
Sn " 3n (y, n) ™ Sn 41  min 0.160 | 4.87 X 10° 0.21
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Element Reaction Half-life Ogserliyedy f(i?ff?t);,ak t Sensitlvity,
of product (MeV) (cpm,/ng) (ug)

Re BRe(y, 2n)®Re | 71 4 0.162 1.21 X 10° 83

Ce ¥ Ce (7, n) *¥Ce 140 0.166 | 2.07 X 10° 4.8
Tl Tl (y, 2n)™T1 | 73  hr 0.167 | 5.70 X 10? 18
In 1y (y, 2n) ™Mn 2.81 d 0.173 | 6.07 X 10° 16
W W (y,p) ®Ta 50 min 0.175 | 2.52 X 10° 40
Yb % Yb (y, n) Ye 18 min 0.176 | 3.70 X 10° | 27
Mo ™ Mo (v, n) *Mo 67 hr 0.181 6.43 X 10° 16
Lu " Tu (y, 3n) ™Lu | 6.7 d 0.182 | 7.60x 10" | 132
Dy Dy (v, p) ®Tb 8  min 0.184 | 2.52 X 10° 4.0
Zn %7Zn (v, p) “Cu 59  hr 0.185 | 8.52 X 10° 12
Ir ¥ e (y, n) ®Ir 11 d 0.187 | 4.58 X 10° 2.
Pd 2 Pd (7, n) "™ Pd 4.7 min 0.188 | 7.96 X 10* 1.
In " 1n (y, n) ™In 50 d 0.192 | 9.41 X 10° 11
Pt %Pt (y, n) Pt 18 hr 0.192. | 8.43 X 10° 12
Hg " Hg (v, n) “"Hg 65  hr 0.192 1.17 X 10° 86
Tm *Tm (y, n) *Tm 8 d 0.198 1.59 X 10° 6.3
Yb Yh (v, n) *Yb 32 d 0.198 | 2.37 X 10° 42
Tb  Th (y, 3n) *Thb 5.4 d 0:200 | 6.93 X107 14X10°
Tm ®Tm (y, 2n) “Tm| 9.6 d 0.208 | 2.50 X 10° 4.0
Nd ' Nd (v, n) **Nd 1.8 hr 0.210 | 5.12 X 10* 0.20
Er " Er (y, n) ®Er 3.1 hr | = 0.211 5.99 X 107 17
Hf BHf (y, v )"™"Hf| 5.5 hr 0.215 | 4.42 X 10° 23
Rb ®Rb (¥, n) *"Rb 20  min 0.216 | 5.05%X 10° 0. 20
W W (y,n) "W 5.2 min 0.222 | 1.90 X 10* 53
Gd % Gd (v, p) "Eu 15.2 hr 0.223 | 1.45 X 10% 69
Dy " Dy (y, n) *Dy 10.2 hr 0.227 | 2.79 X 10° 36
Sr ®Sr (y, n) ®Sr 70 min 0.237 | 2.01 X 10° 0. 050
Er Er (y, p) “Ho 3.1 hr 0.237 | 1.47 X 10° 68
Rb ®Rb (v, n) *"Rb 20  min 0.250 | 8.35x10° 0.12
Dy Dy (v, p)**Tb 8  min 0.258 | 9.10 X 10° 1.1
Ge "®Ge (v, n) "Ge 82  min 0.265 | 2.28 X 10! 0.44

136 135m

Ba mB};: ((; ny), )lfmaBa 28.7 hr 0.268 |6.25X10% | 16
Nd % Nd (7, n) *Nd 1.8 hr 0.269 | 2.15 X 10* 0. 47
Sc “Sc (v, n) “"Sc 2.44 d 0.271 5.17 X 10° 1.9
Ba *Ba (7, n) ™" Ba | 38.9 hr 0.276 | 8.83 X 10" | 113
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Element Reaction (I){fall)fr-olcllfxect o{)sgized, apcflt?ff?s;,ak + Sen(Sltl)Vlty’
(MeV) (cpm,mg) e

Hg ® Hg (y, n) Hg 46.9 hr 0.279 | 3.78 X 10* 27
Pb ®*Pb (7, n) *Pb 52.1 hr 0.279 | 1.56 X 10° 6.4
Ge "Ge (v, p) “Ga 4.9 hr 0.295 | 8.80 X 10° 1.1
Ga ¥Ga (v, 2n) “Ga 78 hr 0. 296 3.91 X 102 26
Pd 2 Pd (y, n)'""Pd 8.4 hr 0.296 | 7.13 X 10°? 14
Hf " Hf (y, n) Hf 23.6 hr 0.297 | 1.25 X 10° 80
Rh " Rh (y, 2n) ™Rh| 4.5 d 0.307 | 2.59-%x 10° 3.9
Ir ¥ Ir (y, n) ¥Ir 74.2 d 0.308 | 3.98X10° 25
Ir BT (g, n) PIp 74.2 d 0.317 | 1.21 X 10° 8.3
Cr 2Cr (v, n)*Cr 27.8 d 0.319 | 2.53 X 10° 40
Er S Er (v, p) "Ho 3.1 hr 0.321 | 2.89 X 10° 35
Re  |tRv (7, n) "Ru 2.9 d 0.325 | 1.50 X 10® | 67

“Ru (9, 2n) "Ru ' ) )
Dy " Dy (y, n) *Dy 8.1 hr 0.327 | 5.63x10° 18
Sm ¥ Sm (v, pn) "Pm .7 hr 0.334 | 1.25 X 10°? 80
Eu ®'Eu (y, n) "Eu 12.6 hr 0.334 | 3.12 x 10° 3.2
In BIn (y, v )™ In 4.5 hr 0.335 6.30 X 10° 1.
Ru *Ru (v, n) *Ru 1.7 hr 0.340 | 5.59 X 10" 0.18
Sm " Sm (v, p) ""Pm 28  hr 0.340 | 6.07 X 10" | 165

176 175
HE | ii E: r;)n)fffo 70 d 0.343 | 1.99 X 10° | 50
Eu " Eu (y, n) ""Ey 9.3 hr 0.344 | 1.92 X 10° 5.2
Er  |"™Er (v, p) “Ho .1 hr 0.346 | 7.67 X 10° 13
Pt R (y,n) Pt 80  min 0.346 | 2.38 X 10° 4.2
Dy " Dy (v, p) "®Tb 19  min 0.352 | 2.35 X 10° 43
Au ¥ Au (y, n) "Au 6.18 d 0.356 | 3.13 X 10* 0.32
Se “Se (7, n)"Se .1 hr 0.359 | 1.49 X 10° 6.7
Ir “'Ir (y, n) ®Ir 11 d 0. 361 3.57 X 10* 0.28
Gd " Gd (7, n) Gd 18  hr 0.363 | 5.85 X 10° 1.7
Ir “Ir (y, n) ®Ir 11 d 0.371 6.60 X 10* 0.15
Ca “Ca (v, p) “K 22.4 hr 0.374 | 2.54 X 10° 39

204 r\ 204m
Pb iE E: ;z) mf;’b 66.9 min| 0.375 | 7.45 X 10° | 13
Fe "Fe (7, n) “Fe 8.51 min|  0.380 | 1.24 X 10* 8.1
Y ®Y (y, 2n) ™y 14  hr 0.381 | 1.08 X10° 9.3
Os " 0s (y, n) ®0s 12 hr 0.382 1.03 X 10" | 967
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. Half-life y-ray Ph(?t(?peak Sensitivity,
Element Reaction observed, | activity, +

of product (MeV) (cpm,/mg) (ug)
I T (y, n) ™I 13 d 0.386 | 1.86 X 10° 5.4
Sr *Sr (y, n) " Sr 2.83 hr 0.388 | 4.95X10° 0. 020
Y *Y (7, pn) ™"Sr 2.83 hr 0.388 | 8.33X 10" | 12

7 113m
o p ) el 03 |243x 100 | 0.4
In (v, 2n) ™"In

Yb " Yb (v, n) '""Yb 101 hr 0.396 | 6.06 X 107 17
Yb " Yh (v, p) ™Tm 8.2 hr 0.399 | 4.72Xx 10> | 21
Eu " Eu (y, n) ™Eu 12.6 hr 0. 406 1.75 X 10° 5.7
Gd " Gd (y, p) “Eu 15.2 hr 0.407 | 5.82 X 10" | 172
Ir "1 (v, n) ®Ir 1 d 0.407 | 7.27 X 10* 0.14
Hg  Hg (y, p) *Au 2. 698d 0.412 | 3.14 X 10' | 318
Te " Te (y, n) #Te 9.4 hr 0.417 6.49 X 10° 15
Au ¥ Au (v, n) ®Au 6.18 d 0.426 | 2.73 X 10° 3
Tl T (v, n) ™T1 12.0 d 0.439 | 3.04 X 10° 3.
Tm “Tm (y, n) *Tm 85 0.448 | 2.33 X 10° 43
Te ' Te (y, n) ®Te 69  min 0.460 | 3.91 X 10* 0.26
Rb ®Rb (v, n) *Rb 20 min 0.464 | 1.95 X 10° 0.51
Ir Ir (v, n) "Ir 74.2 d 0.468 | 4.81 X 107 21
Rh " Rh (v, n) ™Rh 206 d 0.475 | 1.50 X 10° 67
Y ®Y (y, 2n) %Y 80  hr 0.483 | 3.95 X 102 25
Te ¥ Te (v, n) ®Te 69  min 0.487 | 6.28 X 10° 1.6
Ru " Ru (7, n) "™Ru 39.6 d 0.497 | 3.51 X 10? 29
® 2C (v, n) UC 20.3 min|  0.511% | 4.44 X 10° 0.23
N “N (7, n) ®N 10.0 min 0.511% | 1.37 X 10° 0.73
0 *O (v, n)*0 124  sec 0.511% | 7.78 X 10° 0.13
F “F (v, n) °F 110 min 0.517% | 2.94 X 10° 0.034
Na “Na (7, n) ®Na 2.60 yr 0.517% | 2.55 x 10* | 392
P P (9, n)*P 2.50 min 0.517% | 1.12 X 10° 0. 089
Cl *Cl (v, n) *Cl 32.0 min 0.511% | 2.48 X 10° 0. 40
K “K (7, n) K 7.71 min|  0.517% | 3.26 X 10° 0.31
Sc “Se (y, n) “Sc 3.92 hr 0.517% | 3.72 x 10° 0. 027
Ti “Ti (v, n) *Ti 3.09 hr 0.511% | 2,07 X 10* 0.48
Cr *Cr (y, n)*Cr 41.9 min 0.511% | 2.52 X 10* 4.0
Fe “Fe (v, n) “Fe 8.51 min 0.511% | 6.76 X 10* 1.5
Co *Co (¥, n) *Co 71.3 dd 0.511% | 1.06 X 10°? 94
Ni ®Ni (7, n) “Ni 36.0 hr 0.517% | 2,22 x 10* 0.45
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Element Reaction Half-life ozsgi\};ed, fcht?\tf(;fc);,ak + Sensitivity,

of product (MeV) (cpm,/ng) (ug)

Cu “Cu (v, n) “Cu 9.8 min 0.511% | 1.87 x 10° 0. 054

Cu %Cu (7, n) *Cu 12.8 hr 0.511% | 1.30 x 10* 0.77

Zn “Zn (y, n) ®Zn 38.4 min 0.511% | 1.54 X 10° 0. 065

Ga *Ga (7, n) ®Ga 68.3 min 0.511* | 1.80 X 10° 0. 0056

As "As (y, n) "As 17.9 d 0.511% | 2.13 X 10° 4.7

Br "Br (v, n) ®Br 6.5 min 0.511% | 9.52 X 10° 0.11

Br “Br (y, n) *Br 17.6 min 0.511% | 3.41 x 10* 2.9

Zr ®Zr (y, n)*¥Zr 78.4 kr 0.511% | 4.31 x 10° 2.3

Mo Mo (v, n) Mo 15.45 min 0.511% | 3.53 X 10° 0.28

Rh " Rh (y, n) "™Rh 206 d 0.511% | 7.74 X 10" | 129

Ag " Ag (y, n) "®Ag 24 min| + g 21;* 1.62 X 10° 0. 062

In "In (y, n) "In 14 min| 0.511% | 3.22 X 10* 3.1

Sb 'Sb (y, n) *Sb 15.9 min| 0.511% | 1.27 X 10° 0. 079

La ¥ La (7, 3n) *La 9.5 min 0.511% | 5.01 X 10° 20

Pr ' Pr (y, n) “Pr 3.39 min 0.511% | 2.60 X 10° 0. 039

Pr “'Pr (y, 2n) ®Pr 4.5 hr 0.511% | 6.16 X 10° 1.6

Nd “Nd (y, n)*Nd 2.42 hr 0.511% | 1.58 X 10" 0.63

Sm “Sm (7, n) *®Sm 8.9 min 0.511% | 1.12 X 10° 0. 89

Sm " Sm (y, 2n)™Sm| 73  min 0.511%* | 3.45 X 10° 2.9

Eu "' Eu (7, n) ™Eu 12.6 hr 0.511% | 3.37 X 10° 30

Bi Bi (y, 3n)™Bi 6.24 d 0.516 1.31 X 10" | 760

Br “Br (y, 2n) "Br 57  hr 0.522 | 1.34 X 10° 75

Cd %Cd (v, n)'™®Cd 53.5 hr 0.530 | 6.79 X 10° 15

Tb ' Tb (y, 3n) *Tb 5.4 d 0.535 | 2.44 X 10 41%10°

7 76

se 5S¢ (7 p)"As 26.5 hr | 0.559 | 1.06 X 10° | 95

. Se (y, pn) “As }

Sb " Sb (y, n) "*Sb 2.80 d 0.564 | 9.74 X 10° 1.0

Bi Bi (y, 2n)¥Bi 30 yr 0.570 | 8.94 X 107 11x10°

Zr ®Zr (y, n)*Zr 4.18 min 0.588 | 5.31 X 10° 0.19

Pd > Pd (y, n) ™Pd .4 hr 0.590 | 1.84 X 10° 54

As ®As (v, n) “As 17.9 d 0.596 1.84 X 10° 5.4

Br "Br (v, n) ®Br 65 min 0.614 | 4.92 x 10* 2.0

Cd Cd (v, p) MAg 3.14 hr 0.617 | 9.57 X 10" | 104

In B 1n (y, n) ®In 14  min 0.617 | 1.86 X 10° 54

Br 17.6 min 0 2.48 X 10* 4.0

“Br (v, n) ¥Br

.618
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Element Reaction Half-life oz;gi\)/,ed, elj(i?:f(;f;ak + Sensitivity,
of product (MeV) (cpm/;ng) (ug)

Ca “Ca (7, p) *K 22.4 hr 0.619 | 1.15 X 102 87

Ru *Ru (7, n) ®Ru 1.7 hr 0.625 | 5.10 X 10° 2.0
As "As (7, n) “As 17.9 0.635 | 4.38 X 10° 23

Os ¥ 0s (v, n) ™®0s 94 0.646 | 1.53 X 10" | 654

138 137m

Ba [t §: E; ';), ) 135’; 2.55 min| 0.662 | 2114 X 10° 0.47
Mo *Mo (v, p) “Nb 72 min 0.665 | 6.00 X 10° 1.7

I Y1 (v, n) ™I 13 d 0.667 | 8.39 X 10° 12

Cs ¥ Cs (v, n) ®Cs 6.5 d 0.668 | 1.14 X 10* 0.88
Zn “Zn (v, n) ®Zn 38.4 min 0. 669 3.36 X 10* 3.0
Re % Re (v, n)® Re 38 d 0.793 | 2.76 X 10° 36

Bi “Bi (y, 3n)*Bi 6.24 d 0.803 | 2.03 X 10" | 490

Dy Dy (v, p) ®Tb min 0.810 | 1.11 x 10° 9.0
Co *Co (v, n) *Co 71.3 d 0.811 | 2.13 X 10° 47

Er YEr(y, n) Er 3.1 hr 0.827 | 3.78 X 10° 26

Mn SMn (7, n) *Mn 303 d 0.835 | 9.30 X 10" | 108

Ge "Ge (7, p) "Ga 14.10 hr 0.835 | 2.68 X 10° 37

Eu " Eu (v, n) ®MEy 9.3 hr 0.842 | 4.09 X 10° 2.4
Fe “Fe (v, p) *Mn 2.576hr 0.847 | 8.71 X 107 12

Rb ®Rb (y, n) *Rb 33.0 d 0.880 | 7.43 X 10%* | 13

Dy Dy (y ,p) *Tb 8  min 0.890 | 1.07 X 10° 9.4
Y ¥Y (y, n)®Y 108 d 0.898 | 3.10 X 10° 32

Re " Re (v, n) ™Re 38 d 0.904 | 1.51 X 107 66

Zr ®Zr (v, n) ®Zr 78.4 hr 0.913 4.79 X 10° .1
Nb %Nb (7, n) ™Nb - 10.16 d 0.934 1.51 X 10° .6
Eu ¥ Eu (v, n) "™ Eu 9.3 hr 0.963 | 3.22 X 10° .1
Ti “Ti (v, p) ®Sc 1.83 d 0.983 | 7.56 X 10" | 130 .
Ti “Ti (v, p) ®Sc 1.83 d 01,040 | 7.13 X 101 | 140

Bi ®Bi (y, 2n) *Bi 30  yr 1.063 | 2.70 X 107 37x10°
Ga ®Ga (v, n) ®*Ga 68.3 min 1.078 | 6.96 X 10° 1.4
Rb ¥Rb (7, n) *Rb 18.66 d 1.078 | 5.21 X 10" | 192

Ge “Ge (v, n) *Ge 38  hr 1.107 | 7.19 X 107 14

Nd “Nd (y, n) *Nd 2.42 hr 1.130 | 8.04 X 10° 12

Sc “Sc (v, n) “Sc 3.92 hr 1.156 | 6.12 X 10* 0.16
Eu 5By (y, n) ™Eu 12.6 hr 1.165 | 4.21 X 10° 24

Sb 2 Sh (v, n) ®Sb 5.7 d 1.171 1.74 X 10° 58
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Y -ray

Photopeak

Element Reaction Half-life observed, | activity, Sensitivity,
of product (MeV) (cpm,/ng) (ug)
Sb ' Sb (v, n) ®Sb 15.9 min 1.171 1.03 X 10* 9.7
Eu ' Eu (v, n) F 12.6 hr 1.224 | 2.93 X 10°? 34
Na ®Na (7, n) *Na 2.60 yr 1.275 | 4.18 X 10° 2.4X%10°
Si “Si (v, p) *Al 6.6 min 1.28 3.68 X 10° 27
Ca “Ca (7, n) "Ca 4.53 d 1.30 6.10 X 10° 1.6X%10°
Ti “Ti (y, p) ®Sc 1.83 4 1.314 | 5.38 X 10" | 190
Cu ®Cu (y, n) *Cu 12.8 hr 1.34 5.46 X 10" | 183
Mg ®Mg (7, p) *Na 15.0 hr 1.369 | 7.66 X 10° 13
Ni ®Ni (7, n) “Ni 36.0 hr 1.370 | 6.28 X 10° 1.6
Zr ®Zr (y, n)®™Zr 4.18 min 1.510 | 8.72 x 10° 12
43 42
Ca hg: E: I’;)l) fK 124 hr | 1.524 | 1.85X 10° | 5.4x10°
Si ®Si (v, p) %Al 2.31 min 1.78 5.20 X 10° 19
Fe “Fe (v, p) *Mn 2.576hr 1.811 | 8.88 X 10' | 112
Y ®Y (y, n) ®Y 108 d 1.836 | 1.36 X 10° 74
Fe “Fe (v, p) *Mn 2.576hr 2.110 | 4.10 X 10! | 244
K K (v, n) *K 7.71 min 2.170 | 2.53 X 10* 4.0

% Annihilation

y-ray.

t At the end of I-hr irradiation by 30 MeV bremsstrahlung with a dose-rate

of 4.41
Detectqr :

X 10°R_/min.
24 cm® Ge (Li), Source-to-detector distance : 20 mm.
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I— 8 Hexachloropropene ® SRR 1L
Rilck 97 v &= 7008

BY TEHG - GEBE - BRAIH—

1 B
HFE M E LT, 5 HEEFERIE hexachloropropene ( CCl: = CC1-CCls ) &, »HAEOERE
By & BEDCRIGL T, 2 NZE NS BEALYE ERT 5, Us O & @& T0°CH D> 5 R L0s
BT, REAERYTH 5 UCL - CCL O HAEML, 100°C T @4 KELIPICH. 9%L &
OEEER UL, % ORIREZ180°C L LI ET 5 C itk b, AEERYEHTHELT,
UCL O 125 THET 50 B HBLNILY 12 Nb.Os (2200°C3ELT hexachloropr opene
ERIGLT, T 505, 210 BRIGLEWVT EHA HENTLE Y
£ ¢ hexadhloropropene (DT D X 5 RN 1 SIS 2RIML T, AR FHFRBOH
MEER KT 2E 0T, £7 Us Os & Nb, Os D57 MY 5 RIS KR Z U 15

2 = B

UsO ( RSB LB D.9% ) 9% Nb.Os ( FIMMIER 9.9% ) 1 7% A, VEESHE
T1RBERAL, £ DREYW0.5 g #EBUCHEA L1, Nb.Os AiC@, LINAC mahick o,
SNb (7, 7)*Nb FGTHERL 22Nb( Ty = 101d, 7 -ray 0.9 MeV) OEEHZE
&LTEh, e b L—+ ELTHEREZTNIS

RS, UsOs— Nb:Os BE&Y0.5 g%, 100°CicRIZNTC ‘hexachloropropene 10 cc W
T AR BRI, UsOs (& hexachloropropene ERISL, FEERY UCL C:sClLO ¥ %
HET5, chud 7 va — VicIERICE (B, X NbCls & 73— WMTRBBTHBDT, K
s, BEPEMENE AL NO. 86R%Z AV TIF L, 7va— WEFHETLE-T, FUSHERR Y & KRG
ALt % Sy BT B TFAE L OO HBHEE LR RO BURBE 2RI EL T, v 7 v & = 4 TOFHEE 23

T2,

3 BRLEER
WFBEID UsOs — Nb:Os BAWIDT -|T 4V ¥ —2x 7 b v Fig LIWRT, FEOR
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RBELIEWT &b B, SHEEL b BB 2ETHT 5 &, 200 D Eo@EBELNTL, §EHE,
wWCT@&m&,EE%waKLH,%ﬁ%&méﬁ,ésy%Um4@@n5Tﬁ&8&
ENT 5 @B 2B ANL o 1205, TOBEBEZANZC &iKd h, 36 IVHHEE AT
%o

hexachloropropene (& Zr O, & @i3& A ERIEL HNC 655 bILTV B, B BB
WE OBEMBIC BT, HEMERETE, =2 7, Srvaz oa059 500 b BRECTP,
78> TV 5%, ZC T, hexachloropropene % i L¥HEFEDHMBICHV 5L £k 0 &5

CEWREE ST X 5,

X &
D kB BTN BRRFOFPREMEEFERBRESSR
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I—4 SHBERIBITLCH “"Br 0%
QY7 T AN = AR A== S

My GREK - IR - HIEE

SHERICHT 5 EEDK v b7k ARSEOV TOB A B { SWEINTL 525 EELT
wo R 2By O IT @R 0L EE Sy b7 b AR &N,  hydrocarbon R Y,
alkyl halide %2 KOVTHESEDLNTEI, 7

FeTRIT BRICE > THEL B &y b7 b 2EBISIC & DEC 5 RBERZRETRD éﬂfzﬁﬁ
3oL ¥— % Ho R FRIBO BERCOMIC, 24 x A REBO BRORICOEESRTF L4 -
TNBC EBBDHN TN 5, 2 CTHAF » REORICERYOE R HE2 Ragd 5129, F
AR L 0, EHE1.2 - CoH, Bre (12-DBE) b O MRLEFEACKIE DL BB 5 5>
&785 T3 GHs Br (VB), 1.2—DBE &35 ¢ L, GH*Br#® ®" Br e L THRER {74 -

12,

S B
D C.H *™Broamk
NaBr 0.5 ¢ 25k k% LINACGOMeY TH 4~ 5 BRIBIBI G %I L Na 2" Br %
@1, Na® Br 2M¥L#44.5 gd NaBr * ) ¥ —%2IA, k3mf, C.HsOH¥S ml %
A T BR A7 5 = 2 T304 A B A FL /oo SIBL I, AERL I GH:™Br & 527
Wi, AR CTEBUERALIL, MEEFT2Iu<h TS 7 CHREDOER9.5% U ETH-
126 '
2 HEID TR CERY O
GHs ®Br e MEX 27 U 7 b &SMCHIEICHE B0mi~1 L OFHLTRE IDT v T mic
HA LTz, BN T ET 5 T 2 R REFTICRESR, BEERTELL, VIR b SRR — HRAR
B ko sKERTHEL, A8 EEEcoELI, BB Si— DCS50, 2.25 m,
FE5mm 2HILELTIH ROV bﬁ’%x“@ﬂiﬁi%%ﬁ%’éb, KBTIV RITATAR
x4 — VEFITHELI, |
3) AR DRE
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BERYOHMHEERHPE Nal (T€) + o531 — 4% —jzk b, p.ya' VF . U ROV ESH
AL DHEIFEL 12, HURREEZUT L H*™ Br BERYAICEBATAICD, ®Br & ©° By 1))
5 EEd iR & 0 50 o 1o,

BREER
D C.H: ®Br Rk 34ERY
C:Hs ® Br Rkt 5 IT BRICE 0L 5% Br DR CERDZREL 12, BB 5SS

HAru2 b 75700k 0 FunERe®LicR LT,
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0°C———90°C %_olumn

1+©

RADIOGASCHROMATOGRAM
OF CoHg 80mpr

M 1.

F1 BEMYE CHBr , CLBr, 1.2—DBE T b, CH:Br & C.H, Br 0%y ¥
ﬁﬁ?@éoﬁ1707b757wﬁwf(me%rtﬁﬁﬁcv%y&ayﬁ%%%o
”-C:H: Br , iso- CGH:Br, CH.Br i€25W\T, CHs®"Br D U BT JLD 12 DR
BATRET - 12,

2) BRRAARCY  —PR

C:H, ™Br —®&RICHI VB , 1.2— DBE OINKZM2ICRLI, 2% E10+ 10cm
Hgf@VB,Lz—Dmammgu,%n%an%,30%?@0,@£ﬁﬁm%if—i
HTH 5, '
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ES O VEIROF GBSV EEL LN B, '

38) 7 LERIEIR

YT RS TFE 88 OBEFATTHAILD, ““Br D ITHEEIRL-THECS ®Br
EDEEITLH, LERGZEI T °Br OEB T AV - 2BEIRLETV -2 —EULT,
EV AR TELDRMNERAL, BFREO “*Br OBTA v ¥— G2 HET 5LEBA LML,
C: HsBriz 2 W7 + » ¢ M ER IIANLRICHB T 5RO M % KB /R T, BEIGR BRET S
ABNRUY o —E LT, BEEE X C. HsBr WL T20%ITHFE- 12, ‘

VBONEE, 207 BECELT21%Exh, 1.2— DBE 0zZzhvd 7 U7 +oBE
40% £ Ti2 6.5 BTH 585, 207t BESE L AT > TNEEE~9 %L THEMLIZL
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DBE o N OZYt 2 #iEg U 12, SRENACRT S 5T VB @ ROE icfifgs{ 2.8 %Th
0 1.2— DBE B DN $I28.7 %b> 5 3. 0 % £ TIVKRWAT 5,
Setzer bMWY I 5 &, MDRORRIICE b A C 5, '
: CH: + CH. Br —— (C.H.Br; )¥ 6}
(GHBn)* Mo cH B, @
C.Hs Br + HBr ®
B IRRED DBE @& —5 FHRBRER)1, HEARG@ & b DBE it VB %% 1L Z HVEC 5,
BOG R0 X DN 5 FREE OB RO X 0, (2 0% EMRE, DBE DINEKO B,
VB OIRFROBLBHFING, C:H:"BrRiCBWVWTHERT 5 VB, DBE DN RO it
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FOE HOEMICE SO EEEARE» SR, VB, 1.2—DBE @ ( C.H:Br.)* @
F—O RIS F 280 BA £ T 5 8 DTEILNT & DAL » &% - 12,
5 H¥Br — C,HBr %

H®Br »5 IT BRCX >THELS *®Brid, 2070 — U FHEICL HBIEFHT A VF —
1 eV ThHAIZYD, EBTANF — 2B OAEERETEL TORIGL O 8 BA v ELTOR
SOSEEE LIs AT EHBHIBN TV B, ¥ |
H® Br 2%"Br & LI BEDERYDOINERZEK 1ITRT, VB DIXFE L 0.12~0.156 %, DBE
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Productu Yields (%)

MeBr 0.056 ~ 0.077

VB 0.12 ~ 0.15
Et Br 1.29
1,2—-DBE 172

Composit ion

Et Br 33.10 cmHg
H*"Br 10.0.
0. 3.0
[
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DENER0.2%TH5B, VB/DBE DIt 0.2 Th
0 C.H;®™Br R® 46cmHg it¥i3 5 VB/DBE o
#2%90.8 & H®"Br— C.H: Br RTHT 5 fHicH~
Th&L, i DBEDEARK G ™ Bro IT &R
WEHAEL 2BAF LTI WBEIN AT ER2RT,

B OERE, 29 7o BIIREZBVT, 20 S
b UERET DBE OIS INL 12C &k b, ®Br
B4+ VREED Br 4 4105 DBE OERIC AR L &S
LTWVWABT ERFRT,

EFEREREEMT 5 LLERONIIS 4 75 JBEEDH LI Db b BRHHL £3,

X
D
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J. B. Nicholas, E.P. Rack, J. Chem. Phys.» 48 4085 ( 1968 )

J. Okamwto, E.Tachikawa, Bull. Chem. Soc. Japan, 42 1504 ( 1969 )
AR, &k A ), BEPERE 3 No. 2 1832 (1970)

R. L. Jomson, D.W., Setser,

J. Phys. Chem., 71 4366 ( 1967 )
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I—5 BFV=7v2%&FELEZM
DOBLEEIZOWT

TE2REFE RE 5% -EE @
WIE HIRER - HE B AR

- E

BFU =7 o 2 2RI LTEC AR b 0XRIA21.3M8 0 Mg* 2BET 575 RO
CONTEBR L,  65MeV DOHIBMEMIC X 54 > <D Si® (7, 2p) Mg RILICL Y,
W 10aCi BEOERELGB LN BT &3> 12,

B W

ETEBI12D Mgit, £%F, % E¥ SRFSOAFCEESTRTH 505, COTRO
bL— o — & LT OREERAEER, Mg? UAEREsEL EHTRLY, <o Mg” %
BT % HHEAGEKRD GRS NTH 0, BET R, RFFAOMHFETZRIMAL K L%, O
RIS TIE- 12 triton , X3, VdAG CEEEMHELIC triton 21z Mg® (2, ) Mg* U %
AL CRET A SEAHET ATV ALY UL, b1 by 2 T s WHRMmHICRETH 5
5 ELNs Mg OHBMESSE 0 B RVHEOEAS ST N B, £CTRAE Si¥
(r,2p) Mg RISIRERL 1S,
R. K. Sheline P, Mg® ORYEMBIfE T2 9 BCCOFERRMAULT Mg® 24U
12 CORISEFIELTELN S Mg® Oitatied FHE Si — Mg OLPIMRTESC &
Ik D FATEC L DR BENEC EHBFINEDT, COMEROEREEF ABLAMEL
TARERZTL- 12,

ERRUEREBR

SENT299.9% D natural ( Si* OFAEHL 31 %) @ Si metal #7400 mg 2B,
E ymax =40 ~ 65 MeV  D$IBN#EH T 5MeV M Qs 2 {772 - 12, MAREEET 4 V¥
SNTH 2 B Th - 17, JEATE 2 BRI S 2 i BL T ERHEI 0 BEER Y 2 /T B S 1 128,
33CC Ge (Li) MHEET r@2HELI, 5 pﬁ% LNz ﬁ)vﬁ@: FIE— ZART PO
— B 2R 1 TCRT, CHE Epmax = 50MeV ’C“Z%ﬁﬂfﬁ%‘ib, TSR T 2 SRR LTS, 2K
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TS DRARIOR BRE2MIEL T,
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B2 d bR 2 M 21 R,

LN L5 E, 40MeV TH 0T X 107 2Ci/Si 1 g Z iR
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HIBEHD 7 MO 2% 2 bR Si%(7, 2p) Mg® ORISHIEHD 6 FH 3N 2RI, K

Bk 775 » 1 HGETC @ E yonx = 65 MeVCERADAERBO B b NI, COROE KRR, Kzl
gV BE, Tx1074Ci /SilgThb, T, br—#—¢UTRBTU $FHLRTRE
Vs, REOR RETE SN, BEBEEZEET 5B0H BT BREMRTE S LHDNS,

Db Si%(7.2p) Mg® RUSHRMAL I Mg® OBEHEOBHHICONTENIY, Bt
R R F > Mg® HSBRELBACOVTE, COHKICE D 10401 BED Mg® OREH AEE
ThHBEVDT EDTEDD NI,

X 3
1) L.G. Stang. Jr., W. D. Tukor, A.J.Weiss and H.O. Banks. Jr .,

BNL — 3138 ( 1956 )
2) R.K. Sheline and N. R. Johnson Phys.ReV., 89, 520 (1953)
R. K. Sheline and N. R. Johnson Phys.ReV., 90, 325 (1953)
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I —6 =v7VHitEEEDOHEHLIH

BRI RERE - K ER
AR ES Fith— - L% =

1 #& El

Inconeld = v r VEMRBEETH 5, HCHERCB T sHEsENT LA T b, R
MEE UTHY%2d T 5, Inconel @ Ni#70%, Cr ¥15%, Fe#b %% ERSE L,
ZOM AL, Si, Ti, Mn, Co, Cu, Zr, Nb , Ta EZHOTHEL 6H b, |
CNLDTLHEDEEHBDUE->TE E&OWEEA S IUT 5, #065- T, ThbdTEDS
BREIERICRDON BB H 5, ZOIZDICEBEON FIHESRALNTL 555, (L3208
HOBLUUILTERBZV T L 6 BROFHG 0K {, EHTE 3 ERERD 2,

EHiL ZO—DDRA &L OEBKRIG% AUV Inconel D IEREES H7iC DU THRE LIZD
T, ZHUTOWVTHET 5,

2 % B
2—1 HABRCRS
B &2 5 Inconel EREDAITICE - T, HT—HL 1S5 EHE SN T 5, Inconel
X B0AZRVI, I RAFAKEL T Inconel C,D,E,F,G H I. T2, C
NHOE&EF (¥ 3mm X 3mm X 05mm) 100 ~200mg % 7 v FICAEEL, FhFNO
AR R EERRTHY B4 5 F LT Fﬁﬁa&:ﬂt Uz, FRE & BROER 2 R TR B2 T 9 %
DERKITZNVF—30MeV BFI4F 7 %bnﬁb 12 30MeVET#%2EX 8mm OHET
YN E T L0 FIERERR B T, R v -2 —BD R R — v —
I E — ACH > TUSTIRML 2, BHE 2 B0 - 72,
3 51T 30Me VEIBI BB T RIFERIC0H E0Z L HEL AT &b - LD T, FABROS
R ANF—30MeVEF T4 5 » 2 CHHL 72 20MeV BEFH%2ES 2mm OEE 3 2 /X —
2 — & OFI B ARICE L THBO RN EB 275 - 12,
2—2 @l
BIE 3L LICRUICERINC & » THERI N 5 ¥R 8105%7 ~ 308 d D71 2 a5 K&
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BREE U, 7827 b VORIERS4CC D Ge (Li ) ¥ BAKRHSEE, HIHE 40%

cPHA X hfFL-tz, 3B @¥BEARTFEE»S 1 ~5 cm O ERTHRELI,
#£1. & M #® A
5% = I A BRI R HERE& DY 7 L 2 v¥— (MeV)
®Ni (r.n) Ni 36 Ar 0.127, 0.511, 1.87, 1.89
2Cr (7. n) % Cr 278 d 0. 820
“Fe (7.pn) 5:Mn 57 d 0.511, 0.744, 0.935, 1.434
“«7i (r. p) *Sc 839 d 0.889, 1.120
#7i (r.p) ¥Sc 343 4 0. 160
©Ti (r. p) ¥Se¢ 188 d 0.983, 1.040, 1.314
93Nb (7. n) **Nb 10.16 d 0.934
®Mn (7.n) *Mn 303 4 0. 835
®Co (7.n) %Co 713 4 0.511, 0.810
HRLEE

S0MeVEHIBIBUR SRS Ic Lk 5 Inconel A (FEH%89H ) D r A2 F v 2K 1ITRT,
A2 1B & "N i OREY — 2 0353, ZOMDRKED r BORE BTl 2 D% Cr,

Y
O
0136MeV
1k
Ster
0.320MeV 58, 56,
s sty OBONEV 0847Mev
: o e
2 e 5to (B 35MeV 235MeV
g . | .. osmaey &o 5
e N MV 1038 MeV 6o
3 A e 176Mey
o, L IMeV  1573Mev
i s A
173MeV TIRey ™ S
Co
10+
| | i
0 050 700 T50MeV

1. 30MeV HIBNHESREEIC L 5 Inconel A ( FEEI££89H )
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*Sc, ®=Nb, * Mn, ®*Co ONHEY—2 B3HbN 3,

®Sc. 1.120MeV, **Mn 0835MeV , ®Co 0810 MeV , *™ Nb 0.934 MeV, *Cr 0.20
MeV OXEY - 0 mHEHHEL»L, ZNZh, Ti, Mn, Co, Nb, Cr O EDE
He BAI1205 Cr UNEH FEC» 2 hDIE6 > X 2EC, COERELT Mo Tt % Fe
(r.m)*Mn, ®Co(r.an )%Mn LU CoTit ®Ni(7.pn)*Co, MOUER
BHHELTWBC L, BLF®NL (7.pn) ®Co THERTS ®Co OHDBFI 4 LE— 1 &
EoT, No 759 VEBED LN, S-NEEBEL LTV AL EHBELLNE,

ZLT, NS DYFERIGZBIA 512951020 MeV HIBIBE BRI > 412, 20MeV &l
B RIRANC L % Incorel A 782 <2 b v ( FEEHT2H ) 22 CRT,

1&_ nJ
51(:',
0320MeV
& 0.810MeV
§ 051MeV 083~i5MeV
3 103 -
E - 57Co 921'IN:)
g oo |l s Obd2ve 1934MeV
3 PRI AGSC
| 1120MeV ©
B s J 1173MeV.1332MeV K
s A 68 1460Mey
1
10 L
L L |
0 050 100 : 150MeV
X 2. 20MeV HlENH 5B EICL 5 Inconel A

(A 272H )

K> B85 242 ®Ni ( 7. pn) ®Co FIHRAEL TULLL,
10, PERC QAR CHEM L I BMED Fe, Co, Ni RRNCIIERIGICL 3 XBY —2 55
RONTOT EMSERTE S T Esbho 12,

THEO Inconel RHAFRICOVWTHEONIIHEREEL DE Bh TH 5, BEDIZHIRZFRA
ARIORIEE T EMEZRABICY » IRITRL 12, b DRERIRSVTIRBO A O 1
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*%2. E = &
(%)
Mn Co Ti Nb

Inconel 0. 11 0.04 2.48 0. 96*
C (0.04) (0.01) (2.46) (1.01)

“ 0.07 0.04 2.74 Oﬂi
D (0.04) (0.03) (2.78) (1.01)

” 0.12 0.04 2.44 0. 93*
E (0.07) (0.02) (2.46) (1.000)

7’ 0. 03 0.05 2.42 Oﬂ%
F (0. 08) (0.02) (2.40) (0.91)

” 0. 53 0.08 2.85 - 0.46
G (0.53) (0.10) (2.83) (0.45)

4 0. 66 0.11 2. 67 0.51
H - (0.67) (0.15) (2.714) (0.52)

7 - 0.25 0.18 0.29 —
1 (0.28) (081) (0.28) « =)

X Nb +Ta

BEt % T ABEND B, PEVBEINEIERTH S, ISRKBRBEL EDAOVTEHE
BATEFETH 5,

KERZBCILIRHILY, BHBNIIZOCIEERS 4 7 v VFRBFBIOCER S V—0D
HaRTELELBEL ETET,
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T5 ETCHELSEBNBER 285129, CC TizHigh Q DRBREEZR 2B 2 20 D&t »X1E
DEENE 21T - TRH L TER2HE 4 3,

2 A E &
2—1 BEENbZR
FERUCEREN 1RSI OT, HFRT  bulk ©ONb
DHEMD»SFTOIZLIZ D TH 5, & 40mme, 5
£4237Tmm, FAE— FxTEh - FTh 3, (¥, B

™1, E—F¥HBDT, E—F b3y 72ERHLT
U Bo) HARA FRIE 9794 MH 24> 5 9742 MHz TH 355 C
DEBR>EZELIEC L > TERTESERLIZC & 2RT,
~A 7 o BN 2B5uW T, [l —7 Vv THREL, £0D%
WD Nb 47 ( 0.6mme )D v —FTEIF2FHEL T3, L—

TR 1 TERERORZOIZH, 90° FH6LTHOTH 5,
ZEHRAD B, EWREMABEREERE ERTEROBIZ I n &

Figure 1 Cavity and
(07mm¢) THEEL—VRFTL T, coupling loop.
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Figure 2 Cryostat for cavity
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