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G —Tmodel TORKIZNT 2HEBETF On (x) 2 —BHIC
Py (x)=py (x —"g—r) T e ®)

CCTNRHAETH, 4AREEY x3ETFHRCEEINTOIEBERZ, 0, (x)IidLEHRE
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TOREDM, riZPEFREEBGFREACELHOERZRT, Srx+owh3ndned
%&rTTaylor BBIL TriciLT1RETSELT 2 &

ﬁu(x);po(x)—%rﬁ’po(x) ............... )
po (x) ixmdEELIT bi»B@éﬁbmw, PEo TLUBREORDOE_HDOAZEL 5, BIHELICH
595 BREHEEL Y &

/pm __f Y m (Q)f’\u (x) aQ e )

BCEEINTEEROERZRTO AR 2, B, TLLTORXR2HEXEALS LT =1K
LT

ﬁi:ﬁ:fﬁ;(x)gmfu (a, B T) Y,y (Qx)de ............ @®
DRTEDOWAD Bl ERT, 0, (x)B—HICEREAMBLRTEMEXS,

/P\o (x) = v/ 4rn py ()Y (Qx)‘HOZ (x)Yzo(Qx)+ """""" 9)

VEirp, (), P (2)EREBARKTH S, p (x)R5OHE ZHNc L THERHKRE L

TW2OTOXAITEY ; 4y Voqe FREINLV, o T
. .
Voo ()= {  an 0 (2) Yoo +8 (z)¥a }
=—y4n %po (x) Youo "V%(*jx ”"%‘)Pz(ﬂf)sto

+ /_g_(_zéi+_a3;_) P, (2)Yo10 e (10)

6, @, (10) 2 TR Z2ABICH U THES ZETT S &

o N in_d 8u2—2 (d , 8
P T B A R e O G Dn ()

a: , am id dipole operator Tdh 3, |0>TRKOEEREONEREER2ED T an 10>
BREAEBHR 1L ORBTH 2, CNOoORPEEBERL b —ROTETKEETORBIEARIL

lgr.> = /5L D8y [0>

- /3
|17 ME =0=0>= VD), 0> e (12)
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I 1" MK=0 = 1>:,/—8—§n§' {D;‘dlail+D3<_l g—i__l } %0>

. 2
4 D%d;k D:UM Dgo a3 = 83” Suo Ommr e (13)

(B)XzmA 5
<ITM'K =0 =0]|p!) |gr>

:—%_ 2Ma)0 A{V Po( >+‘/—(dx+ VP, ()} Omrmrereee (14)

<1 M'K=Q2=1]| pM™ | gr >
= A= Y o- T+ 20, () b
............ (15)
EEBLEMEEL - &
PP =2F [ pee(a)jy (ga)a? da|? e (16)
TIN5, X
lF(q>]2:4anM;M | f<1™ w }ﬁltrf lar.>51 (qa)a? da|? e (7)
Thrhb<| le | g > &P (r) DBEAGEERD B &
P::(EI,KZOZx)——:——‘j‘——;—/;; { Vir £ py (2)
B R D S | B— (18)
P (EL K=1:2) = - /2 Sl X (/a7 b g (a)
‘ —J%’<E%? 3.)p2(x)} ............ (19)

EBICERRF 23 EH T 2 BICRBETROEERED/ S5 £ -2 —MBBETH 505, 152 Smic
HUTWRef . 4 DFR2Z AV,
§ 8. Hydrodynamic model
AHIB% Collective model TH o T 2 A D — DI Hydrodynamic model 3 5
(BEMIE Ref . 5 2B ) 12171 C OMIAENE 4 T = 1 DREGLCH UGl S 1 3 FIcl B~ &
Th%, copmToBBRAEE, ¥ (r) R
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p ey =<wi|p 7>

(._2/" 7%(0/l I O
—x FacpiiCkipu )Y, 0 (00, r=R
0

r=R  eeeiieenen. (20)

b

PGy = rf el (o) en,

- [Fo P 4

0., r> R e, (21)

CCThw ), 3HEMDEHE energy pp FFFROERBEE, KREDWS Symmetry evergy
(~20MeV ), F AL BRHRACER, R equivalent uniform charge radius » i
Ik Bessel B8 %2R 9,
§4. R

B BICETHELOR R Z T, continuous background ICBIL Tt Ref . 6 258, K
12.43 Me VR 15.TTMe VD E 1 ERILIRIZEEL THIL Breit ~Wigner THEHEIL S aclay
TfgbnIz (1, 2 ) DEBR (M2 )P THREBMULTH B, BNONM D (7, o )0
KERER 2 AT, XELEALBOD g —KEHR S 2 TRUZZEZICHT 2 G — T model
Dq—KBHLRU &L, M1OHFIIEEL»CCNS E1EREBLMNTC 11.8 Me V X
2AMe VICHENIDBHFAT A2HLBRIN TS, CD2 » DEMNDE I MK 2 ERE2HET 3
BRICRD T, ZOBEMNDIZE 1 DBE &R Breit —Wigner D 2B T 5%, 20
BEERINLICRINTVEHE I TH 5, 11.8Me VOEEMD MR =2.5MeV, 25MeV T3t
LTRI=5MeVTho1, Ib » ODENMDRRF2RD B LN, 4 &5,
g Drcy § 3 THH L 12 Hydrodynam ic model TOEHEEZRT, & Born LT
b5, BREZERBICAEENLDDELRRZE 2 X0.6 DREITRLIL, g —EKBEZE 4E5
TZDICRef. 4 & YK 5T equivalent uvniform change radius Ry =6.574 F 2% 4
T2 ZOMEEKZR=1.06 R, T/RL I,

ULDHR2RITRT ERLORITKL 5, BFIIZE 0 EAIBICNT 3 compressible model
bRANT VS, ROPTE 21T 5 Tassie model ¥ E 02549 % com pressible model
2 4T=0, Hydrodynamicmodel i3 4T7=1&L CHEL TH %, AL 1 Energy Weighted
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300
(R.BERGERE)
200 2
b
100
1 1 i L 0
_I2
152
(e,e")
1
—— I8 R L AP S ]
12.43 MeV
1
_—— 11.3 MeV
%‘“‘} >
! =
"
w
2
L O A_O NE
o
(=2}
o~
1
[}
~
—1
o -1
215 MeV, 35° (qv0.64 F 1)
T S R VOV R SR e I ST A A U S PO VU TS PUN R S ¢
_D.s
i . o -1
250 MeV, 35° (q~0.75 F )
,_.L;J_:_._-__;__._L_-__b_.;,_,:._l; F O T TN SR (O [ VA U TR S L Y S
35 30 25 20 s 10 5 0
Ex. (MeV)

B1X
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300

250

200

150

100

50

10'5

TOTAL CROSS SECTIGN GF SAMARIUM 152

O(mb)

v ‘ vV Y '

Ex= 113 MeV
r = 2.5 MeV

HYDRODYNAMIC MODEL

EO (T=1)

x 284

R—HlRo

x
R= 106R
I | 1
0 L4 10 15
q (F)

F3X

10°
. 152
L
I Ex = 25 MeV
F - 5 Mev
10° F

w0h E
\ EO (T=1)
i x0.81

HYDRODYNAMIC MODEL

R=122R.

10° |
EuLn/’”‘
x015
R=119R.
i
10’6 | — | |
0 0.5 q(F"1) 1.0
Fa4K
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#£1

Ex.P
Ex.[MeV] J™AT pa) gx.p>) (zwsr)®) TEWSH)

4
[0 (1.01+0.20)x10° (1.14+0.23)x10%  s5.41x10%  0.21
2 11 (9.97+2.0) x10° (1.13+0.23)x10%  7.85x10%  0.14

11.3 s i .
[0 (2.15+0.43)x10 (2.4340.49)x10 5.44x10%  0.45
O L1 (2.05+0.41)x10° (2.3240.46)x10%  7.90x10% 0.29
12.43 17 1 17.62 219.0 5.46x10°  0.40
15.77 17 1 27.83 438.9 5.46x10°  0.80
L[o (8.6+3.4)x10° (2.140.8)x10%  5.41x10%  0.39
2 |1 (8.9+3.5)x10° (2.1+0.8)x10%  7.85x10% 0.27

24.0 3 4 4
LT[0 (1.840.7)x10 (4.3+41.7)x10 5.44x10%  0.79
o |1 (1.8+0.7)x10° (4.3+1.7)x10%  7.90x10%  0.54

2 24

a) P is B(EL) in units e’F2 for J%=1",B(E2) in e?F® for J%=27,and
i2 in FA for J“-0+'

|m
g} Units are MeV times units of P,

Sum  Rule

2
2B L <>, gT=0
E0:% (Ea~Eo) | ME|2={__, s (22)
n 22 NZ 2>, gr=1
. _ _ 2 9.2 NZ _
El-%‘(E., E, )B(E1) = S AT g AT =1 = ceeeerereenn (28)
2
i L. ,242 <r?> 4T=
EZ.E(EB—EO)B(EZ): 2 50 Nz (24)
o A ez-jz—<:rz >, 4T=1
*2
J* Ex.(th.) B(EL)(th.) Ex.(exp.) B(EL)(exp.) R/R,
[MeV] (24 [MeV] [e?F%]
L[ 2606 1.81x10° 11.3 2.05x10° 1.11
HYDRODYNAMIC 0 24.3 2.39x10° 24.0 1.8 x10° 1.22
MODEL (T=1), . [ 20.6 3.34x10° 11.3 9.97x10°  1.06
2 18.5 4.62x10° 24.0 8.9 x102 1.19
COMPRESSIBLE + 10.5 4.52X103 11.3 2.15x103 0.97
MODEL (T=0), 0 10.5 6.47x10° 24,0 1.8 x10° 1.06

Ro=6.574[F]
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1) R. Bergére, H. Beil, P.Carlos et A. Veyssiere Nucl. Phys. A 133 (1969)417.

2) P.Carlos. H. Beil, R.Bergére, A.Lepretre and A. Veyssiere Nucl. Phys.
A172 (1971) 487.

8) T.DeForest and J.D.Walecka ~ Electron Scattering and Nuclear
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5) M. Eisenbgrg and W.Greiner, ” Nuclear Models ” (North —Holland Publish—
ing Company —Amsterdam . L ondon 1970 )

6) KEHHLE Vol.5. 42 (1972) 1

7) R.Bergére, private communication.

BH#ECONT

§ 1. EBFHELTR, JEFH
A) BELINZERCKOEAS EMEMEMAT S, ( Schwinger correction )
B) %%, FROBETOENE EHEIFAT 5, ( Bremsstrahlung )
C ) atomic ionizationliC& o> TTRANVF —%%ES,

CEI X AENBENSKHET, CORBERRDE S KidRaNs, (ref. 1),

dZ Orad dz
m(Ez,Ehﬂ) d.QdE (Ei, Ex, 0)(1—61]
d
+ f@d@ Cqg(Ef, Ec )deE, (Ei, Et, 9)+g (E:, Ef ) (E-,Er,ﬂ)l

Es = E; —6

Ei = E«+ 06 .y
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CCToraa BREESNBERMDOKHER o0 BEFSZVELIBONERTH 5, H 252,
tail DHF5TH 3,

BRI, BHREBICI YD, —F» YA ASOBE—HOBELIHEL, 20h50< tail 2L FD
FrVANDLILIEVD FHERES T, EHBLVEZAIBEDRRY F AV EEERELT
Wi, UL, FRCZDBKEL 8% &, ROX 5 LEENTT X1,

1) BHEHEONEEY, FROHETH-12HEE, F YAVHIZE S THHRIELT

BELET, DBEHI 20 BbhLEHD 5,

d? Cobs

—_— —_ -1
}% T04F (1-0(4E)) 4]

7)) REROANRY L5 AL, BT A0 F —DESTSTEIES (K3, KABHE).,
N) WIEROBRT A V¥ —DFENECHDOMERD, 2 —% > FOEIICE D LbHS
(Haz®),
CNHOMEE, 0EDRAMER (1) BEROME, &) tail DI L S FHEORE &
UTEATAS,
§2 WEXVUDC1-0Ji1F A )s B), C), OFmick L5ZD20RFOETH 3,
(1-6)=-21,-05-0B @)
¢ 95 (Schwinger BT ) i, S chwinger 22U % DABREMACTH D, 70 HiEH

RICEED B, ZRFNE—RX NV VELRREL, BT EEFBOHEEAOE XDHEIZ,

E, —248.2 MoV, 45° =1 BEHMERTOLE

95 (Schwinger ) e‘;B( Bremsstrahlung ) imiz:: iony
3 V4 k th
Schwinger M a()i}mon o) Mo&Tsai | kk Bethe &Heitler %E;hkeif Rossi
=z K 2, 8 4 4 5 1.6 | 7 5 6
208 pyp (50.55 mg/cll)nz ) 4 X=5.85 Xo:‘BG.54
a c e a c

at IMeV| 1.255 | 1.254 | 1.256| 1.256 |1.255| 1.077 | 1.069| 1.065 | 1.0040
at8MeV| 1.130 | 1.129 | 1.131| 1.180 |1.129| 1.047 | 1.042| 1.040 | 1.000

12¢ (106.7mg/cn? )
atIMeV| 1.255 | 1.254 | 1.256| 1.256 |1.254| 1.020 | 1.021| 1.020 | 1.010
at8MeV| 1.130 | 1.129 | 1.130| 1.130 |1.129| 1.013 | 1.013| 1.013 | 1.001

* Mo & Tsal @iﬁiiMaxunon(l)@:‘cmC (Za)Z2NTBRDEL TRMAI DT H 3,

sk 05= A C1ndl 18 2By sind - Ly 4 L2 ) Sehwinger w3t s £ )% & b F

L‘T_%)O)o
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Exponential 23X »A TTELL T 5, Schw inger RFDAHIT 2L % soft photon
term

2: lnTlflnqz -11]

KEBL T, HENESEVDTEROEZ Exponential i H CATRWC EVIAPHINT
w3 (ref.4 ), #1OMaximon(1)iZ, Schwinger factor £{A% Exponential €< b CA
17454, Maximon @) soft photon term®DA %L b ZANHET, KaBREERLLY, &
FERDEF v VEDOHEEROBROECEL Tid, SuorailX o Tsoft photon term
12T D order ILOWVWTRUIZEIFMAIN TV %, hard photon @ term K 7 >« b, #g
HBIE & OBROEEEROEE EIX 20 TREFHEINTLNI I TH 5,

. 9B, Bethe & Heitler ORd 55t aNE, K10« P 0HE 27012, radiation
length & U C, Wheeler —Lamb factor &, —&RE NV ICERDFERZ AN 25 T
HELIZADTH B, (ref.7 ), ULHULMo & Tsai (ref.5 )iCE 5 & Bethe &
Heitlor MXOIIE (L 20 G RETH 5, HiC Bethe & Ashkin b 5EH L s A1z e 08
%, E3FTNRTY, HEDTRMECHIZH DEBTE,

ionization loss PEFIERossi (ref. 6 )Rzt o 05 ¢ OBicp~a e
I,

§3 Tail DILOXFHEEOVTHE I 2ODOMEND S, EHMERTC( 1 -0 (4E) ]
i, C—OEIBAELD/NIVEZEATOED, EBCTail 2ILOKR, 15+~
ANCERORBFH > TONTNLDT, F+ »ANMBRIEEY, JEPE—-J7RIDNE
(B, FCTRERRDEI LV -—F o2 2@EDLLRTEZDRELL LTS,

cy= vk W

m [a]
y=cy*3 (tail )i 7 cy=vx.°®
Z:
L ¢y ]
X1
Y : FIERIO; F+ R LDYield
cY ' FEBODYield
O L LA VSORMERT

00 L r L LAV HORMERT
(tail)i ¢ (i —1)F ¢ 3 VED tail OFS (HNHE)
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12U, ©—2BBARI AV —BOACLDEELL L, BAHIANF -TTEHAN
RIFNSLADEROGDEREATVIDITHE0 S5, COLHLN—F ORERLNRTT
Db,
wiILTail DI L ETHEEIRL 20D, OXNOEEDED, AFHT A LF-DRZHMEEE
RMEELUTWABLETHD, TCUTODAFIALF —D/ININRART S22 DOhEN
E—FBRVDS, REKE, Mott iEmBIC L AMEDAZ LT, E/ E: &L THEL T,
Bhf T 2V ¥2320Me VD & C AT, HBUEHELOKIV ¢ <06 F ' OHEE, ZORLUDE
3BT KR,
§4 LUEDCEREAT, M1OV—-F D54 —2nébn2B0 T s, RFUTOLS
BHEFLOT 0TS AR ES THI,
@ Schwinger HFi3, £ 1ICRIN B L 51T Schwinger DX 5 F )2 LD DENIZ DT
KA ThH 5,
® Mo & Tsai Tk 2E%ED 5 Bremsstrablung AT & Z D Tail i3 Bethe Ashkin OX %
5,
® zoE g Tl L) oRRoER. WET 2,
@ AHZAVF-D/PNIVRZRT MT A, BEEECEL TRS ETREBSNIIERRF
IV, JREHEHELCRBREAFRTNT—ELREL THRT 3,
CODF, DaxhltOBEA%

© HHEELD 5 BE—BEREB T TOYield OFHIHE

Yi
4Yi

§
I
2=

N
2
0T B>

@ HEMELOKEESCR THELIEGLEOHK

5 o
A

VBENIZFIIZ BB THEL 12,

z& yDEZ, nénZHUREECONTR2WCRT, T, EROFHEE, FLVHE
THOLNI2Z8PYL2RY F5 4%, K3ILRT,
§5 S§1ITCEELLEEDY L, BEOIROVTRIBEAEHRRTAICENTEXE EBbH
2120 LBLMIZOVTREVPHBLIICTET, WOV TRENZLOMEZEL T3,



2085 248.2 Mev 45°

. OLD METHOD

/
— 1x=-0.5 \x=-1
i
L \
{ \
L \
\ \
— \ \
\ N
N
~N
o f I l [
12 4 8 16
x=-0.23
y=0.855
208, o482 MeV 45°
NEW METHOD
| x=0.05
TR
S
: (SN
v \
— \
\ AN
Voo N
— \ \\ .
\ ~x=-0.2
— N ~<x=-0.05
I N A A
0 1 2 \4 8 16
{x=0.01 "
y=0.915

12

C 248.2 MeV 45°

OLD METHOD
— |
o)
Voo
o\
— \
\\ x=-0.5
NG -
x=-0.3
~ | [ | l |
o 1 2 4 8 16 n
x=-0.1
y=0.886
120 248.2 Mev  45°
A NEW HETHOD
b |
— | \
i \ \
\ \
. \
\ AN
— \=-0.1 ~ <x=-0.3
~ i [
T 2 4 8 16
n
x=-0.06
y=0.910

M2 mapofx .B/NA%Z2ENTRL, Z22IEBITS yDfZMLI



208y, o48.2 Mev 45°

l T = 101.1 mg/cm?

corrected by the old method \
=19, m=2 X0.05

A
AR AF

ot
4 3 2

w N
_\WLA@M ’fs»;ff&ﬁwfmi (}HHH / | N~

20851 24g.2 Mev 45°

‘ T = 101.1 mg/cn? / i

A5
a

corrected by the *0.05

\ §
| new method
\

B3 208Ph248.2MeV 45 °DF — 4 BH|H 2 DO LT tail 2OV ZR 2 b 5 A, bl
WOKEETETE S ALEETH 5,
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Frwp

L=w ‘z2=u

l=w ‘2=u
£00° 0X poyIaW Mau ay3 AQ Pa1daudod

£00° 0X poyzaw Mau ay3 Aq paosuuod
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0
1
2=l ‘gL =u 2=uw ‘6lL=u
poylauw po 3y Aq poald8Ud0d pouyzaw plo ay3 Aq pajosudod
™
e O s N
NEU\ms 65°0§ = 1 sl Nsu\@s L'oL = 1
o0y A3W 2L ddgy, 5 o0 AW 2L Adg,
€00°0X €00°0X

2NRY DL, WEEMONERET, TNTRUEERTH S,

-

X 4 2°8Pb124MeV40°(_D?'"—5‘ (¢+=250.55mg cnf » 101. lmg / cm? Y2HIH2 DDHE
T tail 2 ONOT.
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M, AHTANVF ~124 MeV T, 50mg/cn?, 100 mg/cn® DTarget 2 L I2HE

OREBDRRY I ARRT, COTXUVE —CRE, BEEHILE 20Me VAT~ IEmb &

GLDDetector DRV LT U E—HU LWV EVIHEH BV, Target DEIOHEBIL X
% 20Me VAEOMEB OZEGIEICK &V, 12, Tail DI h, DX 5 IlE

BHBLMS &, BUBEZAPERICKEZHEZETOTRLEVIZA ), (ERE)

1)
2)
3)
4)
5)
6)
7
8)

E % X i

H.Nguyen —Ngoc et al., Phys. Rev. 137 4B( 1964 ) 1036

J. Schwinger . Phys.Rev. 75 ( 1949 ) 898

H. Breuer, Nuclear Data Tables 9 ( 1971 ) 169

L.C.Maximon, Rev. Mod. Phys. 41 (1969) 198

L.W, Mo&Y.S.Tsai, Rev. Mod. Phys. 41 (1969) 205

B.Rossi, High Energy particles (Prentice Hall, Inc., )

High Enérgy and Nuclear Physics Data Handbook (Rutherford Lab. )

W.Heitlers The Quantum Theory of Radiation (Oxford University press)
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[—2 BTHAUC X5 2ME RIF7AL
D E R IRFIEO B

By, E -
PBEEE - HAET - fIFTHE *
NI IESE * « BFRRRE < FIRURE *
FRRFIR

BTIC L 5 EANLBHEBOMRI, BOLWBREOCRZE, EHEEELRRE L RS =2 0M
BOB TR XD 5Nk,

EERBIT g PR LBIERES T, KANARBOBESELL S EBLONTLDL

de Forestid, COTOVBRFIHELNE DD 6, BEMMEHTILEE 2080 T, KFOK
LR L, RN TFRBERD, BEF v itk 3B2EZBICAN, BEXRRZ G L0 EE
ChizoT, HELETANI b0, KEbUEEeHRPTIEMNERELTHEL LELEY
5, EAFENSHEMBEORCEROEMDERTHNE, COXFIZATFED § HA /LW,
21226 Mg RO Al OERILIBEBICN T3 BTHELOER 21TV, ELROZ D5 5
B L1,

x B 5K &

KEMETYEEREB2AL, AHETFOI 2 V¥ — E ROHELA 6 i3 150MeV 35 °, 200
MeV 35 ° (Mg D% ), 250MeV 85° 40 °, 50 ° 60 K 0F 95Me V185 °T26Mg ( 99.4 %, B
49.9mg/co? ), 27 A1 ( 81.Tmg/ cuf , {HL 250Me V385 *D—HT 27. 4mg, /e’ )iT & % HEL
BFOI R VF -2 Vv RHIEL 12,

2Ry kA =20, 33F il ORHBROENYHROEER, 2ZCOMBEL A VF - F
¢, HEEORVERTEHEINIZETOEGEARY bve, BEETHRIC 27 box —20K
B20.8%xIATEAT, THAREL, Crannell® OFELL > THT-12

AHBIHOHE I, SEM&K Faraday Cup i€ o172,

W o, HELETONEY 25

G=Y/n N0 e Q
Tk -THELN D,
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fHU, ne BREMIY S LEFR
N R0 B TR b O BT
7 R O
QIZART bu s —% —DIKA
7 - QBV2CIRIIHEBFIANF ~ZXR7 P VRRAEL T, 20X ABN T B
HLA M 4. 44Me VIRRBIC & 5 JEMBEEGEL O M T 0> S REL 12,

d2 a

Born BT, WAMER 57, & KOKICET 5P

d2 o 7%t cosz L

ddo 4Egﬂm% [ w(q o) |2 e @

4 2
| w(q, 0)|2= qq/; | m (g w>|2+(%qL2+ng> | W (g 0) |2 @
BL, Wi (g @), Wr (g 0) ZIPREFOZNZNREOHRSTH 3,
dHBREERT A VF ~HECDIE | W(q o) |208DE%Z| F(q) |2 EEL HL, UF
TRZOBIBEOUBET I, L | W |2 Ea| F |2 OETEA 2,

MROER

ENHEZIT- T, FRAELVIZHEEBFDO2 Y b v2M1, M2iRd, MOgtHh IMeV
HHORRETT, BROREIE, ETHEETH 3,

26Mg TiZ 1TMeV & 22MeV & ZFALE LT, ZODY — 7 B2H 55, ZHUCHL27 AT
20Me ViEDZANLEL T, BOLWED EODBRENE, Fic26Mg, 27A1 & b, COBEDOT
T, KEXICHEGERS %2 8D E.=28MeV ~ 30Me V T ik & DS, HITHLL,
@, BRTL->T, ¢2—FRUTAHABORAGARE 2B T | W |2 & | wr |2 2RI
KD BBEHBHK S, 250MeV 40 °& 95 MeV 185 “ORIE M 5, CORICL T, TR % M
Ul R 2K 8 1ITRT.
HIRHEL MRSCOARLNS, BRABRET, WESCHEL T/NIWDT, E, =
9%BMeV, =135 "DHEFEHRNT, MOPNIVEEATDORRY MU TE, 13EAERERHD
HEEZEZTEIHS 9,
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Measurement of Delayed Nentron Spectrum from

Photofission of 228U (' I)
( Abstract) Av..'measurement on delayed neutron spectrnm of the second group (T%=
22 sec ) from the photofission of 238U has been performed using Time-—o f—Flight
technigne between beta-particles and neatrons. The detector for the beta—particles
was thin plastic scintillator and the detection system of the nentrons consisted of
NE-218 liquid scintillator and the n—gamma discrimination cirenit. .

Preliminary result showed that the higher energy part ( >300 keV) of the delayed

nentrom spectrnm was similar to the results obtained by several anthors for the

thermal fission of 2387

1 B ]

BB THEIN S BRPETFSEFFOHBICS W IEEZRAZRL THWE L,
r<aenTtwna, BEEIRE L THEDIL TS TE OB R RITICBRE 2 BR T
parameter i3, FAA LR ABE TR 6N TG, & THEE, BERFOBFESELICD
N, 25UDHE 54, 238U, 239Pn ZOEEFREILE, HES blanket KREICDONTODE
Zerhdk T parameterDEE DA EOSERIND L 91C7% o, FHTERAEET D energy spect-
mm (&, BFETFE TR VEERINEY -2, BERFTREEZZBERO—DOTHI, %

Shin Iwasaki, Toshio Wakabayashi, Kazmmasa Yana, Hitoshi Maruyama,
Kenichi Sano and Kaznsuke Sugiyama
-Department of Nuclear Engineering, Faculty of Engineering, T ohokn University
* BUE, B RREIBAR SR
% BUE, ZHETE(HA)
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{ OBFBEBCONTHEE I\ data BPERINTK 3B,

BHFEPET spectrum iTOW T, 4% T19564E0D Batchelor et, aL(l) D *He FHEEI
LBEE data 05E < WBNT Xk, FIF, &ECHAHSEKIN 9He HamE? ToF
&53)’(4) &%%?kb%éﬂ-ﬁ@w%m L% energy /3MREED L\~ data BSREINTEX TN,
Z0 5D data TN DL ORELDHR LN, VEIEEMDD 5 spectrum DL INTLVEL,

K3, HBROADIC energy NMEZA LIRS EDTES TOF B2 spectrum
Bt system 2# 5 bF, Linac 2T 238U (7, /) OEBR%T>T, preliminaryZiss
%%k@?ﬁ%?604@®¥§ﬁ,emwyﬁ%%ﬁ%&ﬁbf,&@&ﬁ%%ﬁﬁ%%%@
KTEBEEFREL A DD ThH D, ‘

2 % B

EFEHHETHREH OB % Fig, 1 1T/RL Z+1,N-1 Z+1,N-2

2o TR EbH B L ST, HHETOR EEE;}“
BT 58 8E, FlFORYES

PREEHETSE, TOFREIKL AR _ J
YEF energy PEIET X %, _— ‘l:‘
PRRBHERE U T, 20 mmé X1 mm

PRECURSOR EMITTER FINAL NUCLEUS
thick @ plastic scintillator % fFu 1z, ,

CORITH L LIco, 7T A% Fig, 1,
HAE RT3 (<12) &, B

B2AEIR21.0Th 5, FlETFHE

Schematic representation of delayed
neutron emission . Qﬂ is the beta

decay energy of the precursor and By
#3325 in¢d X 1in. thick OIRMEKA B is the nentron binding energy of the

scintillator(NE218) d3fu b hutz, emitter.

NE213 i3, FEEFRIUDESE L, FlETFE r ROAFBENBENTI b, ERAITCE L back-

ground 7 RO TEIPEET 2HTET 5 DICHL T 5 T ORFER R, 30cmé Lz,
Fig. 2 1T, BIEBIKD block diagram 27RL Th s, BEKEE#E (T, A.C—1)

~DATMEF, AT signal % start pulse& L, A#R signal %:BHE (160 ns) €T

stop BRICHNTNE, THRKESSERFMETF 22D %ZNA signal T T, A. C. %

start S5 & BRAMHESE 20, ERAZRESTE2 Z2B2BI52DTH B,
Fig. 2 ORMRCHEN ML, » —7 DO TH 3, COEER, scintillator ITD
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H.V. | [MuLTiMoDE | . [TIMING ¥ STO : !
L I |AMP sS4 TAC-I |I
LINEAR | |DDL. SHAPING R }
b= 7 |IF START l I
ORTEC Y JTIME | [GATE AND TIMING |
271 PICK OFF [ DELAY S CA |
XP CONTROL I | |GENERATOR CA |
1040 | I :
2 N S R —— 7
NEN3 I START ! , |
30cm A |LINEAR L || ADJUSTABL |
FLICHT TAC ! GATE GATE | | DELAY '
ATH| |RRADIATED f ! At |
Lo LST0P I, -
- FIXED
B
CINTL. DELAY 160ns T
RCA
6810A il 4K PHA.
Pa. JANODE [ (512ch)
f DI SCRI.
H.V. e ) :
~Fig. 2, Block diagram of the TOF spectrometer,
1500} oo .
.~ ' _YRAYS
o
L1000 . 4
z .
<
T
(8]
[+ 4
w
o
2 .
3 500+ s -
O e
DISCRI. LEVEL
0 | { 41
0 50 100 : 150 250
CHANNEL NUMBER
Fig. 8, n-gamma discrimination time spectrnm obtained by T. A. C. — I 1 (Fig, 2)

for delayed nentrons and background 7 rays,
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TR(EBRET) EHET (KB T) I 3R AEOREHRP D=2, —EMH (D. D. L.
clipping) D zerocross ROBHETHRHTLIDTH 3, Fig, 8 i, EBRHALETH
ERD 7 — 7 K spectrnm 2787, FEET energy {EVWO CHBEDOHARERSZ b L {2\,

fsEEHE, U O, (natural)) YR (~50 mg) 28 ) 25 L v (84) ITAl %2 84 DEITHE
EHUZ foil €< 5%, EI05mmDRRICL A3 DEANE, REOEXEZ, RAEPTDp
BOBNETEBRI NS CTHIERDPDL XE 5T 3,

FRATIE, SRR O KX B RS E 2 T E 7mar= 60 Me VO SIBIES TFF -7,

60RRISIS L, 25T AL 7% 100 HAJEIE % 1 cycle & LT h3EL T data 2ERL 7,
SE 3, TREOEAKN S L CBERAET DREOBED 5, BRAMETOS2 gronp (KM
2R ) WHERAL T, MRS L CRIERE 2REL 72,

3 AEMREBH

2TEI DS —HIFE%2 < H3EL TH LN A TAC ( 400 ns range ) DAEDEER spectrum &,

22Na O 7 R E delay line % i\ CHIE U 2B BIEIE spectrum % Fig, 4 IT/RL 72,

Fig.4 —A @ 150 ~ 190 ch . '

€h B, BRAOBTFICLS m ]
|

FDEBbLNAS, 200 ch. &

g

O peak &, f—7 HBNIET

— 7 M coiucidense iITL B H D

g

COUNTS PER CHANNEL
o
. e
e :

T, Fig, 4—B &¢—HL Tk
h, FITR. zero OHEAEE % A

%,

L ] ! \ Kl
Fig, 4— AD B.G. level ogv—=s 755 L 230\

CHANNEL NUMBER

{3, random coincidence IT &

Fig. 4, A Time of flight spectrnm obtained by

53DEELOND, TOEIL
200 ch. D peak L b d K
I3 FRAERAUEI THTW

B!

T.A.C, -I(Fig. 2)
Time calibration spectrum for A using
the delay line and the annihilation

‘7 rays from 22Na,

BEEH> 5 b BHSY> Th B, Fig. 4 — BD% peak DM (4ns) BIFE system ORI S REE 2 FE DT,
Fig,s 12, Fig.4 — AZH¥T energy spectrnm ( ARYEFEL/BILT energy ) 1WEHL 423 D

Tdhb, RENEZRICRL Th B, ZDEATD energy ﬁ@ﬁﬁa%fﬂ Z O spectrnm &

FRHETFRHBRDOERIHBIE CHIEL TH 505, FHUTFHBIEBEZFD discrimination iT X § 200



68

keV LR Tid EBEDOHRHZIR 052
CRHBE L OAI {koTWRD &
EALoNBH, CCTIERLT LA,
Fig.6 253 &, DD
peak RUHSHh 5N B, SEMME
42 Batchelor et al U ©gim

NEUTRONS /KeV (RELATIVE)

IR XN A 235U D thermal

nentron fission ITO>WTD

0 700 %00 500 0 000 1200

NEUTRON- ENERGY -(keV) ' data(z)’(s) EHFIT 800 keV LI ET

‘ LTV %, 800 keVEL T D sharp

Fig, 5, Delayed nentron energy spectrum of the It peak IEoU Tid, SHEED
Vi@ Oy s onzmc, @
FEPYT RO R B L

FiE 4 energy Ul EDHESRERBE AR & HHH 5T, spin, pari ty ORIRABZNANTUL B 12

second gronp (T} = 22 sec) from

photofission of 2387,

BEEDN S,

Fig.5 DFEEDH 0> 5, delayed nentron 0 energy spectrnm O ZEMIZ D~ (B 2T T
5T LB, HICHEFHEEZEPL, MARELNICTIDESD B, 20LDIT
beam MM LGB OB ZHNI VST L, F0LABETRE N, N6 EFIBICL 5
T, Hﬂﬁ?ﬂ%tiiﬁbﬂ?%bs fission product 255 D ray & 7 ray HML, B ray #HiH%
D% overload {C7% % & 3T accidental backgronnd HHEINY 2 |z % 5, &8, B —HlEDOH
HeBHrERDLUMNCH LR, energy S7HREES, flight path # 1 mBE KT 28 L 5
T, R HBEPRAEINS, UL, TOBISBRTIC data ODMEHB 2O A2 THBIKo%
D55, WEoTC AHEFREBORUEEOHRS PO TEALBESDH S, SEIDERTHD
WRZBRWT, instrumental  AZMEIZRELSDWADT, 4%, HHELASTHB LS
% data 2B5EZAMEL T, ERETVWAWEEZELTHE,

COERICH 7 > T, KEPFONKRBER, THRBFCREBMTFEL A A X, B BHBL
%9, machine gronp OF X DEBIIC L1 OHHBELZEL T,
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[—-6 r— rAMHEETHR 18G4, D

low—1lying state

HELHE HEWE, LXK B KBEE
B E XA, ERKER, ANMEZ

156 Thy, (3—, T = 5. 4-days) O ECHEB2FAL T8 Gde1 O low lying state Z27—7r
AEBATH N/, movable Nal(Tl)— fixed Ge(Li) detector systemiTXl % 4,2, "
(0199 MeV ) gate TD 8 DD transition DWW THET 5, 7% B#EIE L natural abundance

100 % 5°Thb % Ermax=35MeVD 7 HETHEL (7, 87) MBI X » TERL %,

§1 #&

156 Gd 3FFHEFE 92 TR 6B~ LZED 5 transition region iZh H, ZOHTIE

mj

ER~DALOEEEAS, ZDk®, band BELEKD S CORKEBHELZANITL 5T, FIT
smmmwwy%ﬁbT%&BnTM3o1“TM3H%=5.4®w)@6®ﬁﬁ%ﬂ%b£w9
512155 Bu (O Ty,= 15 days) #*5® f decay 05 To5 s T3 3970
Fujiokaid!5®Th 0> 5 DA T iron free 74/ 2 spectro meterZ{#\» comversion electron M
B 217 % 2@ B L\ decay scheme DBE %L, %7 conversion fREH> 5 transition
multipolarity ® mixing ZH L TWw3, TN ZAMEEOKR & LT 5 ¢ L IZHEKREN S DB3
H%, 156Fub b ORBEERMAL J, H Hamilton et al. OAMABEOEES 3650 #o
B30t DA DEI low spin state 2> 5D transition COWTUPERIZBLNZ W, ZOM
155Gd (n, 7) @Zﬁljﬁz@ % 7 level D life iﬂﬂi@’\a&' Coulomb excitationaﬁ)ﬁGd isotope
D(2 ¢ )07) , (a, a)® & 5, Level scheme IZFEAMICIIFETLINTUBLE>TLLY,
8 —band, 7 — band %> D branching ratio #*5 transition D2 T E.2THBEL T,
B(E2) OH%&K®TH, Alaga Rule 5DFN05% 54 %, Band mixing % perturbation
THRIB 5 £ T 5 ZDUDKTORID S5, consistent ZFERBBLNTKWE LZEWEE
\n, F4241=0, 41=1D transition TM1BRU o Th W& T 3EMWIA S %2\, 154Gd,
1528 T3 AL 5 MIDOKXIZRD TN 5055 % TO band mixing D% < DT &
ot Tz WP 1s6gq o TR EAE SR EL TS, ERIK M1 OBROEE ERDGD

T 7 & AT TO ML transition 95E 9\ 9 interaction 5 HT ¢ 5D RE S 2w
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T BETHSH EBDNS,

§2 % g

156Th DR IIIRD L 51T L THE 5%, Natural abundance 100 % °°Tb T purity 99.9 %D
Gd4O; D¥IK %, electron linac 5D bremsstrablung 7 %8 Br., . =85 MeVCREL,
1597Th (7, 8n) *8Tb RJGTIE o4, Continnous Z 7 B|TH3»56 (7, n), (7, 2n) Kix
LTRETH B, 158Th 33EHHA 1.2 X 10° years TH EFRBEIC % 53, 157Tb i3 KA 150
years Tdh 505 Qec= 0.06 MeV T 157Gd Dground state ~UDE LW 2 D% 540 2K IREH
impurity O decay 25> Z®K I 1 Th d isomer ( 0T, Ty = 5.5 hours ) @ decay DF#E
ZHRDA—ABEBEL THHHEEL TN 5, BREE, —EAMBTARL, EESmm KD
7 2 ) VERAE T T & /2 sample holder ICHEHE L 7,

ORTEC BE#E Ge€Tr)=8t—cc — 8”0 X 8" NaI (T1) counter system 2L %, #
B 6 DR, Ge(LD 5 cm, Nal (TD 115 em Th 3, HWHBORIEIZSAD cone
Tshield LTh B, FFEEICHILS, 22Na ® A1 amihilation7 0.511 MeV T=> DIRH
BO 180" HAZREL, 2R 2HEEITL T~ 270°, 225°06%9 ATHIEL %, Systematic
BRERRCTHADICIBZHEICLTRLADRBINR b AT % > T3, AREIHROEK
F&EULT, fast coincidence i TAC TfT% 405, Z D4y BRI 2 7= 100 nsec THEA L%,
Nalfll%>56 D energy select &L T 47 —2 :_( 0.199 MeV) photo—peak & {F¥% O background
&% > Tw% Compton ST %E5| & D7D higher Compton D> 2FA TN 5, 409 ch
P, H. A, 22048 ch X 2 THEAL, % gate T 5 coincidence BER2 LA, ZTHBLN
7 spectrum 2 1, B 21C/RT, Coincidence D geometry it 180" Ta 3,

Finite solid angle i X % attenuation factor Qz> Q4 ZEBEICHIEL T D%, M3 R
TIOWHEL ORHB2EAE2ZNBE» 6 Hl-oTAET S L,

Que? Belcosh) c@sinfaf s 4
SFe@) inp ap

THEALN S, @I f TORMEBD efficiency T, B/ IIHRH BREL KA % cover
THLOXAREI TR I,

BRMERRIR & U C 20%Hg, 22Na, ¥7Cs, %9Co 2{fio7%, Differential efficiency ¢fdf



72

F T T T T T T T T T
: .
3
h
o  SINGLES. : 3 H 3
e m ) 2 M N
.5 3 3 § 3 ]
{43 " . . 3 . e 2
Mo S : B S g 3
e e ,—.4\«\ . 3 |
43  end A 5 2 Fm E
COINCIDENCE
1040199 GATE. K
@ L §5 3
i, :
10°F 3 . -
5 Pooa : of
« N e e il \,.__/\\ - g:
a f s s
i [P
2 v % P S
3 104 HIGHER GAMMAS COMPTON GATE = 4
3 .

CHANNEL NUMBER
T T T T T T T T T T T
16 e 8 3
Fs»ga:s E a2 L 5
E £ : 3
. r
e & X
10’
CCOINCIDENCE
1070199, GATE
Il
B
H
2
3
3
&
»
L
z
3
3
S
1
(0
1
©
. L I S— L
1000 1100 260 1300 1400 7500 7600 1700 1800 1860 2000
CHANNEL NUMBER.
Ry
M1, M2

34 cc Ge(Li) BHBEZBAVAT D22 b, Single spectrum
% iz, 0.199 MeV photo — peak gate @ coincidence Spectrum
ZEAIC, higher compton gate @ coincidence spectrum e
Fd, Gate AIRHERIZ 3G X 8" Nal(Tl) Th%, coincidence

@ geometry (% 180°TdH 5, -

SORCE /’53’
\&

3
Finite solid angle X%
attenuation factor OFEIE
DHD geometry,

DETECTOR

ZOWT, BRHBORIG LT THEHD cone B slit
BZHOUTDOULIE>Tn>T, Ge, NaldiT5, energyil
DNTiEGe 64, Nal2 KOBIESZINA, 7 DFERER

4 1TRT,



Ge fliz2 B %, Nalfllid 1 5H% 11 normalize
LTh3, Ge DRHITFHSADRECIPEBOLE ol
X A3DER ODERIED finite size I L AFIR B
051

BETERVN, —IBEME L T energy DEWI D
I3 & BIVRBUE R & N DIMIITHED 5, Attenuation

5

factor Qz, Q4R BITRT, &5 ThHY 180k
[kED%» F1 annihilation 7 %4 > CAEE %R

10°

T% 5D EDS, 0511 MeV1ELONWTTRSD B E(::
ZN D5 attemuation factor T DOWTODBRHE S i
Ny Qo KOWTIREZEORET—HU 205 Q, I o
DNTREDPDEBH HHNE NI R2EL &,
&
X4

100

KD differential efficiencyo

E»Ge(Li)TZABR 1K

normalize U THh %, FNal(TL)
T—fE% 1 normalize LU %,

FINITE SOLID ANGLE

1.0] CORRECTION FACTOR
Q;
o9l
a8 a
05 10 15 2.0 MeV
X5

Finite solid angle I L% attennation factor,

Qx 2 hiT, Q 2TFICRYT, Nal(Tl)itoWnTid

ZR, Ge(Li) @OWTRAEDEIEN%Z I N,
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§3 #& £
156Th (87, Ty, =5.4days) »5DEC HAEEIT L level scheme ZURIHRESIN TN D
EFE R AL THNA,

Ground band 4+ — 2+ 0.199

3" 54d
MeV pure E 2 %2 gate 1ZL T R T b
2103
85N REM 2 AT RN T S 4
1Z7RT, Total THIEEMIZ 1
QLI-S >8.2
/ 25 >81
55 & 72 0 150000 ~ 180000 & = 0
2 l/\ 0.7 88
A Z0 = N3 b
Td %, Accidental coinci- 3 v togh
dences K UF higher Compton .o B o
& D coincidence # ZF|\~Tn 40 %i’ 0.288  Qpc=24MeV
20 2 0.089
Z) = H 00 M
o, Gate D Tnormalize ¥ e G dm °Mev

B EIT L OERBEORMIE ST

> TWnb, X 6
156 Th( 37, 5.4days ) H D ECHEIC L5 156GAD

Attenuation factor & U T level scheme
[s]

§t4t2® - 242t
s (0.297 MeV) (1065 Mev)

0,6,A,=-0.12510£0.01036
-» A,=-017456%0.01529

9,G A = 006117£0.01483

Q,6;A;= 007275 £0.00428 = G,= 0.803£0.047
Q;G A= 002187 £0.00507 B N o

ook
o
a8
L1 1 d_ 1 1 1 1 1
507 1125° 7359 T575° 780° 36° 125° 135° %7.5° 180°
‘5—4’-2’ 53*4"12‘
(1322MeV) (1:334 MeV)
Q262A,= ~0.24051£0.01226
1] Q;6;A;= 0.0346720.00560 uf > A= -033517£0.01708
= A= 0048630.00781

Q; Gy A= -0.03040£0.01713

Q, G A, = 0.0963240.00701

L . - TN R DT
Lﬁk' n25° T 157.5 180 Eg 1125 135 57,5 180°

a7 4€+” 2g+( 0.199 Me V) gate iT X 5 AHHEE, Accidental coincidence
K25 higher Compton & O coincidence Z75] %, gate Tnormalize U
THHEOMBEZITZ > TN b,
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i3 finite solid angle X % 3DDIEHIT, KIBOD perturbation L3 Z2Nd b3, 20D
factor Gas G4 liZDWTiZ 6 —at ot cascade E 2 transitionDB 7 25T EE & LKL T
KD 3, FHEME A, =0.10201, A,= 0.00907 25 G = 0.803 &= 0.047 05/ 5 ds, GqliTDn
TRADPNITESLADID cascade TIRHRABETHS, L > THRITIZ Ay DOBIT 2D %
D55 3 FIIE A, DERD S 0 ZRELZ, HTOADE»H A, 2RDOZHLADHH ST
Az JATAS o

DB, Ay B35 5TIRO I HOHEEALDS, X9

6>0

02 PobOLBLOIT A OBIRELZZ L,
o1k £=22:8
S wigue 28 FRET X B, AL, B9 T,
o - — estimate TE %> o7% Gy I I BFIERL T
-or (1:065MeV) §=-34%
%\,
Q.01 E— l“l’)f‘ B ‘“1‘.'0 - ““‘1‘0 * ;&I * I‘1‘0‘0

7—band (K'=27)

514t 2"
{1.334 MeV)

87 —4g" (0.960 MeV)
Qs G Ay = 0.028 =+ 0.039 — A, = 0.039 0,054
QuGsAs= ~0058--0.045 —G 4 A,=—0085+0.066

101 = 25
Q: O, T
N ¢ N + »
-t 47 —4g" (1.067MeV)
L Q2GaA,= —0.125 + 0011—A,= —0.175--0.015
8
4+__4+_ 2+&U‘ 5+—4+—2+cascade Q4G4A4:0.061i0.015"’G4A4: 0090 -+ 0.022
OB EDA, &0 DOBEE, 6 =-—34 i%-g
A %1123 J. H. Hamilton et al. 2, —0,"
AN 021 . 1, . g g
— r222 e gate TO 27— 2, ORREIBZ LT Tis¢ 0
N o ; fEL O @ phase convension X & D 3 DITH—
X
rossmer * U3, D.R. Boset al® Coriolis interac-

-05 -04 -03 -02 -0 05 03 A; tion’i’%@bfc%ﬁzﬁiﬁ) O’CQD % TM1D

mixing 2FE L TWA D TBEZITEBIT T <,
1334 Mev 5- o+
- 01 q_p.—band ( K =4 )
B9 +_ .+
ATt my T4 2" cascade 4 q 4g (1222 MeV)
DEED O % parameter & LMD A,
E Ay OB, KEZ attenuation
factor (G, ZFR< ) OFIFEDRIE 2/~ G4Q4A4=0.096+0.007—G,A,=0.1414-0.010
ERS

G2Q2A,=0035+0.006 — A, = 0.049 -+ 0.008

0=22+0.1
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Fujioka ® conversion €lectron o #IE T i3 quadrupole content = 0.658 = 0.078 & #E3h
T35, conversion FEMOH Ly Lyy L/ Ls, Lz /LadiE 52N T Ly Ly DIEd>
LEEL TW5, SEOAEBETRHIEEN/NINT E, B/PREITL S best fit ICHBR
AOE LXK EANC ELHEE LCODEIKD LA BbNS, ExMcMillan &
Fujioka DATIZ K conversion fE(»> 5M1 2519 % L RN TN CHRLZDEZZRL T i,
5q" —6g (—d4g') (1089 MeV)

G2 Q2 Ap=0.150 = 0.028 — A,=0.209 + 0.032

GiQsAy=—0095 +0.025 — GsA;=—0140 £ 0.036

—o9g+08
0=28" 05

5q —4g  (1334MeV)
Gy Qs Ay =—0.241 +0.012 — A,=— 0335 = 0.017
GaQu Ag=—0.080 + 0017 — G4 A,=— 0044 + 0.025
d=28-+03
Z®Dband 2> 5 ground band ~D transition TO DEFA LML TH B T L i3 level OHEDS
BT B 2 Ths 5L, BEEAE CHODENELVT EEBEICRLE >TW3 EEL
585,
8 45 4g  ~O transition
1.646 Me V
G>Qs Az=—0.184 +0.010 — A,=—0.186 +0.014

G4 Qa4 As=0.082+0.014 — G4 As=0.046 = 0.020

- + 0.03
0=—005" 0.02

0.988 Me V
G2 Q2 Ay;=—0.070 = 0.085 — A,=-—0.101 £ 0.122
G4Qs Ag=0159 +0.116 — G4 A= 0.192 = 0.141
0 =0.05+0.15
1815 MeV
G2Qa Ay =—10.169 = 0.085 — A,=— 0.230 == 0.047

G4QqAy=0.067 = 0.049 — G4 As= 0.080 £ 0.058

— + 0.07
0=011" 0.03

CNLDERIFEHESOEL DY pure E3FA S, BEDDDIZIK=2 tramsition D7



. Multipolarity determinations _for "°Gd
M2 BHULEBNLOTH S
z ° Spin sequence | Transition Mixing ratio Quqdrupo%e content
) = <(E2> = —
(KJ M) |energy(MeV)| § = /M) Q= s
§4 £ = 23-04-02" | o0.861 |isi2 25 " | 2 0.998
- + + 2)
24=04—-02 1.067 -3.4:33 0-92 :395%
%> Thband mixing ZEi T % DIT . . )
22-02-00 1.065 183 JAH.Homillton
. et. al.
transition D ETH E 2 pure &R
DR.Bés etal 181 1) 7.4 2) 5.8 3):11.6
EINTARD, M1 DEX 2 3H{E D Multipolarity determinations for '*Gd ‘
PN DA N Spin sequence | Transition Mixing ratio | Quadrupole content
B EWRENZHBTAINESD B, L (K ) erergy (MeV)| & = <€y a= - Szgz
N Ik T (DR )
PUSEORRY 6T S & 5E TOR 44~08-02" | 1222 2278 0.828 23"
MEPRENCETIZED M1 tramsi—  45-04=02" | 1.334 28153 0.887 150
45-06"
tion 2%\, —o4topt| 1-038 2.8:8% 0.887 :93%
# 21Tr —Dband & ground band D " M.FUJIOKA Q@ = 0.658:00%
mixi arameter Z, %51 Multipolarity determinations for '%Gd
1 2
ne P ° Spin sequence Transition Mixing ratio qudrupglze cortent
Theory &\ 5 0D (3fF 3 Alaga (KJm) energy (MeV) | §= M7 2
Rule Td 3 Correction (0y3=04-02" | 0.988 0.05 1213 < 0.038
rTre N
° (23)3—04—02 | 1.646 -0.05:392 0.002 8%
factor &IZXBRE% theory THlo> (3320407 | 1.815 011:99] 0.012:0%2
DTN S Zy DEIKE S ] ] _
° #1 7—band, quasi—particle —band, 8
CHE T transition (33T E2 pure level 2> 5 @ transition D multipolarity,
-+ L.
EUk, 2 5D transition K=2 (¥ -band) —> K=0(gr-band)
Y . CORRECTION .
t3Hamilton et al D0 %fF 5 EXP |THEORY FACTORO Z, Zp 7
(10) }
7 7 ; one parameter & B(E2:454) +0.027 X .
o 2 P B(E2.452) 6.109(2.945 2.074 0'048-0005_0'005_0'017 0.046+0.002
U Thand mixing Z&tH L7 S—E—E%z% 1.523|2.500| 0.609 |0.039+0.005
22) - .
Marshalek ~ Ofif? % 2 OF %%%-ifg_; 1.525(1.429| 1.067  |0.01120.010]0.021+0.004{-0003-0002
2>
RL oo HADFRTIAZ, E.R.Marshalek z
phenomenological  0.056
one parameter Tid consistent Case 1| 0.028
] Case I 0.025

RMEICIE RS Bd o DT —
band & 7 —band @ m ixing
parameter Zo, »ZEET 5,
3" odd spind b RDET, %
standard & E X TZg, 23KD

By —HL 2\, Lk
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# 2 7r—band IZF(J % band mixing parameter #/R 7,
" Marshalek @ EE27, one parameter T,

phenomeuological : moment of inertia
g (B, 1 )ocf?sixt (T—gﬂ)

Case | | paringiCX % empirical gap parameter
% {5 7o,
Case I | empirical moment of inertia % FH

9~ % gap parameter 2 57,
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TN E TOHER static quadrupole moment #band i€ L > TEZ L ZWNERKEL Tnrdd
CORERBES ERIZD Z, OMITZ; BSBAINS, (f—band &7 —band D mixing 37
An\n, ) UdLEHS, T TS consistent ZEERIZH PN E VY, f—band , 7 —band
DIEBICHSEL CHEIEL TWa N6 DEB T, & 9 9 perturbation KBNS TE 2N
DHH AN 2\,

K'=47", q. p.— band 2K =27 band SBAL T\» 5 7 4K = 4 ODK— forbidden T
25535 53 ground band ~D transition03H 5 EEATr —band LU L 0 2B 2L 72,
FBICZFNERTH, Z, one parameter TRPBOFEHDNTNE, Zo ZHALTH

K=4(qp.~ band) —> K= O(gr. ~band) consistent ZAEREIZEA R\,
CORRECTION YRS band —mixingZ &AL T

FACTOR % zo2
B DI TEATITHEEND 5,

EXP |THEORY

B(E215->4)
—_—= (0. 1.7 . 41 X * O
B(E2.526) 0.732 05 0.418 0.043= 0.003

i ‘ F411TZ®D band TOR=
B(E2:4>4) |y 59 | 2.945 | 1.559  |0.030%0.004|0.005 £ 0.002

B(E2:452) [B(EZ) exp/[Bg E22]Sp

-S‘%gi—%?%;‘ 0.516 0.0864| 5.971 0.178:0018(0.024* 0.002
e %R 9, s.p.&id single particle

B(E2:4->6)
=1 2. . 255 5 B +0.003}-0.059* 0.001 -
B(E2452) 2.369 | 0-25 9.308 0.073:.0.003-0.0 model TOEEMTdH 5, TN

%3 @ transition T Rz 10° @

. p—band {Z 7—band DR L D 03H % 7% ground band order T o T IEEEDH% N,
IT transition U TW5% & #ZA T, 7-band DKL
U £ 912, band mixing 23 9, Fujioka (& conversion electron

ap -band  properties ORIED 5 1.222 MeV transition

Spin seq. | Transition | Mixing ratio 2 S TR=0(063 +022)X 10° +#&
( J ) |energy (MeV) I3 s Rx10

%b“Cio"?,() MDD band ~D
5-8 1.038 2.8:9% 784 134 3.75 1548
5-4 1.334 28193 7.84:1% | 2.27:83 . transition & H#L T ground
£-5 1.222 2.2:3] 4.84 1348 | 1.67:035%

band ~DZ NDRI/PNIWN &R

1]

1 B(E2) B(E2) 2) M. Fujioka
R [B(MU]/[ B(M])]s,p. R =(063¢%022)x10° NTWhaH, SEO/AEEDER

25 FTNEMD band & compar—

*4
q.p-band > 5 grund—band ~ transition {CHT 5 R able Z{HE 7% 5T\ b,
23T, R= EB Ez)\ /E Il J ». sp. & (& single Z. @ band ®4+ level D¥H

tid odlf@a%ﬁ
partide mode ETEE, I3 Ty, =0.188 == 0.01 nsec <&

Bt shcns0® chnafoTB(BE2), B(ML) 23EL single particle model &
Ll L CHAEDDBES ThHhb, B2 transition ITiZHI5 217 band DENWIT L 5ENA 5T 5,
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7 —band ~ i 0.581%, B — band ~ix 10~°~ 107", ground band ~2 107 T3, MUK

=0 band ® S — band & ground Single particle estimate
1511 MeV level 43 Ty,= 0-19 nsec
T, THNRITDEND HEHIE  “Spin seq| Transition Hindrance Factor
(J 7 ) |energy (MeV) £2 Ve
EL T AEWD, 7 — band D !
&—4y | 0155 0.39:0.02 (0.80:0.01)x10"
mixing 25 —bandiTH % b &b . ' s
§—3, 0.263 058001 (0.1120.01)x10°
%fc&)iﬁ%%ﬂﬂleﬂo 7 —band 4’_2’, 0.357 0-40% 0-01
B—band ~D transition TO  4—4p | 0213 (0.1820.04)x1072 |( 0.65+0.02)x10°
&-2% | 0.381 (0.13:0.02)x10™
M1 OfE I Fujioka DRER 2ME
4-6g 0.926. (0.3620.02)x10°
AL T2, 4—4g 1.222 (0.912001)x10° |(0.55%0.02)x10°
Z¥Fband mixing KDNWT =2y | 1422 (03620.2)x10°

Fref(2 23 6) 2ZRDC &,
re ) #*5 1511MeV level (4_’(?1) 9> 5D reduced transition
" probability i€¥5!3 % hindrance factor

R, I, D/KBEE, TBEBTF, 7% machine gronp DOERICO» 6 BHAL L E 4,
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I-1 TiNi{tL&WoktSkEs

R /N ES
% B OB
Z NN S O S

1 #

TiNi b EVRIPREE DR EORHRE 2 VBN, BEOEE%2 L >WET, BESE ficE
MAMREREZT D, CNOMRBERBOBECH OB EIC O W TRIRBEL L TR NEDS
20, TiNi LAY TERBEHOR, EEME () Roov s 31 L EICERE (<L > oA
ME) CERET 505, BE~ovs v 1 FORIBKBR L L TD lattice softening 24 5

premartensite REDHIRHI DA E% > T xA,” HE B2 2N 5 OSSO HEHE © &4
DREFRBEZ TN D 2 DRMETEIT 217\, HEME S EREDEF <2 — 132 nFhCsCl B
S L MRRIBE Y CHIITEX 5 28, premartensite IRAEDIE BT 2 IEEIE & B S
BHADEYT 4 — o 938 6Nk & 2WE U, 4EIE premartensite RREDHET 2 HE
B THUP TR ER 2T, BRESEEEICEET 5BOKEHEDELE B3,

premartensite RABDSHL WSR2 & 2RBTH 5% 513, Dautovich 5°° 10 L5 &%
E A %2>, Hehemann 57 12X % & fet — orthorhombic — monoclinic DEEEZ % & 5

PBEALLN TN,

2 & #

BN 7 — 7 B8, BRIERERTT 57 Tigs Nigy BV, FEINAZRKL D 50 mm X 50
mm X 15 mm O 3HEUHL, FEFASLZEICEHASE %5 L 5icERa bl T AR
RARE U7, BILBEIAERNTS60°C, 5HMMEAL THA 21T o7, A—REOEETOX
AT S - CRERMAO CsCUMBEDOEFRD 95 (110) 552 A HEL TEHX 1,
CORETIRIL »ICHRME & 2 RA#EEME% 4D premartensite REEICH 5 & BARL €
B,

AU B 2 1T > 7 50K OO T8 SIBHL — R HI8R13 88 1 BICRT & 5 IR ST 5 & Sticm Ui
LW T 205, 50°C ML THIINL @ U»H—10°C MED v v 5 v+ 4 FEKBES TR
LRUD %, 2O 5B A B SKESOHINT 2 RE 513 premartensite REDEE
BHTHB 05, XRAF', REEXHEONF 5 L O EABTEMEEE Y Bl -



82

TigNis,
2 |
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o
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T °C
1B Tiss Nig, DEKES —EE iR
BIhTns, ‘
3 EBRHLUEBRER

TOF Debye — Scherrer ¥iC & A FET LR IERFRREH QP T R EE 2B T
o, HELD TiNi LEPORIZAFPH-FHRITHL 46° OAE 2 DL 9T hbhi, HEL

12000F

8000f
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i3 20 =82°B LU 90°T, BIEREERTIT o4, H2Xid 20 = 90° TORMFEIFT <4 — -
YThb, ThHDEHHRIE TiNiLEYMOERE ( CsCIBIKERME) Ik AEHHB E LT
Hans, EFHROTEEE(100), (110), (200), (210), (211) OEFHICTH N
THBET% <, XBEFTO (110) EFEOTEEE HDETEAS EHBPORETH 5,
premartensite KRB EEM D 6 ERA~LRLT 5D lattice softening 2Pk 5 IREEBTH
205, BFEHCLABETREAR S MO Lg, 240 ¢ 3ic extra x4 5 L sk, °
FAXBEFICLNZ(110) EFEOSHEET 2 2 EBBOON TS, UoLAEOHHET
Bt CREEM L R o ABRRRBINE» o2, ZHEDOBRICONTRETFRAPTH S,

AR IR A G 2EB L T AR\ 2 HRE TAHRFFRF O % B { Bt i UE 7,
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-2 Fe-Mn-CoH¥FEHT

%*

T¥Rem. EBH BRHFLR- KA =
SFHEE - AREE
1 %

I

Lysak 5t 5% &, Fe—Mn—CARE, ROEFE Twvs 94 VERBL & itk 3.0

o & % (bet) —> B A
SDE (bee) =M

7T —> ¢ —>¢ —
(fce) (18R) (hep) (bet)

EFEE, BRUTTHBLT, a &k Khb, w5 44 MR, REBTOLEES L
bEWETIUE, FEIBT ZRERTFAERL, KOXORELLNS2 Y rETR, RER
Fi3, ECNERMBCEFTS LT BERBLORERTF I, EEHEMBZ2EDS C &
HEDDT, & BLFe AT, NEKRLEEOEAMNBORERTFOLIZ, z0#05 1,
1112333 Thd, £'HHTR, cHONENZOLIEREING, MBI Z 5 DS
B2, RFBIFEFHS, WEELEY S NEERMEB~EHT 2 BRETH S L EA N5,

TDLE5C, Fe—Mn—C BEOvNVF ¥4 VERETR, RERFSEEL2RZ 2 RLT
CEALN, FERBY BREATOME 2 KBRHNCHET 5 &3, ZBEBEMSETEDd
DCEHEHD B,

SGEE, 3, REFEFTIC L T BRORZERFMBORE 2R A 7, PEFEST TR, K
FREF O FHELRIESS (be=0.66 X 107 cm), $kD 241 (bre = 0.96 X 1072 cm ) T <
$xh, TUH BEDES (bun=— 087 X 10 2 cm)ZT 50T, XEEH (sind 1=0
T, fe=6, fre=26, fun=25) HNT, REBFMNBEOHRECHERN TH 3,

ZE, FHEFEHICELS Fe—Mn—CAR T FFOREMNBREDOERE L 1L, V. K
Kandarpat® OW&E2H 5, T, B, EEHY, ANGD @, ZAFNFe —Ni —C, Fe
—Mn —C BFEBNT, * 2NV 7 —HRO[FEIT LD, w5 o414 bROREBRTOME
BZHREL TW3,

2 # #
BEBEICL > TIESNAERE 80 mm DALED S, 4 X 50 X 50 mm DOFUREE 280 H L
BZHT, 900°C T 2 B RMBEIR S ORI 21T - 72,
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AR OMFHER L, B 1FITRL &,

B1E Fe —Mn — C &2 DFMHRER (wt %)

Mn C Si P S Ni Cr Cu

11.93 1.1 0.43 0.031 0. 004 0.09 0.06 0.15

AENL, BRTA—257 4 (rB))BEETHZEEZLLNS,

EBRESUXREBRR

% 1, TOF Debye — Scherrer &KiC XL % Fe —Mn — C &&OHETFEIT €2 — o &R
T, REHRE, ASHETFRICHL 45° 0 AE TR ML, EAER, 20=90°7T, HIFEIREE
TiT o/, EZBEFMIZ, F—2FF 4 b (fee) THEBMI IO, REAZOIAE—2K
DT, HARETDH 5,

3
X10

311

Fe-Mn-C
20=90°
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15 —

420

422

400

o
g
222

220
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200

A ey

0 1 |
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CHANNEL NUMBER

0 . 300

#1 Fe —Mn —C 80O ER COFH-FREIHT <2 — >, BEA26=90°
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TOFETIR, BERFOEMOARXIEZ, KDL HicEE 3,

obs
Ehkl

020 T W

. 2
Je TP 1l o

CeT, jREEERT £, | CHERT, £ CENRARE, | ORANHETEX
Ry paw, 2izZFDOEE, e 2" i3 Debye —Waller factor Td 3, ‘
%7, V. Kandarpa 52 2L 3 &, Fe—Mn—C @&OBERTR, BEOLHBFHROH%ES
LU= o AR EBE(F,,,) & RERTFCIBE(F,,) ofiTcHbE 3,
Foer = Floy + Fiu @
RERTIC L AHEE, RERFHSAEKRLIE(LVy Vo Vo) iy, mE@EsEly by V)
WHEETAHE, 22NN, WROL oK%,

4a,

(ickl)0cta:m- b, « cos 7 (h+k+1) ®
(Fyy1) =48 +b, - Z (h4k+1) @
tetra aFe+ 2 Mo ¢ COSZ

ZCT, a; BiRSOEFHE, b, BRERFORETFHEMEE TS S,

BRI, R COREEFONEAMBCEET 258, B LU, NEKIBCEETIHE
OHASET - 1P 12 OEMEE, ORbbRDAEREE, (220) KA 100 & L AAK(E
TRUK, (220) F4Hid, REFETFHS/A\EEMEBTLHEAEVLETS, FLwn j. 1F1® OfF
BIRTDT, zh2HhEELL K,

B2k Fe—Mn—CESOBERT, j-1Fnil?, (200) %2100 &%

M EOFEE & EERE
Theoretical Experimental
octa tetra 20 = 90°
(111) 55.6 61.0 80.0 7.1 %
(200) 49.9 417 93.0 , 8.8 X
(220) 100 100 0o , 100 X
(311) 167 182 246 , 288 X

% HOEERT T L AMIERT - 7 ff,
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MR, B2RCALNBZTEL, (220)D - 1FI1? OERENNITE L L, T4,
EHTE, (111)&(200)Dj-1F1®? OEOKTINWCE > TnBAE, B HEM
DHEBHBKE N, COREADCELZIDEL T, BROFLFNESFIOFELESEA SNEDT, B
KBTI A ERZTOCEMBRBIEDETH 5,
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-3 High Momentum Transfer Structure Factors in Liquid
Heavy Water and Carbon Disulfide by T-O-F Neutron

Diffraction

& M ZRER - -#BEBE=E
i N 3 U S I S

1. Introduction

The new Lg> L T-O-F neutron diffractometer based on the
Tohoku University 300 MeV electron LINAC as a pulse neutron
source was construct;d in order to study mainly the structure
of liquids. As reported previously&l) the performance of this
diffractometer is characterized by easy and accurate measurement
of high momentum transfer structure factors up to 30 K—l.

The exact informations on high momentum transfer structure
factors in the liquid state are not only necessary to make pos-
sible to analyse the structure of liquid semiconductors, multi-
component systems including chemical compounds and molecular
liquids, because definite bond lengths and angles persist in

their liquid state, but also important to understand the effect

M. Misawa, Y. Fukushima, K. Suzuki and S. Takeuchi
Ehe Reasearch Institute for Iron, Steel and Other Metals,
Tohoku University,

Sendai 980,
Japan.
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of soft repulsive core in the effective pair potential on a
variety of properties in liquid metals near the triple point.

Recently it has been emphasized that the intermolecular
force and orientational correlation between molecules are very
sensitive to the behaviour of structure factors in molecular
1iquidsg2) However, we must know precise molecular size in
the liquid state as the prerequisite for such a analysis. So
far as we know, molecular size has not been directly measured
in the liquid state, but in the gaseous or solid state by
diffraction method.

In the present work the counting rate and signal-to-noise
(S/N) ratio in high momentum transfer region of the L&>~L T-0-
F neutron diffractometer were improved and the derivation of
molecular size of D20 and CS2 in the liquid state was tried as
the first step of application of high momentum transfer structure

factors to the study of liquid structures.

2. Improvement of Lg> L T-O-F Neutron Diffractometer

In order to improve the counting rate and S/N ratio the
L5> L T-0~F neutron diffractometer was modified in accordance
with following items,

1. New collimator with 50mm height X 20mm width X 120mm
length was installed on incident beam flight path
between biological concrete shield and borated paraffin
shield. This collimator was made from the lead bricks
with 100mm thick which was sandwiched between two B4C
walls with 10mm thick.

2. Large lead sheet with 500mm height X 2000mm widthX
3mm thick was sticked on the incident beam side of
borated paraffin shield.

3., Lead sheets with 1lmm thick were located on the top of

sample side of the Soller slits installed between
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sample and He-3 counters for scattering angle 2@:3§§,
60° and 150° detecting systems. 26=15° detecting system
had lead sheet with 2mm thick, because ¥Y-flash at the
position of 26-15° system was stronger than that at the
other positions.
4. The He-3 counter boxes filled with B4C powder were
covered with lead sheet with 3mm thick.
5. Two He-3 counters were installed in parallel to the
scattered beam flight path for 29:15?0 detecting system.
3

6. He-3 counters for T-0-F experiment( were installed
instead of ones for industrial use§4) FET pre-ampli-
fiers with low noise characteristics were used and all
RG-8U-type cable(s) replaced by RG-54AU-type onegs)

The intensity of soft Y-flash was decreased at the posi-

tions of He-3 counters by taking the ccunterplan of item 1 to 4.
Subsequently, deadtime of He-3 counters was remarkably reduced
to recover the counting rate in low time channel area corres-
ponding to the date in high momentum transfer region, as shown’
in Fig. 1(c). In addition, Fig.1(c) shows the counterplan of item 5
also made the counting rate in high momentum transfer region
increase. The improvement of S/N ratio, which was apparent

by comparing Fig.1(a) with Fig.1(b), was totally achieved by the
counterplan of item 1 to 6. Especially item 6 was essential to
prevent the output pulse height from pre-amplifier from shrink-

ing when four He-3 counters were used in a bunch.
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Fig. 1 Improvement of the counting rate and S/N ratio
(V and B.G. denote the intensity of Vanadium
sample and back grounds respectively.)

(a) Improved (b) Unimproved (c) Typical spectra; after

taking the counterplan of item 1 to 6 (Solid line),

after taking the counterplan of item 1 to 4 (broken
line), and before taking the counterplan of item 1 to

6 (dot-dash-line).
3. Experimental Procedure and Result

The details of the Lg» L T-0-F neutron diffractometer and
the experimental procedure used in this work have been described
in the previous reportfl) Liquid D20 and CS2 samples were
contained in a vanadium cylindrical cell with 0,25mm thick wall
and 10mm inner—diameter. Solid vanadium rod with 10mm diameter
was employed as a standard sample. Neutron counts were accumu-
lated so that statistical errors were kept within 1% at the
time channel position of peak maximum for almost scattering
angles., Data collecting, processing and displaying were
carried out by computor on-line with OKITAC-4500.

Fig.2 shows raw observed scattered intensities I(t,8) from

solid vanadium, liquid D_O and 082 at room temperature for four

2
fixed scattering angles. In T-0-F diffraction method the scat-

tered intensity I1(t,6) is observed as a fuction of time of
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flight t of neutron with wave length A and scattering angle 26,
Let's convert (t,8) to momentum transfer Q and define the
normalized intensity I(Q) as follows:

D20 CS2
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Fig. 2 Observed intensities for solid vanadium, liquid

D20 and liquid 082 at room temperature for four

fixed scattering angles.
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r(g) Lt,0) AT (1)
17(,8)  AS(N)
= Nm {( ibcn)zsm(g)+ 5'(bin)2} i ASM ’ ASI ’ (2)
Nv(biv)2+ AVM + AVI

where superscripts S and V refer to liquid sample and vanadium,
A(A) is attenuation of neutron in sample and vanadium cell, N

: : v "
is the number of molecules in sample, N is the number of atoms
in vanadium standard sample, bcn and bin are coherent and in-
coherent scattering lengths of nucleus n, respectively,Zn
means summation over all the nuclei in a molecule, 4 is

M
I is correction

correction term for multiple scattering and 4
term for deviation from static approximation due to inelastic
scattering.

Sm(Q) in Eq. (2) is the normalized molecular structure

factor defined as follows:

2 2
s (Q)=N (2 b <|? iQ- >
m(Q) m( n Cny ’ n bcnexp(lQ rn) ' : (3)
1.0
--------- 15°
- D20 e 300
. 2 e 600
0.8 ,‘ ....... 150°
o
~ - t‘ o -
a : o Ty S
~ H "‘".'-,“' e, e Lt
moa ;oL T el
: ¢ R
L4
g =,
0.2}~ N e
L 1 L L | L 1 n | L ) 1 T
00 10 : 20 30
Q (&Y

Fig. 3 Normalized Intensity I(Q) for liquid D,0.
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Fig. 4 Normalized intensity I(Q) for liquid cs,.

I(Q) for liquid DZO and 082 at room temperature are illustrated
in Figs.3 and 4. If we wish to extract Sm(Q) from I(Q), dif-
ficult corrections have to be applied to multiple and inelastic

scattering, respectively.

4, Discussion
If we assume completely correlated or uncorrelated mole-
cular orientation, molecular structure factor Sm(Q) is known to

(6)

be written as follows:
s_(0)=F (Q)+F,(9)[s (9)-1] , (4)

where Fl(Q) is molecular form factor for & single molecule,

F2(Q) is form factor related to correlation of molecular ori-

entation and Sc(Q) is structure factor for molecular centres.
As Sc(Q> asymptotically becomes unity in high Q region,

we have the relation
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S (Q) = Fl(Q) , (5)

m

from Eq,(4). Eq.(5) tells us that the structure and size of a
single molecule in the liquid state can be obtained by the
direct measurement of the oscillation in molecular structure
factor in high momentum transfer region,

Narten(7) tried to estimate the bond lengths of a D_O

2
molecule in the liquid state from the usual structure analysis

OD=0.93X and rp,=
1.538. Fig.5 shows the three values of Fl(Q) for a D20 molecule

-1 -
in the range of 1% < Q<<lOX 1 and reported r

calculated from the solid state model(ice), the gaseous state

model(vapor) and the liquid state model after Narten. We can

1.0
B roo(A)  roo(4)
D20 —S0uD | .01 165
08~ ~- GAS | 0.96 1.52
i ——1IoUID[ 083 153
06—
S L
W
0.4
02
0 1 1 1 1 ]IO L L 1 1 210 1 1 ] ] % i
0 Q&)

Fig. 5 Moleculer form factors Fl(Q) for a D20 molecule

calculated from the solid state model, the
gaseous state model and the liquid state model
after Narten.

obviously find fairly large differences of the phas. in oscil-

lation in FI(Q) between the above three models. The oscil-

o-1 -
lation in sm(Q) of liquid D,0 in the range of 204 = < g <308t
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is quite close to that in Fl(Q) of the gaseous state model

in Fig.5.

0.2+
0 0 1 1 | 1 ]IO | | 1 i 2]0 1 | | 1 I 3IO
Q(A™")
Fig. 6 Moleculer form factor Fl(Q) for a CS2 molecule

calculated from the gaseous state.

On the other hand, Figs.4 and 6 show +that the bond lengths
for a CS2 molecule in the liquid state may be expected to be
shrinked in comparison with those in the gaseous state.

We are attempting to derive the final S (Q) for liquid
D20 and 082 in the whole rang?8§f Q:O.Sx—l to BOX_I by the

extension of both the Placzek and free molecule 9) correc-—

tions.
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(Y3 13- 2) 3.279 0549 | 0.60692
(%53 25 2) 2.287 0.459 | 0.50890
(43 45 0) 0.941 0.400 | 0.85169
(% 53- 0) 0.327 0.251 | 0.22595
(%23 25+ 4) 0.505 0.210 | 0.20687
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0.8

0.6

04

0.2

§3 % ®
ERERIAI > LB TiRD B

B, DX S nBEE»L, Fe OBETR

BBz 32° ORETIR e, 847 ~34°

BETHHEELLNS,

1) B BT REL A EEDRO
HETH 5D, HEDRIE, AL
O 51T, (HHT Fe Sb TR A
E—A Y EBPIODDE ) PNIVHE
FizH U Tz, XDV EELLR
5, 12, HEDRBELLOND L
LT, AEFOERE flXbAX
CELN®D, fops 3ETET 8]
DEEfED 5 kT, 847~ 84°

3 DOEEE~NE S EBEL OGNS,

% %‘”\ 2) WURFb Lo MEERE i
. FBORES 72 595, &M

1 | | : EEL 5 B,

0

0.1

02 03 04 05 8) Debye — Waller RFid, 1), 2)
an&Q(ﬁ”) ERWOHRERTI, ZOKREK
e P T T, L O BRI

X2 Fe Sb ®magnetic form factor D EERfH & E D WD 5, channel no, ITE
3 D K,
TR ED L LT, HWULEW 100 channel FBEF

TOEET, 100 channel PLETid, WETE 5, HAOBEETE LN REHEIET~T 160

channel L ETh 5,

BT, BY54 Fv 2Tk s TOF b FRITTERIC X 2 RERRT ORIEICHL T, HE

HEO FEEKEEICET 2 HESE L L, 2&ice, BRATOHIERTETH S EEL DL

Nz, SAOEHRIL, BK/E—* v b50.88 Lyt /N3, FTRERIEEY® S BMTH - 12HD

129, BSEELD resolution 2 EIFAHEMBTE S, OV sing) = 0.6 BEE TOHELL »
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Bonkdo1z, EEHEEDY cubic DX HICHBT, UHIREE— 2 v FBKAX{, BRiTKE
ITHSERELG T &5 L) pREEHER THNE, ERZ S DLFMLBRE2OULICTEEEDNS,
B, HEHRICHL T, FAU |F|? 2R3 KEEICOWTOD CORED 5, MEDROBERK
MR ERMICE BYUETDH 5, COMRDROBREKFER AV THAEE OHEDRZ R
B2 HERIWEDL > TH B,

BIFEDMH, spin density map 2 { £ TORBITIZH S 50035, WOARETHRE2HANT,
flight path ZEE(KE67 )L DRLLILD, 2y x—4—2@MbiI32HIcL b, SHEES
BN, sing 4 TLORES TORSKEELOHEZATAEICL, spin density map 2/ < H 7]
BEICc B D & Bbh B,

gz % X [
1) K, Yamaguchi et al. J.Phys, Soc. Japan 33 (1972) 1292
2) MU flh RERFERE Vol 5 4l (1972) 88
3) T. Yashiro et al. J. Phys. Soc. Japan 34 (1973) 58
AR 1 BBR4A6E BEFAHRT
4) SuAkBER] HHM48 4 AR
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IM—1 &#HO=Br3s k f H®» Br—CH,
RICHT HBEMEERICE LTS
LR e EEVAZ P -
* v Kz & 5 CH, Br Br oAz
DT ’

KER, &FF  JKISE - TR R
k"

§1 #

il

R, BAHIRBIB%"Br 5 & O "Br ORKEMEBICE 355 4&%9’9%5‘%@c«;m¢r HohgTl
DWFREC & > THE SNT 720 BE 5350 CHy RICHLOTOBr Br, *2°Br Br 510
H*"Br% source molecule & UTHEBRONBAMAE CH, *Br, CH, Br *Br Thb,poCh
B O REARERIC ST Bris L O S BrEFRRES I N 2 BB L OEB T 2 v ¥ —DB5T 5
RENC &> T 1256 3NBC & 2L PIRUI, 234 F7:%°BrBr, *2"Br Br -CHy; WHRD
g 6, TTRINGD BWEL T 5 & 1B b CAMEKDRSELET 50 & 2BDICD
S B 3% ORMADRAER = 300 ¥ —KEEORIGIC & > TAERT 5 CHyBr OIGKHICD» 8
HHENBELTIHEE S IZ kinetic processiZ X 3 UK DENLD § B4+ FIRT & 5 CHyBrBrd
ﬁ%%ﬁ&tﬁ%f;én%éz@fqg{ o

UL Br*Br % source molecule & L7226 DEBRTREM S L ER = 3 0 ¥ —0B5
TARIGHBEEL, B + v RIGICER T 2 AESRIC OV TR RS 2KOTV %,

TTREEL 2L 51 H*"Br—CHy ( HBr/CHy =0.19 ) RICHTI/E 5N 5 ERY
( CHs ®Br, CH; Br °Br ) RETHA 4 VRIEDACE>TH 15 INBC E2WLDICL 12D
Utohs> TEA & v RUGIC R 5 RALAZIR 2 #atd 5 £ T source molecule & L TH *Br#
Bz clidmbBL T 5 EEALNS, APFFRICH TR H*"Br—CHy 35 & ' H*"Br—CHy
% (HBr/CHy =0.1) >\ T LERAMNENROBECOWTHE2INA, 1%6:«%%:%5%%““&,
2R p D F BRI DB TSV TEEL I,

ABFFCHIT A8 5 1 DOEMR, BAF URIGICE 5 CH, BrBr OAERBEOMBETS %,
CNETEA S VRIGICE 5 CH,BrBr OARICIKIGHEAEE LTCH, Br 5 Shvds BEE
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BB ERTCEHBrO"Br—CHy REOVWTINSiIKE > TRIBINTERE) Lo UBERY
mgamgﬁam;ortﬁﬁﬁﬁaé,3®%Eéwééctﬁ%ﬁéntoitwmmew
cule #5Br* Brod SR MO & 5 ICHEIT 3 v ¥ —15 X O8A + L OBET 3 RISOHS
w%étwﬁ4jyﬁﬁm;%ﬁ%é&%@%%m@ﬁbrw&woCCGu@41yﬁmmié

CH, BrBr OERHEH%ZH Br%source molecule & L, RICHCIBRINT 3 &L »>T%
DEHZEATZ,

H*Br%source molecule& UTZ5&, BMEMKERICE §5-> TEINRER, STHETE
BT & > CIR *BrEiF0s 7 — 0 o KA CHBEBT A V¥ —3 B2 1 oV Thb, COLDHED
FNVF—BFEAT U OEMEBBCETIARR N EITHBCZ UL EE LORRICRLIN TN
%5, L1208->T H*Br% source molecule & 3 % FEML I & BUCORRET L, MRZEREIGI & -»
TERTAHELANVF—4 X VEORITOVT AHLVAIRE2E5L58DEEL LN 5,

§2 % B

CHy, Kr, HCUZE TRIEFEK KL b BEAL T2HI 99.995%, 99.9%, 999% Db D%2ZD
FEEBICH VI, HOBr OFE--- HILRKET 5 1 Fv2 %2 BV, BK40~60Me V ETHIE
ERR 2K 2 RIS L TR Pd Br, ML, RET Y "B 2 R L DB OKEZURIGE
BICHOE ARG Y, I5ICP,0, 54, K54 742 b3y 7 RELMEE H"Br %8
B¢ &R, H2mBr OFE -7 v S HBre EHA L, mEAE TRt s
3 THIE 1 SHBFETRELIZ ORHV, COBFRRSEHRCE 258 ick->TPEDB
BEDENTBRIATARLNT Y PR2ETCERE > TRERBETET, FRAEFRIIZS
%10'% 0 secwch » ET2 7 HERIZ0 s, e Th -T2, BROPRIENERUNIIGROER
i3 660mHg &L, FIZ2ERELE L THBr/CHy OEX 0.1 & —FICff-72.% "Br EBT
127 OHREAD 6.1m in & ETCDFRIABE HIK 5 120 BT O BEM S B 05, AKBRTRE
RERT— s v OTCHREZES A V2B LRI ->T, BERTH» 6 RIGHBE TORY %
6B DL THETHETHLE D TR, LN X D EROEBRERL D A BEORVERZS 5 C
EHST Xz, I RRE BIRREATIC 2 B LB SRR 22 i » TIT» 12 DBEL 12 1, JE
BB O EEERIEIR Ge (Li ) FEABER/E Y VFF v 2V PHARESRL Tf1- 70 **"Br
T 0.55 MeV, ®™"Br T2 0.61 Me VIZH27 5 photo peak ZBIENSE L, BERIERIZEED
HSREOBMBEREZFT> THREL, INFHEO—HEA R 0= b 75 7 ERMITHY
T25750 s RBEL, FNFNOT S 2 a2 o ORSFEDHENERE » & ARMINEZ KDz,



131

BRI HER Y v F L — o 2 VB R ANT - 12, SR 0 b 75 710 BHER
DOAFELERERE2ABETD 5,

§3 #& S

H*"Br—CH; 3t FH*"Br—CHy RO A F 2RI B3 b7 5 40 5EKYE LT CH; Br,
CH,BrBr & OYEEMERE O CHBr 3 2SBH SN 72, 723 CHBrs DI 0. 2 %LU T TEBRR
EFPANTERL > 5BED S DTh - 12, —5 H"Br—CHs — HC1 R T LRRAERYDAMIC
CH, BrCl #3%» biliz, #22 8= k%3 7iCk 5 CH; Br, CH,Br Br, CH,BrCl
$EOCH,Br Bribhdvsre s BEOENBIDIODT I s L ItHITH> 12,

RIS T 3 FEH OB RIGRES 100 mHg~2800 mnHg OHFH TREtL 12, B 11tz OFER%Z
Yo ZTHBr,/CHyd 0.1 L £FENERIE DI > T—EiR >, B bBWbhkL i 100 e
~ 1,400 mmHg OHEATIZPEROENKERDS B LA L LT EBIL T2,

6 M T ¥ T M T ¥ T "; 1 )97 ]

I o -
4| seogo—B . :
=2 ' 'Yy
3_, L ® ® .
o 2 .
= A
> A :

A A 4 A :
O 1 N i . 1 s 1 55 i )I)L .
400 800 1400 2800
Pressure mmHg
M1 HFEHSR , _
O:HH#IK @: CH,*°Br
A : CH;%° Br -

—FHBr—CH, ¥X0H*Br—CH, Ricx\"CE5N % CHs*Br, CH,B*Br2 573K
TS T B MR RER TAERT 3% Br, ? Br BFOEOEHH AV EE) T A V¥ - DFSE
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T ® °—eo— o
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.Kr mf

M2 HY"Br—CHyRITNT % Kr BIMOME ( caption IX 1ITHL )
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6 ] e -
_ e
. 8 o. 50 _,o;‘/./ -
<1 S
o X ]
[
S 2t a
by ——A A A=A ‘.__A__‘.“f"
N el
0 02 0.4 0.6 08 10

Kr mf
M3 H*"Br—CHsRiZx T % Kr HIOHR
O: Ak @ : CH,BR"Br
A : CH3®*?Br
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BET5ANT, R TEKRIMOPRZRE LI, ZOBREM2,3ICRLTL, MARED
Kr #E 0~0.6 mf O»4 b [KOEBATE CNREMRED 5LV, LDT LR INLERY
VEMOBG T BEA F L RGIT L > TOAERL TVB L 2RL TS, ARINEKGIRTKA
ZEFRD ONLVY, CH3*Br, CHoBr *Br OUUENTHIC TR OMICH X 6 o> i HEDED 5
N1z, 974555 Br R T CH, Br*Br,/CH; *Br OffidL 2 1.8 THEDITH L 52" Br %
Ti34.6L K& <, *»Br RTi CH, Br*Br OARHBHEE Th 5, £l RICHVTKr BEH
&% 0.6mf LI ETCH, Br *Br DINEDOWMO RS 5Nz, Chddeic®=Br Br — CH, Ric
BOTHEA U RIGIKIC X 5 CH,Br Br OISR U & 5 i Kr BEH 0.6mf UL TO 3002
B2 R BR & IERITELL TV 5, RAFICH™ Br — CH, RICHTHCL IINDO E %2 X 4
IWRUTZ, € CTHBr/CHy =0.1, £ 660 mmHg & —EICH > TH - 17, HEINKRIZA LR
TfI->TCHC1 BE®E TRISITEM[ERL, TROKrEMOBE & FERCHELUL TV 5,

U URERY ONESHEITIIR & s B8y b, HCLEFOR N> T CHyBr
CH, Br Br QUKD IZITER ML HD T 5D HGEL T CHBrCl 8K 8757 5 > (X) (W
BT ) DIGEDOHEIMNL R 51, W& ORICH S » ICHRBERSERET S C & WSHBAL 12,

5' T T T T T T T (l)/l

o) o) o) o—"
4 O———0—o0 O

0 0.2 04 0.6 0.8 10
HCl mf

M4 H*"Br—CH; RCH$ 5HC 1A%

O:FBIE ®: CH,B B
A CH3® BrO: CH,®¥BrCl
I I R\
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§4 & &

—MRICEBR G TER T AEHEINTTEFIERORMTECH 2 BT LB L B 0 EE = 3
NE— LB RREORES, Mo TZOEMERIGKIBH S L BB T A V¥ — P Rx L HE?
REFEBRMENT B, SHERITET 2BFHERIGICNT 2 6 BEBRIGTHERT 2R/ T
DESBHBS L EH T AV - DESOEHERCNETHEEL L TR inert gas 2HMNT 5 C
BTk > THEDNT 181910 Kr @EEMICRE/E T 3 i b Tl L RFEFT & BRbiE
LB BVHMERNTH 5, 3 5ICZDA A L LEEN 1899 ¢V & BEDZA ( 11846V
& b $ 7 < charge transfer reaction P H i< <, PO REIFERE N TS quenching DEIE
DFERIC/NZ WV, UED X ) BRD 6 AFIRICH T A MEHKEB TERT 3 EERTFOESES

ﬁﬁmﬁ?%%ﬁﬁiUﬁﬁl%w?-@%@@%%%ﬂﬁ?5t?&ﬁ@@%ﬁ@%ﬁ%ﬁ&%o
TbbKr FINC X 2RO FidEB — % v ¥ —{KEDKIE ( kinetic process ) iIZEEL,
— BRI VI EROBEE T 3 KIS ( thermal ionic process) Tk 3 &9 5 & H5H
%50@2,3#GCH3BnCHfMBr®W$ﬂKr%EO~QGmf?&&—iT%%C&
@6,H“%rﬁiUHmBrﬂH4%KBPT&EEWE@TE&?%“Br,“Br@ﬁ%ﬁ
RISz 03h $ BREOB S % thermal ionic reactioniCd 5 D& T3 EMBHKS, COH
ERFCICHEL T BrBr# source molecule & 3®™Br Br—CHy 3 X 0" ®"Br Br—CHy D
FRERZL RS- TVE, HEDIZHE LICEEROIER12)E & HITRL T,

%1 (EEIHTS O Br 510 *F Br OE-EE
IANE B OBEDOES

2 & * 80mBrBr- CHy | H®*™Br ~-CHy4 | 32™BrBr -CHy | H®2™Br - CHy
OB O R % 5.40 425 5.20 4.45
| CH3Br % 3.05 0 2.45 0
K-E
CH, BrBr % 0 0 : 0 | 0
2| CHsBr % 0.6 1.6 0.4 0.8
Th - -
CH, BrBr % 1.756 2.65 1.85 3.65

1 FEHIAVF—EEORIGICEB (D
2 BAFURGIZEBHOD
CZTBry, /CHy or HBr/CHy =0.1Tdh 3%,
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Br* Br % source moleculed U744, CH,;*Br (3T kinetic process € & > THRT 5
# CH,*BrBr i3 thermal ionic process €& 3, —7 H*BrZ%source molecule & L1z
HEVTN S thermal jonic process 1Tk -T2 5 SNEB = 3 0 ¥ —KEDORKIEOHT 122
(BH SN, W% source molecule & LIZHAICHVT  thermal process (€&
% CH;" Br, CH; Br" BrodUsE0A/NERiz CH,Br*Br>CH, *Br &8> Tk b, EAOBS
$BRIGTIE CH, BrBr BEEMICART 5 C & ZRL TV 3,

source molecule DENITX BK X7 23 R IEKREBICHE > THE 2 ISR & 2 hugB| x>
el <'ﬁ¥m%¥1§§bm 57 —u vRFCL > TREFRTF S 5 kinetic energy D& MTHEEL
TW5, $4b5NMEHRICE > TRERTVEHOEM 2+ T LINEL 7S, Z D kinetic
energy (X H*BrZ%source molecule & UTZHEIRE X 1eVThH 2D L Br*Br OB &2
40 eV EMEBEOMICKELBENVD S, COLICLTERLZEBEETH CHy & EBjxh L 3 —
BEORIG2T 525 E5»2HatT 5 ETC—2>0BEEZTH 5 CHAFHO HET 2 BT 2 10 BE
MfR/N2 AV — ( lower reaction energy threshold value )'*) ZFH T4, Z DffI12678
&V LB,

B> TH*Br% source molecule& U458, REZRTHEEOEE T 4 v ¥ —ic ik L ¢ DR
IR H CHE = % V¥ —[KEORISEEIT X 20— Br *Br OB AT AR TR+
CHy& BB = 2V ¥ —KBEDRIE RN 5 b DEEA BN B, ,

Hamill & Young 3'4) ﬁmCZH&@cm\rH“mBr% source molecule & U T Z DR
BRICE b5 RO REBR L, £ OLENPRGSALRICBT S (n - 7 ) KIEICL 5% Br
T BFMHREFRHICHLL TV A T 025, I Libby i3'°) AU & 5 ICBAICHNT o —
PrBric oWV TH  "BrO#EMHGFEERICL 2%°Br L& ( n - 7 ) KGICE 32° Br ORIGH
DI b BBHRERIC & b 75 > TEEBH 2 HICE - 12 BrH @ AEOA T & 0 partial
neutralization (11 %2 &1 collision iT & - TH /L b DEBI< 3L — Rk > i BAREEDHS T
ERIHELIS, U L7 bs b EBICHIMARS 81tk 2SI 5 RRETFOR-®ma, &8
FUF - DHFEZOBREIHEA SN TV, ,

Br?tT + M —  Brr*t+ M(Z-»)+F (1)

H*Br#% source molecule & 4 5 ARe kG272 & 4 13T partial neutralizationiz & & 7 5
Coulomb RFEIT & > T?ﬁ@%ﬂbiﬁﬁl FUF—ZRBLICELTY, Z2hid CHy & DRIGIT
BOTKRBRRIG 25 TR ALEDOTERVCERFLTWE, COX 5 H*Br#

source molecule & U725 Ga8% 511 5 thermal  ionic process €350 T, Br?+(Z>2) O
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electron affinity @FFRITHENC L 6 RGICBSTIAAVELLTIRBr BREBYUEELD
h%, HERED Br* &CHy %% O°Kr & O charge transfer reaction 2N 2 115, 2.5
eV 1L MBT b3, f->TCDORGHHETT 372D D threshold value i3 Br+ C HyicH L
6.90e V,Br T+ Krizt L ’4.22 eV Thb, IRERTOBEIRE( P, *Py, 'Dy) 25K
LTh, 2ORGRETRHMTH S, SRERTFOFOBEH T A NVF —HEX 1eVTHE L L%
ZANELRRGRIIEALE/ALS 28D EEL OGNS, —HRICAMCHE]T 3 HBr £Brt

& @ charge tranfer reaction (2)& 0.2 VI HBTH B,

Brt + HBr — Br’° + HBrT (2)

UL 208 & ISQRICHR L 72 Br® O kinetic energy 1 “hot” reaction %7|Xi2d

WCHESTE L, BEDOHBRCE > T scavenge 3N, AENEZE A 2L 54 &L,
—HI 1 eV JH\TODIEI F V¥ —fHFICII7 S ion molecule reaction ¢ cross — sec -

tionQ iz 4 4 OEBT A V¥ —E & DEICRDE > SBEGD 5, Qe E T, 1220
cross—sectiontd gas—kinetic ¥ & N charge transfer reaction ® cross — section & b 2%
hREWV, B> TAPEILEI 2L ) ERIGRORETISBr DA+ AEEEL D RS VRTIRE
IR TR 5% Br 5 O *2Br OAMA i ion molecule reaction%fi5bDEEL b
3,

S0 mB sk 0 INBr O BHAERIC L b1 5 EALKSE | M 2.8 DERMIOIGES D b

NERBELET 5 LBMOLTH 5. c ORMEDEG Br, ¥ Br ORMABERDEEIC

ETCHDEREAILL, *'"Br,  Br O WAXOBNCZORRERD S C Ep3ZH L
80m BAON D, R5ICHEDL

Br
17) = > 80m
1T - 100% CEX ZRUT, Brid
AR T.4 n sec DFfEEHAC
.._.____._.__O;O_E_}E_ 4.38h 82m '
E ' Br REZEHT 2 2 BROKENR
eyl ¥=298 T 59
(1€ :100%) ST HKEBE2IT, Z0% 1B
0046 '
] 0037 5,ns —————— 6.im M 8 5% T~ 100 % PIEREE #1,
eyl ¥=16 e/ ¥=382 , ) R
(IC :61%) (1C :100%) F2BRE 1EB T 612554
bl rem J———————O 3534h HREREAT 50 —5" " Brid
80 82 :
ar Br M3 O—B#E ( ~ 100 %

K5 Decay Schemes of **™Br and ®*" Br PYERIRER ) 2 47 5
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L T* Br, * BrliRiCBII M3 BRI AFNDRIABNCHEDSDEEALLN
Bo TUOLL NI >TERT2RAFTOEH = 4V ¥—, BHREECERBLVIDEE
AbN%, UL 55" Br OFFHEEIHEIRRED 5 Dtz 39 405 3Tke V 1 $2HH, ZED 61 %5
W29, CCT8TkeV 7T MBI > T Br PEETARBT AV F—DAX 1L, 2
NBFEEL TV A EFRCARE CEET AVHHEBE TR DERYVGERTSELIZELTEZ
DERBSLZ 0 ?VERETH D, LEEEUMCES LWV, LIZW-> T ohic & 3 EERRIE
FHEEL S5 8DEEAON D, U EDX D 2EBEED SEMAKEE TART 5% Br DILFM
ZHRIEIRD 2 DICHITEAD EWBHFKS,

process( A) «+-eee PERER L + 8Tk eVr SRAH (39 %)

process( B) sreeeeeee PIERER L+ NSRS (61 D)

process( A) (3R> T*2"BrR TH L NIZILEDII%IZEL £, process( B) (220 Brd Lk s
5 process( A) DIEZZELFIVTELN S, DX 5 BIRITIC L > THI process( B) 2 & 2%

TZR 6CRL T, process(A) EEBEKr BE0~0.6 mf TCHS® Br, CHBrBr & 313
IF—EDNEKZRL, 505 thermel ionic reactioniCt > TH12HINB T & EZRLTULS,

process(B) T X % CH; ¥ Br,/CH,Br® Br O i35 & 2 1.14 TdH 555 T Dffid process(A) 1Tt

B5{E0248 E KX BT A, 2D L3 process(BICH L Tid CHB® Br BELICAERT 5

3 L J
®)
o o) ®)
0]
32 -
E : A o :
f‘_ 1 o o A P e
O L L L i S 1L N 1 .
0 02 04 06 08 10
Kr mf

6 process (BVC & K57 ( caption 3B 1ICFL )
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CERRUTY B, % AREOEITICE 5" BrBr — CH, R0 process(B) OFER & § B —
BEmRUI,

DLEDC & 59m By, n By OBEHKERIC & b2 5 FKHREO™Br © process(BIT
BEL TV 3, Kic™Br ORI ERBOFENC OV TEET S L, VEARBEREBCDH 5
80 Br SSEEREBICHIE T ARNICEARON T &G 2 BROFMOBEELR L L 5,
?Ebé%@n&¢Mw(wa5wﬂﬁﬁmmﬁﬁéﬁﬁwkbﬁw%%@,m%56<&
SPGB L - T BrT (XBAIC additional build-up of charge #5213, Z DLFHPRE
—BREBOES L2 ASETHA I EEASLC EVHES, —RIT physico-chemical stage
( moderation, ion-molecule reaction, charge transfer’s & )i 10™° ~107'° sec order T5E
TEaEBMoNTESH ) 3°Brt i3 —BRBEBERRET LA L2OLFELE5AL58DEE

A BN B, LD & IIATERERICONT A ES I b5, CORBBIRREIE T 2 FEREE LTI,
6 17T & 5 IR E T thermal jonic process DA E>T I HINBL L BH Br

HBUEO Br Ok 58 E 55 CERT Br 50 b05 “hot” reaction (CULELEET A
NE—RBEOE IR EFEREE S TVB EEABN D, LLEDSERT 2 LFEOKREITH
HBr & 53 Brook 3 st B2 LT 3 & Thidsl 55 BREEFRERIC L 2 PRI R
5 processt A) DBEERALICE B b DEEL GND, f->T—HAM L NV TLA LDOLF
BrE522:LT2Nd 5D 223 EBISESBEOEMOEFASE process(A) DZ N LI
BoT0WAE2RBLTV S, ,

BB TAERT 2% BrT 32T TIRDONIL 5T ionmolecule reactiond5GiTlL, A
b BN BT % GH, & DR IGBYE energeti cal lyichit b b 3 RIG E EA BN 5.

s5oBrt + CHy — CH*°Brt (3)

C DX 37 sticky collision complex DFETEC DV TH £ £ Tmass-spectroscopyll ¥1J 5
BT, BADT VEVAT A EH) B ORIKRR D CBL THE(BDENT 5,
&%mm‘e@“>mhr+®$5&mmmaﬁﬁﬁwﬁga10*%cuté5wm@wmm@
oo E RHEL TS, 2 Magee 5220132 D & 5% complex 4 & > D life-ti me(7) 3
THHELTRAZEIBL T 5,

reyn (11— £y
LTV ER~10 Es : binding energy
@ complex DEHDEAME ( —BTRIBRETHENLETEEIN-6TEALLNS)

E : HXEE) T & v ¥ —
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4NELT6, Es 20256V, EREs+kTELTHBET=818 X 10 ~'sec £/5 5, CHZ
BHSHETH B0, WIHIKLTS TOMEE, RHBELY ~VO life-time (1.1%107° sec) &
b b b BN 2 p5bh B E 1 1 OENBEOEER DS b5 & BRIC10 1~ 10 = seck
BEOEVEENICARE L 305 & 5 BEHEREDEEOSHELELEVC LD b, LOTE
b%%immdmﬂemmﬁmK&oT&ﬁthﬁ%@ﬁ@%E“leﬁm%%O%@t%i
bNB, AEREHFCBNTIR 1 OB RCBELRMIZBLZ 10 ° sec TH 52> 5 RGBT X
STHRUIZCHy*° BrT & BRADOHT L OBEMEMOBERIASDD 5 5, Lind 252°) Fiek
T 2 HEHREEORF BN T, Z0L 554 4 v EEKE LI ion-cluster DIERVIER
ITHER TN EZ2REL TV, Tbb AEOSTFEDMED dipole moment & %W it dipole
- induced electrostaic forceiC & » TEMED I3 F% &L ion-cluster 2T 2L LTV 3,
4 CHy *° Brt2s, flis & OAMRITEIT > T DL 57 ion-cluster 2B 2 ¢ &3, ARV
VD life-time B FCHy®° Br D4 F L EBEMRICHFET 5 HBr, Cmmwfn;bé
BENEZBAOGNILELLGRFELOND, THEDODEHMLNV1.1Xx10 "8 sec IR ZD L 5
i ion - cluster ZTERRL, CThuv 65 2 BRI S D EEA BN D, DL 5 BRIGDHIT
ﬁwf@%@k?%%%@mb@éﬁ@ﬁﬁwa‘%wea&u”t#ﬁmﬁwbrmé%@§%
AbN5B, —RICHEERAKECKT 5 RBEEAERSL O (0, 7)) G 3 RERFORIG
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Ui 75 b s 53 L b BB TLER T 520 Br O2TH T D 575 process 25 b
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TE» 5N kr 0.6mf LLETDCH, Br Br OIERDOBIINASHL & 9 i€ process (B)iCi T 3
DHENDBCEHHELBEBHSH Br, *°Br* 0 >0 ) Dk 5 L FEELLHFEL TV B
b HBEDEEL LN S, v
B4 4 Y RIGICE 5 CH, Br BroER: B KL TEES L GBI E > TBr* "B

— CHERICH 1 % CH, Br*® Br MAHIE thermal jonic process (€& 5 C & &BRL 12 /115
i@ Brt 44 CHy ORIGTAERT S CHy*° Brt ONMSIGTERT 5 CH, Br- 794 v
25 CH, Br*® B 54 3HMIETH 5 & Uiz, L LABIFIC 154 5 HOBr—CHYRICHLT
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CH, Br + HBr — CHs;Br + Br- (4)
CH, Br + HBr — CHBrBr+ H- (5)

K1) 8.1 Keal DFBFE12(242 24.6 Keal PWERIETH 5, > TRIEHEE L LT
CH, Br7 oA v2ZEANECH, BrBr 254 5 RIG6G) & Y $ CH; Br 254 3K [SADTHE
SIS b DRSNS, EEEREN 2314505 L 51 CH, BrBr > CHs Br T b
thermal ionic process €& % CH, BrBr DERUITHT AHHHE U Tid S UVBUERERYE Bbh s, &
LI EDERRRT DT> 12BC1 Rinck 2EBRTRAL & 51 CH, Bre G L L
LTiRETHE

CH,Br + HC1 — CH; Br + Cl (6)

CH, Br + HC1 — CH, BrCl+ H (7)
RRN6) (TWsEA BN B, FIG6) (Ti3Z2NENn 8.0, 8l.7Kcal DRB KT, CH,Br %25
A BRGEWS CH, BrCl 2542 RGMNE b $ BEMNIES bDLBEALNS, LHLH4IA
515 & 5 I BODHC] ANtk > TCHs BrolEr LA L, —J5 CH,BrC1
DR SHMOBEAZR LI, CDZERRIGHEAEE LT CHy, Br idRUTHEVCEZRELT
W3,

b BrT 44 D57 % jonmolecule RIGIKN T AHAMBZ L VBRKARBOTIZZ D
FIGOFMICONTERT S LLRTEL. LU RIEROEN S 1 KM E W 5 AKBRD
BESHETTIE, —HBHCH*°Brt d& 5% complex D4R L2 &L T % Pottie, Hamill
24) PEERL TV A.E 91, ZNHVEABHCRICHFEE TS HBr & 20k HC1 & OEEENL KIG

BEGHZEDEELLN S,

CH/*B# HBr > CH, Br *Br (or CHs*Br ) (8)
'\—HCL_—> CH, Br €1 )
M40 THCL HIiCE 3 CH; Br %X 8CH, Br Br OIEQBEDOAINS & 5 &
CH, BrClxk 7357y s vXDBHONKROHEMENGEL TR, o sidhbDlR

DT DRk XGEORE (1 HOEETRIGT 2HE )L L > THREINS C ERRLTL 5,
FIZHCI BINC & > T2 OBFEHNRCHL B2 BD oL hr -2 &3, HC1 04 % {bE
FE25 1274 eVE Br M2 b b8 < charge transfer reaction GHBL 55 b L EA bh,

S 51 BrTEHCL & O ion-molecule RISORISHEE FH b MR IGIC KB L /NS0 ¢ & iCERT

5 DEEALOLNS,
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-2 Photon Activation Analysis of Biological Materials 1.
Elemental Abundances of NBS Standard Reference

Material, Orchard Leaves

H¥mpy mEen
BERHE HEpE

Summary — Photon activation analysis with 30 MeV brems-
strahlung in conjunction with high resolution gamma spectro-
metry has been tested for survey analysis of trace elements
in the NBS biological matrix standard reference material,
orchard leaves. Simultaneous irradiation of the sample with
synthetic multielement standards containing 23 elements has
shown that the +technique is particularly effective for the
nondestructive determination of antimony, arsenic, calcium,
magnesium, manganese, rubidium, strontium and sodium. Photo-
peak intensities, optimum decay times, signal-to-noise ratios,
and other factors for quantifications have been stated and the

elemental abundances of 8 elements were given.

Although a number of elements are found regularly in the
tissues of animals and plants, only several trace elements —

magnesium, iron, cobalt, copper, zinc, molybdenum and iodine

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

** Nobuyoshi Sato : College of General Education, Iwate
University, Morioks. '
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— have been characteriéed with certainty by their biological
significance in the life processes. Many other trace elements
may, however, play important vital roles in the life processes
such as metabolic processes and enzymic actions. To know for
certain, trace element analysis in the biological sciences is
emerging as an increasingly attractive area of research atten-
tion. The multielement analysis to gain an overall view of the
elemental patterns seems to be more important to investigate
mutual roles of many elements in a living matter.

Since their concentrations are extremely low in general,
activation analysis is often the only effective technique.
Many investigators have so far applied neutron activation ana-
lysis for single element determination by means of radiochemi-
cal separations of pure radioactive products followed by gamma
counting. In nondestructive method by neutron activation, the
number of element determined is limited because of high swamp-
ing activities either from the matrix or from trace elements
with high thermal neutron capture cross sections. This
approach could only be achieved when a complex scheme for
automated separation of a number of pure radioisotopes was

2)

conductedl’ or when a strictly instrumental technique weas

introduced in conjunction with high resolution gamma spectro-
metry.3’6) Morrison and Potter combined chemical group sep-
arations with high resolution gamma spectrometry and obtained
abundance information on 31 elements in several biological
materials.

High-energy photon activation shares with thermal neutron
activation the advantages of homogeneous activation, but pro-
duces an entirely different range of nuclides. In some cases,

alternate products induced by (¥,n) or (Y,p) reactions have

more convenient half-lives or gamma-ray energies than those
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produced by (n,Y) reactions. The multielement photon activation
analysis was assessed to be promising in our previous work8) in
which a number of major and minor constituents in standard sil-
icate rocks has been determined nondestructively by activation
with 30 MeV bremsstrahlung followed by high resolution gamms
spectrometry. Hislop and Williams applied photon activation
technique to intact analysis of the reference biological mate-
rial kaleg), human blood, urine and bone ash.lo)

This paper deals with a part of such study as to investi-
gate how the photon activation procedures are powerful as a tool
for multielement analysis of biological materials. The sample
selected in this work was a biological matrix standard reference
material, SRM-1571, Orchard Leaves which was issued for trace
element determinations by the United States National Bureau of
Standards. This sample consisted mostly of peach tree leaves
with a few apple and sour cherry leaves which was collected,
dried, finely ground, homogeneously mixed, and distributed for
intercomparisons., Some certification for elemental composi-
tions was available for this material,ll) and it was felt to
be helpful in the assessment and development of the present
method, Utilizing the experience gained in analyzing geologi-
cal materials,S) it was decided to combine 30 MeV bremsstrah-
lung activation and intact measurements with a lithium-drifted
germanium detector for analysis of orchard leaves to obtain
maximum elemental information without chemical separations.

8 elements could be determined nondestructively in-this work.
Experimental

Sample and multielement standard

The orchard leaves were dried prior to irradiations at

9OOC for 24 hours as recommended by NBS.IZ) A portion of the
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dried sample weighing 1 g was compressed into a pellet 13 mm in
diameter with a thickness of about 5 mm. A reference standard
used in the present experiment was a synthetic mixture contain-
ing the elements of interest distributed evenly in cellulose
powder. This multielement standard consisted of 23 elements,
mostly added as oxides, at an appropriate concentration in a
matrix of cellulose. The concentration levels of the elements
in this mixture were 1.4% of magnesium, 3.9% of calcium, 500 ppm
of iron, 200 ppm of each of barium, copper, manganese, sodium,
nickel, rubidium strontium and zinc, and 20 ppm of each of anti-
mony, arsenic, cerium, cesium, chromium, cobalt, iodine, molyb-
denum, lead, titanium, thallium and zirconium, The reagents
with chemical purity of 99.99% or better were used. About 1 ¢

of this mixture was compressed into a pellet 13 mm in diameter.

Irradiation

All irradiations were performed for a period of 2 hours
using a linear electron accelerator of Tohoku University oper-
ated at 30 MeV. The electron beam, the peak current being 90
mA, produced bremsstrahlung in a platinum converter with a
thickness of 3 mm located 3 cm from the beam exit window. The
average beam current was 70 MA at the position of the converter
measured by using a current monitor. Samples and the multi-
element standards were sandwiched together and placed in a
water-cooled sample holder on the bremsstrahlung beam axis 12~
14 cm from the converter. Because of heat generated in the
vicinity of the photon-producing converter, the samples could
not be positioned close to it and, hence, intensity was sub-
stantially reduced from that obtained immediately behind it.
In a typical irradiation, a dose-rate of 10° R/min was ob-

tained at the sample position.
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Activity measurement

The counting equipment consisted of a lithium-drifted
3 ORTEC
Model 8101-0525, and its associated electronics coupled to a
4096-channel pulse-height analyzer, Toshiba Model USC-1. The

germanium detector with a sensitive volume of 33 cm

counting system had a resolution of 2.4 keV for the 1332 keV
gamma-line. Counting has been made continually for a period of

one month or longer.

Evaluation

Nuclide identification was obtained from a knowledge of
the gamma-ray energies, decay data, the gamma spectra obtained
by irradiating pertinent pure elements, and nuclear data listed

in the Tatle of Isotopes.l3)

In obtaining full-energy peak
areas, total peak counts were computed and background contri-
bution was subtracted, assuming linear variation of background
over the peak of interest. Interferences from overlapping
peaks were corrected by decay curve analyses. A mean specific
activity in terms of the peak areas for any 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
At shorter decay times after the end of irradiation, the
gamma spectra of both the orchard leaves and the multielement
standards were dominated by activation products from calcium

(43 240y

K) and magnesium (“"Na The only trace element observed at
8Tm

this time was strontium ( Sr). At longer decay times, photo-
peaks due to the (Y,n) reaction products of a number of ele—
ments could be observed. Those observed in the multielement

standards were 74As, 47Ca, 13205’ 54Mn, 22Na, 84Rb, 122Sb,
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7
202n; 897, ana 1201, In addition, the O Cu activity from

zinc was also measured. The photon activation products found
in a multielement standard are given in Table 1 with half-
lives, gamma-rays observed and their peak intensities, optimum
counting times, and signal-to-noise ratios within the counting
times for each element.

The elements identifiable in both sample and standard have
been determined quantitatively. Those were antimony, arsenic,
calcium, magnesium, manganese, rubidium, sodium and strontium.

Arsenic could be determined using the 596 keV photopeak
of 74As. The 634 keV photopeak of 74As could also be measured,
but, when used for quantification, the results seemed to be
less precise as seen in Table 2. This peak was used for ccn-

firmation., Calcium was determined either by the 44Ca(Y,p)43K

-
or by the 48Ca(Y,n)4'Ca reaction. Of the peaks of K and
470, the 374 keV and 619 keV peaks of K and the 1298 keV
peak of 47Ca were found to produce accurate and precise values

of calcium concentration (Table 2). The calcium result was the

average of the values from these three different peaks. In

4
the determination of magnesium using the 25Mg(Y,p)2'Na reaction,
aluminum interferes through the reaction 27A1(n,a)24Na. 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 27A1(n,a)24Na contribu-
tion to the total 24Na activity could be estimated to be 0.04%
when an aluminum concentration of 440 ppm in orchard leaves
reported by Morrison and Potter7) was used,

The results of duplicate analyses are given in Takle 3
together with those by Morrison and PotterT) and with the NBS

. p 10 .
certified values. ) The results of duplicate analyses for

each of the elements generally agree with uncertainties better
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than * 4%. The arsenic results are low as compared with pre-
viously published data.

The method presented here is particularly valuable for the
determination of antimony, arsenic, calcium, magnesium, manga-
nese, rubidium, sodium and strontium. If an irradiation with
much higher dose-rate were performed, the sensitivities would
be improved so that the method could be applied to the deter-
mination of more elements with lower detection limits.

Further analyses on the biological standard reference
materials of different origins as well as biological samples of

a wide variety will be carried out in the near future.
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Table 2. Arsenic and calcium concentrations in Orchard

Leaves determined by using different gamma-ray

photopeaks
Element Product Photopeak Concentration
(keV)
74
As As 596 9.8 ppm 9.8 ppm
" " 634% 9.3 ppm 10.1 ppm
43 %
Ca K 374 1.95% 2.04%
" " 619 1.94% 2,02%
" g, 1298 1.90% 1.93%
Average 1.93% 2.00%

* Photopeak used for confirmation.
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Elemental abundances of NBS Standard Reference

Material 1571, Orchard Leaves

Morrison and

Element, This work 7) NBS
less Potter
Ppm.un ess (Nondestructive (Destructive Certified wvalue
indicated PAA) NAA)
As 9.8 9.8 10 10 14 £ 2
Ca 1.93% 2.00% 2.15% 2,04% (2.09 + 0.03)%
Mg 0.60% 0.63% 0.60% 0.59% (0.62 + 0,02)%
Mn 99 100 86 86 91 * 4
Na 86 87 80 74 82 £ 6
Rb 10,3 10.7 11 11 12 +1
Sb 3.3 3.2 3.0 3.0
Sr 35 38 43 37 (37)*

* Noncertified wvalue.
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