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16. 46 2" 2.740.9° 0.22 0.02
18.5 2" 8.0 0. 67 0.06
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20. 30 2" 20 + 8 1.7 0.21
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B5M~0.5MeVOFNE— I BEINTV S, (7, n) OERBARENEL, chbo
structure 2 BUVHL TRWVEL, 20Ne BBWTRONSE 1 EXHIBO K X 72 structure &
24 Mg, 28S i D ( sd) shell KICILBIRBHIN T3, CA 5O structure iREHSERL T
WA, (B GHTIRRE & D coupling 10k 5 2p-2h REBDmixing BEDB LEZZL 6N T3,

EFOHR % AN EHE UTid, W, H Bassichis and F. Scheck® ®Hartree - Fock iR
f8%~—21LT, particle - hole model % Tamm-Dancoft ¥ Bl FTHR 123 En5d b,
K=0&tK=1DREOHHEZHBAL T 5, K=0 DREIZ (sd) shell DRF45( fp)
shell i€ k% ( sd )" ( fp )@, =HANVF—MCENMIBIZHTL 3, XK=1ITHLT
Fp ! (sd) ML, TALVF-MIZELHAIBWRINTV S,

KB R URHT

EBIZGas Target ZHVTH LN, 2570 L 2ABBICIEETCRKRAD X+ v H R 2HAL
DM TV S, ROE —7 v FOBERBBOEED efficiency i3, 12COHK 2HLT
DTV 55, Gas Target DHH W BMAFENRG 2Z A A5 DABREERBITI 2 v HFX2HA
UTtb DZRWVT efficiency 2RO TS, XERICE b HELINETPEEREBICAL T
WEICABOBERRTHRICELNTVEY, AR LA —2—DHREOES, LEHIS
12 & b A8 D Back ground 05 A->TL 5, Z DBack ground ZHLH Br< iTid, AL b WG
THIANF—DERR2TLOET UL B0,

BT LROE 2 BT E LTRSS 183 MeV 85, 250 Me V35, 250MeV 45, %f7
Koty X, FHEIC 100 MeV 60°, 120 MeV 6PASEIAR = 4 ¥ — T 25 MoV % THZ DAL
72, 120 MeV 60°3 DA MM B $ 171> Back ground 2 KH TV 5, 250 Me VDB AKEDE
BRoBELN 5580 Back ground DE ZAWVTHEL TV 5, BRE T4 V¥ — 35 MeV 3 TEBR
%1775 512183 MeV 35°, 250 MeV 85 , 250 MeV 45 M 2<% } 54 %8 1R, 12.7,
18.6, 14.4, 15.1, 16.1, 17.6, 18.8 RIF20.1MeVic ¥—Z psRHI N1z, 250 MeV
85 MRANI P FLIIE 20 Me VU EIR B =2 pSRON B0SMDZ Y b5 &id> 2 h—HLT
BOTHEL TV, X10Me VAL 05K X705 260 MeV 45 TRUZIIE A ¥— 7 HR6 N
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B, 10 Me VAREIZIZAIA DD A MDD R>t> THH EA THS 5 & Bbh s, N1 TH5
BRIT12~ 16Me VIZRONBE~2 3 1.68Me VD 2* MU RS q REFHE 2/RL TH O E 28
BOTCHFELT0ALBbN 3, 17.6, 18.8, 20. 1RBPOFTONIEIC (e, e'p ),
(p 70) BTHBNBE—2 & x |
ANE—MIC—HLTHD, B 1 ‘ orvee V€ i
BEBROSETHAIEBDNE, 2 ]
N bS5 L5 ZNEND peakd
EBE R 5 H, EMEHEOF
5, foEsRANamL TO AR
RBOHFEGHEE S 5,
Kawazoe O 12 & % AR PR
DEtEICE 5E, 30MeVEIET

wia w2 (Mev) =

BEREE->THED, 30MeVE

EOzx v F—D&ENFRT I HEM
HHEE O RESEL & Bbh 3,
U > U BASEIB A LoD AE i AL
DFHICOVTIE, BRMICZE

(ﬁo'CL\fJL‘O Z Tk, ©—
3
7 O T i R HEEL & SR I ® emen

DT HHEMD SDFEEEALDL X 2.

NAEFERARY b 54 pEEETs  ERANI F L0 & BRT,
& =5y VEBHODEBDHSE % Back ground & U CTH
CGET B, ZUTE 2ROIC  goRe,

25 20 15 10

WYL U 12 peak &fBD A % peak D
FINTNIT0MeV D5 10Me VET 2D 557 i THE, Continuous £ AR 2 k5 4 &
U1, Z DEIBRD ED D peak DEFED» S, 2 WZNOBRET 2KH 17, ¥ 20 MeV B iz
%bfd,%NRWDW&%,m1M£VEEKWD,ﬁb%—itwmbf%%ﬁ?%*wto
18.6MeVIid AR 5 A L5513 2RDENTU 12 peak T 5 KEIZ 55, SR T IC— >0 IR
FRELDHDTRDI, HINRUE AT KD 1 BREF 2R,

BIFAC 1 20FC 2 T/RU 128844 Tassie model 7 OFREET ® Born 31T D 2HEIE 27T
Tassie model TEBEREE 0 .. (1),
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20, — G.T Model
2. *Ne _ 2l Ne —== 1d-t 4
0 IFl —— 1Po1d
¢ 12.7 (MeV) %‘
% c2 17.6 (MeV)
4L - 104 -
18.8
-~ ~ 164 —
| b r 20.1 ]
/—\+
%/4’ ) c1\
6% / — 164+ \ —
: : . 205-30
1
L J L YW 4
c1
\, \
x2
1 L | L . ¢ s L L L L ' | 1 L L L L
0 -+ Qpelnt 3 1 0 0.5 1.0 st RIS
3. X 4.
12.7, 13.6, 14.4, 15.1, 16.1 Me VDR 17.6, 18.8, 20.1, 20.5 — 30 Me VOIEIREA
BF 279, EHGEE 2&EBOBRETF, & F2RT, EFIZG — TModel DBRHEF,
W2E LEBOERREF2 2 ZHRT, ARzl d—-1fOE 1 EBOBRRT -4
FERE1p—-1dDOE1EBR2RT, Q7
: : =1 doy () NKEIFPERCETTH 5B,
Oer (r)=Nr —_—
dr
Py
Py (1) = —
o (r 1+ exp (——-——-——-—--4'4(tr c) )

Tc, tidhalf density radious, Mfdiffuseness %2FXF /05 x—4 —7T, ZEREOHE
c=2.65 fm
t=2.60 fm
ZHVTWV 3, E 1 D% EGoldhaber — Teller model DEBBHEE O RIC—HL T 3
12.7, 13.6, 14.4, 16.112E 2R HMBETHH, 15.1, 17.6, 18.8, 20.1 &I 20. 5~30
MeVIZE 1#JTH %, ZNENDB (EL) 2ROPELIRLTH 5, BEFHEKCHSVTE 2 &
EO0OBRAFRIAL  BEWEZE>OT, E 207 pak 2E 0 ThHhATREM LSS, E0 &L
1256 OEBTTSIME % Breathing mode 2{XE L TRK®1Z, Breathing mode D% &RETF
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DEid, Tassie model & —HT 5, FH4RL Hh bH» HRCE 1 HWERETOMICEELSR
b B05, RPERIZ( 1f,, , ldys ) EUREHEDES B2 ld~1fDE 1 OBREF
DRERL, —HBERE (1ds,n , 1pss ) DHETRRIAE IZERCERILDOTH
Bo N5 (p, 7o) THEHTVI T 6Me VA 18.8Me VICH L Tid 1d — 1 £ 558<

auy, 201 K% 0T20.5— 30Me VIERN L Tiz 1 p—1 dDOBRRREFHEL &5, Wiz b0t
DS 2 {15 BT energy weighted sum rule (EWSR) LD H# %175 > TRz, E 1, B0
E 2 UTEWSR I ZNZhRORICEAL 5T 3,

T= 1mode ®E 1 BRBICNL T

9 n NZ
EWSR(El,T—l)—zM it A

T=00FE 2EBCHLTE,
EWSR (EL T=0)=3WB: ( EL)

AR
A 87M
)

L(2L+1)2 <r?2'2 >

T= 0 ®Monopole EBITH L T,

EWSR(E;, T=0)=2w0 .ME
2

M

7 <2>
£ LICEWSR & EBRE DB ZRLThH B, 20.5—30MeVIiHL TIHEx =24 MeV &L

#1.
B(EL), ME and Percentage of the Energy Weighted Sum Rule

Ex -B(EL) Ex - |ME |2
Ex J" B(EL) ME EWSR EWSR
(MeV) e? fm?t £ m? @ (P
127 2%or 0F 11 4.6 37 7.3
138 2*or 0% 15 5.6 5.4 114
144 2tor 0F 8.1 4.2 3.1 9.2
16.1 2tor OF 4.8 3.2 2.1 4.3
Total 14.8 32.2
176 1 0.16 3.9
188 1- 0.24 6.0
20.1 1- 0.37 10.0
20.5—30 1- 0.82 26.6

Total 46.5
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Transverse components for (C'a and discussions

HERHE I R B O®

Abstract: Transverse components of 1p-lh excitation +to con-—
tinuum states in a square well shell model are found not to be
so small compared to longitudinal excitations at ¢~ 1fm ' in
“*Ca. The maximum and minimum quasi-elastic background are

defined and discussed.

§ 1 Introduction

*
In part one  we calculated the lp-lh longitudinal

excitation functions from the bound to continuum states for
Ca and "Au in a square well shell model. They explain
the gross structure of the experimental cross sections rather
well, but they have some weak points:

(1) They are too large to be called backgrounds.

(ii) They do not show a consistent behaviour for various g -
values. (In the case of ‘Ta, they are larger at ¢~0,8fm™
and they are smaller at ¢~0.4fm™' and g9~1.4fm~! than the ex-
perimental cross sections.)

(iii) They have too sharp peaks for experimental background

Y, Kawazoe: Department of Physics, Tohoku University,
Sendai, Japan

*) Hereafter we refer this paper as (I).
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subtractions.

In sect.2 we calculate the transverse components for *’Ca
in the same model used in (I) and get improved results con-
cerning (ii). We show some form factors associated with
individual 1lp-1h excitations in sect.3. Two kinds of excita-
tions are defined in this section for the longitudinal compo-
nents. In sect.4 maximum and minimum quasi-elastic background
are defined and discussed. Throughout this paper we take the

case of *%Ca nuclei for the example.

§2 Transverse excitation functions for 4Ca

We could not explain the experimental cross sections con-
sistently employing only the longitudinal excitation functions
for °Ca, although the experimental data are taken at rather
forward angles. We calculate the transverse components in

the same model used in (I). The transverse response function

is defind in the same notations as in (I),
RpCq @)=fy( gt Vheut () [RE (e E) +RY (o )]

where,

2

1 AN
RE(q 0)=25 3 ’( 7 I TE 18000

1 AN

RM(q @)=25 3 ’(yf,,n A E AP
T=0 J=1 ! !

and

2 q e;(7) —M —>
TJ%,T(Q) = %'M ‘ZZTVTT(_V?MJ]+1 (7";')

2D
271

A —M R
il (@) = b= M G

—> — -> - — 1 —
‘—V}+1Mﬁ_ﬁrﬂ )°OUH‘£qM%(%)°§'V}
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Matrix elements are calculated numerically up to a suffi-
cient J value; j,., (at¢=0.43fm™, ; = =5 and at ¢g=1.4fm™" , ..
Jmx =10) to get a cross section. The calculated transverse
excitation functions are shown in Fig,l. by the dashed lines
together with the sum of transverse and longitudinal ones by
the solid lines and the experimental data. ~ Experimental
separation of the longitudinal and the transverse components is
reported in 2 Ref.). One immediately sees the large contribution
of the transverse components at qul.dfm‘l and the theoretical
cross sections do not decrease compared with the experimental
ones as g increases. We conclude that the problem (ii) men-
tioned in § 1 is thus half taken away. Examples of the con-
tribution of each multipolarity are shown in Fig.2 for two
cases. Cross sections are calculated at 2MeV intervals.

This choice of the intervals is sufficient for the simple
model used here, because the emission width, which corresponds -
to the individual excitation between two states shown in Fig,
3, is large enough compared with this intervals. We show

main configurations of the peaks appear in Fig.2 and 3‘in table
'I.



26

5.r 150MeV
! N 35°
Lk ~)hkL“*VVVwﬁ~L¢¢g£4uﬂL
0 e
! 183MeV
’ 35°
b oo
1k
04 _____ | o AR —
183MeV
1k 45°
Mt
Poo0 00 006000060
o iy A
>
2 83 183MeV
= 55°
~ 05+
E I 0080 00000000
s | ——1//
s 1 B
9 P o
x 04 ’ 06 250MeV 50
I
o|G r
o1k
0.
01
o
L [N ol 00T
005¢ & 50MeV7 o
o.L T )
20 30
w(MeV)

Fig.1l. Theoretical excitation functions compared with the
experimental ones at various g-values written in the
figure for *“Ca. Vertical bars with 1MeV width show

bound to bound state transitioms.
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Transverse electric excitation functions for each
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Table I. Main configurations for the calculated peaks
of the transverse response functions.
Multipolarity Excitation Main configuration
energy (MeV)
E1l 10 2812 = pss2y 1ds2 > pan
14 1ds2 — pi2s 2812 > pun
16 1ds2 — psn
E2 20 1ds2 — gor
21 1piL2 — psre
24 1ps2 = psa
28 1ps2 — puLn
E3 10 1ds2 — psae
16 1ds2 — ps3n
20 1ds2 — pure
28 lps2 = gon
E4 15 lds2 — go
21 1ds»2 — gor
238
ES5 24 1pu2 = gon
E6 14 251/2—>p1/2»1d3/z-’p1/2
M1 24 1 ps2 — psn
35 1ds2 — gr2
M2 10 2812 7 p32
20 1ds,2 — pL2
33 1si2 = p3
M3 14 1ds2 — gore
20 1ds2 — gor
24 1ps2 = pi3r
M4 16 l1ds~2 — ps2
24 lpuLz — goe
28 1ps2 — gon
M5 14 2512 — gorzy 1ds/z— gon
20 1ds» — gorn
M6 28 1ps2 — go
M7 20 1ds2 — goe
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§% Form factors

The form factors for the 1p-1h excitation between bound
states are well known?¥ , Calculations in the continuum are
rare and we show some form factors here, although they are
PWBA results. In Fig.4 +the longitudinal form factors are
shown for CO~C4. In Fig.5 +the transverse electric and
transverse magnetic form factors are shown for E1~E3 and M1~

M3, respectively.
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Fig.4. Longitudinal form factors for each multipolarity.
In the last figure we show bound to bound state
transition form factors for seeing typical q-

dependency.
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CO: full line (F) 1p, = pyl® =24MeV), dashed line (D)
ldyr dgs(28MeV), dotted line (Dt) 2sy si(20MeV),

D-Dt ldyr dy,(14MeV), D-Dt-Dt lsy> sp(60MeV)
Cl: D lsy~ py(34MeV), Dt 254~ py(12MeV),
D-Dt 1dy~> m.(28MeV), D-Dt-Dt 1dy~> py(l4MeV),
C2: F 1dy,™ g,(20MeV), D ldy~ gs(60MeV), Dt 2s,> dyp(14MeV),
- D-Dt 1dy~> dg(12MeV), D-Dt-Dt ldy> ge(16MeV)
C3: F 1p,> g,(28MeV), D 1s,~> £,(34MeV), Dt 1s,~> £,(60MeV),
D-Dt 2s;,2-> i;/z(14MeV), D-Dt-Dt 1dy> ppl20MeV)
F 1dy~ gyp(14MeV), D 25, gy(12MeV), Dt 1p,> £, (28MeV),
D-Dt 1dg> dy(20MeV), D-Dt-Dt ldy> g (60MeV)

C4:

E2

. 05 10 15 o5 70 5
15 a(tm™) a(tm-)-
9(tmh

Fig.5a. Transverse electric form factors for each multipolarity.

El: F 1ldy pap(16MeV, AT=0), D 2s,~> p,(24MeV),
Dt 1dyg~ pp(16MeV), D-Dt 1py~ dsp(32MeV)

E2: F 1de~ ge(20MeV), D 1py~ pyl24MeV)
Dt 2sy~ dy(24MeV), D-Dt 1sy~ 4,,(32MeV)

E3: F 1dy pp(24MeV), D 1d,,~ pp(24MeV, AT=0)
Dt 2s fk(lOMeV) , D-Dt 1p,~ g,,(24MeV)
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Fig.5b. Transverse magnetic form factors for each multig@iarity.

Ml: F 1p,~ p,(24MeV), D 1p,> p,(24MeV, AT=0)
Dt 28,7 8,(24MeV), D-Dt 1dy~> dy, (24MeV)

M2: F 1p,> dg, (22MeV) , D 14y p%(l2MeV)
Dt 1dsz> pw(18MeV), D-Dt 28, p,(10MeV)

M3: F 1dy~ g2e(18MeV), D 1dy,~ gy,(18MeV, AT=0)
Dt 2syr> dy(18MeV), D-Dt 1py> fp (30MeV)

( AT=1 +transitions except four cases indicated as AaT=0)
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Two kinds of form factors can be selected in Fig.4.

One resemles very well Tassie's model form factor4). But
there is another kind belonging to node change transition
cases. One of the latter case may be identified as the
diffuseness oscillation modeS).

Characteristic form factors for the 1lp-lh excitation
between bound states (Cl to C5) are aléo shown in Fig.4 for
comparison,

Since we do not have any attentions to the structure of
the transverse excitations in the momentum transfer region

considered here, transverse form factors are not classified,

although they can be as seen in Fig.5.

§4 Discussions

The form factor (d°0/dQdE/Z* oy ) at 30MeV is shown in
Fig,6a. Larger theoretical cross sections around g~0.,8fm "

I are seen. This indicates

and the smaller ones at ¢~0,5fm™
that cross sections are overestimated around C2 and C3 components
in our model. This fact is considered as follows; In our
quasielastic calculations we have not taken the residual
interactions into account. In actual nuclei there may be Cl

to C3 (and/or CO) giant resonances in the excitation energy
fegion below 30MeV. From the sum rule considerations we
conclude that some part of the cross sections calculated in

our model at 30MeV is pull down to the giant resonance energy
region and the cross section at 30MeV in our model decreases.

The giant resonances spread over the energy region about 15MeV
(u)=10*25MeV) and their form factors are extracted in this

energy region” . Form factors integrated from 10 to 25MeV

are shown in Fig.6b. This integrated form factor is more
reliable, because our model calculation employing square well

potentials has some ambiguity about single particle levels.



33

It shows similar tendency as the one in Fig,.6a.

10
— fiFda
2
>
\f\
IQ 2
bﬁ 101
R
o ,
e .~~~ transverse
< pd
A ~ c
© — -3
10 T
01+
; 1 1 L
, ‘ . 0 05 ey 0 15
05 1.0 15 fm

q(fm™)
Fig.6a. Form factor (d®0 /dQdE/  Fig.6b. Integrated form factor.
Z%oM) at w=30MeV. One without C2 compo-
nent is shown by the
dash-dot line. C:
continuum background
estimated for the
experimental back-

ground subtraction.

To use our model calculation for background subtraction,
there are other possible contributions; lp-1h bound to bound
states transitions. (see Table II and the vertical bars in
Fig.1l) The sum of all these contributions (bound to bound and
bound to continuum) is the all of the cross sections in our
model, If the residual interactions are employed, some
of these are couple to make giant resonances and the rest is
called a background,

In the energy region considered here (10~35MeV), there
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Table II. Multipolarities of the bound to bound state

transitions appear in Fig.l as vertical bars.

Multipolarity Excitation configuration
energy (MeV) '

C1 9.31 1dsy2 —1f7
11.71 1da: — 1fs52
17.69 1ds2 — 1f52
Cc2 17.25 Ipsyz2 — 1f7
22.03 lpr2 — 1fs-
25.62 Ips2 — 1f5
C3 3.09 2812 = 1f72
3.33 1ds2 — 1f7
9.31 1ds 2 —1f72
11.71 1ds 2 — 1fs
11.47 2812 — 1fs50
17.69 1ds2 — 1fs5
23.46 sy —1f72
31.84 1sy2 — 1fs52
C4 13.66 lpr2 —1f7
17.25 1lps2 — 1frn
25.62 lpaz — 1fs2
C5 3.88 1ds2 — 1fi
9.31 1ds/2 — 1f7
17.69 1ds2 — 1fs5
M2 17.25 1psz2 — 1f7

22.03 1pr2 — 1f52
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are many continuum excitations for each multipolarity. They
can couple to bound to bound states transitions and consequently
8—function cross section broadens, if the residual interactions
are taken into account. One more factor for broadening is the
coupling between 1lh state and 2h-1p statese. It will be
discussed later,

Then we should think that the sum mensioned above is the
maximum value for background subtraction. Next we must seek
for the minimum quasielastic background in our model, This
may be obtained employing only the non-Tassie type form factors
Presented in sect.3. They are calculated, but there are only
very small contributions in the excitation energy region, 10~
35MeV, Above 35MeV there are considerable contributions from
the non-Tassie type ones. (They are strictly the large- hw
jump cross sections.) One important thing is that the excita-
tion function is very smooth and have no sharp peaks for the

transition of this type as shown in Fig.7.

40
3+ Ca
. C2 250MeV 50°

W (q,w) 2 (arbitrary)
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| AOCa
L 3 70°
—dg/p ¥ 250MeV
3.+ 1 10
| u (2s9/7 =)

N

|w, (g, w) 2 (arbitrary)
L

p—

w (MeV)

Fig.7. Longitudinal excitation functions for individual

transitions.

Experimentally there are C1~C3 (and/or CO) giant
resonances” in this nuclei which satisfy the energy weighted
sum rule value about 100%4(Cl), 70%(C2), 36%4(C3), and 100%(CO,
if exists). Although the value of the percentage of each
resonance depends hardly on the background subtraction, we
believe the existence of the C1~C3(and/or CO) giant resonances
in}oCa. Because there are also other indications of CO~C3
giant resonances in “Ca in (p,p')” and (He,’He')” experiments.

For example, in our calculation, C2 strength épreads all
over the energy region, except one concentration at 20MeV, In
the actual nuclei there is a C2 giant resonance (r=0 mode) or

there are two (7=0 and T=1), which have a large portion of the
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energy weighted sum rule values. So we should exclude the C2
strength from the background calculated. This is very dif-
ficult problem to select which transition contributes to the
giant resonance and which does not without any calculations
(continuum states Tamm-Dancoff calculation may be employed).

In Fig.8 we show two excitation functions without CO~C3
components. The first one (at 250MeV 60°) agrees very well
with the experimentalist's background subtraction which is
used to determine the strength of giant resonances. We see
in the second one that at low ¢ values this gives lower value
for background (indicated as "transverse", for there are very
small contributions overJ =4 at 150MeV and 35° in the longitu-
dinal part as shown in (I).). This smallness is expected
because some part of CO~C3 components (i.e. other than low
lying level and giant resonance components) should be included
in the background. At low 9 values it takes a large portion
of the background.

Vertical bars in the upper figure in Fig.8 indicate the
positions and the strengths (do/dQ in cm? sr~ unit with 1MeV
width for comparison with d?¢ AQdE in em?z sr- MeV-! unit) of
the bound to bound state transitions (C4 and C5). The (e,e'p)
experiments” and the (p,2p)® experiments show that hole energies
have some Widthg The hole state has a finite lifetime. It a
nucleon is knocked out of the nucleus, nuclear collisions occur
promptly (1h state couples to 2h-1p states and so on.).®

So we give 2MeV width for the 1d holes and 10MeV width
for the 1p holes in the bound to bound state transition cases
and added to the bound to continuum transitions (indicated as
"longitudinal" and "transverse" in Fig.8) to get a background.
This spreading effect also changes the latter spectrum, but we

do not take this effect into account for the latter ones
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because of the calculational complexity.
We think that this last definition of the background is

a reasonable one.

= AOCa
(o]
g 250MeV 60
% longitudinal
K . (C4-)
= i .
L /‘ experimentalists transverse
= 151 4 ) 4
” O ' i‘ ¢ v L X} QQQER} ) t §+
L ] . *
20 30
w(MeV)
40
6 L Ca 6
. 150MeV 35° o
>
(V) L
=
@ v transverse
O ©
(9]
o 0
g | transverse+C0
5 ¢¢ 0 /
NbéJZ. ~
©l5
0

w (MeV)

' Fig.8. Excitation functions without CO~C3 components.
Bound +o bound state C4 and C5 transitions are included
with a width of about 2MeV for 1d holes and 10MeV for

1p holes.
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If there is C4 giant resonance, we subtract from CO to C4
theoretical cross sections calculated without any residual
interactions from the summed one mentioned above and get a
background estimation.

We note that here the transverse components are included
in the background,

Transverse excitatiqn‘funcfion calculated here has not so
large and sharp peaks as longitudinal one has, and experimentally
it is natural to be included in the background.

For the check of the model we calculate the cross section
employing other square well potentials. One of the results
using the square well of R, =4.25fm and <v(¥) > = -2.3MeV (see
(I)) is shown in Fig.9 by the broken line. Comparing with the
previous one, drawn by the full line, one can see that except
that the positions of the sharp peaks, which are thought to
contribute to giant resonances, moves several MeV upwards,

there are no significant changes in the results.

15+ 'LOCa
250MeV 60°
—_ Coulomb part
[
=
2 10r Ro=4.25fm
o~
£
2
I
e
binS-
~ 9
5%
H 1 1 1
0 40 60 80 100
w(MeV)

Fig.9. Comparison between two square well pofentials (Ro=

4.55fm and 4.25fm).
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Throughout this work we have used PWBA for the electron

waves. In order to estimate the Coulomb distortion effect,
2

so called effective momentum transfer ¢, =¢ (1+ gg% ) is
0

used and the result is shown in Fig.10. We can not see any
serious changes, because of the high incident electron energies
(E=150~250MeV) and a small proton number (Z=20 for *Ca), and
so our calculations using PWBA are justified.

LOCa

250MeV 60°
Ro=4.55fm
Coulomb part

151

101

x1031(cm2/ srMeV)

d20‘
dRdE

C 20 40 60 80 100

WMeV)

Fig.10. Coulomb distortion effect is measured by using

effective momentum transfer qe:

Lastly we show the contribution of each hole state to the
differential cross section in Fig.1l (bound to continuum
transitions). Taking the deep hole concept® into account 1s

and 1p hole cross sections spread over.
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40
151 Ca
: 250MeV 60°
= R, =4.25fm
> Coulomb part
(2]
N\
\g 10F
= 1P3/2
o
" A P12
Nb = ‘
O
Bosr 1ds/;
1d3/2
, L 25172 . . ;
0 20 40 60 80 100
w(MeV)
Fig.11.

Contribution for each hole state to the differential

cross section (Coulomb part).

Numerical calculations are carried out at the Computer
Center of Tohoku University.

The model used in this paper is refined employing Saxon-

Woods potential now in collaboration with Dr. H, Matsuzaki.

Acknowledgement, The author is grateful to Professor S.

Yoshida for his careful reading of the manuscript.
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By (MeV) 0 ( deg) Qere (fm™) | F |2 ( error %)
120.0 35 0.386 6.61 X101 (0.80)
1200 40 0.489 5.64 X101 (0.92)
1200 45 0.491 5.05 X 101 (0. %)
1200 50 0542 4.283x 1071 (1. 1)
1200 55 0.59 2 3.52X 10! (1.8)
120.0 60 0.6 41 2.90 X 10! (1.2)
1200 65 0.689 2.36X 10" (1.3)
1326 90 0.995 4.12x 1072 (1.4)
1326 1385 1.80 2.17X10-3 (3.0)
150.0 35 0.477 5.46 % 10 -1 (0. 69)
1500 45 0.6 07 3.46 X 10-1 (0.71)
1723 1385 .67 1.18x10-% (3.2)
184.2 79 .23 . 5.10 X 103 (2.4)
184.2 120 1.6 7 9.40 X 10 (3.8)
1900 1385 1.8 3 7.65X 104 (3.4)
2031 55 0.980 4.39 X 10-2 (0. 8)
203.1 120 1.8 8 6.95 X 10-* (3.6)
214.0 35 0.6 72 2.66X 101 (1.6)
214.0 185 2.05 2.99 X104 (4.3)
234.0 1385 2.2 3 1.63 X104 (6.5)
250.0 35 0.7 8 2 1.53 X 10 -1 (0. 50)
250.0 40 0.889 8.833 X 10-2 (0. %)
2500 50 .10 1.85 x 10-2 (0. 21)
2500 55 .20 8.15X 10-3 (0. W)
250.0 60 .30 2.49X10-3 (1.5)
250.0 65 1.8 9 .06 X 10-3 (1.3)
2500 70 1.4 9 916X 10-* (1.8)
2500 80 1.6 7 8.68 X 10-¢ (1.9)
250.0 90 1.8 3 6.51X 10-* (2.2)
250.0 105 2.0 5 2.61X 104 (4.5)
250.0 120 2.2 3 1.46 X 10-* (8.0)

ORIEHEREBRTH D, COMICEBHOEIZICETAEE 2.5 %5500b 3,
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Fok FHMERPRETORERE

Eq
MeV)

0

(deg)

| F |2

X

104

Ex=1.61MeV

Ex=2.56MeV

Ex=2.74M eV
2.80MeV

Ex=84MeV]

Fx=3.9MeV

Fe=4.06MeV]

Ex=52MeV|

132.6

135

1.98 ( 2.4)

0.53 (1560)

2.15 (14.2)

9.35 (6.2)

3.88

( 6.8)

2.3 (19.9)

150.0

35
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0.51 (57.0)

0.95 480)

598 (4.9)

150.0,
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0.581 37.0)
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190.0

135

0.503 (14.8)

0.705(11.8)

0.82 (12.0)

1.76(10.2)

2.73 ( 6.3)

203.1

120
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RTE~DOHEHKEND EEA BN, 25Mg D 0.58 MoV 1/2" M0 b1 5K =1,/2,
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HFBR MRAERRT & FRARRET

Ex (MeV) qetr (fm™1) . | Fu |2 X 104 [Fr |2 X 10°
1.6 7 801 + 0.42 49 + 0.9
1.8 3 6.15 + 0.17 2.8 + 0.5
0-00 2.0 5 241 + 0.28 0.91 + 0.49
2.23 1.25 + 0.34 0.59 + 0.46
.29 21.6 + 1.5 0.98 + 1.60
1.6 6 0.76 + 0.02 0.40 + 0.14
161 1.8 2 0.10 + 0.02 0.63 + 0.46
2.0 4 0.74 + 0.15 0.57 + 0.27
1.2 9 713 + 0.64 53 + 1.8
1.6 5 0.56 + 0.03 1.2 + 0.5
3.4 0 1.8 2 L1 o+ 0.4
2.0 4 1.56 + 0.88 0.72 + 0.35
2.2 2 352 + 0.18 <0.35
1.2 9 1.90 + 0.23 0.80 + 0.73
2.7 4 1.6 6 0.58 + 0.04 0.78 + 0.20
2.80 1.8 2 0.87 + 0.04 0.49 + 0.14
2.0 4 0.14 + 0.08 0.34 + 0.16
2.2 2 0.52 + 0.47 0.20 + 0.34
1.6 5 246 + 0.29 251 + 1.76
5.9 5 1.8 1 1.65 + 0.23 258 + 1.19
2.0 3 0.69 + 0.27 0.86 + 0.58
2.2 1 0.14 + 0.22 0.79 + 0.41

Qese=1.67 VX 1.83 fm! AL Tid, 6 =185 Dfbicd = 1200 DHEEM S & TEHEL
12, BU, =@ |FLl2=0¢&U1,

RINBEEAONTVE, COBLIRISE, KW =1/2, BESORRI T ERE R, Bl
S VEINSV T TH 3, Ubsl, 25Mg 0k 5 5 ZHU A KOB A, Coriolis iC.k
BEE R TS Y i X b fEB RO HE S ORI K 2 BCBFRCL B, KR
DoET S, COX O u MERHBAICL ) 2.74 MeV 772" %Lz LsHdu B 03453 5 A 48
BDEALNS, |
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RFoRKEZERTSL 51
0=0232%c&h, HEREOE
BRE» 6 KE 5 _FEHYERICE
5k 5z, To=13.6MeV 2 &
512, X, 24Mg ® 1.37TMe V
2, YEAID> S EHERER X 5 2 —
4 H2/21=10.228MeV & L,
25Mg DB 1 15X 05 2 BHE AL
DR A V¥ —22IXHEETS

51T e=009, £=0.23%¢&
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Qett (fm™?)
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1.61 MeV 7.2 "ERIORAF, BBRN2ICEL T,
Wi 2 0 180° BT #ELIC X B RSB REF Ch 5,
— R, TR, EHIZZNhZFN Nilsson BEINSK DI
C2 CAxL0C2 &CA BMALBRRFTH 5,
(6=0.82, £=009, 2=0.28, b= 174 fm)

b, FEFHORBIINSL4EL T, COXTUTEHEUI 2 3 v ¥ —HEN] & EBRE & DB

28 THICRL, ZOBEDERSHBN=20DREIZOVT, KOBHDHE2ZE 4 RRT,
DETROIAESRE 2 ANT, 2.TAMeV 7/2  #Ane 4 2 MRS REF 25t ET 5 &
BEMITRTHEO I iceh, EREZHPET A RIBCNDIEEEOKE IBBETDH 5,



g, BUZ, Nilsson #E#
1~4, 6 7%z 1224E
DT 2B EL, APETEE
A O REHFREES 2 ZRU 12100
TRHABTELNCL ERRLT
Wh, X, BT, 7 BB ER
iTX b, Mgd 5.25MeV 112
BT 5 2.TA MeVT,/2 ML
DT BRIEEBIBLTH S &
VS A I N TU B 05,

5.25MeV 11,2 ' #efir%
K'=9,/2", 2.74MeV

/2 #fiaK =12 e %
Z5b&, AK=4720DTK—

BRA0 5, COr BEBOT
ERixbdTHIVEFTTH
b, TG, 2.74MeV
72" #AIHK =1/2," @
EEHOMOEMERL DY, 525
MeV 11727 #67 & iz kg

HEEOELERE 12 H B b
Nz, 15, 5.25Me VEERL &
AR DG DEHEIRIE 2 »75 b
HAETEATVBDTHS S,
COLIITELBC EiITE DY

2.74 MeV 7,72 " fnic L T

DENHREIEBINS Bbh 3,

4+ -
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E2E Mg 3.40Mev 9t
103k ) )
C 2 § IF\.lZ
C ¢ ] 2
C 4 F4
L 3
104
- % ! l
107 f M
10°E [ |
- | i
L R U RN S SR |v | I
0 1 2
qeff(fm-1)
®4
3.40 MeV 9.2 R OIRRTF,
IEHIRE2MICEL,
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P
10-3-_ 25 ’ 3
n Mg 2.80MeV  72*
C 2.74MeV Wt
i 3 IR
}Iﬁf
10
10°E
: A\
\".i.\
o \.‘
10 E 54\\‘
) | L \ 1 i}
0 3
qeff(fm_1)
FH5HX

2. TAMeV 7,/27 #6135 X OF 2.80 MeV 3,2  HERIOIRA
T ERZ, 2¢Mg OTRRETOERED & sk SRANC
I skpir 280 MeVHERLIC T A TIRR T TH b, BHR
BIOTEAHEBIERL Nilsson BREIC X DEHRLIC2. 74
MeV 2 ATIC W A HEBDTEIRAT, BROERAFTH S,
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5.25 MeV 1172 #NDRAF,

O[ LA T 0 o 1 & SR S B B BR RN RR RN |

Mg 5.265MeV )5 :

A

7

3R
Fil?
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}

1
et ( fm™")

2

ER, BN E AFICEESEEIT L 2IRE T,
12 1| U,

L
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r e
o 2
vy
T ol el
s |7 7y
RREZ | 57|
r 7 T 7y
] b2 ’ VA
1k - 2
;L x_l K L/Z_ )
K'—’S/z ﬁ,:5/2
Exp. Nilsson Model
§ =0.32
) = 0.09
H= 0.23
N=s 4
BT -
BORMRERERZEELT, BED
ARETHEN OREHES %2

NilssonBEIT X b ZHEL 2B
BN (H), EERLLBLN AR
FREENL (fE),

=0.82, £=0.09, #=0.28,
N=4, /A4o=13.6MeV,
A2 /21=10.228 MeV

BAE
Intensity @
B (MeV Bt ()
x7F (MeV) 5 (MeV) J K=1,2] K=1"2, | K=38,/2, | K=5/2,
0. 00 0. 00 | 52 0. 02 0. 00 0. 10 99. 88
0. 58 0. 54 | 1.2 | 99 36 0. 64 - -
0. 98 0. 96 | 3/2 | 96. 26 2. 28 1. 45 -
1 61 .57 | 1.2 0. 34 0. 04 0. 35 99. 22
1. 96 2.18 | 5/2 | 93.06 4. 14 2. 70 0. 03
2. 74 2. 70 | 7.2 | 86. 75 7. 08 5. 56 0. 55
3. 40 3. 64 | 92 0. 25 0. 00 0. 52 99. 08

BORBREBEAZE LT, BrsamlETrHuEfobEHR GO RICL 2ET 2 vF—,

BIOERTON=2DBDOBEED®RE 21T, 0 =0 82,
4ho=18.6MeV, £2/21 = 0.228 MeV,

£=0.09, #=0.23. N=4,
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Nal4? OBHEHE O R E preliminary 2 BITIC OV TARN 3,

x B

RIERFEEFOBTHEMARICE b IEI N1z, LHERWL 2 ADEF L — - 2L,
Ee=120 Me VT Cel*? , Nd'42 12O\ T, EIELA 6= 35°05 85°FT10°:2 X%, E.=250
MeV TBal3® . Ce 140, Nd'42 €20 T =385 »59F FTE XA ( Celdd 213 5° D
Yt ) T, oK EECADER2AIEL I,

4=y b OHEINIETE, ROREEE 1n , WM 169.7° 0" BENUREREGI L
b, EFEMTIN, BERELICERRCZLNENIZ88F +» v A VORBE THRHINTI&
F v A VORI, 3EOSI (Li) SSDOFLRI—FTHRINTLA,

F o vANVBOBREEDO NFY Xi2C12 OBV —5y b5 OFEMEHELOESE 2R 7 b
WISy Rl THREIEL 12, |

WrmBEoMETEIL, FURETHREL 72012, 08 oMUHE.ONEBOBRAOME LT 5
Btk bR, BL, O, BRHROVEASHEL T, C12 2 EolE BN I LLZ

A SELNLVEER, COVKADHL 2> TR ANEERZFEL 2,

T

fBL
Y BSIASETHRY b SEETR
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n : HELEOBAEREY b DK
B1IXICE . = 250MeV D5

D80 % 17.0F | ' 7
’E"=Q/Ee2 R 5160- l T
| U2 AN

o 150 }/ ¢
WY A VR X} -
ZOFITRBEIERHO R 8 13.0F \ ]

Py
<

D b5, FRFICRINTL 305
R BB VEBEICR A B, | , | . . . N
> 40° 50° 60° 70° 80° 9c¢°

30
SCATTERING ANGLE

=y b
=1
Ndl42 97.55 %iC ks I h iz ﬁﬁg%ﬁﬁﬁ@%ﬁ%&) BB ROEA BL
BHUE=2/EZ cLTTuy bLT,
SR ZRERO o — 5 — THEE

U THW,

BramEeEIRE- THDI,

( 22.6 mg/cn® , (HUE. =250 MeV, B DOABTCHICHEKELIZ 62.6mgcnt D b
(DX 3:: 10 (D

Cel*® E.=120MeV Tiz 105.0 mg/cm?> E.=250MeV, 0 =65 X hal5 Tt 99.1
mg/cm? OFXRBEE ( Cels0 88.48 % ) 2L I,

X, BEe=20MeVDO =70 XHEHRIE.=120MeV 0=75, 85 E.=250MeV,
§ =45T Cel*0 O, ( Celt® OMEHE 99.7 %) 2HL 1,

CeOp D& —% v bDIED FIZROBEO TH 5, CeOy DMK Z 100 ton BEDES THL
E®, BE2 cmDLry MRIZL, CN2ESHFTL,800C 48 REHEINBGERSLIZ0 b, »— &K
5o ZLTO.5mmBEDOES I 5, COEXZO0 otk EEL OO mEOME % # - T
iz,

Bal®® BESBESFICAL ZVWE, BroREEsHE, BREINGHB»S, BaCO; OET
LN, CDE =% v MRRORBEICL THE- 72, ORNL™ 5 99.8 % E# Ba (NO; ), DT
B120T, CNEKICHEL Na,COy K ZMA, Ba CO,3 ZILEIE, RAKKELICE &
OITEERR T, EHA 20 mm OAROFIC, HEITE, MOHL T, —RicER3e, $EFxE

*@#E4 —7 5 MEETOak Ridge National L aboratony 5781,
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T, BECEICH Y, EKFTH0°C, 20 BEAEEOCHLELT 5, COR, 15 $BREINE
Uz, ZORRT BE, b b A0, ERICEAZEED, HREDO Ba CO; 585N 5,
LDs =%y rOFENMBRSBaCO; ThaHEI ORI ZROBEIRLTHZL -2,

(1D 5
Y 1

Osta nf -

FE->THLLZDE =4 FAIRCEOEN T @ 3DHESTEEITNT L 5 &THid,

1

Y (O%) 3 Y(C!%)

Osta (O18) mo @ = O,¢a (C12)  no@2 =1

L BETHS, HUno. 3B T T T T ' T !
NERES D OBEFERFH T
B, RADEHD b B DR L€

28 2MICRT, AL n. & 2 , 1.'*
0 =8°05 1z, BadIf J ‘_)}_} ’
BEHEOE 500 HER T ? {

@D LI e ->TW 3 + 1
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P
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o

o
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T

H0bCLODHEH1 3T ! L i 1 1

30°  40° 50° 60° 70° 80° 90°

HBEOT B, SCATTERING ANGLE .

C0Eh b DAL £2

BaCOs £ — % v + OKE ,

Oexp =Y,/ ng. CDOexp,0ora DABICE LT —FELS

2 =59 POBIS—E, OLCETIOEMBELINIE,

7 =:] BENTVE0LCOHES 1 1 L2 2BIERLLTH
%, 2,787 4F 673 Ba?® O ORELLEELHLH

BONNTEFOT 3 VE— 2 2T,

BaCO; LUTHWEEDN B,

NI bVDH B, Bal®® CO; Ee=250MeV 0 =403 0 %% 3MicEST, C, Otk 3¢
=75 THNTV S, ¥~ 7 OEHEE radiation tail 2E-12BTODI Y by, ¥
MENCEHHEL, K23 2R ARETHRY ZHCL bRDI, A—2—~% v TR, HEHIC
E2T, AT L NVDREHBESLVELT, RRDOERIZ, CcOFETERLIZZRZ MV Th
%o

/Bonrlmm s 5, KOBRRETF [Fel |2 Z5HELT, BAKKRT,

Oex
|Fer 2= —2— 2

OMott * ﬁ-ec
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2L
O xp - WirTETBROD BIE 1H
72 e* cos? %
OMott = 0
2 sa U
4E.?2  gint )
¢ 1
14 2B i

H#o &ic, £T%RABICRLIZ,
BEMOBED > b, HaFBRERL, FCEA
LTV Dk, 2~3%Tdh 5,
Bal38 & Celt0 &4k, 2IZ—HL, Thicw
L Nd!4% j&, diffraction maximun ®&C
ATRBEICRAB, M, Ce DRKREE L
Cel400, & Ti3E.= 120MeV, 6 = 75°
85°DAIE T, X< —HU I,

ERAF» 5, BADHE2A 51, BRD
L RICEN BB R EL, ST A — 8 R x2—
fit i & b e 5 HEs— RO TH 5,

X {EDN BRI

_ 1+w(r2/c?)
1+exp( (r—c)4.4/t)

o) 3

@%MT, phase shiftFH5E") 0k b
RETF %Ko, BxDE.= 120 Me V DHEIEME
PHEERTAEIC ROt 2RDIERZE LR
8B 5It/RT, fHUE .= 120 Me VDK 2 DHl
EOHBEATIZADOWRITENN I —2£E5D

Tw=0 (Fermi® ) &L 7,

RIEEL D systematics s 5, c¢c= LA

fm t=24fmZDT, WADEI ¢t DER

CRBBETWhINVERAB, X, Celt? & Nql4?

* TOELS 2fi-172,

T T T T T T T

138
Ba (e,e’)
Ee =250 MeV
6 =40

AWy —

JUSVI3 O
JUSYI3 00—

1

JUSVII —

{

! I 1 1 | 1
80 70 60 50 40 30 20
CHANNEL NUMBER

B3N

10

COUNTS / MICRO COULOMB

BaCO; Ee=250MeV 0 = 40° DHEE

FrRI bV, ERIY—-IJOEEZKDS

BICEREIC fit SVWIFEART by,

T
Ba,Ce, Nd,(e,e)
.
° L]
2 * o
107 * Ee =120MeV E
E ¢ 0.1 ]
[ ° x 0.
L .
L L]
°
Z T
: [
=
D10'3._ ]
~ 3 [ 3
a
%
S
© .3
Ee=250MeV °
" B
10 C o Nd-142 K p
. Ce-140
~ Ba-138 A
? i
1 1 1 I 1 1 L]
30° 40° 50 60 70 8F o0
SCATTERING ANGLE
#FAX

Bal38, Ce!4?, Nd!42 oBHEHEOKIRA

Fo A5,



#1 % Fermi BIBR D /T x — 4

1
c t <r2>?

Ce 140 - 15.77 +0.03 |2.06 *0.05 |4.80 *=0.03 | present, best fit

Nd!4z |5.79 +£0.038 (1.91 +£0.07 [4.77 +0.04 | present. best fit

Nd142 [5.83 + 0.08 |1.79 +0.18 |4.77 +0.09 | Madsen et al.
Nd142 |5.6838 2.579 + 0.018|4. 913 Heisenbeng et al,®
Nd142 |5.839+ 0.083/2.50 = 0.08 |4.993 = 0.035| Maas et al.®
Nd'42 |5.75 + 0.08 |2.88 +0.08 Macanano et al,
Nd142 |5.90 + 0.06(2.05 +0.15 Bardin et al,
EXOHEMZfm,
2HA, t1ZINd142 OFSDIVDS, rms P e —— T ——
Ce,Nd (e,e)
HRIIBIIXFELTH B, Nd12icBEdT 2B FOM Ee=120MeV
HEELI Yale‘4) Bz OF Stanford 5)03 7V — ST
E>THREINTV S, #5054 EENT 10+ ce-téo -
IC& 5 Ee=120 MeV TORRAF 2% 5T TN\ TS =208 1
Bx OBIEME KB 12, z AN
=
: A
5 OREOMITIZ, Kgilnssh, & 30- .
6 Nd-142
KOBEMIYale DD EX L BH- T 3B, oo
Yale DElEIZ E.=60MeVET, Stanford ——c=579,1=191 .
3| ---c=583, 11799 Tl D
DiFEe=129.5MeV U EZD T, Hx DHIE RN 0 T
— ~c =5593,t=2591,w=01035
%ﬁ:‘i &%‘Ci&lﬂo [ ! 1 1 1 ! -

300 40 50 60° 70 8F 90
SCATTERING  ANGLE

B Maas et all 12X »T Yale iZ 3L
AU TOERSTNNG 2 CHL, B @5
fINd 1 L, SR Cel®0,Nd 142 B.— 120 MeV O REF

RUTHBRET, Yale & iR - Itk BosiRE F#Ri Fermi BEMHMICL
: STEME (Best fit)o
Nd'42? AL T, BEI N TV B ERH
#—Xray OEBD» 5 b Nd 142 OERSH ATk 2EEME S FRHTRL Iz,
a) ref 4 b) ref 5

INTWV3B,

ST BN TV S, Bardin et al iz X
¢ =5.90+ 0.06fm, t=2.05+0.15 fm Td 5 65, KD Z/c AN BHciE "
c=5.T5+0.63 fm t=238%0.08 fmTdh5,
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CORICBIED £ ANA 12 2T 5
BRISHED /RS 2 — 2 i 3H 75 H OB/~
IOV TW 3B,

Ee= 120 MeVOHIE» LB 5N 1B
iy %2 AV T Ee= 250 Me VOERREA
FENdY“2 ZOWTHELIZS D2
6T, BIRTRT, Ec=250 MeV
4F L E.=120 MeV 85°& i3 EBR
A0IREELL, COELTRLAEST
WAED L, FxOHED—IGD
Consistency 55D 5N B, 65 FE{ D
BA ( LLT 2 ndMax) T3, K& R
h, T DL BHETIIC S >OFIEL
WL EZIRL T 5,

@R Tw 2ZMIE TH, Bal?s, Celtd
b EDTE:= 250 Me VORIEMEICE S
bonBohgds1z, COBIRT st
Max ( 40°FFOMA) & 2 nd Max
& DBERHGRDFLBERMICE > TEADS
NA0»6, KKThTHL s8R
b s,

ZCTCD2ndMax 5F B8R %2 %2
DF £ RIRT 5 FEHS EORRL D5
2EEHAT,

SEE R A ERIC X AL, §o (Qr)

T T T T T T T T
L Ba,Ce,Nd,(e,e) i
Ee=250MeV
10" .
r Ba-138 7
x10
—c=570 t=213
jo: Q=15 w=-015
2
107 Ce-140 7
—¢=5751t=225
L jy Q=17 _
:6 w=-0.2
=
o
K
RTINS .
Nd-142 Y
L x 0.1 -
——-c=573 t=1.91
no mod.
—— =579 1=191
10% jo: Q=16 w= -0.3 i
10°F .
9
1 1 1 1 1 1 I 1
10° 200 30° 40° 500 60° 70° 80" 90° 1007
SCATTERING  ANGLE
#E6
E o= 250 MeV ORIRETF O BIFE B K FFHIE I iz
BRDEIC & 5 3 HE,

jo iEd4ol=w jo(Qr) 0,

j1 i34eE)=3w (j1 (Qr)/Qr)o,x) 2/RY
Ce 35°& b AT DHEIE MEid 120 Me V D data 5 5
BEEL 128D,

DORZBRIHBECNLT, BEFHEBTI=QDELLATOAEEPE>BESERERFSLBLNG,
fBU jo (Qr) HREIL L0556, WoLX W FETEDT, COEETE, KOMITEADERD
FEETAHEICLE, TNRBET 281, T AEENTEL CROEZ b DRIREL 12,

sinQr e_gz,z
T

* O L, 4ooo

DFlbsd 5?
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P(B)= D or)+ 40 (o)
40()=w jo (Qr) -0, (r) 4

=RV

0o
l+exp( (r—c) 44/t)

oy (1)=

TN, jo (Qr)ZREDIEDD T cut off UTZETNIET 585, ¢ OkE, %R?eci@‘é‘a
HMELIFDiE 9=QTK%X mﬁéﬁommofzﬁéﬁaab, ﬁ&@%ﬁ@%&cyz nd Max £
BREAICHECE, DA-> THASEROBICEDN S, QIREA LS &4 54 DERORIC
BhETHRD 3,

X, FEOEE»L

40@=3-w (j1(Qr)/Qr)pe ) (5
DRITELRE, $L 2nd Max ZFU28ICw & QRO L, 1 st Max % 15 555005 sk
B, '
cw%@%ﬁ%ﬁ@at%ﬁﬁﬁ@%¥%%
TRITRL, @50 RAT 2 00E M & gL 12 3
LIz D% 6 KicRd,

—w=0.0

---0=20

Nd2 OBEAT, 09 % 120 MeV 2 5
BoNzbD 2L, Q=1.6 fm! TEAT

DENSITY

ECHw=—0.83T2nd Max D KX IBEBR
W31z,

M C OFER rms 3 4.767 fm & 75 B 55,

0 o(r)TfUQCJ: 58D EFEA gjg{bg/gpc NUCLEAR RADIUS (fm)
_ BTH
Celt? &G Wiz 727N U 12,
© Ha oz M RRER P)=0o+w jo (Qr) 0 )DKET %
ZOHERANTRNTIFITT st Max 5.E 3 - AT, HU, 000X ¢=5.7 fm,

t =22fmdD F i BliC - 17,
DT, ZOFITT tDEBKEL L >TL 3, m® Fermi BT -

Bal®® Z2oWTid, WITX 2 DERLIL, COBE t=2.13 fmTCel® . Nd!*2 [
BRI LHTH 3,

C ORERD 6, EHERNT I, HIEME 2 BERIEE 32805512, UdbL, WIREsiksme LT
&, ROk BESS s icEbh 3,

@ ETi2nd Max 2 U 2RHCQEHDIIHS, M 1st Max 2 11 ARICQ 2 RAEY
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LT, COME TR, BRSHORFS»LDRS,

b EEML-fit 2B, QbEMST -2 LT HREBHHDT, MKEERT
4:031\"5)«—903%@’15}?5&:&50
R BRET WA TEABE 0 HESREINTE D, L2 OBORECHEL T
t;%%“ménm\ao CD—o0EREL T, FLBYIEBEMCEDLEENIVDT, %
DEERECREESKE L,

H2DNA 142 0BT, FROSEERTICEN 80 B ENCATWBEZ 55 COfh
BHAOEEZ DHDITIE, HVENIBHB,

BRADEE»LBONBFEREL Tid, Bal®® ., Cel?? Nd!*?2 & B, Fermi HOEM
HERL, Ot HOREKCHE~NIV, OBATEET ARCHESBETHL LR
5HTH 3,

YEMICEEER 2 AENs BN A OB EZ B850 ORIV ECAETORIEREEL
& bic, BEROHIEAT2EEORIESBECB DN 5,

2 =%y FOBIECEL THBSBE 2 U CEIZVICEINIER, KEFR. $HAK, LFRCE
#HUET,

HEFORRE, MIAHERIUDEFHE S V- T, v IV - TOEROYE B
WEHL T,

g z X [
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I—5 ¢Li (e, eX) RIGOWT
LB A#E, KB Bf & FHER . FAgET

§1 X

@“&@%ﬁf—ﬁfiﬁ%fip\, REIEE b ZBHEEIN, K IRED spin, parity etc
OYFERFEA LB O LICE > ILET A B, B EIRREREOLEVIRREIZ & 1R 03
L, KiEEL THELLITE - TTER>E AL,

Liiklow energy level %5 shell model %ZMAWVTHEBMANHIFLINTL B4, cluster
model ZFAWVT S HIFEINTBY, »IEBZOBE2HPT S5 cIFFIN TV 5, cluster
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EFEDEB, LTI TSREADT="T,REDOmixing amplitude Tdh 5, FHERELI
iT residual state ZETHBTHHIZHTdirect &fsemidirect process iCXB KA IDH T
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1) E.M. Diener, J. F. Amann and P. Paul : Phys, Rev, G7 (1973) 695.

2) J. Goldemberg and L. Katz : Can, J, Phys. 32 (1953) 49.

3) E. M. Diener, J, F. Amann and P, Paul : Phys. Rev. C7 (1973) 705.

4) 7.0, Akyuz and S, Fallieros : Phys, Rew Letters 27 (1971) 1016.

5) C. P.Wu, F, W, K, Firk and T. W, Phillips : Nacl. Phys. A 147 (1970) 19.
6) S, Fallieros and B, Goulard : Nacl ., Phys, A 147 (1970) 513.
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sapport D% —4 v h WV, Z2RJ box—2 —@D 1 HOHE TR, BEBFOEZ 20 ¥
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BRzhzhWEERN T 2 vF -DEFERIR
T, MEET18Me VRN 20. TMeV D reso-

INp

nance B INMDARZ M VTR LBNIZZD

6000
@ proton group ICHIGL T35, Z DA
16.5MeV & 24.5 Me VT resonance 253 5,

4000

24.5Me V @D resonance ¥ T F V¥ —p5GFW

ZEDHE 1 IAR TR, E 2 resonance

DR L EA SN 505, SRADMOUES

212> THBLIT LTI,

© 2000

16.5Me VD

resonance ¥, SEIOPIE TiZE» 0555MeV

81

140,

Cel(e,ep)

UFREINTLENSD, 20 yield 24
12 BT I3, resonance DAIE RIS EHOS DL
h &b e xS 5,

Ced (1, n)KGOWEECOLTIE, Bergere

14

D(r, p)RICOKEBEE 25, Isospin Splitting

. . L L )
20 215 23 245 26
Ee{MeV)

2K

0Ce (e, e’ p ) RIGD yield curve o

OHETBICL s ERD b0, 4
CHEELUICER L TXB05 (7, p)

:5 14OCe
£15} jo

°
S .
: o
D10} © .
72 ° °o° °°°
] ° ° o °
N ° °
(@) ° ° ° o°°

o
S 5r o ¢>o ®00°° °
°
°° %0 o°
+° S ° o-ooo
000,° °°°o°
0

16 17 18 19 20 21
Ex(MeV)

E3X

140Ce (7, p) GCOKEHE

22 23 24 25 26



82

O EBER LA+ THH, RELEMeVLUTDBT D yield curve ZHEL BFL 12 £ T,
WEmEicETs#E w2 TH5O80THB, (FE)

g £ X [

1) B. C, Cook : Nucl, Instr, and Meth . 24 (1963) 256.
2) H, Beil et al. : Nucl; Phys, A 172 (1971) 426.
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EFH D Isobaric Analog State(V)

HilEl & T DO —E KB D 5 ZALD iscbaric analog state (IAS)DERT * b ¥ — psBE
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B 1B spin-parity BRAIE (do p)y (n 7) 1CE 37+ 1 Y HIRMD spin-assignment
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DIAS 572 ( 512 ) ITHGEL, 195Ho D 1 st break ZFEEIASD 7/27 ( 633 ), 2nd
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X O RDIZ TAS DEIE = % ¥ — & BFRE ( KEFTHE Vol.5No. 1 Z]) & 2R T % &,

159 Th Tid~ 500 keV, '65Ho Tid~ 650keV EEREH/NI 2012, C DA LIATDO S Ta @
—900 keV. 175 Lu®d— 700 keV, 18 Tm®dD— 500keV ¢ AL 6D TH 5, SHDERZ > T
EEFI*%Z=65. A=159, Z=67 A=165, Z=69 A=169, Z=T1 A=175 Z="73

A =181 @ systematic LHFFEHS—IHK D, HRD discussion iICOWTREEICHET 50 b

hTh s, (&K)
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I—9 20U ONBESZUIETe 5 BT
2z boviilE (1D

THERERTE HE F-8 —F-EE B
B E— - R E - Bil—

(Abstract) Measurments on delayed neutron spectrum of the second group
(T; 2 =22 sec ) from photofission of 238U have been performed using Time
of Flight technique between beta particles and neutrons,

Experimental results showed fine structure in the neutron energy specrum,
The six peaks were observed in the spectrum; 200 keV, 240 keV, 280 keV,
380 keV, 540 keV and ~ 750 keV, These were considered to correspond with
the peaks reported by S, Shalev and J. Cuttler except for the two peaks ;
200 keV and 280 keV,

AIED preliminary Z£EBUC| &Htx, 238U (7, f) WML IEBRPHETOT 2V F —

2RV BTOFHEICES>THEL 2O THET 5,

§1 3% &

B U ol bR O BB O BE © 2 7 4 RO B3, 2eal Y efgTH 2, ¢
LT3, HBINTETHOWVTDA LN B,
BIEDEERICOWVT, WL o0 MES 288U 1205, % 0N
1) FREFEHHEESDVE,
|) T AVF — RS RV,
D2 FITHOVWTHERRA T,

ARTOWNTiE, BERR 20T HER R - 12, EBI 2ET2-7245, F 1 EER 35 [,
%z@miw@mﬂi@ﬁéﬁ,&%@%é,mﬁ(mﬂ)w%%wzs%ﬁ,%ﬁvﬁs%
L AEL T,

Shin Iwasaki, Kazumasa Yana, Shu Sato, Ken-ichi Sano, Makoto Hagiwara and

Kazusuke Sugiyama
*BifE HAI BM ( HE)
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B OVNTiR, SO NBEREEA B, AHETFREBOEI 28l T3E 271 12,
TaDDL, fRBMBA AT HEED 5 0 fast timing sigal OIbHLEE oross
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Shalev 5 ORERIL, BEE THREINIEBREROL 0T, BLHMESEL, EEEDOHS b
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Fig. 1 Delayed neutron energy spectra of the 2 nd group ( Ti,=22sec)from
photofission of 238U obtained in the two series of experiment .
At the first series of experiment

B : the second series of experiment
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Fig.1 ZRTRD 8 EVEHTX %,

D AE & O ERoMmEELS I EL, fine structure 25id-> X b LT XTI,

2) 2@EOEs ERFER 2 LBU THEEREEGRL,

3) S.Shalev HiTk > THERINTI peak CHIHT 23DV ->x W ELET 5,

YT O TIE, 257 keV, 879 keV, 560 keV D $DMBENTH 5, T00 keV Ll EIT DL T,
SEOERS, DRESBEIVY, 50 keV HEDLBEL->THD, BZ 5L T42 keV iz
850 keV iz X5 T % peak TH A 5,

fiiz, 200 keV B2 0F, 280 keV DARIT peak DHERI N 5,
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1) EE, EHRE, $-F, LR, s, Bl BEmBRERE 6 (1973) 64.
2) S. Shalev and J. Cuttler : Trans, Am, Nucl. Soc. 14 (1971) 378.
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1) T. Satow: J. Nucl. Materials 21 (1967) 255
2) T. Satow: J. Nucl. Materials 21 (1967) 263
38) R. Lovenzelli and I, De Dieuleveult : J. Nucl. Materials 29 (1969) 849

4) T. Satow: J.Nucl.Materials 21 (1967)249



94 KB ESE Vol.7T Nol June 1974

T1—2 Correlation Functions in Liquid Bromine
and Carbon Tetrachloride by T—O—F Neutron Diffraction

(&5 SRIEE SA%E

1 Introduction

The knowledge of the structure factor over a wide momen tum
transfer range is indispensable to understand characteristic
behaviours of the structure in a variety of liquids. In the
case of molecular liquids, structure factor in low momentum
transfer region throws light on the orientational correlations
between molecules which have been demonstrated by Egelstaff,
Page and Powles(l), while high momentum transfer structure
factor directly gives us a single molecular form factor in the
liquid state. In this work, the high momentum transfer struc-
ture factors of liquid bromine and carbon tetrachloride were
measured by means of T-O-F neutron diffraction and the molecular
distribution in liquid bromine was discussed in terms of the
orientational correlation functions defined by Egelstaff et

al.(1).

2 Experimental

All the measurements of structure factors were made using

the L, >> L T-0-F neutron diffractometer which was constructed

M.Misawa*and K.Suzki ™
The Research Institute for Iron , Steed and Other Metals, T ohoku

University,
Sendai 980, Japan
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at the 300 MeV Tohoku University electron linear accelerator for
the purpose of studying liquid structures(2).

Liquid samples were sealed into a silica tube with 0,30 mm
thick wall and 10 mm inner diameter. -The accelerator was
operated at electron acceleration energy of 250 MeV with peak
beam current of 60 mA and at pulse duration of 3 ¥ sec with
pulse repetition frequency of 100 pps. Incoherent scattering
from vanadium as a standard sample was used to convert the
observed intensity into the absclute one. The detailed pro-
cedure of the correction for absorption, multiple scattering,
incoherent scattering, background, silica tube vessel and so on
has been given in the previos papers(2,3) as well as the dis-
cussion of resolution and performance of this T-O-F neutron

diffractometer.

o

10

----- - Sm(Q)
08 —  F1(Q) (ram-2284A)

o
N
T

Fig. 1 Structure factor S.(Q) observed in liquid bromine and
a single brominé molecule form factor F;(Q) calculated

in the gaseous state.
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3 High momentum transfer structure factor

The observed structure factors S{0Q) covered up to Q=30 Kd
are shown in Fig., 1 for liquid bromine and Fig. 2 for liquid
carbon tetrachloride.

The structure factor for molecular liquids determined by

neutron diffraction may be written as

8.(0) = F, (0) + B (Q) [s.(0) - 1], (1)
were F; (Q) is a single molecular form factor, F:(Q) is the form
factor related to the orientational correlation between molecules

and S.(Q) is the molecular centres correlation function, if we

assume that positions and orientations of molecules are un-

correlated(l). Therefore, in high Q region we have the
relation
o4r .. Sm(Q)
-_— F] (Q) (rc-d=1.769R>
0.3+ Telcl=2.89A
e
uw
~02}
G
E
wn
01t
Oi...,l.-..|.,.;l‘...l..,.14;
0 5 10 15 20 25

Q(A")

Fig. 2 Observed molecular structure factor Sa(Q) for liquid
carbon tetrachloride and calculated single molecular

form factor F,(Q) in the gaseous state.



Lt _s.(9) = F.(Q), (2)

because S.(Q) asymptotically becomes unity,
The solid line in Figs. 1 and 2 shows the calculated form
factor F, (Q) for a single molecule in the gaseous state, which

is the function
sinQr
1 Br— Br
F (Q) :*<1 + ——-——-——>
! Q 2 Qr Br-Br (3)
for a bromine molecule and

sinQr

~2 9 2 Cc—~-Ct
F . (Q) = <bc + 4bc‘> <bc+4bc. +8b, ba o
Cc—cCt
sinQr .
2 Ct-C1l
+12b -—————————{) (4
¢l Or - c )

for a carbon tetrachloride molecule, where r, ;, means the inter-
nuclear distance between the nucleus A and B in a molecule and
b, is the isotopic average scattering length of nucleus A,

In the range of high momentum transfer the agreement
between solid line and observed data is reasonably good in
Figs, 1 and 2. Hence, it may be concluded that the size of a
single molecule of bromine and carbon tetrachloride in the

liquid state is close to that in the gaseous state(4).

4 Molecular orienmtational correlation in li quid bromine

The existence of strong correlations between molecular
orientations in molecular liquids can be well recognized by the
analysis of low momentum transfer structure factors.

The orientational correlation functions F,(Q) in eq. (1)

for liquid bromine are written as
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2

sinQ(rm_Br /2)

£ (0) = { o(r, . /2) (%)

for an uncorrelated case,

sinQ(r, . /V3)

-~ Br

) (6)
for a perpendicular(T) configuration and
F, (Q) =F (Q) (7)

2
for a parallel configuration. These three F,(Q)'s are depicted
in the bottom of Fig. 3, respectively.

As pointed out by Suzuki and Br,
Egelstaff(5) for CS, and CSe, linear

Sc(Q) : PY-HS
(o =4.0A 7=0.39)

molecules, we may assume that the

centres correlation function S¢(Q) osp
for Br, molecules is also close to

that for spherical Ar molecules in r

<l

the liquid state. Therefore, we

accepted the hard sphere structure I
05t

F2(Q)

factor solved frem Percus-Yevick

equation as an input datum for S.(Q) I 2

in eq. (1) and calculated S.(Q) NN L»f*:QCV L
using equations (5) to (7) for F, (Q) I ﬁkmyf QCA™)

in accordance with the three models -0.3"

described above. The results are Fig. 3 Orientational
shown in the top of Fig. 3. correlation functions F:(Q)

Although the molecular calculated from the three

quadrupole interaction prefers the models in liquid bromine.

T configuration, the results of Fig. 3 shows that the parallel
configuration is more probable and further investigation for

more sophisticated configurations is necessary to understand the



total behaviours of orientational correlation between Br,

molecules.
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I—4 T—O-—F Neutron Diffraction of Liquid

Gallium and Rubidium

(P BBEE" SREK BARE

1 Introduction

The T-0-F neutron diffraction based on the electron linear
accelerator as a pulse neutron source is known to provide a
detailed information on the structure factor in high momentum
transfer region. The high momentum transfer factor of liquid
metals is necessary not only to perform an accurate Fourier
transformation into the pair correlation function but also to
identify a compound-like atomic association in liquid alloys(1)
and derive the steepness of repulsive core in the pair potential
of liquid metals(2).

Based on such a point of view, T-O-F neutron diffraction
measurements were carried out on the liquid state of metallic

gallium and rubidium at several temperatures.

2 Experimental

The Lo >> L T-0-F neutron diffractometer(3) for liquids was
used to measure the static structure factors for liquid gallium
40, 455 and 920 °C, and for rubidium at 55 and 370°C. Liquid
sample was sealed in vacua in a silica tube with 0,30 mm thick

wall and 10 mm inner diameter. The electric furnace to heat a

Y. Fukushima*, M. Misawa** and K. Suzuki***

The Research Institute for Iron, Steel and Other Metals,
Tohoku University,

Sendai 980, Japan
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sample was particularly designed, as shown in Fig. 1, for
heating elements not to be located in the way of neutron beams.
The operating conditions of the 300 MeV electron linear
accelerator and the method for data analysis are entirely same
with those described in the previous report on molecular

liquids(4).

3 High momentum transfar

structura factor

The observed structure

factors S(Q) covered up to
0=30 zf%re shown in Fig. 2
for liquid gallium and in

Fig, 3 for liquid rubidium.

incident
The oscillation in S(Q) for [YeYSEy| -+ —

liquid gallium is more pro-

nounced compared with that H i {thermo-couple

for liquid rubidium. Rapid —

dumping of oscillation in g ™ Al-shield

F~—water cooled
pipe

S(Q) for liquid rubidium

comes from a large atomic

diameter and a soft re-—

pulsive core in the pair

potential(2). On the
. other hand, the strong Fig.1 Electric heating furnace
oscillation in S(Q) for for T-O-F neutron diffractometer.

liquid gallium may be due
t0 both of hard repulsive core and persistence of. an atomic
association like a molecule in the liquid state.

The existence of a Ga,-molecule in liquid gallium near
the melting point has been often speculated, for example, by

NMR studies(5), because the crystal structure of a-gallium is
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isomorphous with that of solid bromine which is composed from
Br;, -molecules as a constituting unit,

In high Q region, the observed structure factor S(Q) tends
asymptotically to the form factor for a single molecule F,(Q),
that is,

2.0
1.5 Amorphous
c ( by Ichikawa 1973)
C
IO‘_ o A V/\l\_yfl\vf‘r—r l—rAl*]
- \/ 10 15 20
05
ot 40°C.
1.5 ( D=265A PF=044)
1.0 ;
o 10 15
S 05—
o F 455°C
0 Jpov (D=2.63A PF=038)
1.0

15

20

920°C
(D=2.62A PF=0.33)

10 15 20

Fig.2 Observed structure factor S(Q) for liquid gallium.
Dotted line means the S(Q) calculated from the hard

sphere model with diameter D and packing fraction P. F,
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Lt s(Q) = F (Q), (1)

Q—>00
because the correlation of molecular cenﬁres becomes lost(6).

FI(Q) for a diatomic molecule is written as

_ 1 sinQr
F, () = 2(1 + 25 ) , (2)
20fF n 55°C
r (D= 4.45AP.F= 0.45)
s |
m1.o: T
0.0
20" 370°C
o (D=4.35A PF=0.35)
310— ) T b 1 1
n )5 8 10
0.0E=

Fig.3 Observed structure factor S(Q) for liquid rubidium.
Dotted line has same meaning as in Fig.2.
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where r is the inter-

nuclear separation in a S(Q) (Ga 40°C)

F:(Q)
N
TIETTT

r=2448 —-—----
ro |

molecule,

The dash line in

"

|Il|||l|l|ll|lll
(.
S

S(Q)

Fig, 4 is the form factor 1
F (Q) calculated by eq.
(2) for r=2.44 A corres-

| | N . W

. o 1 1 1 Il Il 1 L 1
ponding to the atomic 2 4 6 8 10 12 14 16 18 20
Q(A™)

separation in a gallium
atom pair existing in Fig.4 Comparison of observed S(Q)
ox—gallium crystal (Fig. with calculated F (Q) in liquid
5a), while the dotted gallium,

\—Cl\
3 150 v
G
V-0 :j CRE) £100
e TR~z g X=0
3 50
s e
Q
£
1]
2

e Y
)
. -1
@a X— 2
Pressure(kb) A
Fig, 5 Crystal structure and phase diagram of metallic gallium.

line in Fig. 4 is calculated by using r=2.69 A which is the
nearest neighbour atomic distance in an atom-chain for B-
gallium crystal (Fig.5b). The position of the subsidiary
maximum on high Q side of the first peak in S(Q) is found to
coincide with the first peak of F, (Q) in either of the two
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models. However, the phase of oscillation of S(Q) for liquid
gallium in high Q region is in quite agreement with that of

F (Q) for the B-gallium crystal model. It is interesting to
mention that the density of liquid gallium is larger than that
of x—gallium crystal and close rather than small compared with

that of B-gallium crystal as a high pressure phase.

4 Subsidiary maximumin S(Q) of liquid gallium

To get an accurate S(Q) from neutron scattering measure-
ments, experiments have to be done in the condition that the
static approximation does hold. Use of incident neutron with
the energy of more than 100 meV is empirically clever choice to
realize the validity for the static approximation(7). However,
the useful methods of correction for the static approximation
have been proposed by Placzek(8) and Ascarelli and Caglioti(9).

Ascarelli and Caglioti have demonstrated that the subsidiary
maximum on high Q side of the first peak for liquid gallium is
pronounced in quasi-elastic diffraction pattern. In our T-O0~F
neutron diffraction measurement the position of the subsidiary
maximum just corresponds to scattering of neutron with 0.5 A
wavelength at scattering angle 26=15", 1 X at 26=30° and 2 A at
206=60", respectively. As shown in Fig. 6, the two curves corres-
ponding to higher neutron energy coincides well with each other,

_which may guarantee the validity of the static approximation in
the experimental condition of this work. In contrast to this,
the curve for 2 A neutron has an emphasized shoulder indicating
the invalidity of the static approximation in this energy region.

The number densities and atomic radii of liquid gallium‘
and aluminium are known to be exactly same. Therefore, the
comparison of diffraction data for the two liquid metals is
quite instructive, because liquid aluminium has a really simple

diffraction pattern without any subsidiary maxima. As shown
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2.0—

N

— vy
\

\

—ae--20=60° (~2 &) .

—— 26-’-30'("1‘&) Xe

e 29:15"("’051&) %
. R

o
T

1.0

1 it 1 | 1 i

26 2.8 30 32
(&

Fig,6 Subsidiary maximum on high Q
side of the first peak in
S(Q) for liquid gallium,

in Fig, 7a, the position of the first peak in g(r) for both
liquids coincides, while the subsequént peaks for liquid gallium
shift to larger region compared with those of liquid aluminium.
On therother hand, Fig.‘7b shows that the high Q behaviour of
S(Q) quite resembles to each other but the big difference comes
out between the shapes pf the first peak in both S(Q)'s.
Therefore, the subsidiary maximum in S(Q) for liquid gallium
may be expected to be due to the shift of the second peak and
the subsequent ones in g(r) to larger r region. In fact, thé
subsidiary maximum can be artificially repféduced, as shown in
Fig. 8, by modifying the g(r) for liquid aluminium in the fashion

described-above.
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3
s :
@) T8
E ~r
it
- ? 1;
E';s'i;é;éésouuu o
r(A) '
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N —— Ga 40°C |
E & YR aerore | _
2.0F H ]
5 i3
l/71.0::— 1 ;‘
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QA
Fig.7 (a) Pair correlation Fig.8 Simulation on reproducing
function g(r) for liquid a subsidiary maximum in
aluminium and gallium. S(Q) due to modification
(b) Structure factor S(Q) for of g(r) for liquid
liquid aluminium and gallium. aluminium, Dash lines
are the observed S(Q)
and g(r) for liquid
aluminium.
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I—10 Np* Mossbauer Probe Embedded in Uranium
Dioxide by Means of U* (r/n)U*

B - HIETA* - TR mEmR*

KN E, EREET BT
Abstract

Uranium dioxide single crystals are irradiated by brems-
strahlung of its maximum energies of 35-65MeV. Practically
pure U® sources are prepared by the irradiations. The Np*’
59.54Kev Mossbauer spectrum at 78°K shows unresolved structure
extending over -1 to +1 cm/s. An annealing in hydrogen at
800°C removes the radiation damage effects to produce isolated
Np**ion at normal uranium site, which is detected as a singlet

line with isomer shift value +0.093 cm/s and line width 0.15 cm/s.

Introduction

The Np?¥ 59,54Kev Mossbauer effect has been most extensively
studied among actinide Mossbauer nuclei since it provides a means
of high resolution hyperfine field study.'”” Three kinds of
parent nuciei are available, as shown in Fig.1.?

The interest of the present work is to test the applicabi-
lity of the U*" parent probe to lattice defect study in uranium
compounds., Thanks to the 300 Mev electron linear accelerator
al the Laboratory of Nuclear Science, the probe is directly

introduced in UO, lattice by means of U*" (V/n)U™.

A. Ohkawa: Research Institute of Mineral Dressing and Metallurgy
T. Shoji: Tohoku Insitute of Technology
K. Matsui: Faculty of Engineering
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Experimental Procedure

Stoichiometric U0, single
crystallites of 1 mm in their
size were irradiated in water

by the bremsstrahlung from 2

Mipy (129y)

5/2+

mm thick Pt converter. The

24"%m (458 y)

energy of the electrons
incident on the converter was
varied from 35.5 to 65Mev to Ty e

find an optimum condition of o
Bpy (43.6 d)
772~

the source preparation.

15% 60%

Pulse height analyses of these - 6301078 s 9.6 —
a:10 | B ' ke¥
specimens were made using Ge(Li)
5/2+ 0
low energy photon counter g (22 4 108 y)

(Ortec/8113.) and 4096ch
analyser (Toshiba/USC-1 Model Fig.l Partial decay scheme to
10). levels of Np2 (after

The specimens for Mossbauer Ref.2).
effect measurements were similarly prepared by an irradiation |
of 50Mev x 8hr x 100 pA, The specimen-1 was a single crystal
of 70mg with difined composition UOso . The specimen-2 was
crystailites of 60mg which underwent an annealing treatment of
800°C X 1lhr in hydrogen after the irradiation.

Both of the specimen and absorber (200mg/cm? Np»7 0, /Radio-
chemical Centre) were immersed in liquid nitrogen. The specimen
was driven by a plastic rod connected to transducer to give
velocity spanning -1.5 and +1.5 cm/s.

The Y-rays detected by 2 mm thick NaI(TI) scintillation
counter were registered in 400ch analyser (Toshiba/USC EDS-

34802) in time-mode operation, The measurements commenced 4
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days after the irradiation and ceased in a week,

Results and Discussion

Fig.2 shows a typical PHA spectrum obtained by the Ge(Li)
counter about 8 hrs after the irradiations, The irradiations
of 35-65Mev turned out to induce practically pure U?»’ source so
far as the low energy part around 59.54kev was concerned. In
practice the backgrounds due to the NpO, absorber, as given in
Fig.2, claim for a high-resolution detector, if single crystal
source (available only in small size) is preferred in the

Mossbauer effect measurements.

U7/595 kev
Npig NE/297kev

PbKy,

—— U0, Crystal Irradiated by
Bremsatrahlung from 2 mm Pt Corwerter
Ee=50Mev/ Bhrs after Irradiation

—-=Np?¥0,Standard Absorber

Counts in Linear Scales
-

j \ , Np2”/57 kev

U 3kev

1 1
6 20 30 40 80 L1 70 2Wkev

Fig.2: PHA spectrum of irradiated UO; (solid line) around the
59.54kev Mossbauer Y-rays, showing v Y-ray peaks at
38.5, 43.4, 51.0, 59.54, and 64.8 kev. PHA spectrum of
Np® 0, standard absorber (dotted line) with Y-ray
peaks at 29.6 and 56.8 kev.
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© Fig,3 indicates relative U yield as a function of the
eleétron energy, suggestipg an optimum energy at around 35Mev.
For the sake of compatibility with the concurrently running
Ga”™ source preparation® , 50Mev irradiation was made for the
Mossbauer sources.

The source strengths in the

U 237/535 Kev Peak Integral
7-8 Mrs After Irradiation

Mossbauer measurements were such
that the U®" 59,54kev peak heights

were 2-3 times larger than those

Relative Yield Normalized at 65Mev

of the Np?® 56.8kev peak shown in S

Fig.2. Serious deterioration in T o
signal-to-noise ratio was caused Fig.3: Relative U®" yield
by the low resolution of the vs bombarding
NaI(T1) scintillator employed: energy, normalized
disturbance came from Np KX, Np at 65Mev,

86.9kev and their escape peaks.

In spite of the low s/n ratios, the Mossbauer spectra shown
in Fig.4 can be interpreted as follows. The single line found
in the fully annealed specimen-2 (Fig.4/lower) has an isomer
shift +0.093 cm/s relative to Np™ in NpO, absorber. The 5f-
electron density on the Np™ ion in U0, is found to be higher '
only by 3% than the normal Npt* ion in the absorber,® suggesting
that the probe occupies normal uranium site. The half width
0.15 em/s is still 20 times as large as the natural observable
width 2T, =0.0073 cm/s but one of the narrowest lines reported
so far.® The Np+4 ion is therefore concluded as substitutional
free from nearby disorders.

A direct application of the substitutional U?’ probe is the
study of oxydation of UO; where non-stoichiometry probelms are
involved.? To preserve charge neutrality, 1/5 of the probes
are expected to change into U'® in U, 0,® Similarly 1/3 and

2/3 should appear in U;0; as U™ and U+5, respectively.!? v;n
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-|6 -3) ? (o|3) oIGIQQQITU
|
v v V V Typical Quadrupole Spectrum
95% 15.2% 15.2% 95% (Qex= Qqgr )
50.6%
va5 Npob
— --- () —---
& 5§2 8§ 5¢
100% i -2 % y o ! o ob
‘0 ~ 0,0
5 dﬁ&vﬁ%mg% °«PQQ}P%(/: P
. of%omoo
Atter Irradiation
(Specimen-1)
99.9% -
Np* (sub)
§=40.093cmys
100 % 1<
£—T=015cm/s Annealed at 800°C x 1hr in H,
(Specimen-2)
999%
(1973-12 LNS)
o L L | 1 i N
-15 -1.0 -05 0 +05 «10 +Scm/s

Fig.4: Mossbauer spectra relative to 200 mg/cm? Np?7 0,
absorber at 78 K: Top/quadrupole spectrum
pattern for axially symmetric electric field
gradients, Upper/spectrum without annealing,
and Lower/annealed in hydrogen for 1 hr at
800°C,

fact two different charge.states have been reported for Np3Q?.
The probe before the Mdossbauer emission is chemically indistin-
guishable from normal uranium ions. It is expected to carry
over informations on charge distributions.

The spectrum found for the unannealed specimen-1 (Fig.4/
upper) cannot be resolved at this stage of the experiment. It
is indicative of split lines by quadrupole interaction due to
the crystal fields of the nearby defects. Such probe-defect
associations are highly probable, since each of the U*’ probes
necessarily undergoes recoil events by the emission of fast
neutron from excited U*® nucleus. Annealings up to 800°C are

expected to unravel the recoil damage structures.
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. The following improvements of the instruments are thought
to be indispensable for further development: (a) to employ high
resolution Y-ray detector like Ge(Li) counter used in the PHA

analyses, and (b) to adopt high compliance transducer for the

investigation of Np*> and Np*® range.

Conclusion

Experimental conditions are examined to apply the Np*®
59.54kev Mossbauer effect for lattice defect study in uranium
compounds through U®7 parent probe produced by photonuclear
reaction, Recoil damage effects are found to recover by

annealing, producing isolated Np** ion at normal uranium site.
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[—11 Preparation of Ga” Mossbauer Source in
Germanium through Photonuclear Reactions

TH¥REAE - KB RATEWETF N
wH®EE. 45 0 oy

The optimum conditions of Ga’’ source preparation and
Mossbauer scattering experiment for the 13.3kev level of Ge™
have been examined with the use of Ge(Li) low energy photon

counter.

Introduction

In previous papers”? indications of the Mgssbauer resonant
scattering for the 13.3kev level of Ge” were reported for Ga’
parent probe directly embedded in germanium crystals through
Ge"(Y/p) Ga.” It was found that improvements in signal-to-
noise ratios were essential to determine defect structures
involved.

The problems are twofold; (a) to find irradiation conditions
to give maximum Ga’ yield relative to other byproducts and
(b) to establish favourable conditions to allow maximum Mossbauer
scatvtering component relative to others. These analyses become
feasible by the Ge(Li) low energy photon counter lately available

at the Laboratory of Nuclear Science.

K. Matsui/Faculty of Engineering
0. Konno/Laboratory of Nuclear Science

S. Ishino/Department of Nuclear Engineering, University of Tokyo
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Experi mental

: Pure germanium wafers of thickness 200-350 um were
irradiated in water by the bremsstrahlung from 2 mm thick platinum
converter which was bombarded by electrons of 35.5 to 65Mev.
Pulse height analyses of these specimens were made for 5 to
600kev by Ortec 8113 Ge(Li) LEPS, Ortec 716A amplifier and
Toshiba USC-1 Model-10 4096ch analyser.

Mossbauer effect measurements were tried for 200 um thick
p-type crystals (1OMGa/Cm3) irradiated similarly for 8 hrs with
50 Mev electrons. The specimens were subsequently annealed at
500°C for 30 min. The Ge KX-rays scattered by 125° were
detected by the LEPS coupled with Ortec 450 amplifier and Toshiba
USC EDS-34802 400ch analyser in time-mode operation.

Results and Discussion

The isotopic abundance of natural germanium and the half-
lives of the products through (¥/n) and (¥/p) reactions happen
t0o be such that the emission from Ga”™ predominates over others
for about 10 hrs after irradiation.!?> The success of the
Mossbauer experiment depends not only on the Ga® yield alone but
on the details of the pulse height spectrum in Ge KX-ray region.

Fig.l shows relative yields of a few nuclides versus
electron energy of irradiation, Aside from two dips found at
42.5 and 57.5Mev, there are tendancies that Ge™ (¥Y/n) Ge®
reaction depends little on electron energy while Ge™ (Y/np)
Ga® yield makes steep rise with energy, as expected. The Ga®
yield, formally given by Ge™ (¥/p) + Ge® (¥/2np), shows mild
rise similar to the yield of Gee given by Ge® (¥/n) + Ge™ (V/3n).

The EC decay (67%) of Ge®® is significantly harmful to the
s/n ratio of Ge KX-rays by emitting Ga KX-rays, as shown later.

Unfortunately the Ga’3/Ge® yield ratio rises only by 30% at
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Ge 75(270 Kev)

Ge 63/Ge 75
Ga73/Ge 75
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/
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" Ga68/Ge75
-

o
o

o

Normalized Yield-Ratio at 65 Mev

o
o
T

o , . ; L
30 40 50 60 70Mev
Electron Energy Incident on 2mm Pt Converter

Relative Yield Normalized at 65 Mev

(1973/11/1 LMS)

N p Fig.2 Yield ratio normalized

for 65Mev irradiation.

I L L .
30 40 50 60 70Mev
Electron Energy Incident on 2mm Pt Converter

Fig.1 Relative yield normalized
for 65Mev irradiation.
The dip at 57.5Mev was

observed twice.

65Mev, as shown in Fig,2. The situation becomes much worse
for the electron energies below 35Mev.®

Formal reaction products up to (¥/2p) are summerized.in
Tab.1, Presumably the reactions up to (¥/3n) are théught to
be operative for irradiations of 50-65Mev. As the bremsstrahlung
spectrum is rather flat in its nature, further verifications
must be made before asking whether the dips in Fig.1 are to be
related with preferential production of stable or long-life
nuclides like the (¥/2n) products in Tab.l.

The pulse height spectra of the Ge KX-ray region are shown
in Fig.3, which suggests that the predominance of Ga™ emission
ceases within 10 hrs after 65Mev irradiation. The Ge KX-rays
in Fig;3 are not necessarily due to the full conversion?® of
the 13;3kev Y-rays from Ga.™ In fact the Ge Kx peak integral
is larger than the 53.3kev Ga’ peak integral during a few hours
after irradiation, as shown in Fig,4. The difference is thought

to arise from B-decays of Ge”; etc.
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Tab.1l: Formal reaction products, decay modes and
half-lives
Ge™ Ge™ Ge® Ge™ Ge'™
20.52% 21.43% 7.76% 36.54% 7.76%
(r/n) Ge* | 69/A7& EC 7T1EC 72/ 78/ 758
39.6h 11.4d 82m
(r/p) Ga* | 69/ 71/ 72/ B~ 73/ 8 —
4.1h 4.9h
(7/2n)Ge* | 68/BEC 70/ 71/EC 72/ T4/
280 d 11.4d
(r/np)Ga* 68/ fT& EC 708~ 71/ 72/ 8" 4B~
68 m 21.1m 14.1h 7.8m
(7,/8n)Ge* 67/ BT& EC 69/ BT& EC 70/ 7L EC 78,00
21m 39.6h 11.4d
(7/20p)Ga*| 67/EC 69, 70/~ 71/ 78,/
7.9h 21. Im
(7,/2p) Zn* | 68 /00 7000 716" 728" —
2.2m&3h 49h
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0N Ga 73/533 Kev Peak Integral
Ty = 48hr

\,\,ec Ky 4(9.89Kev) Peak Integral

Direct
10MQ™in
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Direct

‘h‘]mln
Atter Irradiation
¢ 65Mev/15min

(575 Mev)

B 10 15hr
Time Atter frradiation

Direct - Background
T
) g
Qo _/3‘
0
O O .
o o

Fig.4 The decays of

Direct - Background

53.3kev peak integral
due to Ga.” The Ge

Ko peak integral does

! ; not coincide with that
Fig.3 PHA spectra in Ge KX-ray of 53.3kev, suggesting
region. the rdle of short-
life bypreducts.

A scattering spectrum to be compared with the direct com-
ponents in Fig.3 is shown in Fig,5. In this case the emissions
from the source were made to scatter at right angle by 0.5 mm
thick germanium wafer with (111) face. The detector was shielded
from direct beam by 1 cm thick acryl and 2.5 cm thick lead. The
intensity of the scattered beam remained a few percents of the
direct beam. There were continuous backgrounds 50% as strong
as the Ge Kx peak in Fig.5.

Under assumption that a disintegration of Ga® in the source
produces an emission composed of one 53,3kev-, one Ge KX-, and
(1/1080) 13.3kev-photons,? relative intensity and range are
compared in Tab.2 for various scattering processes to yield

)

photons in the Ge KX-ray region. Formulae of Franz” and of

Stobbe ® were used to obtain the cross sections of Rayleigh
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scattering and of 1000-

photoelectric :
9887 Kev
% 9855 Kev

f

i Scaitering Angle=90°
¥ espec-blvely. 05mm Ge Scatterer
3hoe™"

The spectrum in Atter Irradiation
65 Mev/15min

absorption, Seke,

Fig.5 comprises scat-
tering processes
other than Mossbauer s00-
scattering. Since
the Ga KX-rays in Fig.

10.98 Kev

BeKnin: 11 oKey

Scattered - Background

5 can only be ascribed

to the Rayleigh compo- 6a Koy,

9252 Kev

[
i N %
nent, pure Rayleigh sz Kev 1,6 ég
% s
w3
W R,

scattering spectrum &ﬁﬁf
should appear as the PRS0

o L

s L L
8 9 10 1" 12 Kev

left side one with Ga
Fig. PHA 0° scattering.
Ko peak correction to ig.5 spectrum for 9 scattering

0% Ge Ko i
3.08 hr. The Ge KX— About 50% of the Ge arise

hrough Rayleigh scattering.
rays in Fig.5 are through Rayleigh scattering

considered to involve substantial photoelectric components
other than that of 53.3kev Y-rays from Ga. The contribution
of the photoelectric prccess is being evaluated in an experiment
carried out at Kyoto University Reactor Institute.®

The Mossbauer spectra obtained for a p-type source are
indicated in Fig,6. The scattering angle was chosen to 125°
to minimize Rayleigh component. The Y-rays were monitored
along [111] axis of the source. The shaping time constants
of the Ortec 450 amplifier were set to 0,1-0,1 us to avoid
saturation.

The spectra were studied for the conditions in which the
B4recoiled interstitials should appear in trapped and converted

states.»? In fact a sort of Fermi-level or temperature
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Tab.2: Scattering of an emission composed of one Ge Ka-,

(1/1080) 13,3kev-, and one 53.3kev-photons

process relative intensityu) range @)
. o % sm
Compton scattering (90°) 1.4 10500
Ka — 9.7kev
Rayleigh scattering ( 90°) 46.4 313
Ko - Ka
Photoelectric fluorescence 11.8 1230
53.8kev — Ko
M@8ssbauer scattering 40.4 357
13.83kev — Ko
Photoelectric absorption
50

of 13.83kev photon

(1) 100% ox / 3 0k (2) 68.2% lost in the range
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1.2 ohm cm p-type Ge/annealed at 500°C x 30 min
50 Mev x 8 hrs with 2mm Pt corverter
e Scattering angle = 125°

Ymu; =290% vs 1.5mm Ge scatterér
o1

0 +05 «1.0 +15 cmys.

3%

Tmeas =155 vs 05mm Ge scatterer

Fig.6 Mossbauer scattering spectra obtained for geometry
giving baseline curvature less than 0,02%. Most of

the peaks fall within statistical errors.

dependence seems to exist over the wide velocity range in
Fig.6. The low s/n ratios due to high backgrounds made,
however, detailed analysis impossible.

It is true that most of the 13.3kev Y-rays from the source
are lost by photoelectric absorption beyond a penetration depth
100 pm in the scatterer. An ideal scatterer, black as regards
to Mossbauer scattering and transparent to others, is 100 um
thick material highly enriched with Ge] as shown in Tab.2.
Experiments with enriched scatterer are being prepared for the

next semester.
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73mse 73gSe
E Relative Coincidence E Relative Coincidnece
: intensity gate gate Y intensity gate gate
(keV) 85kev 254keV || (keV) 67keV 847&865keV
85 20.9 67 70.5
138 2.6 361 100.0 yes
180  25.2 443 0.084  yes
254 100.0 556 0.055 yes
263 = 5.0 5782)  0.12 prob.
309 9.5 yes 700 0.050 prob.
321 40.7 yes 765 0.22 prob.
394 76.8 783 0.098 prob.
402 65.0 yes 818 0.057
443 1.7 847 0.17
489 3.0 865 1.1
570 = 15.0 prob. 901 0.26
578 45.8 983 0.10 yes
588 3.4 prob. || 10372)  0.070
655 6.4 112 0.27 yes
700. 4.0 1339 0.15
724 2.5 1421 0.40 prob.
768 7.9 1483 0.06
823 1.7 1548 0.04
849  11.5 17532)  0.018 )
934 0.89 18012)  0.034
994 3.4 prob. 18518)  0.013
1002 2.8 yes 18832)  0.044
1020 1.9 gt 71.0
1079 27.3 6810)  <0.05 yes
1087 1.4 prob. 1017a,b; <0.03 yes
1187 0.7 12252,b) <0.01 yes
1215 1.1
1232 1.3
1302 3.8
gt 1277
4233) 1.0 prob.

a) new observed gamma-ray
b) Seen in coincidence only

Table1 Observed energy and intensity of gammarays and coincidence results in

the decay of '3™ Se and’%% Se



162

S 1695 008 6.7

‘\9"9» S
RPN

’\""«Q,,%;?»':"’QQ‘.\‘,W 766 0.22
LB WA o 655
b%,xg(c\()_ A 1.8

A

]

7

DWW @ W= =

B
:o
5

%
%

Ss

g

D OUe O Oo

[N

PSS R S D

$.-85 94 63 g 7=
11 23 50 2 K78

Bas 1(R%EC) logft
(a) Present Work Marlow & Fass('69) Murray etal('69)
(b) c)

2, ‘,\Qgﬁ

Fig. 8 Proposed decay scheme for 3" Se

+

/7—35—;—7.1 h

‘o
0,
7
%

P
¥,

5
S o

"

52
92"

sjod

S
©
s
[@FN)
';\O)
@3

9z 92"

512
2
a" 73ps 1(8"EC) logft

D 2
SECN

52 52
3z 7

S>

k-l

Present Work Marlow & Fass('69) Nucl.Data('66)

Fig. 4 Proposed decay scheme for 738 Se



Y
2)
3
4)
5)
6)

163

g z X ik

W. Scholz and F. B,Malik, Phys, Rev., 176, 1855(1968),

N.Imanishi, M Sakisaka and F.Fukuzawa, Nucl Phys , A125,628( 1969),
K.W.M.arlow and A Fass, Nucl, Phys., A132, 339(1969)

G.Murray,W.J. KWhite and J, C.Willmott, Nucl Phys, A180, 563(1969),
G.Murray, W, J, K,Whi te and J, C,Willmo tt, Phys, Le tt,, 28B, 35( 1968),

R.R.Betts, D,J, Pullen and W, Scholz, Phys, Rev. Létt., 26, 1576(1971),



164
KB R#ESE Vol7 No 1 June 1974

"MT—2 Nondestructive Mul tiel ement Photon Activation

Analysis of Environmental Materials

*

W o % B 8
SERHE K K R X

Summary — A nondestructive photon activation procedure with 30
MeV bremsstrahlung followed by high-resolution gamma-spectrometry
has been designed for the multielement analysis of environmental
materials. Precision and accuracy of the method were tested by
analyzing NBS standard reference material, Fly Ash, and abundance
data for 17 elements were obtained. The agreement of the re-
sults with literature data, where comparable, is excellent. The
method was then applied to the determination of up to 21 ele-
ments in atmospheric particulate matter collected on a Millipore
filter. Those are As, Ca, Ce, Cl, Co, Cr, Fe, I, K, Mg, Mn, Na,
Ni, Pb, Bb, Sb, Sr, Ti, Y, Zn and Zr.

Introduction

In view of the increasing concern regarding environmental
pollution problems, much effort has so far been paid to develop
improved techniques for the measurement of concentrations of
elements in environmental materials, in particular, particulate

materials or aerosols in the atmosphere. The method employed

* Toyoaki Kato: Department of Chemistry, Faculty of Science,

Tohoku University.

*% Nobuyoshi Sato: College of General Education, Iwate University,

Morioka.
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must be sensitive, accurate, versatile, and, if possible, allow
for the simultaneous determination of many elements. A serioﬁs
problem with most analytical methods involving dissolution of

the sample and subsequent wet chemical steps is the introduction
of large errors either by loss or contamination of trace species
during these chemical handling. Many of these difficulties are
avoided by activation analysis without any chemical treatment
prior to irradiation,. Thus, instrumental neutron activation
analysis has successfully applied to the measurement of con-
centrations of many elements in atmospheric particulate materials,
but this method is not capable of analyzing all of the elements

in them that are of considerable environmental concern. Alternate
nuclear method which can meet the various requirements of the
problem is photon activation analysis. Several reports have
dealt with the instrumental photon activation analysis for
multielement survey analysis of environmental materials, such as
air pollution particulateshband muck soil samples.® We have
presented a discussion of the principles and merits of non-
destructive photon activation analysis in this application,

together with the data of analyses of various silicate rocks®®

and several biological materials.®"

In this paper, the method has been extended to the multi-
element analysis of several environmental materials of current
interest. Those were the NBS standard reference material,
SRM-1633 Fly Ash, and atmospheric particulates collected on a
Millipore filter from the urbarn atmosphere. The samples were
irradiated with 30 MeV bremsstrahlung from a linear electron
accelerator of Tohoku University, and, following irradiations,
high-resolution gamma-ray spectrometry has been applied to them
for intact measurements of various photon activation products.
Elemental abundances of 17 elements in Fly Ash and 21 elements

in the atmospheric particulates are presented in this work,
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together with some filter blank data.

Experi mental

Samples and irradiation

NBS SRM-1633, Fly Ash, was provided in a finely powdered
form. This was sampled from six operating power plants in the
United States. In five of the cases this was collected by
electrostatic precipitators and in one case a mechanical collec-—
tor was used. The fraction passing 170 mesh screen was taken.¥
An amount of this sample weighing 1 g was packed in a small
piece of aluminum foil and made into a disk 13 mm in diameter
with a thickness of about 5 mm.

Atmospheric particulates were collected by pumping 1000 m®
air through a 20 x 25 cm Millipore AA (0.8-p pore diameter)
membrane filter at 0.62 m3/min with a high-volume electric
vacuum pump. This filter material has a collection efficiency
for particulate materials down to the O.1-p range. Collection
was carried out on the roof of the Miyagi Prefectural Office
Building in Sendai, Japan. One major source of atmospheric
pollution may be automobile exhaust from the heavy traffic just
in the vicinity of this building. One-half of this filter was
compressed into a cylindrical pellet 13 mm in diameter with a
thickness of about 5 mm, The filter material with the same
dimension was also compressed into a pellet for a blank study.

A comparative standard used in this experiment was a
synthetic mixture containing 33 elements distributed evenly in
a matrix of boric acid. The concentration levels of the
elements in this mixture is shown in Table 1. ’One~gram of
this mixture was compressed into a pellet 13 mm in diameter.
The sample pellet and the multielement standards were encapsulated
into a silica tube so that the standards were placed on the

front and back of the sample for simultaneous i:radiation. The
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Table 1. Concentrations of the elements in a boric acid matrix

multielement standard

Concentration Element
level
1% Ca, C1, K, Na
0.5% Mg
200 ppm Br, Cr, Cu, Fe; Mn, Ni, Pb, Ti, Zn
50 ppm Ag, As, Ba, Gd, Ce, Co, Cs, I, In, Mo, Nb,

Rb, Se, Sr, Sh, Te, T, Y, Zr

experimental conditions in the irradiation was just the same as
described in our previous reportsfﬂ)

Irradiations lasted 2 hours for Fly Ash and 6 hours for
atmospheric particulates and filter material.

Counting and evaluation

Gamma-rays were observed with a 33-cm® Ge(Li) detector
coupled to a 4096-channel pulse-height analyzer. In the
magnesium analysis in Fly Ash utilizing the “Mg(7,p) *Na reaction,
the “Al(n,x) *Na reaction causes interferences, and, hence, an
aluminum wrapper is a source of interference. After measurements
of short-lived nuclides (¥K and *°Cl), therefore, aluminum foil
was rejected and the content was again wrapped in fresh aluminum
foil for further gamma-counting. The detail involving counting
and data treatments for quantifications was also the same as

described in our previous reports.6n
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Results and discussion

Gamma-rays observed

Gamma-rays observed in an irradiated multielement standard

and sample materials are listed in Table 2 in ascending order of

their energies.

The nuclidic assignment of the gamma-rays was

based on the experimental data previously reported® and on the

literature data for the nuclides.”

Table 2. Listof the gamma-rays Observed *

Nucl ide gamma- ray, Process Nuclide gamma - ray, Process
keV keV

Cu 93.3 87,0 (7, p) 126 1 386 YT (r,n)

0o 122 ®Ni (1, p) 87 ¢ 388 8Sr (r,n)
®Ni (7,n: 1) | BK 394 “0a(r,p)

N 127 ¥Ni (r,n) 02| 439 T 1(r,n)

Q0o 186 BNi (7, p) "Be 477 20 (7,0n)
BNi (r,n; 81) | ¥2Cs 484 BOs(r,n)

BoTe 142 WMo(r,n; f7) | ¥ Ca 488 80a (7,n)

3¢ 160 BT (7, p) Various 511 Annihilation
®¥Ca(r,n;f~)| "Br 521 "Br (7, 2n)

139Ce 166 WCe(r,n) U504 530 180 d(7, n)

®BS¢ 175 ®7i(r, p) 27 n 548 %470 (7, 2n)

“Cu 185 %70 (1, p) 228 p 564 BSb(r,n)

120m gy, 196 LS b(7, n) BYK 591 “Ca(r,p)

8BK 219 “Ca(r,p) MAs 596 SAs (r,n)
79 226

;Br 239 Br (1,2n) zfé 609 Bg

Th (?“Bij)

(22Pb) 289 Be BK 619 “Ca(rp) i

BSe 265 ®Se (7,n) MAs 639 BAs (7,n)

"Br 271 ®Br(7,2n 267 667 277 (7,n)

203 Pp 279 24P (7, n) Bgg 668 80s(r,n)

226 122 123

(23; : 995 Be 2232‘2 693 Sb(r:n)

SiCr 319 %Cr (1,n) (**Bi) 72 Be

151 335 + 15T 0@, 1) 1267 754 1277 (r,n)
1804d(r,n; ) | ®°Ra 768 Be

~Ra 352 Bg (MBI

(2Bi) &Br Vet 1By (n, r)

5K 374 “Ca(r,p) “Ca 808 *Ca (1,n)
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Nuclide

gamma-tay Process Nuclide  gamma-ray Process
keV kev

800 811 Co (7,n) 2Mn 1432 *Fe (7,pn)
#*Mn 835 5Mn (7, n) 0K 1460 Bg
%Co 846 8Ni (7,pn | *"In 1505 UST n(n, 1)
%Mn 847 Fe (7,p) 2K 1524 ®Ca(r,p)
%Rb 881 8Rb (7, n) T h
6 280 05 o) @) 1593 (DE) Bg
8y 898 8¥Y (7.n) #Na 1782(DE)  *Mg (7, p)
87 910 07 ¢ (r,n) “INi 1757 ®Ni (r,n)
2mNb 934 BNb (7, n) 2%R a
%Mn 934 “Fe (r,pn) | CMBi) 1765 Be
232 22 23

Zz’fh 970 Bg 56Na 1786 (sum) 57Na (r,n)
(28A ¢) Mn 1810 Fe (r,p)
8Sc 983 Y7 (7, p) 8y 1836 Y (r,n)
120m gy, 1023 28 b(7, n) #Rb 1897 ®Rb (7,n)
8gc 1087 97§ (7, p) N i 1918 BNi(r;n)

- ; 228

“hb 1078 “Rb(r,n) | " Th 2104 (SE)  Bg

Zn 1115 67 n (7, n) *TD
%3¢ 1121 7 (7, p) Mn 2118 Fe (7, p)
18205 1136 1B05(r, n) 34ma g 2130 35C1(r,n)
“gc 1156 53¢ (7,0) BK 2170 BK (7,0)
Zoms b Hr #Sb(rn) | PRa 2204 Bg

As 1204 5As (7,n) (*“Bi)
2Na 1275 %BNa(r,n) | *"Cl 2280 (DE) %01 (7, n)
“(0a 1298 80 (r,n) | 'Na 2243 (SE)  *Mg(.p)
%S¢ 1314 97 (7, p) e 2280 (DE) 301 (r,n)
20 1818 1B0s(r,n) #Na 2754 Mg (7, p)
8y 1325 (SE) 9Y (r,n) Hma 2793 (SE) 35C1(7,n)
%Na 1368 Mg (r,p) | "Cl 3302 C1 (r,n)
N | 1378 8N (7,n)

* Bg :Natural background, SE:Single escape peak,

DE :Double escape peak .

Typical gamma-ray spectra measured at several different

decay times after irradiation of the atmospheric particulate

sample are shown in Fig. 1, along with those of the multielement

standard measured at comparable decay times.

observed in the multielement analysis of biological materials,

As had been

6,7)

the analysis of elements giving rise to short-lived nuclides
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could only be done for those which emitted gamma-rays with
higher energies because of the swamping 511-keV annihilation
radiations from positron emitters. In the case of atmospheric

Particulates, such high :
105 Fig. 1-(1)

activity was mainly due (A) Multiclement standard
D.7. 28.6 min

to 20-min 'C from the ol

S.D. 10 cm
filter material., The ]

(B) Atmospheric particulate
only pProducts used for kan D.T. 23.6 min
C.T. 4.27 min

3er|cl
$.0. 10 cm

quantifications at 2130
N . 38K
earlier decay times 2130

. 38
were 7,71-min K and 03
K 34mc i (DE) L

. 34
32-min” "Cl. After a . 2280 2754 3302

Z4Na(SE) 34mei(SE)
2243 2793

|

24 Na 34m

decay time of one day,

however, essentially

Counts / channel

all of the products
listed in Table 2

could be observed in

gamma-ray spectra. In o'

order to measure

photopeaks due to - ;;:

longer-lived nuclides

100 -
400 500 600 700 800
Channel number

precisely, counting
bas been made consecutively for increasing intervals over a
period of one month. The concentrations of elements identified
in both the sample material and the multielement standard has
been evaluated. 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 a sample.
Fly Ash

Lehmden et al%) mentioned that fly ash from coal-fired,
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Fig. 1-(2)
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heat generation sources is important for two reasons. First,

fly ash is a matrix similar to emissions to the atmosphere but
larger in particle size. Second, there is considerable
interest at the present time in determining trace element material
balances on coal-fired Processes, to assess the effectiveness
of control techniques for removing trace elements. Some
experimental data for elemental compositions were available
for this materialf) and, therefore, it was felt to be helpful
in the assessment and development of the Ppresent method,
Elemerntal abundances of Fly Ash for 17 elements have been
obtained in this work in duplicate and those are given in Table
3, together with the NBS certified or information values, if
available.¥ There were possibilities of contributions to the

(¥,n) reactions used for abundance determinations by (¥,pn),
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Fig.1. Gamma-ray spectra taken with a 33-cm? Ge(Li) detector at several different decay times
after irradiation of atmospheric particulate sample with 30 MeV bremsstrahlung

0.7 : Decay time €. 1. Counting time S. D. i Source-to-detector distance Bg : Background
Values on each peak are_energies in ke SE : Single escape peak DE : Double escape peak

(¥,x) and/or (¥,on) reactions taking place on adjacent elements
in the periodic table. However, detailed nuclear considera-
tions based on the experimental yields of the photonuclear

reactions of various types'? showed that in most instances



Table 3. Elemental abundances of NBS standard
Reference material 1633, Fly Ash
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Element T his work
NBS**

?igmic:&l:ss Analysis 1¥ Analysis 2%
As 64 ~ 1 65+ 1 61 +3
Ca, % 5.17 = 0.05 5.04 +0.04 —
Ce 156 + 2 150 + 2 —_—
Co 4+5 40 + 4 (38)
Cr 142 + 13 141 + 11 1256 + 10
Te, % 4.14 +0.22 4.33 +0.30 —
K, % 1.67 +0.05 1.51 +0. 08 1.68
Mg, % 1.51 =0.02 1.48 +£0.02 I
Mn 512 + 18 470 = 16 495 + 30
Na, % 0.391 £ 0. 021 0.380 = 0.016 _—
Ni 95+ 3 97 =5 98 +3
Rb 98 + 2 93 + 2 (112)
Sb 7.2+0.6 6.9+1.2 e
Sr 1222 + 7 1266 =9 (1380)
Ti, % 0.786 = 0.010 0.745 * 0. 009 E—
Y 67 = 2 66 + 2 —_—
Zr 289 + 8 307 = 10 —_
¥ Errors are based on counting statistics and comparison with

standards .

xx Ref, 8 : Probable

certified values,

() : Information values,

these secondary contributions did not produce serious inter-

ference problems in this study.

Some comments on the deter-

mination of several of the elements are given below.

Calcium was determined either by the “Ca(Y,p)”K or by the

“Ca(Y¥,n)*Ca reaction.

Of the peaks of ®K and “Ca, the 374
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and 619 keV peaks of ®K and the 1298 keV peak of “Ca were found
to produce precise values of calcium concentration. The calcium
result listed in Table 3 was the average of the values from these
three different peaks. For titanium, three different scadium
isotopes, “Se, **Sc and “Sc, produced by (Y,p) reactions could be
used for quantifications. The 160 keV gamma-ray of “Sc gives
the highest full-energy peak. Although *Sc can also be produced
by the B -decay of *Ca, interferences from its decay were not'
significant at earlier decay times for this material. In the
manganese determination using the 5Mn(Y¥,n) *Mn reaction, the
major source of interference is from iron by the56Fe(Y,pn) Mn
reaction. When an amount of pure iron was irradiated with_BO
MeV bremsstrahlung, an activity ratio of 1.03 x 107 was obtained
as the ratio of the 835 keV full-energy peak of *Mn to the 847
keV full—enefgy peak of ®*Mn at the end of irradiation. The
“Mn activity due to the *Mn(Y,n) **Mn reaction for a given sample
was, therefore, calculated by multiplying the count rate under
the 847 keV peak by 1.03 x 1073 and then by sutracting this value
from the count rate under the 835 keV peak corrected for decay
to the end of irradiation. Correction of 56% was required for
Fly Ash. For yttrium and zirconium, nondestructive analysis by
thermal-neutron activation is generally not attainable because
these elements are not highly activated or because their (n,Y)
reaction products are relatively short-lived or emit no gamma-
rays. This technique is also not feasible for the determina-
tions of titanium, nickel and strontium because of overshadowing
by strong gamma-activities produced simultaneouly. The present
method can be used to advantage for these elements. The peaks
of ™Pb(279 keV), 15CA(530 keV), *I(667 keV), and ¢Cy from zinc
(185 keV) were also observed, but not used for abundance deter-
minations because of the low signal-to-noise ratios. Chlorine

could not be determined in the Fly Ash because of its low



abundance.

| As seen in Table 3, the average relative deviation for all
the elements determined here based on the duplicate samples was
2%, Although the data from NBS are not complete, where com-
parable, the agreement is excellent.

Atmospheric particulates

Besides 17 elements determined in Fly Ash, several additional
elements could be measured in the atmospheric particulate sample
by this method. Those were chlorine, iodine, lead and zinc.
The results obtained are shown in Table 4. Lead analysis can
not be done by instrumental neutron activation analysis., The
*Fe(¥,pn) ¥ Mn contribution to the total *Mn activity was
estimated as desribed above, and found that a correction required
for this material was 14%.

A critical requirement for the method is that the filter
material used has very small blanks for the elements to be
determined. Table 5 gives the concentrations of the elements
determined in a Millipore filter material used, along with the
literature data?%M) where available. Considerable Vériations
can be found from one lot of filter material to another. The
blank values for all elements except chlorine were small enough
that there were no problem for us to correct for them to obtain
their atmospheric concentrations. The chlorine blank in our
filter was fairly large. It tﬁrned out to be 63% of the total
amount of chlorine observed on a filter sample. A large
chlorine blank was also reported on a Delbag membrane filter,
but the blanks for most elements are smaller for the Millipore
filters than for the Delbag filters:!®

In conclusion; the present method is quite promising for
the study of atmospheric particulatekmaterials and other
environmental samples of a broader range. One can ﬁeasure

the concentrations of 20 or more elements in the same sample
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Table 4. Atmospheric concentrations of several elements in

Sendai determined by photon activation analysis

Element Reaction Gamma - ray Concentration,
product - used, keV ng,/nd
As As 634 12
Ca BK 374 15540
" BK 619 15500
" “Ca 1298 15250
Ce 139 e 166 8.6
Cl Hm] 2130 570
Co %Co 811 2.7
P 510y 319 20
Fe %Mn 847 8760
I 1261 388 10
K 38K 2170 1510
Mg #Na 1368 2830
Mn ¥Mn 835 437
Na ZNa 1275 5270
Ni SN i 1378 13
Pb 2 Py 279 220
Rb 8 Rb 881 9.5
Sb 122 gp 564 3.4
Sr 8img r 388 52
Ti 8¢ 160 1030
" ¥g9c 1314 1050
Y 8y 1836 6.2
Zin 57Cu 185 280
Zr 897 ¢ 910 25

% Sample collection : 18 - 19 February 1974, 27 hrs, clear weather .

with high sensitivity and precision. Abundance determinations
of arsenic, lead and nickel are quite important because of their

known toxicities.
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Table 5. Concentrations of elements in Millipore filter

material.
Concentration, ng /cnm*
Element*
This work Dudey et al.'® Dale et al.'¥)

Ca 503 —_ —_—
Cl1 2470 60 —_—
Co ND* * 0.03 0.29
Cr 18 20 20

Fe 17 —_ 2060

I 12 _— —_
Mg 118 — —_—
Mn 5.3 0.25 4.72
Na 809 50 500

Ni 5.1 —_— —_
Pb 5.2 —_ J—
Rb 0.3 —_— -
Sb ND* * 0. 013 0.20
Sr 3.2 —_ —_
Ti 5.5 _ —_—
Zn 11 0.16 14

* As, Ce, K, Y, and Zr were not detected .

**% Not determined .
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§1 #

i

EHORINE TRERICBI 5" Br 5L 002" Br ORBHEAERIC & & 225 BEODE
% CH,, BLUOCHBric D THZ OBA» R 2MA TR, 2"Br s X032 ™Br O
FYERER CHEMT 5% Br, P Br OFMABRICE. NS SER ORIET 5 BE
FBLOEFHT AV —BRELBER2HEOCL2RHOLICTEEE 3T, HEDOMICIIHER
X OB ICRE T 3 RAKESHFLE L, & 1T thermal ionic process LBV THETH 3
T EBR LIS Db P MR 100 % 0 —Bi% R (KR 217 9 2™ Bricat L3 Br
IFPRIC T4 ns Q¥R 28O 2 BIREMHKRER 2170, 2 OEZEHE R process (AR
R (100 % )+ 8TKeV r#HH( 3 %), Process B PYERER#E ( 100% ) -+PY SR8 61
%) D2ODBRICHT BT EHHE B, Process A KBTS "Br O HEOBE & R
TdBh 6 LR RMAZI R Process BT IR T 3, Process (B) 0B\ TH 1 BHER THERL
1280Br 3% D life - time( 1.1 X 10 ®sec ) DRFINT 5 A 3 Y & 3\ KUt D058 ] &
DB THE BRAUKERIC X B LFHHRICK S u BB e RIZTT DL BALN 3, BR "
1236 T CH,-H*"™Br RIC 13 5 % DML SRS B & (WBEL F4> 5, thermal
$OBr iR L ~ v T —BA CH,Br", HBrBr" ™k 37 sticky collision complex % JEi%<
5ELTH, 5l 2D S EBRMKERIIZ 'Br i kinetie energy ZREL A&V 5 LB HR,
Thbbinbo A4 FEEZEL, BEORT2EL A4 —05 22 —RTRAC L ZREL
12,

SEEEFTAA -2 522 —EROBOKXELHTF L5 dipole moment DR 3T & DA
msh R % CH, ~H® " BrRic o0 T LEEHO CH,- H*"Br it 643 AR RE K2 A 12,
%12 CH,-H*™Br RiCOVTid CH,Cl, CBr F,, CCL,E 7% EBRIEAVRMRICOVT b
BEL, = ZHR2EIOTHE TS,
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§2 % B

ABHARETATHE KX OBALLD2HEA LI, CHyCl, CCl,F, CBrF i3
%54 CHREEEUIZDD, ZOHRREN 2EBICHL T, —HhoF 232 0% HRICH
Wiz, HEO™Bro> - HILKETF T 4 7 v F AV, FET D 40~60MeV & T B R AR
TH 2B L T/ 12 Pd Br, BB, FEL " Br, 2% 5 1 HTHREL RO
KearRBcEr s, RARGIRTE RELICH"Br 2 P,0, 8L FKFF1 7427
o FRE UKB USRS H O Br 2185 C LMK, HY "BrO## - BLEROHBr 27 v
— B TNRET I VEH L, BEAEETHERT, SEE No. 3 THIE, 1HMRARHETR
HUT 6 DRV, BHOECDROBMRAMICL 2 Br, DFESFDS N2 HAES
4 URTES A 742 Mo T RETC LTk > THREMNKI, FRSFEFHIZ 83X 100/
sec *cf FI T BERIZ10 e TH -2, REIOEN I 2EHZE L 660mmHgs U L 7ZHBr
/CH=01 Tfiniz, 7 =0v 7 fin VIR % LR S EED B DA ARINARK 10 mt D
FL—n TAEREN, i 50 nf B B 100w TISE 2 AV, ERYIOTEE R IR RE
i H,S, CO, COy SO,, 0y BMATIHZ7 = a v 7 LN VR EIIMORTIRAERD CCly,
Na,SO, KIAWICE BRHEC & » T~ 12, &SR 27 a7 IRERIFELO
HORRERIE I Gk B8 & & (AT B,

§3 HREKIUEER
1% CH, -H*O"BrRic 1) BIRIWE R 2R U, B OMBILADIO RN TN
1% CH,- H*"Br Ric K7 3 Kmpg R  "Br/CH=01)

win ¥ | 14 ALEE | dipde Org. Yie |CH}'Br CHYBBr| other |C ®BrBr
(0.8mf ) (e V)|moment ()| 1d (] @) @) @ 7 H38°Br
— — - 4.25 1.65 2.60 - 16
Kr 139 0 43.40 1.45 2.55 0 163
Cogy * 144 0 3.95 146 232 0.12 1.60
Co 12.5 0 40 154 227 0.09 1.55
HCl1 13.8 1.08 4.25 113 1.61 1.51 142
So, * 131 147 | 21,1.97 146 0.45 0.07 0.31
Co * 14.1 0.912 3.0 1.33 1.56 0.11 118
H,S =* 10.42 0.97 2.6,3.0 1121.14 0.81,0.81| 1.17,1.53 0.27
CH,C1 11.25 1.85 2.90 1.35 0.65 0.85 0.48
CCL,F, 118 051 350 330% 020 - -
CBrFy 12.3 0.65 2.60 1,79+ 0.88 — —
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* Z7.o0v7bBYBICTE B,

s 7L 4 208y & CHOBr IKOM 2R T,
%, 4R X 51 CH;Cl, CCLF,, CBrF 2z EOFREEMORNRL BRI LI, 128
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CHH®?" Br\ g 4Uc#B\ T b dipole moment 28 >LBWHS, CO, SO, etck ETH D,
—%Kr, CO,, 0, % & dipole moment %IV LAY TR BT A ERW 6L
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BOERTS thermal®®Br T 132 9°CH,, HBr &&ISL CH Br', HBfBr® @& 57 ion —
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CH,Br'. HBrBr' 44U ETHEAT L2524 —DEMHBAHEALNS L E2FE
L1,

2 RITH 2 EHKE RS CH,-H32™Br RITHWV T § BEMKER ( 100 ZRTER ) T
Fek CH,- H2"Br Ricd T 2RMHHE(H2"Br/CH=0.1)

B Y| 43 ALE | dipole Org-Yield |[CH? Br |CHS?BrBr| Other |CH3?BrBv
(08mf)| FE  (eV){moment(s) %) @) @) %) CH382 Br
- - - 4.50 0.80 3.70 - 4.62
Co, * 144 0 410 0.70 3.25 0.15 464
0, 12,5 0 4.05 0.85 3.00 0.20 352 -
Kr = 139 0 451 0.80 371 - 4.63
Co = 14.1 0.912 2.60 0.95 1.65 - 1.78
HC1 138 1.08 4038 0.65 183 1.55 2.81
H,S * 1042 0.97 4.20 050 1.10 2.60™H 22

Br 11.84 0
HBr 11.62 0.82
CH, 12.99 0

¥ 7,07 VBICES
*x Kr =0.26mf TOE%Z LT
sk CHP?Br SH & Bbh 2 AWK 254 % 249 5

AR L2 thermal®® Brid £ 9B D CHe, HBr &KL CH,Br', HBrBr' %< Hion-
cluster i2°°Br OBARK NS ZRELTERINI D EELLNE, B1L,2ED 5B
B8 & 5 RN ROSEE RS 5N 5D EE CHy BrBrit 20T TH b, £ DT &3 CHY
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Abstract

Gamma ray§ of 1.347 MeV, 1.675MeV, 2.030MeV, 2.266MeV, 3.019MeV, 3.060MeVs
3.708MeV, 4.030MeV, 4.186MeV and 5.059MeV have been observed following the decay
of *SKwhich was produced by the 804 ( 1 pn)*®*K reaction with 60 -MeV bremsstrah—
lung., The decay curve has been measured with a plastic scintillation counter and
analyzed by using multiple component direct fitting method giving a result of Ty 2

= 108.3 + 3.3 sec.
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rro E1, R—E2EROV L HBOMNTICEL TR, FH—3N 2 BERSHEC FALI 5 21

T. [chimura, Y. Takeda, T. Shinozuka and K. Kotaji ma, Department of Nuclear

Engineering
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DRIz, 8BS hipEthiRs
HEVIRSD S Db b IR ES|
W T FES AV BN
3%, ZOFETIE BET
2 RO ERHSE VB AT
7 DEEDMORT DREDE
Bz X b BRELEITKE (g B, 3
7 CTARFEZICBONTIE O
MEDEB R S 2HIC, FE
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WA R RIERFRBY G
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115 -4 EH R EGERBEORWE T—HL T 3, Fig. 1i3Multiple Component
Direct Fitting KL 2O RBONIZFBHBETH 2, > TRF » v AV TON
w7 739 FROROCRIICERT 249> MU T TIREF W Th B,
2—2 HuvBOMNE

H 2 2 BOBITEI i, °Co D 1.332MeV D H > wHICHT B T 20 ¥ — HREEH 50keV T
H%588ceGe(Li) BHB2EALI, HER 2H5MBHLLZANZAY, BER1H
B LICRRL D, 2 HMIZOHFLY, HEEE2E T35 120t cn 210EEL 17,
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Fig. 2 3COBCLTELONIZARY bV ThB, TR ILE—DEIEIKIL 22Na, ¥7Cs,

80Co, ®*Y FOEEME OMICHIC, BT AV F—fICBi 3T 20X —BE 2 LIP30,
B> Vo 22BH LT CLO o PPPCLERINC & 0 4R S 05 KBS D ™ C L
D 1.6175MeV, 2.1285MeV, KX 8.305MeV®! O v # s AL 12, BHEIINT # o=
MDY —2 ZRITT 51200, ZOWTOMART DAY bV RHIEL, ZRZFHICHIT 3
E—2 OBBEORT 2R M I10BOERZ27RT S D% “KOBBEITES ¥ < Td 5
EEAT, thb6DEDIZFig. 2 ORIRTRESVTRLUTH B, £12 Table-1 iCid, #l
EINLTANE—ROH > v HOWE L 2R Th 5,
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Table 1
Energy ( keV) | Relative Intensity Energy ( keV) |Relative Intensity .
1347 + 1 100 3060 + 38 4+ 2
1675+ 1 8+ 1 3708 + 38 35+ 3
2030 + 2 6+ 2 4030 + 3 4+ 1
2266 + 2 8+ 1 4186 + 5 2+ 1
3019+ 3 5+ 2 5059 + 10 1+ 05
§3 # B

UEDHERR b s, BEIG

& OF~NB NI Ca DML oK, %

Sy sz LTI TR (Mev)

5.533
5.377
5.054

K oRfERENE Fig. 3 @R
To BIFRITRULIZQ 41

T 4407
Q=7.713:0016 MeV

3613

Wapstra et o®) 12 & 0 3R 62 38
] 307

NIETH 3, % % g %
' ' ' 1347

3 0" — N
LGC
Fig.3 204926

BR&IT, KHFFCBEUE %D
BHFELNIZIZOIZR. [ EREOAKRGER ARBERE <L v - UV —F D 2T R
#HoZUET,

& £ X B
1) B. Parsa and G. E. Gordon, Phys. Letters 23, 269(1966)
2) Bl JURERE, PEEE SiARME PHEE, BEFFREE Vol. 1, No. 2
60 (1968) ,
8) A.H.Wuapstra and N. B.Goves Nuclear Data Tables 9, 265(1971).

4) T.Kuroyanagi, T. Tamura, T. Tanaka and H.Morinaga, Nucl. Phys. 50, 417
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(1964),

5) P.Adams and R. Dams, Applied Gamma~ray Spectrometry (Pergamon
Oaford, 1970°) p. 484.

6) W.W. Duchnick and B. Sherr Phys. ReV. G7.150 (1973), Y. Dupont, P.Martin
and M. Chabre, Phys. Letters 31B, 68(1970). D. C.Williams, J. D. Knight and
W. T. Leland. Phys. Rev. 164, 1419 (1967) .

7) JbAHiEEs. BEEF JAERI-MS5I81 (1973).
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4, BT =0 CHE 4; Th-1IBED. RHT =t At ET=1¢ &EOMITHET 5
N; 3% OBBREREL; LT
Nj=f' | Ajeap(=3;T)dT
:(A]'/l]‘)eap(‘ljt)(eoap('{jAt)—l) €))
CEDBABNS, o TonAOBKEMSEEL TWIE ZOROEL Y M,

N 2_21”;‘ +c @

TEALN D, LT TCIRIEMICEEEESE Ny 2 V79 Y FThE, KT — FTiL t ROt
D b0 E U THBEIERID, @RET74 0 bTh, BHLOLINTII» T4V
ST S BA MBEE LTS AR4;, A, C° O HpHEEE D, ZOROEASICE
ST T A AL TR E N BBAVET S, ZOND, CRERRTIFHELT B
BRIC LB 74 o kBTSN, BEIRRETCED 45, U €0 EXDEIOELTS
B, BICADT— FORBEIIETE LRD L LKL D,

1. MCS®E—FitXARELEROBFTZERET 2,

2. BHEAOBIZEAR4100EE Ty

3. WA A WIS AN FRSOVPEZHMOILHETE o

4 —FI49FAVTRKTTEE, F— 4 OBARTY, BHINIF -2 B2 5BEK

BEDDF—2 RANTIA v 574 v 7 RPOET, 20K RAOLDOFERFRERIC
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I-5 "Ink"Lua(r,r ) RIEKERR
BEHLY HEE=

Abstract

Cross sections of ''®In and'7®Lu for the ( 7, 7' )reactions were measured using
an electron linear accelerator. The values of the integrated cross section at 1078

KeV were compared among the results of several authors.

§1 RBUMNEZE

o n &1Ly D (1 7') RGO ERIC OV TRAESERNL CASN T E0IHEL T,
BEDOHMBIZ T EEZL, EELRBURMMSVAVAOKED (1, r') RISH R OHIE
oot g0 ) RIS2AOTEBRBEEING 513 2 BT 2 VF — (appearance
emmw@&i%bcHw@%@ém%%ﬁébooéé?t<mmﬁ1%w¥—@mimom
TIHEREL FRREROMBBBETDH 5, KBTR NS OHEDBRERL SOV T =D
EBREEREPBC > TUTIRE T,

§2 EBEIUHR

7 RIRSH IR EE T TR I % 80MeV BT EFIMNEB ITL » T /L - 12, BFH
REFEDT AV F—ICIEL, % 2mOEI OHRSIIC L » THEBEIBENRICE AT, 4 —5
o MEEREEEEBL A ST LRI CBRENFF I LAEZBOIL, 25y MIAREMBICKE
W TRHL, HEMBONISZLIERPOBHICSO T » verINs LTI, 1~
SULCHTENTF IADHSEEL R RD, 1 Uy AOMEBEBEREL L TNVFF 7LD
FRREH Uz, BAHEOHIER 1.76"0 X 2" ONaI(TL1) 2 ) 240 kb, '1°™ [noD 835
KeVD 7 #3 L 75 Lu @ 89KeVD 7 MEHE LIz, SHEE LS 650U [IABAD r R
AT L > THIEL Tah B,

BEERRIFig 1KRTEBOTHB, VFIFILDSLu (r, 1/ ) V" P LaRIGIC
BT AMELERR I v a0zNL b AKX, BHREEEOBAMEE " Inlr

* Kenji : Yoshihara : Department of Chemistry, Faculfy of Seience. Tohoku Unive=
rsity.
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wEBLICLIREETH- 2,
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JG ORHEZEE BOBE & U T3,
Burkhardt 5% OEIEMH % 8
AU, LdL, COHERE
DBHIT BB & 51T 2 MeVEL
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mb

0.3r

0.2r

b \ Lu
olr
‘ In
5 10 15 mev
ENERGY OF PHOTON
Fig.1l. Cross sactions of *®In and 17%Lu

for the ( 7, 7')reactions.

Burkhardt DEIEL 7213 In (7 7)™ [0 RIGOE 1 BHEEEEN ( 1.02MeV ) B8 OE 25

FOHERT ( 1.45MeV ) OFE Sl M integrated cross section td Table1l IC/RTHEO TH %, B

1 Gh#R AT D integrated cross section BOLIcEF T E - T 0CoDr BE 2L 5 gt

Table 1. Energy levels and integrated cross sections for the Win(n r')“sIn

reaction .

Burkhardt et al

Y oshihara

Boivin et al.

E(keV) on(pb.MeV) E( keV ) an( ub. MeV)

E(keV)  on( ub.MeV)

1020 2% 1073 1040
1450 1 X 1072

(28+04)%X107

go+ld (13130) xw0-7

9322 (11195) x10-°
932 (2 £% )xio-?

1078+3 (3 £} ) x107!

ues+s (131 10) x10-1

1495 + 5 Lot 06

1565+ 10 (721 85) x10-2

+ 82 -2
1635+ 15 ( 7.6_6.6) X 10

0+ (2 1 ) x107
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EROER (23104 ) X 107 cof-MeV EHETINTZ, Burkhardt ODfEIE 7 FREDREHDH
KERETH-1212HNIBEB b DEL 126 DEBDNB, BRI >T7 52D Boivin
B DEUIBL N v & OWTERNIZ & 0 BMICRETIN TV 5, Burkhardtds & OVEH DS
1.02MeV B X (F1.04MeV & U 12 KL XVt Boivin 51 L id 1078KeV D N BICH 5, HED
B2 BAWER L Boivin 5DF—2RKI->TH0FLULEDOHFTRBE LR, Boivin 5D
wm&wwﬁ(sig)xmmcﬁm@Vbéwm(3i§)x1wﬂmm@vm&&ru5m
KEEREN D EEAGNS, ChidCorRE2ZERULIBHLEROBELEIRLNZD
TLCIRERL TH, BEEABTERICIO N4 Y —DVeres’ 12T DfE% 4.9 X 10 #1
ct-Mey E5 47205 COIVEAINICo MEDOF - ) —BREELOSDL D 1L
E, BEEORE RINTHHT, EHEERLI8DEELLNS,

SXI I a0 (n P EISE T Lud( 1 1) RIGEHB T, 1% In O ground state @
22 9%+ metable state i3 Lig—, 178Lu D ground state 43 7T— metastable state
B2 1—ThH, m gDRECEFV LuDHBK &, CORRLEHEREN 2 RN T2 m, %N
HERIR DS FBREE A SNZNE & B 20005 DX 57 R 5 E U 12 Bl Huizenga 5!
DRFUC b1 B, DO OHRICEAUE R, 7)1 REFIED ™/ g oy ) Ol
UWIn(n )™ In RISEOZENL OB OKEN, P In(n )M In RIS E T Lu
(rn PV Ly KIS EDBTL DL 5 B d TTaES & 5 4> Huizenga 5 & RAKDHET 7
BHEZ ER N, Spin cut -off parameter ¢ 2B X CREL CHERZB /L5 LV TE 3,
7 MeV BB ORpRIC D T AL 1P Init L TR NAE 3, YOLu it L Tid 4< B ER
TV EBbNE, o DEMIKKHL Tmetastable level ~DHAWEBEL om /(7 g+0m)
BKRECEBU, SO > & bHED D L OHEREE TS » 12, 727U Ly 20T
it T BEH OB EE Nr OBARN U T on/ (0 g+0m) 25 BMTEHEDIEHE 5 HICR SN
CDFEMTONTEHSBREBLCRET LI,

§4 € 7T U

PENS Iy E LD (1, 1) BT AN EBICOWV TR, T Lukk2VTiRET
RV —EH TORL <A OR BEDS RS 5 BETHS 5, T Lud(r 7 ) KGO
VD r BEHEDOZEESHLHKRE N Eid, HE T R V¥ — appearance energy DT E %2
PHEEIC T3 & XITRBEEL®A Vb e3, Lo UENHZHEOEE SV IBRDATLDE X
icid, FIBRRITE SRBEZLEBIETF— 4 NBEBR2BILES2EBTE LI,
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%bKC@E%%BC&ﬁK%of%%ﬁ?ﬁ?&@?ﬂ%%%?4fy7EE?W*®ﬁk
ChoOLBAELET B, L CEREVIZIZOTIRINZEHL K5 BT IS RLE
LEF 3B,

g % X ®

1) HE RO AR 8, 472(1960) s i, #/R Radisisotopes 7, 11(1958),
2) K. Yoshihara, and H.Kudo, J. Chem, Phys. 52, 2950(1970),

3) J. L. Burkhandt. E. J.Winhold and T.H. Dupree, P hys. Rev. 100,199 (1955),
4) M. Boivim Y. Cauchois and Y.Heno. Nucl. Phys. A176. 62(.5(1971)°

5)  A. Veres, Intern. J. Appl. Rad. Isotopes 14, 123 (1963),

6) J.R. Huizenga and R. Vandenbosch. Nucl. Phys. 34, 457 (1962),

7) B, ‘E!:l’:%i’ ﬁi%ﬁi“-ﬂo
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-6 HEROIEBBEBEHEDHT

BRI AR E B, Bt
I35 « EHEZET
wHINEE*

il

§1 #

Br {£&73 BE, BaF, EXRZLCAVLNTED, ChbERDEEKPTOERR
BB D B, 70, IMIKAD Br 4+ DR, BlE, MEEFCEFREGZEEDLDATL S,
%, RO Br DRVEBRESERIN TV 3, AEKSAKHPO Br OFEGHEE LT, #F
B T HRI2 S 008 X 80), RREE A B HTBC LDTE B, AAR
LB IE B £ LS B FREHED Tl ERPIRZRICEENS NaCldy
5 24%Na, °C1 ER2HEL 50T, FEMEATBLTLLLE 120, TETbs — nlb3E2
S 12 0T BREAN DB, ERXEAN CRIBEANOVTETH 505 R OEIOEEICL D,
X HEOWINORE SELL] Bk kR T, RBOBREZ2EDIK OO TRL NI EOKE
DEL e BBEDOREDD B,

—5, RBFHEHEHF T *1Br(n o) 0" Br O RINIC & T O Brg @RAICAER S ¥
BCEMNTE, HEMD Br 2IFMBER T A0S S5, T Tid, ZOWRREZRET
B rodic, AEEREE & MROELIL 128K Br, RO MEHRDO Br OFBBERT S &
BHA BEFLER2EI,

§2 £ B

2—1 HERURES

A5t 2kli2, BAREMENK, BEEEK, 2424 —F ( NaCl & NaBréOBREKER ) RO
METHH, ThERESm EI2mORFEAET > T VIT0 It AN, Z 0% THHL
WLt BBREBEHULIZSDOTHS, BHIZ, 514 F v 2 THELIZ 30MeVETHEZ, EI
3m®aﬁ:yﬁ—a—ﬁﬁﬁmﬁﬁwﬁﬁbfﬁ&vtoﬁﬂm,:y#—a—&ﬁwaﬂ
R =V E =K, E— AT - TUERTRE LI, RERHE 2 /ML 3R & LT,
B ROV TR, BEIBSTALONL IR TV E 7 4 1V TEA FiC U TR L2,
BRUTEVRETR, 204& 90T 5 & ARRIEGE> TRETIERBH5DT, 7
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TRERL TR A -V i EE LI,
2—2 WM ¥ ‘

RELIZART TVidmdb s BRI 2RO BT &2, 20 FHIERCH Iz, BHE
BIEKOERATHBCL053°CLOn o) "CL( HBH 824m ) ITL » TERT S
M) DHSBEDS IRV DT 2IEABAIL T, STCIOBMEERED, KT, 81Br(n 2 )%™Br
R & > THERRT 5 2™ Br @ 8TkeV 7 HAHEL 72, BHEIOAZ> TH523Na (10 n)
22Na RGIC & » THER T % 22Na @ 0.511MeV 7 $RZ2HE L 12,

BOMBr 5D 3TkeV 7 #EHETAHEOHERE. Ge(Li ) BRI (ORTEC #8 2
AX0.5cm) & 4096cPHA (HZHB) Th 3, B BIH 80 keV2s O U 60keV O 7 #icxt
L, 100 % O#HEE 2R L, HIREEI 8TkeV D 7 BIZXT L, 0.8keV TH 12, HIENIE 26
HEREED» 6 8em DEEREE L, HIERRIZ 100 s £ L 20005 & LT,

22Na OHIEICIZ Ge (Li ) RS (ORTEC #8124 cc ) 212, i 2*Na ORIER, &
BETBEHIN T HBER SRR 2MIET A2 7IORITE T8 DTH B,

10°
nane\(eo:% 3
12 KeV( Br)
E
4

C]O -

5

o Mr)

5 49 KeV

S0 +

1 - H 1
0 100 200 300 400

( Channel )

Figl.Spectrum of
Photon Irradiated NaBr
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§3 HRRLEE
3—1 1T B|ARIPML
Fig1ic 5% 2B DNaBrD r 82 R2 bV 27RT, 8TkeV & 49keV D 1 #ids ER

H14.4 h THEL, ¥"BreRAEINTG, 12keV R 18keVDE — 2 i3 Br RO *°™Br 38
EULTERTS2Kr HH6DXMTHE 5, 2TkeV R B4keVDE— 213, 8TkeVDE—7
EFZARBCRET B A MICRET 206 TV, P'"BrdsHELTL 3 &, 8lkeV
e — 2 BBEbA, ERIK21Ih THEL Mg & REINT, ChRRAET Y TVD Si v
5808i (7 2p)2Mg RISIK & » THEKT 3, *Mg T b3,

Fig 2iCEBNKD r 222 bV RRS, 12keV R 8TkéV DE—2 @ T ¢ °"Br

10
80m

103 5 37 KeV(' B r)
- 12KeV( Br)
&
|
E’ 10
5
8

101 i 1 1

100 200 300 400
( Channel )

Flg 72 Spectrum of Photon Irradiated
Fukamuma Sea Water

POEDr M THbB, 49keV D 7 $i3, back ground H L NTR HENLL, Br TTHERUNDIT
E»LDE— 220,

MERE 2BHLUIEEICS Fig2 ERAU AR VMBI 3,

2—3 MEHKEMIE
HZABICREIN B HBHAEREOMER, SRBPD NaDBiIcH 35 22Na OERED



-197

Ha R T o 12, 7 DA, FAKIAO Na OB % ERICKD 3 BESD 505, B
KIFRD Na DRz, BEBRY 5 = VIEEKICK » TRD T, MBFFHCOVTIR, KT A 20
CEIMUTLE 20T, ERRTLDT, E2AYOREEE BV,
3—2 HELRBIRG
3—2—1 2**™MgoER
28Mgit, FET7 > TVORAD SiH»52°Si(n 2p)* Mg RIGICE » TERT 3,
COREDQIER 289MeV Tdh b, BAT H 1 ¥— 30MeV OFIBISREEIT L NEFTS
HH5BRETH B, ®Mgid, 8lkeVD r#ROfbIT, 1.35MeV fiDr 2 MM 5 DT,
3TkeVD 1 B 2HE T 3BT, back ground 2 E1f, s—n L2/NI(FTIHC LK
STIHFE LR, AERDIOIC AEERZBH7 »Fvel, 20EIWETLHE
Wik SN OEE L B3, UL, RRT AVF— 30M§V0) FIBB SR LT 5
O IS OW R g rh & < 2ok EOP'ST OFER S 812% LH I DT,
9100 ug $HVETO Br DERICREAEROBEIL L » TEA LOBESHET & 3,
100 ug L FDBr OFRITIE, BHT FVF—2 T T20Si (1 2p)* Mg R IEZIH
Lizh, Bad7 o Vv ELTREDND S D2V 2FOLRSBEL LS,
83—2—2 Z OhOPHERIG
Table 11Z, ¥BK( Ave~
rage Sea Water ) FIC 1 Table 1 Abundance of Sea Water

ppm pkazh zmE?

A e
% AAEERK (T, S. Elements gaaater J.S. Water
W- DEEEBITY R B 1"8m i Oppm
ater ) Ol < b c 28 15
FLUTZo 2LEH DITED D Na 10500 10700
b, WIS & » THER ?’ ‘302 ‘328
|
U, AR DR D80 m S 900 897
L 5dDbD%, Table Cl 19000 19300
. ) K 380 387
2le) 2 hL T, BT ca 401 420
itk - THEL 3RIG 6 #ic Br 65 66
Dz UTZ, Sr 8 0
KERIGTEL 2 ik

34moy L80mB DY @I
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THb, LHs3tmCl

DL 824 mER Table 2pProduced  Nuclide

< —HOmBr¥ with Half-Lives 30min-~ 5days
mgg it 436h EELOD neutron . activation photon activation
reaction Ty reaction Ty,

<, 2™ Br OHEIE L

®Na(n r) “Na 150h _
EFEEL ARGV E
EBATEV, —HEAR

HFITL->TiE, 618

si(nr) si 262h _

“eotnr) Pct 373m| TCl(rn) Bl 324m

“K(nr)y "k 124nh _

DRIGHEL, hds “Br(nr)®Br 436h] “Br(rn)®Br 436h
Br OIWBER R “Br(n r) ¥Br 35.3h

THLLLLTHS, B
ERK BT CRELIZECS, *'"Br D 8TkeV OF —27 2HRTEI2HS s —n
HoOBNEL»E SN H > 12,
3-2-3 WX
3TkeVD 1 3 %2 HITE
TR EL L B0k

12 Cs(81keVD X #

RE) L OEOLE
THB, LdL, Table '-;3
C
155685008 ¥k g‘
5011
FRITIE Cs & 0 BT 5OF
> [
R, g r y
3—3 r RO & 7
7 O EERIN R
N 001 s S L e
% Fig8Iltimd, fak 5 A . PR ; -
1
7 2 TV ILEER 0.6 m Absorption  Thickness (x m%n;)
. K d: .
THh, 3TkeVD r g ggs ev ¢ fgngev
c . 264 » B

2, 7.3 %OWIN%EZ

35, AEFTAD Flg 3 Absorption of X-rays in Al

BEEDE S D& %1+0.2
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mn & FHL 8TkeV D7 BROBBEIX 92.7+2.8% /83, COREDE S XL, £,
BRESHTOBEUT TH 3, -

3—4 Br ORKRER

2% 08— FAMAOBr Of &, *'"Br 3TkeVHEE — O & DBE% Figd KR

To V2 7RERERL, POFOEII1ITHECEDD, Br DR EHEY — & O

& DT LBBIRO » 5,

3—5 TFBHE
FPigd 2 T A

137K, BETHMEK R i B A
D Br DERL 12KER%
Table 31CRT, MKFE!
CELDELH>EBRE LN
i, 3E LR L
T3, MKEROE L
2 DFRKE B S 0> T,
MEHEK 7~ S THE
PLIREL TEZE>TL
o1 s b —DOERET
HAH9, FrFV L TDS
BRRET 30BN H B,
WAL, 6 cps 2o
12A% Br Of &,
Wpg, HIBL, 100 D
20T, 0lppm¥ T
Br BERTX %, 21701,
GHERET TV EHERT S
o, 1ppmLF® Br ®
EROBERBETE L,
lppmELFD Br OERIC

RS A VEF -2 T3

]

10

3,

Counts (cps)
o
N

1 i

10 1§ 7 158 16

Br( 9/sample 100mg )

3 h
2 h

5

irradiation time :
cooling

Fig4 Calibration Curve
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E TUTNVELTARAEEBEUND Table 8. Analytical Results
bDORHAVEENDTRBBLETDH

Sample Br
B, AN, Brid 1 ppmig J.S. Water | gobPm
WU, 100 ppmEB ENTEH, XHE 68 7 *

(66 ppm~ )

B EEBRRF D Br OFRBRICES 68 ”
RT3, 64 7

F. S. Water e

AR ZTZS5Chizh, Bt
68 # (65ppm?) |

Wz SO DB, KB ER, R

66 V/4
BEFERS, EEINV—DHRITE ) 5)
Blood 61 7 (4-31r>pm
CBrLEBEULLETE T, 48 7 530 7

& E x #
1)  Tadakazu Takeo and Masao Shibuya, Radioisotopes, 20(1) 25,(1971),
2) R.A.Nadkarni, W. D. Ehmann. Radiochem. Radiocanal. Letters, 6 (1} 89(1971),
3) M. Heurtebise, W. J. Ross, J. Radioanal. Chem. 8. 5,(1971),
4) S.Ohno» Analyst, 96, 423,(1971),
5) F.C. Gillesf)ie et al., Radiochem. Radioanal . Letters 4(2), 48,(1970),
6) AHKE, PBFE, Radioisotopes, 198), 129, (1970),
7) Polly J. Dunton, Applied Spectroscopy 22(2), 9, (1968),
8) J. Suitel, P. Schiller, J. Radioanal. Chem. 5, 343, (1970),
9) Joseph M. Jaklevic and Fred S. Goulding IEEE Trans. Nucl.Sci, NS-19,
384,(1972),
10) Brigitle Gutsche and Roland Herrmann. Analyst, 95,805,(1970),
11) #EL2RER, fib, EAKRE 16, 27, (1968),
12) ({LFAHM, 2, 250, (1963),
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-7 KCIlBgERPDBroIEEBEH O

¥R 1 FARERE, BERLs”
B E
W=F5E « B HFEIT
HWINZEY - "EAEFY
§1 # El

KCl BERICXBE 2R T2 & BARDIRE2ZI CHBIERTS, LU KCL HI,
WHOB, F—RLBERKINI[THEC L BLALSNLTY 5, M»L, TR RS E 5
CH3 5, F—mROERD 2 8 = Xa2@RTH2DCEL L 0EOT R vy —, FlAFRNHE
D& 9%, radiationlC L >T, F—AROBERINIDED EWV) C 2P DLBEND B,
BIL HAGIE, LigN,BECHHALIZKC] BigR% HAKMBHNTICLITE-T,
KClL IR & LTEENTOBHEBEDOBr 44005 KCL OF —FRLOEBHREZEL
CEDTNELERADIN, COTERXDNT, —EBHRZ2EBLDICIIKCL RORFEY T
»%Br OF%EBICKS 3 REHEL T,

£25T, KCl AOBr % ppm order TEERT2LUOAER, FEA6NTOL,

B A, BrEFREESHTE, PBr(n 13™Br, X3 81 Br(n N E2BrowvFiso
RGT Br2FRBTAZ EBEALNSD, <Yy 2 ZRHOKD2S 'K n. 7) K © K i
B, 2K (KR 224 h)OWREHEDMT X T, O™ Br (EEM 440 ) RO Br ( KEEIH
359h ) VTN AFENS L TH LY, B> T Br DERBICRBEESFBSBEE 25, —7F
KRBT Shid, Kb DIFERIGE <, FRBET Br 2EE T 508 H 3, ¢ T
i TOBEO—D2DIGHE LT KCLAO Br OFBBEIN 21T - 12,

§2 = S

MAHARHI K C1 BIFER (9 50 M~ 100 ) &, K’Cl BB DK Br Z2EALIZZS v &
—FRBTH 2, b 2AEBCHAL THRHL, MHBEZAEEL VIO HL THIESCH
o, WIER, RHBEETICL (1) M0 (CEBEI 824 m) KIS - THERT 3 24mCl
56D 2.10MeV 7 HEHTEL, **"ClL OWEEFE >T, *'Br(7, 2 )% Br KK & » THERK
T27Br D 8TkeV r MEHE L 12, WERREDOHRE LHLTHB, i *"CLid &3K
CREINZHBRHRREZMETLIE-4—Th 5,
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KCl MR ( A )0 rgzx~<s v Fig HTRT, No. 9 OakE Br 2891 X 10°

ppmEte DT, FTOWED

Figl (NaBr®=x <% b ) 10
ERBEAERL AR FVTH
3, —7%, No.10 DRI
1 ppn @ Br 250 #HHTH Y,

3
T

8TkeVIL8O™Br O ¥ — 2 2FE
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)
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it In 235 2AkeV RO 27 keV
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DE=Zi@Ins In O
-No. 9 104 mg , cooling 9:5h
X#( Ka, 2AkeV: Kp, No.10 68 mg , cooling 80h

2TkeV ) TdH 5,

~_ Fig1 Spectrum of
Fig2ic, 2% v % — Kkl Photon Irradiated K Cl

& ABER 2R, RERD
HExi3, 1ThHh, D, BHRERL TN BCEDH, BrOBEO"BrOXBEE—7 HFE L0
B HBIBEY S 5, Fig2 2MOTRABRAD Br 2ERULERZ2B1RITURT, &
BT RV 8% LT B,

mi1E £ H @

+ oV No Br D& (ppm)
3.7 X 102

No 8 {31 % 100
1.0 X 10°

9 { 13 % 10°
1.4 X 10°

1o { 13 x 100

: not detected

11 {04 x 10°
7.5 X 10"

12 { 60 % 10
3.0 X 102

13 { 25 % 10°

SEBRBRAIE. 5cps 254 % Br DR EZEANE0mg DKCL AID Brid 02ppm ETHHTA
Ths, LL, EEOSHE TR, H1 ppml TOTRI T gho 1z, TOBEHALLTH,
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S)
w
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N
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o
L
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10
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- =7 -6 -5
108 10 10 10
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irradiation time : 3 h
cooling : 2 h
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I—8 EHHEGEETm—167 DEEL
FOkEE I BFBEMMEO R

SRKAEER SRAE¥RLDT
WA o, AW fiE
e73 S -l QI

(E g)
%ﬁ@%%%®mﬁﬁl#vy:y7ﬁtbfﬁﬁawﬁn%,E%ﬁTm&E’%Kwﬁm
B AL ECHTHENT 520, HUL Linacick 598 Yb( 7, n) 167Yb%ﬁ>167Tm )
HETHRE L2, 60 Me VOB TARME~ 2004 AT, 22.5 ZBMEDIB YboO 2 s — 5y b &
T 5 & TR T ~504Ci/ 10mg — target® 7 Tm 238 51, RAFRMFTRARBAAELD
YboO3 %45 FTit~24Ci./ g—target Th b, HMAEKE Tm 2R/MT 2720, FWT
DB A4 HEE ( YbSO L 20FA ) 2L, BEERFZRIELIZ, &RIC 225%
B8 Y by05 D 40 mg% 60 ~ 30 MeV, 200 44 TR 22B5R A5 L THY5004C i Tm 2 {E D,
WA D, HEMARBEE 5> F i@l Tm— citrate & UTHIE, BS - & £ O%E
%“®mbﬁ%$,%®%@£k%%&ﬁo%®%%m,umm”ﬁm—cnmw?ﬁ@cné
O & IFFRET, AETENE L 2167 Tm oSEIFE b 0SS L CF RN T O ENSEPI L N
WTRHFART X2,

1 & =

T O AR RICER TS W KL raz e abLawsERI N L5,
EHESRAR R L o F 5 7 4 —HICBEHEL TERCRIA T 5, ARRE 5 (KR,
A B COBMID 120, CE TE 2 OBSREREIC SO TORNZTE-> T 12175,
HTh 502 o4 KRR, BRICAy 70 DAY Y ACERCESEMED S 5 T & 0H
MEB 5 b ics o 1 I 2 2T, 19yh—citrate 2B UTHBHECRSL Y -
FH A TRELIECA, £/ 0 BRIFLRENSES NS Lo L, 169 YD ¥ Eiinis2
4 EBVOTHEHER ZEL, RE5REZEL I BHEMEICO LSO A S 2RO

YU LEAy FAETARER B ESEMENSS D, 1T Tm aBRICH L IFBE O
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HBC9. Q) LY v F TS T4 —CHFBEL T BT ANVF— (FICN08Ke V)2 8 DEHETH 5,
67T gtk #4 20 ha i@k h18Ho (@, 2n ) R7Er (p n) 250 Er (2,
2n) RIGTESNTL 50312719, 165, (@, n )R8 Er(p, n) £ E5598d1%%Tm
DSHERU 2D, YORr (p, n ) T1294 V70 TmASARRT 5 D THIKIG A LI BA E 5 5,

AR T BL < BFMLinacic £5198Yb (7, n)107yp B0 167 1y g
BiEBE U, CCTREFMGOISE TmaFEMESNZOL, TP Tmr" Yh( 7, p)
RIEHEA SN B0BEDRNERHLHIENT &S FREINZDI0, §£-T, s L coFHc
X507 T ORRIGINR 258 £, BEMEEHIC SHE TN T XN, BROCESBSRH
DIDHITHBRHTERLZ 3,

1973 FEE AIHAD EBR T2, 60Me VHIBE AL EHRIC X 5107 Tm ORIEIRORIE, BIERK
BEoa, 6 CCEFFMICHET 5 SHLBUEES TmD Yb 24—y b X ) DFSTHE - 8
BUE2BEL 12, BHOKBCESOTE, T 31273807 Tm 28E U, WEAKSIHE 21T
£, RONT, HEREYTOES ML SENMEZ 57 Tno HEUNEE & DBEIIC 5L TH
~NBCERAMEL, HEHRBEGR 7> M 17 Tm— citrate 2 %7E, B, S5 L08K
PR D EUA A P Z DR 2RE L 12,

2 Tmo&lE

a =7y bBRURY

s— 5% ME E U Tig, RARFAEL (198 Yb 00,185 %) © Yb O3 ( FEAEE 99.9 2

0.3~20¢g ), BLI2RZEMHED 8 Yb203 ( ORNL. 5.6mg) ZAL 1z, 415 D[
NHEAAAL 2 28 1 BIORT, ZNZNOBEA v 7V E Y LK E PR 6 mm DA EE CEE
U» BEEBFL inac ORI 09— 2 /KB 7— ic E—4 b 15l i~ THREL 72, 60MeV FisH
DEWEL—7 >y P3AZEI =4 —( 2mmEX 10 mm X B5mm X 4 ¥, EEE30~40 %)
DOE% Bb7T—uvERiHiC, ZOMDBEELLBACEEBL 2, B, 60MeVT
2 6.7 hr, HEE =2 —THI- LB THBEEQLQIUHDO3 hr 05minid 2.8 #A, HED 3
hr35minix 8.5 #A T, £EHNMEZ2EL TRE—E(Z102) Tho 17, HEE =2 —
O efficiency factor ( 60 £10 ) Z ZET 23 &) F¥g 193 A4 T 5, 30MeV &
1Ci2 8.1hr, #5180 £A THo 12,
b HMEHKRRE— 1% TnOEREREFIERKE

S T8, & Yb203 2 —%y FRAXREGSMOHL, —HMERREEE LT r 831
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Table 1 Isotope Composition of Targets

l\éz:ber Enriched Yb20s3 Natural Yb203
168 22.5 % - 0.14 %
170 6.2 3.03

171 17.2 14.31

172 19.5 21.82

173 11.2 16.13

174 18.1 ' 31.84

176 ' 5.3 12.783

ERITe 5 17, B I RI D Ortec 2dce Ge ( L1 )FRHI 83 & B 24096 channel
PHA., HBXICF&RARIFID20cc Ge (Li)—HEERKAREKE —& NATG 256 channel
PHAZM L 77, X$45 L 00 100Ke V D 7 S0 HIE iz Ortec BeZD 2 ccGe (Li VB
%, Low Energy Photon Spectrometer, M1z, A HD T 2 V¥ —#IEL pho —
topeak efficiency (2 < om@?gﬁ;ﬁmﬁ( FIIABABY ) @& » THKD 1z, HalkhiR
Wiz A1z > T photopeak decayZiBEF L, HEME 2R LI,

Fig, 1IC@KABICBIES —7 > MO0 T, 60MeV A OA0RMEICHT 5 7 &
25 RV EBIEL 12, ERAEREEE, YbT@E (7, n) ka9 Yb (324 )xYb
(4.2d), TmTREMNDY Tmofbic, (7, p)icks73Tm ( 8.2hr ), & G
s —5 o F T Tm( 7.7hr ) E18° Tm ( 80.1hr ) DERYALND, HED 221

- 1168 166 vy, EC 166 168 165 v EGAT
ZNEN Yb(r, 2n) me Tm & Yb(Cr, 8n) &bl()—mf_n—)

169 Py kB EDThH B, 30 MeV A Tia i 5 DRI 60Me V S & BT HD
VLA WTIC LT 1 Tmick L TEHEMTH D, ABFRO B 5@ FECL 5 L0,
(7, PIICEBEFHDTOTm(180d )& Tm (1.91y ) @& 2ccGe (Li)DLow

Energy Photon Spectrometer T EBWKeVELDr BIEETH BT w0 EAG 0

otr, O, (7, p) & AT2Tm( 64hr) 173 Tm ( 8.2 hr ) i TBD LI,
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NUMBER

1. Gamma—Ray Spectra for Natural and Enriched Targets,
performed 40 hrs, after the 60 MeV Irradiation,

LEDd b0 EFGEREEDBESHE TRUCHE L 174ERE % Table 2 (TR, ZDHZ

Table 2

Y ield Data for

Reactions

Maximum energy

Tm and Yb Isotopes in

30MeV

the

(Yb+30&60 MeV T )

60 Me V

Beam Current*

Irradiation time
Target
167 Tm
166 Ty
Enriched Yb—{ !6°Tm
(188Yby03) 169 yp
22.5 %

- L175 vy,

2.9 4 AX (60 £15)

3.1 hr

1.9X 103 dps ./ mg
9.3 X 10?dps ~“mg
(7.5+1.7)X10%dps mg
-8.7X 102dps /mg
2.0 X 10%dps . mg

3#AX (60+=15)
6.7 hr

2.1 X 10°dps “'mg
7.7 X 10*dps mg
1.8 X 10%dps ./ mg
2.9 X 10*dps “'mg
17X 10°dps /' mg
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—167Tm  (12.9+1.3) dps mg 1.3 X 10% dps /“'mg
166 Ty 4.9 dps “mg 4.7X 1( dps / mg

Natural Yb 165 Py
( Yb203 ) 169 vy, 2.5 X 10 dps ./ mg 6.8X 10% dps /'mg

—17Yp  8.5X 10%dps /mg 1.7X 104 dps /mg

* Beam Acurrent = ( monitor value ) X ( efficiency )
—GOBREBABIIDDOEDT, 2—5» FOFR, BEMNBECRE, ©—2BmBE0RME
ERFXOVTOERIWMELTLY, 72, YbOEEERICL 5 Tmit >0 TREZLD
FEBERNELIZLDTH 5,

¢ Yb—TmD{L3m

EMESHEDOIZ DO e biextd s 1 [ED7 Tm&%‘f‘é‘uﬁ 1004Ci~1mCiTh 5, L
D E— L F&f (BT L inacD BR TORE (GEWVEEZOH ) Tid, 22282 —7 > b
%58 100mg, K% —5 5 P TRKL0~% 100 g 2FEL, i 5187 Tm % HHHEHE T
STEEL LI nE I S,

K78 TR EED & — hydroxyisobutyric acid ( @ — HIBA ) ZIKHERI & T 581 % =~
ST EER AL 12, COF BB EERSEE LTRRIEN TV S5, EREMFET
12310mg ~% 100mg Yb203 DT H B, %12, Yb —Tm O, HicER EETET
BHFEBVBEY GV, POBEVAVZROEERZD tailingdK & 5> THESBELIF

-
EICHEEL WD,
' [Irradiated natural Yb,0,1~230g|
279, Beg~B100 g DRR +~1mg Gd,0, holdback carrier
N A . r———— | dissol.in conc.HCl ,dry up.
#—ro boBERBEL, A Acetate soln. . Na,SO,
e e N dropping Na-H
* o AZHRSTEORTILBE & LT 29% pping g
- N Hg Soln.tapplegreen)
Fig2 R Tm D E%S (Yb pH 4~5
< 100mg ) 2@k 12, JHEN, ] ikl
Ppt.(YbSO,) Soln.
2 =4 MZHmgDGd hold P ¢ conc. NH,0H
back carrier 2 NA THEEBRA B Soln Pp“:Yb‘T"‘(OH’J’
€ ¥
W &L, Na—amalgamT Y2t Repeat Yb,0,¢100mg

CBILLTYbSO 42 tEE S & LCation exchange

5, GdREHLOBA T I Fig. 2 Chemical Pretreatment of a Massive
CEBICHRETE B, YbSO, Yb Target.
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:;%%@Ebi‘%v@?ﬁ%%{&<{%B@i)%ﬂ:?ﬁﬁﬁ%@‘)i&’@‘%giﬁ%%o COFERE
pL H DR ORI H Y, BUES SifbOTTES EDOEHRFTH 5,

ST, A % o ScHarE % S B Bi(E s BB & THRE U2, Dowex—B50W (X8)
100 ~200 mesh % 1.5 cm ¢ X40cm ®# 7 4 & L, 15ml ./ hr O£ T 0.12M & —HI

BA 2F4® pHT Yb— TmDEHEE % #~1. € DFER% Fig. 8 AlL/RT, pHH

% {A) pH 38~3.9 (B)pH~4.0 (ClpH 41~42 =
§ B 3 Yb
> e
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: | I v
h ! ) H 1 ! 100 | T\
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Fig. 3. Elution Behaviours of Yb and Tm in a Cation—Exchange,
A, Effects of pH
Variation of Elution Curves of 25 mg—Yb and Carrier —Free
Tm with pH of the Eluant (left) and a Quantitative
Presentation of Variation of the Half—Width and Retention
Volumes for Yb and Tm (right),

.
1:YE Ralr: = QA I S B

WEzB</£5h, pH3.8TDYb

BOEEZH OB FigdBT

o
o

h b, YbEDHEKEIIT Yb
DOEEEHROMs Kx D,
HOFERCELL B, T2 W

HekE THESMTL LT /

VW, INHDFER»L, YbOD

Volume c_‘j effluent
X10
| | L
0\
<

(34
o

¥ 10mg ~ 100mgicHL T, 15

||

100 mg

ml /hrDOF|HTiE pH3.8 T
Fig 8 B, Effects of Yb amount
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10 hr~%B 2895 C £ 5¥]> 12, trichloroethylene KT X 35 5 2D IR (87°C )
22 AE, R0 HIRBINIATTH A, FERTCIBRAOWLLEHED S £ T,
> Tm (4T % Yb D tailing i€t 3 contamination (L8 5 —F 1 + o THABETHE
TELEELRE, COBED Yh afin Tl (L DORE) &b n, ERGRET

VOBRIFLITHENT & 5,
ol Tm pm
c o -
§ F A :
S & \ ]
[ o
L if \ - 10¢
;,-. - i) 0 ey 3
= :"Vbo%b, \ 1 e
- 9 -
2k { Y 108
o E o 5 3 ©
EE i \' =
- 1 =2
& I / { 1 8
¢ I - 1 [
2 (a) " 923ml &
01 B o o\ =102
= % 3
ootb—L L1 A L

20 25

o
w
5
&

Fraction No. of Effluent (5ml / fraction)

Fig4. Tm fraction in the elution curve of 40mg of !68Yb,0;4
irradiated by 80& 60 Mev Bremsstrahlung.

d BYERMAI Tn OB

HREYIC X 5 ER (RE) Oroic, 3100 £Ci OFEHEKIS” Tm 2 HBL 1, & —%
5 R iTi322.5 % EBHE D68 Y b 03 40.16 mg 2 AL, 80 Me VIS X 0 60 Me V ( {H3ERE O
1) T B0 nA, BEERHORHE 2L - 12, ZORER, H0.5mCin!® Tm 3
Bon, FIRD A & o ZEED A 2B L THRAHMEERC TR BRETE o 2, B 1ES
BEDVEBERSR 2 F igd WRT, CC T Ybid Ybz03& U TDmg BT, Tmix 208 ke V
photopeak DFETRL TH 5, LPHRESTEL, EBD PHFER Fig A ZBN5 &
Yb ® tailing @A X1, fractionNal0 D 7 #8Z <2 bov% SJEERIO 2 N & H#T 5 EFig,
5QWLT, COBHTOYbBERIZIFEETHS, £ LT fraction N8 LLE L LIS
3, BECEEBA L o KBRETLL, BICE Tm fractionZ &L TZDE TEFAELMEL
17y IHICESVY FRTHRLTE, MEAKOEE, »3VEVEEOERE Tm 2MAT,

dilHCLITHER L, UToBEmERITEL 12,
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QY . § (A) Yspectrum of Tm-fraction
o } & (NoiO)ofeluate.
4 ©Q 8 e
10 LR - 8
EE E lil8l  (B) ¥ spectrum ofirradiated
E§ 3 “sz (~40mg)before
"'.'\, @« @ elution
S e, g
0 N
g (B) B2 [+ \ -§
8 [ a8 LINA,
o o [N feseED  Ein e
2100k | ggeezd —59’ S
g E 2.0 B
: F LA Ml s, 62 )
=0 WWWL WY o£gg g g
- S A 12 R R £
2 ¥V L §s & R 2
1oL | 1 l 1 N S
50 - 100 150 200 250

Channel Number

Fig., 5. Gamma—Ray Spectra for a Sample before and after the
Cation Exchange Separation,

YTm O BMERE A OB HER

a EBMHLAE

EREY AE163 £18g D F > VIR Ty FOFEABEDOK Tick 2 X 10° HoHHAE
/KM ZBEL T 6~7 RHMROERAR THE L, EBHMEHSH2cm DR33I
o1& XITERITHL 72,

167T p—citrate XK | 167 TmDAIEEEAK ( Carrier free) # NaHCO3 THI
0.08M27 = B )Y £10ml 204, pHTICFHABL O L BN E 5 KBKAT
mBUZ, 2022039 ®7—7 402 —HEBL, v F1EHI2H 2D 0.4 m1 (K
1.5 #Ci) 2EA LIz,
 BANTER LTIy MR MNLVEEZ—VF U ATESHK(F T2 —) 0.1
ml % BEEPICES U CRREEL 120 b, ERE187 Tm—citrate HEAHRZ B#IRE H ©- <D
EEST UL, BIES, 24, 48RHBICR 2 5L T OER U CHEY, MK ik B BE
A, BOSRBER 2 HBHL, SEBHER 1 g H2)~0%7 Tm ORGAR ( E4tE 2
100 Z& L, OBBERMELR) 2RKDZe ZNCDOEZSEICLT, BAEEHIZHT
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SRR A AR OME SE 0 AEN TS 2> § KD,

b ¥ B £ B

KRS L Fig6iRT T &< BEEMRHE3REKRIC 0952 g Tohh, LIEO-

{heERP LT, 24F5R, 4885

BicE2190.8% g, 0657/
g &L o1z, 3B BCEE LS
TORBIBETS. 7T ¢g®T
dh, UBSSETHPL 24 KR, 48
Bz ge1.6% ¢ i

0.9% . giclso 1, DXITHI
3mf®ic 2% g, ARH, 48
B fic e bick2.6% g T
bz, CHCTURE B
v h/ha L, 3Rf‘ITE T
0.5% g#Tdhbh, 24FH, 48
R 0.6 2. g§9& 4> 1%
mK A Ei/h3 <, 3KRH
HBTmMB2 0.2 2. g, HBAE

= N w
o, o o
T &y T T

Liver
- Sy
Splean

Percent dose of administration per g tissue w t.

o .
3 24 48
Hours after iv.injection

AFig, 6. Time Variation of '87Tm Distributions

of Yoshida
Sarcoma—bearing Rats,

in Various Organs

0.05% ¢ Th D, ARMLBAHE & b IFEALRDONBTOEETH - 15

(% %3 ) — O Table 81T/RL 1205, (B85 MMK) —Hix 8 FEH&KIC4.4 TH
S b DB 2ARSR, ASEERN T ATORI O & 5 b, ESFFRC MK Tm
D R LT O, (S A ) —Hix 3R TTI258 s b, L COEPE

Ak x (g h, MIEEELOBE 2RI, ChCHL (SR —HakEcL 5T

T able 3 Tumor — organ Concentration Ratio
Tumor Tumor Tumor Tumor Tumor
Time
Blood Muscle Liver K idney . Bone
3 hr 4.4 24.7 1.5 0.27 0.48
24 hr 67.7 78.7 1.6 0.51 0.30
48 hr 4.7 46.8 1.5 0.74 0.25
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LS METH b, RIS 2 8 AT b AENTIOA L8 BRLTOL,
(ER BW). (BB /5) -HaBEcts71L0UTTH), BEHLOEHIALD
KXW ERRLUTOEZY, BREBEBUCAXAZIORNUTERIYIT/NIL L1,

c EBELIER

ZOERTHLNIERE, DRI 4217° Tm citrate THIEREZIZAKTH D,
LB ETHEE U7 Tm 2SHIEHE O O BEHEMEZ2RT C BB L vtk Tiat
SYEFRAT X 17, ETEEEMANOIUARTH A5, S 3RME~48RMBICERE 1 g HI2 D
~EEED0.5~1.0 Z2MHIAENG (KE 150 gDy FT) &, W20 dh
ZEHENEYE TrEBNZVETHY, T (ERMK). (BE O HA) —Hbs

WO TRKXBMECLD L3, COTEOREEZEREVALS, FHCHENS (ERTS
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FORDOT TmsBoN 570561, v FOREERS JOFEBOZHCHHERATE S C
EBDP I,
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