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DTH 5,
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I —2 QUASIELASTIC ELECTRON SCATTERING (1)

— Woods —Saxon optical potential model and background estimation—

S JIRE R
HESRRLR ™ H Ak **
Abstract:
Quasielastic scattering cross section for “Ca (e,e’) is
calculated in a Woods-Saxon optical potential model. A back-
ground for multipole giant resonance estimated in this model

is found to agree fairly well with our empirical one.

§ 1. INTRODUCTION

Experimentally the background estimation for the multi-
pole giant resonance (GR) in electron scattering is difficult
because of the broad width of the GR. There will be two main
background components; one is the radiation tails which can in
principle be estimated as a purely quantum field theoretical
problem, and the other is the nuclear excitations which are
not encountered in the GR. The latter ié usually estimated
empirically. We are interested in this cross section, be-
cause of the fact that the determination of the strength of
the GR depends upon this background as well as the radiation
tails. We employ a shell model approach in Sec. 2 for the
quasielastic scattering which is believed to be a good model

in a high momentum transfer and high excitation energy region

* Yoshiyuki Kawazoe: Department of Physics, Tohoku University,
Sendai, Japan.
**¥ Hisao Matsuzaki: Department of Physics, Tohoku Collage of

Pharmacy, Sendai, Japan.
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(¢> 1fm" and @ > 30MeV). In a lower momentum and/or lower
excitation energy region where the GR takes a large paft in
the differential cross section, we propose a reasonable back-
ground for the GR using a quasielastic model and we discuss

this subject in Sec. 3.

§ 2. QUASIELASTIC SCATTERING IN A WOODS —SAXON SHELL MODEL

We calculate the model quasielastic electron scattering
in terms of a usual Woods-Saxon shell model neglecting re-
sidual interactions. Here only one-particle one-hole config-
urations are taken into account for the excited states. We
employ a Woods-Saxon optical potential with spin-orbit and

Coulomb term of the following form:

~u 4iWpe! "V
Vo (r)= l_i_e(or,R} - {1“}‘80(7**1?,) a/}2+Vc(7)
B n 2 1 e(r—R)/a NN
Usold) ar v @777 1 °
where
R:7’0<A'1)

The Coulomb term due to a uniform charged sphere

ez

(Z—-1) p , r>R,
Velr) =
(Z-1) a1y
—jﬂfne{S(R)},rgR,
is used.

The energy dependence of the central potential is
UOO ’ E<O;

Up =
Upo—0.32E, E=O0,
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where Uy, is determined by fitting the hole energies.

The imaginary potential represents the effect of the
transitions of a single proton state into more complex states.
The estimate of the magnitude of W, is rather difficult and
borrowed from ref.l. Since the chosen value of W, is small,
the cross section for the formation of compound states is
expected to be small and it is not calculated in this paper.

In contrast with part (I)? and (II)” of this report on
the quasielastic scattering we do not employ the Perey effect’
here, because the magnitude of W, in ref.1l is determined with-
out taking the Perey effect into account.

All the parameters we took are found in table I,
Table I. Potential parameters.

Up (MeV) yy,(MeV)  » (fm) s Afm) a (fm) 4'(fm)

bound

states’ 56.9 10,95 1.271 0.78
scattering

batos? o 56.9 10.95 1.271 1.32 0.78 0.528
sta

We calculate the quasielastic scattering cross section
which is defined in part (I). The results are shown in Fig.1l
for “Ca target at @ = 55° and £ = 183MeV. We took three
choices of the imaginary potentialy; Wo = 0, Wo= 0.06 w
-0.5MeV", and the one which is defined in ref.6. We can see
that the second choice gets the best fit to the experimental
data in the high excitation energy part above the GR. Since
the (e,e’) experiment is inclusive, we need not consider
about absorptions so that the small imaginary potential should
be thought as a fitting parameter. We note that the inclusion
of a small imaginary potential results in the broadning of

sharp single particle resonance peaks,
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Fig.1l. The calculated excitation functions based on the
quasielastic model. The empirical background

curve 1is also shown.

§ 3. DISCUSSIONS ABOUT THE BACKGROUND ESTIMATION

We discuss about the determination of the background
for the GR in “Ca. 1In “Ca nuclei we believe the existance of
C1(T=1), C2(T=0), and C3(T'=0) GR's. Therefore, we subtract
these multipole components from the above calculated differen-—
tial croés section. The remaining cross section is thought to
constitute the background. The widths of the hole states
measured in “Ca (e,efp) experimentﬂ are about TMeV for 2s-1d
holes and about 20MeV for lp and 13 holes. We fold the Breit-
Wignér shape in the calculated cross section in Sec.II (W, =
0.06 »-0.5MeV). We give the same widths to the bound states
embedded in the continuum (BSEC), and the proper part of them
is added to the background (Note that 1£Zﬂzlevel has no width
in our model.).

The excitation functions so gotten are shown in Fig.2
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150MeV 35° !

(8]
2 2 2
d%0/dQdE /z Tt 107MeV)

Fig.2. Estimated microscopic background (dash-dott line)
for the giant multipole resonances. Other lines

are explained in the text.

(dash-dott lines). Also shown are the unfolded quasielastic
cross sections (dashed curves), BSEC (vertical bars), and the
empirical ones (full lines). Fig.3 shows the integrated form
factor over =10 - 25MeV, It can be seen that the two back-
grounds (calculated and empirical) are consistent. We expect
that the inclusion of the residual interactions will not alter
the nonresonant background cross section significantly.
Futhermore since the hole states have large widths, a small
change in the unfolded spectrum will not vary the resultant

background.
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Fig.3. The integrated form factor over 10-25 MeV for the

experimental cross section (closed circles),
theoretical background (full line), and empirical

background (open circles).

In conclusion we can employ this nuclear excitation
function as the background for the multipole GR's instead of
the empiriéal background.

We wish to thank Profs. H.Ui, G.Takeda, and Y.Torizuka,
and Dr.T,Tsukamoto for their encouragements and discussions

throughout this work.
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| —3 Comment on Radiation Tail and Radiation
Correction for Electron Scattering Experiments

<4 v K J.Friedrich *
§ 1. Introduction

The scattering of electrons from a nucleus may be des-
cribed in terms of the graphs in figure 1, if we confine our-
selves to a description in Born approximation (this shall in
fact be done throughout this paper). The contribution from
graphs b) to e) is denoted by
internal radiation. In addition,
the scattered electron interacts
with the other atoms and nuclei
in the target, the corresponding
contributions to the twofold
differential cross section being }>ﬂ*< >»<h<< }N~<i §v~4<

b c 4 .

denoted by éollision.and external

radiation respectively. Fig.1 Graphs for the
The number of electrons, which wide angle scat-

are counted e.g. under the elastic tering in Born

peak, must be corrected for the approximation.

additional processes before this number can be interpreted in
terms of graph a) alone. This procedure is currently denoted
by "radiation correction". The electrons, which lose energy
by these additional processes, yield a continuous background

for those electrons, which lose energy by exciting the nucleus.

* Institut fiur Kernphysik der Joharnes Gutenberg

Universitat Mainz.



This background is called "radiation tail". As a matter of
fact, "radiation correction'" and "radiation tail" describe
the same phenomenon, and one of them can be calculated from
the other. Actually, both problems are normally dealt with
independently, and the formulae for the radiation correction
do not fit correctly into those for the radiation tail. In
addition the formulae, which are currently used for the
radiation tail, contain some inconsistency in themselves. In
this paper we discuss one currently‘used‘set of formulae and
we probose a new set, which avoids the drawbacks of the first
one.

Throughout this paper we assume the energy width of the
incident beam to be arbitrarily small. Thus we avoid the
problem of folding (and unfolding) the radiation quantities
over a finite energy spread. We want to emphasize, however
that this problem is as important as the one, dealt with in
this paper, and it must be taken into account before the
calculation can be compared with a measured spectrum. - In
addition we confine ourselves to elastic scattering only, and
the discussion will be such, that the results are valid in
the vicinity of the peak. - The cross section, which corres-

ponds to graph a) only, will be denoted by oum .

§ 2. The relation between radiation tail and radiation correction

Though the general relation between radiation tail and
radiation correction is trivial, we will discuss it here,
since some aspects are not trivial at all. As an example let
us consider external radiation only. Schematically, the
situation is described in figure 2. The shaded area at E, =.
E; corresponds to wide angle scattering via graph a) only, so

the area is given by ox. Actually, the electrons lose energy
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by external radiation and the

twofold differential cross

section d%c /dRdE;, which will be e,

be denoted by %0, is given by e e, 2

the corresponding dis#ribution \\\& /

funetion - _Z // 2 -
° ]

0™ (B =ow /7 (B 1 Big.2 Radiation tail form
Since no electrons are lost by external radiation
the radiation process, the dis- (schematically).

tribution function must be nor-
malised to 1. Here it is implicitly assumed, that the cross
section is the same whether the electrons undergo the wide

angle scattering before or after the emission of real photons.

2

In order to measure o, we must measure and integrate ‘o

down to E;= 0. Actually, this is not possible (and, finally,
it would yield a wrong result because of the above-mentioned
assumption). We can only measure down to a certain cut-off
energy 4E, and the electrons, which then are lost, must be
taken into account by a correction factor ij, which depends

on 4E. This factor is defined by the relation

Ei.
(IZGMddEf=oMK¢M.
E. -AE
So, K™ is given by
E;
K™ E) = ff”d dE; (2a)
E,~4E
or
E —AE
K™ WE) :1—ff'addEf. (2b)
0

The radiation tail can be calculated from the radiation correc-—

tion by the inversion
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fE) = ;g (2¢)
£

§3. A set of currently used formulae

As an example for a currently used set of formulae we
give the following.
Radiation correction

a) Internal radiation (or Schwinger correction)

K*=<xp<—¢), (3a)
2E.

“ Cln —’~—J+——) (3b)

b) External radiation

YK = exp (-0%), (4a)
ase — t Ez
rad XOInZ ln AE . (4b)
¢) Collision (or Landau straggling)
sepeol_ g L (5a)
@
w =DA% maT, "~ (5b)
¥ —x+037~iﬁi+o37 ‘ (5¢)
_ A
4FE, —0&5{4t. (5b)
Radiation tail
=0, (f4+f”d+¢”“>:a f(Ef>, ’ (6)
FE) =22 m1+ehﬁ (2L gin - Er (6a)
f T d 2 ES
rad _L 1 Ef
FED X AEEI +( ) » (6b)
7 =*§~—-(ln1932’”5'1,
2
fmluz>= 2<1+A 4B, (6¢)

.Ef 2

1
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These formulae, which -roughly- have been used by different
authors, are piled up and discussed in reference?, and we shall
refer to them as to the "Sendai-formulae",

The set of these formulae has two main disatvantages.
First, the radiation correction formulae do not fit into the
radiation tail, £hey do not fullfill eqs. (2). Second, the
distribution function f(E;) of the radiation tail is not
correctly normalised and - even more severe — it cannot be
normalised. This already holds true for the three different
contributions. But, roughly speaking, even if the single
contributions were normalised to 1, the sum would be normalised
to 3, a number, which does not agree with the physical content

of the radiation tail.

§4 A new set of formulae for the three single contributions

Let us briefly recapulate the derivation of A° by
Schwinger?’®. Since the probability for the emission of a real
photon with & = 4E equal to O is infinite the correction factor
cannot be calculated via eq. (2a), instead we must use (2b)

with the result
Ks=1-0s. _ (D

This factor cannot be correct, since it yields a wrong result
for 4E near to 0. Schwinger? recognised, that eq. (7) should
be replaced by eq. (3a) (for a more detailed discussion see” ).
This "exponentiation'" takes into account multiple photon
emission, as a result of which no electron will be scattered
without energy loss.

Apart from modifications, which are given by Tsai’ (we
neglect them here), eqgs. (3) are generally adopted for internal
radiation correction if 4F is small as compared to FEi (for

larger 4E the peaking approximation is questionable® ). There-
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fofe, we calculate the contribution from internal radiation to
the radiation tail via eq. (2¢) from eq. (3). However, the
Schwinger correction has one peculiarity: it does not converge to
1 for 4F to Ei . The reason for this is, that the additional
graphs in figure 1 do not only result in a diminuation of the
final energy, but they also change the probability for the
wide angle scattering. We may decompose K° into these two

components by writing

K5= & fE , (8)
xssexp(—4diz-—%g (2€231 —03) (8a)
e =2 Cin Zsmi)"lJ (8b)

2

The quantity £° which is independent of 4E, describes the
change of the bross section, and the remaining correction
factor exp(-# 1ng, /4E) now has the correct behaviour for

4E= 0 and 4 =E . The Schwinger contribution to the radia-

tion tail may now be written

6% =0y k% g°*(Ep , : (9a)
£ AF k-1
= 9
g (Ep = E'( Ex) . (9b)

The function g*(E;) is normalised to 1.

The same procedure may now be used for the contribution
from external radiation. However, here we begin with calcu-
lating the radiation correction from the pfobability for real
photon emission (eq. (6¢) ) along the lines, which we recapu- -

lated for the Schwinger correction.
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Ei~dE
K™ =1 ~ff"ad'dEf: 104 : (10a)
0

4FE 1 AE
- (Eifj.

2 (10b)

_teo (3. e n B t(2-g) -
6md‘X3[ ( 2.0)%—(2 7) hrZE+{2 7)
Here again K™Y (4E) yields a wrong result for 4E= O and the
above mentioned arguments may be used for introducing ex-—

ponentiation, which then also has the correct limiting

behaviour
K™ UE) =exp(—d,,). (10)

Approximating 7 by 2/3 and neglecting all terms apart from
the Iln-term (valid for 4E<<E;, ), then 8.4 results from 8rad
by replacing 1n2 by 3/4. Arguments for this modification
have also been given by Tsai and vanWhitis®, This modifi-
cation changes the radiation correction by approximately
10%, an amount, which is not negligible for the accuracy of
nowadays experiments, in particular for small cut-off
energies.

The contribution from external radiation to the radia-
tion tail may now be found with the aid of eq. (2c) from eq.
(10):

gPUE) = exp(-0,_) fPUE). (11)

The contribution from collision f°®can be apprcximated b
y

1 __AE, :
fEO(E) = AE‘; (12)
with an accuracy of better than 0.5% for 4E< 0,05 Ei . Since
this contribution to the tail decreases quadratically, we
may use this appreximation for all 4F apart from the very

col

region of the peak, here f is infinite. The approximation

is quite reasonable down to 4E= 14 4E,. We approximate the
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Landau distribution by the following form

0.5310 —0.2281 22 0<1 <1

0.1646 0.1457

gNE) = g+ — 00074+ 4 200 1<21< 14 (13)

1

e 14 <2

This form yields correction factors which agree well with
those calculated by Simon, as far as we can compare it with

the plot in reference”. For completeness we write down the

resulting correction factor

0.5310 2 —0.0760 2° 0=2<1
K®(4E) = { 0.6081 —0.0074 1 +0.1646 1nl—0.14572 1<2<14 (14)
1.000 — 172 14<2

The new set of formulae is given by eqs. (8,10,14) for the
correction factors (eq. (8) is identical with the correspond-
ing Sendai-formula (3) ), and by eqs. (9b,11,13) for the
single contributions to the tail,

In figure 3 we show the Sendai radiation tail f(E;)
(dashed curve) and the sum of the three contributions with

these new formulae

£UT(E) = gt g™ g | (15)
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Y — T s T T v-1r
10°3 1072 1077 10° 100 Mev

Fig.3 Radiation tail for elastic scattering from “*Bi
(E, = 200 MeV, 6 = 60°, t = 100 mg/cm?)
f = Sendai formula, egs. (6), g™" = sum of new
formulae, eqs. (9b,11,13), gf01 =result from folding

the three contributions to the tail, eq. (21).

§5 Folding of the three contributions to the radiation tail

The distribution function g®" too cannot yield a correct
description of the radiation tail, since we just added up the
three contributions instead of folding them. As a result, the
function g**™ is roughly normalised to 3 instead of 1, this
again is at variance with the physical meaning of the radiation
tail.

In principle the folding can be done by numerical calcu-
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lation. But with some approximation in grad , which is accu-
rate in the vicinity of the peak, the contribution from
external and internal radiation can be folded analytically.

We approximate &_, by

_t (3 _ Li
6mr—Xf (2 7)+(2 n)lnAE] (16)
and £™¢ by
rad _ Lo oy 1 :
7 -XO(Z ”)AE' | 17

Then gMd is given by

rad ——_ _R _5 AE 6_1
g (E) =c¢ Ei(_—_Ei) , (18)
with
t
e=(2—9) =
Xo (19)

3 ¢
R—exp ((S— 7))L,
R )

This approximation is correct to the order 4E/E; . - The
d
function gra in eq. (18) is not normalised to 1 but to € .
This fact is a consequence of the approximation which we made.
Egs. (9b) and (18) may now be used to fold the contributions
from internal and external radiation. The solution of the
folding integral is given by?®
E-E,
-1 e—1 6+ K E+E —1
(E.—E,—4E) 4E ddE =——(E.—E,) (20)
J i f cK i f
0
Here, we approximated I' (€)I'(#)/I'(e€ +«) by (€ +&)/(€x).
This approximation is accurate within 0.2% for f< 0.05 and
€ < 0.03. These numbers represent a realistic experimental
situation: 2 = 83, E. = 200 MeV, 6 = 60°, t = 100 mg/cn’ .
' The radiation tail finally is given by
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2os*rad*od = oy gfol

gUE) = s EEf)“‘-1 x g% (Ep). (2D

(the symbol * denotes the folding procedure, which must be
executed numerically). Numerical results for the above-
mentioned experimental situation are shown in figure 3. - In
figure 4 we plotted the relative difference of the different

calculations of the radiation tail (for g™ see section 6).

A
0.6
0.5 4
0.4 1 (f - gfol)/gfol
0.3 1
02 (9 sum _ fol) /gfol
0.1
0.5 1.0 1.5 20 MeVv
0 —
E. — E
i f
on ( gprod_ gfol)/gfol

Fig.4' Comparison of the different calculations of the
radiation tail (cf. figure caption 3; for g™° see

section 6).

§ 6. Radiation corrections

The radiation correction is currently taken to be the
product of the three single correction factors. The physical
meaning of this procedure is the following. An electron is

assumed to be registrated within the energy interval‘[Ei,Ei—
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AE], if it is not scattered out of this interval either by
internal radiation or by external radiation or by collision.
However, this is only an approximation, since it also happens,
that an electron loses part of its energy by each of these
processes the correct description being given by the folding
procedure.

Therefore we calculated the correct correction factors
K™ by integrating numerically the folded radiation tail. In

figure 5 we compare the result of this calculation with the

correction factors being given by the product of the single

4 (®-x)rkf' 100

0.5 1.0 15 20 MeV

Fig.5 Comparison of different approximations to the radia-
tion corrections with the result from the folding
procedure-a)K from Sendai-formulae b) K from new
formulae eqs. (8,10,14) '

contributions. - Curve b) demonstrates the influence of the

folding procedure. The difference between the curves a) and
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b) originates from two effects. The 2%-shift for 4E > 0.5 MeV
is due to our modification of the external radiation factor.
The increase for small 4Fis due to the collision correction;
For small 4E(4E< 10+4E,) the Sendai-formula is not valid.

But here the new formula eq. (14) too is only a rough approxi-
mation (which just gives a reasonable result for 4E= 0), so
that we only claim the trend to be reproduced correctly by
curve b).

Since the correction factors from the folding procedure
and from the product of the three single contributions agree
quite well for larger 4E, we are led to calculate an approxi-
mation for the radiation tail by taking the derivative of the
product of the three correction factors. The physical meaning
of this approximation may be learned from the corresponding
remark above. The normalisation of this tail function geprod
is the same as that of the folded tail. - The result is shown

prod - The agreement between this

in figure 4 by the curve g
approximation and the exact procedure is of the order of 1%
for 4E= 2 MeV. So this approximation may be used for saving
computer time whenever this accuracy is good enough, for
instance for calculating the radiation background at higher
excitafion energies., - Naturally, this result depends on the

experimental situation, which we have chosen. In any case,

it is desirable to use targets as thin as possible.
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> oo IRWF O3 F{E 2K AuC fit & g \ ELASTIC FORM FACTOR
BIZEXDS5 2 — 5 —DIfIE, AHET ' e e
THVF— 250 MeVT c=8.975 (fm),
t=2.3(fm) THh- 1, [ \
F 2 DEBR T [}, BALTAIBELRIBD I \u/'/‘\ "\
He=202", 4"RU6, v=4DF 10_3_' | \
CHIGT BAEMEZ NEN, 143 MeV, : \
2.7T MeV (LLi4," ¢RT), 3.11MeV '
RO 23T MeV( Bt 4," £32T ) (CBE i b
Utc, fBL 6% BEBLICDW T, 38.16MeV
B2 HEMERNT b VD LD 6 IS i \f
BEcakbotzlzoe, BRERTOLET e

05 1 5
1.43 Me VO 1st 27 AL~ D FIEDR g (tm")

- ” . B2 WHEELOIRRF, E i phase shift
RFDOE 2> TE 2Ry 2E3101z, Pl & DAL BAATD RS 5 — 5 O
BAALIE fm,

3.1 4] RU 4; #L1

BERA BRI fY, v =4 DR GESENT, 4, LI f, v=20FELEMEEA
ENLT& T, 22T L seniority OB HoSHFEET S & LT $, seniority selection rule
T4 v=4D0EBIRILaNID L, EERREBSEMNRICy=0DRELLEE LT 5L,

4 RN~ | BEAADZNEHNTAREC B BRTTHE, ELABRADERTRE
SHRUEBARD H¥I 2 L 54, BADHT R FEINT VS, CDT &id, B
seniority DR Y 2ZBMU 12120 CTREAPT T, 4 AL 1,5, IS DEINLOD 8654 i 3L
EEZLINEE L (BRFHEOEEER & LT 2ENITT 2B RIS, fi, DRI T
(& seniority DB O kB 5T, BITMOEMBESL L TRELEV), ZDHIZHDHEELZR
R 1D FRFMRE T BB 2H WV, Sk f), BAZREL 2L SOBRATF 280 viFE
DITEHELIZ, COEUTE 4 &EBINLT, BRETE,

92 g% 4 1 g2
exp ( 2V)(2V) (1 11(21/

11
- "l
D P =T e00 AL
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2 v
IF1% Scr IF] S
- 47 2.77 Mev oo 4% 2.37 MeV
L V= 0.2648 -3 —— Vv = 0.2648
10 ¢ 0 cem- oy 0.23

x 1.3

IR W S S T S S | . I PR | i

05 ) 15 . 05 1 15 B
Qeff (tm') . Qeff (tm')

BN 2.TTMeV 4" HLIOBRAET, AN 2.3TMeV 4 #NOBRRT,

ERUIEHIME, BRI EHEE % FRi2 27T MeV 47 LR S

ERAEL THEBR T fit 3EI 5 4 =4 — 2RV E B B

b D, B3, ERACIit T5L90C
NG —2 REIDU TERE L
1D,

Thab, LLT|Fe|? IBROBELEBKR G TFOREMBILNSD 2RO>C i T 5HIEET, B
FOEMRDTACH Y ABRRET 5 &

Fc = exp (—-:1— q2( aPZ— ;1;‘ )
THB, o, EHIY ¢ v OMTHEOHATE TN % 0.59 foP & U1z, g EERBTR,
VIRE T U2y WDRT X =5 Tno/F TERIND, nAEKFOERTH B, LOD/¥F x —
4 =i, Ao =41A13 HHERDOLENE ENBE L, FHrb N>, L LEvid r.m,

s, ¥R 2> & ROBEAR

S (2n+i4 3
Y — nl 2
Z < r2>

Bdhb, ZRGHTORTHZITNTOBFOVWTIH S, <r2>@EHED bRkDIZ72 0 3
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BB AED X5 4 — & 2> TEELIEZED, LOBEL» LY 2RDHLEHTE B, K
RiZ COFETEBIY ROWT $EEREFL I, BRATOROBEREDRTHENTS §l
FEDRS5 2 —2 RAT AL ELITLI,

HEMREL OERA B SNRCEANRICRT, cNbDOR»HH 2L 91, 4, BALTOW
TREBOES 2RO CHIEE RO—BERY, COBMBS), RUIKYEELIC LRS-
THRABPTX B L ZRLTV B, BEOHRIDEDL VDR f)y v = 4RI OR OB HFET
BLEWRL B EEALNSD, —H4, BAOHRARBERECTNTEY, L btHMEL K
NTEBOR S 058 S 2EAERLTOS, COC LR, CORMD £ 0 =2RTCHL
THOBRMOR D OFESK XV EZLLTNEL 50, METIUL, C DAL collective
KHBEBET5EEALND,

3.2 2" RU 6" #EhI
1.48MeV 2 8 3.11 MeV 6T #f7ic D T b LRODFEQUT L 55 EH 2 T>12, E2RIFE
6 LW URAFRZ LEN

N 2  q? 1 q2
2 — X L _f Ly 2 Ayaye  Re 2
|F(E2) | 252 exp ( 2y)(2y) (1 7(2V)+63( ZV) )2 | Fel
g2 _ q?
F 2 _2 e e 2
|FCE6) | 1571724exp( 2V)(2V) | Fe |

Thr, XF7x—2E3EADHE LML &L, FEBERCERARZE S RRUE 6 RITRT,
R 5 ¥ % & 5 iz 6% AL OV T f, BAITEC SHIBIN5 05 2" BALL 4] BELIORL 120
ERMERRRL, C ORMOELRIG [, v =2 £3NTLBIT b0 6 THOEN O
BHHECEb N collective KHEEZE D LRIREN 5,

3.3 HEEBEE, B (EL)

ERoEI B 2 > TB (EL)%#&tHUL1z, E2, E4, E6BCHELTROBD TH B,

1
B(E2 )= 225 (—)?2
(&3 v
24057 1
p— 4
B(E4) 287 (—-V)
418275 1
B(E6 )= 1 (—)°

167 v
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IFI% S2Cr
LT 2" 1.43 Mev
e —— V = 0.2648
100k N == V=023

X 3.7

10
3
3
®
10°F \\
i“ //F\\
Y
1/
L L L L 1 1 L i 1 Jl L L 1 ]
05 1 15
‘ Qett (tm')
#5K 1.43MeV 27 #£NOBRAT,
EHEROBEOEKREE 4N &
AL,

2
“:I i 52Cr
6% 3.1 MeV
2% 3.16 MeV
10° F v = 0.2648
N
\3\\‘ "
\ -
\ S S
\}:\\ /i//} { RN
16° e W 1
F + y
_“St 7% 0.0%) /, \T\Theory x 0.6
\ .
Theory
\ SN
\ s \
\ / \
10_6 r \ / A
o \ /
r L
r /
v/
L " 1 1 ]
0.5 1 1.5 4
Qett (fm ')
H6X 8.11MeV6 &£3.16MeV 2

PAEEL TR 2T,

4, BO6 HLICOVTIRATERU T 2 —4 - 2AVERETOLRKR CETRMB D%
EOB(EL) Iz 3D% B (EL) DEBREE LT, 4, B2 EERLIT DOV TII/R S £ —
b BRI EEVERSICIt TALHICRY, ZOEZFE->TB(EBL) 28ELU I, #R2E—

FICRT, 5 4 —2 REALI THRRAFOHEMZERAK fit 3 50 & 1372 OEB DM

B1E

e, PIRFNFNBEIHS) ,2) 0L B, a3EtEME L THEHBEINI@EICHU BB D
RETOEERE ESHEHEOL 22O, s RERBETr BEBCOVWTEHAII NI D

PHEXEL I,
Ex J* B (EL) exp B( EL) ref
(MeV) (e? fort) a b
1. 43 2" 0.72 x 103 0.48 x 103, 0.60 x 103
2. 87 47 0.13 X 106 0.91 x 10°
2. 77 4" 0.86 x 105
3. 11 6" 0.15 x 108
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BS54 —2DOEE L THEBBERICRBI®EZ EicHitblL, R->TEDLSRFETEKD
NB(EL) DESBEENERZF O>EEALN S,

§ 4. #& El

PR BRI BREL BE RS DI b B BT bbb b ¥, KB & HBIR e R
12C e, COBBIRIRT 5L 2B HMCERTZ2ED TOLT &0, COKEZHERTSETH
NTHBHTERTBLTVAE LITEDbNS,

#H OO
B2 DEBICEEL TIMERBOFEEDOET, EEMCHAIL TT 3> e, FR M, &HE,
ZHOFRICEL BHOB 2B T LT,

& # 1 .
JJ- coupling scheme (Ti5(J AFMRET KBBAR 2 - 12 ® v v ELOIRATF 2 KD i
{X reduced matrix element

k . % .
TU’J’L/’J/=<]n vJHiz;Jk (gqr, )Yk(Qi)ll]"v’]’> (1—-1)

VRO LNIUT L, v, v/id seniority, kIEBDIZEME TH S, even tensor operator
oW T — %1 i

k .n . n— . o . .
Ty, s,00= nv‘ff]l[] eI T o ) I G IS Y T )

x<j il v lli>v/ ey e {0 1) (1-2)
ErB, a6y |5, V1l 7> BAKRKY & BHRES & OBROTICEY, AERSR
<jUYlj>emce

, _ Y _ 2k+1,7 k j
<Y j>=(—1) 7% (2;+1) —41(] /

1 k
—(1+(—1 —3
17 101 5 1+« ) ) 11-3)

Thd, —HERBAZ<nl | j, | ni>eBEL®
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Ln by, }nl>=£mRnl(r)Rn Ay (gr)yr2dr

-+ (m+k+1) 1
= L,nly ® ., nt
M(nt,nt) iam(n’n)(zk-yl)!!
k B
q2 ? 5 q
X exp(—U)(‘z—;‘) Vemkyok ("ﬁ) (1—4)
ThBH, LT
v r?
R,Ll(T)=anexp(—‘—§*) Vo trvrt) (1-5)
(2442n+1)11 (v 39

9 2 (—— S

Mﬂl“'ym!((2z+1)!uz(zy) ) (1-6)
(2¢41)H) N u

0=3( " —2p _
K ATy v N TR =
M(nd, o/l =2 " ny w/ (2 Lr2nt1) (2L 4 204 1) 1) (1-8)
s n n/ (24+42n+1)1 (24742041 ) N

l Py = (—

“alas (T MET) = l)uﬂEs(ﬂ) (u) (274204+1)1Y (247+ 2441 ) 1)
(1—9)

Tdh b, > TEMHIC

k _ —1 .o . n-1 . .
Ty = "3 AT AR CYATNSICERC VSN AR NS
1

v

' J L
xJ(21+1)(2ﬂ%1){?]1}(—13’2(2}+1)

. k / X )
1+(—1) S 2k+1 g kg - %
A
k
(m+Ek4+1) N q2 P 5
o ly—t 22 N e
X D) T T G
q2
k) 2,k ) (110
FUERTB (EL)%KX® % izid reduced matrix element
B(EL)=——1—ﬂ<'"v1wz:f v e it >’ (1—11)
g1 I TatE |

B5KD b AU S0y ARSI OTRIGRATOHEOB AL Th 55 6 r* OISR
PEFETNE L, BBERSOESR, (1—4 ) XTqe -0 DWBRZ cnid Lu, #HRigmo
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LI THAB,

L ° L
<ni |7 |nl>=f R, R, (Mr2dr
0

L

_ —1
=(2v) "M(nl,nl) T S(ntLl+1) M e, (nl,nl) (1-12)

BoT(1—2)RF(1-8)KEANT

B(EL)=V%% G e (" o) gD oy ) g 77 Y 5 0T )
1

7 Iy’ -3 21+1
X 7 "+1 : -1 Z(2/+1
JeT+ 1 er+ ){JU L}( RS 2 s S ey
J L. 1+(—D" _L -3
X( 1) ————(2V) 2 M(ml,ngl)
"'71207 2
XS (m+L+1)1 e (mi,nl)|? (1—13)
m
Th s,
F 8 2
HEMEBDFHEEICBI BN NV 2T Vi
1 1 2 :
HHO= ‘Z‘M%‘Piz‘[' "z—mwzzl,"ri (2—1)

EEIIB, CONTA LSy DEEREBTOMMBES £ b, Virial OEB&ERT 5 &
m®2N<ﬂ>=§(2%+lfkg)ﬁw (2—2)

8B, CLTNBETETH B, 85 x—42 Vv DEHEI

mw (2—3)

Y ==

-

ThHADL, (2-2) kD

S (2nti+3)
NL7T2>

(2—4)

Y =
B, BTHELHRDOLNB L 72> BB FILOVTDENTHE5H, ZDEBITNZEF

Bel, MABFIT2>0TDAERET BV, (BRI
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1—7 ‘Lie.e X) RGO

Wk, R
B FEE - Akt

iz dlEms, HIEREBE LV 270 7 2H0TEB LR o ITERICOVTHRET 5,

§1., E B A &

2 =45 1i£99.8% enrich ML ZEEL 12ES 1.82mg/em? D b DEAWVIL, B3k
SLi ZKITHED» LU THET A LIOHZHEBTH EL TRDIZSLI OERZEBTE > TRDIL.E
FEOTALVF—L 15MeVH 5 81. TMeV ZFH 0 resulution i3 1.5 F R 3 ETH 720 Kt
FERRAI T2 01= 9071 set 372 BDM 2V THEIEL 2o SHEOEBIE triton T3 4D
DEKRTH %, CDHEEeld 25 MeV & 30 MeV 2 FIL 12, Ee= 80 MeV DORIEIBIL TIISSD
DH S8V 2058 proton & triton TEHU 25 &FHH h CHICBIL TR ITECRE L 12D 515
BORBREZZFEL TVABSEHIRERBL TRV, # > TEx < 25MeV DWW T DA 21T
2 512, AMENFE G absorber TA % cut L2 proton DADF —2 2 A2 ZHCHIEL IZF—4
D HEFNTIT 5120 RADEFED detection efficiencyZ RO HIZHDEVNI target 2 BT
LU, MADEEIT VT proton ZHIEL 1205, FHADS SDOPRILL AMELEIN S
ROV TR FICRITDOBELH 5,

§2. MR LER

Proton : RIEEHHD~ L 4 4 ATEFHOT 2 V¥ —% 14, 15, 16, 18, 19, 20 MeV
EEATHEL. (7, P) RIGDESE "He 12 g.5.950. 6 MeV X 4 MeViL51I % 1st excited
state 5 AMeVDIEZ ZNFNEF > TV BDT T 2V ¥ —437id> 5 cross section 2 KD 2D i
HMETH %5, difference spectrum DR RSB & p, & p, WHIET S 2200 51> group 45
BoN b, TOgroup 5 RKDITp D cross section & By 15 ~20 MeVORAT 0.5~
0.3 mb/sr TH %,

Bazhano? %3, proton DT ANF =P TNT py SIRFEL T cross section 2K, 12
MeV 2> 5 20 MeV IZh 1 TR HA L TV B EERZB TV A, HAD L b KRS R Rz

HPITBAL T b, Hxid difference spectrum® py & p, D EE DD 5 Gpl/Upo =~3.
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D% 1872, Bazhanov DFERIZ LD py DHFGZMAL TH LD TH 2BHBHSLTH
Triton ! BEe=25MeV#L X80 MeVTES XETKDI cross section® B 1 KIZ /RIS

SLi(7,t )’He

o
RN
{

dcé)ldQ( mbl/sr)
)

¥ }

0 T T T 1 T
20 21 22 23 24 25
Ex( MeV) :

IR SLi(7, t) He OMOWEE. BAKRFENIZ Ee= 25MeV
=f4id Be = 30 MeV T 0= 90 THIEL 72 & 0,

U AR O IR T O X JIds & < TE L 572 BEx > 25 Me VOB RN TH 5, CLID
(7, t) BIGIESHe (t, 79) S Li RIGEFHITE L DEFROTTL DN, 3He +°H cluster €
BEL CTHRSMIC AT T b T &1z, B 2RI S5KRHIZ (T, t) D cross section
PRAODFEBHEE (B IHNZHAEAT>FEHLTH S ) EHEDIZSD plot LIZEDTH %,
Ventura et alg)%zt direct radiative capture Z{ZEL, reduced width 02~ 0.79 D{E 2 B1,
U process % ET UL, HADF —4 55 0~ 0.6 55851 5, O Young et all %
DO ~0.69 DEE b

Deuteron : &HiZEe= 15MeVTERL 2, HEDFEADET, Ey=8~19MeV T
(7, d) D cross section BSRHHENT, KX Ii30.2~0.14b/ /sr Th b, HEROHEME
LT Titterton et cl” 23Ey = 2.76 % * 17.6 MeV @ mono - chromatic 7-ray CHIE L 8 ~
5ub DERERBTOS, 0 deuteron #3T—impurity i€k 5 & O, E2 L3 D%
PET B, AESTEOMESLETSH Y XIAOFRETHET 2 FETH %,
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o

% v
v
w+f° Vg vvv
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v Ventura etal.
014 + Young et al.
] o Nusslin et al.
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20 25
Ex( MeV)
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‘2 Ventura et al’) +=FFlid Young
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RRERHT - HEWY
EILEH - SEEEEY - BRAE

566 (7, Ao) RICKTERZEFT % V¥ — 15MeV > 5 25 MeV Z TTHIEL, #at B aiC
SAHEM LRI, ZOBBEMOAR—HLTBD, ZOREOKTD (T, &) R
SEHERTIIIIRBEHES £ 55 PRICHENERSB LTI,

Y, BEI 2 E—1TMeV (BT 2 V¥ —K 16 Me V) TH Fe (7, & ) faFE 57 2HIEL,
E2 /B1HELERDI,

§1, EB R U A&

S6Fe (7, do) [T ERE OBIE R 2.69 mg cnf O natural target iZ 15 MeV 9> 5 25 MeV &
T 0.5 MeVHEIRBTET 2 HL, [LAEBSA % (BDM ) T 90 /50 G F 2R L 12,
#5 1 &IC natural Fe target MARIT R

1% 4% — %> b
(7, n) (7 p)(T, @) RIGOMIEF BLE 7

o Targets
T BIRBAST bvO—fTHL, Fe(Nat) 2.69mg/cm?
54 . 2
7 56Fe Z2FWN3 (7, @) threshold & Fe 3.59mg/cm

A | Abundance | Threshoid{MeV)
(%) (r, n){(r, p)|(r.x)

(7, p) threshold DA TR LK FDOAT

& % %S natural target % ML 2B, 54 5.82 134 | 89| 84
57 Fe , 58 Fe b 50 AKIF, > Fe 2> 5O 56 | 91.66 n.2
FRO UK TOBAL THI, 57 Fe,58Fe 57 219 76110.6| 7.3
: 58 0.33 10.0 |11.8 | 7.6

;

5 O AR T MO DIL DO TR RK S
03, %4Fe > 5 OB FIIBRHKZ V. 2 C TR Fe (359 mgcnf ) DEBZITL 5T
FNRELUBNN, B 1XOEANPe DAY PV RFLERCL >sTRELILLDTH S,
ChRELEIC & 5%Fe OBTFORML DEOF v v 21T 5Fe D AN FDOADBES, A3
b —HBAT 50, HEETFA <7 WD 2 BLR EMB O, GHFOTNT R B
THREIGBERL LN EDBN S, (1, do ) ISHTEREDOKD T3S 2) 251 H MIERA

REEINTIV, 1212U 282 H, bbb ZfTHOMAKEEOEAMZ (el sr), T 57
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DEENTH 5,
E2RICD L HITLTRDI
S6pe (71, o) RUGHTEIRET, #iE
BICRFHBREDAZER T H 5,
DT 10 % FRE D REBREHSR
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BTEBEITAHEND D EE
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Th b,
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T

4 ( 7 do):‘{mp
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Ty (&) @ dy D BEEBRE
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607 Spectrum
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3)4)5)

. DelVecchio) | n(Bjorklund) #'| P( Bechetti ) 5)
. [1.20 fm [1.25 117
a, |0.75 fm |065 0.619 : 1
V, [179.80 MeV |525-0625E 54.0—0.32E+04Z/A’+24.0(N—-2)/A
r 1747 fm [1.25 1.32
a |0572 fm |0.98 0.57
W, [1350 MeV [54+404E 0.22E—2.7.or 0.whichever is greater
W, Mev . 12.89—25E.or 0. P
Vso Mev |10185—0171E 6.20
Wso MeVv
r. (130 fm 137
FIMRBEEDHIEMDI B A L . 9
FA—DFo>TVBEEDTH b, 96 FeOELEIR f\\, Lovel Schems of ™o , “Mn
1812 0 EEEO2Cr ORERIED 0, Yok A\
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o
Kk, 2nLE(RETTIR1L.IMeV, BFT stvasmrs| T een
132.0MeV) TidLang-Le Couteur #EA7% S iTe)
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BARZRNTENFNFELI, 12120, % .
IALE—JRRLTE, B—BRTE 3.0 "

MeV, B—A(&T—B)KTIR1.5MeV2H

W7z,

BN % I K

BANRZDFHERMRERLUTH 2, T1(d) 55y OFEBEK. ZT,; (p) ZT; (n)iz%
NENGFROPETFORHF + v 2 VO BBEROMT, ST 320 56DE3TH %556 Fe
DOH & RAEF OB KIS 2159 2 B057 5, B 1 X6FR K FEHE E T85O £BD 5 19

7
MeV fF3imiT t°—70)&>5$x>fﬁam\5o)
3
[0, dE 1_§TA_2 B>
Joca T 1434 p
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DEG THLE Wezozans—
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£ 2T=2N(n) + ZT,(P)

T+ 1
A 4 ST,
2 Teln)

AE:E> —E<:60

EESEBAONTNEDT, T Absoption
Cross Sec

N6 ORI P DA =56,T=2 10%
BfATBE, [0 dE/fedE= 1001 S Te(p)

0.365> 4B =8.2Mev 255

N9

NBEOTT, &T,DEOLONMED

19MeV 12 5L 9ICE, , E, 10° 25 Er(MeV)

BRDB LR =18.0 MeVES 5
CEBHD B, £ LT, HTEI

MEmREelLTr—vovE

. 10
r? E2

e =gy 47T O ub/sr
Cross Section 100
2IGEL, Eo=18.0MeV, I' = :

=90’

5MeV, 01 = 105.9MeV (Tho —
mas, Reiche , Kuhn O Sum Rule
D186 %) D85 2 —4 TEHEL
rOWEARD a TH %,

BA”D Db, cRENFNE=

19.0 MeV, I'=5MeV, 0 =

105.9 MeV B2 U Eg = 19.0 MeV,
'=4.5MeV, 0; = 141.2MeV
DRI A E—THELIZADTH
b, TR RS AREL > s
DT E oo T, RRELHE

Bt E—8BL TV L WAK  T(%), ZT(n), ST(P), 3T, B fif & &
- O (7, o) R IETAIEG, Ty ( o YOO X O
HeEe e A6 T BT (7, O )BT 3

E— 2 2FHOBBHITD D



297

§3. B4 B & B

BT HEDEERT 16,1 MeVIZE 2 X E 0 0 E£EASEAET 3OS HEINT S 0T, &
RIZBFTAVF— 1TMeV (IR 2 V¥ —16.08MeV ) T(7, &) OBELSHBR2AEL 12, .

FORRERBESXITRLI, E 1
e s B 2 BESHET 2ROA

. Angular Distribution
X3, . :

*Fe(#, X.)

W)= 75 (01 (1-P2)
40, (14+0.71 P, — 171 Py) Ee=17MeV
~2.68+/0 03 cos (B, ~P3)
(6)

AL 01, 02 2 E 1 RIE 2 BI&ED

WrEss, 0,23 E 1 ROE 2B . 105
DORIFEE, Pp vy + v FVEBIA
= %f-=o.osys¢o.ow3
) 912:89.2"
. EBE RGN B/NERETAED
a5, 5|o° 7'0" 90° 10° 1:;0"
6,/0, = 0.068 +0.014 (- i P
0= 89.2

DEBOEN D, BEIHABEOAZEZRLTH 505, ERBEEITHBELILAND &, T ORKE
12+ T L E 2RI OEER2HR T 2B ICIFICTRBBETH 5,

§ 4. #& U

Ac R L5, (7, dy) WEROEIE AR SR ERO B &I 8T 3 £ 55 FR
monions, B PDRSRIT A% b, 60 (7) dy) BERMTRKD & 5 125580
&HBEDHD B

54 Wb S0 B & 3 I (DR 5 T (sl iR BB 2 IUA & IFER & 55, XORR,
Goms & Ty (y) ORDRITEH ST O MIE 2 LED 552 (7, &) KRS ERL, Zh
BOELLAFTE— I RO EETIBERRL TS, L LT lwone DELRZENIZEKRZL



298

b, Ty (o) OIS ZUCZALT 54 (Ty () = 0.7) DHET (7, o) BFF RS ¢
— U REOBEITILD, ZOAR(T, ) OBETREIREING, X, HEEOAXIA,
Ocomp WL > THHBINDD, LLASTRL o TKELELTE2H5, (7, n) BF(T, p)
FIGEOBEIT L >sTAEEIND EEALLN D,

N, E—2 L 0T 3 Vv F—DKE O THEMERERITHD § 50, FER{E SN
DEHDIE, L CE BTFe (& To) ONi T 831 T3 . Foote M b TR I ffk
D 0.5 BIXEICIEFHIHAIL) & L THEIND SREL THAL T 55 Famd6Fe (7, &)
KEBETS 0.5 B0IKEA ) 2ETNE, EHAILBERIND, LoLavs, K3
BT bt Ni D ORIEERIC BT 200 ¥ — BHCKEEIRE-> TH 5 F, T
A g wDH, FEAREL EOMBOFRRICL S DI EITE> T HL T,

W, MESTHE,GHE 2RHRREDTFERERTA4ICE, ERBE2HC ET2HBLETH
%o

BT, COEBIZBIL TR p) =T, v =7, FHlT Vv —F

D RTEHBL £ T,

2 % X Ak

1) W. C, Barber : Phys, Rev, 111 (1958) 1642,

2) EEIEMD  KEPTsEHRE 6 (1973) 246,

8) R. M. Del Vecchio : Phys, Rev., C 7 (1973) 677,

4) F, Bjorklund and S, Fernbach : Phys, Rev, 109 = (1958) 1295,

5) F. D, Bechetti, Jr., and G, W. Greenless : Phys, Rev. 182 (1969) 1190,

6) E. Gadioli and L. Zetta : Phys, Rev. 167 (1968) 1016,

7) BEHEGM - BRI PTR S 6 (1978) 9,

8) S. Fallieros and B, Goulard : Nucl, Phys, A 149 (1970) 593,

9) R.O. Akyiiz and S, Fallieros : Phys, Rev. Lett. 27 (1971) 1016,

10) R. B. Watson, D, Branford, J, L, Black and W, J, Caslli ‘ Nucl, Phys,
A 203 (1973) 209,

11) G. S. Foote, D, Branford, R, A, I, Bell and R, B, Watson : Nucl., Phys,

A 220 (1974) 505,



BEHHERSE Vol.7 N2 Dec. 1974 299

I —9 Isospin Effect in the (e,e’p) Reaction on

Zr-Isotopes and Others

A VIV K, &@Eﬂ* K. J. F, Allen, A.Davison, M.N, Thompson
Shoda—Group*

A considerable amount of work concerning *Zr and *Zr has
been carried out by both the Melbourne and Tohoku groups. This
interest largely originated from the observance of marked
structure about the giant resonance region in early (p, ¥,)
experiments on ®Zr. A result of these studies so far is the
proposal of a weak coupling core excitation model to explain
the change in character of the isotopes 90 and 91. This has
been succesful with one major exception - the lack of strength
about Ep = 7.9 MeV in *Zr. In order to further test this
model and possibly arrive at an explanation for the aBove
mentioned anomaly the obvious progression to the isotopes 92
and 94 constitutes the basic theme of the present series of

experiments.

(i) Protons at Ep = 7.9MeV

Previous work has left some doubt as to the presence of
a weak group around Ep =7.9 MeV in ®*Zr, This group is
seen strongly in *Zr and since it is very significant
with regards to the core excitation model it was con-
sidered useful to determine whether the streﬂgth ob~
served in the "Zr spectrum was due only to the 6% of
“Zr in the target used. Spectra taken at E, = 30 MeV
have shown that within statistical limits the group is

not seen after allowing for the impurity.
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(i)

(iih)

Protons form “Zr

In order to determine the nature of proton groups seen in
spectra obtained with E, = 30 MeV a series of runs with
E, ranging from 22.5 - 15.0 MeV was taken with the end
points differing by 0.5 MeV.

The presence of & particles was indicated by a signifi-
cant number of counts above the end point expected after
allowing for the (e, e'p) Q value. In order to remove
these an aluminium foil was introduced immediately in
frent of the detectors (i.e. after magnetic analysis).
It should be possible to obtain estimates of the pg,

Pys and possibly p, cross-sections from this data since

the presently accepted energies of the first and second
residual states in Y (% , g) that may be expected to be

populated lie at 0,56 and 0.66 MeV. Also by referring
to another series of end-points, again taken in steps of
0,5 MeV but this time without the Al absorber, some
details concerning the alpha-particles may be gained.

A strong group in the region of Ep = 7.9 MeV is present
in %7Zr and since the nature of this group plays a very
important part in the explanations put foreward (ASKIN
et al. NUCLEAR PHYSICS A220) for the way in which the
added neutrons modify the nuclear behaviour. The

angular distribution was measured at E, = 20 MeV.

Protons from °Zr

A number of different spectra were taken and although

it was not possible to make the investigation as detailed
as that for “Zr it will be possible to establish the

nature of some of the decay scheme. A comparison with
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data for the other Zirconium isotopes will help to

further clarify the systematics along the isotope chain.

(iv) Protons from *°Co

A spectrum with E, = 20 MeV was taken and with the (¥, p)
spectrum for Ey = 30 MeV obtained in the Melbourne labo-
ratory a general picture of the transitions involved may
be gained. The analysis of the above data has reached
an intermediate stage and presentation for publication is
anticipated in the near future.

The members of the Melbourne contingent wish to take this
opportunity of thanking all those involved at the Linac
Laboratory for the assistance given in all aspects of the

programme.
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[—11 'Ba o § # &

Ry B WHBE - KBEE - ILXE
Fras— . &RIER- ARz
§ 1. ¥ T

Ba O & 51T spherical & viblational DBBHEMLICHT, low —lying K higher lying
level D5E DR collectivity 2D &40 5 MBI IERICHIEN S 5, BT 130Cs D decay
DEH Y RO IOLa0 decays (m 7) FIEEORBRT, 2oBa,, OB EHEND
NTE T3, FHT1I38Cs O decay TIEFEBHAS 12.9 d & KB AR T, decay scheme 1T
WTIRE DY > T B, KHIEICOWTiE Fujioka et al JZFIRIRE % two particle excita-
tion & UCHBTA C &2 RhA1. L Peker” L0 Winn et al™ 12 N =80 isotone It LT
E 10N 42+ state #5 anomarous SEEMEZ /RTC & 2L IC, FHIT, HL < 2856.4 keVe
9373.9 ke VD 2 D0 level H3%ifE & 13 L BB b Raanr?

1360 5 0> decay iT& > THRA 5 high spin state iU T low spin state (d 136La0)decay4)
(n, 7) Eiﬁ}f’) SR 6N 555, T two - phonon triplet ® 2 memberdS BOb 5TV 3 2
EREHTRETH 5,

Bxiz, 4M1360s KO3 La D decay £ D Z =56, N=8 D BO6Ra ZF~7z, 136Cs D
decay T34 ZTHESN TV 1871 keV 45 — 4] OBBOE2/M1 mixing ratio % il
ETAHCE, WREEREINTZ 2878.9 keV state DA E L « /Y 7 4 —RWET L &%
BE1c 5 B AERBENE 2L 5770 X, 13612 0 decay Tid 25— 27 Dmixing ratio %
M erBAMELT,

§2, ¥ B B &

136G s #RTEIZ, BaCO3DED enrichment 99.8 40 138Ba % KEBHZ 4 > 750D
bremsstrahlung T Br.nax = 456 i 60 MeV TS L, (7, pn)RIETIE 572, 13%Cs LISt
1w 133B,, 137Cs, 134Cs o Bl I NI, ENAHERIBBaACL 5 EDTH 572D T
Ba &Cs® chemical separation 2177 572, chemical separation i, FStEEHT F K% N
ATHRL, F—2 A4 AKX —VRERRLD, Cs 15 v 2LBITTELI,

136, 9 OFETEIL, purity 98 4O natural metal La 24, 139La (7, n) RIGTIE-T,
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life 03528 (947 ), chemical separation (3174 D/ h o772, 13614 iz 137C g,
1335Cs RO (n, T)RIGTTEZ 0L drEosgEisn,

B ORTEC 34 cc Ge (Li ) K086 cc Ge (Li) HHHBIT 7 # single spectra 2 & b, - 0
876 X & NaI(T1) scintillator &DRBEEROEERER & 517,

§3. & S
136

3.1 Cspdecay

% 1[I single spectum % ¥ 818.5 keV 27 — 07, 1048.0 keV 47— 27, 1235.4 keV
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Lo e 1222
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10% st e A A

COUNTS /CHANNEL
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" CHANNEL NUMBER

1M (2) 130Cs 0 decay it & % 7#RD single & U coincidence spectra.

1% 13605 D decay T &5 T#D energy, 7#20 intensity KOPIHE
TR B2 ANLTZ intensity

relative relative
energy error iflt—errflsyity error intensity error
66.8 0.1 4.8 0.2 8.5 0.3
86.3 0.2 5.0 0.2 6.8 1.7
109.7 - 0.2 0.21 0.03 0.38 0.06
153.3 0.1 5.77 0.18 8.34 0.29
163.8 0.1 3.40 0.12 11.6 0.4
166.5 0.1 0.37 0.04 0.46 0.06
176.6 0.1 10.0 0.4 10.5 0.4
1872 0.1 0.36 0.04 10.43 0.06
233.8 0.1 0.05 0.01 0.05 0.01
278.3 0.1 11.1 0.4 11.3 0.4
302.6 0.1 0.02 0.01 0.02 0.01
319.9 0.1 0.50 0.05 0.52 0.07
340.6 0.1 42.3 1.8 43.6 1.3
489.8 0.1 0.03 0.02 0.03 0.02
5071 0.1 0.97 0.03 0.98 0.03
818.5 0.1 100. 100.
1048.0 0.1 79.7 2.6 79.7 2.6
12385.4 0.1 20.1 0.7 20.1 0.7
156379 0.1 0.09 0.01 0.09 0.01
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45— 2; % gate IT & 572 coincidence specta 2789, 8B 1Kid, Z D7 D energy, intensity
Thd, (458, FO7rREE 1KTRBE T 0

SHORERT, LERREI NI RS ETHREI N, energy (213 £ AL 0. 1 keV OREETHD 51
2o 88 2[KIC/RT level scheme (& coincidence DAER EFEL T2, BHD intensity (&
PESEHLRED Q1w . 18DV T, Ty .. T8 A £V FLR AVTEEL, £ 15
#,E 72, level scheme i385 2XICHETH %,

O ML »® W
T Mo ma o
gggg;gg“g:fz,\“m 2.3736
e SS28028 o 23564
l SO N=—0WwN~® 2.2070
P —_ cCooc @ ®M™
— —|—]— N2 o 21400
¢ i "°o§> 2.0538
- '-I o .0303
\ 4 —  1.8665
— T
11.9 8.0
°%% logft
[Te)
@
©
2+ . ©
y 4 Y 08185
Qp -2.54
o+ . , Yo

136
.. Ba

HF2M 13Cs D decey it £ % 135Ba 0 decay scheme.

FIEMABAL, 818.5 keV 2/~ 0", 1048.0 keV 4{—2/, 1235.4 keV 47— 2 % gate
I E ST, 4 42— 27~ 07 % standard 1€ U CARRBIRROME % L 12, faic, (1),
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1048.0 keV D gate Tid 187.2, 273.7, 340.6, 507.1 keVDER, (2)1285.4 keV gate Ti 86.3,
153.3, 819.9 keVDBEB #F~<12, EIMTO»SL 51, E 2 pure DEB EEZA LN S
810.6 —1048.0 ( 6" —>4f—>2), 158.8 —1285.4 ( 6™ 4~ 2]) DAL A { curve i fit

U, BEOHBEARTE6Q4@2DAMEMIC—H LT3, X, E1 pure EEZ A 5N 3 213.7
—1048.0 keViZ DWW T b HEDHAAT 514 (2 2 DAMEBIC—HL TV 5, & - T correction

factor DEL D ABEL WV EVBHERT X 5,

153 keV 341 v
=0. + ke
x;g.gggt%%%!lg A2=0.101£0.002
115} Az = 0.0133£0.0029
1.16 |
110} / 112} v
1.05} 1.08 | /
_/ 1.04 /
1.00} ]
100 —
90° 1125° 135° 1575° 180° 90° 1125° 135°1575° 180°
818 keV 273 keV
2 O OB 000 100} =
= 00 Az =-0.0779+0.0021
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112} - ~
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_/ 092}
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L)
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w3 6 —a 2", 674 -2, 4f 42" -0,
5 — 47— 2t omEELY.

Bk % D2 45 — 4, DBEB D mixing TH B8, CHEOVTRTALI, 45 —>4, -2

DALY A2, ARBAKTRTEI TH S, ZN055A 5N % mixing ratio DfEE,
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74 —RHRET S ETHEEND S5,
ENHOBEE Ay, AOREE S5,
6 CTh %, log ft [EH36.9THBD
T, colevel 24t 57, 6T TaHne
BALNHH, MEBEOKED 535"
i3  THBEIHERAIBCOD level &
stethot, zcT, 574720

A ELTODER RS &, 819.9 keV
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R Ti20.06+ 003 g 40420

0. 04
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PERE TN, HB2RITETS,

187 -1048

5-4-2

EN 187—1048, 507 —1048, 320 —1235 keV DAREFERAFREL

ek A KB BE K K

energy transition A Ay 5:%%

187.2 keV  45—47—2'  0.237 £0.03 —0.002 +0.050 0.16 " 0-T%
273.6 ke 5 — 47— 21 —0.0779+0.0021 — 0.0045-:0.0084 0.005 = 0.005
340.6 keV 6 —>4f—>2"  0.101 +0.002  0.0183--0.0029 E 2 pure
153.1 keV 6 45> 27  0.0995+0.0010  0.0088--0.0015 E 2 pure

BOT.2 keV 5 - d4f 2l —0.110 £0.018 —0.017 +0.085 0.06 =) 02

or 20
40 T A
319.9 keV 5747~ 2" —0.0898+0.0047 — 0.0057-+0.0085 — 0.04 + 0.01

3.2 SLaopdecay
low spin state iIC VT 1¥%Ba(n, 7) RUGKT 138La D decay FiT L D low level D
level scheme 2L < D> 5> T35, # 8KITHITTZ level scheme idMeyer and Griffioeﬁﬂ

LB, FRxRAE, 20— 2 OBBOmixing ratio 2HTC ERBMEL 1208, HRITHO
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BB THSHI29 single spectrum THRA TRV (FEIN), HIFEIR, decay K 27— 0F

gate D coincidence, AEMHBE 274 - 12, MEHHRIZERIZC D level scheme %L
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#®|o 136,20 decay IC & 5 THRD single &I coincidence spectra

TWb, life p3EWVIZY, AEMEBIE 8 RTITR -1205, BT LA intensity O ¥ 759.8
keV & 1823.2 keV DBEBIZ OV T 5720 TH 5D level i3Meyer and Grifficed 1z £ b,
log f¢ O branching ‘ratio L5 0" propose I{LTL 5%,

BI0RR T b ORI TH 5. FRIE 0 — 2 — 0 OARAHE% 96T normalize L T &b
LIz DTHB, FNFNOAEHEBREIZ 759.8 keV T L Tid A ,=10.234 +0.054, Ay =
1.099 4 0.252, 3, 1828.2 keVIZH L Tid, Az =0.464 +0.108, Aq=1.203 +0.281 &



Th, BEOHBEANTO—2—0&—FL
T %, MOBEHEBED A2 , Aq & over-

lap LW 2®, 26D level 207 T
BB EMETET,
§4. % 2

4;—* 41+0)E 2/M 1 mixing ratio %5
0 ICHIWEITIE 512728, 2R 5D level
13 co‘llective EHEEHC EEL OIS,
43 level &, Peker DL 72& 5 iz

N = 80 @ isotone IZ 2T D energy D
systematics 255 & 7 aromarous /s #E
BOBELST (BURBH). 20T, 4
£ 470 level DBET 2BBIZHNT A
THBHTEITT B, HHIZIBHXeizs T
BT00 4, 47 ~OBEBBRLN B8
TN 5 DMoszcowski unit iZ 549 % enhan-
cement factor 3/~ 14.4,>7.9 &£
HETH B E5Db 5T 3D level
systematics »Hidlow lying 4*

state 2% “anomarous ” level &3
Ao, LOELSZCD 2
D level DIEIZARS > Tidisw,

X, 67254, 4 ~oBEBRE
% Weisskopf unit &L 3 &
“k 2.2,

0.3 &9 hindrance
facter 2f{HF2CZ £03bd 572,
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FHHINS, 670 configuration 3 Fujioka et al DIz L b I NI L 9T pl g7/2)2,
n(bu/z ) z DBEALGNSY log f¢ DEB/NIVT ERLD p(g% dss ) @ confignration 4

BTXIV, 4510 T H, O configuration HIRBEL TV % &Ebh b,
#iL < assign L7 2373.6 keV 57 state 2> 5 C4L 50 level ~D B(E2), B(M1) i X

DHEOTH %,
B(E2; 5 — 43) 53 + 8.9
B(E2; 5% — 47) v - 2.3
+ +
13 -
B(MI; 5 dp) _ 2.1 + 0.1

B(ML; 57 — 47)
(fEL, 507.1 keVOBBETIEIDEELTISOHDOER E5120) 5 level 3138Fa 12
WT O 0 —interaction 2 AT two — quasiparticle model 0)§Jr§8) TTFEINTTp (y%,df)/g
O 5 stateTidZ00 EEDN S, 47 ~OM1 BB 45 iU T enhance SN B DI 45 1€

p(gy/za d%) ® configuration 3L > T 5 C ET#HHBTE 5,

2 ] X i

1) M. Fujioka, T. Miyachi and H. Adachi : Nucl, Phys, A 95 (1967) 577.
2) Chr, Bargholtz et al, * Z, Physik 260 (1973) 1,

3) R.D. Grifficen and R, A, Meyer : Bull, Am, Phys, Soc, 14 (1969) 19.
4) R. A.Meyer and R, D, Griffioen : Phys, Rev., 186 (1969) 1220,

5) W. Gelletly et al, : Phys, Rev, 181 (1969) 1682.

6) L.K. Peker : Izv, Akad, Nauk, SSSR. 28 (1964) 802,

7) W. G.Wihn and D, G. Sarantites : Phys. Rev, 184 (1969) 1188,

8) A. Kerek and J. Kownacki : Nucl, Phys, A206 (1973) 245,
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T—1 7EFENMT 7 AFesoP13Cor5dm iz
HPEFREL (D

W AEYE - KB O BO E- LW—E - FREET

splat cooling kTR ONTIZTELVI 7 2 FegoPi3 C.o7 BED /v 2T HELOFHAIHE
BD CHRT 2RD THIL, KB COMEO 7 7 7 2&HIBL TS, C, Lin and P, Duwez?
DT TRXBEF 2T T BDT, HRE2LEBEL, RREOEEZHRL THIZL,

ERO EE 2B T, HEEH2 ¢ THEAICHE»C X2 5TH I mm P X 80 mmD 7 v 3 9F
DOEBICODIL, CORRITRRTHREMET* 2 ) — AR 810C TH 5, £850°C 0 ERHEE
BRORRTZ NENIEK AR, TOFO data 2EMUI, @ELH20 =15, 305 605
10 ZNZEZ N Ay 8 —03BPN TV S, neutron DI EIL path lengthd b X F b, T DI

AN
(=]

A=18.95X (16N —8)/k
EF=4.842X 10 (for 20=15°
k=4.822X10° (for 20 =30° 605 150°)
E5z 5N 5, CCTNRRTEETNETS4 457 F 54 F—DF v R VEBTH 3, T
BN EHBET 5
Q=47 sin 0,72
ZRD DL EHBTE %, momentum K energy transfer DRFAIH» S (@, 0) space T, %
F oo yANVOBMBEEDLALEATADE, 0 DEBITHL QEIBT UL —EEL LTV, TO
Jﬁ&ﬁﬁ?u,%thduaHQ—iPwKOwT%ﬁbtﬁt@%&@&m@fﬂCﬂ#%
DRFTRBNAT S, RAOBCIZEBTIZ2 0 =15° 30° 605 150%CNL, A TE 3data
DQOEPIZZNEFN1.0~2.6, 2.0~50, 4.2~11.0, 10.0~30.0 (A"') Th 5.
HELEBRTHR LN EDdata L b, BRDAH%Z & E 5 THI 572 back ground 2 L <o A
ST OBE RMRICECEET 20T, RICFHERELNEROBEET X 5,35 09 20zl
THRFLHEOHERTHIGT 5Q D data 2% 5T normalize U, HEHE I QEB%, ch
2 ROBETH TR 2T 570, B 1R CDEH T TH LN ITHBEMEIREE (850°C)
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1K Fe.so P13 Co7 PREELIT &£ % SQ)

| TOMEMBEERT, HTRRIATOEOG, H1A7L0 80 A b 3ECBEOQIcH
THIQUEBRLVBONI, 1 A0 —@dHQ=8A" 2 —2 ELTHEREZS o T30
BLDRDT EVT 7y AHGEORMTH 5. 2, B3, ~LEGXRO N — PABETHE, T 17
LOVENABORBGSE > TWALIXAITEND, BROEBRERS ZIZAKETH 2. WK
PRIRIE TR EELO i, BKEELIND 5139 Th 543, SEOEBREETIZZ W2 ERIIC
WY A LIMECBON S, THIEKEEN IR Fe®8, PP, C12 kL 2hZFh 12.8, 3.1
5.5 barn Th %, LIHMREL BV 5T H Fe580%% L DTV BDTP, Citk 2HFH34<
2 LA L Fe DRHELL TS,

DD —BEOBICL 2HEL L L TIHER T, 2O7ELV T » 2ESOBEFOERSICET
DIEH, TUOLBESHEABAT LPo0)2RDB L ERAAIL, CTOE)EHBFHTLD ¢
IEHRENIATMOR T 2HEBE TH b, Qoo TOEELAREZ 1o & L, HEHRE
D IQ ZAWT

SQ=(IQ I ) T

&B< . Fourier £#

2r oo
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L > TEHRATHEROTEE» SOTNBHETE S, CZTCQI termination error #
BT 5 12 B0 BT |
CQ = exp (—BQ?)
DT & 517, BT EBITIZER data D EROQDEETIT 90 2L TC (Qmax ) DEH 0.1
0. 001 BIE £ 155 & 5 BB &b A THEEA, HESKRINCDDEENC & LHPDI,
Too DEDHHBDEBBRENBDC B, LNEBLAPATATREALBRRELVC E2FEP DI,
BONTERZE 2KORT, BEERETIR2.6 ASHIZHICHENT 5 EOHEEOE —7 2o
THET 5. $2, FA4OE —7 @FRHL T AT T, CNBHEMEERSROSE RS,
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DEOEROBRITCEIBD TR LR ATH %, back ground ORITE & EEES HENEG V., &
i BN DRI RTTE DD otcds, ChiZZhiB ERENLERZSALNERD

COBEDERITE SVAFEFOT OF BER L 2HEORAEABAEI T S, THDbLLR
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BB ENTES, LinEEDXKEHFRDHS 120 diffraction pattern Z5ERICHE 2 DITKI10
B%Eb,%wﬁwﬁﬁﬁfiﬁ,%ﬁﬁﬂgﬁwﬁﬁ%ﬁbﬁwndﬁ6@3otct%%i
i, oV 2T EFHIAER BORN T RBRTRTH 5,
KﬁtvidXﬁ,%?%K<6Nﬁﬂﬂ§ﬁmﬁgtaéﬁ,Cﬂu&béXﬁ,%¥ﬁT
B2 Z L THEDTRLODIZ EV ot o5& 0d b Lsn, BEME S L TOERH
HETOEBE R ABEETRLNTVNAIY, —ROPRESRROBZ 2B L@»LH
NTHBENHITETH b,

BMICERR L CETREIN, HEL TTFE > TV ABRED < Wh & ) B#HOEERL

72U,

& £ X Ak

1) &OFE, ILA—& FREH  KERMERE 7 (1974) 122,
2) S.C. Lin and P, Duwez : Phys, Stat Sol, 34 (1969) 469,
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I —2 Measurement of Structure Factor for Liquid
Semiconductor T1—Te Binary System

(£HF) ZRER" -maseE™ sk
§ 1. Introduction

In the last several years, many efforts have been made to
investigate the electronic properties of liquid semiconductors.
T1-Te binary system is particularly famous because its elec—
tronic transport phenomena show a drastic discontinuity at
T1,Te composition in the liquid state'. The molecular-like
compount T1,Te, which can be never identified in the solid
state but only in the liquid state, is well known to be a
typical liquid semiconductor”. So long as authors know, how-—
ever, the structural study of liquid T1-Te binary system has
not been published so far, This work aims at clarifying the
relation between atomic short range order and electronic state

of the liquid T1-Te binary system.

§ 2. Experimental

All the measurements were carried out by using the'liquid
T-0-F neutron diffractometer? installed on the 300 MeV Tohoku
University electron linac as a pulsed neutron source. The
operating condition of the linac is entirely same with that in

previous works?. Purities of metal samples used here are

M. Misawa®, Y. Fukushima™ and K. Suzuki**
The Research Institute for Iron, Steel and Other Metals,
Tohoku University, Sendai-980, Japan
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99.99% T1 and 99.9999% Te, respectively. Samples were sealed
in vacuum in a silicé tube with thin wall. Temperature of
sample was kept at 600 °C in electric heating furnace during
the measurement. Correction of observed intensity with back-
ground, silica tube, multiple scattering and so on, and deri-
vation of structure factor from the corrected intensity were

made following the procedures described in previous reports®.

~ § 3. 'Result and discussion

Observed structure factors S(Q) of liquid T1-Te binary
system at several compositions are shown in Fig.i. Result for
liquid T1 in Fig.l is in good agreement with that obtained by
North et al’ , while the main peak of S(Q) for liquid Te in
- Fig.1l is slightly higher than that observed by Tourand and
Breuil” ., Apparent profile of S(Q) at T15Te composition has
not any extra peaks except the position of the main peak is
rather close to that of liquid Te. High Q behaviour of S(Q)
is likely to include some structural informations at T1,Te
composition because it is not so much smooth compared with
that of liquid T1l. Further analysis is in progress in our
laboratory and more detailed discussion will be given in near

future,
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I —2 Determination of Nickel in Standard Rocks
and Glasses by Photon Activation Analysis
with 30 MeV Bremsstrahlung

B et - emsE—"" - gKEe

Summary

A procedure has been developed for the determination of
nickel in various silicate»matrices by photon activation
analysis with a linear electron accelerator. The simultaneous
irradiation of the sample and comparative standards produced
the *Ni(Y, n)¥Ni reaction, and a post-irradiation chemical
separation was introduced in conjunction with Ge(Li) gamma-
spectrometry. The nickel abundances for the ten standard
rocks and two elementally doped glasses are presented and
compared with the data previously published. The method is
quite simple and gives good reproducible results for nickel

down to the sub-ppm levels.

§ 1. Introduction

Nickel is an attractive element in geochemistry exhibiting
siderophilic properties. Many analytical methods have been ,
employed so far to determine nickel abundances in rock materi-

als and related matrices, but those were often subject to

* Toyoaki Kato: Department of Chemistry, Faculty of
Science, Tohoku University.
#% Eiichi Kitazume: (Present address) Central Institute,
Hitachi Manufacturing Co. Ltd., Kokubunji, Tokyo.
sx%x Nobuo Suzuki: Department of Chemistry, Faculty of

Science, Tohoku University.



350

fairly high uncertainties or large spread in the observed
results, as can be seen in the nickel data compiled by
Fleisher? and Flanagan” on the U. S. Geological Survey
standard silicate rocks. Activation analysis with thermal
neutrons has frequently been used® %', even though this
technique is not extremely sensitive for nickel. The method
usually involves handling to isolate 2.58-h ®Ni from a sample
of high radioactivities from the elements with high thermal
neutron capture cross sections such as sodium, manganese and
cobalt, although the intact measurement of ®Ni has also been
performed by strictly instrumental means?”. The use of the
%®Ni(n,p) ®Co reaction has also been useful&”, but by this
method the precision and sensitivity are limited by the
cobalt-to-nickel ratio in a sample to be analyzed. Steiness
and Brunfelt et al' have dealt with the improvement of this
method by introducing epi-cadmium irradiation technique.
Swindle and Schweikerti2’developed procedures based on charged
particle activation and post-irradiation chemical separation.
They found that the most favorable reaction for nickel anal-
ysis was the ®Ni(p,pn) “Ni reaction and the irradiation with
a proton energy of 30 MeV., This method is quite sensitive
for nickel down to ppb levels but it appears to be likely to
cause serious errors unless special attention is paid to moni-
tor beam intensities.

Alternate nuclear method which can meet various require-
ments for the present purpose is photon activation analysis.
“Ni can be produced by the *Ni(¥,n)*Ni reaction with an
excellent yield and specificity by irradiating samples with
bremsstrahlung photons with a maximum energy around 30 MeV'¥,
Schmitt et al.” recommended in their purely instrumental

version the use of the 1919 keV peak of Ni in the deter-
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mination of nickel in recck materials. In our previous workm>,
however, the non-destructive method was found to be successful
only for rocks with nickel exceeding 0.2% (dunite and peri-
dotite), and it was generally accompanied by fairly large
errors especially with rocks of low nickel contents because of
low signal-to-noise ratios. The use of the 1378 keV peak of

“Ni was also unsatisfactory because of the nearby peak of *Ng
at 1369 keV.

' The present work was aimed at establishing more reliable
method for nickel in silicate matrices by combining a simple
chemical separation with high-resolution gamma-ray spectrometry.
The ten standard silicate rocks and two kinds of elementally
doped glasses (NBS Standard Reference Materials) were analyzed
for nickel to check the accuracy and precision of the method
through comparison of the results with data obtained by other
analytical methods.

§ 2. Experimental

2.1. Samples and irradiation

The twelve Round Robin silicale samples were analyzed for
nickel. The eight standard rocks were supplied by U. S. Geo-
logical Survey: Those were the G-1, W-1, G-2, GSP-1, AGV-1,
BCR-1, PCC-1 and DTS-1 rocks. The two Japanese rocks, granite
JG-1 and bésalt JB-1, were obtained from the Geological Survey
of Japan. All rock samples were in a finely powdered form.

An amount of rock powder weighing 400 mg was wrapped in thin
aluminum foil and made a disk with a diameter of 9 mm and a
thickness of about 4 mm. Two kinds of glass samples (NBS SEM
614 and SRM 616) doped with 61 elements prepared by National
Bureau of Standards were also used. Those were the 3-mm thick

wafers with a diameter of 13 mm.
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A comparative standard was prepared by pipetting 0.1-ml
aliquot of a standard solution of nickel (100 ug Ni) onto a
thin sheet of glass fibre with a diameter of 9 mm for rocks
and of 13 mm for glasses, respectively. After dryness, it
was wrappe& in thin aluminum foil. The standards were placed
face to face on the front and back of the sample and this
unit was encapsulated into a silica tube for simultaneous
irradiation. The tube was placed in a water—cooled sample
holder for bremsstrahlung irradiation by the linear electron
~accelerator of the Tohoku University and was aligned along
the beam axis with the front face of the tube immediately
behind the photon-producing converter. The accelerator was
operated at 30 MeV, and the electron beam, the peak current
being 100 mA, produced bremsstrahlung in a platinum converter
with a thickness of 2 mm. In a typical irradiation, the
average beam current was 70 YA and a dose rate at the sample
position was 6 x 10° R/min. The full-width at half-maximum
of the bremsstrahlung intensity at 30 MeV was about 12 mm at
10 mm downstream from the converter. The vertical spread of
flux did not have a pronounced effect on the results, if the
samples were limited to dimensions of the above size, and a
flux grédient along the length of the sample was 10% or less.

A1l jirradiations lasted 2 hours.

2.2. Radiochemical pwcedure

After irradiation, all the rock samples, except PCC-1
and DTS-1, were individually subjected to a simple chemical
prccedure outlined below:

The sample was transferred into a platinum crucible
along with a 10 mg amount of nickel carrier and fused with 4
g of sodium carbonate. The fusion cake was dissolved in con-

centrated hydrochloric acid and transferred into a beaker
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with distilled water. The hydroxides were precipitated from
this solution by the addition of aqueous ammonia, and filtered..
To recover the nickel included in the precipitate, it was dis-
solved in hydrochloric acid and again precipitated with aqueous
ammonia. The filtrates were combined together, and the nickel
dimethylglyoximate (Ni-DMGO) was precipitated from the hot
solution by adding 5 ml of 5% DMGO - ethanol solution, and
filtered. The Ni-DMGO was dissolved with a small amount of 4
N nitric acid, and diluted with distilled water. To this
added an amount of aqueous solution of copper nitrate (Cu 5 mg),
and copper sulfide scavenging was made by passing gaseous
hydrogen sulfide, and then filtered, The Ni-DMGO was again
precipitated from the filtrate with additional 5% DMGO —
ethanol solution, filtered on a filter paper, and dried for at
least 4 hours at 90°C, A weighed amount of the final Ni-GMGO
was wrapped in a small piece of aluminum foil and made a disk
with a diameter of 9 mm for gamma-counting.

The irradiated glass wafer was rinsed in ethanol and in
1:1 nitric acid to remove surface contamination, and then
treated with 5 ml of 1:1 mixture of hydrofluoric acid and
perchloric acid in a platinum dish along with nickel carrier
(10 mg). The mixture was heated until gas evolution ceased.
With the additional hydrofluoric acid, the procedure continuned
until the glass was all dissolved. The mixture was brought to
fumes of perchloric acid and evaporated to nearly dryness.
The residue was diluted with distilled water, and the Ni-DMGO
was precipitatedvfrom this solution and then subjected to a
procedure outlined above for nickel in rocks.

The chemical yield for nickel ranged within 50 — 70%,

The comparative standard was also dissolved with a small

amount of 1:1 mixture of hydrofluoric acid and perchloric acid
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on heating, evaporated to nearly dryness, diluted with dis-
tilled water. To this added aqueous ammonia, and the nickel
was precipitated as Ni-DMGO, filtered, washed, dried, weighed
and made into a disk for gamma-counting.

All separations were performed within 3 hours after irQ
radiations.
2.8. Counting and evaluation

Gamma-counting was made with a lithium-drifted germanium
detector with a sensitive volume of 33 cm®, ORTEC Model 8101-
0525, and its associated electronics coupled to a 4096-channel
pulse-height analyzer made by Toshiba Electric Co. Ltd., Japan.
The system resolution was 2.4 keV (FWHM) for the 1332 keV
gamma-line of ®Co. The Ni-DMGO from the sample or the stan-
dard was mounted on the detector at a fixed position, and
counting was made for periods of 1024 sec - 10 h, depending on
the activity strengths of the sample to be measured.

Quantitations were based on the full-energy areas under
the 1378 keV peak except for PCC-1 and DTS-1 in which the areas
under the 1919 keV peak were used., The decay-corrected peak
areas were then used to determine nickel abundances in the
samples as compared with the standards. A mean specific acti-
vity in terms of the peak areas from standards on both sides
was used for calculation.

Duplicate analyses were performed on each sample material.

§ 3. Results and Discussion

Typical gamma-ray spectrum of the Ni-DMGO separated from
the rock sample (AGV-1) is given in Fig. 1 together with that
from the comparative standard. The principal gamma-rays
observed are those of “Ni except peaks occurring in natural

background. Several of the unidentified minor peaks were also
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observed, but the decay curves followed on the 1378 and 1919
keV peaks showed a half-life of 36 h, corresponding to the

literature value of “Ni'®,

i- P-1
. 127, 57N (1) Ni-DMGO from GS
10% . D.T 3hr
e C.T. 45 hr

L 1378, 57Ni

%,

0t - S, 609 228Ra(24B;) 1460, “%K(Bg)
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Fig. 1. Gamma-ray spectra of (1)nickel dimethylglyoximate from
GSP-1 rock and (2) comparative standard

The results of nickel abundances obtained on the twelve
silicate matrices are listed in Table I together with the
literature data previously published. The error limits given
for the results of this work are the standard deviations based
on counting statistics. It can be seen that the results from
duplicate samples are quite comparable with the maximum devia-—
tion from the mean for these duplicate analyses found to be
only * 5%. In comparing the present results with previously
published data, the data for the G-1 rock appears to be con-—
siderably high. The nickel data listed in the Fleisher's

compilationo, mostly determined by means of optical spectro—
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graphy and X-ray fluorescence, shows unsatisfactory agreement
for this rock. The data for the GSP-1 and AGV-1 are also high.
These data suggest the possibility of inhomogeneity of the
samples themselves or considerable variations of the concent-
rations of at least certain trace elements from one sample
bottle to another. Wide variations in the abundances with
respect to some trace elements have been observed for several
of the USGS rocks, for instances, gold and iridium'”, and
antimony ®in the new series of the USGS rocks, and antimony in
G-1 and AGV-1" , The nickel data for the JG-1 rock supplied

20)

by the Geological Survey of Japan™ also appears to show un-

satisfactory agreement.

The nickel abundance in the NBS SRM-614 glass is in good
agreement with previous data'>® . For the SRM-616 glass, how-
ever, the nickel content was determined to be (0.22 £ 0,02) ppm.
This value is about one order of magnitude higher than that of
a nominal concentration level of 0,02 ppn® , but is fairly
comparable to the value reported by Swindle and Schweikert'®’.

Sensitivity of this method was then estimated based on
the experimental data. When the detection limit is assumed to
be the amount of nickel needed to give a photopeak activity of
100 counfs at 1378 keV for a counting period of 18 h (% Ty, of

“Ni), it can be set at 50 ng of nickel. The possible inter-
fering reactions yielding “Ni are the ®Cu(¥,p5n) " Ni and *Zn
(v,2p5n) “Ni reactions. However, interfering contributions
are energetically forbidden in the energy region of 30 MeV
bremsstrahlung, since their Q-values are -57.12 and -64.82 MeV,
respectively.

The determination of nickel by 58Ni(Y,n)S&Ni can thus be
carried out interference-free by this method, and can be

applied in a variety of materials of geochemical origins.
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NICKEL ABUNDANCES IN STANDARD ROCKS AND GLASSES (ppm)

Sample This work? Previous work Reference”
G-1 8.7 £ 0.1 1 - 14 Fleisher', range
8.6 £ 0.1 (1 -2) (recommended value)
Ww-1 87 £ 1 60 - 82 Fleisher', range
94 £ 1 (78) (recommended value)

73 % 4 Schmitt et al.“ , TPAA
75.7 £ 1.4 Steiness!® , ENAA

G-2 6.5 £ 0.2 2 - 14 Flanagan?, range

(78/2)° 6.9 £ 0.1 (6.4) (average value)
31 Schmitt et al.'* , IPAA
7.5 Morrison et al.” , INAA
2.3 £ 0.2 Steiness!, ENAA

GSP-1 20.6 £ 0.3 3 - 25 Flanagan? , range

(30/3)° 17.0 = 0.4 (10.7) (average value)
9 %1 Schmitt et al.', IPAA
7.0 £ 0.7 Steiness!®, ENAA

AGV-1 26.8 £ 0.4 11 - 27 Flanagan® , range

(54/7)° 28.6 £ 0.5 (17.8) (average value)
24 £ 3 Schmitt et al.', IPAA
34 Morrison et al. INAA
13.0 £ 0.6 Steiness!, ENAA

BCR-1 18.9 = 0.6 8 - 30 Flanagan®, range

(2/12) 16.9 £ 0,6 (15) (average value)
10 % 3 Semitt et al.*, TPAA
37, 40 Morrison et al.” , INAA
12.4 £ 3.2 Allen et al.’ , RNAA
10.0 £ 0.3 Steiness'®, ENAA
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TABLE I (Continued)

b

Sample This work® Previous work Reference
PCC-1 2360 £ 120 1750 - 3400 Flanagan®, range
(79/6)° 2510 £ 120 (2430) (average value)
2460 £ 80 Schmitt et al.”, IPAA
2430 £ 60 Steiness!’®, ENAA
DTS-1 2360 t 80 1770 - 3300 Flanagan?, range
(41/31)° 2640 £ 80 (2330) (average value)
2140 = 80 Schmitt et al., IPAA
2400 + 40 Steiness', ENAA
JG-1 11,2 £ 0.5 6.1 - 14 Ando et al.®, range
11.8 £ 0.5
JB-1 156 £ 3 132 - 148 Ando et al®, range
176 £ 4 (139) (average)
NBS Glass 0.99 £ 0.04  0.95 NBS uncertified value®
SRM-614 1.00 £ 0.04 1.0 £ 0.2 Swindle and Schweikert'?,
CPAA
NBS Glass 0.22 £ 0,02 0,27 * 0.05 Swindle and Schweikert'?,
SRM-616 0,22 £ 0,02 CPAA
a

Results of duplicate analyses. Errors are based on counting
statistics and comparisons.

IPAA : Instrumental photon activation analysis, INAA :
Instrumental neutron activation analysis, RNAA : Radiochemical
neutron activation analysis, ENAA : Epithermal neutron
activation analysis, CPAA : Charged particle activation
analysis.

Split/Position identification for new USGS rock standards.
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BT 5. MBI 145, L1045 Th 3, FIfE 1 CRIFEITREZ AN ORI 0 ~+0.999
WM To2, BRRANBERLI5(V) T, ChUEOBERE 2 AT HERT 28 RFINL,

[CPU/MANUL| CPURAKBOLTHI 23 b0RBRL - THIFT 2 H2EH
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45, MANUAL T 2=3> OB & 3EBRIC 3 VEOBRIECE fF L, F/R8@ ADC &

EEEREING,

§3, MPETF—9F
BINCEAEBD T w7 54v 554, BIREH/DOE Y b/¥2 =2 BR T, 3= 2D
BDF—4% (H51kWrite data ELTXSNTL %) OLEM4E, F2FI—FL, BED

BIRIZ IROEEITEIET 5,
CHANNEL SELECT AMPLIFIER e 1
I pe—— i |
B cnsmu modh S ! ADC '
4 o———t—o | 1
STROBE BECAT] A V-END]
W] Comman ooms [Pl i
. DECODER - i |
B WRLTE = — e Mev] | !
W (0-15) INPUT I @'9'9'9 e |
—|CHANNEL = | !
S/L I |
¥ e —— —— )

AMP AN~DATA‘=-"
|| carn READ
GAIN
0,1, '/‘; S/L Rlo-i5)

¥
SWITCH
%’1(5 ligc ;:— n STATUS
]
PARAMETER DISPLAY ON-LINE R(2
2 DI6ITS ] a
- =.§/L
PARAMETER ¥
SET - INTERRUP|
. TION 89-0
ON-LINE DISBPLAY L A ,
MANUAL T L r
OFF -LINE = S/L .

=

INTERRUP|"
TION B9-1
S/L: SELECTION AND LATCH 8
w1 BEOTuLsFAYIIL
BT NUMBER '
COMMAND Ol 1|23 |4|5|6|7|8|9|101I}12{13]14]15
ADC START| | O O I Gs 6, G, |I, Iy I, I,
ADC-DATA READ| O O | |
SWITCH STATUS
CH S 0 1 0 | |
DISPLAY A N o B R Us U, U, P; P, P
. 2 | | | 0
DISPLAY B | PN OF Olg 49 |a 49 1]8 4% |

A WH (WRITE DATAD
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FADC START] AJiF + v i, W7 > 7OMB%2% 5 L ADC 22 L b 100msec
BRI RBET B, HE2MO L~ TERTEF + v 2%, Gi~Gs THET 7
OHBEAEET Bo 12170, GiIX10, GiiX1, Goi X1/ W0 THs, ADCOI LN~
FRT T B EHEEIZ T = 30U INTERRUPTION A 2FAL, I 0 S— b5 > 0EH

ZRIGE B,

BIT NUMBER
READ DATA 0 | 21314 S 67|18 910(11]12]13114115
2 | 0
ADC — DATA PN OF o 8 4% 1le 4% 1]s 4'% |
' ] 0
SWITCH STATUS| 1S PS 0 LLL5lg 0% | |g 49

E3N =2 (READ DATA)

FADC DATA READ| 2 onN—hUIF—42 2KEBLOXOHET, F—2D/& — 42
B BMITRTRICI0OESHT (BCDTERR) ONELHE: ( PN ADBEEON ), t—~—7
n—(OF:z—~7n—f0N5%naHWEWMMMLJx4yfﬁCPUwaorw5v‘
FR (Ey F2%20FF ) THRL TV,

WWH@HSTMWSREMU}ﬂZ4v§(ISL NI A—2Z245F(PS)DH
ALY T, B3MITRTHICE v b 8~E .y MBI/ T X —2 24 » FORE( BCDTE
R)s Ti~1s BAJIZA4 - FORE( 24w FONTZRICHGETBES FBON ) 2EDL
T3, ZO56DAA FDOEIEICX > T INTERRUPTION B #%4T 3, 208ELED =
4o FRBELIDICED, TS(ELR0), PS(Ey F1)MONIRES, oy k242
CPURRTH %, v ’

[DISPLAY A RREBHIRDBEL/NEAE (Pr~Ps ), B (U, ~TUs ) %FFRT 2,
Pr210°, P, 110, Ps 1102, Uy 1V, Uz 1 A, Us :MeV

(DI SPLAY B ZR&II0ESHONAELMEmY, - "—70—OFBRERTE, O
.ﬁ%@ﬁﬂ-y@ADC$ﬂyﬂ~$bt?—ﬁtﬁb?@%ﬁfvFSHOFFﬁé%Mﬁﬂ
5B,

§4, 705 LDIES
AEBERAT 5701, KISASS =787 T7 0 45 4 2 EHT 5 11288 4 NIRRT 08 %
ER T %, A5 FOB1, BS, B9, A% B2HERKT2PIOMc B LN
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AN ART LT D, EARTORERTHRETFH T =3 oD AR LIRS (CH T
FERE— DF— s Rty FLUTELBEND S, FANOQEETTHLEZDARV VRS
CREIMTRT/ 2~ DF— 2 BEEB L VEMINE, INTERRUPTION A,
Bmm%bﬂﬁv&w3ﬁ%b%16nfm5w,A@B@%%%?éﬂ@%4ﬂ@@%%ﬁu
ARLC 22 KM ANTIF—2 2 B/53, COF—FDE FOBONDHERINTER
RUPTION A, €v F1MONDOHBAEZINTERRUPTION BTH5%, A%EN

22 T VEEREL TV A E ZIBEIDRABLBREL L,

F X v — ¥ 3
s ~ 5 v K

- 4 - v F
WRIT B 1 . . . ®
READ B 5 . . . @
READ B 9 . . . ®

w4 KISASS—T30maHl
§5, B #® I(C

FRLI AL —% (%5 ¥EF6903L—2D) F2EHALNATHSLC L, BEMEH
CHREL TEfEL TV A C &0 b bRBIEER KGNS/ 1 XPBEE Y » 7 VITHL TOR
ST, C DR s L EBRIC 100 B TR ORI OIS, W O R ¢
Yo FOHEE EIEP I ODF A U sov AN LAY TEBEBOMH L BB HIET &I

Bahsz&2HRFT %,

s -1 " #

1) &M, WoE:KISASS—7 MANUAL
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V—1 BM49oEEH~ L v W&
BBt~y v v —7 HEHRE— 5% I-—F &
WE % FE BN W
R AN - 550 Fla
O # P
6 H24H DHSGHBER DD, v v 24 2EM 2I9HMLT X Kb - 17,
T Y VI A NERRR
- (BAI D B30
E(HEE) HENGI- PN S i 14 B
es (B %) 16 (—38) 13 0
es (/0 (i H) 6. 6 0
e s ( Nascimento ) 9 9 0
e s (Friedrich ) 6 5 —1
rz (HF H ) 1 1 0
rp (H =) 6 6 0
rp (2 ) 6 6 0
rp (¥ H ) 4 4 0
7p ( Thompson ) 9 9 0
re (% 8] 7 7 i)
rX (& Gilp) 3 3 -0
(& ) 3 3 0
TON ( 1§ J) 2 2 0
R1I 27 (—38) 21 —3
ND 27 (—8) 18 — 1k
z 132 (—14) 118%*** —5
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M (WEE) #12 CHlED * 5 fts 4 L
T =¢ 23 © 24 +1
E B =1 B 6 6 0
LDM, BDM, ND A&k 2 2 0
¥ W (BE) 20 19 —1

it 51 51 0

% HRERERESC L ) BEANTEARSE- 0D, 9 HORERAREAZTRDI
**x  FREBOWEDI O,
wxx  FEFASERIFERSTH (e s (M) 2, 7p (FFHE) 1, RI 2, ND2) @Z5H
Ehg L1z, B 118 BB CNEEEN TV,

o’
cv—LE s b I RPFROL 7 LB EBE L BiIeEmT A L wh, L RE
BfFotr, WHEARMSEPHBEICTICEE, WA ZHERL 1T
e 54 2bu Y w¢7ﬁmegﬂﬁfwﬁméﬁﬁwgbmztw,Kﬁwﬁff4wo
SR ( B FEEIDN) L 17, UL, Fx & L Tid 5~6000 RfILL EDF a2 ML 120
kA LA Oy HBEROBERIET 44 —8 o2 (LUFDIL &Y ) [EEOH
GTHB, HRizv s EERHHREROBNDS 3 BEOLTO K7 2t U, £ Oft
BEEEOD ] LA Vi 3L THBET DR 2~ v v KEA 5, HBE ESIHEEE T KR
HHHIUT 7 L L IEET X80, —HEFERSE L TR 100 VERL TS0, —
BT osHiRs 30, 530 100 VOBEMI NITRICE D, 72 — X L&, Z ORICHERS
RT3 E BRI B D5ThB o 4 EOEHI RN 5 & BB T2 2 S /s > TV
e EThB, T CICD T LEBOFARE B NIE X ORBIFE L TREE
BRASE & 2fTo 12,
c BEERAEE —RERESHEFELIOSBRER N T TV S EFRT S 5,
ﬁcn%wi%ﬁ%ﬁ%zmﬂébfwtﬁﬁﬁﬁﬁ7%1EmBI¥%E¥&I?ﬂK&
U1, BERCERPOBERD, vvr ORRMERCERINIIC L 2BAH LI T,
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CWHR -V ST DT CORESKEDERDHICEB R BT, Tk
—EW S UE ST & L1,

MBHRZ ECHEHS U LTLEBBSTH 1 Ad 6 BESICESL 1. KEFHCERT O 6 45
KD, TULOREMBCERI NI C & 2EHL 2T,
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Voo s R, WEREEAR

AL BEH e - ERARE  BRREMA
HEEER « /NUAIESE

1. F—YLBEEE
IS4 LT A EREEROA L T4 L7 — 4 MEBEEORRFIFIREEE 2 HERICRT,
FH ETEILO{DIRT — 3400 kb 4254 VBRDL S D, FRICET 54 v D7 — 54
BRI o R LT BEE L, B BE OREED, %7 5 4 LB & B LRI FE O
50 BHEL > T Do CORMBO—ERIZO— 4500 i BITLIZ b D LEDN S,
BERER B A N2 A D CRBIUEY 7 b OBIFRA T0FE TR KIC @ ER M IN B FET
ED , /i, #H)

1) ML, EEREFES T ( 1974 ) 227,

mR &M AEXERERX

F5 47— 4 HEREE ( OKITAC— 4500 )

* | F—&2 |- &
A LDM|BDM|N D[54 | 25— | B® o\ BR|E B
& B|vsv it B
4 65 49 63 177 5 16 6 0 204
5 83 58 42 183 6 40 7 0 236
6 107 19 80 206 1 87 7 0 251
7 0 74 4 78 12 70 9 0 169
8 36 172 56 264 8 36 11 0 319
9 141 71 25 237 5 92 19 4 357
& 482 443 270 | 1,145 37 291 59 4 1,536
A ¥ 72 74 45 191 6 48 10 1 256
% 28.1| 28.8| 17.6 | 74.5 2.4 | 189 3.9 0.3 100. 0
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F A F—%2— & :

H LDM | BDM D|54> it Ele |

: A FH| B E H »
4 0 0 0 0 34 64 12 2 112
5 0 0 0 0 7 46 16 12 151
6 0 0 0 0 107 64 10 3 184
7 0 0 0 0 62 51 12 0 125
8 0 0 0 0 37 136 9 1 183
9 0 0 0 0 45 119 8 4 176
a it 0 0 0 0 362 480 67 22 931
A ¥ 0 0 0 0 60 80 11 4 155
% 0 0 0 0 38.9 51.5 7.2 2.4 100
2, M E ==#

AR B GE — 2 OBBITH /L VORI ZEPL, EREL VEFEINTEBORESEN
TLE 77, BHIRIETIGRAD FERCLT VS, $EEFHEHTED TOIIZWIZCAMAC

BBRIT WV Tizz v —+F, B

FRCEEEOES 2 —VEREL TV S, SEED OHRER

I Tv a7 va s bO—5BBET 3 FET B, 7L — b3 b o—5 2apiSRst
B DR E 5T B,

V7Y TOBFEEE ST A0 XEIRIL TV XTIV,

CEEE BRRD

i
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