
Volume 9, number 3 PHYSICS LETTERS 15 April 1964 

The core-excitation model requires ,,/m 
to be a small quantity, which reduces Xeeor with 
regards to its shell model value. Consequently 
the agreement between Xex and Xtheor would be 
better. Further, we may c & e our point of view 
and consider A as the unknown quantity. Rutting 
+E, = Xexp the relationship (2) may serve as a 
measurement of the purity of the core-excitation 
state. In T1203, AZ = 0.96 demonstrates the val- 
idity of the model. 

The same conclusions hold of course for the 
other odd Tl-isotopes. These conclusions may be 
also extended to the odd Au-isotopes, the roles 
of the s+ and d$ states being permuted. As a 
matter of fact, a systematical study of the inter- 
nal conversion coefficient would provide a test of 
the validity of the de-Shalit model for this set of 
nuclei. , 

multiplet. These transitions are proportional to 

$d;:%,Z ’ 
Thus, an accidental cancellation may 

,,, whereas Me is not affected by this 
cancellation, so that large values of X are ex- 
pected. This case is similar to the Ml transition 
within one rotational band, which has been studied 
by Reiner 7). 
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Firmly, we shall conclude with a short remark 
on the Ml transitions between states of the same 

* gc and gp being the gyromagnetic factor of the core 
and of the odd proton respectively. 
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It has been customary for the last few years’to 
obtain nuclear matrix elements from experimen- 
tal observables in ,!? decay through the use of the- 
oretical expressions simplified by the Konopinsky- 
Uhlenbeck approximation 1). In this approxima- 
tion, the finite size of the nuclear charge distri- 
bution is neglected and the electron radial wave 
functions, calculated for a point charge nucleus 
and evaluated at the nuclear radius, R, are ex- 
panded in terms of R neglecting contributions of 
order (cuZ)~. Here, o! is the fine structure con- 
stant and 2 the nuclear charge. However, it has 
been shown recently 2, that an analysis of experi- 
mental data using this approximation may result 
in matrix element~parameters which differ con- 
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siderably from those obtained using more exact 
theoretical expressions. 

We have attempted a more reliable determi- 
nation of the nuclear matrix elements in the de- 
cay of SbI24 by using the theoretical expressions 
of first forbidden fi decay as given by Morita 2). 
Here, finite nuclear size effects are readily in- 
cluded since the electron radial wave functions 
appear explicitly. The electron radial wave func- 
tions are tabulated by Bhalla and Rose 4), who 
calculated these functions at the nuclear surface 
assuming an electrostatic potential correspond- 
ing to a uniform spherical charge distribution in- 
side the nucleus, r C R, and to a point charge 
for Y > R. As may be seen from table 1, the val- 
ues for the nuclear matrix element parameters 
obtained for SbI24 by investigators using the Ko- 
nopinsky-Uhlenbeck approximation differ con- 
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Table 1 
Comparison of nuclear matrix element parameters 

in the Sb124 decay. 

Y x u Ref. 

0.60*0.30 -0.05 fO.10 -0.06 kO.14 11 
0.64f 0.12 -0.0&l* 0.050 -0.079f 0.075 6 
1.05* 0.15 0.06 f 0.05 0.15 f0.05 7 
0.30& 0.08 -0.14 f 0.02 0.13 hO.03 8 
0.90* 0.05 0.60 f 0.05 -0.025AO.025 Set I 

Present work 
0.7 *0.1 -0.025 Gx CO 0 CU C 0.025 Set II 

siderably from each other, while the experimen- 
tal data from which these values were obtained 
are in fair agreement. (See figs. 1, 2 and3, for 
example.) Therefore, an analysis based on more 
exact * theoretical expressions and taking into 
account all existing experimental information 
seemed desirable. 

The transition of interest in this analysis is 
the outer 2.31 MeV 13 group in the first forbidden 
nonunique p decay of the 3-ground state of Sb124 
to the 603 keV first excited 2+ state in Te124, 
followed by a 603 keV E2 y ray to the O+ ground 
state in Te124 (see insert of fig. 1). For this 
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Fig. 1. The normalized s e&rum shape factor of the 
2.31 MeV 6 branch in Sbl54 as a function of the 6 en- 
ergy ( W( m, 3). The curves are calculated from the 
theoretical expression for the shape factor as given in 

ref. 2. 

* The only remaining major approximations are the 
neglect of the variation of the electron wave function 
in the radial matrix element integration over the nu- 
clear volume and interference terms from first and 
third forbidden matrix elements. 
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Fig. 2. The 9-y directional oorrelationIo=ient 
A (W) of the 2.31 MeV(9) - 0.603 MeV (y) transition in 

21 Sb 24 as a function of the 9 energy W(moc2). The curves 
are theoretical and calculated from the expression as 

given in ref. 2. 

transition the spectrum sha e factor was meas- 
ured by Langer and Smith 5Pand found to be of 
the form C(w) = (Wo2 - 1) + 0.874 (Wo- W)2 + 
+ (7 f 5). The shape factor as a function of the /3 
energy W (in units of TYZ,~~) and normalized to 1 
at the lowest energy, is shown in fig. 1. The P-r 
directional correlation coefficient A2(W) has been 
measured as a function of the 6 energy by several 
investigators 6-10). The results of these meas- 
urements are shown in fig. 2. The /3-r circular 
polarisation correlation was measured by Alex- 
ander and Steffen 11) for several angles, 0, be- 
tween the p and y rays at an average p energy 
W = 4.6(moc2). The degree of circular polarisa- 
tion, P&9, W) = w(p/ w) cos 0, where w is the 
circular polarisation coefficient, is shown in 
fig. 3. All this experimental information was fit- 
ted with the theoretical expressions for the shape 
factor, C(W), the &J directional correlation co- 
efficient, A2( w), and the P-y circular polarisation 
coefficient, w (0, W). The theoretical expressions 
for these observables are given by Morita 3, in a 
general form and have been reformulated in ref. 2 
in terms of the matrix element ratios u = 

order to allow easy comparison with earlier re- 
sults, the matrix element combination Y = 

256 



Volume 9, number 3 PHYSICS LETTERS 15 April 1964 

0.7 - 

0.6 - 

Sb’24 
P,(e)=+ose 

Curve Y x " 
I 0.9 +0.60 -0.025 
II 0.7 -0.025 +0.025 
m 

Fig. 3. Angular dependence of the circular polarisation 
of the 0.603 MeV y-ray for an average e energy of 4.6 
(moc2). The theoretical curves are calculated from the 

expression as given in ref. 2. 

y - F (U +x) instead of y will be given here. With 
the aid of the University of Michigan IBM 7090 
computer, a search for the values of u, x and 
Y which fit the experimental data best (i.e. have 
the lowest x2 values) was conducted. The results 
are shown as curves I, II and III in figs. 1, 2 and 
3. We conclude that either Y= 0.90 f 0.05, 
x = 0.6 f 0.05, u = -0.025 f 0.025; or Y = 
0.7 f 0.1, -0.025 6 x C 0, 0 d u gO.025. The as- 
signed error limits reflect the steepness of the 
x2 minimum. With the first parameter combina- 
tion, the goodness of fit is much more sensitive 
to a variation of Y than is the case with the second 
set. It is obvious from the curves II and III in the 
figures, that, because of the experimental uncer- 
tainties, only an upper limit can be placed on the 
magnitude of the parameters x and u with Y =0.7. 

From the nuclear parameters ,the respective 
nuclear matrix elements can be calculated since 
the Bij matrix element is related to the partial 
half-life, t, by 

wheref, = SC(W) Fo(W)pq2 W dW. The partial 
half-life was calculated from the measured 
branching ratio 5) and the total half-life taking 
the 2.31 MeV !3 group to be (22* 1)s and the half- 
life of Sb124 as 60.1 days. The numerical values 
for the resulting nuclear matrix elements are 

summarized in table 2. The coordinate type ma- 
trix elements are normalized to the nuclear ra- 
dius R = 1.21A4 fm, and the currently accepted 

Table 2 
Nuclear matrix elements in the decay of Sb124 

Y = 0.9, Y = 0.7, 
x = 0.6, -0.025 C x CO, 
u. = -0.025 O<u CO.025 

$Bh, = (l.lf 0.1) x 10-2 = (1.6* 0.1) X 1O-2 

@I = (7.9f 1.0) x 10-3 c 0.48 X 10-3 

,sdu;r, = ( 0.3f 0.3) X 10-3 c 0.40 X 10-3 

ISial = ( 16f 3) x 1O-4 = (1.5;t 0.9) x 10-4 

Sia - 13f2 
s’- 

c -28k 5 

fc t = (7.3* 1.2) x 10 lo set = (3.4,. 0.4) X 1010 ,sec 

values CV = (1.42 f 0.01) X 1O-4g erg cm3 and 
CA = -(1.19 f 0.03) X CV are used for this cal- 
culation. 

It is interesting to note that the more exact 
analysis used in this investigation indicates that 
selection rules may indeed play an important 
role in the SbI24 decay, since for the second set 
of matrix element parameters both x and u are 
at least 30 times smaller than Y which contains 
the large Coulomb factor 5 = LYZ/~R = 12. The 
Bij matrix element (tensor rank 2), while con- 
siderably smaller than in unique transitions, is 
almost two orders of magnitude larger than the 
rank 1 matrix elements. Vnfortunately, the ac- 
curacy of the experimental data is not good enough 
to allow a unique determination of the nuclear pa- 
rameters. It is evident from a comparison of the 
experimental data with the theoretical curves that 
in order to resolve the two possible sets of nu- 
clear parameters, the accuracy of the experi- 
ments would have to be improved by about a fac- 
tor of 10. Therefore, considering the difficulty 
in achieving even the present degree of accuracy 
in some of these experiments, it would be useful 
to have more detailed theoretical estimates of the 
magnitude of the nuclear matrix elements 12). 

The authors would like to thank Professor M. 
Wiedenbeck for his support and interest. Dr. R. 
Newsome for valuable discussions and Dr. R. 
Woods for his advice on the use of the computer. 
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It is the aim of the present communication to 
summarize and to discuss the results of meas- 
urements in which the physical nature of Er188 
high energy levels has been investigated. There 
are 2137 keV and 2165 keV excited levels estab- 
lished by Grigoriev et al. l) and Harmatz et al. 2). 
As a basis for the discussion the decay scheme 
from the latter paper has been taken (fig. 1). Gn 
the figure some uncertain levels as well as cor- 
responding gamma transitions from these levels 
are omitted. There are also introduced some 

2165 3+ 

changes following from the results of the present 
paper as well as from the previous investigations 
carried out in the same laboratory 3-5). 

The spin of the 2137 keV and 2165 keV levels 
seems to be well established (I= 3) but the ques- 
tion of the parity has been open till now. 

According to Barmitz et al. 2, the parity of i 

g 
z 

3 
:: 

967 4+ 

the considered levels is odd and the gamma tran- 
sitions between these levels and the ground state 
rotational band have El multipolarity. Grigoriev 
et al. 8) suggest multipolarity M2 (at least for the 
2057 keV transition from the level of 2137 keV), 
which corresponds to the same odd parity, but 
gives a difference of one order of magnitude in 
absolute internal conversion coefficients. Prei- 
bisz et al. 5) have determined K-conversion co- 
efficients of the 2057 and 2083 keV transitions. 
For the measurements of the gamma line inten- 
sities they applied both the external c’onversion 
method and scintillation technique. 

The results compared with theoretical values 
are presented in table 1. This comparison sug- 
gests Ml or E2 multipolarity for both transitions 
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Fig. 1. The decay scheme of Tm166. 

which corresponds to even parity assignment of 
the discussed levels. 

The gamma transitions from the 2137 keV lev- 
el to the gamma vibrational band were previous- 
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