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The P spectrum of %'"has been analyzed with a thoroughly tested Siegbahn-Slatis P-ray spectrometer
equipped with a plastic well-type detector, whose counting efficiency is unity down to 50 keV. The highest-
energy group ($ -+)+) is nonunique first-forbidden with a log ft value 8.0, and it deviates from the statistical
shape as a result of the selection-rule efFect. Its shape could be fitted with that of a modified Bs;approxima-
tion, namely, Ct'S') =q +9LI/Lo+D with th. value of D=23~3. Though the calculations based on
the Nilsson model and the j-j coupling shell model predict a deviation from the g approximation, only
the former could give better agreement with xperiment. A detailed analysis of the shape factor yields
the end point of the outer group as 1314~2 keV. Subtraction of this outer group, corrected for its shape,
revealed inner groups with maximum energies and intensities 625&5 (66%), 453&7 (3%), and 330+10
(5%) keV. Information is also obtained on a few conversion lines which are resolved by the spectrometer.

I. INTRODUCTION

i iHK decay of W"~ has been studied by several
- .authors, ' " but there still remain discrepancies in

the levels and level spins over 511keV and the P feeds to
these levels. Funke et ul 'have d. etected P groups with
end points 710, 625, and 470 keV. They have estimated
the intensities of these groups from p-intensity balances.
But Baskova et ul. ,"using both single and coincidence
magnetic spectrometers, have identified only three p
groups: 1335, 635, and 335 keV. We have attempted to
detect these additional P groups by the usual subtrac-
tion analysis. Reliable information on the inner groups
can be obtained by a Fermi-Kurie (FK) analysis,
provided the outer groups are linearized with their true
shapes. The FK plot of the highest energy group
decaying to the ground level of Re'~ was reported to be
first-forbidden unique (M= 2, yes) by Cork et al. ' and
Dubey et ul. ,' whereas Gallagher et al, ' and Sisgaard
et ul. ' report a linear FK plot. With a view to resolving
this ambiguity and also obtaining detailed information
about this transition, a precise analysis of the shape of
this group is undertaken in the present study. A com-
plete study of the conversion-line energies, intensities,
and internal-conversion coeKcients (ICC) was reported
by Bisgaard et al.' Their evaluation of the conversion
coefBcients was based on normalization between the
conversion-line intensities of their work and the photon
intensities of Gallagher et ul. ,

' assuming that the 680-
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keV transition is a pure Ei with O,q=0.00323. In the
present work, we have normalized our conversion-line
intensities with the y intensities of Gallagher et al.'
through the intense 479-keV transition, which is known
to be pure E2 with Q.g,

=0.018.
A measurement of the energy dependence of the shape

of the once-forbidden nonunique transitions can con-
tribute information about the nuclear matrix elements.
The theoretical shape factor" can be expressed, in
general, as C(W) =k[1+aW+(b/W)+CW'j, where
k, u, b, and c are functions of matrix-element param-
eters. The nuclear matrix elements which contribute to
first-forbidden nonunique transitions (AJ=&1, yes)
are sx= —C.fr, g$'y= C,fi—e, qN=C~fiaXr, and
ps=Cd fB;,. A factor $'= (1/4R) is attached to the
relativistic matrix elements to make them of order unity.
In addition to the above, two more matrix elements, viz. ,

gw=C~ fd r and gP's=C~ figs contribute to the M=O
(yes) transitions. The P-decay observables are expressed
in terms of x, y, I, and z and their combinations
Y=$'y $(u+x)—and V=)'s++ In the $. approxima-
tion, the constant term of order P Q=(ns/2R)$
dominates, and the transitions consistent with g ap-
proximation exhibit statistical shape. When there is a
suppression of the constant term due to cancellation
among matrix-element combinations, the energy-
dependent terms involving a, b, and c show up. The
energy-dependent terms can also arise whenever a
selection-rule effect such as j forbiddenness or E for-
biddenness attenuates lower-rank matrix elements,
except the 8;;, thereby leading to a domination of z, V,
and F. In both cases, the transition deviates from the $
approximation and is characterized by large logft
values and shape deviation. If one assumes the 8;;
matrix element to be dominant, then the transition can
be analyzed by modiied 8;; approximation" which
requires

V~F~z&&x e y~
and the shape can be described by C(W) =q +9L&/Lo+
D, where q=Wp —S' and D=12I . TVp and S" are
transition and electron energies. Lo and Lr are com-

~ T. Kotani, Phys. Rev. 114, 795 (1959).
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binations of electron radial wave functions defined in
Ref. 13. The C(W) of Sb'"„ for which j selection is
known to be operative, increases by 20% per mac', and
the analysis with the modi6ed 8;, approximation yieMs
s/7=1. 23. For W'N(ss)-+ Re'~($+) decay, C(W)
increases by 15% per ~', and z/F=0. 72 (Sec. V).
The enhancement of 8;; matrix element is less pro-
nounced in this case. For this case, the decaying
neutron and proton belong to different major shells, and
~j=~E= 1.Hence j and E forbiddenness do not apply.
But the Nilsson quantum numbers, characterizing the
initial and 6nal levels, introduce additional selection
rules which have different effects on different matrix
elements. Even though these selection rules are not as
rigorous as j-selection rules, the Nilsson model predicts
matrix-element ratios which satisfactorily explain the
observed shape deviation.

II. APPARATUS AND CONTROL EXPERIMENTS

A Siegbahn-Slatis P-ray spectrometer is used to
investigate the P spectrum. The work of PauP'""
compares the scattering properties of the various types
of spectrometers and assigns a negligible scattering
effect to the Intermediate-image focusing spectrometer.
We have con6rmed this conclusion of Paul by direct
ri~easurement of scattering effects and also by a study of
line-shape parameters. " Qf the various effects which
distort a P continuum, the instrumental distortion
arises from the scattering of electrons within the in-
strument and, as such, is related to the constructional
aspects of the instrument and hence cannot be elimin-
ated by the experimenter. The reason for the anti-
scattering property of this spectrometer is that it
requires, by virtue of its strong 6eld gradient, only two
baffles (the entrance baffle and the central baSe),
whereas the ordinary lens spectrometers and Bat types
require many bafBes to de6ne the electron trajectory.

The scintillation detection is preferred to a Geiger-
Muller counter, since it provides a further energy
selection at the detector and serves to discriminate the
electrons of momentum selected by the spectrometer
from the scattered electrons and the counter back-
ground. We have used an NE 102 plastic well of suitable
geometry whose back-scattering and detector noise are
negligible compared to an anthracene or a semi-
conductor detector. The plastic is coupled to a high-gain
photomultiplier, namely, 6810 A, outside the pole piece
by a short Lucite pipe. For the discrimination levels
used in the present work, the back-scattering correction
amounted to 0.2% at 80 keV and the counting eSciency

"C. P. Bhalla and M. E.Rose, Oak Ridge National Laboratory
Report No. ORNL-3207 {unpublished) ."M. J.Canty, W. F. Davidson, and R. D. Connor, Nucl. Phys.
85, 317 {1966)."T. Nagarajan, thesis, Andhra University, Waltair, India,
1968 {unpublished) .

"H. Paul, Nucl. Instr. Methods 37', 109 {1965)."T.Nagarajan et al. (unpublished) .

was unity down to 50 keV. The LKB Siegbahn-Slatis
P-ray spectrometer has the advantage that its annular
slit can be closed from outside and reproduced at will.
This enabled us to determine the source-dependent
background at every measurement point. In most
reported literature, the background spectrum is con-
structed from the count-rate at zero 6eld and the spec-
trometer current-setting beyond the endpoint. This
procedure is ambiguous, because the source-dependent
background arising from the photons varies with the
current-setting.

We found that the scatter of points in the shape-
factor plot is more than could be warranted by mere
counting statistics and is due to the limited precision of
the current-measuring device. In the present work we

employ a high-precision Leeds and Northrup K-type
potentiometer whose linearity has been carefully
checked.

An exact resolution correction" is applied without
making any assumption concerning the line shape:

Cs = 1— 0.0001692 ——+0.00002539—p dS p'dlP
Sdp Xdp'

The line-shape parameters in the above expression, as
well as the transmission and resolution of the spectrom-
eter, were found energy-independent, indicating the
absence of any scattering in the spectrometer or source.

The source material was obtained from Bhabha
Atomic Research Centre, Trombay, where it was pre-
pared by neutron irradiation of enriched W'I metal in
the CIRUS reactor. No foreign activities were found in
the source, except very small traces of long-lived W'"
which decays by 100% electron-capture. All data were
taken early in the decay of each source. The sources
were prepared by evaporation of sodium tungstate on
thin Zapon films of 200 yg/cm' thickness. The sources
were of 50 gg/cm' thickness and 1—2-mm diam. The
source-centering was checked carefully.

III. EXPERIMENTAL PROCEDURE

As a check on the spectrometer response, we meas-
ured the shape of V . A least-squares 6tting of the
experimental points (Fig. 1) showed the form factor of
V to be (q'+9L~/Q) [1—(0.001&0.003)Wj. This
indicates that the spectrometer is free from any dis-
torting effect to within 0.3%. Before we could ascribe
any eventual limit on the spectral distortion, we
eliminated all possible uncertainties in the method of
analysis. Our investigation" of the 965-keV transition
of Au'" shows that the same data analyzed vrith Fermi
functions taken from National Bureau of Standards
(NBS) tables" and with those from Dzhelepov and

~ T. Nagarajan, thesis, Andhra University, %altair, India, 196S
{unpublished) .

» I. Feister, National Bureau of Standards Report No. NBS-
MAS13 (unpublished) .
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Zyrianova~ (corrected for Snite size) differ by 3% in
the slope. The use of diferent Fermi functions and
screening corrections extrapolates the FK plot to a
slightly diGerent lV&, which can cause discrepancies of
the above magnitude. We have used the exact Fermi
function f=F~=$ ( f+P+g P) (s c.), where f+~ and g q

are the ERWFs of Bhalla and Rose," and s.c. is the
screening correction of Buhring. m' The factor 9Lq/Lp is
again corrected for screening according to the tables of
Biihring. "A voRxRAN program PERMKURI calculates the
momentum and energy of each point, interpolates the
functions fq, g q, f2, and g 2 of Bhalla and Rose tables,
and applies decay correction, resolution correction,
back-scattering correction, and efnciency correction
(below 50 keV only). The program draws the FK plot
and determines the endpoint energy.

Shape of the Highest-Energy g Group

We have subjected the energy region 700-1280 keV
to the shape-factor analysis. Figure 2 shows the be-
havior of the shape factor in the neighborhood of Wo,
where it blows up or down when the endpoint energy is
changed from its genuine value. On account of the
curvilinear nature of the shape, a precise determination
of 8'p in this way is difBcult. In a detailed analysis
shown in Fig. 3 we have applied the criterion that
the energy-independent factor C(W)/(q'+9L&/Le+D)
should be linear near 5'o for correct values of 8'o and its
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FIG. 2. Shape factor of the 1314-keV p component of VP8'. The
figure shows the changes in the slopes of the curve near the end
point when it is varied around its true value.
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FIG. 3. Shape of the 1314-keV P component of %P~ corrected
for modiied B;I shape. The least-squares-fitted straight line to
the corrected plot has small positive and negative slopes for
D=25 and D=21, respectively. The slope vanishes for D=23,
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TABLE I. 8'o and D as obtained from a computer least-squares
6t to the data.
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FrG. 4. Shape factor of the 1314-keV ($ —+)+) component of W'~.

slope should vanish for correct values of D. Figure 3
shows that this shape factor curves up or down at the
high-energy side when lVO is changed from its true value.
On the other hand, a change of D shifts the least-
squares-fitted line from the low-energy side, thereby
changing its slope. A program called sETAsHAP evalu-
ated Wo and D by a nonlinear weighted least-squares
6tting. These results are in agreement with those
obtained by the graphical method and are given in
Table I.

Figure 4 shows the actual shape factor for the
correct endpoint, along with the unique and "modified
8;; shapes" for diferent values of D. For a value of Wo
slightly smaller than the correct value, the experimental
curve C(W) = N/pf(WO W)' shif—ts up, whereas q' in
the modified B;;shape shifts down. Hence the value of D
required to fit the experimental points will be too large.
On the other hand, the experimental value of D wi11 be
too small when Wo is slightly larger than the genuine
value.

Analysis of g Branches and Conversion Lines

The FK plot corrected with the shape factor C(W) =
q'+9Lq/Lo+23 was used in order to subtract the high-
energy group from the total spectrum (Fig. 5). The
result of this subtraction yielded the spectrum for the
next inner groups. The energy regions just above 625
and around 550 keV are obliterated by the existence of
many conversion lines. Hence no information could be
obtained for the 710- and 550-keV P groups. Successive
subtractions yielded groups with endpoints 625 (66%),
453 (3%), and 330 (5%) keV. The 330-keV group will

demand a level around 980 keV for Re'~, but this group
has not been detected by Funke et al.' A thorough
coincidence work with all the photons depopulating the
higher-lying levels will help in establishing this group.
Levels up to 947 keV have been postulated by Bashandy
et al. ," but there is considerable ambiguity as to the
position of most transitions in the decay scheme, so
that the level structure is not mell established. An
intensity of 2% for the 710-keV group will be consistent
with our present analysis. A subtraction of the 710-
keV group with higher intensity changes radically the
end point of the 625-keV group which is well established.
Table II gives results of the present work as an average
of three diferent runs along with intensities and logft
values beside the results of Funke et al.' and Baskova
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et a/. ' The resolution correction applied here is more
realistic than that of Owen and PrimakoP' and the
endpoint energy is determined from the proper physical
behavior of C(W). In view of these considerations, the
value of 8"0 so determined, namely, 1314&2keV, can be
taken as the accurate Q value of W'".

The spectrometer resolution being 1.3% could not
resolve many of the lines. Table III gives both the line
energies and their intensities expressed as a percentage
of the total P disintegration. The transition energies
calculated from the conversion-line positions agree we11

with the decay scheme (Fig. 6) and the recent measure-
ments with Ge(I.i) detectors. ~ The ICC of a few well-

resolved lines were determined by normalizing our
conversion-line intensities with the photon intensities
of Gallagher et al.' through the E-conversion coefBcient
(a&=0.018) of the 479-keV y ray, which is a pure E2.
Table III shows very good agreement between experi-
mental and theoretical conversion coefBcients for the
expected multipoles. The 0~ value of the 866-keV transi-
tion reported by Bashandy et al."favors an E2 assign-
ment to the 866-keV transition and this contradicts the
Mi assignment in the present work as well as that of
Gallagher et al.' and Birgaard et el,. The 511- and 625-
keV transitions being pure E2, a spin of —, or II is possible
for both the levels. The assumption of s'+ or $+ for the
511-keV level will lead to two mutually exclusive sets of
spins (II+, q+, $+) or ($+, s0+, f+) for the 618-, 625-, and
865-keV levels. The adoption of the set of high spins for
the above levels by Bashandy et a/." is incompatible
with the absence of any branching from the 511- and
625-keV levels to the 134-keV ($+) level. Also the in-
elastic scattering of deuterons and alpha particles'4 and
the results of Coulomb excitation experiments" on Re'~
indicated that the 511-keV level is y-vibrational,
characterized by K=K0—2=( with a large admixture
of the $+L400] state. The K=K0+2= f+ built on the
ground state of Re'~ was observed at 840 keV. Kith the
assumption of spin ~s+ to the 511-keV level, the P branch
to this level is first-forbidden with M= 1.The intensity
of this P branch&0. 4%, deduced from y-intensity
balances, leads to a logft value &9. This logft value is
not inconsistent with the systematics of log ft values of P
feedings to vibrational levels, which normally involve
strong configuration mixing.

IV. INTERPRETATIOÃ OF THE SHAPE OF
TaE 1314-keV g COMPONENT ON THE

BASIS OF THE NILSSON MODEL

The idea of using the Nilsson model to interpret the
P decay of W'~ stems from the fact that the level
scheme of Re'~ has been explained on this basis, except
the 511- and 686-keV levels which are y vibrational.
For strongly deformed odd-A nudei, the energy levels

~ G. E. Owen and H. Primako8, Phys. Rev. V4, 1406 (1948).
~ H. Langho8, Phys. Rev. 159, 1033 (1967).~ K. M. Bisgaard et a/. , Nucl. Phys. Ale, 545 (1967).
If' O. Nathan and V. I, Popov, Nucl. Phys. 21, 631 (1960).
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and intensities obtained from the present work are combined with the information deduced from the level scheme. The Nilsson-state
identi6cation in terms of asymptotic quantum numbers are given in square brackets.

TABLE III. Data on conversion lines of W .Sinding energies for Re~ were taken to be E~=71.7 keV and EL,=12.5 keV.

Conversion-
line energy

keV
Transition
energy keV

Conversion-
line intensity
(% of total
P activity)

y intensities of Experimental
Gallagher e/ al.& b ICC

Theoretical
ICCQ

407&2

439+2

478.7K

511K

478.7L

552K+479M

618K+625K

0.48

0.014

0.12

0.065

0.23

26.67

0.69 0.02+0.003

(E2) =0.018

(E2) =0.016

614+5

618L

686K+625L

773L

866K

0.033

0.12

0.066

0,0102

0.0058

6.47

6.93

4.32

0.411

0.0048+0.003 (Mi) =0.004$

0.0153+0.003 (Mi) =0.017

0.0024+0.005 (M1) =0.0025

0.0141+0.006 (M1) =0.013

y intensities of Gallagher et al. are normalized to the present conversion-
line intensities through ap of the 479-keV transition.

b Reference 3.

M. E. Rose, Is]areal Cossersioe CoegeksA (North-Holiamtd Publishing
Co. , Amsterdam, 1958).
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The intitial and Gnal wave functions of the present case
are

c(w)
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FzG. 7. Shape factor of the 1314-keV P component of W'8'. The
theoretical shape factors for single-particle as well as Nilsson
model predictions are also shown. At lower energies, the single-
particle shape factor distinctly deviates from experimental shape,
whereas NQsson-model estimates are in good agreement.

with the normalization

"S.G. Nilsson, Kgl. Danske Videnskab. Selskab, Matt. -Fys.
Medd. 29, No. 16 (1955).

'7 B.R. Mottleson and S. G. Nilsson, Kgl. Videnskab. Selskab,
Matt. -Fys. Skrifter 1, No. 8 (1959).~ D. Bogdan, Nucl. Phys. 32, 553 (1962).I' D. Bogdan, Nucl. Phys. 48, 273 (1963).

~N. D. Tuong, H. Dulaney, and H. R. Brewer, Phys. Rev.
1&Qs 862 (1967

have been successfully described as single-particle states
in an axially symmetric potential, with rotational states
based on them" ~ but the isobars W'~ and Re'~ lie on
the outskirts of the deformed region 140&2&190, and
the deformation 8 0.19 is small and, therefore, the
assumption of strong coupling may be uncertain. A
study of the P decay of W'I will be useful for testing the
predictions of the Nilsson model near the limits of the
region where the strong coupling theory is known to be
applicable.

Theoretical expressions for both relativistic and
nonrelativistic nuclear matrix elements for p transitions
of arbitrary forbiddenness using Nilsson wave functions
have been developed by Bodgan's'9 and Tuong et al. '0

for one- and two-particle con6gurations, respectively, in
a deformed potential. %e use the expressions of Bogdan
for the Kotani nuclear matrix-element parameters. "
The matrix elements which contribute to the present
case of M= 1 and x, e, s, and Y. By setting z= 1, the
standard matrix element is given by g=C~JB;; and
f,t= w' ln2/I g I'. W'» with 113 neutrons and an intrinsic
state of psts can be assigned from the Nilsson diagram~
the Nilsson state $—[5127.The 75th proton of Re'» is in
a d&~2 state and is characterized by the Nilsson level
&+[4027. The states are labeled by the quantum
numbers in the asymptotic limit of Nilsson orbitals and
the wave function in terms of Nilsson amplitudes agq is
written as

Xo=E~[X,n„ tt7= Q atg
I
S/t1Z)

k=h. ;—Ag if Z;=Kg

q=A+hg if Z = —Zf (2)

As no pair of quantum numbers A; and Ay occurring in

(1) satisffes at least one of the conditions (2), the
matrix elements jr and fie vanish. The two remaining
matrix elements are contributed by only those pairs of
initial and final Nilsson amplitudes for which Zf —Z, = 1
and /, +1&/r&/; —1, and the ratio z/I comes out
independent of the Nilsson amplitudes in the present
case. The matrix-element ratios are therefore given by

x/z= 0, y/'a= 0, tt/z= —0.76

Y= 11.76m.

All P-decay observable quantities except ft values
depend only on the ratios of matrix elements. The
dependence of nuclear matrix elements on the model
parameters (g, y) occurs only through Nilsson base
vectors of the initial and Anal states. g is de6ned26 as
g= (8/x) [1—xabz —xveb'7 '; p determines the relative
strengths of the spin-orbit and I2 terms in the single-
particle Hamiltonian. Nilsson has assigned values of p
for each X shell to both proton and neutron levels in
order to reproduce the proper sequence of shell-model
levels for zero deformation. For %'~, the transforming
nucleon is initially in a neutron level from the shell
E;=5 and, 6nally, in a proton level from the shell
Ef=4. For these, Nilsson" has assigned, the values
ps=0.45, ps=0.05, pal=0. 55, and elf=0.0613, and has
calculated the corresponding expansion coe%cients.
These coefficients are used to calculate the ft value of
the transition under consideration. Berthier and Lipnik
use p=0.7 for the initial neutron level for X;=5 for
Tm" . However, this does not appear to be appropriate,
since Nilsson and Mottleson~ specify that the calcula-
tion with p, =0.7 is valid only for proton levels. However,
Tuong et cl.' have calculated matrix elements of Tm"
and Rem' decays with p;=0.45 (X;=5) and pf ——0.55
(cVt=4) and their results are in good agreement with
experiment. One should normally vary both g and p of
the initial and 6nal states in order to obtain a 6t with
experimental data. But this is not indispensable in the

Xo~»= a4~1442+ &+~2 I 422+)+o4s I
443 —&.

From the expressions of Bogdan, "~ it is seen that the
Clebsch-Gordan coeKcients appearing in the reduced
matrix elements of fr and Jie impose certain conditions
to the quantum numbers A;, hf, k=Kf —K; and q=
—Eg —K;:
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present case, as there exists only one experimental
quantity, namely, the ft value, which is dependent on

(p, p), and a 6t can be obtained by changing q; or gf
or both.

From a comparison of theoretical and experimental
values of magnetic and quadrupole moments, a de-
formation 8 0.19has been assigned for the ground state
of Re'@ Using Nilsson's'~ value of xi=0.0613 for the
Ef=4 shell, we obtain gy 3. Keeping elf=3, the cal-
culations were performed for g;= 2, 3, and 4. The best
fit with experiment could be obtained for q;=3. g;=3
does not necessarily mean a modification of the de-
formation parameter in view of the relation for q. The
relation g= C~JB;; is used in computing the theoretical
ft value:

= 10"sec.

This is to be compared with ( ft), ~=10"sec for the
transition under study. In order to correct the experi-
mental ft value for the energy dependence of the shape
factor, Moszkowski's" definition of the "Fermi integral
f" is modiaed to

W'o

fc= Fo(Z, W)C(W) pW(Wo —W)ndW.
1

The integral f, is numerically evaluated using the
experimental shape factor and FD(Z, W) of Bhalla and
Rose." This gives ( f.t), ~ = 10' " sec which is in
excellent agreement with the Nilsson prediction.

From the above results, we first draw the conclusion
that in the case of W's~, the Nilsson model yields matrix
elements which are not in agreement with the $ approxi-
mation. This conclusion also supports the relatively
large experimental val'ue of logft=8. 0. In the second
place one notices that the value of I is not small as
expected on the basis of "modified 8;; approximation"
and the vector-type matrix elements x and y vanish due
to the additional selection rules.

In Fig. 7 the theoretical shape factor, calculated
from Nilsson matrix elements using Simms's expres-
sions, "is compared with the experimental shape factor.
The experimental shape factor increases by l.5% in the
energy region 700—1280 keV, while the shape due to the
Nilsson scheme increases by 11% only. The matrix
elements of this transition are also calculated on the
basis of the j-j coupling shell model, employing the

"S. A. Mozskowski, Phys. Rev. 82, 35 (1951)."P.C. Simms, Phys. Rev. 138, 8784 (1965).

general calculus of Rose and Osborne. "These are

and

x= 0.389, u= —0.463,

F = 15.61.
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The shape factor due to these matrix elements
increases by 24% and is also shown in Fig. 7.

V. CONCLUSION

The 1314-keV transition of W'I exhibits a "selection-
rule" effect and an analysis under the "modified 8;;"
shape

C(W) = (z'/12) (q'+9Li/Lo)+ P ~ q'+9'/Lo+D
is also made. In Fig. 4 a fit is made with experimental
shape for various values of D. We get D= 23+3, which
gives Y/z=1. 33&0.04. But the experimental shape
factor can be simulated by any combination of matrix-
element parameters. Hence an individual determination
of matrix elements through more experimental ob-
servables will be helpful. From the above considerations
it follows that besides the "K-selection rule" mentioned
by Kotani, " in the expression for reduced matrix
elements corresponding to the first-forbidden transitions
in the Nilsson one-particle model, diBerent restrictions
regarding the quantum numbers l;, If, A;, Af, Z;, and Zf
appear, which may have sometimes important eR'ects as
in the decay of W'~. To obtain conclusive evidence as to
whether or not x and y are attenuated, as predicted by
the Nilsson model, more experimental information is
necessary. Since this is a ground-state transition, cor-
relation experiments are not possible. Measurement of
longitudinal polarization will not serve any useful
purpose either, since longitudinal polarization is —p/W
for both the $ approximation and the modiied 8;;
approximation. Even if the Nilsson predictions were
strictly true for W'", the longitudinal polarization will
be only 1.03(—p/W), which is impossible to verify.
But the electron distribution from oriented nuclei can
throw much light on the problem.
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