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Beta-Gamma Directional Correlation in Eu 154 
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The directional correlation between the nonunique first-forbidden outer beta group of end-point energy 
1855 kev in Eu154 and the 123-kev cascade gamma ray in Gd164 has been measured at twelve beta-ray energies. 
The measured beta-gamma correlation coefficient e ranges from — (0.222±0.013) to — (0.314=b0.017) in the 
beta-energy interval 1150 to 1700 kev, after correcting for the attenuation due to the extranuclear field 
effect by measuring the attenuation factor G2 = 0.7ld=0.03 in the 1277-123 —kev gamma-gamma cascade 
in Gd154. The correlation coefficient e varies almost as (p2/W) in this energy interval. The attenuation effect 
on the beta-gamma correlation coefficient under different physical conditions of the source has been demon­
strated experimentally. An analysis of the data by an electronic computer leads to values of the matrix ele­
ment ratios (Kotani's notation): 0=1 , # = 0.5±0.05, u = 0±0.05, and F=1.55±0.10. It is concluded that 
the "modified By approximation" is reasonably valid in this beta decay. 

INTRODUCTION 

THE theory of beta decay has been greatly simpli­
fied by the experimental evidence that V and A 

interactions are responsible for the process and CA = CA 
and Cv—Cy- AS a result, theoretical calculations have 
been greatly simplified for most of the experiments per­
taining to beta decay.1,2 Thus measurements of the 
various observables on the same beta decay, such as 
the shape correction factor, beta-gamma directional 
correlation, and beta-gamma circular-polarization cor­
relation would yield quantitative determination of the 
relative contributions of the various nuclear matrix 
elements responsible for the decay. Of special interest 
are those cases in beta decay which show deviations from 
the £ approximation.2 Such deviations are expected in 
some decays from odd-odd to even-even nuclei which 
are characterized by abnormally large ft values; these 
beta decays have in general nonallowed shape and rela­
tively large beta-gamma anisotropy. Such deviations 
are explained by Kotani2 as arising from the "cancella­
tion effect" or the "selection rule effect." The cases 
which show deviations of this kind offer valuable rela­
tions among the nuclear matrix elements. 

The explicit expression for the beta-gamma direc­
tional correlation coefficient e, as a function of energy 
of the beta-particle W (in units of MQC2) for a spin se­
quence 3~(j3)2+(y)Q+ and where the £ approximation 
breaks down, has been extracted from Kotani's general 
expressions2 and is given here in a form suitable for 
numerical calculation. 

where 
e{p2/W)~l = N/D, (1) 

N—(IN Y-\- &iv+CNX2-\- CINX+eNU-\-fNX Y 

+gNUx+hNu2+jNuY, (2) 

D= Y2+bD+cDx2+fDxY+hDu2+jDuY, (3) 

* Present address: Weizmann Institute of Science, Rehovoth, 

1 M. Morita and R. S. Morita, Phys. Rev. 109, 2048 (1958). 
*T\ Kotani, Phys. Rev. 114, 795 (1959). 

and 

aN=-\2/7, bN=-\1W/42, eN=(l/63)(W+2\2Wo), 

dN= (1/21)(\2W0-W), eN= (l/21)(SW/2-\2Wo), 

fN=-2X2/21, gN=-dN, hN=(l/9)(\2Wo/7-W/4.), 

jN=\2/21, 

^ = ( X i / 1 2 ) ( T ^ 2 - l ) + ( l / 1 2 ) ( ^ 0 - ^ ) 2 , 

CD=(l/3)(Wo2-l/3-mQW/3-2W»/3W+4W2/3)J 

fD= (2/3)(l/W-WQ), jD= (2/3)(WQ-2W+l/W), 

hD=(l/3)(Wo2/2-7/6-5WoW/3+2Wo/3W+5W2/3). 

In the above expressions the ratios of the matrix ele­
ments x, u, and Y are in Kotani's notation2 (2=1) ; 
Xi and X2 contain Coulomb correction factors and are 
tabulated.3 D in Eq. (3) is the shape correction factor 
C(W). 

Kotani2 pointed out that special cases may exist 
among the nonunique first-forbidden transitions for 
which the Bij matrix element dominates, either due to 
the cancellation effect or the selection rule effect; in 
the so-called "modified B^ approximation," u=x=0 
and one determines the only matrix element ratio Y 
responsible for the beta transition from the equation 

Y=aNp2/2eW 

±L(aN
2/4.)(p2/eW)2-bD+bNp2/eWy. (4) 

The shape-correction factor in this approximation 
becomes 

C(W)=(l/12)(q2+\1p
2)+Y2. (5) 

The criterion for the validity of this approximation is 
that Y should be independent of W. Of the two values 
of Y given from Eq. (4) as obtained from the measure­
ment of e, one determines which one fits the experi­
mental shape correction factor. 

The present experiment aims at determining the 
beta-gamma directional correlation in Eu154 in the 
highest-energy beta group of 1855 kev (TFo=4.63) and 
the 123-kev E2 gamma ray corresponding to the spin 

3 T . Kotani and M. H. Ross, Phys. Rev, 113, 622 (1959), 
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sequence 3 ~ ( / 3 ) 2 + ( Y ) 0 + . The beta spectrum of this decay 
has a nonstatistical shape4 given by the shape correc­
tion factor C(W) = q2+\ip2+20±5. The log/* value of 
this beta transition is 12.4 which is abnormally large 
compared to that of a normal nonunique first-forbidden 
transition. The half-life of the 123-kev state in Gd154 

is measured5 to be 1.2X10-9 sec. The 1277-123-kev 
gamma-gamma cascade has been shown recently to 
have large attenuation in both directional correlation6 

and in linear-polarization correlation7 measurements. 
In fact, the extranuclear field effect of the magnetic 
hyperfme interaction type present in this gamma-
gamma correlation has been utilized to determine the 
magnetic moment of the 123-kev state in Gd154. The 
unperturbed correlation coefficient has also been found 
by a delayed-correlation experiment on this cascade.6 

In a solid polycrystalline source the directional correla­
tion coefficient A 2 has been found in our experiment to 
be 0.161±0.005. The unperturbed correlation coefficient 
as determined by Stiening and Deutsch6 on this cas­
cade is ^2=0.227zfc=0.006, thus indicating an attenua­
tion coefficient £2=0.71 ±0.03 in our solid polycrystal­
line source. The beta-gamma correlation will be affected 
in the same way as in the gamma-gamma cascade. 
Thus we have here a means of correcting our beta-
gamma directional correlation coefficient e by knowing 
the attenuation coefficient G2 present in the same source. 
Further, in the present experiment we have demon­
strated with a liquid source prepared in a special way 
that the beta-gamma correlation is indeed dependent 
upon different source conditions. 

During the course of this experiment a similar work 
was published by Sastry, Petry, and Wilkinson.8 With­
out considering the attenuation in the measured corre­
lation coefficient due to extranuclear field effect, they 
found from their data %= — 0.24dz0.05, ^ = + 0 . 0 5 
±0 .03 , and F=0 .76±0 .08 , and concluded that the 
"modified Bij approximation" does not strictly hold in 
this decay, unlike the case of the similar decay in 
Eu152.9~12 In the present work we shall show that the 
observed beta-gamma correlation coefficients, when 
properly corrected for the attenuation effects, yield 
results which can be reasonably fitted in the "modified 
Bij approximation." The exact fitting of the corrected 
data was done with an electronic computer, to extract 
the matrix element ratios x, u, and F. 

4 L. M. Langer and D. R. Smith, Phys. Rev. 119, 1308 (1960). 
5 A. W. Sunyar, Phys. Rev. 98, 653 (1955). 
6 R. Stiening and M. Deutsch, Phys. Rev. 121, 1484 (1961). 
7 C. V. K. Baba and S. K. Bhattacherjee, Phys. Rev. 123, 865 

(1961). 
8 K. S. R. Sastry, R. F. Petry, and R. G. Wilkinson, Phys. Rev. 

123, 615 (1961). 
9 H. Dulaney, Jr., C. H. Braden, and L. D. Wyly, Phys. Rev. 

117, 1092 (1960). 
10 S. K. Bhattacherjee and S. K. Mitra, Nuovo cimento, 16, 

175 (1960). 
11 J. W. Sunier, P. Debrunner, and P. Scherrer, Nuclear Phys. 

19, 62 (1960). 
12 H. J. Fischbeck and R. G. Wilkinson, Phys. Rev. 120, 1762 

(1960). 
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FIG. 1. Integral beta-gamma directional correlation in Eu154 

with beta energy above 1350 kev. In the above plot the beta-
gamma coincidences N#y(d) have been plotted as a function of 
cos20. The observed correlation coefficient is e= — (0.178±.0.007) 
which when corrected for geometry gives e= —(0.196±0.007). 
The relevant portion of the decay scheme of Eu154 is shown at 
the inset. 

EXPERIMENTAL PROCEDURE 

The source used for the present work was produced 
by bombarding enriched Eu153 (95%) with thermal 
neutrons in the Oak Ridge National Laboratory Reac­
tor in 1957. The source was deposited from a drop of 
EuCl3 solution on a 0.6-mg/cm2 Mylar foil over a 
diameter of about 3 mm. I t was placed at the center of 
a vacuum chamber evacuated to less than 0.1 mm Hg. 
The vacuum chamber was 4 in. in diameter and made 
of yg-in. thick aluminum coated inside with paraffin to 
reduce scattering. 

The experimental setup was very similar to that used 
by Steffen.13 The beta detector was a plastifiuor cylinder 
with a conical well cut in it. This was optically coupled 
to an RCA 6342A photomultiplier. The source was at 
the. apex of the conical well at a distance of 2 in. from 
the detector surface. The effective thickness of the de­
tector was \ in. and the effective solid angle for beta-
particle detection was 2.5% of 47r. Resolution for the 
^-conversion electron line of Cs137 was 19%. For beta-
energy calibration, the following standards have been 
used: 490-kev (K+L)-conversion line in Bi207, 624-kev 
^-conversion line in Cs137, and 980-kev X-conversion 
line in Bi207. Line shapes at these energies were also 
measured and used for resolution corrections. Gamma 
rays were detected by a If-in. diamXf-in. thick N a l 
(Tl) crystal mounted on a RCA 6342A photomultiplier. 
This crystal was placed at a distance of 3 in. from the 
source for the differential anisotropy measurements and 
4 in. for the integral anisotropy measurements. The 
gamma counter was the movable counter situated out­
side the vacuum chamber and the gamma channel was 
adjusted to accept the 123-kev photopeak with a narrow 
window. 

13 R. M. Steffen, Phys, Rev, 123, 1787 (1961). 
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The electronic system consisted of a "fast-slow'' co­
incidence arrangement with a ten-channel analyzer for 
beta-energy selection. The gain of the beta channel was 
adjusted so that each channel-width of the analyzer 
corresponds to 50 kev. With this arrangement a 500-
kev portion of the spectrum could be scanned at one 
single span. A resolving time of 2X10~8 sec was used 
for all the experiments. For coincidence counting, the 
multichannel analyzer was gated by the 123-kev gamma 
ray. 

The integral beta-gamma correlation has been meas­
ured by an automatic angular correlation setup. Co­
incidences were recorded in the angular range 90° to 
270° in steps of 15°. These measurements were made at 
beta energy above 1350 kev. The results are shown in 
Fig. 1. 

The differential anisotropy a=[W (180°)-W(90o)l/ 
W(90°), where W(1S0°) and W(90°) are coincidence 
rates at 180° and 90°, was measured in the beta-energy 
region from 1150 kev to 1700 kev. Gamma-gamma co­
incidence background of the order of 25% at 1150 kev 
and gradually falling to zero at 1450 kev was found to 
be present. This was carefully measured by placing a 
1.3-g/cm2 plastic absorber which would stop all the 
beta rays in front of the beta crystal. Further, it was 
found that the amount of Eu152 present in the source 
contributes to the anisotropy in the lower energies (5% 
at 1150 kev, falling sharply to zero at 1300 kev). The 
contribution comes from coincidences between the 1480-
kev beta group in Eu152 and the Compton part of the 
344-kev gamma ray falling in the window at the 123-
kev gamma-energy setting. This contribution was 
separately measured by measuring coincidences be­
tween the beta particles and the 344-kev photopeak in 
the same source and then calculating the amount 
caused by the Compton tail of the 344-kev gamma ray 
falling under the window setting corresponding to 
123 kev. 

Apart from the geometrical corrections, the following 
important corrections were applied to the experi­
mentally observed anisotropics: 

1. Resolution Correction 

The correction for finite beta-energy resolution was 
carried out using the method due to Freedman et al.u 

from the experimentally observed line shapes. This cor­
rection is 4 % at 1150 kev and increases to 10% at 1700-
kev beta energy. The amount of correction appears to 
be large compared to what has been reported earlier10 

using a flat scintillator for detecting the beta particles. 
With a well-type scintillator, the back scattering of the 
electrons is negligible; the line shape of the 624-kev 
.K-conversion line selected by coincidence with x rays 
and that of the 980-kev TT-conversion line in Bi207 by 
coincidence with the 569-kev gamma ray have no 

14 M. S. Freedman, T. B. Novey, F. T. Porter, and F. Wagner 
Rev. Sci. Instr. 27, 716 (1956). 

TABLE I. Comparison of the present measurements on the beta-
gamma correlation coefficient in Eu152 with those of Fischbeck and 
Wilkinson.* 

E (kev) 

929 
950 
974 

1000 
1050 
1075 
1100 
1125 
1150 
1200 
1250 
1277 
1300 
1350 
1400 

W (mQc2) 

2.819 
2.859 
2.906 
2.957 
3.055 
3.103 
3.153 
3.202 
3.250 
3.350 
3.446 
3.500 
3.544 
3.642 
3.740 

a See reference 12. 

(Present 
measurements) 

0.314±0.004 

0.334d=0.004 
0.347±0.004 

0.362 ±0.004 

0.366±0.004 
0.368±0.005 
0.380±0.005 

0.380±0.006 
0.392±0.008 
0.401 ±0.011 

(Fischbeck and 
Wilkinsona) 

0.323±0.013 

0.315±0.006 

0.359±0.007 

0.360±0.004 

0.372±0.007 

0.374±0.006 

appreciable back-scattering tails; on the contrary, using 
a flat scintillator for observing a monoenergetic line 
shape, one will always get a constant back-scattering 
tail up to zero energy, about 7% of the peak height.14 

In a beta spectrum observed with a well-type scintillator 
where back scattering is absent, there is a substantial 
contribution of low-energy electrons falling at higher-
energy analyzer window settings due to the finite-
resolution effect because of the steeply falling nature of 
a beta spectrum at the higher energies. This causes a 
reduction in the observed anisotropics at the higher 
energies, particularly in a case where the energy de­
pendence of the anisotropy is large. On the contrary, 
using a flat scintillator, the back scattering of the higher 
energy electrons causes a pileup at the lower energy part 
of the beta spectrum, thereby apparently reducing the 
corrections due to resolution effects on the anisotropics. 
Measured values of the beta-gamma anisotropics in 
Eu152 with a well-type scintillator, when corrected in 
this way, have been found to agree very satisfactorily 
with the earlier magnetic spectrometer measurements of 
Fischbeck and Wilkinson9 (see Table I) . In Table I I I 
(column 4) the magnitude of the correction at various 
energies in Eu154 is shown. 

2. Extranuclear Field Effect 

The directional correlation coefficient is attenuated 
due to extranuclear field effect because of the finite 
lifetime of the 123-kev state in Gd154. To measure this 
attenuation, the directional correlation of the 1277-kev 
and 123-kev cascade gamma rays was measured using a 
2-in. diamX2-in.-thick Nal(Tl) crystal to detect the 
1277-kev gamma ray. The solid poly crystalline source, 
which was employed for all the beta-gamma anisotropy 
measurements, was used. The observed directional cor­
relation after geometrical corrections is given by W (6) 
= l + (0.161=h0.005)P2(cos6>)+(0.002dz0.006)P4(cos^). 
The unperturbed directional correlation coefficient A 2 as 
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TABLE II . Comparison of the attenuation in the beta-gamma directional correlation coefficient e with beta energy above 1350 
kev and in the 1277-123-kev gamma-gamma correlation coefficient Ai under different physical conditions of the source. 

Solid source 

Relative attenuation in 
the solid source corn-

Liquid source pared to liquid source 

Beta-gamma correlation coefficient e 
Gamma-gamma directional correlation coefficient A 2 

-0.196±0.007 
0.161±0.005 

-0.211 ±0.004 
0.187 ±0.007 

0.929±0.037 
0.862 ±0.040 

determined by Stiening and Deutsch5 from delayed-
correlation measurements is 0.227±0.006. Hence, the 
attenuation coefficient to be used for correcting the 
observed beta-gamma correlation coefficient e is G2 

= 0.71zb0.03. 
In order to demonstrate whether the beta-gamma 

correlation is attenuated under different physical con­
ditions of the source, a beta-gamma integral directional 
correlation measurement with a liquid source was under­
taken. A drop of the same stock solution of EuCU which 
was used to prepare the solid source was sandwiched 
between two Mylar foils 0.6-mg/cm2 thick, thus forming 
a very well-defined circular film of thickness about 0.2 
mm and of diameter about 5 mm. This source was put 
in the vacuum chamber with air introduced to avoid 
evaporation or rupture of the source. The experiment 
was performed under the same condition that was used 
to determine the beta-gamma correlation with the usual 
solid polycrystalline source. In either case the beta 
particle energy was selected above 1350 kev. The 
measured anisotropy as a function of angle is plotted in 
Fig. 2, where the results obtained with the solid poly­
crystalline source are also shown for comparison. The 
integral beta-gamma correlation with the solid source 
was observed in air also and was found to be unaffected 
in the energy region above 1350 kev. From Fig. 2, it is 
clearly demonstrated that the beta-gamma.directional 
correlation in this cascade in Eu154 is affected by different 
physical conditions of the source, the anisotropy being 
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FIG. 2. Integral beta-gamma anisotropy in Eu154 with beta 
energy above 1350 kev with solid and liquid sources. The experi­
mentally observed anisotropics in the two sources, without geo­
metrical correction, are a = — (0.245±0.010) in the solid source 
and a = - (0.271+0.010) in the liquid source. 

greater in the liquid state. To show that the beta-
gamma correlation and gamma-gamma correlation are 
attenuated by the same amount, the 1277-kev-123-kev 
gamma-gamma directional correlation experiment with 
the same liquid source was also performed. The results 
are shown in Table I I . I t is obvious that within experi­
mental errors, the attenuation is the same in both 
beta-gamma and gamma-gamma directional correlation 
measurements. 

RESULTS 

The integral correlation function in Eu154 with beta 
energy above 1350 kev, after the usual geometrical cor­
rection, can be expressed as 

W(6) = l - (O.196±O.OO7)P2(cos0) 
+ (O.OO4±O.OO8)P4(cos0). 

The small value of the coefficient in the JP4(COS0) term 
indicates that the parity of Eu154 is odd.2 The results 
are shown in Fig. 1 where the integral beta-gamma co­
incidences Np7(6) are plotted against cos20. 

The differential beta-gamma angular correlation in 
Eu152 involving the 1483-kev beta group and the 344-
kev cascade gamma ray was first measured to test the 
performance of the equipment. The results are shown 
in Table I. In the same table the magnetic spectrometer 
measurements of Fischbeck and Wilkinson9 are also 
shown. The agreement between the two sets of value is 
quite satisfactory. 

The beta-gamma correlation data in Eu154 are shown 
in Table I I I . Columns 4 and 7 show the effects of resolu­
tion correction and correction for attenuation due to 
extranuclear field, respectively. I t is seen that e ranges 
from —0.22 to —0.32 in an energy span 3.25 to 4.33 
mQc2. T O extract the matrix element ratios x, u, and Y 
from the observed energy dependence of e, the following 
procedure was adopted: An exhaustive computation 
of e(p2/W)~~l as given in Eq. (1) for various values of 
x, u, and Y was undertaken with the aid of TIFRAC, 
the Institute's electronic computer, and the program 
was written in such a way that sets of values of u, x, 
and Y which give good fit with the experimental 
e(p2/W)~l values were printed out. The range of values 
tried for x and u was from —0.9 to + 0 . 9 in steps of 
0.05, and the range for F was from 0 to 3 in steps of 
0.05. In this way a number of possible sets of x, u, and 
Y were found. A further choice was made on the basis 
of agreement with the experimentally observed shape 
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TABLE III. Summary of the Eu154 beta-gamma correlation data. 

E 
(kev) 

1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 

W 
(m0c

2) 

3.250 
3.348 
3.446 
3.544 
3.642 
3.740 
3.838 
3.935 
4.033 
4.131 
4.229 
4.327 

Observed 
anisotropy 

— a 

0.183±0.010 
0.178±0.009 
0.196±0.007 
0.207±0.007 
0.220±0.004 
0.238±0.004 
0.241 ±0.004 
0.247±0.005 
0.242±0.006 
0.245±0.008 
0.254±0.009 
0.244±0.012 

Anisotropy 
corrected for 

resolution 
— a 

0.195±0.010 
0.190±0.009 
0.210±0.007 
0.223±0.007 
0.234±0.004 
0.252±0.004 
0.258±0.004 
0.265±0.005 
0.261±0.006 
0.265±0.008 
0.275±0.009 
0.267±0.012 

e = 2a/(a+3) 

-0.139±0.007 
-0.135±0.007 
-0.150±0.005 
-0.162±0.005 
-0.169±0.003 
-0.183±0.003 
-0.188d=0.003 
-0.194±0.004 
-0.190d=0.004 
-0.194±0.006 
-0.201d=0.007 
-0.196±0.009 

— e corrected 
for geometry; 

( ^ = 0.8812 

0.158±0.008 
0.153±0.008 
0.170±0.006 
0.184±0.006 
0.192 ±0.004 
0.208±0.004 
0.213±0.004 
0.220±0.005 
0.216±0.005 
0.220±0.007 
0.228±0.008 
0.223±0.010 

— € corrected for 
attenuation effect; 

G2 = 0.71±0.03 

0.222±0.013 
0.216±0.013 
0.240±0.010 
0.259±0.011 
0.270±0.010 
0.293±0.010 
0.301±0.011 
0.310±0.012 
0.304±0.012 
0.310±0.013 
0.322±0.015 
0.314±0.017 

factor. The best fit has been found with the set # = 0.05, 
u=0, and F=1 .55 . 

In Fig. 3, the experimental beta-gamma directional 
correlation coefficient e has been plotted as a function 
of beta-particle energy W (in units of MQC2). The theo­
retical value of e using Eq. (1) for # = 0 .05 ,^=0 , 
Y= 1.55 has also been shown. 

In Fig. 4, the "reduced" correlation coefficient 
e(p2/W)~l has been plotted as a function of energy. I t 
is clearly seen that the value of e(p2/W)~~1 is practically 
constant around the value — 0.080±0.008. I t shows 
that € varies almost as p2/W over the energy region in­
vestigated in the present experiment. The theoretical 
value of e(p2/W)~1, using Kotani's expression given by 
Eqs. (1), (2), and (3) for the set x=0.05, u=0, F=1 .55 , 
has also been plotted. 

In Fig. 5, the shape correction factors calculated 
from the various sets around # = 0.05, u=0, and Y 
= 1.55 are compared with the experimentally observed 
shape factor of Langer and Smith.4 They have been 
normalized with the mean experimental value of C(W) 
at W=3Mm0c\ The set #=0.05, « = 0 , and 7=1 .55 
fits best both with the experimental values of e and 
with C(W). I t is interesting to note that a set #=0.7, 
u=0.5, and F=2.55 fits very well with the values of e 

(not shown in Fig. 3) but is completely in disagreement 
with the observed shape correction factor. In this case 
the shape correction factor is found to decrease with 
energy wheres the shape factor experimentally ob­
served increases with energy. 

Lastly, in Fig. 6, the Y values, calculated from the 
experimentally observed correlation coefficients e with 
the help of Eq. (4), which is true if the "modified B^ 
approximation" is valid in this beta decay, are plotted 
as a function of beta-particle energy W. A value of 
Y—1.45±0.10 seems to give a good fit for most of the 
experimental points. The other value of Y as given by 
Eq. (4) has the value 0.08±0.04. This value of F cannot 
be responsible for this beta decay since, according to 
the Eq. (5), the spectral shape should be almost unique, 
which is contrary to observation.4 

DISCUSSION 

From the results of the present experiment on the 
energy dependence of the beta-gamma correlation co­
efficient e and also from the observed experimental 
spectral shape C(W), it can be concluded that the 
"modified Bij approximation" is reasonably valid in the 
nonunique first-forbidden beta-decay of the 1855-kev 
beta group of Eu154; the matrix element ratios respon-
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FIG. 3. The beta-gamma directional correlation coefficient e 
plotted as a function of beta-particle energy W (in units of m0c

2). 
The solid curve is a theoretical one with #=0.05, u=0, and 
F=1.55. 

-0.08 

-o.io y-

-0.121-

JL_f_4-
i i 1 ~r X»0.oa;u«0; V «I.85 

FIG. 4. The "reduced" correlation coefficient e{p2/W)~1 plotted 
as a function of the beta-energy W. The solid curve is Kotani's 
theoretical expression Eq. (1) with x = 0.05, u = 0} and F=1.55. 
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FIG. 5. Comparison of the theoretical shape correction factor 
C(W) and the measured shape correction factor of Langer and 
Smith.4 The theoretical shape correction factors are calculated 
using Kotani's complete expression Eq. (3) with the sets: I. x = 0, 
« = - 0 . 0 5 , 7=1.45; II. * = 0.05, u = 0, F==1.55; III. * = 0.1, 
u=0A, 7=1.65; IV. *=0.7, «=0.5, 7=2.55. Values of C(W) 
for each set have been normalized with the mean experimental 
value at P7 = 3.94w0c

2. The shaded area denotes the error assigned 
to the experimental shape measurement. 

sible for this decay are z= 1, #=0.05d=0.05, w=0±0.05 , 
and F=1 .55±0 .10 . The corrected ft value, fct=6.1S 
XlO33 in natural units (fi = m=c==l), determines the 
standard matrix element Bij= 1.6X10-5. We have used 
CA=-1.21CV, Cv = g= 2.97XlO'12 (in natural units). 
The nuclear radius, R=1.21X10~lzAi cm, in natural 
units becomes £ = 1.67X10^ for Eu154. Hence, the 
absolute values of the matrix element ratios can be 
computed in a form which is independent of any system 
of units and is given as follows: 

fBii 

I' 
and 

/ 
icrXr 

h 

/ #=(0 .98±0 .10 )X10- 3 , 

/£=(5.9=fc5.9)X10-5 , 

/ i ^= (0±4 .9 )X lO- 5 , 

= (4.5±2.0)X10-5 . 

The above ratios clearly indicate the lack of overlap 
of the initial and final nuclear wave functions; for com­
plete overlap, the values of \fBij\/R, \fx\/R, and 
\fivX*\/R would be of the order of unity, whereas 
| fia | would be of the order of 0.1. Thus all the matrix 
elements involved in this beta decay are very much 
reduced; however, | fBij \ /R is much less reduced com­
pared to the other ratios, indicating some sort of selec­
tion rule effect operating in this decay. On the basis of 

FIG. 6. Plot of 7 versus beta energy W on the assumption of 
the "modified Bij approximation." 

the collective model, this particular beta decay in Eu154 

is characterized by a change of K quantum number 
AK = 3 , since the Eu154 ground state has i £ = 3 and the 
123-kev level in Gd154 is the first member of the ground-
state rotational band having K — 0. Thus this beta 
decay is highly K forbidden, which may very well 
account for the validity of the "modified Bij approxi­
mation." An identical beta transition of 1483 kev in 
Eu152 has also the similar property in that the Bij 
matrix element is predominant9-12; however, in this 
case the ^-selection rule effect is untenable because the 
344-kev level in Gd152 is a vibrational state of a spherical 
nucleus, and hence K is not a good quantum number. 

The earlier work on the beta-gamma correlation in 
Eu154 by Sastry et al.s concludes that an appreciably 
large contribution is due to the matrix element ratio x. 
The values of the correlation coefficient e reported by 
them are substantially less than that of ours by a 
factor 0.61. They have commented that if their meas­
ured values of e are assumed to have suffered an at­
tenuation of the order of 0.61, the "modified Bij 
approximation" will be valid, which is consistent with 
the conclusion drawn from the present experiment. 
However, it may be pointed out that the attenuation 
factor G<i due to extranuclear field effect, as measured by 
us in our solid poly crystalline source, is 0.71, which 
shows that the attenuation present in the sources used 
by Sastry et al.8 was greater than that in ours. 
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Note added in proof. During the course of publication of this 
work, another similar work has been published by Wyly et al., 
Phys. Rev. 124, 841 (1961) in which the attenuation effect on the 
beta-gamma correlation has not been taken into consideration. 
The results are similar to those of Sastry, Petry, and Wilkinson.8 


