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The P-y circular-polarization angular correlation has been
measured for V4', Co", Fe ', and Cs'" using the Livermore ap-
paratus described previously. Since al] of these decays (svith one
exception) are characterized by nJ=O, .TWO, and AT=1, they
possess the necessary elements for testing isospin conservation in
allowed P decay. The measured asymmetry parameters are:
—0.066~0.035 for V48, 0.00~0.03 for Co~6, —0.074~0.022 for
Cs"4, and —0.23~0.05 and 0.01~0.10, respectively, for the
462-keV and 271-keV, P branches in Fe '. These results are con-
sistent in all cases with a very small Fermi matrix element and
therefore support the validity of isospin conservation, with the
doubtful exception of the 271-keV P-decay branch of Fe '. How-
ever, in this case the extreme difficulty of disentangling the 271-
keV branch from the 462-keV branch, which is pure Gamow-

Teller L3/2 (P)5/2 (i)7/2 g, renders tins exception rather un-

certain. In the case of V" our result is in disagreement with that of
Boehm and Wapstra, who found evidence for sizable interference,
but is in better agreement with the result of Daniel and Kuntze,
who find evidence for small interference. Our Co~' result is in
exce]lent agreement with the work of Daniel and Kuntze. Our
result for the low-energy branch of the Fe59 decay (AJ=O) is in
accord with the work of Forster and Sanders, the accuracy being,
however, very poor in both measurements. With regard to the
high-energy branch (a1=1), our result is lower by a factor of two
than that of Forster and Sanders.

Our Cs' result shows definite interference, but because of the
large ft value the Fermi matrix element is still very small, in
keeping with the other findings at this laboratory.

I. INTRODUCTEON

HE measurements reported in this paper are
part of a, continuing program at this laboratory

in which the asymmetry parameter in the angular
correlation between p rays and circula, rly polarized

y rays is measured. Previous reports' ' give a complete
description' of the techniques and apparatus used in
the present experiments as well as complete references'
to related work at other laboratories. Our technique is a
somewhat modified version of the one introduced by
Schopper4 and by Boehm and Kapstra. 4 In brief, the
method uses Compton scattering from magnetized iron
in order to detect circular polarization in p rays.

The principal result of this work is a determination
of the relative magnitudes of the Fermi and Gamow-
Teller contributions in mixed P decays (i1J=O), under
the assumption that the A —V theory' of p decay is
valid. Since in this theory the Fermi type of P decay
can occur only between states having the same isospin
(AT=0), these results have a direct bearing on its
validity as well as on the question of the isospin as a
good quantum number. " ' Hence, it is of importance
that two of the nuclides reported here (Co" a,nd Cs"4)
have very large p-decay ft values, since this means that
the Gamow- Teller matrix elements are unusually
small. Thus, in these cases even a small Fermi matrix

*Work performed under the auspices of the U. S. Atomic
Energy Commission.
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element, due to a small isospin impurity in one of the
relevant states, may result in a relatively large contri-
bution to the P decay and wouM be easily detectable.
This appears to have happened for both Co" and
Cs134

The following relation between the asymmetry
parameter and the nuclear constants was obtained'
from the work of several authors' —":
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+28Ft(X, ) +I, IgfIr)] (1).
The upper sign applies for p decay and the lower sign
for P+ decay. This formula is identical with Eq. (2')
in reference 3 with the added restriction that only the
two y-ray multipoles of lowest possiMe order are
assumed to contribute. We have used 8 for the ratio of
the p-ray matrix elements of 2~+' pole to 2" pole, and
y—=Cv3lv /C~Mz.

II. SOURCES

V'8 and Co" were produced in the Crocker Labora-
tory 60-in. cyclotron by the (d, 2n) rea, ction on natural
titanium and iron foils, respectively. Carrier free
separations were carried out using ion exchange
techniques. '-' "The Fe" and Cs"' were purchased from
commercial suppliers. All sources were mounted on
uncoated Mylar films of 1 mg/cm' by solution
evaporation.

9 K. Alder, B. Stech, and A. Winther, Phys. Rev. 107, 728
(1957).' Y. V. Gaponov and V. S. Popov, Nuclear Phys. 4, 453 (1957)."J.D. Jackson, S.B.Treiman, and H. W. Wyld, Jr., Phys. Rev.
106, 517 (1957).'' U. Schindewolf and J. W. Irvine, Anal. Chem. 30, 906 (1958)."J.L. Hague, K. K. Maczkowske, and H. A. Bright, J. Re-
search Natl. Bur. Standards 53, 353 (1954).
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TABLE I. The measured asymmetry parameter A in the angular correlation between P rays and circularly polarized p rays. The
asymmetry parameter in the last column is obtained by a renormalization of the relative asymmetry parameter so that the average of
the Co~ and Na" magnitudes equals 1/3.

Raw effect'
Nuclide (N„E,)—/(N„+X, ) fps fpE

V' —0.068~0.034 1.00 1.00
Co" —0.004&0.023 1.00 1.00
Cs"4 —0.077+0.023 1.00 1.35
Average Co'0 and Na" (absolute magnitudes)

Correction factors"
fas fvc fee fee
1.01 1.22 1.03 1.18
1.00 1.11 1.26 1.35
1.01 1.23 1.04 1.04

1.50
1.55
1.20

2.25
2.93
2.18

Total'
correction

fNP fT

Relative~
asymmetry
parameter

A„

—0.15+0.08—0.01&0.07—0.17+0.05
0.76+0.10

Asymmetry
parameter

A

—0.066+0.035
0.00 +0.03—0.074+0.022

1/3

' Statistical errors only (standard deviation).
b These correct for the following effects: f~g—coincidences involving annihilation radiation; f~E—energy dependence of the polarization detection

eKciency; faa—back scattered P particles; fvc—dependence of the polarization on velocity of the P ray; fee—accidental coincidences; fee—coincidences
between two y rays; fNz —coincidences which do not involve scattering from magnetic iron.

The product of all the individual correction factors.
"The product of fz and the raw effect.

III. RESULTS

As in our previous work, the diRerence in the P-y
coincidence rates for opposite magnetic field directions
was compared with the average of the Co'" and Na"
values, which number was used as a calibration standard
in order to determine the asymmetry parameter. In all
of the present work the iron scattering cylinder was
3/g in. thick. Also, all sources were contained in a
helium atmosphere. '

The data are given in Tables I and II. The "raw
effect" is the difference between the north-field and
south-6eld counting rates divided by the sum of those
rates. The correction factors have all been discussed
in detail previously. The asymmetry parameters appear
in the last column,

For Fe", given in Table II, the procedure for obtain-
ing the asymmetry parameters from the raw data is not
asstraightforw ard as in the other cases. This is because
it is impossible to observe the low-energy P spectrum,
which has a mixed character (6I=0), without detecting
at the same time the higher energy spectrum, which is
assumed to be pure Gamow-Teller (AJ=1). Hence,
two sets of data are necessary (actually three sets were
used); one, with the P-detection threshold at 270 keV,
gives the polarization of p rays associated with the high-
energy (462-keV) P spectrum only, and the other, with a
lower threshold, contains the eRect of the 271-keV d(l

spectrum.

To separate these two spectra properly, we first
compare each set of data with the Na22 and Co""
average to get the average polarization I'~ of those y
rays detected at each P threshold. All the correction
factors except fr c are used in this calculation. Explicitly,

1/3—
X fr'

0.76 c.«N. » W +Ã.
(2)

This I'~ can then be expressed as a properly weighted
average of the A's associated with the two P spectra, as
follows (for the P threshold at 115 keV):

~462
I'~ = 0.543 462 o!

—115

+0.462 sr r P (3)
c rrs 0.54rr+0.46P

Here the factors 0.54 and 0.46 are the relative intensities
of the two P spectra, u and P are the fractions of the
462- and 271-keV spectra, respectively, that are
accepted by the discriminator setting, and % is the
ratio of the average speed of the P particles accepted
to the speed of light. Solving this equation simul-
taneously for each set of data gives the results in the
last two columns of Table II. The accuracy is seen to
be quite poor, due to cancellation effects.

TABLE II. The measured asymmetry parameter in the angular correlation between p rays and
circularly polarized p rays for Fes~ P decay.

Threshold
for P

Raw effect detection
(X 1V,)/(N„+N, ) (ke—V) fr s

Correction factors"
fBs fRc fGcr

Totalb
correction

fNP fT'

Degree' of y
polarization

pv

Asymmetry"
parameters

A 462

—0.221~0.044—0.118+0.026—0.133+0.033
Average

270 1.13
115 1.07
70 1.07

1.01 1.10 1.02
1.01 1.08 1.01
1.01 1.08 1.01

1.45 1.86
1.50 1.77
1.50 1,76

—0.176+0.035—0.090+0.020
—0.102+0.025

—0.23+0.05

—0.23+0.05

0.09+0.14—0,05+0.13
0.01~0.10

a Statistical errors only (standard deviation).
"See Table I; fvc is not included here,
o Based on the values in Table I for Na2' and Co", which were used to normalize the results in this table.
d See text for the relation between P& and the A' s.
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Than. z III.Ratios of the Fermi and Gamow-Teller contributions
in the P decay of V", Co", Fe", and Cs'~. The A —V theor E .
(~1)g was used to relate 3 and the ratio CvcVv/C~M'~.
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FIG. i. Experimental results for A the as m

All the results are compared with E . ,1& F
roug, where the results of other measurements are

also given. " '" In the case of V46 (Fig. 1) there may be
evidence of the kind of disagreement that has charac-
terized several of these measurements in the past. '

owever, in the case of Co" (Fig. 2) the agreement
between our work and the work of Daniel and Kuntze
is essentially complete. Fe" contain tw p tin wo p spectra that
were measured, one mixed (AX=0) and the oth

amow-Teller (DJ=1). Accordingly two theoretical
curves are given (in Figs. 3 and 4), one of A vs y which

app ies to the mixed spectrum, and the other of A vs 6

which applies to the pure Gamow-Teller spectrum.
the pure Gamow-Teller transition, our

results differ quite largely from the results of Forster
and Sanders" (see Fig. 3), but because of the steep
dependence of A on 6, the multipole mixing ratio, the
conclusions to be drawn are essentially the same. In
the case of the low-energy transition, which is mixed
see Fig. 4), our results are in satisfactory agreement.

V48 Boehm and Wapstraa
Daniel and Kuntzeb
Present results

Co~' Daniel et al. d

Present results
Fe'9 (462-keV p) Present results

Forster and Sandersf

(271-keV P) Present results
Forster and Sandersf
Present resultsCs134

+0.06 ~0.04
0.00 ~0.04—0.066 ~0.035—0.02 +0,06
0.00 ~0.03—0.23 &0.05—0.46 ~0.08

+0.01 ~0.10
—0.04 %0.1 1—0.074 ~0.022

—0.20 &0.07—0.11~0.05&—0.02 +0.05—0.08 ~0.08o—0.11~0.04
~ ~ Ae

~ ee

+0 28 +0 25—0.20
+0.17~0.25
+0.22 +0.04

a See reference 16.
b See reference 14.

D
e apparently to a numerical error these result

aniel et al.
u s are g1ven a sign by

d See reference 15.' This P spectrum is pure Gamow-Teller (6J=1 . The
+0.05, giving approximately (7 +2)% B2 andy 0 2 and 93% M1 from the Iivermore

, giving 1 & B2, from the results of Forster and

& See reference 17.
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with Forster and Sanders, but because of the large
very precise yerrors t e amount of interference is not

etermined.
In Table III all of the measurements on these

nuclides are summarized. It is seen th t '
ha wit our
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FIG. 3. Experimental results for the 462-keV p branch of Fe".
In this case A is a function of the E2 iV1 am li
only, since the fact that d,J=1 '

a = in the P transition precludes an
ermI contribution. The curve is obtained from Eq. (1).

FtG. 2. Experimental results for C " Tho . e curve is the theo-
retical relation between 2 and y—=C 3/I C 3I E . (v v x x Eq (&)g.

"H. Daniel and M. Kuntze, Z. Physik 162, 229 (1961),
t e, and O. Mehhng, Z. Naturforsch, 169,"H. Daniel, M. Kuntze an

"F Boehm and. Boehm and A. H. Wapstra, Phys. Rev. 109 456 (195 )
N. L. Sanders, Nuclear Phys. 15, 683

results a near-zero Fermi component seems clearly
indicated only in the case of V48. However, the unusually
sma size of the Gamow-Teller matrix elements in
Co" and Cs"4 is chic-y responsible for the large ratios
shown in Table III, as will be discussed. It seems most

simply not good enough to warrant any stron
conclusions.
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TAnLE IV. Impurity coefficients n„d (ndr) describing admixing
into the parent (daughter) state of the analog state of the daughter
(parent) in the case of positron (electron) decay.

Nuclide

V4'
C05$
Fe" (271-keV P)
Csl34

Isospln
Logft Parent Daughter

61 1 2
87 1 2
5.9 7/2 5/2
8.8 12 11

IV. DISCUSSION

Impurity
admixture

npd, 1X10 '
pz, 3X10 4

o.gp, 2X10 4

O.gp, 5X10 '

2,2 )1 0796 MeV

I I I
I I I I-1.0 -0.8 -0.6 -0.4 -0.2

P-, 75%,0,652 MeV

134 4~)
55 79
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FIG. 4. Experimental result for the 271-keV,'p„. branch of l
Fe' . The

curve is the relation in Eq. (1) between 2 and y =Cy3f v/CgMg.

In assessing the validity of the isospin concept, a
more directly significant quantity than the ratios
shown in Table III is the actual magnitude of the
Fermi matrix elements. These can be obtained from
the ft values and the above ratios. ' By assuming tha, t
the Fermi matrix element is due entirely to an ad-
mixture in the daughter (or parent) of the analog state
of the parent (or daughter), ' "we can then determine
the amount of these isospin impurities. The results of
this analysis are shown in Table IV. Only in the case
of Fe", for which the accuracy is very limited, is there
an appreciable mixture. Co" and Cs"' are seen to
contain a very small impurity in spite of the fact that
the ratio CvMv/CzMz is unusually large. This happens
because the large ratio is due to an unusually small
value of Mg rather than a large value of 3f~. To our

log ft =8,8 (2+)

o+I o sos Mev

I34
568'78

"—0

Fxo. 5. Experimental result for Cs'". The curve is the relation
in Eq. (1) between A and y=—CvMv/CzMa.

knowledge there have been no attempts to calculate
the Fermi matrix elements for these nuclides.

These data sometimes give useful information about
nuclear spins. In both V" and Co" the spins 3+ and 5+
for the ground states would lead to —0.416 and +0.33,
respectively, for 3, using Eq. (1). Since in these cases
there would be no question of P-decay mixing, and the
p-ray mixing is probably very small (E2 vs M3), the
predictions should be quite reliable. The data, there-
fore, are strong evidence against these spins. In Co"
the spin of 4 has been measured directly, but in V"
only indirect measurements are available. "The above
argument applies equally well to Cs"', except in this
case it is the spins of the levels at 0.605 and 1.401
MeV in Sa"' that are less directly measured. Here the
spin of 3+ for the 1.401-MeV level and dipole radiation
would lead to 2= —0.50, which again strongly dis-
agrees with the data.
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