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DETERMINATION OF THE STATIC QUADRUPOLE MOMENTS
OF THE FIRST 2 STATES OF Pt, ' 6Pt, AND '98Pt~

J. E. Glenn and J. X. Saladin
University of Pittsburgh, Pittsburgh, Pennsylvania

(H, eceived ll April 1968)

Static and dynamic electric quadrupole moments of the first 2+ states in ~+Pt, ~~~Pt,

and Pt have been determined from Coulomb-excitation cross sections for the scatter-
ing of 42-MeV 60 ions measured as a function of scattering angle. The results are
compared with recent calculations performed by Kumar and Baranger.

In recent years, interest in the collective be-
havior of nuclei has been greatly stimulated by
the discovery of the large quadrupole moments
of the first 2+ excited states of nuclei which
were believed to be spherical. '~' It seemed
therefore of particular interest to investigate
these moments for nuclei in the transition re-
gion around A -190 between deformed and "spher-
ical" nuclei. Recently Kumar and Baranger cal-
culated the properties of the low-lying states of
even-even nuclei in that region. ' The starting
point of these calculations is Bohr's collective
Hamiltonian. The seven functions entering
Bohr's Hamiltonian, i.e. , the potential energy,
the three moments of inertia, and the three vi-
brational inertial parameters, are obtained from
a microscopic calculation based upon the pair-
ing-plus-quadrupole model. The Hamiltonian is
then diagonalized by an exact numerical method
without making any assumptions about the sepa-
ration of rotation, P motion, and y motion. The
interesting result of their calculation is the pre-
diction of large quadrupole moments Q, + of
the first 2+ states of most nuclei in this region
(see Fig. 1). Further, it is predicted that the
sign of QE+ changes as one moves from the os-
mium isotopes to the platinum isotopes.

The present experiment was performed in or-
der to investigate some of these predictions.
The determination of the static quadrupole mo-
ments is based on higher order effects in Cou-
lomb excitation. The experimental method used
is identical to the one described by us earlier. '
42-MeV 0" ions were scattered from thin (5-10
pg/cm ) isotopically enriched platinum targets
(on 10-pg/cm carbon backings). The scattered
ions were energy analyzed by an Enge split-pole
spectrograph and detected by means of three po-
sition-sensitive solid-state detectors. The quan-
tity measured is the ratio Rexpt =do'inel(2+)/do'el
of the inelastic cross section over the elastic
cross section as a function of scattering angle.

The extraction of the quadrupole moments from

the experimental data was accomplished by
means of the Coulomb-excitation program of
Winther and deBoer. ' The nuclear states includ-
ed in the evaluation as well as the electric-quad-
rupole matrix elements My= —Qz I9R(E2) Ilrf) be-
tween them are listed in Table I. These matrix
elements are part of the computer input. The
matrix elements M» and M» were varied to ob-
tain a least-squares fit to the experimental data.
The values of the matrix elements M„, M», and

M,4 were taken from McGowan and Stelson' ex-
cept for M» in Pt"' which was obtained by as-
suming the same ratio of M»/M» as in Pt'
The matrix elements M», M«, and M„were set
equal to zero. This is a good approximation
since M,4 is expected to be small and the influ-
ence of M» and M44 on the population of level 2

is negligible. The quadrupole moment @2~ of
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FIG. 1. Experimental values and theoretical predic-
tions of Q&+. The circles represent the measured val-
ues. The solid curve connects values predicted by Ku-
mar and Baranger. The dashed curves are calculated
from experimental B{E2)'susing the rotational-model
relationship (M22/M&&) = 10/7. For platinum, both pro-
late and oblate intrinsic shapes are considered.

1298



VOLUME 20, NUMBER 2) PHYSICAL REVIEW LETTERS 3 JuNz 1968

Table I. Level information used in computer calculation of the Coulomb-exci-
tation cross sections.

Isotope Level Excitation
Index Energy

n (MeV~

Spin
And
Parity

Ml N2 M3

194 0.000

0.328

0.622

0.811

N21 +0.093

N12 N22 +1 07

+0.093 +1.07 0

0 +2.062 0

+2.062

0.000

0.356

0.689

0.877

N21 +0.036

N22 +1 '012

+0.036 kl. 012 0

+1.844 0

+1.844

198 0.000

0.408

the first 2+ state and the B(E2) for a transition
between the ground state and the first 2+ state
are related to the matrix elements M» and M»
through the equations

B(E2, 0+ —2+) = IM

and

Table II. &(E2) and Q2+ values from a least-squares
analysis.

Isotope
Sign of

(M12M2S 32M22)

a I2)
(e 2 b2)

@2+
(e b)

194
194
196
196
198

1.65 + 0.02
1.65+0.02
1.50 + 0.03
1.50 +0.03
1.01 +0.03

0.62 +0.18
0.84 + 0.16
0.49 + 0.18
0.56 +0.21
1.22 + 0.50

Q~~ = —0.758M~~.

An ambiguity in the evaluation of the data aris-
es due to the fact that the relative phases be-
tween the matrix elements I» and M» are not
known. The various possibilities are best dis-
cussed' in terms of the sign of the product M»

MQ3M$3M» which is independent of phase conven-
tion. The data were analyzed using either sign

for this product. The results are listed in Table
II are shown in Fig. 1. The theory of Kumar and

Baranger predicts the sign of the above product
to be negative, which corresponds to the larger
Q,+ values. Figure l also shows the results of
the Kumar-Baranger theory and the predictions
of the pure-rotator model. The sign of Q,+ from
the rotator model depends upon whether one as-
sumes the intrinsic shape to be prolate or oblate;
both possibilities are shown for the platinum iso-
topes. The measured quadrupole moments are
within experimental uncertainties in agreement
with the predictions of the Kumar-Baranger theo-
ry. It is of particular interest that the theory
predicts the sign of the quadrupole moments in
the platinum region correctly. Experiments on
the osmium isotopes are in progress in order to
investigate the predicted change in sign.

It is a pleasure to acknowledge stimulating dis-
cussions and correspondence with Professor A.
Winther, Professor M. Baranger, and Professor
K. Kumar. We are very much indebted to R. J.
Pryor and J. R. Kerns for extensive help in data
taking.
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It is shown that double-beta decay occurs in nature. The half life of Te~s is 10
yr.

Attempts to detect double-beta decay directly
by means of coincidence techniques or nuclear
emulsions have not led to an actual observation
of double-beta decay. ' Lower limits for the half
lives of different isotopes were established. The
most studies were made on Ca".'

Another approach is to detect the accumulation
of the decay product during geological time peri-
ods (-10' yr) in those minerals which are rich in
a suspected PP-active isotope. Two very suit-
able cases for this method are the decays of

An anomalous isotopic composition of xenon ex-
tracted from tellurium minerals has been report-
ed repeatedly. s~' In all cases, surplus amounts
of Xe", Xe's, and Xe"' were superimposed on
the general pattern of xenon of atmospheric com-
position. These findings have not been accepted'
as proof for the double-beta, decay of Teiso since
the Xe's anomaly was always accompanied by
Xe" and Xe's' excesses not yet completely un-
derstood. Rather, it was suspected that all
three anomalies might result from the same un-
known mechanism. In some eases, the xenon
spectrum was even more confused by an addition-
al fission xenon component which complicated
the computation of the atmospheric Xe" correc-
tion. The Xe' excess was arrived at only by a
rather involved calculation which included large
uncertainties. The magnitude of the Xe' excess
has been less than 6% of the total xenon amount
in all samples studied by other authors. In addi-
tion, the calculated half lives of Te" were
based on assumed geological ages of the miner-

als rather than on age determinations of the tel-
lurium ores themselves.

To prove that Te"o is PP active one has to show
that the Xe" excess is unambiguously due to dou-
ble-beta decay. In addition, a calculated half-
life can only be accepted if it is based on radio-
active dating of the mineral.

We have analyzed the isotopic composition of
xenon extracted from a native tellurium ore from
the Good Hope mine (Colorado). ' We found a,

large excess of Xe"' not accompanied by any oth-
er anomalies. ' In uncrushed samples not ex-
posed to air contamination, the excess Xe"'
amounts to about 70% of the total xenon and the
ratio Xeexcess '/Xeatmospheric "is higher
than 50. The Xe's excess does not constitute a
small anomaly on the border of detectability but
determines the pattern of the xenon spectrum
(Fig. 1).

The absence of other xenon anomalies rules
out processes other than double-beta decay
which might possibly result in a Xe' excess. 7~'

The production of Xe"' via two successive sin-
gle-beta decays is impossible since the mass ex-
cess of I"' is 477+ 35 keV larger than the mass
excess of Te"'.' We must then conclude that the
Xe"' excess is due to double-beta decay of Te"'.

From the amount of Xeexeess', the tellurium
concentration, and the gas-retention age of the
mineral, the half-life of Te's ean be calculated.
We determined the K-Ar age of the ore and ob-
tained an age of 1.31+ 0.14 Gyr. The age is con-
sidered to be reliable since it is consistent with
the geological situation of the ore deposit.
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