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rameters for the L = 4 transitions.
In summary, the relation between the Pz and

B(EL) is extremely sensitive to tha tail of the
assumed transition density and comparisons be-
tween the (p, p') and electromagnetic B(EL)'s
should be made with caution. In order to obtain
more meaningful comparisons, it might prove
worthwhile to reanalyze both the proton inelastic
scattering and the electron inelastic scattering
while requiring both analyses to be self consis-
tent.
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M1 ADMIXTURES IN TRANSITIONS FROM THE 3 + AND 4 + LEVELS IN "Gd
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Gamma-gamma directional correlations have been measured in ~4Gd with a Ge(Li) de-
tector in ~ne channel. The M1 admixtures in the 3 +-2+, 3 +-4 +, and 4 +-4+ transi-
tions were measured to be (1, (3.0 + 0.3), and (4.8+ 0.8)%, respectively. The M3 admix-
ture in the 2g+-4 and 2&+-4+ transitions is (0.1+0.1)%.

Much experimental effort has been directed to-
ward the measurement of properties of the K = 0,
beta vibrational bands in deformed rare-earth
nuclei since the problem of the anomalous gam-
ma-ray branching ratios from these bands was
brought to light. ' ' The most recent measure-
ments of Ml admixtures in the 2&+-2 transi-
tions in '"Sm, '"Gd, and '"Hf are discussed by
Hamilton, Ramayya, Little, and Johnson. 4 On
the basis of these data, 4 it seems that the usual
description of these K=0 states as collective
quadrupole vibrations of the beta type is not ade-
quate and that these states have strong admix-

tures of various other components which are
quite different in '"Gd and '"Hf. It is significant
that in '"Gd it is the 2~+-4+ transition"' that is
responsible for the anomalous behavior of the
branching ratios from the 2&' state, while in
'"Hf it is the 28'-2' transition. '

In general the theoretical description of the K
= 2, gamma vibrational bands has been consid-
ered to be good. More recent evidence, " howev-
er, indicates that at least in the transitional nu-
clei like '"Sm and '"Gd, mixing of only the gam-
ma and ground-state bands is not sufficient to ex-
plain the branching ratios from the gamma



VOLUME 237 NUMBER 20 PHYSICAL REVIEW LETTERS 17 NovEMBER 1969

bands. It is well established that the M1 compo-
nents in the 2& -2 transitions are very small, "
as predicted in the early theoretical formulation. "
In Bodenstedt's recent survey" of M1 admixtures
in 2&'-2' transitions, the most accurate results
all yielded E2 admixtures ~99% for these transi-
tions. It is possible to explain"' the branching
ratios from the gamma band by including mixing
in of the beta band with the gamma- and ground-
state-band mixing although this mixing of all
three bands does not help the anomalous beta-
band branching ratios. The strongest evidence'
for P-y band mixing comes from the 4&' state,
and a sizable M1 component in the 4&+-4' transi-
tion could alter this interpretation. Further evi-
dence for the breakdown of any simple picture of
quadrupole vibrations for these beta and gamma
bands is the report' of a transition in '"Sm from
the 2&' to the 28' level. Such a transition is
strictly forbidden in first-order theory, yet the
reported B(E2) for this transition is comparable
with that of the ground-state band. '

These questions about the gamma vibrational
bands in transitional nuclei like '"Sm and '~Cd
call for additional information on the higher-spin
states of the gamma band in these nuclei to give
a broader picture from which to formulate an un-
derstanding of these bands. Also, additional in-

formationn

on decays of the 3 &' and 4 &' ground-
state-band level may be helpful in developing an
understanding of the anomalies in the 28'-4'

transitions. "' Thus, we have carried out y-y
directional correlation measurements to deter-
mine the M1 admixtures in transitions from the
3&' and 4&' levels in '~Gd. Because of the ques-
tions raised about the 28'-4' transitions in these
nuclei, we have also searched for M3 compo-
nents in the 28'-4' and 2&'-4' transition in '~Gd.

The NaI-Ge(Li) detector system was the same
one used in our earlier work" with the exception
of a new 35-cm' Ge(Li) detector. The '"Eu
source was the same as used in that work. " The
248 keV, 4'-2' transition in the ground-state
band was the transition selected as a gate from
the NaI detector in order to study the 757-keV
(13%),3&+-4'; 893-keV (1.3%), 4 '-4'; 625-keV
(0.9%), 2z'-4+; and 444-keV (1.7/o), 2a'-4' transi-
tions. All these transitions are weak in compari-
son with many other strong transitions around
them so that one must use good resolution and a
large Ge(Li) detector in order to study them. In
addition we have analyzed the 3&'-2' transition
from our earlier work" to complete the picture
of these lowest three members of the gamma
band. The system was set up with two gates to
measure the correlations of all transitions that
feed the 248-keV transition and of those in coin-
cidence with the Compton background under the
248-keV peak (measured with a gate set on 320
keV). The solid-angle corrections for the Ge(Li)
detector were calculated from the geometry.
The Q, and Q, were applied to the 757-248-keV

Table L Experimental results for 893-, 757-, 444-, and 1246- 248-keg correla-
tions, and the 873-123- and 1005-123-keV correlations in ~5 Qd.

Spin, Parity Ag % E2

1246-248

444-248

3 , 4 , 2
-0.151+0.007

0.196+0.009

0.010+0.008

0.095+0.OM.

-0.018+0.015

-0.001+0.001

99 9+0.1

99 9+0 1

757-248 3Y, 4, 2 0.161+0.004 -0.174+0.006 5.7 +0.2 97.0+0.3

893-248 -0.037+0.010 0.160+0.013 4.4 +0.5 95.2+0.8

625-248 2Y, 4, 2 0.187+0.014 0.108+0.019 -0.023+0.023 99 9+0 1

1005-123 + + +
Y, 2, 0 -O. 161+0.11 -0.10 +0.02 &-16 &99%

873-l23 + + +
2Y 5 10.1".4

1 ~ 1 99.00+2

Rg y

From Ref. 10. The errors are, in the numbers after the decimal.
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cascade from which consistent A, and A, coeffi-
cients were obtained. The Q, correction is
small as is the error associated with it. The Q,
correction is larger, so the theoretical A, con-
sistent with the experimental A, for 5 =5.7 for
this correlation was used to obtain a more accu-
rate Q, correction for the other cascades. A 5»,
= 0.4 is excluded by the K-conversion coefficient. "
Data were recorded for 23 h per angle at 90, 135,
and 180' for a cycle. 30 cycles were recorded.

The results of the correlations are given in Ta-
ble I. The 1246-248-keV, 3 -4'-2' cascade was
also measured. The A, coefficient for this cor-
relation agrees with a pure El transition, as ex-
pected, giving an added check on the perfor-
mance of the system. The 5 values and E2 ad-
mixtures are given in Table I. These are the
first accurate results for transitions from the
3&' and 4&' levels. Also given in Table I are the

results of the 3 &'-2', 1005-123-keV cascade.
These data were obtained in earlier work" but
were not analyzed at that time. The measured
results" on the 2&'-2', 873-123-keV cascades
are given for comparison.

The cascades from the 2&+ and 3&' levels to
the 2' level in the ground-state band have very
small ((1/g) M1 admixtures. The transitions
from the 3&' and 4&+ levels to the 4' ground-
state level, however, have M1 admixtures larg-
er by factors of 3 and 5 than those to the 2+ lev-
el. Thus, these data also suggest a difference
in the 4' level of the ground-state band over the
2+ member. These M1 admixtures are still too
small to alter the branching ratios enough to
change the conclusion' about the need for addi-
tional terms such as P-y band mixing in order
to explain the gamma-band branching ratios in
'"Gd. The 4&'-2' transition as well as the 4&'-
2' transition have essentially no M3 admixtures.
These data provide additional information to

help in the formulation of a new understanding of
these I|.=0 and K = 2 excited bands in these transi-
tional nuclei.

~Work supported in part by a grant from the National
Science Foundation.

L. I,. Riedinger, ¹ R. Johnson, and J. H. Hamilton,
Phys. Rev. Letters 19, 1243 (1967).

~Y.-T. Liu, O. B. Nielsen, P. Sailing, and O. Skil-
breid, Izv. Akad. Nauk SSSR Ser. Fiz. 31, 63 (1967)
ttranslation: Bull. Acad. Sci. USSR, Phys. Ser. 31,
69 (1967)J.

3G. T. Ewan and J. Bower, quoted by R. L. Graham,
Izv. Akad. Nauk SSSR Ser. Fiz. 31, 3 {1967) [transla-
tion: Bull. Acad. Sci. USSR, Phys. Ser. 31, 2 (1967)].

4J. H. Hamilton, A. V. Ramayya, P. E. Little, and
N. R. Johnson, to be published.

5J. S. Greenberg, in Proceedings of the International
Conference on Radioactivity in Nuclear Spectroscopy,
Vanderbilt University, 1969 (to be published); I. A.
Fraser, J. S. Greenberg, S. H. Sie, R. G. Stokstad,
and D. A. Bromley, in Proceedings of the International
Conference on Properties of Nuclear States, Montreal,
1969 (to be published).

6L. L. Riedinger, G. B. Hageman, and E. Eichler,
private communication.

YB. R. Mottelson, in Proceedings of the International
Conference on Nuclear Structure, Tokyo, 1967, edited
by J. Sanada, in J. Phys. Soc. Japan Suppl. 24, 87
(1968}.

L. L. Riedinger, N. R. Johnson, and J. H. Hamilton,
Phys. Rev. 179, 1214 (1969).

~L. Varnell, J. D. Bowman, and J. Trischuk, Nucl.
Phys. A127, 270 (1969}.

E. Bodenstedt, in Proceedings of the International
Conference on Radioactivity in Nuclear Spectroscopy,
Vanderbilt University, 1969 (to be published).

~~A. Bohr and B. R. Mottelson, in Beta- and Gamma-
Ray Spectroscopy, edited by K. Siegbahn {North-Hol-
land Publishing Company, Amsterdam, The Nether-
lands, 1955), p. 482.

J. H. Hamilton, A. V. Ramayya, and L. C. Whitlock,
Phys. Rev. Letters 22, 65 (1969).

i3W. H. Brantley, J. H. Hamilton, T. Katoh, and E. F.
Zganjar, Nucl. Phys. A118, 677 (1968).

1180


