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Electron conversion coefFicients in Ba and 1 0La
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Electron conversion coefficients for nine transitions in "Ba and La have been measured to
test the hypothesis that static octupole deformation occurs in the A = 128 region. No evidence for
alternating parity band or parity doublet structures is observed. Such structures are indicators of
static octupole deformation in the A = 145 and 225 regions.

PACS number(s): 23.20.Nx, 21.60.Ev, 27.60.+j

It has been suggested [1] that a number of nuclei in
the neighborhood of i2sBa possess stable octupole defor-
mations. In odd-A and odd-odd nuclei, the presence of
octupole deformation is indicated by "parity doublets"
of states with equal spins and opposite parities and ro-
tational bands of states with alternating parities. In the
A = 145 and 225 regions, where substantial evidence for
static octupole deformations has been found, the states
of different parities are often connected by El transi-
tions as strong as 10 ~ Weisskopf units (W.u. ) [2]. In
the A = 128 region, the search for parity doublets and
alternating parity bands has been hampered by the lack
of direct measurements of the multipolarities of transi-
tions using conversion electron spectroscopy or p-ray po-
larization measurements. In this work, we report mea-
surements of the electron conversion coefficients of intra-
band 6J = 1 transitions in 7Ba and isoLa to determine
whether they have El multipolarity. High quality p-ray
data on band structures in these nuclei have recently be-
come available [3, 4]. However, our data are the first di-
rect measurements of the multipolarities of the in-band
6J = 1 transitions in these nuclei.

Six conversion coefficients were determined for Ba127

and four more for OLa. The Sn( C,3n) reaction at
127a beam energy of 52 MeV was used to produce Ba,

and La was made via the iisln(is0, 3n) reaction at 65
MeV. The experiments were performed using the Florida
State University Tandem Van de Graaff and Supercon-
ducting Linear Accelerators. The target for the Ba127

experiment consisted of 200 pg/cm of SnOg (enriched
to 97.8'%%ua of i Sn) evaporated onto a 50 pg/cm2 car-
bon backing. For the La experiment, a target of 300
pg/cm~ of natural InO evaporated onto a 50 pg/cm2 car-
bon backing was used.

Singles spectra of both p rays and conversion electrons
were collected. The p-ray and electron spectra collected
in the Ba experiment are shown in Fig. 1. The p rays
were detected using an n-type HPGe detector of 25'%%uo rel-
ative efficiency and resolution of 2.1 keV (full width at
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half maximum) at 1.33 MeV. The Ge detector was lo-
cated approximately 20 cm from the target and at 90'
to the beam axis. Conversion electrons were detected
using a rniniorange electron spectrometer at 90' to the
beam axis. The electron spectrometer included a liquid
nitrogen cooled Si(Li) detector of 5 mm thickness and
1 cm diameter. The magnetic filter was similar to that
described by Ishii [5], using five thin, flat permanent mag-
nets placed around a central lead plug which shielded the
Si(Li) detector from direct exposure to the target. While
in-beam, the spectrometer yielded a resolution of 4 keV
near 200 keV electron energy. An efficiency curve for the

'Present address: National Superconducting Cyclotron Lab-
oratory, Michigan State University, East Lansing, MI 48824.

FIG. 1. (a) A portion of the p-ray spectrum taken in the
~2~Ba experiment. (b) A portion of the electron spectrum
taken in the Ba experiment.
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Ge detector was measured with a iszEu source. The effi-

ciency curve for the electron spectrometer was obtained
using open Eu and o"Bi sources.

K conversion coefBcients for the 221.2, 246.3, and 279.4
keV transitions and the L coefficient for the 118.7 keV
transition were determined for OLa. Other conversion
lines were too weak to be analyzed. (The K conversion
line for the 118.7 keV transition was located at an en-
ergy with a large delta electron background. ) These co-
efficients were determined by calculating the ratio of the
yield of conversion electrons to the yield of p rays in the
isoLa experiment, with each yield corrected for the de-
tectors' relative efficiencies (as measured with the is2Eu
and zo7Bi sources). This ratio was then multiplied by
a normalization factor that was chosen to reproduce the
theoretical K conversion coeKcient for the 641.9 keV E2
transition in La, which was also present in the spec-
trum. The stronger 269.3 and 474.8 E2 transitions in

La were also present in the spectrum; however, they
are doublets with transitions in is La and could not be
used for normalization. The s La results are listed in
Table I.

The K conversion coefficients for soLa are plotted
with theoretical values [6] for El, Ml, and E2 multipo-
larities in Fig. 2(a). All three of the K conversion coeffi-
cients measured for this nucleus are consistent with Ml
or E2 (or mixed Ml/E2) multipolarities. The L conver-
sion coefficient for the 118.7 keV transition (0.59+0.14)
can be compared with theoretical coefficients [6] of 0.021,
0.466, and 0.0963 for El, E2, and Ml, respectively.
Clearly, the L conversion coefficient result favors an E2
multipolarity assignment for the 118.7 keV transition.

In iz7Ba, K conversion coefficients for the 134.2, 220.3,
253.2, 294.8 and 483.3 keV transitions and the L coef-
ficient for the 134.2 keV transition are reported here.
Other conversion lines were too weak to be analyzed or
are members of close doublets in the electron spectrum
which could not be separated. Once again, these coef-
ficients were determined by calculating the ratio of the
yield of conversion electrons to the yield of p rays in the
z7Ba experiment, with each yield corrected for the de-

tectors' efficiencies. The normalization factor used for
determining 7Ba conversion coefFicients was the same
as that determined in the La experiment (from the
641.9 keV E2 transition in izsLa). We could use the
same normalization factor because the physical setup of
the Ba experiment was unchanged from that used for
the isoLa measurement. In particular, tight beam colli-
mation was used so that the locations of the beam spots
in the two experiments were identical. Results for i2"Ba
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are listed in Table II.
It is worth noting that two of the transitions reported

here, at 253.2 and 483.3 keV, are members of doublets.
By using p-p coincidence data, Ward et al. [3] found
that these two transitions have doublet partners at 253.0
and 481.7 keV, respectively. However, Ward et al. de-
termined that the 253.0 keV p ray had only 9% of the
intensity of the 253.2 keV p ray, and the 481.7 keV p
ray had 3'Fo of the intensity of the 483.3 keV p ray. The
reaction used for our study, iisSn(izC, 3n) at 52 MeV, is
quite similar to the ii7Sn(isC, 3n) reaction (at 60 MeV)
used by Ward et al. , so we can conclude that unless the
weak doublet partners have octupole or higher multipo-
larities (and thus very large conversion coefficients) they
would not affect the measured conversion coefficients sig-
nificantly.

The K conversion coefficients for i2"Ba are plotted
with theoretical values [6] in Fig. 2(b). All of the K

TABLE II. Electron conversion coeKcients for Ba.

FIG. 2. (a) A comparison of measured K electron conver-
sion coefficients for La with theoretical values [6] for El,
Ml, and E2 multipolarities. (b) Measured and theoretical K
conversion coefficients for Ba.

Transition
energy (keV) Electron shell

118.7
221.2
246.3
279.4

L
K
K
K

0.590(14)
0.070(25)
0.096(20)
0.035(10)

Multipolarity

Ml/E2
Ml/E2
M 1/E2
Ml/E2

TABLE I. Electron conversion coefficients for La. Transition
energy (keV)

134.2
134.2
220.3
253.2
294.8
483.3

Electron shell

K
L
K
K
K
K

0.291(67)
0.043(10)
0.078(18)
0.094(22)
0.033(8)
0.010(2)

Multipolarity

Ml/E2
M 1/E2
M 1/E2
M1/E2
Ml/E2

E2

Energies taken from [4]. Energies taken from [3].
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conversion coefficients are consistent with Ml or E2 (or
mixed M 1/E2) multipolarities. The L conversion coef-
ficient for the 134.2 keV transition (0.043+0.010) com-
pares with the theoretical coefficients [6] of 0.014, 0.25,
and 0.062 for El, E2, and Ml, respectively. This L con-
version coefficient result is closest to the theoretical Ml
coefficient. This is consistent with the Ml/E2 assign-
ment given by the K coefficient for this transition.

Godfrey et al. [4] have identified two rotational bands
in isoLa (a partial level scheme is shown in Fig. 3) via
their p-p coincidence study. From the p-p data, the ro-
tational bands appear to include both stretched E2 and
6J = 1 transitions of either El or inixed Ml/E2 mul-
tipolarity. Godfrey et at. assumed that the b J = 1
transitions are mixed Ml/E2 transitions and, therefore,
that all of the states in a particular rotational band have
the same parity. However, they had no measurements
of the intraband AJ = 1 transitions to support this as-
sumption. In addition, Godfrey et at. found a number
of transitions linking the two bands at the lowest spins
(these transitions are not shown in Fig. 3). However, the
information on the linking transitions was insufficient to
fix the relative spins and parities of the two bands. The
spins shown in Fig. 3 are based on the apparent rota-
tional structure of the bands and the bandhead spin par-
ity assignments made by Godfrey et at. on the basis of
theoretical arguments.

We measured conversion coefficients for two AJ = 1
transitions in each band. In band A (as labeled in Fig. 3),
we obtained results for the 246.3 and 279.4 keV transi-
tions, and in band B the 118.7 and 221.2 keV transitions
were measured. In all four cases, the conversion coef-
ficients are consistent with Ml, E2, or mixed Ml/E2
character; these transitions clearly do not have El mul-
tipolarities. These results support the proposal of God-
frey et at. that all of the states within a particular band
indeed have the same parity and do not form alternating
parity bands like those found in octupole deformed nu-

clei in the A = 145 and 225 regions. In addition, they
suggest that strong El transitions do not occur among
the high spin states of La.
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It is possible that the states in band A form parity dou-
blets with the states in band B. However, until the mul-
tipolarities of the linking transitions are con6rmed using
more sensitive p-ray polarization or conversion electron
measurements, this possibility can neither be confirmed
nor excluded.

In their study of high spin states in Ba, Gizon and
Gizon [7] identified two strong rotational bands that in-
cluded both stretched quadrupole and AJ = 1 transi-
tions. As Godfrey et at. [4] did for oLa, Gizon and
Gizon assumed that the 4J = 1 transitions have Ml or
mixed Ml/E2 character, so that all of the states within
a particular rotational band have the same parity. How-
ever, they made no measurements to confirm this. In
the recent high spin study of Ward et al. [3], it was de-
duced that the bandheads of the two bands seen by Gizon
and Gizon are at the same energy to within experimen-
tal error. In addition, they carefully measured directional
correlation orientation (DCO) ratios to obtain spin and
parity information. The DCO ratios for the AJ = 1 in-
traband transitions in the two bands seen by Gizon and
Gizon fell in the range between 0.32 and 0.51. These
values are systematically less than the ratio of 0.56 for
a pure stretched dipole transition, and indicate that the
4J = 1 intraband transitions have either mixed Ml/E2
or mixed El/M2 character. Because the latter possibil-
ity is highly unlikely, Ward et at. concluded that within
each band all states have the same parity. The J &21/2
states of the two strong bands reported in [7] are shown
in Fig. 4, along with the spin assignments and excitation
energies given by Ward et aL [3].

We have measured one AJ = 1 transition and one
b,J = 2 transition in band A; and three 6J = 1 transi-
tions in band B. All of the measurements indicate Ml,
E2, or mixed Ml/E2 multipolarity. Therefore, our re-
sults confirm the conclusion of [3] that all of the states
of band A have a single parity, as do all of the states
of band B. Once again, these bands do not have the
alternating parity structures characteristic of static oc-
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FIG. 3. The lour spin part of the level spectrum of La

reported in [4]. The band heads are shown. Conversion coef-
Bcients for the 118.7, 221.2, 246.3, and 279,4 keV transitions
are reported in this article.

FIG. 4. The low spin part of the strongest bands in Ba
reported in [7, 3]. The multipolarities of the 134.2, 220.3,
253.2, 294.8, and 483.3 keV transitions are reported in this
article.
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tupole deformation, and there is no evidence for strong
El transitions.

The possibility that the parity doublets of states in
band A are located in band B must be considered, but it
is clear from Fig. 4 that this is not the case. The average
spacing between a negative parity state in band A and
the state of equal spin and opposite parity in band B
among the states listed in Fig. 4 is 401 keV. This result
can be compared to average parity doublet separations
found in a systematic study [8—ll] of five odd-A and odd-
odd nuclei in the A = 150 region which may possess
static octupole deformations. In these nuclei, the average
parity doublet separations were 71—233 keV. The average
separation found here for "Ba is significantly out of this
range.

The present study allows an opportunity to test two
different methods for identifying nuclei which are can-
didates for static octupole deformation. Nazarewicz et
at. [12] have cited a microscopic argument regarding
the origins of octupole collectivity to propose that nuclei
with the strongest octupole correlations, and therefore
the best candidates for static octupole deformation, oc-
cur when the neutron and proton numbers N and Z are
equal to what they call "octupole-driving particle num-
bers" (ODPN's). The ODPN's listed by Nazarewicz et
aL, which are 34, 56, 88, and 134, are consistent with
the two regions where experimental evidence for static
octupole deformation exists. In the A = 145 region, Z is
near 56 and N is near 88. In the A = 225 region, Z is
near 88 and N is near 134. However, searches for static
octupole deformation near Z = N = 56 [2] have thus far
been unsuccessful.

The assignment of ODPN's by Nazarewicz et aL [12]
depended on the ordering of single-particle orbits, par-
ticularly those involved in octupole correlations. Cottle

[13] argued that because the energies of single-particle
orbits can change as a function of N and Z, the ODPN's
proposed by Nazarewicz et at. may not be appropriate
everywhere. Instead, Cottle proposed that the best even-
even candidates for static octupole deformation are those
with the lowest 3~ state energies in their respective mass
regions. In both the A = 145 and 225 regions, the 3&
state energies achieve local minima with respect to K
and Z.

The suggestion that static octupole deformation occurs
in the region near ~2 Ba [1] was based on the fact that 3z
energies are low in the even-even nuclei near ~zsBa and
also on the observation of alternating parity structures
in ~ s ~ sBa and parity doublets in sBa. However, the
lack of evidence for parity doublet structure in ~ 7Ba and
~soLa (as reported here) and in a recent study of spins
and parities in La [14] raises the likelihood that
the structures seen in zs ~zs ~zsBa are simply fortuitous
alignments of states with entirely different origins. Inter-
pretations of the level structures of 2s ~zs ~zsBa that do
not require static reflection asymmetric shapes have been
successful [15—17], and they must be regarded as correct
in the absence of any further evidence to the contrary.

In summary, we have measured electron conversion co-
efficients for a number of intraband 6J = 1 transitions in
~z Ba and ~soLa and have found no evidence for the alter-
nating parity band or parity doublet structures which are
indicators of static octupole deformation in the A = 145
and 225 regions. Given the results of this study and a
previous study of spins and parities in 2s sLa [14], it
is unlikely that static octupole deformation occurs in the
A = 130 mass region.
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