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The g factor of the 2+i state in ' Ba was measured using the time integral perturbed angular
correlation techmque. The state was populated following the P decay of mass-separated '~'Cs pro-
duced by thermal neutron fission of "'U. A g factor of 0.48+0. 14 was measured. This result is

analyzed together with previous results for ' ' Ba, using two different models: the hydrodynamic
model including Greiners correction for different proton and neutron pairing forces, and the in-

teracting boson approximation IBA-2.

In a number of earlier studies, ' the g factors of the 2i+

states in the neutron-rich nuclides ' '" Ba and ' ' Ce
were measured and interpreted, ' along with known
g(2i+) values in this region, within the framework of the
neutron-proton version of the interacting boson approxi-
mation IBA-2. This work resulted in the development of
a consistent quantitative description of the behavior of
those quantities throughout the transition from spherical
to deformed structure which takes place in this mass re-
gion. The current paper reports an additional measure-
ment which complements these studies, namely, the
g(2&+) value for ' Ba. It will be shown that the theoreti-
cal description already derived for this region correctly
predicts the new result. The applicability of the hydro-
dynamical approach, as used by Greiner, will also be
considered.

Ion beams of mass separated ' Cs obtained by neutron
fission of U in a thermal ion source' at the TRISTAN
facility2 at Brookhaven National Laboratory were used to
provide the source of ' Ba. The ion beam was collected
on the aluminum layer of an aluminized plastic tape for
3.8 s, then moved into a magnet where the angular corre-
lation pattern was measured for 3.8 s, during which time
the next sample was collected. This cycle was repeated
throughout the 4-d experiment. The magnetic field was
provided by a superconducting magnet with a maximum
field strength of 6.25 T at 4.2 K. The direction of the
field was reversed in the middle of the experiment so that
the shift in the angular correlation pattern could be more
easily observed. About 8X10 events were collected for
each field direction.

The g factor can be determined by measuring the mag-
nitude of the shift, b8, of the angular correlation in a
magnetic field or, as is the case in this experiment and
others, '" by measuring the double ratio

I (8,8) I ( —8,8)
I (8, 8) I( —8, —8)—

where I(8,8) is the intensity at angle 8 with field up. By
defining this ratio, systematic errors which may arise
from different detector efficiencies, geometrical correc-
tions, source strength variations, and time of measure-
ment will cancel. The data were taken using a fixed four-
detector system which has been described elsewhere.
Coincidences at angles of 150', 120', and 90' were ob-
tained and the data at 150' were used to determine the g
factor since both the magnitude of R (8) and the counting
statistics (the 150' angle was repeated three times) were
larger. In addition, the data at 150' are less sensitive to
systematic errors in the angular positioning of the detec-
tors than those at other angles, and this type of systematic
error is not canceled by the double ratio. The other angles
were used as consistency checks.

The 2i+ state in ' Ba has a half-life of only 0.079 ns
(Ref. 7). Thus, it was necessary to use the maximum
available magnetic field, 6.25 T, and to use 0+~2+~0+
cascades to take advantage of the large associated correla-
tion coefficients (theoretical ai ——0.357, az ——1.143) to
maximize the effect. In ' Ba there are two excited 0+
states that are populated strongly enough to be useful:
one at 1639.6 keV, the other at 1535.5 keV. To improve
statistics, the intensities of the 0+~2+ y rays were
summed.

The results of the measurement at each angle are shown
in Table I. From these data a value of

g(2i )=0.48+0. 14 (2)

is derived for ' Ba as illustrated in Fig. 1. It should be
noted that although the standard deviation of the result
seems quite large, this is not due to poor counting statis-
tics, but rather to the short half-life. This is evident in
Fig. 1 where that short half-life causes the curve of R (8)
vs g to have a small slope which magnifies the error on R
as it is mapped to give the error on g.

From Table I we see that the values of R (8) at 90' and
120 are consistent with what we expect for a g factor of
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TABLE I. Results for the g factor of ' Ba. R (8) is an aver-

age of the data for each angle measured. The data for the
1176-359 keV and 1280-359 keV cascades were summed. The
last column gives the values of R (0) calculated for a g factor of
0.48.

while the analogous treatment for vibrational nuclei yields

90
120
150

8 (8)
experimental

0.988+0.029
1.009+0.033
1.074JO.022

g factor

0.48 +0.14

R (8)
for g =0.48

1.000
0.963
1.074

Here f is given by

f=—(v'G /G, —I) =—(V'P, /Pp —I)

0.48 and a 0+-2+-0+ cascade. This indicates that sys-
tematic errors, if present, are smaller than the statistical
errors.

o eth-We will now discuss the present result for Ba toget-
er with the g(2i+) values for ' ' Ba measured previous-
ly. We use two models: (a) the hydrodynamic mode
with Greiner's correction and (b) IBA-2.

The simpler version of the hydrodynamic model
predIcts g =ed' =Z/A for collective nuclear states. Greiner
has shown, however, that the different pairing forces o
protons an d neutrons can change that value. More speci-

mallically, the larger pairing force for protons implies a sma-
er deformation for protons than for neutrons, w ic in
turn implies that the neutron and proton degrees of free-
dom no longer rotate in phase with each other. The ten-
sorial character which results from the g actor gives rise
to a reduction in the Z/A estimate for gz, as well as to
transitions between excited states,

For the ground band of rotational nuclei, Greiner ob-
tains

In Eq. (5) G~ and G„are the strength of the pairing
forces for protons and neutrons, respective y.1 . Nilsson and
Prior' have suggested values of G„=18/A MeV and

G~ =25/A MeV, while Marschalek and Rasmussen"
have found G„=20/A MeV and 6~=30/A MeV. In our
ca cu a ionsI 1 tions we have used the former values since they ap-

. Thepear to give slightly better agreement with the data. e
results for both the vibrational and rotational calculations
are shown in Fig. 2. The transition between vibrations
and rotational structure would be expected to take place
between 1428a and 1~Ha, as indicated by the dotted line in

Another model which can be used to interpret the data
is IBA-2. According to this model, a 2i+ state which is
fully symmetric with respect to interchange o neutron
and proton degrees of freedom has a g factor given by

N~ N„
g(2i ) —gn +gv ~

where X„and E„are the number of proton bosons and
X and andneutron bosons, respectively, X,= ~+ „, an

I/A-2

O

K 0.50—

0.20—
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FIG. 1. R(8) vs g(2l ) calculated for a 0+~2+~0+ cas-
cade with 6=150 and TI/2 ——0.079 ns for the 2l+ state. The
shaded region shows the derivation of the result&ng g factor and
error from the measured R (150').

FIG. 2. g(2~ ) values for Ba compared to hydrodynamical
and IBA-2 calculations. The dashed line is the Z/3 depen-
dence, the dot-dashed line includes Greiner's correction with the
dotted Ine s owing el' h th transition from vibrational to rotational
structure. The solid line is the ISA-2 calculation based on Eqs.
(6) and (7).
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g are the g factors of a single proton boson and neutron
boson, respectively.

Previous IBA-2 analyses of the g factors of 2~+ states
for a large number of nuclei in the A = 150 region showed
that constant values of g and g may be used, specifical-
ly,

g =0.63+0.04,

g„=0.05+0.05 .

These values of g and g„, together with Eq. (6), can thus
be used to calculate g (2~+) for the Ba isotopes, and the re-
sults are presented in Fig. 2. In particular, for ' Ba a
value of g(2~+) =0.40 is obtained, consistent with the re-
sults of the current experiments. We note that the IBA-2
model predicts a more rapid decrease of g(2& ) with A

than the hydrodynamic model. This is due to the fact

that since g„ is consistent with zero, Eq. (6) predicts a
dependence X /X, based on valence nucleon number,
rather than on total nucleon number. In addition, the
IBA model is independent of the structure of the Hamil-
tonian, and hence does not require the somewhat ad hoc
change from a vibrational to rotational description.

Nevertheless, it is clear from Fig. 2 that the experimen-
tal results presented here are not sufficiently accurate to
distinguish between the ISA-2 and the hydrodynarnical
calculations. However, it is equally evident that the
difference between the predictions of the two approaches
becomes far more significant for ' Ba, so that a measure-
ment of g (2~+) for that nucleus would provide a more sen-
sitive test.

This research was performed in part under Contract
No. DE-AC02-76CH00016 with the U. S. Department of
Energy.
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