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Abstract. The time differential as well as time integral perturbed angular correlations of the 486-134 keV
cascade in 3! Cs have been studied in a polycrystalline BaSO,4 powder source using a HPGe-BaF, detector
system. The fundamental quadrupole frequency for the 134 keV level has been found to be wo = (4.4 +
0.4) x107 rad/s. From a comparison of the quadrupole frequencies of this level and that of the 81 keV
level in !33Cs, measured earlier in the same crystalline environment of the source, the absolute value of
the quadrupole moment of the 134 keV level in *'Cs has been found to be 0.022 40.002 b. This value of
the quadrupole moment is reported for the first time and compared with the value predicted theoretically
within the unified nuclear model with intermediate coupling.
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1 Introduction

The unified nuclear model with intermediate coupling has
been applied to understand the structure of the low-lying
excited levels in odd-A 1317135Cs nuclei [1-3]. Such at-
tempts were motivated by the fact that the Cesium nuclei
fall within the so-called vibrational region. The interme-
diate coupling approach in the unified nuclear model has
been successfully applied to explain the low-lying levels
in a large number of nuclei in various mass regions. In
these odd-A Cs nuclei the calculations [2] were performed
by assuming a single odd proton having available two sin-
gle particle states to be coupled to a vibrating core. The
calculations by Choudhury et al. [3] were performed by as-
suming that either the last odd proton having available to
it several single-particle states (2d5 /2, 1g7/2, 2d3/2), or the
three-particle-hole state in the 1gy,o subshell, which can
undergo excitations, is coupled to the appropriate doubly
even core. The ground and the first excited levels of these
nuclei were well reproduced by this model [2,3]. The avail-
able data [4] of magnetic moments of these two levels in
the above nuclei agree also with these calculations [1-3]
(Table 1) although many experimental data for the low
energy levels were not reproduced by this model. For ex-
ample, both in 31133Cs nuclei, the levels with excitation
energies below 450 keV, other than the ground and the
first excited levels, were not reproduced by Freed et al. [2]
(Fig. 1). In '3'Cs nucleus, Choudhury et al. [3] found a
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Fig. 1. The comparison of experimental and theoretical spec-
tra of **'Cs (up to 800 keV). The references are, Exp.[5], KS[1],
FM[2], CF[3]

third excited level at 134 keV having a spin value of 3/2%
while the experimental spin value for the 134 keV level
is 5/2% [5]. Secondly, the calculations of the ground state
quadrupole moments in '33:135Cs nuclei disagree with the
experimental values [4] (Table 1). In #5Cs nucleus, the
values of the quadrupole moment calculated by Kisslinger
et al. [1] and Freed et al. [2] differ in magnitude as well as
sign with the experimental result. In 33Cs nucleus also,
the calculations of quadrupole moments (Table 1) show
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Table 1. Available values of experimental and theoretical quadrupole and magnetic moments in Cs nuclei

Nucleus Level Spin Exp.Q(b) Exp.u(nm) Theo.QQ Theo. p

(keV) ([4]) (14]) (b) (nm)

181¢ gs.  5/2T  -0.575(6) +3.543(2)  -1.04Y 2,789

-0.40%  3.22%

-0.499  2.96%

134 5/2%  0.022(2)% +1.86(8)  -0.329  1.249

133Cs gs.  7/2%  -0.00371(14) +2.582 -0.319 256

-0.729  2.61Y

0.179 2.43°%

81 5/2F -0.33(2) +3.45(2)  -0.96Y  3.03V

-0.61Y  3.11Y

+0.519  2.15°)

161 5/2% +2.0(2) -0.699  3.989

13505 gs.  7/2T  40.050(2)  +2.7324(2) -0.12%  2.52%)

21119 2.58Y

0.219 2.60°)
1]
? 2]
3]

9 Present work, absolute value

that the ground state is deformed rather than spherical
as found experimentally (Q ~ 0). In 13!Cs nucleus only,
the calculated values of ground state quadrupole moments
[2,3] are found to be much closer to the experimental value
(Table 1). For any of the excited levels in this nucleus,
however, no experimental data of quadrupole moments
are available [6] for comparison with the above model.
The determination of quadrupole moments of excited lev-
els is important to test the different nuclear models. It is
hoped that the present experimental value of quadrupole
moment will be helpful for understanding the structure of
the 134 keV level.

The quadrupole moment of the 134 keV level in 3'Cs
viz., Q(134 keV, 131Cs) has been determined by the time
differential as well as time integral perturbed angular cor-
relation (PAC) studies of the 486-134 keV (1/2t— 5/2%
— 5/2%) cascade in a source of polycrystalline BaSOy
powder. The quadrupole moment of the 134 keV level
interacts with the electric field gradient in the source.
The quadrupole interaction frequency vg ( = eQV,,/h)
is given by vg = wel(2I-1)/3m (for half-integral spin value
I of the intermediate level), where, wq is the fundamental
quadrupole frequency and V,, is the electric field gradient
present in the source. The value of wy has been determined
from the integral measurement of GoAs and also from the
time differential measurement of Go A (t), where Go is the
attenuation coefficient in the source due to quadrupole in-
teraction. The value of Q(134 keV, 131Cs) has been deter-
mined by comparing our measured value of w for this level
with that of the 81 keV 5/27 level in 133Cs, measured ear-
lier by Sharma et al. [7] in the same polycrystalline BaSO,4
powder source where the electric field gradient is expected
to be the same. The ratio of quadrupole frequencies for
these two levels equals the ratio of their quadrupole mo-

ments. Since the value of Q(81 keV, 133Cs) is known [4],
the value of Q(134 keV, 131Cs) can be determined from
the above ratio. In this ratio, the electric field gradient
V.. cancels out because of the same crystalline form of
the source

2 Experimental details

The PAC studies of the 486-134 keV cascade in '31Cs
have been performed using a HPGe-BaFy detector sys-
tem. The radioisotope 31Ba, in the form of BaCl, in HCI
obtained from BRIT, Mumbai, India, has been converted
into BaSO,4 crystal using the procedure described else-
where [8]. A quantity of 0.2 gms BaClsy taken in 100 ml
solution with 1 ml concentrated HCI is heated to boil-
ing and then hot 0.5M H3SO, is added slowly with con-
stant stirring. The precipitate of BaSOy4 digested on steam
bath for 3 hours is filtered, washed and dried. The poly-
crystalline BaSO, powder source thus prepared has been
taken in a small perspex capsule and is placed at the cen-
tre of the HPGe and BaF; detectors which are at 7 and
10 cm, respectively, away from the source. The HPGe de-
tector used is an ORTEC make (model no. GMX-20200,
active volume 127 cm?) having an energy resolution of 1.8
keV at 1 MeV + -energy. The BaFs detector used is a 51
x 51 mm BaF5 scintillator coupled to a Phillips XP2020Q
photomultiplier tube. The 486 keV ~ -ray has been de-
tected in the HPGe detector and the composite (124 +
134) keV ~ -rays have been detected in the BaFs detector.
A clear separation of the 486 and 496 keV ~-rays (Fig. 2)
in the HPGe detector helps to select the 486-134 keV cas-
cade quite accurately although the BaFs detector can not
seperate the close-lying 124 and 134 keV ~ -rays. This is
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Fig. 2. Relevant portion of the v -ray spectrum of *'Cs in
the HPGe detector. Energies of the v lines shown are in keV
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Fig. 3. The delayed coincidence spectrum of the 486-134 keV
cascade of 131Cs, measured in a source of BaCly in HCI solu-
tion at & = 120°, showing the lifetime of the 134 keV level. The
HPGe detector selects the 486 keV v and the BaF3 detector se-
lects the composite (124 + 134) keV ~ -rays. The corresponding
prompt time spectrum taken with a 2>Na source for the same
energy window settings is also shown in the figure

evident from the delayed coincidence spectrum (Fig. 3),
taken using the above energy windows in the two detec-
tors, which gives the lifetime of the 134 keV level. A small
prompt contribution seems to be present here which may
come through Compton-Compton coincidences of higher
energy « -rays. The prompt time resolution at these ener-
gies has been found to be 6.6 ns for this detector system.
The data of PAC measurements of this cascade have been
taken at the angles of 180° and 90°. The angles are altered
at an interval of 30 minutes.
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Fig. 4. The TDPAC spectrum of the 486-134 keV cascade in
131Cs in a source of polycrystalline BaSO4 powder. The solid
line is the least squares fitted curve

3 Results and discussions

From the delayed coincidence spectrum of the 486-134
keV cascade the lifetime of the 134 keV level has been
found to be Ty, = 9.06 £ 0.15 ns. This value of the
half-life is in good agreement with the weighted aver-
age value (T, = 8.7 & 0.6 ns) reported in the Nuclear
Data Sheets [5]. The PAC studies of the 486-134 keV cas-
cade have been performed from the measurement of the
anisotropy W(180°)/W(90°), where W(180°) and W(90°)
are the random subtracted counts at 180° and 90°. The
values of GoAs(t) at different time channels t are shown
in Fig. 4. It is observed that the GaAs(t) value near t
= 0 channel is slightly lower than the unperturbed value
0.234 &£ 0.011. This reduction of GoAg value near t = 0
channel may be due to the prompt contribution. The least
squares fitted values of wy and 1 have been found to be
wo = (4.3 £ 0.5)x107 rad/s and n = 0.9 & 0.1, where, 7 is
the anisotropy parameter. This value of 7 is very close to
that reported by Sharma et al. [7] (n = 0.7) for the same
crystal structure of the source. In the TDPAC spectrum,
the statistics of the data points is poor which is difficult
to improve because of the weak nature of the cascade. We
have measured also the value of wg from the integral PAC
study. Our integral angular correlation measurement in
the polycrystalline BaSO,4 powder source gives a value of
GoAs = 0.13 £+ 0.01. To determine the integral value of
Go in this source we have measured the angular correla-
tion of the 486-134 cascade in '*'Cs in a liquid source of
BaCls in HCI using the above detector system. The un-
perturbed angular correlation coefficients have been found
to be Ay = 0.234 £+ 0.011 and A4 ~ 0 [9]. Thus, from our
measured value of GoAs in the BaSOy4 source, an integral
attenuation factor Go = 0.55 + 0.05 has been obtained.
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The crystal structure of BaSO, is known to be rhombic.
The above value of Gg corresponds to a value of wor/m =
0.20 + 0.03 [10] for a rhombic quadrupole interaction in
a polycrystalline source (for the value of n = 0.9). Here,
7 is the mean lifetime of the intermediate level. For the
present measured value of 7 = 13.1 4 0.2 ns for the 134
keV level, the value of wy has been found to be (4.7 £
0.6)x107 rad/s. This value of wy is in good agreement with
the value obtained from our TDPAC measurement which
shows consistency in our measurements. An weighted av-
erage value of wg obtained from both these measurements
has been found to be wy = (4.4 £ 0.4)x107 rad/s corre-
sponding to a value of v (134 keV, 31Cs) = 47 & 4 MHz
at room temperature. In the same chemical form of the
source, a value of vg(81 keV, 133Cs) = 700 MHz was re-
ported by Sharma et al. [7]. Thus, the ratio of v (134 keV,
131Cs) and v (81 keV, '33Cs) has been found to be 0.067
+ 0.006, considering an error in vg(134 keV, '31Cs) only.
The value of Q(81 keV, 133Cs) has been reported to be -
0.33 £ 0.02 b [4]. Using this value of Q(81 keV, 133Cs), the
absolute value of the quadrupole moment of the 134 keV
level in 131Cs comes out to be Q(134 keV, 131Cs) = 0.022
4+ 0.002 b. In the calculation of error in Q(134 keV, 131Cs),
only the error in v (134 keV, 131Cs) has been considered,
since the error in vg(81 keV, 133Cs) was not quoted in
[7]. Thus, the actual error in Q(134 keV, '3'Cs) may be
somewhat larger than the above quoted value.

The theoretical value of Q(134 keV, 13'Cs) has been
computed by Choudhury et al. [3] to be Q =-0.32 b (as-
suming e,” = ep, e, and e," are the free and effective
nucleon charges) which is almost an order of magnitude
higher than our experimental value. The theoretical value
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of the magnetic moment of the 134 keV level in 131 Cs (1.24
pNy with g.* = g4, g, and g* are the free and effective
values of the spin gyromagnetic ratio) is, however, close
to the experimental value (1.86 + 0.08 py) [4]. The mag-
netic moments of the ground and first excited levels in the
odd-A 131=135Cg nuclei agree also with the unified model
calculations [1-3] unlike the quadrupole moments. Thus,
we can conclude that although the magnetic moments of
the low-lying levels in odd-A '31=135Cs nuclei agree with
the unified model calculations [1-3], the quadrupole mo-
ments in these nuclei do not agree with the above model.
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