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Structure of the 11/2~ isomeric state in '**La
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We report measurement of the g-factor for the 11/2 isomeric state at 535 keV in '**La, employing the
time differential perturbed angular distribution technique (TDPAD). This isomer was populated in the reaction
126Te(1'B, 4n) 1**La at beam energy of 52 MeV. From the observed nuclear spin precession, analysed through
combined, magnetic dipole and electric quadrupole hyperfine interactions, we obtain the g factor for the 11/2~
state as g = 1.16 &= 0.07. In addition, this analysis provides the spectroscopic quadrupole moment |Q| = 1.71 £
0.34 b, yielding the deformation parameter 8 = 0.28 £ 0.10. Further, we have performed theoretical calculations
using the large-scale shell model and the Monte Carlo shell model. The results successfully describe the low-
lying levels and the band structures of '**La, and the calculated g factor compares well with the values obtained
from our experiment. The dominant configuration of 11/2~ isomeric state in '**La is inferred to be 7 (h, 2)®

132Ba(0h).
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I. INTRODUCTION

The level structures of nuclei evolve from single-particle
to collective nature, as one goes away from the Z = 50 and
N = 82 shell gaps. The transitional nuclei around A ~ 135
with Z > 50 and N < 82 lie between the spherical and de-
formed regions and show complex and rich level structures
due to interplay for single-particle and collective excitation
modes [1-3]. Occupation of high-; orbitals for protons and
neutrons plays a crucial role for various structure phenomena
for nuclei in this region, such as signature splitting, signature
inversion, magnetic rotation, wobbling motion, chiral rotation,
and high-spin isomers. With the advancement of large-scale
shell-model (LSSM) calculations [4], it is now possible to
make microscopic analysis on the high-spin structures of these
nuclei, as well as the configuration of the isomers. The elec-
tromagnetic moment measurements of the isomers in these
nuclei are of particular interest, as they provide a stringent test
of the LSSM calculations. Recently, the isomers in '*>13¢La
isotopes have attracted lot of attention [3,5,6]. As a part of
a systematic study of the isomers in this region, we have per-
formed experiments to measure the g factor of the well-known
1172~ isomer in '**La isotope and compare the results with
the LSSM calculations. In the present investigation, combined
(the magnetic and electric) perturbations of the angular distri-
bution pattern of the deexciting y rays from the respective
isomeric states has been exploited for the determination of
the g factor and quadrupole moment of 11/27 isomeric state
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at 535-keV in '*3La [7-10], using time differential perturbed
angular distribution technique (TDPAD). There are only
two previous moment measurements for the g factor of the
535 keV state in odd mass La nuclei. Gerschel et al. assigned
the 535-keV level as 3/2~ state and reported g = 2.2 [11].
Assuming I* = 11/27, the g factor would be 0.6. They em-
ployed the 510-keV-58-keV angular correlation to extract the
g factor. In the recent compilation of nuclear moments [12],
the g factor of the 535-keV isomer in '*La has been listed
as 1.37 £ 0.08, with an assigned I™ = 11/27. The details of
the original measurement can be found in Ref. [13], where the
g factor of the 535-keV state was measured using 477-keV,
—58-keV, and 510-keV —58-keV angular correlation from the
decay data of '33*Ce. However, certain experimental details
about the detectors and the observed Larmor frequency along
with spin-rotation spectrum were not presented in Ref. [13].
Furthermore, Gerschel et al. [14] reported the quadrupole mo-
ment of the 535-keV state in **Latobe Q = 1.6 +0.2 b. On
the other hand, for the same state in '**La, the measurement
of Klemme et al. [15] reported the quadrupole moment to
be Q = 0.35 £ 0.03 b. Both these quadrupole measurements
assumed /™ = 3/27 for the 535-keV state. Considering that
the quadrupole interaction frequency wgy = %, if one
considers the I™ = 11/2~ for the 535-keV state, for the same
value of wg, the quadrupole moment would be 18 times of
the values reported in Refs. [14,15]. Clearly, the electromag-
netic moments reported from previous experiments are quite

©2020 American Physical Society
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FIG. 1. Schematic drawing of the experimental arrangement of the TDPAD setup.

disparate. These values are also in contrast to the concept of
decoupling limit or rotational alignment for the explanation of
the decoupled bands in the odd-mass 1251390 a nuclei [16-18].
It is also interesting to compare the measured g factor for
11/2" state in '3La (N = 76) with that of '*Cs (N = 74)
[19] and '"'Pr (N = 82) [20]. The tabulated value of g factor
for the 11/2" state in '**La [12] is closer to the Schmidt value
and the value in '*'Pr, compared to that in '*Cs [19]. As
Al =2 bands have been observed on the hyj/, quasiproton
states in 'Cs and '*3La isotopes, one expects the g factor of
11/2~ state in '**La to be similar to that of '*Cs due to their
modestly deformed even-even cores, rather than that of '*'Pr
which has a spherical core. In view of the above-mentioned
discrepancies in the g factor, it is important to carry out
accurate measurements of electromagnetic moments for the
11/2~ isomeric state in '**La. In this work, we present preci-
sion measurement of g factor and quadrupole moment for the
535-keV, 11/2~ isomer in '%La using time differential per-
turbed angular distribution (TDPAD) technique. The mea-
sured g factor and the quadrupole moment have been com-
pared with the results obtained from theoretical calculations
performed using the LSSM.

II. EXPERIMENTAL DETAILS

The 11/2~ isomeric level at 535 keV in '3La was pop-
ulated through the reaction '*°Te(''B, 4n)'**La at 52-MeV
beam energy. The ''B beam having a pulse width of 1 ns and
repetition period of 800 ns, was provided by the BARC-TIFR
Pelletron Linac Facility at TIFR, Mumbai. An isotopically
enriched 1.2 mg/cm’-thick '*Te was evaporated on to a
9.9 mg/cm?-thick Au backing. From simple kinematic con-
siderations, the recoil energy of the La nuclei was estimated
to be ~4.17 MeV. Using a Monte Carlo method based on
statistical model SRIM [21,22], we have found that the '**La
nuclei stop within the Te target, with only a negligible fraction
penetrating in to the Au backing constituted the target. The
experiments were performed in the presence of a magnetic
field Bexe = 2 T, applied perpendicular to the beam-detector

plane. The magnetic field was produced using a split coil
superconducting magnet having field stability of better than
0.1% and uniformity of 0.5% over a spherical volume of
~1 cm?. The field direction was reversed in every 6 hours. The
schematic diagram of the experimental arrangement is shown
in Fig. 1. This setup has been regularly used to investigate
magnetic properties of materials and studies of hyperfine
interactions using TDPAD technique [6,23-25].

The delayed y rays from the 535-keV isomer were mea-
sured by large volume (*143 cm®) HPGe detectors with
relative efficiency of 30% with respect to a 3 x 3 inch Nal(TI)
scintillation detector. The detectors were placed at a distance
of 11 cm from the target center at angles +45° and +135°
with respect to the beam direction. The time resolution of the
detectors was measured to be 5 ns at y energy of 1332 keV of
the standard ®°Co radioactive source. The time signal from
the HPGe detector was used to start the time to amplitude
converter (TAC), which was stopped by the primary RF signal
of the buncher. The data were collected in LIST mode with
eight parameters for energy and time signals for four detec-
tors. In the off-line analysis, two-dimensional spectra with
energy versus time were constructed for each detector. The
lifetime spectra for the y rays decaying from the isomeric
state were generated by taking energy-gated time projections.
Normalized counts for each detector N(6,t) were used to
construct the spin rotation spectra defined as

_INT®.0)=N©.1)]
[Nt @, 0)+N @01

The form of R(¢) varies depending on the geometry of
experimental setup and hyperfine interactions present, e.g.,
due to a magnetic dipole, an electric quadrupole, or both
[26-28]. For a pure magnetic dipole interaction, the spin
rotation function for the experimental geometry used here can
be expressed as

R(t) = AsGa(t) = —3As sinQaopt — plexp(—rt),  (2)

R()

ey

where A, is the amplitude, G,(t) is the perturbation function
due to magnetic hyperfine interaction with Larmor frequency
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FIG. 2. Partial level scheme of '**La showing the isomer at
535 keV (adopted from Ref. [10]).

9/2*

wr, and A is a damping factor signifying the loss of nuclear
spin alignment arising from dynamic fluctuations of electronic
spin and/or inhomogeneous distribution in local environment.
¢ denotes a phase angle due to finite bending of the incoming
beam due to applied magnetic field. In the case of a pure
electric quadrupole interaction, the perturbation to the angular
distribution function G, () is expressed as [29,30]:

3
Gy(1) = |:Szo(77) +y SZH(U)COS(CUHI)g/(wrlst):| exp(—Ar).
n=1
A3)

In presence of combined interactions, the perturbation func-
tion is more complex, having the general form [31,32]:

Ga(t) = [ao(n, % B+ ann.y, ﬁ’)cos(wot)g’(wo&)},
' )

where S, is a constant known as the hard core contribution,
S», are the amplitudes of the primary quadrupole interac-
tion frequencies w,, n is the asymmetry parameter of the
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FIG. 3. Lifetime decay spectrum obtained with energy gate on
the 477 keV vy line.

electric field gradient (EFG) tensor usually expressed as n =
% with V; > V,, > V,, and 0 < 5 < 1. The number of
freiiuency components w, = by,(n)wy and their amplitudes
a, depend on the relative strength of the magnetic and
quadrupole interactions defined by the ratio y = w;/wg and
the angle B’ between the magnetic field and the EFG axis;
wy = 3wg for odd spin and wy = 6wy for even spin. The
coefficient is by, = n for n = 0 [33]. g (w,t8) describes the
damping due to the static distribution in w, arising from
the random inhomogeneities in the local environment of the
probe nuclei, which, conventionally, is assumed to be either
Lorentzian or Gaussian with § being the distribution width.
G, (t) for combined interactions are generally solved numeri-
cally by varying y and 8’ [34].

III. RESULTS AND DISCUSSION

A. Experimental results

The partial levels scheme of **La relevant for the current
study is shown in Fig. 2. Figure 3 shows the lifetime spectrum
fitted with an exponential decay curve with energy gate on the
477-keV y line to give a lifetime (77/2) of 68.01 £ 0.41 ns,
with the quoted uncertainty being only statistical; this value is
within the range [7,10].

The energy-gated time spectrum generated with the 477-
keV transition was used to construct the spin rotation spectra
R(t) displayed in Fig. 4. The observed spectrum shows a large
amplitude, which suggests that most of the '**La probe nuclei
come to rest at a regular lattice sites in the Te host, most likely
to be substitutional.

Let us first consider that the '**La nuclei stopped in
Te host experience pure magnetic interaction. A fit of our
experimentally observed R(z) spectra to Eq. (2) yielded the
value for w; = 114.2 £ 5.0 Mrad/s, ¢ = 16° £5° and A =
13.5 £ 5.5 MHz. Using the expression Ziw; = gy iy Bext, and
neglecting paramagnetic and/or diamagnetic correction fac-
tors, we obtain the g factor as 1.19 £ 0.06. Note, however, that
the spin-rotation spectrum shows strong damping (see Fig. 4)
with a very large value of A. One factor leading to a strong
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FIG. 4. Spin rotation spectrum of 11/2~ isomeric state of '**La
with Bey, =2 T.

damping in the R(¢) spectra is the distribution in frequency,
caused by beam induced radiation damage in the Te host. It
is worthwhile to note, however, that spin rotation spectra of
135La [35] implanted into an Fe host, measured under condi-
tions similar to the present study, did not show much damping.
This suggests that beam induced radiation damage does not
have significant contribution to the damping observed in the
R(t) spectra of **La. Note that in the present experiment,
the '*La nuclei come to rest within the '*Te target matrix.
Te metal has hexagonal close-packed (hcp) crystal structure,
which will produce nonzero electric field gradient at the probe
site. Thus, the **La nuclei in Te host will experience the com-
bined influence of the magnetic dipole and electric quadrupole
interaction [36]. We therefore refined our data analysis by
considering the perturbation function due to the combined
interaction. A fit of the R(¢) spectrum using Eq. (4) yielded
o, = 111.4 £ 6.7 Mrad/s and wg = 8.0 £ 1.0 Mrad/s. From
the w;, value, we extract g = 1.16 £ 0.07, which is close to the
value estimated with pure magnetic interaction. We note that
the Schmidt value for the single-particle g factor for proton
in hyy/ configuration is estimated to be ggchmiar = 1.42; the
experimental value is, thus, quenched from the Schmidt value
by 18%.

To determine the spectroscopic quadrupole moment |Q|
from wg, one has to know the value of the EFG at a lanthanum
nucleus site in a '?°Te crystal. The EFG is a traceless second
rank tensor defined by the second derivative (in Cartesian
coordinates) of the Coulomb potential at the nuclear po-
sition. The Coulomb potential is calculated from the self-
consistently obtained total charge distribution, by solving the
Poisson equation. The EFG can be easily calculated, once
the Coulomb potential is known. The field gradient tensor is
diagonalized and principal components are rearranged such
that |V | < [Vyy| < |Vz|; the EFG is conventionally defined
by V.., while (V,, — V},)/V,, gives the asymmetry parameter
related to the point symmetry of the atomic site. To find
the EFG of a La impurity in Te host, we have performed
first principle ab initio band structure calculations within
the framework of density functional theory [37-39], using

the augmented plane wave+local orbital (APW+l1o) method
[39-41] as implemented in the WIEN2K package [42].

The calculations were carried out using a supercell con-
sisting of 27 (3 x 3 x 3) unit cells of the pure Te structure.
One of the Te atoms within the supercell was replaced by La.
The unit cell thus contains 54 (1 La +53 Te) atoms, which
is representative of a dilute alloy of La,Te,_, with impurity
concentration, x = 0.0185. All calculations were performed
using the experimental lattice parameter of elemental Te
(a=4.4572 A, ¢ =5.9290 A) taken from literature [43]. In
the APW+1o method, the unit cell is divided into two regions:
(1) nonoverlapping muffin-tin spheres of radius Ry,r around
each atom; and (ii) the remaining interstitial region. For the
wave functions inside the atomic spheres, a linear combina-
tion of radial function times spherical harmonics are used,
while in the interstitial region a plane wave expansion is used.
In our calculations, we have used Ry r values of 2.4 a.u. for
La and 2.4 a.u. for Te. The maximum multipolarity [ for the
waves inside the atomic sphere was restricted to /,x = 10.
The wave functions in the interstitial region were expanded in
plane waves with a cutoff of ky.x = 7.5/R1\“}[i}1 =3.125au."".
The charge density was Fourier expanded up to Gpux =
16 +/Ry. For the exchange correlation potential, we used the
Perdew-Burke-Ernzerhof (PBE) formalism of the generalized
gradient approximation (GGA) [44]. For sampling of the
Brillouin zone a dense k mesh of 256 of size 8 x 4 x 8 was
used. Due to lattice imperfection caused by the introduction
of an impurity, the atoms at their ideal positions experience
nonzero force, which was minimized by allowing the atoms
to relax to new positions until the force reduced to less than
I mRy/a.u. The self consistency of the calculations were
ascertained from the energy and charge convergence criterion
set to be 0.01 mRy and 0.0001, respectively.

From the calculation performed with the above-mentioned
parameters, we obtained the EFG for the La impurity in
Te host to be V., = 6.7 x 10" V/cm? after considering lat-
tice relaxation. Using this value of V., and the expres-
sion [36], filwg| = %Ivfl)’ we obtained the spectroscopic
quadrupole moment of 11/27 isomer as |Q| = 1.71 £ 0.34 b.
The quadrupole moment is related to the deformation param-
eter B through the relation

3K2—I(I+1)
I+ DQ@2I+3)

0, = eZB(1 +0.168)RA* (5)

3
V&
where Z = atomic number of the nucleus, K = projection of
total angular momentum or spin on symmetry axis, / nuclear
spin and Ry = 1.21 fm [45]. Considering K = 1/2 from the
Nilsson diagram, we obtain the deformation parameter g =
0.28 £ 0.10, consistent with the theoretical estimate discussed
below. The uncertainties quoted in the value of the g factor
and the quadrupole moment |Q| are due to systematic and
statistical errors. For magnetic moment, the statistical error
is dominant and the systematic error owing to magnetic field
stability as well as uniformity has been taken as less than 1%.
The statistical error in the w; value obtained from the least
square fit of the experimentally observed spin rotation spectra
has been found to be approximately 6%. This leads to a net
error budget of about 6% for the estimated g factor. For the
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case of the quadrupole moment, however, the uncertainty in
the calculated V,,; also contributes to the overall uncertainty
in the Q value. In principle, the DFT method is exact and
is expected to provide an accurate estimate of the electric
field gradient. In practice, however, the calculated EFG may
differ, depending on the choice of the exchange correlation
potential—the two most commonly used potentials being the
local density approximation (LDA) and generalized gradient
approximation (GGA). The spread in the EFG calculated
with both these potentials was found to be less than 2%.
Other parameter settings in the DFT calculation like the size
of the basis set determined by the choice of Ki.x and the
k-mesh size has been found have little influence on the V,,
value. The choice of the unit cell parameter, on the other
hand, has much stronger influence on the calculated V... A
small variation (2%) in the lattice parameters has been found
to result in a spread of ~10-15% in the V,, values [46].
This amount of uncertainty in the unit cell parameters is
not unrealistic, considering that the calculation is performed
with lattice constants measured at room temperature while,
the DFT calculation represent the property at absolute zero
temperature. Thus, in estimating the net error budget for the
0 value we have assumed a systematic error of 15% due to
the spread in V,; arising from uncertainty in lattice parameters
over and above the statistical error of 12.5% deduced from the
fit of the experimentally observed R(#) spectra.

A comparison of the experimental results with theoretical
calculations would allow an examination of the nuclear struc-
ture of the 11/2~ isomeric state. For this we have performed
theoretical calculations using LSSM.

B. Large-scale shell-model calculations

We have performed the large-scale shell-model (LSSM)
calculations to investigate the level scheme and the 535-keV
isomer of '*La microscopically. The model space of the
LSSM is taken as the 1d5/2,0g7/2, 2S1/2, 1d3/2, and 0h11/2
single-particle orbits both for protons and neutrons. As an
effective interaction, we adopted the SNV interaction, which
consists of the SNBG3 interaction for the neutron-neutron
interaction [47], the N82GYM interaction for the proton-
proton interaction [48], and the monopole-based universal
interaction for the proton-neutron interaction [49]. The SNV
interaction was proven to be successful in describing the
nuclear structures of 'La [6], **Ba [50], and the shell
evolution of Sb isotopes [51].

Figure 5 shows the level scheme of '¥La obtained by
the LSSM calculation. Its M-scheme dimension reaches
6.9 x 10'9, which can be handled with the shell-model code
KSHELL [4] and recent supercomputers. In the preceding
works [16,52], the band states built from the 11/2] isomeric
state were interpreted as the favored states of the decoupling
limit of the particle-plus-rotor model [53]. The present shell-
model study reproduces the experimental levels including the
level spacing of the negative-parity band, while some states
appear lower than the band members in the LSSM result. The
11/27 state decays to the 7/2] state with the M2 transition
or to the 9/2 state with the E1 transition. The experimental
M2 transition probability is B(M2;11/2~ — 7/27) =3.1+

I %l 8512 __35/035/2)]
31/2__ 31/2° .
af /‘ .
_ 27/2_ 27/2°
> | _ |
= 23/2" 232 & _23/2
X ol 19/2°
w 19/2°_
] 15/2°
15/2 .
- — 11/2
9/2*_11/2— 9/2*
ob 72i= 5/27 — ]
5/2 7/2
Exp. LSSM

FIG. 5. Level schemes of **La by the experiments (left) and by
the present LSSM calculation (right). The arrows denote the B(E?2)
transition between the negative parity states, and their widths are
proportional to the B(E?2) strengths with with the effective charges
(ep, e,) = (1.6,0.8)e.

0.3 u,z\,fm2 [54], and shows reasonable agreement with the
LSSM value, 6.6 u3fm?. In the LSSM, the spin part of the M2
transition is quenched by the factor 0.4, which is determined
to reproduce the experimental M2 values of the Sn isotopes
and N = 82 isotones [54]. The E1 transition probability
cannot be obtained theoretically in the present LSSM model
space.

Our measured value of the g factor of the 11/2] state is
1.16 = 0.07, which is compared with the LSSM results to
find out the mixing of different configurations for the 11/2~
isomer. The calculated g factor is 1.16 with spin g factor
quenched 0.64 for protons and 0.74 for neutrons [6], showing
good agreement with the experimental one. This isomeric
state is considered to be the band head of the favored band of
the decoupling limit [16], and its configuration is 7 (h11/2) ®
132Ba(0%). Thus, its wave function can be approximated as

132
c20h11/2|132Ba, 0F) where erOhH/z and |°*Ba, 0]) denote the

creation operator of the proton 411, orbit and the ground-state
wave function of '3>Ba provided by the LSSM calculations,
respectively. The g factor of this simple wave function without
any mixing of other configurations in this state is obtained as
1.23, which is close to the experimental value and supports
the present interpretation.

The spectroscopic quadrupole moments and g factors of
the 11/2} states of La isotopes are shown in Table 1. Those
of the 1*>137-13%a are evaluated by the LSSM using the same
Hamiltonian without any truncation with the effective charges
(ep, €n) = (1.6, 0.8)e. The quadrupole moment of '**La (N =
82) is rather small and it increases gradually as the neutron
number decreases and the quadrupole collectivity increases.
The LSSM quadrupole moment of '**La is obtained as Q =
—1.25 b in comparison with the experimental value, |Q| =
1.71 £ 0.34 b. On the other hand, the g factors of the isotopes
are rather constant indicating a proton hj;,; configuration.
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TABLE 1. g factors, spectroscopic quadrupole moments, and
single-particle spectroscopic factor C2S of the 11/2] states of La
isotopes obtained by the LSSM calculations. The values obtained
by the present experiment are shown in the rightmost column. Note
that the experimental Q moment of '**La is obtained as the absolute
value. The C2S is obtained by the proton 1, attached to the ground
state of the neighboring Ba isotopes.

LSSM Expt.

139] 4 137] 4 135] 5 133] o 133] 4
g factor 1.23 1.20 1.18 1.16 1.16(7)
Q moment (b)) —049 —-080 —-1.00 —1.25 1.71(34)
C*S(mhyi)2) 0.89 0.73 0.68 0.60

Table I also shows the single-particle spectroscopic factor
C2S of the proton hy; /2 orbit with the ground states of the
corresponding Ba isotopes. As the neutron number increases
the C%S modestly increases. The LSSM spectroscopic fac-
tor of this isomeric state with the ground state of '*’Ba is
C2S = 0.60, which is large enough to support the proton A, 2
configuration.

To discuss the intrinsic shape of the 11/2~ state of '**La
in terms of the shell-model framework, we show the en-
ergy surface and the T plot of the Monte Carlo shell-model
(MCSM) calculations [55] in Fig. 6. In the figure the contour
lines represent the energy surface obtained by the quadrupole-
constrained Hartree-Fock method with the variation after
parity projection [56] utilizing the same shell-model Hamil-
tonian. It shows the prolate minimum with modest triaxiality
at Qp = 260 fm?, which corresponds to the deformation pa-
rameter 8 = 0.16 using the potential energy surface of Fig. 6
through the relation suggested in Ref. [57]. The LSSM value

1501 2.5
P Y 2.0
NE 1001 g
= 153
_ o
S g
~ 10"

501

‘ — 0.0
0 100 200

{Qo)(fm?)

FIG. 6. T plot of the 11/2] state in 13La coordinated by the
intrinsic mass quadrupole moments, Qy and Q,. The contour line
shows the energy surface obtained by the Q-constrained Hartree-
Fock method with the variation after parity projection. The locations
of the circles indicate the intrinsic shape of the MCSM basis states.
The size of each circle denotes the overlap probability of the MCSM
basis state and the total wave function, namely its importance in the
total wave function.

of Q =—1.25 b provides the 8 = 0.19 by using Eq. (5),
assuming K = 1/2.

In the MCSM framework, the resultant wave function
is expressed as a superposition of the angular-momentum-
projected, parity-projected Slater determinants, each of which
is called an MCSM basis state. The intrinsic quadrupole
deformation and its fluctuation are visualized utilizing the
intrinsic quadrupole moments and the importance of these
basis states. For visualizing the intrinsic deformation of the
MCSM wave function, the quadrupole deformation of each
MCSM basis state is represented as the position a white circle
in Fig. 6, while its area denotes the overlap between the
MCSM basis state and the resultant wave function, namely
importance of the basis state. Such a figure is called a T plot.
The MCSM basis states distribute around the minimum of the
energy surface, indicating that the shell-model wave function
of the 11/2] state is a prolate shape with a certain shape
fluctuation in the y direction.

IV. CONCLUSION

In summary, the g factor and spectroscopic quadrupole
moment measurement for the 535-keV isomer in '*La has
been carried out using TDPAD method The measured g-factor
value for this isomer has been found to be 1.16 = 0.07, along
with the spectroscopic quadrupole moment Q| =1.71 =+
0.34 b. Large-scale shell-model calculations have been per-
formed to calculate the level structure of '*La as well as
to understand the configuration of the measured isomer at
535 keV excitation energy. The shell-model results provide
an excellent description of the measured level scheme. In
particular, the shell-model result on the g factor of the 11/2~
isomer, 1.16, matches the measured g factor of 1.16 4= 0.07
very well. The g factor provides the dominant configuration
of 11/2~ isomeric state '3La as 7 (h11,2) ® *Ba(0%) by
the LSSM study. The configuration is compatible with the
coupling scheme of the odd mass La nuclei for the decou-
pled band built on 11/2] state. For the quadrupole moment,
shell-model calculation gives Q = —1.25 b, and 8 = 0.19
with assuming K = 1/2. The theoretical LSSM value of
quadrupole moment is smaller than the measured one obtained
from the combined interaction. A measurement of the pure
quadrupole moment will be very helpful to understand the
difference between theoretical and experimental values of this
quantity.
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