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Predicted isomers in neutron-rich 1621%4Th
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Introduction

In an experimental investigation of spin-
trap isomers in deformed odd-odd nuclei, Orford
et al. [1] used the Penning trap mass
spectrometer to study the isotopes of Pm, Eu and
Tb with neutron number around N~98. From the
measured masses, the work reported the
discovery of new isomers in 6°Pm, 62Th and
164Th. Multi-quasiparticle blocking calculations
using a deformed Woods-Saxon potential and the
Lipkin-Nogami  prescription ~ of  pairing
correlations interpreted these isomers as ‘spin-
traps’ and proposed their tentative structures.
These isomers have not been characterized any
further and are tentatively mentioned in the
datasheets [2]. In a recently published comment
on Orford et al. [1], Stryjczyk et al. [3], based on
their study of the neutron separation energies,
suggested that the isomer reported in 162Th may
have been due to a contaminant in the former
experiment.

Considering the short half-life and low
experimental cross section of these neutron-rich
nuclei, a model-based empirical approach can be
an effective tool to independently investigate
these proposed isomers. In the present study we
have wused the well-tested empirical Two
Quasiparticle Rotor Model (TQRM) [4,5] to
construct the low-lying level structures of 62Th
and %4Tb and explore the possible existence of
isomers. The study could not be carried out for
160pm due to lack of available experimental data
in its neighbouring mass region.

The empirical TQRM calculations were
carried out using the three standard steps. Firstly,
the lowest lying 1gp proton and neutron orbital
energy trends from the neighbouring isotopes
and isotones of ®2Th and ®Tb were plotted to
identify their systematics around the nuclei of
interest. Fig.1 is the energy systematics plot of
1qp orbitals in odd-mass nuclei lying close to
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182Th. Following this the spin-parities of the 2qp
bandheads formed by the coupling of these 1qp
orbitals were calculated. The energies of the 2qp
states thus formed were calculated from the
empirical formula [4, 5]

E(pi,n) =Eo+Ep+ En+ Eret + = Vip = (1)
where, the n-p interaction residue potential Vp,
and rotational energy E.: are defined as
V=== E_ 52,0] Egp + (=) ExGigo

Eroe = o[£ = (0, +0,)] = 2 (08

Here, E, and E, are experimental single particle

excitation energies for proton and neutron
orbitals respectively.

600

5/2[532]

15/2[532) =——-+*
00} 77/2[523) —

75/2[413)]
n5/2(413) — "

E, (keV)

7/2[523]
200

Y7 (U ] [ n3/2[411]

=)

1617 1631 165Th

N=97
600 [~
V7/2[633] —

) v3/2[521]
4001 i2i521) — ------::::,-.»-—’ff::.>>--—\'1/2[521]4\*5/2[523]

Va2l —-

v5/2[642)

E, (keV)

200

0 V5/2[523] = -eeseesunsansnnnneees —— v5/2[523)

161G4 163py

Fig. 1 Single particle orbital energy systematics of
Z=65 proton orbitals and N=97 neutron orbitals in
isotopes and isotones neighbouring 2Th [2].
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Results and Discussions

The TQRM calculations on 2Th and %4Th
yielded valuable results identifying possible
isomers in both isotopes.

162Th: As it can be seen in Fig.1, the energy
difference between the lowest 1qp orbitals (po,no)
and other orbitals are very high. The energies of
other 2gp bandheads thus formed are greater than
250 keV. The singlet pong:4™ {n3/2*[4111]1®v5/2"
[523]]} is estimated to be the level closest to the
Ji=1" gs with Ex= 114 keV. This level can
possibly be the isomeric state in 62Tb as there
are no other low-lying levels with a large spin
difference causing a spin-trap isomer. Orford et
al. [1] also proposed this state as the predicted
isomer from their survey of orbital systematics
close to the Fermi surface. Our calculations
thereby present evidence confirming this
proposal with added understanding of the other
physically admissible bandheads at low energies.
Our observations supporting the existence of an
isomer in 162Th thereby are incompatible with the
proposal of Stryjczyk et al. [3].

Table 1: Physically admissible 2gp Gallagher-
Moszkowski doublet bands (K, Ks) in 14Th.

pi — Po: Pa:
3/2*[4111] 7/2715231]
nil 0 keV 273 keV
No: 7/2*[6331] + s -
0 ke 5+ 2 0,7
ni: 1/27[521]] . . ae
108 keV 12 3.4
nz: 5/275121] . v oas
184 keV 1.4 6.1

14Th: Due to lack of available data in the (A-1)
neighbouring isotone 63Gd, 1gp neutron orbital
energies for N=99 was taken only from 5Dy to
calculate the low energy spectra of *4Th. Table 1
lists the physically admissible 2gp bandheads
deduced from the coupling of low-lying (Ey+ En
< 500 keV) 1qp orbitals. The ground state of
164Th, listed tentatively in the latest data sheets
[1] is found to be in concordance with our

Proceedings of the DAE Symp. on Nucl. Phys. 69 (2025)

calculations  viz. J= 5%{3/2*'[4117] ®
7/2*[6331]}. In their study, Orford et al. [1] had
proposed the 2gp gs singlet level J™= 2* as the
possible isomeric state in this case as well. While
our calculations estimate the energy of this
singlet state to be E.= 168 keV, the poni: 1°
{mn3/27[4111] ® v1/27[521|]} bandhead is
predicted at an energy Ex= 108 keV, lower than
the gs singlet partner. With only 5+ gs below it,
this 1° could well be the predicted isomeric state
in %4Th, but in disagreement with the assignment
of Orford et al [1].

Conclusion

The presence of spin-trap
neutron-rich  isotopes  '21%Th  predicted
previously by experimental studies were
explored through a different method using the
empirical TQRM calculations. Following the
three-step technique we propose the following
2gp bandheads as the predicted isomers:

isomers in

162MTYy: 4 {73/24[4111]@v5/2523 ]}
Ex= 114 keV

164M Ty 1-(73/2*T4111] ® v1/2521 ]}
Ex= 108 keV

The existence of these isomers requires
further experimental validation and
characterization. Based on the previous studies
of both the isotopes [6], neutron-induced
reactions and heavy-ion reactions can yield good
cross sections to carry out their spectroscopic
and life time studies. The results of the present
work can be effective location guides for
experimental and theoretical studies on 62164Th,
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