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A semi-microscopic self-consistent mean-field study of a-decay fine
structure of odd-N isotopes along *>>*120 chains
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Abstract: We performed axially deformed HFB calculations with the Skyrme-SLy4 energy density functional
(EDF) for isotopes in the even-odd 273120 a-decay chains to study their single-particle structure, deformations,
and a-decay fine-structure patterns. Ground and excited states were generated by blocking the corresponding
quasineutron configurations. The a-decay half-lives were computed consistently within the preformed cluster model
employed, using a nucleus-nucleus potential derived from the same EDF and the WKB approximation. The evolu-
tion of single-neutron states proceeds sequentially under prolate deformation from 1/2*[620] and 3/2*[622] states
above N = 152, through 9/2%[615] and 11/27[725], to 3/2*[611] for N = 163167, and then to 1/2*[611] followed
by 9/2*[604] as the prolate deformation decreases toward N = 169 —171. A pivotal shift to oblate deformation oc-
curs around N = 175, favoring the 1/2%[640], 3/2%[642], and 5/2*[642] sequence, followed by 1/2*[620] and later al-
ternating states such as 3/2%[651] and 1/2*[660], as the oblate deformation decreases. Approaching N = 184, the
ground state stabilizes in the spherical 1/2*[600]3ds/,+ orbital. In addition to the predicted rich decay schemes for
210g, ?3Fl, 'Cn, and ?’°Sg, branching ratios above 55% for a-decay through excited states are indicated for
25120, 272°0g, 2%72% Ly, and *Fl. The estimated half-lives range from ms (**'393120, 2°Lv) and fractions of a
second (¥7?*0g) to hundreds of seconds (®'Fl, 2”Cn, 2*?5Sg), with long 2>¥72°120 decay chains extending to

Rf.
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I. INTRODUCTION

Fine-structure investigations of a-decay chains are a
fundamental tool for exploring the superheavy region,
providing critical insights into nuclear structure, stability,
and the limits of the nuclear chart. Specifically, detailed
spectroscopy of decays yields essential data on decay en-
ergies, half-lives, and branching ratios. Such information
reveals underlying nuclear properties such as deforma-
tion, shell effects, single-particle configurations, and
shape coexistence that may stabilize nuclei near the pre-
dicted "island of stability". By deducing the level
schemes of parent and daughter nuclei, these studies val-
idate and refine theoretical models, guide the identifica-
tion of newly synthesized isotopes, and enable more ac-
curate predictions of decay properties. This, in turn, is
crucial for planning future experiments aimed at produ-
cing heavier elements. In particular, studying a-decay in
odd-N superheavy nuclei (SHN) provides unique insights
beyond even-N systems. The unpaired neutron enables
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detailed probes of single-particle structure, revealing spe-
cific orbitals, spin-parity assignments, and decay
hindrances. Furthermore, these studies illuminate the
competition between decay modes and are crucial for re-
fining nuclear models by testing predictions for pairing,
blocking, and shell effects near the Fermi surface.

The atomic nucleus is not a rigid or static system, but
instead exhibits collective motion governed by a balance
of potentials. The liquid-drop model (LDM) provided an
early macroscopic description of this collective behavior,
successfully capturing key features of fission and the
overall trends in binding energy [1], without explaining
magic numbers and nuclear deformations. A complete
understanding of nuclear structure emerged from model-
ing the nucleus as a self-adaptive system, in which a self-
consistent mean field links microscopic interactions and
macroscopic shape [2—4]. Consequently, key properties
such as deformation and decay are governed by the po-
tential energy surface (PES). Macroscopic models
provide a smooth PES that successfully describes the sta-
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bility of heavy nuclei but fails for SHN, isomerism, and
shape coexistence [5, 6]. The key breakthrough came
from the microscopic view in terms of the deformed shell
model [7, 8], which successfully explains these phenom-
ena, including magic numbers and the stability of SHN.
Modern calculations of PES rely on either macroscopic-
microscopic (MM) or fully microscopic frameworks. The
MM method combines a liquid-drop or energy density
functional (EDF) baseline with Strutinsky shell and BCS
pairing corrections [9—11]. In parallel, fully microscopic
models use self-consistent Hartree-Fock or Hartree-Fock-
Bogoliubov (HFB) theories with semi-realistic or realist-
ic effective interactions to provide a detailed, unified de-
scription of nuclear structure from ground states to ex-
cited and isomeric states of SHN [2, 12, 13].

Although ground-state to ground-state decays are well
characterized, they are less informative than decays in-
volving excited states, which provide a richer array of
structural information [14—16]. Beyond y-ray emission,
a-decay spectroscopy serves as a probe of shell structure
and collective excitations in parent and daughter nuclei,
and is a key indicator of single-particle structure [17—-22].
Other processes such as f-decay, cluster radioactivity,
and both spontaneous and induced fission [23], along
with their respective spectroscopy, further contribute to a
comprehensive understanding of nuclear structure [24,
25]. Advanced high-precision spectroscopic techniques
facilitate comprehensive mapping of nuclear energy
levels [26]. A crucial scientific advance is the mapping of
decay chains, which reveal the stepwise transformation of
one radioactive element into another through successive
decays [25, 27]. This is instrumental in gaining insight in-
to nucleosynthesis and the elemental abundances in the
universe [28], and it provides a unique window into the
structure of SHN, which are challenging to detect dir-
ectly [11, 25, 29, 30].

Continuing our earlier investigation of the even-even
decay chains (*°3%120)reported in Ref. [31], we now
turn to the more complex and information-rich odd-neut-
ron isotopes of Z = 120, with mass numbers from 295 to
303, which lie just below the N = 184 neutron shell clos-
ure. Unlike even-even systems, in which single-particle
spectroscopic information is inaccessible, this work ad-
dresses a different problem involving quasiparticle block-
ing, spin-parity evolution, and fine-structure decay pat-
terns. Odd-neutron nuclei offer opportunities to investig-
ate single-particle structure, pairing correlations, and the
influence of the unpaired neutron on the pairing field, as
well as the deformation evolution from prolate to oblate
to spherical configurations as N approaches 184. These
features allow the evolution of level density and the
emergence of shell gaps to be examined. The self-consist-
ent mean-field solutions and spectroscopic predictions
obtained here complement those obtained in our earlier
even-even analysis. We employ the same theoretical

framework that combines the HFB and Preformed Cluster
Models (PCM). Crucially, both models are based on the
same Skyrme-SLy4 EDF and its associated nucleus-nuc-
leus potential, ensuring a consistent description of the
single-particle structure, branching ratios, and decay
characteristics.

The paper is organized as follows. Section II outlines
the theoretical framework, specifically the HFB method
used for structural calculations and the PCM and nucleus-
nucleus models employed for a-decay. The subsequent
Section III presents the results of our investigation into
neutron single-particle level ordering beyond the N = 152
gap, extending to N =184, and its correlation with the
evolving prolate and oblate quadrupole deformation
along the (#33%120) even-odd decay chains, employing
blocked quasiparticle configurations. Explicit calcula-
tions of 136 decay modes to ground and low-lying states
are presented, revealing longer decay chains than in the
even-even cases. The work concludes with a summary of
the key findings in Section IV.

II. THEORETICAL FRAMEWORK

This study uses the mean-field HFB method to de-
scribe nuclear structure microscopically by including
both particle-hole and particle-particle correlations self-
consistently. We solve the HFB equations with the HFB-
THO code [32—35], which assumes axial and reflection
symmetries. Compared with earlier versions, the HFB-
THO (v4.0) code [32] used here provides a more accur-
ate treatment of broken symmetries, including time-re-
versal symmetry, thereby improving the description of
odd-even nuclear structure. We use the SLy4 parameter-
ization [36] of the Skyrme EDF because of its proven ac-
curacy in modeling nuclear structure, decay, and reac-
tions. The resulting binding energy, deformation, and
single-particle spectra are used in the a-decay calcula-
tions based on the preformed cluster model (PCM) [37,
38], using the a-daughter potential obtained from the
same SLy4 EDF.

To describe atomic nuclei, the HFB method provides
a unified framework that captures both the average mean-
field influence on each particle and the tendency of
particles to form bound pairs [2, 12, 39, 40] by redefin-
ing the system's ground state as a "quasiparticle vacuum".
These quasiparticles are not fundamental particles but
emergent hybrids, formed as superpositions of particles
and holes through a mathematical Bogoliubov transform-
ation in terms of single-particle creation and annihilation
operators, starting from the second-quantized many-body
Hamiltonian

N 1
_ ¥ - o
H= g €mnConCn + 1 E Vinnpq CpCaCaCp - (1)

mn mnpq
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Here, ¢! (c,) creates (annihilates) a nucleon in a single-
particle state m (n), e,, are Kinetic-energy matrix ele-
ments that may include a one-body potential, and ¥,
are the matrix elements of the antisymmetrized two-body
interaction, V., = (mn|V|pq)—(mn|V|gp), where V de-
notes the effective nucleon-nucleon (NN) interaction. An-
tisymmetrization explicitly enforces the Pauli exclusion
principle. The Bogoliubov transformation reads

a' ur vy [cf
)G o)) e
« Ve U c
which is equivalent to @ =>,U;c,+ Vel and
aj =3, Uncl +Vyc,, where U and V are matrices that
transform single-particle states into quasiparticle states.
@ (o) create (annihilate) quasiparticles.

To derive the HFB equations, one performs a con-
strained minimization of the system's energy to ensure
that the generalized density matrix R satisfies the re-
quired idempotency property. Through R, the theory nat-
urally combines the normal mean-field interactions, rep-
resented by the normal density matrix p = V*V7, with the
pairing correlations, represented by the pairing tensor
k=V*UT. The quasiparticle vacuum |®), defined by
a|®) =0 for all &, serves as the HFB ground state, for
which the one-body density matrix p and the pairing
tensor x are given by

pnn’ = <(D|CZ/C”|(D> = (V*VT)nn’»
Ky = (D@l €| @) = (V* UT)rm’ . (3)

The energy of the HFB ground state is obtained via
the variational principle with respect to p and x, subject to
particle-number conservation enforced by Lagrange mul-
tipliers, which yields the HFB equations in the form of a
generalized eigenvalue problem,

() () C)
=E - “

-A" —h"+A Vi Vi
Here, & denotes the Hartree-Fock single-particle Hamilto-
nian, 4 is the chemical potential enforcing the correct av-
erage particle number, A is the pairing-field potential,
E, >0 are quasiparticle energies, and U, and V, are the
quasiparticle wave-function components. By iteratively
updating 4 and A from the computed densities, this self-
consistent framework efficiently describes the nuclear
shape, pairing, and ground-state properties upon conver-
gence.

EDF provides a framework for implementing the
HFB formalism [12, 40, 41], in which the total energy is
expressed as a functional of the local densities,

Elp,«l = [H(r)dr, with H(r) = Hy(r) + Hp(r) repres-
enting the sum of the mean-field (H,) and pairing (Hpuir)
energy densities. The relevant proton (¢ = p) and neutron
(g = n) densities include the standard particle, kinetic, and
pairing densities, as well as the spin-orbit current J, and
current density j, contributions. These densities are de-
rived from the single-particle wave functions ¢,(r) for
each state, their corresponding occupation probabilities
vZ, and the Pauli spin matrices é. For even—even nuclei
with time-reversal symmetry, the current density j, van-
ishes in the ground state. Because they break time-re-
versal symmetry, blocked configurations in odd-4 nuclei
require time-odd densities, which are also vital for col-
lective dynamics [41]. By expanding quasiparticle wave
functions in a cylindrical transformed harmonic oscillat-
or basis, the HFB equations are solved without explicitly
discretizing space. However, local densities such as the
particle, kinetic-energy, and spin-current densities can be
explicitly calculated on a two-dimensional (r,z) grid dur-
ing the iterative solution, since the energy density func-
tional is an integral of these local fields over coordinate
space. Through this reconstruction, the radial density p(r)
is extracted directly for spherical nuclei, or after angular
averaging for deformed ones, thereby providing the spa-
tial dependence of the mean-field potential and energy
functional as functions of 7.

The mean-field EDF is composed of kinetic, nuclear
(Hsxy), and Coulomb (Hc) contributions [36],

hZ
H(r;pi,Ti, J7) =% Z 7i(r; pi) + Hs i (r; 0,71, Ji)

i=p,n

+He(r;pp). (5)

The central part (Hsy,) of the Skyrme EDF describes
the effective NN interaction in terms of zero- and finite-
range, effective-mass, momentum- and density-depend-
ent, and spin-orbit contributions, as well as a nonlocal
spin-gradient tensor coupling. Further details on the
standard formalism of the Skyrme EDF and its SLy4
parameterization, which is used here, are provided in
Refs. [36, 42, 43]. The Coulomb contribution, arising
from the proton-proton electrostatic interaction, consists
of a direct (Hartree) part and an exchange (Fock) term,
described using the Slater approximation,

e [ 5, ppPpy(r) 3e2(3)”3 3 4
WC_E/drdr r-rl 4 \x /drpp -
(6)

The pairing interaction is described by a zero-range,
density-dependent force. The pairing energy density is
expressed in terms of the pairing strength Vj, the satura-
tion nucleon density p,, and the parameter £, which gov-
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erns the density dependence.

1 P “ .
Hiair = 3 Vo {1 -Vi <p0) ;P;Pq, @)

where V; represents the coupling of the volume (V; =0)
and surface (V; =1) pairing contributions. To prevent
mathematical divergences arising from zero-range pair-
ing forces, pairing regularization can be applied, yielding
finite, reliable predictions without artificially restricting
the energy range considered. Here, we consider the pair-
ing strengths Vo= —325 MeV -fm? for neutrons and —340
MeV -fm?® for protons [31, 44], with a mixed volume-sur-
face pairing interaction (V; = 0.5) and a linear density de-
pendence (8 =1), combined with a quasiparticle energy
cutoff of E.; =60 MeV. The cutoff E., enters through
the pairing regularization, which replaces the constant
pairing strength with a position-dependent effective
strength computed locally from the density, effective
mass, and cutoff to remove the divergent part of the en-
ergy [33]. In odd-even nuclei, pairing is treated by block-
ing the unpaired nucleon, excluding it from pairing cor-
relations while the remaining nucleons form a paired con-
densate with the same pairing strengths and cutoff as in
even-even systems. Near shell closures, pairing suppres-
sion is maximal and dominates over the influence of stat-
ic deformation [45]. To describe pairing accurately in
closed-shell nuclei, the Lipkin-Nogami (LN) correction is
used. It corrects for the particle-number fluctuations in-
herent in the standard HFB approach [34]. The LN ap-
proximation serves as an approximate particle-number
projection technique, restoring the symmetry violated by
the HFB wave function. It removes spurious particle-
number dispersion and improves the treatment of pairing
correlations beyond the mean-field approximation. When
implemented together with the HFB equations, the LN
method yields improved nuclear properties and better
agreement with experimental binding energies and pair-
ing gaps [34, 45, 46].

Both the harmonic oscillator (HO) and transformed
harmonic oscillator (THO) bases have been utilized to
solve the HFB equations [32, 35]. The HO basis, defined
by oscillator shells and deformation parameters, is effi-
cient for well-bound nuclei, for which its Gaussian
asymptotic behavior is sufficient. This justifies its use in
the present work. For weakly bound and drip-line nuclei,
the THO basis improves the representation of diffuse
wave functions through coordinate transformation
without drastically increasing basis size. The potential en-
ergy surfaces (PES) are generated by varying deforma-
tion parameters (B,465) to map out the energy landscape,
revealing equilibrium shapes, barrier heights, and fission
paths that are important for understanding collective ex-
citations and decay processes. The utility of the adopted

HFB framework extends beyond bulk properties to in-
clude microscopic single-particle spectra. Within the ca-
nonical basis, characterized by a diagonal density matrix
p, single-particle states are described by canonical ener-
gies & and occupation probabilities v?. Excited and iso-
meric states are modeled by promoting quasiparticles or
by applying the blocking prescription to specific orbitals
within the HFB ground state [12, 39]. The blocking pro-
cedure, implemented self-consistently, induces a local
modification of the pairing field, enabling the description
of excited and long-lived metastable states, which play an
important role in heavy-element a-decay spectroscopy.

Based on the PCM [37, 38], the a-decay half-life is
calculated from the probability that a preformed a-
particle tunnels through the Coulomb barrier between
specified parent and daughter states,

filn2

S.T. ®

Ty, =

where S, and T, represent the a-preformation probabil-
ity and the orientation-averaged decay width, respect-
ively [47, 48],

T, = g / ﬂv(G)P(G)sinedG. 9)
0

The angle 8 defines the direction of a emission relat-
ive to the symmetry axis of the deformed daughter nucle-
us, while v(#) and P(6) denote the assault frequency and
barrier penetrability, respectively. Both are obtained from
the Wentzel-Kramers-Brillouin (WKB) approximation
[47-49] in terms of the local wave number, k(R,0)=

VE Vw00,

Here, R is the center-of-mass distance between the o
particle and the daughter nucleus, x is their reduced mass,
and R;(0) are the classical turning points satisfying
Vr = Q.. The unobserved Q, is derived from the present
HFB(SLy4) masses and excitation energies to maintain
consistency with the nuclear structure inputs and deform-
ation parameters. Using the same EDF, Eq. (5), as for the
evaluated nuclear structure, the total interaction potential
is obtained as the energy difference between the com-
bined a+daughter system and their separate energies, in-
cluding a centrifugal contribution for unfavored decays,

Vr(R.0) = / &r [H(pa(r) +po(r,R,0)) = H(po(r))

o+ DHR?

= Hlpo )] + =5 25

(10)

The transferred orbital angular momentum (¢) is con-
strained by the conservation of angular momentum,

104110-4



A semi-microscopic self-consistent mean-field study of a-decay fine structure of odd-N ...

Chin. Phys. C 50, 104110 (2026)

[Jp—Jpl<€<|Jp+Jpl, and by parity, mp=(-1)"np,
where Jpp and mpp denote the spins and parities of the
parent (P) and daughter (D) nuclei. Since the a-particle
has a strongly correlated few-body nature that lies bey-
ond the HFB mean-field framework designed for medi-
um and heavy nuclei, we instead adopt its empirical
Gaussian density distribution [50], fitted to electron scat-
tering data, p,(r) = 0.4229¢07024"

The spectroscopic-preformation factor S, is given by
a semi-empirical formula [38, 51] that incorporates the
important [52—54] shell effects, pairing, and spin-parity
configurations of parent and daughter nuclei, with para-
meters optimized [49, 55, 56] to reproduce experimental
half-lives across a wide range of favored and unfavored
decays,

S o =[Apexp (-0.003(Z -2~ Z.)?
—0.006(N - No—N.)*) —a,|H. (11)

This formulation uses the parent’s Z and N, the shell
closures Z, and Ny, and the particle numbers beyond
them (Z. and N,) at which S, peaks. For even-Z, odd-N
nuclei, a category that includes the nuclei examined in
this work, the pairing factor is a, = 0.0056(N — Ny)'/3.
The hindrance factor for unfavored decays is H, =
exp(1 —n—0.6AJ), where n is the order of a given Jp, state
in the daughter’s spectrum, with n =1 for the first such
state, and AJ = |Jp — Jp| is the spin difference.

Given a total a-decay branching ratio B,(%), a partial
branching ratio to a specific daughter state J7, is

TTotal XBQ
by (J5) = W, (12)

u

1 -1
where T,° = {Z TJ”)} . By integrating microscop-
a D

ic HFB—Skyrmejﬁtructure, WKB tunneling, and a semi-
empirical spectroscopic preformation factor, the present
PCM framework quantitatively predicts a-decay observ-
ables, including half-lives, fine-structure branching ratios,
and hindrance factors, for decay modes leading to de-
formed and excited daughter nuclei.

1. RESULTS AND DISCUSSION

Using the PCM with the Skyrme-SLy4 potential,
WKB tunneling, and the semi-empirical spectroscopic-
preformation factor from Eq. (11), we calculated the par-
tial a-decay half-lives (7<) and branching ratios (5% (%))
for the sequence of even-odd isotopes comprising the
295.297.299.30130312() g-decay chains. Table 1 lists the ob-
tained estimates for decays to the ground state (GS) and
to the first low-lying excited states of the produced
daughter nuclei. These results are based on HFB(SLy4)

structural inputs, including the spin-parities and energies
of the involved states (columns 1-3), deformation para-
meters of the daughter nuclei, and the Q, values for the
unobserved decays. To obtain these structural properties,
we carried out self-consistent mean-field calculations us-
ing the HFB method [32—35], based on the Skyrme-SLy4
EDF of the effective NN interaction and a zero-range
pairing interaction, with wave functions represented in a
harmonic-oscillator basis. The total energy surfaces were
computed across a multidimensional deformation space
for axially deformed configurations to investigate their
ground-state properties and the associated excited states.
The Q, values for the ground-state to ground-state decay
modes are taken from AME2021 [57] where observed,
and derived from the obtained HFB(SLy4) masses other-
wise. The states considered in the daughter nuclei com-
prise the GS and the first two excited states. An addition-
al third excited state is included when its estimated en-
ergy is low. Column 6 of Table I presents the key quadru-
pole deformation parameters 3,p for the daughter nuclei
as obtained from the HFB(SLy4) calculations. Column 4
provides the minimum angular momentum Al for un-
favored a-decays. Where available, we use the observed
spontaneous fission half-life and total a-branching ratio
to constrain our calculations of partial branching ratios.
For benchmarking, we compare against measured o-de-
cay half-lives [58, 59]. For isotopes with no observed fis-
sion, partial a-branching ratios are computed relative to
one another.

The spin-parity of the even-odd nucleus is determ-
ined by the quantum numbers of its unpaired quasi-neut-
rons. While the GS corresponds to the blocked quasineut-
ron configuration that minimizes the total energy, the ex-
cited states are identified by blocking higher-energy
quasineutron states, with each unique blocking providing
the spin-parity for a distinct excited state. We calculated
the excitation energy from the total energy difference
between states, which includes the energy from full nuc-
lear rearrangement. The difference in quasiparticle en-
ergy gives the cost of exciting a single nucleon, but it
omits the energy contribution from these systematic re-
arrangements. The robustness of the selected blocked
quasiparticle configurations warrants careful considera-
tion. In odd-mass nuclei, blocking different quasineutron
states can yield several self-consistent solutions with
comparable energies, especially when orbitals are densely
packed near the Fermi surface. To assess reliability, we
confirmed that the selected configuration corresponds to
the minimum total energy, with an energy separation
from the nearest competing state. In the transitional re-
gion near the prolate-to-oblate shape transition, where the
level density rises, configuration mixing may become
non-negligible. However, we tested the impact of altern-
ative blocking choices on the calculated a-decay observ-
ables.
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Table 1. The calculated partial (7<) and total (7<) a-decay half-lives and corresponding branching ratios b3 (J7), within the PCM
framework, across the even-odd 2573120 chains, covering both the GS to GS transitions and decays to low-lying excited states in
daughter nuclei, as derived and their energy (E7) from the current HFB(SLy4) calculations that also yield the daughter deformations
(Bap)- The Q, values in column 5 are primarily from the AME2021 mass tables [57]. Values in parentheses are from our current
HFB(SLy4) calculations, which were used when no value was available in AME2021 or it is a systematic value showing a significant
deviation from other HFB and MM models and the present calculation. The a-decay width is computed using the WKB penetrability
and assault frequency from the Skyrme-SLy4 EDF, along with the spectroscopic factor S, from Eq. (11) and the minimum allowed a-
particle angular momentum Al. The calculated »<¥ utilizes the experimental total a branching B and the observed SF (TgF, Byr),

when available. Observed half-lives for a-decay (7¢7) and SF' [58, 59], as well as their branching ratios, are listed for comparison.

Parent(gs)  Daughter (/) ?K/IS\)/) AL () AME%(’)/ZI\I[?: cf;fcrﬂla wd P SSEA(D TR TS, TSRS bR (%) BOD, (%)
295120 chain

25120(1/2%)  210g(5/2+) 0 2 (12.491) 0.120  0.021 2.102x 107 3.341x 107 15.90
(3/2%) 0.006 2 (12.483) 0.038 1.208x 1074 27.65
172 0088 0 (12.403) 0.070  5.918x1075 56.45
210g(5/2%)  BTLv(1/2%) 0 2 (12.434) 0.138  0.026  8.033x10°° 1.846x 1073 2298
(3/2%) (1/2%) 0 2 (12.440) 0.048 7.337x107 25.16
(5/2%) (3/2%) 0.193 2 (12.241) 0.048 1.189x 10 15.53
(3/2%) (3/2%) 0.193 0 (12.247) 0.087 6.117x 107 30.19
(5/2) 9/2%) 0.204 2 (12.230) 0.026  3.908x 107 4.72
(3/2%) 9/2%) 0204 4 (12.236) 0.014  1.304x1073 1.42
BILy(1/2*)  23F1(9/2+) 0 4 (11.815) 0.170  0.009  6.089x 1073 7.730%x 107 127
(1/2%) 0.009 0 (11.806) 0.099 1.061x 107 72.86
(3/29) 0.043 2 (11.772) 0.054  4.104x10™* 18.83
(5/2%) 0.109 2 (11.706) 0.030  1.099x 1073 7.03
BIF9/2+)  T°Cn(3/2%) 0 2 (11.654) 0.199 0017  9.935x10™ 5.834x 107 5.87
(1/2%) (3/2%) 4 (11.663) 0.057  3.046x10™* 19.16
9/2%) (5/2%) 0.058 2 (11.596) 0.031  5210x10™* 11.20
(1/2%) (5/2%) 2 (11.605) 0.031  4.977x10™* 11.72
9/2%) 172 0.159 4 (11.495) 0.009  1.343x107? 0.43
(1/2%) (1/2%) 0 (11.504) 0.104 2.161x107* 27.00
/2% 9/2%) 0.170 0 (11.484) 0.104 2.412x107* 24.19
(1/2%) 9/2%) 4 (11.493) 0.009 1.347x1072 0.43
Cn(3/2%)  Ds(3/2%) 0 0 (11.440) 0221 0266  3.037x1075 2.535x 1075 83.48
(5/2%) 0.079 2 (11.361) 0.146 1.557x107* 16.28
(13/27) 0.167 5 (11.273) 0.013 1.075x1072 0.24
5Ds(3/2%)  Y'Hs(3/2%) 0 0 (11.550) 0.237 0.263 5.328x 107 4471x107° 83.92
(5/2%) 0.106 2 (11.444) 0.144 2.819x107 15.86
(13/27) 0.201 5 (11.349) 0.013 2.040x 1073 0.22
THs(3/2%)  27Sg(11/27) 0 5 (9.766) 0.249 0.022 1.194 0.336 28.11
9/2%) 0.107 4 (9.659) 0.040 0.882 38.04
(/2% 0260 2 (9.506) 0.073 0.991 33.85
27Sg(11/27)  2%Rf(9/2) 0 1 (8.630) 0.258 0.113 85.879 67.760 13.41

(7/2%) 0.017 3 (8.613) 0.062 321,169 T = 108.000 +42.000 3.59 17

Continued on next page
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Table 1-continued from previous page

E% (D) 0,/MeV from

Parent(gs) - Daughter () /MeV AL () AME2021 or calculated B S, Eq.(11) TGl (Ip)/s T, Topls bHIE) (%) BZTEH (%)
TP = 130.120 + 50.602 BSY ~ 83
2W3RE TgP = 817.800 + 444.600 BSP ~ 100
297120 chain
¥7120(1/2%)  230g(1/24) 0 0 (12.331) 0.101 0.051  2.006x 107 1.467x107* 73.13
(3/2%) 0.057 2 (12.274) 0.028  8.490x107* 17.28
(5/2%) 0172 2 (12.159) 0.015 1.529% 1073 9.59
20g(1/2%)  *°Lv(1/2%) 0 0 (11.723) 0.118 0.069  6.043x107* 5.831x10™* 96.48
(15/27) 0.218 7 (11.505) 0.001 0.489 0.12
(3/2%) 0.410 2 (11.313) 0.038 0.017 3.40
PLv(1/2%)  5Fl(1/2%) 0 0 (11.337) 0.150 0.084 1.335x 1073 1.225x 1073 91.80
(15/27) 0.195 7 (11.142) 0.001 1.052 0.12
(3/2%) 0.205 2 (11.132) 0.046 0.015 8.08
BF(1/24)  BCn(1/2*) 0 0 10.560 0.182  0.093 0.038 0.028 7431
9/2%) 0.007 4 10.553 0.008 1.782 T3 =0.210+£0.100 1.59 ~ 100
(3/2%) 0.050 2 10.510 0.051 0.150 18.88 Bgy <100
(5/2%) 0.117 2 10.436 0.028 0.542 5.22
BICn(1/2%) *""Ds(3/2%) 0 2 10.430 0.210 0.131 0.059 0.011 19.16
9/2%) 4 10.437 0.039 0.070 T3* =0.180+0.080 16.08 ~ 100
1/2%) (5/2%) 0.063 2 10.367 0.072 0.092 12.19
9/2%) 2 10.374 0.072 0.088 12.72
(1/2%) (1/2%) 0.169 0 10.261 0.239 0.064 17.58
9/2%) 4 10.268 0.022 0.239 3.84
(1/2%) 9/2%) 0.194 4 10.236 0.022 0.413 2.72
9/2%) 0 10.243 0.239 0.072 15.71
Ds(3/2%)  ?Hs(3/2%) 0 0 (10.586) 0.229 0.249 8.260x 107* 0.001 92.63
(5/2%) 0.094 2 (10.492) 0.137 0.010 T3 =0.006 +0.003 7.37 ~ 100
BHs(3/2%)  2°Sg(3/2%) 0 0 9.650 0.242 0.241 0.097 0.082 84.38
(5/2%) 0.122 2 9.528 0.132 0.766 T3* =1.060+0.500 10.64 ~ 100
(11/27) 0.231 5 9.419 0.022 1.636 4.98
298g(3/2)  25Rf(11/27) 0 5 8.580 0.252 0.020 141.793 110.490 77.92
9/2%) 0.091 4 8.489 0.035 711.060 T3 =300.000 £ 120.000 15.54 ~ 100
(7/2%) 0.267 2 8.315 1.690 x 10° 6.54
WSRE Tg¥ = 96.000 + 36.000 BSP ~ 100
299120 chain
29120(1/2%)  »50g(1/24) 0 0 (12.079) -0.097  0.034  5981x10™* 4.999x 107 83.57
(3/2%) 0.134 2 (11.945) 0.019  3915x1073 12.77
3/2%) 0.183 2 (11.896) 0.007 0.014 3.66
¥50g(1/2%)  'Lv(1/2%) 0 0 (11.318) -0.110  0.050 0.013 0.010 74.80

Continued on next page
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Table 1-continued from previous page

Pareni(es) Danghter 75) (3,0 A1) o\ S0 e B SeEG (D TORs T, s DGR OB By (6)
(3/2%) 0.051 2 (11.267) 0.027 0.054 TSP = 0.680 + 0.540 18.32
(5/2%) 0162 2 (11.156) 0.015 0.145 6.88
®Lv(1/2%)  *7Fl(1/2%) 0 0 10.890 0.130  0.066 0.019 0.018 96.67
(15/27) 0274 7 10.616 0.001 16317 Tg® =0.026+£0.012 0.11 ~ 100
(3/2%) 0416 2 10.474 0.036 0.557 3.22
®7F1(1/2*)  Cn(1/2%) 0 0 10.170 0.160  0.078 0.432 0.390 90.28
(3/2%) 0.195 2 9.975 0.043 4255 Tg® =0.510+0.120 9.16 ~ 100
9/2%) 0202 4 9.968 0.007 69.156 0.56
BCn(1/2*) Ds(1/2*) 0 0 9.890 0.194  0.205 0.284 0.218 65.13
9/2%) 0019 4 9.871 0.019 16.379 TSP = 5.588 + 1.000 1.13 85
(3/2%) 0.061 2 9.829 0.113 1.347 Toy = 31.667 +5.667 13.75 BL=15
(5/2%) 0.125 2 9.765 0.062 3.716 4.99
Ds(1/2%)  75Hs(3/2%) 0 2 10.110 0219  0.124 0.031 0.014 532+221.63
(5/2%) 0.074 2 10.036 0.068 0.094 TS = 1.750 £ 0.800 1.77+0.74 1245
9/2%) 0.196 4 9.914 0.020 2.777 T5P =0.239+0.800 0.06+0.03 BjE~88x5
(1/2%) 0.196 0 9.914 0.225 0.034 4.85+2.02
75Hs(3/2%)  7'Sg(3/2%) 0 0 9.450 0235  0.228 0.776 0.591 76.14 100
(5/2%) 0.110 2 9.340 0.125 2.476 T3 =0.280+0.130 23.86
7 8e(3/2%)  6TRE(3/2+) 0 0 (8.583) 0.245 0214 55.540 32.120 24.29+13.30
(5/2%) 0.140 2 (8.443) 0.117 81.634 TSP =314286+286.957 16.53+9.05  42+23
(11/27) 0.154 5 (8.429) 0.019  1.138x10° Tof =227.586+286.957 1.19+0.65 BiY~58+23
6TRE Ts¥ = (9.000 + 5.400) x 10° B3P =100
301120 chain
01120(1/2%) 270g(1/2%) 0 0 (11.691) -0.071  0.019 0.010 8.094x 1073 77.35
(3/2%) 0.069 2 (11.622) 0.010 0.048 16.96
(1/2%) 0.142 2 (11.549) 0.004 0.112 5.69
¥0g(1/2%) Lv(3/2%) 0 2 (11.203) -0.092  0.018 0.100 0.033 32.79
(3/2%) 0013 2 (11.190) 0.007 0.283 11.58
(1/2%) 0122 0 (11.081) 0.033 0.059 55.63
23Lv(3/2%)  *#Fl/2%) 0 2 10.680 -0.116  0.026 0.463 0.127 27.42
(3/2%) 0051 0 10.629 0.048 0.211 To® =0.113£0.045 60.33 ~ 100
(5/2%) 0.160 2 10.520 0.026 1.038 12.25
BF1(1/2%)  #Cn(1/2%) 0 0 9.950 0.138 0.061 1.858 1.819 97.94
(1s/2) 0297 7 9.653 0.001  1.500x10°  Tg¥=2.100+0.600 0.12 ~ 100
(3/2%) 039 2 9.554 0.033 93.615 1.94
B5Cn(1/2*) 2'Ds(1/2%) 0 0 9.390 0.171  0.166 29.332 26.107 89.01
9/2%) 0.189 4 9.201 0.015  2.567x10° T3 =30.000+8.000 1.02 ~ 100
(3/2%) 0202 2 9.188 0.091 332.025 7.86
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Table 1-continued from previous page

E% (D) 0,/MeV from

Parent(gs) - Daughter (75) ¥y v M) AMED0D] or caleulated 2 S B4 (D T3 Up)s TP TGS bR (%) B, (%)
(5/2%) 0289 2 9.101 0.050 1.235% 10° 2.11
BDs(1/2%)  Y"Hs(1/2%) 0 0 9.470 0.205 0.192 0.943 0.776 8.23+5.76
/2% 0.021 4 9.449 0.017 64.461 TP =140.000+42.857 0.12+0.08 10£7
(3/2%) 0.048 2 9.422 0.105 4.693 TS9P = 15556 +42.857 1.65+1.16 B§E~90+7
ZTHs(1/2%)  **Sg(3/2%) 0 2 (9.234) 0.225 0.113 3.121 T =2.382 0.38
(5/2%) 0.086 2 (9.148) 0.062 10.064 TgF =0.012+0.009 0.12 BSE ~ 100
MSg(3/21)  2°Rf(3/2%) 0 0 (8.437) 0.236 0.203 375.350 269.167 7171
(5/29 0.125 2 (8.312) 0.111 1.001x 10° 26.89
9/2%) 0.245 4 (8.192) 0.033 1.919% 10* 1.40
303120 chain
303120(1/2%)  2°0g(1/2*) 0 0 (11.872) -0.030  0.007  5.750x107* 4.741x1073 82.46
(3/2%) 0102 2 (11.770) 0.004 0.027 17.54
290g(1/2+)  2Lv(3/2%) 0 2 (10.816) -0.055  0.010 1.053 0.280 26.61
(1/2%) 0032 0 (10.784) 0.018 0.416 67.43
(1/2%) 0262 0 (10.554) 0.007 4.705 5.96
25Lv(3/2%)  P'Fl/2Y) 0 2 (10.004) -0.099 0.017 31.679 19.576 61.79
(3/2%) 0224 0 (9.780) 0.031 51.238 38.21
YIFI(1/2*)  ®7Cn(1/2%) 0 0 (9.316) -0.122  0.044 175.659 148.981 84.81
(3/29 0.045 2 9:271) 0.024 1276 x 10° 11.67
(5/2%) 0.145 2 O.171) 0.013 4.238x10° 3.52
B7Cn(1/2*)  Ds(1/2%) 0 0 9.120 0.144 0.127 232.327 226.437 97.46
(15/27) 0317 7 8.803 0.002  2.834x10° 0.08
(3729 0.371 2 8.749 0.070 9.222x10° 2.46
W3Ds(1/2+)  T°Hs(1/2%) 0 0 (8.959) 0.181 0.155 46.206 45.118 97.64
/29 0.173 4 (8.786) 0.014  3340x10° 1.35
(3/29 0212 2 (8.747) 0.047  4.488x10° 1.01
MHs(1/2Y)  75Sg(1/2%) 0 0 (8.780) 0.210 0.175 29.646 17.526 59.12
/29 0.006 4 (8.774) 0.016 1.775% 10° 0.99
(3/2%) 0.023 2 (8.757) 0.096 51.016 34.35
(5/2%) 0089 2 (8.691) 0.053 316.400 5.54
758g(1/27)  TIRE(3/2%) 0 2 (8.197) 0.226 0.100  2.003x10° 810.865 40.49
/29 (3/29 0 4 (8.203) 0.030  2.361x10* 3.43
(1/2%) (5/2%) 0.097 2 (8.100) 0.055 9.324x 10° 8.70
/29 (5/29 0.097 2 (8.106) 0.055  8.878x10° 9.13
(1/2%) 9/2%) 0.129 4 (8.068) 0.017  4.671x10* 1.74
9/2%) 9/2%) 0129 0 (8.074) 0.183  2221x10° 36.51

As shown in Table 1, the estimated single-particle 1/2* (3/2") spin-parity configuration appears 27 (14)
neutron orbitals near the Fermi surface show dominant times as an estimated ground state for isotopes with
1/2* and 3/2" levels as the neutron number approaches N =169-183 (163-179), and 8 (25) times as the first or
N = 184, with increasing complexity as Z decreases. The second low-lying excited state. The 9/2" spin-parity con-
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figuration is identified as GS in three nuclei with N = 159
and 169, and as a lower excited state in 11 isotopes. The
5/2" assignment is estimated once as a probable GS for
N =173 and 12 times as the lowest excited state, while
the 15/2° state is estimated four times as the lowest ex-
cited state for N = 173. Furthermore, the 11/2” configura-
tion is identified as GS in two isotopes with N = 161, and
the 7/2" state is indicated once as the first excited state
for N=159. The inferred sequence of neutron orbital
filling from N =159 to the shell closure at N =184 re-
veals a clear evolution of shell structure. This begins with
the occupation of high-spin orbitals (7/2*, 11/27, 9/2%)
above the N =126 core. As neutrons are added, the
ground-state spins systematically decrease. Upon ap-
proaching the magic number N = 184, the ground states
become almost exclusively low spin, ending with the
classic signature of filling the last 45, and 3d;), orbitals
in a spherical shell. This progression from high-spin to
low-spin states is consistent with theoretical predictions
of a shell closure at N = 184 and highlights the role of de-
formation and residual interactions in reordering single-
particle levels in SHN. Occasionally, the ground-state
spin-parity assignment remains ambiguous because the
calculated energy differences between competing config-
urations are less than 10 keV, which is within the margin
of numerical uncertainties. Examples include ' Og(5/2",
3/2%), B3F1(9/2%,1/2%), B1Cn(1/2%,9/2%), and 2> Sg(1/2",
9/2%).

As nuclei are populated beyond the indicated neutron
energy gap at N = 152 [60], they continue to evolve struc-
turally, progressively adopting more deformed shapes.
The observed ground and excited states below 100 keV
indicate that the lowest-energy orbitals available for neut-
rons immediately above N =152 are v1/2*[620](2g7,>+)
and 3/2*[622](3ds/,+). With further neutron addition, the
7/2*[613](1iy;p+) orbital is occupied in the N =155 and
157 isotones, followed by the appearance of a 9/2*
ground state at N = 157. The present calculations identify
this state, which extends to N =159 and is associated
with a large prolate deformation up to B, ~ 0.26, as the
deformed 9/2*[615] orbital originating from the spheric-
al 2go+ state. The next appearing 11/27[725](1js,2-)
state, calculated to be the ground state for N = 161 iso-
tones in Table I, is likely the same state observed as a
low-lying excitation in N =151 isotones [58]. The
3/2%[611](2g7/,+) state starts to appear as the ground state
at odd N =163—-167 with 8, deformation between 0.2 and
0.25. In this deformation range, it lies above the
9/2*[615] and 11/27[725] states. As 3, decreases, its en-
ergy rises, and by N =169 (8, = 0.12-0.21) it shifts to be-
come the first or second excited state for N =169—-171.
The 5/2*[613](3ds,,+) state follows the 3/2*[611] state in
energy for these prolate deformations, succeeded by the
9/2%[604](1i;»+) and then the 1/2*[611](4s,,,+) states. A
notable rearrangement of the order of energy levels oc-

curs around N =168 near 8, ~0.2. The energy of the
3/2*[611] state continues to increase as (3, decreases,
reaching nonprincipal low-lying levels at N =179—-183,
where the nucleus exhibits a weak oblate deformation
with 8, magnitude less than —0.06.

With a prolate deformation of 8,=0.12—0.21, the level
ordering shifts within N =169—171 such that 1/2*[611]
becomes the lowest state, followed by 9/27[604], then
3/2*[611], and finally 5/2*[613], which becomes the
highest relative to them in this region. This explains the
appearance of the 1/27[611] assignment as the ground
state for 13 nuclei with odd N =169—173, and the fre-
quent appearance of the 9/2*[604] state as the first ex-
cited state for N =169 and 171, and as the second low-ly-
ing excited state for N =165 and 167 (3, =0.20—0.24), be-
low 1/2*[611], which appears as the second and third ex-
cited states in this region. The state 1/2*[611] with weak
oblate shape (B, = —0.06 to —0.07) reappears as an ex-
cited state of higher energy at N = 179. For N =173 (B, =
0.12—0.14), the state 15/27[707](1j;s,2-) comes next to
1/2+[611].

Calculations for N =175 indicate a neutron occupa-
tion sequence of 1/2*[640](1i,+), followed by
3/2%[642](2g9/2+) and 5/2*[642](1iy3,,+) states, with relat-
ively  strong oblate  deformation, and then
1/27[600](3d5/>+). The favored state shifts with decreas-
ing oblate deformation. The 1/2*[620](2g;,,+) state be-
comes preferred for N =175 and 177 with weaker oblate
deformations than B, =-0.12. In the range from
B, =-0.06 to —0.09, the 3/2*[651](li13,,+) configuration
becomes favored for N =177 and 179, alternating in
dominance with 1/2*[651](2gypp+) for N =177 and
1/2+[660](Liy3o+) for N =179. The 1/2*[600](3ds)+) or-
bital persistently appears among the lowest states starting
from N = 173 until it becomes the favored ground state as
N approaches 184, corresponding to spherical or very

weakly oblate deformed nuclei, followed by
3/2*[603](3d5,2+), and then 3/27[611](2g7»+) and
1/2*[6311(3ds/2+).

As an example, Fig. 1 displays the neutron single-
particle spectrum around the Fermi surface for the essen-
tially spherical 312053 nucleus as derived from the
present self-consistent calculations. The level ordering
shown in Fig. 1 follows the Nilsson sequence expected
for weakly oblate nuclei in the vicinity of the Fermi sur-
face, with the main deeply occupied levels (black) ar-
ranged from lowest to highest energy. The final occupied
neutron orbital in GS, 1/2*[600]3d;)+, is highlighted in
blue, giving the estimated ground-state spin-parity assign-
ment of the odd neutron. The unoccupied levels above
(red) serve as estimates for the low-lying excited config-
urations. Although the GS of 3**120 is spherical, the weak
oblate deformation present in its excited states induces a
moderate splitting of the spherical orbitals, and the result-
ing level ordering is well reproduced by the Nilsson

104110-10



A semi-microscopic self-consistent mean-field study of a-decay fine structure of odd-N ...

Chin. Phys. C 50, 104110 (2026)

A Neutrons

—o— 3/2+[611] (297)2+)
—o— 1/2+[660] (1i13/0+)
—o— 5/2+[602] (297/2+)

—o0— 3/27[602] (3d3,5+)

—@— 1/27[600] (3d5/5+)

—e— 3dg3 )5+
—e— 4510+
—e— 2972+
— 3d5/2+

—eo— lijy o+

— 299/2+

303120183
Fig. 1. (color online) Neutron single-particle levels near the
Fermi surface of the nearly spherical 3*120(~N = 183) nucleus,
obtained from HFBTHO calculations using the SLY4 Skyrme
functional and the Lipkin-Nogami pairing prescription to ac-
count for particle-number fluctuations in the odd-mass system.
The unpaired neutron was treated using the blocking approx-
imation. Occupied levels are shown in black, the last occu-
pied state in blue, and unoccupied (excited-state) levels in red.
The corresponding Nilsson quantum numbers for the excited
states and the spherical orbitals are indicated.

scheme.

Concerning the stability of the a-decay chains under
investigation, Fig. 2 illustrates the total interaction poten-
tial for the a-*'Og clusters inside 23120 at two orienta-
tions 8 =0° and 6 =90° of the prolate deformed daughter
nucleus ?'Og (B, =0.12). The orientation-averaged de-
cay width, computed via Eq. (9) by averaging between
these two optimum angles, effectively accounts for the re-
flection-symmetry character of the prolate deformation.
The plot shows that, for prolate deformation, the penetra-
tion probability increases from 6 =90° to § = 0°, owing to
a reduced barrier width (R; —R,) and a lower Coulomb
barrier in the axial direction. This highlights the strong
influence of nuclear deformation on the tunneling dynam-
ics, with emission along the symmetry axis being sub-
stantially favored over the equatorial direction.

Table I shows that the decays of 2120, #1272 (Qg,
ZI1Hs, 28723 Ly, and 23F] are less likely to proceed dir-
ectly to the GS of the daughter nucleus. Instead, decay
via excited states is much more probable, leading to
shorter partial half-lives and larger branching ratios. The
decays from these isotopes preferentially populate the
1/2* state (in 2! Og, 232 Ly, 28°F1, °Cn), the 3/2* state
in 2’Lv and ?®’Fl, and the 9/2* state of 27Sg. Richer de-

55 - 2951 20(a+291og)

. PP — Vi (6,70°
S0ty N Interaction Potential T vN:gD—ooi

- N c\Up~™

457 s . 1,=0 1 v, (6,50°)
401 X S Vy (6,=90°)
35 N = = Ve (6,790°)
30 N — V; (6,790°)

o
<?

R(fm)

Fig. 2.
total (V) potentials for the a-!Og system inside the parent

(color online) The nuclear (Vy), Coulomb (V,), and

25120 nucleus are shown as functions of the center-of-mass
separation R. The calculations were performed for two orient-
ations of the prolate-deformed daughter nucleus 'Og
(B,=0.12): 6=0° (black curves) and #=90° (red curves).
Also indicated are the three classical turning points R;,; and
the Q,-value for the favored (¢, = 07) decay mode.

cay schemes are predicted for #!'Og, 2%3Fl, 2!Cn, and
25Sg, with more than five distinct decay modes estim-
ated. The predicted decay chains under study are longer
than the corresponding even-even chains [11], with the
number of odd neutrons increasing toward the shell clos-
ure. While the *'120 chain is predicted to terminate at
2THs (BsF ~ 100%), the 232729120 chains are expected
to extend down to 263265267Rf, The 3120 chain is expec-
ted to terminate at >’°Hs, which is expected to undergo
rapid spontaneous fission, as indicated in [11] and refer-
ences therein.

Among 22 predicted half-lives in Table I for isotopes
that are either not yet synthesized or have no observed o-
decay, relatively long half-lives are estimated for
301303120 and ?*Lv on the order of a few ms, and on the
order of 1072 s for ’Og and 107! s for 2°Og. Maximum
half-lives on the order of 10 s are predicted for *Lv,
23Ds and ?°Hs, and on the order of 10 s is estimated for
IF], 27Cn and ?*?7Sg. The estimated branching ratio
to low-lying excited states exceeds 55% for a-decay
modes of ®Ly, 2720g and 2120, to
WIFY(1/2+,72.9%), 22FI(3/2*), 2325Ly(1/2*) and ' Og
(1/2%,56.5%). The estimated total T, is less than the ob-
served one in a few cases such as 2! Cn. Besides theoret-
ical uncertainties, this may be attributed to the estimate
incorporating all possible partial half-lives, whereas the
experimental observation may capture only a subset of
the allowed decay channels. We find that many of the es-
timated partial half-lives for 2!Cn are comparable to its
observed half-life.

It should be noted that the predicted a-decay half-
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lives and branching ratios are sensitive to the adopted Q,
values, as modest variations can lead to significant
changes in the calculated decay properties, although the
branching ratios between different decay modes of the
same isotope are less affected. The dominant theoretical
uncertainty originates from the underlying mass model
and residual nuclear-structure effects, particularly in re-
gions where competing configurations are close in en-
ergy. The Q, values calculated here for the isotopes of
unknown masses have typical uncertainties estimated at
+0.30—0.50 MeV. This theoretical uncertainty is estim-
ated by considering the expected accuracy of the HFB-
THO mass calculations, the response to reasonable
changes in model inputs, and the additional approxima-
tions for odd-4 and odd-odd systems, such as quasi-
particle blocking and the choice of the blocked configura-
tion, which may introduce a modest spread in the pre-
dicted masses and hence in Q,. A sensitivity analysis
within this range shows that absolute half-lives vary by
roughly an order of magnitude, whereas branching ratios
show only minor variations and the overall qualitative
patterns are preserved. Thus, while the absolute numbers
should be viewed with caution, the global systematics and
relative patterns provide a reliable basis for comparison
with future experimental data. The predicted a-decay
branches and spin-parity assignments provide useful
guidance for the future experimental identification of
Z =120 isotopes. In practice, observed decays along their
chains can be compared directly with the calculated se-
quences of parent and daughter states, while the pro-
posed spin-parity assignments help resolve ambiguities
among configurations that yield similar decay energies.
The predicted fine-structure patterns, which include signi-
ficant branches to excited daughter states, provide dis-
tinctive @—7y coincidence signatures that enable unam-
biguous parent assignment. The characteristic spin-parity
sequences along each chain serve as a spectroscopic fin-
gerprint distinguishing odd-neutron systems from their
even-even counterparts. Moreover, the extended decay
chains predicted here suggest that multiple correlated «
decays may be observed, facilitating identification
through recoil-a correlation techniques. The predicted
branching patterns also reveal which decay channels are
most probable for a given nucleus, aiding event assign-
ment in recoil-decay measurements. Overall, these res-
ults offer testable signatures that can support future
searches for Z =120 isotopes and improve the interpreta-
tion of limited experimental data.

IV. SUMMARY AND CONCLUSIONS

We conducted axially deformed, self-consistent HFB
calculations for the proposed isotopes belonging to the
even-odd 23739120 decay chains to investigate their
single-particle structure and partial decay modes. For

both the structural calculations and the nucleus-nucleus
potential used to determine half-lives within the PCM and
WKB approximation, we employed the Skyrme-SLy4
EDF. We extracted ground-state configurations and de-
formations, low-lying excitations, and Q, values for iso-
topes not yet observed or synthesized. With the GS being
the lowest-energy blocked quasineutron configuration,
excited states arise from blocking higher-energy
quasineutrons, each of which determines a unique spin-
parity. We determined a-decay partial half-lives and fine-
structure patterns to the ground and excited states of the
daughter nuclei.

The obtained evolution of single-neutron structure
from N =152 to the N =184 shell closure is character-
ized by a systematic progression in both deformation and
spin, beginning with the 1/2*[620] and 3/2%[622] states
above the N = 152 shell gap. With increasing N, the shape
transitions to prolate deformation, where the 7/27[613]
(N =155-157), 9/2*[615] (N =157, B,=~0.26), and
11/27[725](N = 161) orbitals alternate in dominance. The
3/2*[611] orbital emerges as the GS at N=163-167
(B, =0.2-0.25), shifting to higher energy as B, de-
creases (N >169), and is followed by the 5/2%[613],
9/2*[604], and 1/2*[611] states. A pivotal level re-
arrangement occurs within N =169-171 (B8,= 0.12 —
0.21), where the 1/2*[611] becomes the preferred GS,
followed by 9/27[604], then 3/2*[611] and 5/2*[613]. For
N =173(8, =0.12-0.14), the 15/27[707] state becomes
the next state after 1/27[611]. Under relatively strong ob-
late deformation at N = 175, the neutron occupation se-
quence is 1/2*[640], followed by 3/2%[642] and
5/2+[642], then 1/2*[600], while the 1/2*[620] state be-
comes favored for weaker oblate deformations than
Br=-0.12(N =175-177). For B, = —0.06 to —0.09, the
3/2*[651] orbital is favored for N = 177 and 179, altern-
ating with the 1/2*[651] state at N =177 and the
1/2*[660] state at N =179. As N approaches 184, the
nuclei become nearly spherical, and the lowest-energy or-
bitals are consistently the low-spin states 1/2*[600]3d;2+,
followed by 3/2*[602], 3/2*[611], and 1/2*[631]. The 19
low-lying neutron states in this region arise from the de-
formation of the spherical orbitals 2g;.,+(one state),
3ds)»+ 3), Lijy o+ (), 2892+ (3), Ljis/ (), 287/2*(1):
4S1/2+(1), 1i13/2+ (3) and 3d3/2+ (2)

Rich decay schemes with more than five decay modes
to low-lying states are obtained for ' Og, 28*Fl, 2%!Cn,
and ?°Sg. We found that the decays of 29120,
12972909 271 Hg, %723 Ly, and 23Fl proceed via ex-
cited states rather than directly to the GS. Even-odd iso-
topes exhibit longer decay chains than the corresponding
even-even nuclei, with 31120 probably terminating at
2THs, while 2329729120 extending to Rf isotopes and
303120 expected to end at ?°Hs. Among the 22 isotopes
that are either unsynthesized or lack observed a-decays,
the predicted half-lives reach the millisecond range
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(301303120, 29Ly), fractions of a second (*"*°0g), tens
of seconds (**’Lv, 2 Ds, ?”?Hs), and hundreds of seconds
for 2°'F1, 7Cn, and ?*>?7>Sg. The branching ratio to low-
lying excited states exceeds 55%, reaching 72.9%, for

specific modes of 2"23Ly, 272°Qg, and *120. By
providing detailed spectral estimates essential for isotope
confirmation, these results establish a key spectroscopic
baseline for guiding the search for new SHN.
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