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Abstract

This study investigates how neutron and proton pairing correlations influence the Gamow-Teller
(GT) strength distributions and 3-decay properties of 7*Kr for both spherical and deformed
nuclear configurations. Unlike previous quasiparticle random phase approximation (QRPA) stud-
ies of 7*Kr that mainly emphasized deformation effects, the present work systematically investi-
gates how different experimentally constrained pairing-gap prescriptions affect GT strength dis-
tributions and weak-decay observables within a unified spherical and deformed QRPA frame-
work. Instead of treating pairing gaps as adjustable parameters, we employ three prescriptions
constrained by experimental data (mass-dependent gaps, AME2020 odd—even staggering, and
separation-energy—based gaps) to evaluate the sensitivity of GT and 3-decay observables to real-
istic pairing inputs. Pairing correlations modify quasiparticle energies and configuration mixing
within the QRPA framework, leading to changes in centroid energies, fragmentation patterns, and
transition strengths. The analysis is performed within the QRPA formalism. Spherical calculations
are carried out using the schematic model (SM-sph) and the Pyatov method. Deformed-basis cal-
culations are performed for both oblate and prolate configurations using the SM and, for refer-
ence, within the single-quasiparticle approximation , in order to evaluate the influence of differ-
ent neutron (A,) and proton (A,) pairing gaps. The results show that pairing correlations signifi-
cantly modify the GT strength distributions, producing model-dependent shifts in peak positions
and strength values. Furthermore, 3-decay observables such as log(ft) values and half-lives in the
deformed configurations exhibit a strong sensitivity to the pairing input. These findings highlight
the importance of incorporating realistic pairing effects in nuclear models to achieve reliable pre-
dictions of weak-interaction processes and to improve the understanding of nuclear structure in
both spherical and deformed systems. The calculated results reproduce the available experimen-
tal GT data without introducing an additional phenomenological quenching factor for the axial-
vector coupling constant. However, this result should be regarded as model dependent and specific
to the present QRPA framework and the considered observables of 7K.

1. Introduction

Gamow-Teller (GT) transitions are fundamental to the study of nuclear structure and weak interaction
phenomena. They are particularly relevant in processes including 3-decay, electron capture (EC), and
interactions between neutrinos and nuclei, where spin—isospin operators play a mediating role. These
transitions serve as a probe for both single-particle and collective nuclear dynamics. However, experi-
mental GT strength distributions frequently deviate from predictions based on the independent particle
model, mainly due to complex nuclear correlations. Among these, pairing correlations have a particularly
strong influence [1, 2].

© 2026 The Author(s). Published by IOP Publishing Ltd
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Pairing correlations, originating from the attractive interaction between nucleons occupying time-
reversed states, are a central feature of the nuclear many-body problem. They are especially signifi-
cant in open-shell nuclei, where nucleons form Cooper-like pairs that can substantially modify GT
strength distributions [3, 4]. The presence of pairing can lead to a reduction (quenching) of the total GT
strength [5], a shift in the centroid of the distribution, and a fragmentation of the strength over several
transitions. Paar et al [6] investigated GT strength fragmentation within the quasiparticle random phase
approximation (QRPA) framework, while Caurier ef al [7] demonstrated the importance of configuration
mixing using large-scale shell-model calculations. Such effects are particularly important in astrophysical
environments, including core-collapse supernovae and neutron star crusts. Schatz et al [8] discussed the
role of weak interactions in rp-process nucleosynthesis under extreme astrophysical conditions. Marketin
et al [9] performed large-scale calculations of 5-decay rates relevant to r-process nuclei, while Mustonen
and Engel [10] investigated global /5-decay properties within the QRPA framework.

The present study focuses on how pairing interactions shape GT strength distributions, with particu-
lar attention to their quenching, centroid shifts, and fragmentation patterns. For the case of 7*Kr, pairing
correlations are a key factor affecting both the total GT strength and its distribution over final states.
These correlations redistribute GT strength, spreading it across multiple transitions, which lowers the
strength available for any single 5-decay branch, effectively increasing the half-life [11, 12]. Moreover,
the interplay between pairing and shell effects causes shifts in the centroid of the GT distribution [4,

6]. Theoretical investigations, including large-scale shell-model calculations and QRPA approaches, have
shown that incorporating pairing correlations is crucial for reproducing the observed 3-decay proper-
ties of 7*Kr. Otsuka et al [13] emphasized the importance of spin—isospin interactions in exotic nuclei,
while Bender et al [14] reviewed self-consistent mean-field approaches for nuclear structure studies. In
addition, Niu et al [15] investigated (-decay half-lives within a QRPA-based framework.

In microscopic descriptions of S-transition strengths, spherical single-particle bases are commonly
used within the quasiparticle random phase approximation (QRPA) framework for nuclei close to spher-
ical symmetry. In the present work, the schematic model (SM) and the Pyatov method (PM) are treated
as two realizations of the same QRPA formalism. For permanently deformed nuclei, quasiparticle states
are generated from an axially deformed mean-field potential, leading to additional configuration mixing
and GT fragmentation. In recent decades, numerous microscopic approaches have been proposed to rep-
resent [S-strength distributions using both spherical and deformed bases, together with pairing and resid-
ual spin—isospin interactions. Early studies using the QRPA [16] combined with the Nilsson model [17]
laid the foundation for deformation effects. Subsequent frameworks have incorporated Woods—Saxon
single-particle potentials [18], separable interactions in Hartree—Fock [19, 20], energy-density function-
als [21], and self-consistent models for neutron-rich nuclei [22]. Shell-model studies [7, 23] have further
confirmed the decisive role of deformation in shaping GT distributions. Frisk et al [19] investigated GT
BT decay in deformed nuclei near the proton drip line, while Hamamoto and Zhang [20] examined the
shape dependence of GT decay in proton-rich nuclei. Sarriguren et al [24] studied shape isomerism and
B-decay in 7*Kr, and later extended these investigations to odd-A and even—even krypton isotopes [25].

For 7*Kr, experimental measurements of GT strength distributions at CERN/ ISOLDE have pro-
vided strong evidence for ground-state shape mixing [26, 27]. Both theoretical and experimental inves-
tigations have revealed that this nucleus exhibits pronounced shape coexistence and mixing. Petrovici
et al [28] investigated microscopic aspects of shape coexistence in krypton isotopes, while earlier studies
by the same group analyzed shape transitions in nuclei from krypton to molybdenum [29]. Experimental
evidence for a highly deformed oblate state in 7*Kr was reported by Chandler et al [30]. In addition,
Petrovici et al [31] reviewed shape coexistence phenomena in medium-mass nuclei. The measured elec-
tric monopole (E,) transitions are also consistent with theoretical predictions. Petrovici et al [28, 29, 31]
discussed shape coexistence and mixing effects in krypton nuclei, while Bender and Heenen [32] investi-
gated configuration mixing within the Skyrme energy-density-functional framework.

Systematic studies of log(ft) values in [3-decay have contributed significantly to the understanding of
weak-interaction properties. Gleit et al [33] provided early compilations of 3-decay transition probabil-
ities, while Raman and Gove [34] discussed spin and parity assignments based on log(ft) values. Singh
et al [35] later reviewed experimental log(ft) systematics in detail. More recent work, such as the self-
consistent study of GT 3-decay in 7*Kr by Petrovici et al [36] and investigations of krypton isotopes
within the Hartree—Fock + Bardeen—Cooper—Schrieffer (HF+BCS) pairing framework by Sarriguren
and collaborators [24, 25], have further advanced this field. However, a systematic comparison of exper-
imentally constrained pairing-gap prescriptions within both spherical and deformed QRPA realizations
for 7*Kr remains limited. In addition, Nabi and collaborators have investigated how pairing correlations
influence the half-lives associated with -decay in fp-shell nuclei [37]. Building on these advances, the
present work examines the influence of pairing effects on GT strength distributions and on the -decay
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behavior of 74Kr, with an emphasis on shape coexistence and mixing phenomena. The theoretical frame-
work involves PM [38] and a SM, enabling the comparison of deformed and spherical configurations.
The computed half-lives and log(ft) values are contrasted with experimental measurements to assess
how well the theoretical models perform. Previous QRPA studies of 7*Kr mainly focused on deformation
effects. In contrast, the present work systematically investigates how different experimentally constrained
pairing-gap prescriptions influence GT strength distributions and weak-decay observables within a uni-
fied spherical and deformed QRPA framework. In particular, three different pairing prescriptions, namely
the mass-dependent formula, AME2020 odd—even mass differences, and separation-energy-based expres-
sions, are consistently tested for spherical, prolate, and oblate configurations. This enables a direct anal-
ysis of the interplay between nuclear deformation and pairing correlations in shaping GT fragmentation
patterns, centroid energies, log(ft) values, and total (8% + EC) half-lives.

The remainder of this paper is organized as follows. Section 2 presents the theoretical formalism
employed in the calculations. Section 3 discusses the calculated GT strength distributions and the cor-
responding [-decay properties. Finally, the main results and conclusions of the present study are sum-
marized in section 4.

2. Theoretical formalism

In this part, the core formalism of the SM and the PM, as applied within the QRPA framework in this
study, is outlined. The models describe nucleons moving in a mean field and include pairing correla-
tions, spin—isospin couplings, and charge—exchange components.

To avoid ambiguity in terminology, all calculations in this work are performed within the QRPA for-
malism. The SM and the PM represent two realizations of this framework, with the latter including an
additional symmetry-restoring term hy.

The labels ‘spherical’ and ‘deformed’ refer solely to the choice of the underlying (quasi)particle basis
generated from a spherical or axially deformed mean field. Accordingly, SM-sph and PM-sph denote
calculations performed in a spherical basis, whereas SM-def and single—quasiparticle approximation
(SQP-def) correspond to calculations carried out in a deformed basis. In addition, we employ the SQP,
obtained by retaining only Hsqp, which already includes pairing correlations at the BCS level, and by
neglecting the residual particle-hole (ph) and particle—particle (pp) interactions beyond the mean field.
SQP results in a deformed basis are labeled SQP-def. This unified treatment enables a systematic investi-
gation of pairing effects on GT strength distributions, S-decay characteristics, and related observables.

In the SM, the Hamiltonian is expressed in the quasiparticle representation as

Hsy = Hsqp + hph + hpp, (1)

where Hgqp denotes the Hamiltonian for a single quasiparticle

Hsqp = ZES (1) a;rpasp T=n,p (2)

TP

Here, E;(7) is the single-quasiparticle energy, and oz;fp, a, are creation and annihilation operators.

In equation (6), s denotes the single—quasiparticle level index and p = :i:% corresponds to the projec-
tion of the nucleon spin on the symmetry axis, which gives rise to Kramers’ degeneracy in axially sym-
metric systems. The quasiparticle energies E;(7) for neutrons (7 = n) and protons (7 = p) follow from
the BCS solution,

E(7) = \/(e(r) — Ay + A2, 3)

where €,(7) is the single—particle energy obtained from the Woods—Saxon potential, A, is the corre-
sponding Fermi level, and A, represents the neutron or proton pairing gap. The GT effective interaction
terms, corresponding to the ph and pp channels, are defined by

o = 2Xeh Sulit B s
GT GT — .
hop = =2y SuPEPL, = 0,£1; (4)
with

5= (nplo+ (~1) o_ulpp dadye, B = (8)

n,p,p,p’
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PE= 3 tloy+ (1) oylpp ol By = (B)'. ®)
n,p,p,p/

Here, k,p, represents the pp interaction strength in the spin—isospin channel, whereas x,} corre-
sponds to the ph interaction strength responsible for the repulsive GT force that governs the position
of the GT resonance. ozip denotes a shorthand notation for neutron—proton two—quasiparticle creation
operators, which are later expressed explicitly in terms of the D;rlp operators within the QRPA phonon
construction.

In this context, o, represents the spherical components of the Pauli matrices. When transformed
into the quasiparticle representation, the operators ,Bi and PjE can be expressed through quasiparticle
scattering operators (Dyp) and neutron—proton pair creatlon/annihilation operators (Cip, Cyp). Under
the quasiboson approximation, these operators satisfy bosonic commutation relations, allowing the effec-
tive GT interactions to be separated into CC, DD, and CD contributions [39].

In equation (11), V,, Vi, and V; correspond, respectively, to the central, spin—orbit, and isovector
components of the mean field. These terms break the commutation of the GT operator with the under-
lying single—particle Hamiltonian. Within the PM, the additional correction term hy is introduced to
restore the broken commutation symmetry between the GT operator and the mean-field Hamiltonian.

[Hsqp — (Ve + Vie+ V1), G, ] =0. (6)

Accordingly, the explicit form of Ay is constructed as

ho = Z Z [Hsqp — Ve — Vis— V1, Glﬂ] [Hsqp — Ve — Vis— V1,Gl, ], (7)
fyP/L 0,£1

where v, is determined from the corresponding commutation relations [40, 41]:

N\b

Py <O‘ H sqp (Vf+ Vls + Vl) Gfp] lu] ‘O> (8)
The inclusion of hy guarantees that the GT operator remains a conserved generator of spin—isospin
symmetry in the intrinsic nuclear frame, compensating for the symmetry breaking originating from V,
Vis, and V; components of the mean field.
This expression follows the standard Pyatov prescription and is equivalent to the double-commutator
form used in earlier works, differing only in notation. The GT transition operator is given by:

A

Gh= 3 oW B +p () 0w B ®], (p=+1), ©)
k=1

where o, (k) = 2s1,,(k) are the spherical components of the Pauli spin operators, and = (k) = (k) &
it,(k) denote the isospin raising and lowering operators, respectively.

Here, the combination o,,(k) 4+ (—1)*o,_, (k) is written in a spherical-tensor form to ensure the
correct hermiticity and transformation properties of the spin operator in the spherical basis (with oy, =

251 P')'
The complete Hamiltonian within the PM framework can be written as

Hpn = Hsgp + ho + ph + Bpp. (10)

Subsequently, the GT transition strengths are evaluated using
s 01~ X 0110810

where w; is the excitation energy in the daughter nucleus.
In both SM and PM approaches, the |1;7) excited states are constructed as QRPA phonons built
upon the BCS ground state,

1) = Q] [0%), (12)
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where the phonon operator takes the form

t . .
Qljr —Z[Xﬁngp—Yﬁgan]~ (13)

np

Here, D:ﬂp creates neutron—proton quasiparticle excitations, and the amplitudes Xr(fg and Yl(jg are obtained
by solving the QRPA dispersion relation. The only difference between SM and PM lies in the inclusion
of the symmetry-restoring term h in the PM basis, which modifies the quasiparticle interaction matrix
elements. The summed strengths are

B(GT), = > BG (wi), (14)

1

which must satisfy the Ikeda sum rule [42]:
B(GT)_—B(GT)+N3(N—Z). (15)

Although the Ikeda sum rule is exactly satisfied within QRPA when the full two—quasiparticle con-
figuration space is included, a slight deviation may appear in practical calculations. This discrepancy
arises from the finite configuration space employed in the present work, together with the truncation
of weakly—occupied orbitals near the particle continuum. Such truncations reduce the summed B(GT)
values, leading to a small departure from the exact 3(N — Z) limit. The primary difference between the
PM and SM lies in the inclusion of kg in the PM, which restores broken symmetries, whereas the SM
omits this term [39, 43—46].

Pairing gaps are a key input in QRPA calculations. In this work, three prescriptions are tested:

1. A mass-dependent constant gap, A, = A, =12/ V/A MeV, with results labeled PM — sph', SM — sph',
and SM — def.

2. Pairing gaps were determined using a symmetric five-point relation applied to odd—even mass differ-
ences, with experimental binding energies taken from the AME2020 evaluation [47]. The resulting val-
ues are labeled as PM — sph®, SM — sph”, and SM — def®. This second expression involves five distinct
binding energy (BE) values and can be written as:

1
g BE(N=2,2) —4BE(N —1,7) + 6BE (N, Z) — 4BE (N +1,Z) + BE(N+2,2)]

A, =
1
Ap =5 [BE(N,Z—2) —4BE(N,Z—1) +6BE(N,2) —4BE(N,Z+1) + BE(N,Z+2)]

(16)
3. Gaps determined from three-term expressions involving proton and neutron separation energies [48],

with results labeled PM — sph’, SM — sph’, SM — def’. Here, the expression is derived based on proton
and neutron separation energies, formulated as:

(_I)A—Z+1

An=——[$u(Z,A+1) =28 (Z,A) + 8, (Z, A1), (17)
(-1

Ay =[S, (Z+1,A+1) ~28,(Z, A) +5,(Z-1,A-1)]. (18)

This multi-prescription approach allows one to assess how the calculated GT strength distributions,
half-life values, and log(ft) results respond to variations in the pairing input. The three prescriptions are
introduced to distinguish (i) a widely used global empirical estimate based on a mass-dependent gap,
(ii) pairing gaps directly constrained by experimental odd—even mass staggering using AME2020 bind-
ing energies, and (iii) a complementary estimate derived from local separation-energy systematics. In
this sense, the pairing interaction is not treated as a free tuning parameter; rather, the aim is to quan-
tify how different experimentally grounded pairing inputs propagate into the SM and PM predictions of
GT strength distributions and 3-decay observables. For 7*Kr, the three prescriptions yield pairing gaps
within a relatively narrow interval (A ~ 1.4-1.7 MeV); nevertheless, they correspond to distinct experi-
mental constraints and lead to non-negligible changes in peak positions, centroid energies, fragmentation
patterns, and half-life values, as discussed in section 3.
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Table 1. The neutron (A,) and proton (A;) pairing gaps (MeV) are given in the second and third columns, respectively. The fourth

column lists the total GT strength in units of [gf‘ /4], the fifth column shows the centroid energies ET (MeV), and the last column
presents the energy-weighted summed strength in units of [MeV g4 /4], evaluated up to a cutoff energy of Ecyc = 30 MeV. The
deformed-basis results (SM-def) are shown separately for the K = 0 and K = 1 (values in parentheses) components, where ‘(p)’ and
‘(0)’ denote the prolate and oblate configurations, respectively.

Models An A, > B&- E* > EB(J;FT

SM-def® (p) 1.739 1.675 2.560(5.74) 7.34(6.68 19.25(17.21)

)
SM-def? (p) 1.681 1.581 2.564(5.86) 7.17(6.33) 17.99(16.26)
SM-def' (p) 1.395 1.395 2.31(5.43) 6.48(5.66) 16.81(14.29)
SM-def® (o) 1.739 1.675 2.13(4.48) 7.61(7.81) 33.72(30.33)
SM-def? (o) 1.681 1.581 2.03(4.38) 7.37(7.63) 34.17(29.33)
SM-def! (o) 1.395 1.395 1.96(3.13) 6.49(7.20) 28.91(33.07)
SM-sph? 1.739 1.675 4.59 6.65 40.63
SM-sph? 1.681 1.581 4.42 6.47 40.49
SM-sph! 1.395 1.395 3.88 6.14 42.33
PM-sph? 1.739 1.675 0.51 6.91 28.07
PM-sph? 1.681 1.581 0.53 7.20 27.11
PM-sph! 1.395 1.395 0.48 8.02 30.69

Note: Superscripts ', 2, and ? indicate pairing gaps obtained from (1) the constant mass-dependent formula A, = A, = 12/ VA, (2)
experimental binding-energy differences, and (3) three-point separation-energy expressions, respectively.

3. GT strength distributions

The influence of different neutron and proton pairing gaps on the GT (/3-decay) properties of 7*Kr

has been investigated for both spherical and deformed configurations. All calculations in this work are
performed within the same QRPA formalism, using different realizations of the schematic interaction.
For spherical configurations, calculations are carried out within the SM-sph and the PM-sph, while the
deformed configuration is treated within the same schematic QRPA framework adopted throughout this
work, using a deformed SM (SM-def) and single-quasiparticle (SQP-def).

For the deformed configuration (SM-def and SQP-def), the single—particle levels are generated from
a deformed Woods—Saxon potential. Residual spin—isospin interactions are included in both the ph and
pp channels, with interaction strengths X, and #p, fixed to their standard mass—dependent values,

Xph = 5.2A7%7 and kpp = 0.58 A7 [49]. It is worth emphasizing that GT strength distributions are
affected by both isovector pairing correlations (nn and pp), which are incorporated through the neu-
tron and proton pairing gaps A, and A,, and residual spin—isospin interactions in the ph and pp chan-
nels, governed by the interaction strengths X,n and rpp, respectively. In the present work, both x,}, and
kpp are kept fixed at their standard mass—dependent values in order to isolate and quantify specifically
the impact of experimentally constrained pairing—gap prescriptions on GT strength distributions and
[B-decay observables. A systematic investigation of the sensitivity of GT strengths and half-lives to vari-
ations of Xpn and kpp represents a separate and complementary problem and is therefore beyond the
scope of the present study. Here, x,, effectively controls the strength of the pn pp (isoscalar) channel in
the adopted separable interaction. A dedicated investigation of the sensitivity of GT observables to the
residual interaction strengths xpn and kp, has already been addressed in our previous QRPA study of
74Kr [50]. In contrast, the primary objective of the present work is to isolate and quantify the influence
of different experimentally constrained pairing-gap prescriptions on GT strength distributions and (-
decay observables while keeping the residual interaction sector fixed. This separation allows the specific
role of pairing correlations to be analyzed without introducing additional parameter-dependent effects
associated with the ph and pp residual interactions.

The deformation parameters (€, 3,) are taken from the mass-table analysis of Moller et al [51, 52].
For the prolate configuration, the deformation parameter 5, = +0.2544 is adopted, while the oblate
configuration is obtained by using the same magnitude with opposite sign, 5, = —0.2544. The result-
ing Nilsson-like states are eigenstates of the angular momentum projection K on the symmetry axis.
Accordingly, the GT strengths in the deformed basis are calculated separately for the K=0 and K=1
components, as reported in table 1. The enhanced fragmentation observed in the deformed results origi-
nates from the mixing of Nilsson orbitals and the presence of multiple K components.

To highlight the specific role of the pairing input, we present the results in a prescription-by-
prescription manner. The mass-dependent gap provides a global baseline, whereas the AME2020 five-
point OES gaps represent the most direct experimental constraint on pairing correlations in the ground

6
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Figure 1. Gamow-Teller (GT) strength distributions [g% /4] in the 87 decay direction for prolate-deformed 7*Kr computed
using three different neutron and proton pairing gaps within the SQP and SM frameworks. Larger pairing gaps shift the main
GT peak to higher excitation energies and reduce the 11 strength. Experimental data from reference [27] are shown for com-
parison. This behavior indicates that stronger pairing correlations increase the fragmentation of the GT strength and reduce the
collectivity of individual transitions.

state. The separation-energy-based gaps offer an alternative local indicator that is sensitive to the neigh-
boring mass surface. Although the resulting gaps differ only moderately for 74Kr, the GT response and

BT observables show a measurable sensitivity to the underlying prescription, indicating that the choice
of experimentally constrained pairing input is not a merely technical detail.

Comparisons among the three gap prescriptions show that the constant mass-dependent gap (super-
script 1) yields the smallest values, while the separation-energy-based gaps (superscript 3) produce the
largest ones (table 1). Here, superscripts !, 2, and * denote pairing gaps derived from a constant mass-
dependent formula, experimental binding-energy differences, and separation-energy expressions, respec-
tively, corresponding to an increasing degree of microscopic input from nuclear masses.

From a microscopic point of view, the observed sensitivity of the GT strength distributions to the
pairing gaps originates from the modification of the quasiparticle spectrum within the BCS framework.
As shown in equation (7), increasing the neutron and proton pairing gaps (A,,A,) increases the quasi-
particle energies near the Fermi surface, thereby shifting the dominant neutron—proton two—quasiparticle
excitations to higher energies. Consequently, the centroid energies of the GT distributions are displaced
toward higher excitation regions, particularly in the deformed configurations. At the same time, stronger
pairing correlations enhance configuration mixing through the QRPA phonon amplitudes, redistributing
the GT strength over a larger number of transitions instead of concentrating it in a few dominant peaks.

This mechanism naturally leads to increased fragmentation and to a reduction of the strongest indi-
vidual GT transitions. In addition, the pairing-induced modification of the BCS occupation amplitudes
(u,v) changes the underlying GT transition matrix elements, further affecting the balance between col-
lectivity and fragmentation in both spherical and deformed bases.

Figure 1 displays the GT strength distributions obtained within the single-quasiparticle (SQP) and
SM approaches for the prolate-deformed configuration of 7 Kr, together with the available experi-
mental data [27]. In the SQP-def calculations, the main GT peak for SQP-def! appears at 2.357 MeV
with a strength of 2.9013, while SQP-def? shifts this peak to 2.6742 MeV (strength 2.788) and SQP-
def’ to 2.7546 MeV (strength 2.7573). Within the SM-def framework, SM-def! predicts a dominant
peak at 3.2511 MeV (1.2372), SM-def? at 3.5714 MeV (1.1881), and SM-def® at 3.6741 MeV (1.1874).
In both approaches, increasing neutron and proton pairing gaps systematically shift the GT strength
toward higher excitation energies. At the same time, the dominant 17 strength decreases because the

7



10P Publishing

Phys. Scr. 101 (2026) 245303 S M Cakmak

2 4 6 8 10 2 4 6 8 10
2,0 T 1,0 T T
sqp-def3 SM-def3
oblate ol | oe ]
0.6+
1,0+
0,4
0,5t ‘ 1 02 ’ |
0,0 ‘l“l \‘lh h;”.. |J||lll.lu al 0,0 Hi\"lw IM‘\“\ ‘HL\IJ \‘HMuM
o sqp-def? SM-def?
F 0,8 4
o 15 '
~— 06}
(11] 10}
0,4
0.5¢ ‘ 02 ’ 1
0,10, 00 “ L. ‘JI. illjll. |..JLIILL waadin ol 00 w]\ J‘ Ll ‘\h L bl \‘Hm‘ .
sqp-def’ SM-def’
0,084 Exp. 150 |
0,06 02 ]
1,0+ ]
0,04
0,1+
0,00 ‘| | H” |‘|\|‘ |"|II|‘I 0,0 || J |‘| \llllL | \JJll L o L 0,0 | l]” \I“‘ |‘|‘ | |1”| |‘||"I
0 05 10 15 20 25 30 0 2 4 6 8 10 0 2 4 6 8 10

o (MeV)

Figure 2. Gamow-Teller (GT) strength distributions [g /47] in the BT decay direction for oblate-deformed 7*Kr, computed
using three different neutron and proton pairing gaps within the SQP and SM frameworks. As in the prolate case, increas-

ing pairing gaps shift the dominant GT strength toward higher excitation energies and modify the 17 strength distribution.
Experimental data from reference [27] are shown for comparison. The broader GT distribution in the oblate configuration sug-
gests that deformation enhances the density of accessible quasiparticle configurations.

GT strength becomes redistributed over a larger number of neutron—proton two—quasiparticle configu-
rations. This behavior reflects enhanced QRPA configuration mixing and increased quasiparticle energies
near the Fermi surface.

Figure 2 shows the GT strength distributions obtained for the oblate-deformed configuration of
74Kr within the SQP and SM approaches. In the SQP-def calculations, the dominant GT peak for SQP-
def! appears at 4.9852 MeV with a strength of 1.2945. When the pairing gaps are increased according
to the five-point odd—even mass differences (SQP-def?), the main peak is shifted to 5.2768 MeV with a
reduced strength of 1.2495, while the use of three-point SQP-def® further moves the peak to 5.3975 MeV
and slightly decreases the strength to 1.2342. A similar systematic trend is observed within the SM-def
framework. The main GT peak predicted by SM-def! is located at 5.7274 MeV with a strength of 0.2371,
whereas SM-def? shifts this peak to 5.8912 MeV with an enhanced strength of 0.7704. For the largest
pairing gaps (SM-def’), the dominant peak is found at 5.9569 MeV with a strength of 0.9523. In both
models, increasing neutron and proton pairing gaps lead to a gradual shift of the GT strength toward
higher excitation energies. This behavior reflects the combined effect of stronger pairing correlations,
which increase the quasiparticle energies, and the oblate deformation, which enhances the mixing of
Nilsson orbitals and redistributes the GT strength over a broader energy range. The broader GT distribu-
tion observed in the oblate configuration indicates that deformation and pairing correlations act cooper-
atively to increase the density of accessible two—quasiparticle states. This contrast highlights the different
sensitivity of the SQP and SM approaches to pairing correlations, with the SM framework exhibiting a
more collective response in the oblate configuration.

Figure 3 compares spherical 74Kr results from the PM and SM with experimental data [27]. In PM-
sph, PM-sph! yields a main peak at 6.3744 MeV (0.2347), PM-sph? at 5.8312 MeV (0.2874), and PM-
sph® at 5.6997 MeV (0.2931). In SM-sph, SM-sph! places the peak at 4.2009 MeV (1.2734), SM-sph? at
4.1400 MeV (1.2595), and SM-sph® at 4.0937 MeV (1.2033). For spherical shapes, peak energies gen-
erally shift lower with increasing gaps. Notably, in PM-sph the 17 GT strength increases with larger
gaps, whereas in SM it decreases. This opposite trend reflects the different treatment of residual spin—
isospin correlations and symmetry restoration in the PM and SM realizations. In the PM framework, the
symmetry-restoring term modifies the balance between collectivity and fragmentation, allowing part of
the GT strength to remain concentrated even for larger pairing gaps. Taken together, the results shown
in figures 1-3 demonstrate that nuclear deformation plays a decisive role in shaping the GT strength
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Figure 3. Calculated GT strength distributions [g3 /4] in the 37 direction for spherical 74Kr using three different pairing-gap
prescriptions within the SM and PM frameworks. Increasing pairing gaps modify the centroid energies and fragmentation pat-
terns of the GT strength distributions. Compared with the deformed calculations, the spherical results exhibit more concentrated
GT strength distributions and weaker fragmentation effects. Experimental data from reference [27] are shown for comparison.

The different trends observed between the PM and SM calculations reflect the sensitivity of GT collectivity to the treatment of
symmetry restoration effects.

distributions of 74Kr. Compared to the spherical calculations (figure 3), both prolate and oblate deforma-
tions (figures 1 and 2) lead to a pronounced fragmentation of the GT strength and shift the dominant
transitions to higher excitation energies. Among the deformed configurations, the oblate shape exhibits

a stronger redistribution of the GT strength over a broader energy range, reflecting enhanced mixing of
Nilsson orbitals and increased collectivity, particularly within the SM-def framework.

In contrast, the spherical calculations display more concentrated GT strength distributions, with sys-
tematic but smaller energy shifts induced by pairing correlations. Overall, the deformed-basis calcula-
tions reproduce the experimental GT strength distributions more realistically in terms of energy place-
ment, while the spherical PM approach yields a better description of the absolute GT strength. These
findings highlight the interplay between nuclear shape and pairing correlations and underline the impor-
tance of deformation effects in describing GT transitions in shape-coexisting nuclei such as 7*Kr. A more
detailed comparison with the available experimental GT strength distributions [27] indicates that the
deformed-basis calculations provide an improved description of the excitation-energy region where the
dominant GT strength is observed. In particular, the prolate and oblate SM-def results reproduce the
experimental peak positions more accurately than the spherical SM and PM calculations. While the
spherical PM approach yields GT strengths closer to the experimental magnitudes, it systematically places
the dominant transitions at higher excitation energies. Overall, the present analysis suggests that nuclear
deformation is essential for reproducing the experimental energy distribution of GT strength, whereas
different model realizations exhibit complementary strengths in describing either the energy placement
or the absolute GT strength. The deformed SM-def calculations reproduce the experimental GT peak
positions within approximately 0.3-0.7 MeV, whereas the spherical PM calculations overestimate the
excitation energies by nearly 2 MeV. This quantitative comparison confirms that nuclear deformation
significantly improves the reproduction of the experimental GT energy distribution.

Table 1 summarizes the total GT™ strength, centroid energies, and energy-weighted summed
strengths for different neutron and proton pairing-gap prescriptions. For the deformed configurations,
results are reported separately for the K =0 and K =1 components (the latter shown in parentheses),
allowing one to disentangle the role of angular-momentum projection in shaping the GT strength dis-
tributions. In addition, the deformed-basis calculations are presented separately for the prolate (p) and
oblate (0) shapes, revealing a clear shape dependence of the GT observables. For the prolate configura-
tion within the SM-def framework, decreasing pairing gaps (A, A}) lead to a systematic reduction of
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Table 2. Calculated Ikeda sum-rule values for different
pairing-gap prescriptions within the adopted QRPA
frameworks. The exact Ikeda sum-rule limit for 74Kr is

3(N—2)=6.

Model B(GT~) — B(GT™)
SM-def® (p) 5.0707
SM-def? (p) 4.8712
SM-def! (p) 5.3395
SM-def® (o) 6.7421
SM-def? (o) 5.2033
SM-def! (o) 6.4550
SM-sph? 5.6167
SM-sph? 5.6059
SM-sph! 5.6827
PM-sph? 4.9771
PM-sph? 5.4262
PM-sph! 5.4878

Note: Superscripts !, 2, and * denote pairing gaps
obtained from (1) the constant mass-dependent
formula, (2) experimental binding-energy differences,
and (3) three-point separation-energy expressions,
respectively.

both the centroid energies and the energy-weighted sums, indicating a concentration of GT strength at
lower excitation energies. In contrast, the oblate configuration exhibits larger centroid energies and sig-
nificantly enhanced energy-weighted sums, reflecting a stronger fragmentation of the GT strength and
increased mixing of Nilsson orbitals. This enhancement is particularly pronounced for larger pairing
gaps, where the oblate shape redistributes strength over a broader energy range. In the spherical limit,
the SM-sph results show that decreasing pairing gaps reduce both the total GT strength and the centroid
energies, while the PM-sph calculations display a different sensitivity, with centroids shifting to higher
energies for smaller gaps. Overall, the comparison highlights that nuclear deformation—especially the
oblate configuration—has a more pronounced impact on the GT centroids and energy-weighted sums
than pairing correlations alone, underscoring the importance of shape effects in 7#Kr.

The calculated Ikeda sum-rule values obtained for the different pairing prescriptions are summarized
in table 2. The results show that the adopted QRPA frameworks reproduce the Ikeda sum-rule limit,
3(N — Z) = 6, with moderate deviations depending on the pairing prescription and nuclear shape. The
spherical SM and PM calculations remain relatively close to the exact limit, while somewhat larger vari-
ations are observed in the deformed SM results, particularly for the prolate and oblate configurations.
These deviations can be attributed mainly to the finite two—quasiparticle model space and to the redistri-
bution of GT strength within the adopted QRPA framework. Since the finite model space is expected to
affect mainly the high-energy tail of the GT strength distribution, the low-energy region below the Qgc
window, which dominates the calculated (87 + EC) decay observables, is comparatively less sensitive to
this limitation.

The ft values corresponding to GT transitions are determined using

D
(¢a/gv)’ 47 Ber (I — I, BF)

with D = 6295 s and g4/gy = —1.254 [53]. No phenomenological quenching factor is applied in the
present calculations. In many shell-model and QRPA studies, effective reductions such as gs e = (0.7—
1.0) g4 are commonly introduced to reproduce experimental GT strengths and (-decay rates. Such
quenching is generally associated with missing many-body correlations, truncated configuration spaces,
meson-exchange currents, and configuration mixing beyond the adopted model space. In the present
work, however, the calculated GT strength distributions, log(ff) values, and total (3% + EC) half-lives
already show satisfactory agreement with the available experimental data without introducing an addi-
tional reduction of g4. Nevertheless, this behavior should be regarded as model dependent and nucleus
dependent rather than as a universal conclusion. Fermi integrals are evaluated using the formulas in ref-
erences [54, 55]. For proton-rich nuclei such as 7*Kr, both 37 decay and EC are energetically allowed

(ft)ﬁ?: =

(19)
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and proceed through the same GT matrix elements. In the present work, the calculated half-lives cor-
respond to the total weak-decay rate, obtained by summing the 87 and EC contributions through the
standard phase-space treatment. Accordingly, all T;/, values reported in table 4 refer to the combined
(BT + EC) half-life.

Branching ratios are obtained from

T
I= =22 % 100 (%). (20)

La

Within this context, T} /2 refers to the overall half-life, whereas tfjrz specifies the partial value. The first
nine columns of table 3 give log(ft) values and branching ratios for states below Qgc obtained within
the prolate-deformed SM framework, while the last three columns list the corresponding experimental
data [48, 56]. In the SM-def! case, the use of equal neutron and proton pairing gaps leads to a stronger
fragmentation of the GT strength below Qpc compared to the other prescriptions. States with excitation
energies w < Qgc contribute to the total weak-decay rate through EC, whereas 31 decay is energetically
allowed only for states with w < Qg+ = Qgc — 2Mec?.

Table 3 summarizes the GT transition energies, branching ratios, and log(ft) values for low-lying
1T states in the daughter nucleus 74Br, obtained within the SM-def framework for the prolate-deformed
configuration of 7*Kr. The results are presented separately for the K =0 and K= 1 components, reflect-
ing the axial symmetry of the deformed basis.

Opverall, the calculated log(ft) values fall within the typical range for allowed GT transitions and
show a reasonable agreement with the available experimental data. Transitions dominated by K =1 com-
ponents generally exhibit larger branching ratios, underlining the role of angular-momentum projection
in shaping the decay pattern.

Among the three pairing prescriptions, the constant-gap case (SM-def!) produces a larger number
of weak transitions with moderate log(ff) values, reflecting enhanced GT fragmentation below Qgc. In
contrast, pairing gaps derived from experimental binding energies (SM-def?) and separation energies
(SM-def®) tend to concentrate the decay strength into fewer transitions, yielding log(ft) values closer to
the experimental systematics. Most calculated log(ft) values differ from the experimental systematics by
less than about 0.5-1.0 logarithmic units, which is acceptable for QRPA-based descriptions of GT transi-
tions in deformed nuclei. The remaining discrepancies are likely associated with shape mixing effects and
limitations of the truncated configuration space.

It should be noted that only the prolate configuration is considered in table 3, since the available
experimental log(ft) values correspond to low-lying states that are commonly associated with the prolate
minimum in 74Kr.

Table 4 compares the calculated total (31 + EC) half-lives of 7Kr with the experimental value of
11.5 min [48, 57, 58], for both prolate and oblate deformed configurations. Overall, all three pairing-gap
prescriptions yield half-lives in good agreement with experiment, confirming the reliability of the present
QRPA-based description of weak decay in 7#Kr. For the prolate configuration, the half-life obtained
with pairing gaps derived from experimental binding energies (SM-def?, 11.54 min) provides the clos-
est agreement with the experimental value, while the constant-gap case (SM-def!) slightly underestimates
the half-life. A similar trend is observed for the oblate configuration, where SM-def® and SM-def? repro-
duce the experimental half-life within better than 5%, whereas SM-def' again yields shorter half-lives.

In both shapes, the total half-life decreases systematically as the neutron and proton pairing gaps (A,,
A,) are reduced, highlighting the sensitivity of the combined (8% + EC) decay rate to pairing correla-
tions. The close proximity of the prolate and oblate results further indicates that, although deformation
strongly affects the GT strength distribution and fragmentation pattern, the integrated weak-decay half-
life remains comparatively robust against shape changes in 7*Kr.

4. Summary and conclusions

In this work, the impact of neutron and proton pairing correlations on GT strength distributions and
BT -decay properties of 74Kr has been systematically investigated for both spherical and deformed nuclear
configurations. All calculations were performed within a unified QRPA framework, employing different
realizations of the schematic interaction. Spherical configurations were treated within the SM-sph and
the PM-sph, while deformed configurations were described using an axially deformed basis within the
same QRPA framework, including both the SQP-def and the SM-def.
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Table 3. Gamow-Teller (GT) transition energies (w) and corresponding log( f) values for the prolate-deformed 74Kr nucleus, obtained within the SM-def version of the QRPA formalism, shown separately for the K = 0 and K = 1

components. ¢

Kr(0T,g.s.) =72 Br(11), Qec = 2975 keV.

SM-def® SM-def? SM-def! Exp.
w I log(ft) w I log(ft) w I log(ft) w I log(ft)
k=0 k=0 k=0
0.68 0.26 5.21 0.52 0.24 5.18 0.05 0.07 5.12 0.212 31 4.8
1.04 1.66 6.09 0.91 1.72 7.44 0.49 1.75 6.04 0.306 41 4.6
1.15 0.22 4.46 1.03 0.009 4.44 0.62 0.21 4.43 0.609 3.1 5.4
1.92 9.34 4.99 1.81 9.48 5.36 1.41 8.64 7.03 0.701 3.2 5.3
1.99 2.68 4.42 1.88 1.13 4.35 1.53 0.02 4.28 0.970 1 5.5
2.29 10.13 5.04 2.17 11.64 4.99 1.83 12.11 4.72
2.36 2.46 5.64 2.25 2.64 5.65 1.98 4.43 8.56
2.52 0.61 5.16 2.43 0.58 5.24 2.22 0.0006 4.66
2.76 1.86 4.12 2.70 1.48 8.47 2.40 5.03 5.18
2.90 0.0008 5.21 2.66 1.52 6.81
k=1 k= k=
0.49 20.14 5.13 0.34 1.61 5.04 0.02 0.04 4.66
0.59 1.96 4.61 0.45 2.35 4.60 0.21 5.10 4.76
0.78 6.52 4.72 0.63 6.51 4.70 0.60 4.02 7.48
1.19 5.11 7.82 1.05 5.16 7.64 0.74 0.008 5.39
1.23 0.004 5.30 1.12 0.006 6.85 0.79 0.95 4.92
1.35 1.34 8.57 1.22 0.04 5.24 0.88 2.79 4.94
1.38 0.0007 4.68 1.26 1.51 4.84 0.97 2.65 5.84
1.54 5.60 5.76 1.41 3.78 5.65 0.98 0.33 6.67
1.54 0.46 6.69 1.41 0.58 6.65 1.15 0.05 4.29
1.69 0.05 4.68 1.56 0.06 4.49 1.29 11.75 4.62
1.75 5.55 4.37 1.64 8.50 4.47 1.47 5.58 5.05
1.91 11.25 4.63 1.81 8.91 4.00 1.79 2.06 5.03
2.29 6.18 5.25 2.17 25.77 5.19 2.13 2.15 7.08
2.48 1.50 7.45 2.38 1.67 7.80 2.21 0.02 10.77
2.60 0.009 11.42 2.53 0.004 9.56 2.36 0.00 4.72
2.62 0.00 8.15 2.55 0.00 8.07 2.38 4.43 7.30
2.70 0.002 7.66 2.58 0.002 8.45 2.58 0.01 4.29
2.85 0.006 4.72 2.78 0.0009 4.75 2.63 11.96 4.40
2.94 5.08 4.89 2.85 4.60 4.85 2.70 9.17 4.87
2.82 3.15 4.09

Note: For 1 emission the available energy is Q g+ = Qic — 2mec.
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Table 4. Comparison of calculated total (314 EC)
half-lives with the experimental value for deformed

74Kr.

Models T,/, (min)
Exp. 11.5
SM-def’ (p) 11.83
SM-def?(p) 11.54
SM-def! (p) 10.27
SM-def* (o) 11.59
SM-def?(o) 11.05
SM-def! (o) 10.13

For the deformed nucleus, increasing neutron and proton pairing gaps (A, A,) systematically shift
the dominant GT strength to higher excitation energies and reduce the 17 transition strength. In spher-
ical configurations, the effect of pairing is model dependent: within the SM-sph framework the GT
strength decreases with increasing pairing gaps, whereas in the PM-sph approach the opposite trend is
observed. These differences reflect the distinct treatment of residual spin—isospin correlations and sym-
metry restoration in the two models, and emphasize the interplay between nuclear shape and pairing
correlations in governing weak-interaction observables. Microscopically, these effects arise from pairing-
induced changes in quasiparticle energies and BCS occupation amplitudes, which alter both the location
and collectivity of the dominant neutron—proton two—quasiparticle transitions.

The spherical calculations exhibit relatively concentrated GT strength distributions, arising from the
use of spherical single—particle bases with pure j-shell configurations. In contrast, nuclear deformation
induces strong mixing of orbitals with different j and K values, opening multiple transition channels
and leading to the enhanced fragmentation observed in the SM-def results. This mechanism explains
the improved agreement of the deformed calculations with the experimental GT strength distributions,
particularly in terms of excitation-energy placement of the dominant peaks.

The calculated total half-lives show reasonable agreement with the experimental value. In particular,
pairing gaps derived from experimental binding energies (SM-def?) reproduce the observed half-life of
74Kr with reasonable agreement. In both spherical and deformed cases, decreasing pairing gaps lead to
shorter combined (3" + EC) half-lives, demonstrating the strong sensitivity of decay rates to pairing cor-
relations. At the same time, the similarity of the prolate and oblate results indicates that, although defor-
mation strongly affects the GT strength distribution and fragmentation pattern, the integrated half-life is
comparatively robust against changes in nuclear shape. The best agreement with experiment is obtained
for the SM-def2 prescription, for which the calculated half-life differs from the experimental value by
less than 1%. In contrast, the largest deviations remain within approximately 10%, indicating an overall
satisfactory description of the weak-decay properties of 7*Kr within the adopted QRPA framework.

An important conclusion of this study is that GT strength distributions and §-decay observables
depend not only on the magnitude of the pairing gaps, but also on the experimental prescription used
to constrain them. The mass-dependent prescription provides a global empirical baseline, the AME2020
five-point odd—even mass differences offer the most direct experimental constraint on ground-state pair-
ing correlations, and the separation-energy-based prescription reflects local mass-surface effects. Even
within the relatively narrow interval A a2 1.4-1.7 MeV relevant for 7#Kr, these different prescriptions lead
to non-negligible variations in GT peak positions, centroids, fragmentation patterns, log(ft) values, and
half-lives.

In summary, the present results demonstrate that a realistic description of GT transitions and -
decay properties in shape-coexisting nuclei such as 74Kr requires nuclear deformation and pairing cor-
relations to be treated on equal footing. The good overall agreement with experimental data, obtained
without introducing an additional phenomenological quenching factor for the axial-vector coupling
constant, suggests that the adopted QRPA framework provides a reasonable description of the weak-
interaction observables of 7#Kr. However, this conclusion should be interpreted as model dependent and
specific to the present nucleus and configuration space.
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