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Gamow-Teller (GT) transitions play a fundamental role in exploring
nuclear structure and weak-interaction-mediated decay modes. In this
study, a detailed investigation of the GT strength distributions for the
neutron-deficient nucleus "*Kr is presented. The theoretical framework is
based on the Quasiparticle Random Phase Approximation (QRPA), incor-
porating both particle-hole (ph) and particle-particle (pp) residual interac-
tions. To examine the influence of different interactions, comparative anal-
yses are performed using a schematic model and the Pyatov method. The
resulting GT strength distributions are systematically compared with avail-
able experimental data to evaluate the predictive capacity of the employed
models. This work contributes to a deeper understanding of spin—isospin
excitations in nuclei near the N &~ Z line and provides valuable insights for
future studies on weak-interaction processes in exotic nuclei.
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1. Introduction

Weak nuclear interactions, particularly S-decay and electron capture,
are deeply connected to the behavior of spin—isospin excitations in nuclei.
Among these, Gamow—Teller (GT) transitions are of great significance due
to their sensitivity to nuclear structure and their crucial role in nucleosyn-
thesis pathways in astrophysical environments such as supernovae and X-ray
bursts. The pg-decay GT strength distributions, particularly from low-lying
excited 07 states, are key to characterizing so-called waiting-point nuclides
that slow down the r-process path due to their relatively long lifetimes [1].
In high-temperature scenarios, the thermal population of these states signif-
icantly alters the effective lifetime of the parent nucleus.

(3-A2.1)
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The A ~ 70 region near the proton-drip line presents additional complex-
ity due to shape coexistence and mixing phenomena, which play a decisive
role in shaping the nuclear configurations of even—even and odd—odd iso-
topes [2]. Minor variations in nucleon number can cause abrupt structural
changes. Moreover, nuclei close to the N = Z line experience competing
pairing correlations between nucleons and between neutrons and protons
which profoundly influence their decay properties [3-5].

The r-process, responsible for forming heavy neutron-rich nuclei beyond
iron, relies on accurate theoretical predictions of $-decay half-lives and §-de-
layed neutron emission probabilities, particularly for nuclei far from stabil-
ity [6]. These predictions are not only essential for astrophysical models
but also for advancing our understanding of the interplay between nuclear
structure and decay dynamics. In the S-decay theory, a reliable descrip-
tion of the parent nucleus’s ground state and the excitation spectrum of the
daughter nucleus is essential to predict the GT strength distribution. Any
significant discrepancy points to inadequacies in the underlying theoretical
formalism |[7].

The difficulty of directly solving the many-body Schrédinger equation
has led to the development of several approximate models. One such model,
the QRPA, builds upon the RPA formalism by incorporating pairing inter-
actions through Bogoliubov’s method. In this formalism, both particle-hole
(ph) and particle-particle (pp) interactions are incorporated, allowing for
more accurate predictions for open-shell and mid-mass nuclei [8, 9]. The
QRPA approach has been enriched by incorporating deformation effects us-
ing the Nilsson orbitals, Woods—Saxon potentials, and residual separable
interactions within the Hartree-Fock-BCS framework [10-13].

In this context, the Pyatov method provides a systematic way of restor-
ing broken symmetries in the effective Hamiltonian, especially in problems
involving GT, isobaric analog (IAR), or magnetic dipole (MDR) transi-
tions [14]. Within this method, effective interaction terms are adjusted to
satisfy commutation relations between the distorted GT operator and the
Hamiltonian [15]. It has been successfully applied to a variety of nuclear
structure problems, including scissors modes in deformed nuclei [16], isospin
mixing in odd-mass nuclei [17], and GT transitions in spherical and deformed
systems [18-20)].

The nuclear structure of “*Kr has been extensively studied both experi-
mentally and theoretically due to its pronounced shape coexistence and sen-
sitivity to configuration mixing. Experimental studies at CERN/ISOLDE
using total absorption spectroscopy revealed GT strength fragmentation in
the Qrc window and evidence of shape mixing in the ground state [21]. Mea-
surements of electric monopole (Ep) transitions between 07 states further
support this interpretation [4, 22-24].
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A comprehensive theoretical investigation of the Gamow-Teller (GT)
strength distributions in the neutron-deficient nucleus ™Kr is performed
within the QRPA framework in this study. The Schematic Model (SM) is
applied to both spherical and deformed configurations, whereas the Pyatov
Method (PM) is employed only for the spherical case to calculate the log(ft)
values and B(GT) strengths. The sensitivity of the results to the particle-
hole (ph) and particle—particle (pp) interaction channels is explored, and the
impact of deformation on the transition strength distributions is examined.
The calculated half-lives and GT strengths are presented and compared with
available experimental data to assess the performance of the adopted models.
This work provides further insights into weak-interaction processes in N ~ Z
nuclei and contributes to the broader understanding of nuclear-structure
evolution near the proton-drip line. In the following sections, the theoretical
framework is presented in detail, the calculated GT strength distributions
are discussed, and the paper concludes with a summary of the main findings.

2. Theoretical framework

In this work, two main approaches are employed within the QRPA frame-
work: the schematic model (SM) and the Pyatov method (PM). For clarity
in presentation, the SM results obtained for the spherical configuration are
labeled “SM-sph”, while the deformed SM-based calculations are denoted
“SM-def”. The PM, on the other hand, is restricted to spherical ™Kr (la-
beled “PM-sph”) since its standard formulation does not permit deformation.
All models consider nucleons moving in a mean-field potential that includes
pairing correlations, while spin—isospin and charge-exchange effects are in-
corporated through residual interactions within the QRPA framework. In
all calculations, the underlying single-particle basis and quasiparticle ener-
gies are consistently generated from a phenomenological Woods—Saxon mean
field including central, spin—orbit, and Coulomb terms.

2.1. Schematic model (SM)

In SM, the Hamiltonian that governs GT excitations is formulated within
the quasiparticle representation as follows:

HSM - qup+hph+hpp7 (1)

where Hgqp, represents the single-quasiparticle (sqp) Hamiltonian, while hpy,
and hp, correspond to the effective interactions in the particle-hole and
particle-particle GT channels, respectively (25, 26]. Hgqp, denotes the single-
quasiparticle Hamiltonian, which is written as

Hqu = Z ES(T) alp Asp T=n,p, (2)

5,T,P
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where F(7) stands for the quasiparticle energy of nucleons, while alp and
a,s, are the corresponding creation and annihilation operators. Here, the
index s labels the single-particle state, while p denotes the signature (or
spin projection) quantum number.

The residual Gamow-Teller interactions acting in the particle-hole (ph)
and particle-particle (pp) channels are given by

hpn = 2Xpn B By
"

hpp = —2kpp » PP, p=0%1. (3)
o

The transition operators in the quasiparticle basis read

- i
ﬁ: - Z <n'0‘0“ + (_1)“U*M‘p:0/> a;rzp Qpp’ 5# - (ﬁl—f) , (4)
n.p,p,p’
- T
P = 3" (mploy+ (=1)!oulpp)al,al, . Po=(P)) . (5)
n,p,0,p"

Within the quasiparticle representation, these operators can be recast as

g =% [\}5 (anpjw + dnpan> n (Bnpc;p . bnpcnp)] ,

)

pf =Y [\}5 (bnijw _ Bnpan) n (dnpc,tp + ancnp>] . (6)

)

where D,,, represents the quasiparticle scattering operator, while C’,tbp and
Cpp are the creation and annihilation operators of neutron-proton two-
quasiparticle pairs. According to the quasi-boson approximation, the fol-
lowing commutation relations hold:

[Cop Cliy | % GunBy s [Cogs Cor] = 0. (7)

Consequently, the effective GT interactions in the quasiparticle space are
decomposed as

GT cc DD CD GT cc DD CcD
hph :h‘ph +h‘ph +hph 5 hpp :hpp +hpp +h‘pp 5 (8)

as detailed in [25].
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2.2. Pyatov method (PM)

In the present work, the nuclear mean field entering the quasiparticle
Hamiltonian is generated using a phenomenological Woods—Saxon poten-
tial, including central, spin—orbit, and Coulomb terms. The inclusion of the
spin—orbit interaction leads to a breaking of the spin—isospin SU(4) sym-
metry underlying the Gamow—Teller operator, which is only approximately
preserved at the mean-field level. The strengths of the residual interactions
are calibrated by reproducing the experimental position of the Gamow-—
Teller resonance (GTR). To partially restore the broken spin—isospin SU(4)
symmetry, the Pyatov method introduces an additional correction term hg,
which is defined as

o= Y g 3 [[Haw et Vit Vi), 6]

[Haap — (Ve + Vi +11), 64, ]| (9)

where 7, is the strength parameter determined by enforcing the commutation
relation

= 2001 [[Hep - Ve + Vs 10,65, ] 60 ] 0. (10)

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
1 A
+
Gy =5 D lonu)t (k) + p(—1)or ()t (K) (11)
k=1

where o1,(k) is the spherical component of the Pauli spin operator, and
t+ are the isospin raising/lowering operators. The PM Hamiltonian, which
includes the symmetry-restoring hg term, is written as

Hpnm = Hoqp + ho + hpn + hypp - (12)
GT transition strengths are calculated via
+
B (wi) = 3l agletion| (13)
B(GT), = ZBGT (wi), (14)

and are constrained by the Ikeda Sum Rule [27], which provides a fun-
damental benchmark for the consistency of the Gamow—Teller transition
calculations

ISR = B(GT_) — B(GT4) ~ 3(N — Z). (15)
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2.8. Pairing and deformation parameters

Pairing gap parameters A, and A, are phenomenologically determined
using five-point mass formulas 28]

1
QBE(N —2,2) ~4BE(N ~1,7) + 6BE(N. Z)

—4BE(N +1,Z) + BE(N +2,7)], (16)

A, =

with a similar expression used for A,. For Kr, both A,, and A, are taken
as 1.5 MeV.

The quadrupole deformation parameter 8y was extracted from the exper-
imental values of the first 27 excitation energies [29]. In cases where these
data were unavailable, 85 was deduced from the intrinsic electric quadrupole
moment Qs (in e - fm?) through the relation

_ Ar @
" 3ZR: e’

Bo Ry =12AY3 fm. (17)

For convenience, this expression can also be written in the form

125 Qs

B2 = Taaz A2

(18)
when the quadrupole moment ()2 is expressed in barns. The g-decay @)-val-
ues used in the present study were taken from the AME2020 atomic mass
evaluation [30].

3. GT strength distributions

In this section, the Gamow-Teller (GT) strength distributions in "Kr
are investigated within the proton—neutron quasiparticle random-phase ap-
proximation (pn—QRPA) framework by explicitly considering the effects of
nuclear deformation as well as residual interactions. The calculations are
performed within this framework using the schematic model (SM), applied
to both spherical (SM-sph) and deformed (SM-def) configurations. The un-
derlying single-particle basis and quasiparticle energies are generated from
a phenomenological Woods—Saxon mean field including central, spin—orbit,
and Coulomb terms. For deformed configurations, axial deformation is intro-
duced through the quadrupole parameter 85 in the mean-field potential. The
particle-hole and particle-particle Gamow—Teller interactions are included
in separable form through the standard schematic pn—QRPA residual terms
hpn and hy,, (Section 2), allowing for a systematic investigation of their in-
dividual and combined impact on the GT response.
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As a consequence of this phenomenological mean-field treatment, the
spin—isospin symmetries associated with the Gamow—Teller operator are not
fully preserved. Within this framework, the Pyatov method is employed
in the spherical limit (PM-sph) to partially restore the broken spin—isospin
SU(4)-like symmetry through an additional restoration term. The choice of
a Woods—Saxon mean field can influence the fragmentation pattern and cen-
troid energies of the GT strength distributions, particularly at low excitation
energies.

For comparison and to place the present results in the context of previous
studies, the calculated GT strength distributions are also confronted with
the Skyrme—Hartree—Fock plus RPA /TDA results based on the SG2 and SK3
interactions reported by Sarriguren et al. |7, 31, 32]. In those calculations,
both the single-particle spectrum and the residual interaction are derived
self-consistently from the Skyrme energy density functional. Consequently,
differences observed between the present SM/PM results and the Skyrme-
based calculations reflect not only deformation effects, but also the distinct
treatment of residual interactions and ground-state correlations inherent to
the two approaches.

The pairing gap parameters (4, 4,) and quadrupole deformation pa-
rameters (82) adopted in the present calculations are summarized in Table 1.
Within the pn-QRPA framework based on the schematic model (SM), both
spherical and deformed nuclear shapes are considered. The spherical cal-
culations are denoted SM-sph, while the deformed calculations are labeled
SM-def. For each deformation type, two distinct equilibrium configurations
are obtained. In the oblate case, these configurations are denoted a and b,
whereas for the prolate solutions they are labeled ¢ and d (e.g. oblate® versus
oblate® and prolate® versus prolate?), as listed in Table 1.

Table 1. Pairing gap parameters for neutrons and protons (4A,, A, in MeV) and
quadrupole deformation parameters (f2) adopted in the pn—QRPA calculations
based on the schematic model (SM).

Configuration A, A4, Bo

SM-def oblate® | 1.5 1.5 —0.15
oblate® | 1.5 1.5 —0.26
prolate¢ | 1.5 1.5 0.25
prolate? | 1.5 1.5 0.39
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3.1. The role of deformation

The nuclear deformation plays a decisive role in shaping the Gamow-—
Teller (GT) strength distributions, as it modifies the underlying single-
particle spectrum and the mixing of nuclear configurations. Therefore, be-
fore analyzing the effects of the residual interaction in detail, it is essential to
investigate how different deformation scenarios influence the GT response
of ™Kr. In the present work, deformation effects are explored by adopt-
ing quadrupole deformation parameters from Sarriguren et al. [7], namely
B2 = —0.15 and —0.26 for the oblate shapes and By = 0.39 for the prolate
configuration. In addition, an alternative prolate solution with By = 0.25,
extracted from experimental electric quadrupole moments [33, 34| and eval-
uated using Eq. (18), is also considered. These configurations are labeled
oblate?, oblate?, prolate®, and prolate?, in accordance with Table 1.

For a meaningful comparison of deformation effects, the particle-hole
residual interaction strength in the Gamow—Teller channel was fixed using
the standard parametrization x,, = 27/A MeV [7], which yields x,, ~
0.37 MeV for ™Kr. Throughout the present analysis, the particle-particle
interaction strength was fixed to ,, = 0, following the earlier pn—-QRPA
studies in this mass region [32|. This parameter set was consistently em-
ployed in all calculations. No quenching factor was applied, since the pri-
mary objective here is to isolate and examine the intrinsic impact of nuclear
deformation on the GT strength distributions without introducing additional
renormalization effects. This approach allows for a direct and transparent
assessment of deformation-induced modifications and facilitates a clear com-
parison with earlier theoretical investigations.

It should be noted that, in the GT strength distribution figures, iden-
tical vertical scales are not adopted in all panels. This choice is deliber-
ate and aims to preserve the visibility of physically relevant features such
as fragmentation patterns, low-energy strength, and deformation-dependent
trends. The predicted GT strengths span more than one order of mag-
nitude between different models and configurations; enforcing a common
scale would obscure weaker but physically meaningful transitions. There-
fore, model-dependent vertical scales are used to ensure clarity and physical
interpretability.

In Fig. 1, the calculated Gamow—Teller (GT) strength distributions for
"Kr are compared with the experimental data of Poirier et al. [21] to assess
the impact of nuclear deformation. The first column displays the measured
GT strengths, while the subsequent columns show the results obtained with
the single-quasiparticle (sqp) approach, the deformed schematic model cal-
culations (SM-def), and the spherical schematic model together with the
Pyatov method (SM-sph and PM-sph). For the sqp and SM-def calcula-
tions, both oblate (82 < 0) and prolate (82 > 0) solutions are presented,



Gamow-Teller Transitions and 3-decay Properties of “*Kr ... 3-A2.9

whereas the SM-sph and PM-sph results correspond to the spherical configu-
ration. A clear systematic trend is observed: introducing deformation shifts
the GT strength distributions toward lower excitation energies and enhances
the fragmentation of the total strength. In particular, at S5 = —0.26, the
SM-def calculations reproduce the experimental peak positions more accu-
rately. The sqp model tends to overestimate the B(GT) amplitudes, whereas
the PM-sph results underestimate them. Furthermore, the main resonance
peak in the prolate configuration appears at lower energies compared to the
oblate case, indicating stronger collectivity in the elongated shape. Over-
all, the largest discrepancies arise between the oblate and prolate solutions,
highlighting the pronounced sensitivity of GT transitions in “*Kr to nuclear
shape effects.

sqp SM-def PM-sph
Exp. oblate oblate
0,10 15 08 X
_ p=-015 __p=-0,15 *°
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Fig. 1. Comparison of the Gamow-Teller strength distributions [¢% /4] in the de-
formed (oblate and prolate) and spherical configurations of “*Kr with experimental
data [21].

The Skyrme-HF-based results of Sarriguren et al. are presented in Refs.
[7, 31, 32] mainly as the continuous (Gaussian-folded) Gamow—Teller (GT)
strength distributions, whereas the present pn—QRPA calculations naturally
yield discrete transition strengths. Accordingly, the Sarriguren results are
shown in the figures as continuous curves, consistent with the original pub-
lications, while our results are displayed as discrete spectra (vertical bars),
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since applying an additional Gaussian folding to the pn—QRPA results would
lead to a significant overlap of the many discrete transitions — particularly
at low- and intermediate-excitation energies — and obscure the underlying
physical information. As the pn—QRPA framework is designed to analyze
individual transition strengths and their fragmentation explicitly, no addi-
tional folding is applied. No numerical transformation between the folded
and discrete representations has been performed; the comparison is there-
fore qualitative, focusing on global features such as fragmentation patterns,
centroid shifts, and deformation and residual-interaction effects.

In figures 2-3, the pn—QRPA results obtained within the schematic model
for deformed shapes (SM-def) are compared with the Gamow-Teller strength
distributions reported by Sarriguren et al. using the 2qp, TDA, and RPA
approaches based on the SG2 Skyrme interaction [7]| for the oblate® (8y =
—0.15) and prolate? (82 = 0.39) configurations of "“Kr. The experimental
data from Poirier et al. [21] are displayed in the first column of each figure.

In Fig. 2, the second column shows the GT strengths calculated within
the Skyrme—-Hartree—Fock plus RPA framework using the SG2 interaction,
together with the corresponding two-quasiparticle (2qp) results for both the
oblate and prolate shapes, while the third column presents the results ob-

Exp.
0,10+ 1,21 oblate 06 oblate

__ SG2 (Skyrme-HF+RPA)
094" LT

ol L 1L HH Il M §
0, 05 1,0 15 2,0 25 3,0

— 0. .\
|_+ .0 5 10 15 20
E 3,04 X prolate 309, prolate
5 . 3 SM-def
251 __ SG2 (Skyrme-HF+RPA) 251 ' —
- 2gp ' *sgp
2,0 2,0 :

5 10 15 20
Excitation Energy (MeV)
Fig.2. Comparison of the Gamow-Teller strength distributions [g% /47| obtained

from the SG2-based Skyrme-Hartree—Fock + RPA calculations of Sarriguren et al.
[7] and experimental data [21] for the oblate® and prolate? configurations of 7K.
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tained within the schematic model for the deformed configurations (SM-def),
together with the single-quasiparticle (sqp) calculations of the present work.
Figure 3 follows the same layout, with the second column representing the
TDA results and the third column displaying the SM-def predictions. The
experimental GT strengths are confined to the 0-3 MeV excitation-energy re-
gion, whereas all theoretical models distribute the strength up to ~ 20 MeV.
The SM-def results exhibit stronger fragmentation compared to the other ap-
proaches, reflecting enhanced configuration mixing. In the prolate configu-
ration of "*Kr, the 2qp and sqp calculations yield comparable B(GT) values,
whereas the Pyatov method applied in the spherical limit (PM-sph) system-
atically underestimates the strength. The GT 17 states obtained within the
SM-def calculations are predominantly concentrated in the 0-10 MeV energy
range, with the low-energy part (0-3 MeV) being reasonably reproduced by
both the SM-def and the SG2-based RPA calculations. Among the models
presented in Ref. [7], the SG2 results show the closest agreement with the
SM-def strength distributions obtained in the present work.

Exp. oblate oblate
0,104 1,24 1,24 SM-def
TDA
0,08
0,8 0,8
0,06
0,04
0,4 04
0,02
= I T
= 000 AL LR ) 0,0 : : : : 0,0
o 00 05 10 15 20 25 30 0 5 10 15 20 0 5 10 15 20
- prolate prolate
o 3,0+ 1,24
TDA SM-def
2,54
2,0 0,8
1,54
1,0 0,44
0,5 ‘
00 : : ‘ ‘ 00 JJ-J M
0 5 10 15 20 0 5 10 15 20

Excitation Energy (MeV)

Fig.3. Comparison of the Gamow-Teller strength distributions g% /47| obtained
from the SG2-based TDA calculations [7] and experimental data [21] for the oblate®
and prolate? configurations of "4Kr.
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The SK3-based RPA strengths [7] displayed in Fig. 4 show a much
weaker sensitivity to deformation compared to the SM-def results, whereas
the SM-def distributions clearly reflect the difference between the oblate?
(B2 = —0.26) and prolate? configurations. This distinction is particularly
important, since in Figs. 2 and 3, the oblate® configuration is used, while
in Fig. 4, the comparison is performed for the oblate’ solution. Moreover,
in Figs. 2 and 3, the main GT peak obtained with the SM-def, TDA, and
SG2-based RPA calculations increases significantly in amplitude for the pro-
late configuration compared to the oblate one, while the peak energy remains
approximately unchanged and part of the strength is shifted to slightly lower
excitation energies in the SM-def results.

Exp. oblate oblate
0,10 1,54 0,5+
Sk3 (Skyrme-HF+RPA) SM-def
0,08 0,4
1,04
0,06 0,3
0,04
0,5
0,02
—_—
=" oo ‘ | ‘ I W HH“\ 00 ‘ ‘ ‘ ‘
0 00 05 10 15 20 25 30 5 10 15 20
g prolate prolate
m 15 1,54
Sk3 (Skyrme-HF+RPA) SM-def
1,0 1,0
0,54 0,5
0,0 ; - - . 0,0+
0 5 10 15 20 0 5 10 15 20

Excitation Energy (MeV)

Fig.4. Comparison of the Gamow—Teller strength distributions [g% /47| obtained
from the SK3-based RPA calculations [7] and experimental data [21] for the oblate®
and prolate? configurations of "*Kr.

3.2. The role of residual interactions

The residual interaction parameters X, and &, significantly affect the
GT strength distributions. Several values have been used in the literature
depending on the mass region [35-39]. In the present pn—QRPA calculations,
the standard schematic-model parametrization x,, = 27/A =~ 0.37 MeV
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for ™Kr is adopted in both the spherical and deformed SM calculations,
while the same value is used as the baseline choice in the spherical PM
framework [7, 32]. The particle-particle interaction strength ry, is varied
from 0 to 0.07 MeV [32].

Figures 5 and 6 illustrate the influence of the residual interactions on
the GT response within the schematic model (SM) and the Pyatov method
(PM). In Fig. 5, the first two columns correspond to the oblate configuration
(left: SG2, right: SM-def), whereas the last two columns represent the
prolate configuration (left: SG2, right: SM-def), all calculated for the same
set of the kp, values. A clear and systematic trend is observed: increasing
the pp interaction strength shifts the GT strength toward lower excitation
energies and reduces the total strength at higher energies. This attractive
interaction enhances fragmentation, leading to an increased number of peaks
in the SM-def spectra. The position of the dominant GT resonance shows
only a minor shift in energy, while its intensity decreases with increasing xp,
particularly in the prolate configuration. At low excitation energies (E <
5 MeV), a slight enhancement of the GT strength is also observed, indicating
that the pp channel plays a non-negligible role in feeding low-lying 17 states.

SG2-Skyrme-HF+RPA SM-def SG2-Skyrme-HF+RPA SM-def
oblate oblate prolate prolate
0,6 0,6 15 15
S 007 Ko 007 Ko=0,07 K,,=0.07
04 04 1.0 10
0,5
0,2 0,2 0,5
0,0
00 O,OM Mu M‘h‘ | 0,0 LM \N.‘lmm it ‘ Ll
K005 04 K,,=0,05 K,,=0.05 =005
=% ’ 1,0 1,0
+
[
Qo4
2
o o 05 05
0,0 0,0 H | 0,0 00 il HIJM [ .‘ lut
K0 K0 Kop=0 =0
06
04 1,0 1,0
04
0,2 0,5 0,5
0,2
\MM L
0.0 5 015 20% 5 015 2% 5 015 20% 5 10 15 20

Excitation Energy (MeV)

Fig.5. Comparison of the Gamow—Teller strength distributions [g% /47| obtained
from the SG2-based RPA [32] and SM-def calculations for the oblate® and prolate?
configurations of “Kr. The calculations are performed for different values of the
particle-particle coupling strength r,,.
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Figure 6 further examines the effect of the pp interaction for spherical
"Kr using the Pyatov method (PM-sph) and the schematic model (SM-sph).
In the PM-sph calculations (left column), increasing k,, leads to a pro-
nounced downward shift of the GT strength toward lower excitation ener-
gies together with a strong redistribution of the strength. In particular, in
the absence of pp correlations (k,, = 0), the inclusion of the symmetry-
restoring term hg in the PM framework results in a drastic reduction of
the dominant GT peaks, with the maximum strength decreasing by about
two orders of magnitude compared to the corresponding SM-sph case. This
strong quenching reflects the restoration of spin—isospin SU(4)-like symme-
try in the ground state, which is explicitly violated at the mean-field level.
The Pyatov method effectively removes spurious collectivity associated with
symmetry breaking, leading to a more fragmented and less collective GT re-
sponse. In contrast, the SM-sph results (right column), where no symmetry
restoration is applied, exhibit a qualitatively different behavior: the inclusion
of the pp force suppresses the total strength more moderately, without the

0,6 T T T 0,3 T T T
=007 PM-sph K5p=0:07 SM-sph
04+ 1 02}
0,2t 1 01+
0,0 | | P . 0,0 R L | | || |
x,,=0,05 k_=0,05
"*_'_ 0,4t 1 osl pp
l—
(D 0,3+ 1 06}
~
m 0,2t 1 04
0,1+ 1 02
ool Ll e
Kk =0 K =
PP -
0,9t
0,012}
0,6+
0,006 - 1
‘ ‘ 03
0,000 | L |‘ (- ll I||. 0,0 || | " I L TR P
0 5 10 15 20 0 5 10 15 20

Excitation Energy (MeV)

Fig.6. Comparison of the Gamow-Teller strength distributions |g% /47| for the
spherical "*Kr obtained using the SM-sph and PM-sph approaches. The calcula-
tions are performed for different values of the particle—particle coupling strength

Kpp-
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dramatic redistribution observed in the PM calculations. This contrasting
behavior demonstrates that the pp interaction plays a more collective and
symmetry-driven role within the PM scheme, while in the SM approach, its
effect remains largely perturbative. Similar sensitivity of GT strengths to
symmetry restoration within the Pyatov framework has been reported in the
earlier studies of neutron-deficient nuclei, confirming that this behavior is
a general feature of the method rather than a peculiarity of "*Kr.

It should be noted that two slightly different x,, choices are used in this
section for different purposes. In Figs. 5-6, we adopt the standard schematic-
model parametrization x,, = 27/A =~ 0.37 MeV for TKr to establish the
baseline sensitivity to xp,. In Figs. 7-9, xpp, is fixed to 0.48 MeV in order
to reproduce the parameter set employed in Ref. [31] for a direct, one-to-
one (like-for-like) comparison. For consistency with Ref. [31], the particle-
particle interaction strength was kept at kp, = 0, and the same deformation
parameters were adopted, namely Bs = —0.15 for the oblate shape and
B2 = 0.39 for the prolate configuration.

k=l
k=0

sap

2qp 4-

o4 Iy b-l! Lh . ||| ||:..:' PN 01 g i '
0 4 6 8 10 O 2 4 6 8 10
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0,44

0,2

s 'n:.llv |.|:'I|: 1 |':|.'I.|' 0,0 |.J|'|| " ||".JI.MII]J
0 2 4 6 8 10 0 2 10

Excitation Energy (MeV)

Fig.7. Comparison of the Gamow-Teller strength distributions [¢% /47| for the
prolate? configuration of ™Kr obtained from the SG2-based RPA [31] and SM-def
calculations. The panels display the k = 0 (dashed vertical lines) and k& = 1 (solid
vertical lines) excitation modes.
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In Fig. 7, the GT strength distributions for the prolate shape are shown
separately for £ = 0 and k = 1 excitations in the 0-10 MeV region. This
separation is necessary in deformed systems, since the GT strength splits
into Kk = 0 and k = 1 components, corresponding to the projection of the
total angular momentum on the symmetry axis. Although allowed GT tran-
sitions do not change parity, the partition of strength between the k = 0 and
k = 1 branches is governed by the deformation-dependent Nilsson structure
and the corresponding QRPA configuration mixing, and may therefore dif-
fer between oblate and prolate shapes. The GT strengths obtained with the
SM-def and sqp models are compared with the two-quasiparticle (2qp) and
Skyrme-Hartree-Fock + RPA (SG2) results of Ref. [31]. Both models re-
produce the experimental low-energy strength reasonably well, although the
SM-def calculation exhibits stronger fragmentation for both k components.

Figure 8 illustrates the effect of varying the ph residual interaction strength
in deformed “Kr. For both the oblate and prolate shapes, the SG2-based
RPA [31] and the SM-def results are displayed side by side for x,, = x/2, X,
and 2x. Two systematic effects of the repulsive ph channel are clearly visible:
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Fig.8. Comparison of the Gamow—Teller strength distributions for the oblate® and
prolate? configurations of *Kr obtained from the SG2-based RPA [31] and SM-def
calculations for different values of the particle-hole coupling strength xp.
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(i) it shifts the GT strength toward higher excitation energies, displacing
the main resonance peak; and (i) it reduces the total strength, particularly
above 5 MeV. These effects become progressively more pronounced with
increasing Xph-

The corresponding behavior in the spherical limit is analyzed in Fig. 9,
where the SG2-based RPA [31], SM-sph, and PM-sph results are shown
in the first, second, and third columns, respectively. In all three models,
increasing x,n leads to a suppression of the total B(GT) strength. How-
ever, while the SM-sph and SG2-based RPA calculations shift the main 17
peak to higher energies, the PM-sph results exhibit a more moderate en-
ergy displacement but a stronger overall suppression at low energies. This
comparison highlights the different treatments of ground-state correlations
in these models and reveals that the ph interaction acts predominantly as
a quenching mechanism in the spherical "*Kr.
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Fig.9. Comparison of the Gamow—Teller strength distributions for the spherical
"Kr obtained from the SG2-based RPA [31], SM-sph, and PM-sph calculations for
different values of the particle-hole coupling strength Xy
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3.3. Ikeda sum rule and energy-weighted summed strength

The Gamow—Teller strengths are expected to obey the Ikeda Sum Rule
(ISR),

ISR =Y B(GT_) - ) B(GT;)=3(N - Z),

which provides a stringent model-independent constraint on the GT re-
sponse.

Table 2 lists the integrated Y  B(GT_) and > B(GT4) values up to
FEeywt = 30 MeV for all models considered. The values corresponding to the
k = 0 component are given explicitly, while the & = 1 contributions are
shown in parentheses. All models reproduce the ISR within a few percent
accuracy, indicating that the SM-def, SM-sph, and PM-sph frameworks con-
serve the GT sum rule without requiring renormalization of g4.

Table 2. Results from the SM-def, SM-sph, and PM-sph calculations corresponding
to the oblate, prolate, and spherical shapes in "*Kr are presented. The third and
fourth columns show the GT strength, expressed in units of [g% /47|, for the 3~
and 87 decay summed up to a cutoff energy of E.,; = 30 MeV. The fifth column
provides the Ikeda sum rule for this energy cutoff, and the final column displays
the energy-weighted summed strength in units of [MeVg?% /4n| corresponding to the
BT decay. All results are presented for k = 0 and k& = 1 (the latter in parentheses).
Additionally, the results from SG2-based RPA and TDA calculations [7] are also
included.

Models > B(GT-) > B(GT4) | ISR | Y EB(GTy)
SG2 (Skyrme-HF+RPA) oblate® 3.880(7.228) | 1.886(3.239) | 5.984 | 12.65(23.76)
prolate? 4.431(9.758) | 2.437(5.769) | 5.983 | 17.31(36.86)
SG2 (Skyrme-HF+TDA) oblate® 4.517(8.305) | 2.523(4.315) | 5.984 | 16.95(31.22)
prolate? 5.294(11.952) | 3.300(7.964) | 5.983 | 23.56(52.32)
SM-def oblate® 3.257(6.232) | 1.397(2.466) | 5.626 | 17.70(18.84)
oblate? 3.433(7.016) | 1.602(3.362) | 5.485 | 17.68(14.23)
prolate® 3.486(8.101) | 1.882(4.374) | 5.331 | 12.36(12.69)
prolate? 3.839(8.322) | 1.953(4.579) | 5.629 | 12.97(11.79)
PM-sph spherical | 5.898 0.125 5.774 | 37.11
SM-sph spherical | 10.085 4.371 5.714 | 50.96

The last column of Table 2 reports the energy-weighted summed strengths,

again separated into k = 0 and k = 1 components. A systematic reduction
of the energy-weighted sum is observed when the spherical configuration is
deformed. This decrease suggests that deformation redistributes the GT
strength over a broader excitation range, thereby quenching the collective
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low-energy response. This behavior is consistent with the enhanced fragmen-
tation observed in the SM-def results, confirming that deformation softens
the GT response even when the total ISR strength is preserved.

3.4. Total half-life and log(ft) values

The calculation of B'-decay half-lives is an important benchmark for
testing the reliability of Gamow—Teller strength distributions. In this work,
half-lives are evaluated using

D

(ft)gw = (94/9v)24nBar(I; — If, 5F)

with D = 6295 s and (ga/gv) = —1.254 [40]. No quenching of the axial
coupling was applied. The phase-space factors (Fermi integrals) f(Z, Qpc —
w;) were evaluated according to the standard expressions and tabulations
given in Refs. [41, 42], using the experimental Qgc values from AME2020 to
define the maximum lepton energy and the decay window for each transition.

In the calculation of the total half-lives and log(ft) values, the particle-
hole and particle-particle residual interaction strengths were fixed to x5, =
0.37 and k,, = 0, respectively, in all SM and PM calculations. Table 3
presents a comparison of the GT transition energies and log(ft) values ob-
tained from the SM-sph, SM-def, and PM-sph calculations with experimental
data [43, 44]. The SM-sph results reproduce the experimental log(ft) values
most closely, with the PM-sph calculations giving slightly larger deviations,
while the SM-def predictions exhibit a stronger sensitivity to nuclear de-
formation; however, this deformation effect does not manifest as a uniform
increase or decrease in log(ft) but rather varies depending on the specific
transition and on whether the £ = 0 or £k = 1 component dominates.

The corresponding 3'-decay half-lives are summarized in Table 4. The
experimental half-life of ™Kr is 11.5 minutes [28, 45]. The PM-sph and
SM-sph models reproduce this value most accurately, predicting 10.81 min
and 10.33 min, respectively. In contrast, the SM-def predictions exhibit
a stronger shape dependence, ranging from 7.65 to 16.76 min depending on
the oblate or prolate configuration. When compared with the earlier SG2-
based RPA and TDA results from Ref. [7], the present SM-sph and PM-sph
models demonstrate improved agreement with experiment, particularly for
spherical and near-spherical configurations. It should be emphasized that
the improved agreement with experimental data obtained within the spher-
ical SM-sph and PM-sph calculations does not imply that nuclear defor-
mation plays a minor role in the description of the GT response of "Kr.
On the contrary, the present results clearly demonstrate that deformation
strongly affects the fragmentation pattern and energy distribution of the GT
strength.

(19)
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Table 3. The GT transition energies and log(ft) values for the ™*Kr isotope are
calculated using the schematic model (SM) and the Pyatov method (PM). For PM,
only spherical (s) results are reported, whereas for SM both the spherical (s) and
the deformed prolate configuration (p¢) with 82 = 0.25 are considered. In the latter
case, the deformed "Kr results are given separately for k = 0 and k = 1.
HKr(0F, g.s.) — WBr(17)Q(g.s.) = 2.975 MeV.

SM PM SM-def Exp.
s B p¢ (k=0) p¢(k=1)
w [MeV]  log(ft) | w [MeV] log(ft) | w [MeV] log(ft) w [MeV] log(ft) | w [MeV] I% log(ft)
0 4.13 0 8.84 0.437 5.31 0.614 4.82 0.212 31 4.8

0.411 4.92 0.223 7.85 1.302 5.09 0.981 5.10 0.306 41 4.6
0.597 4.39 1.098 5.55 1.565 9.39 1.402 6.25 0.609 3.1 5.4

1.658 4.29 2.38 6.35 1.659 7.89 1.442 4.56 0.701 3.2 5.3
1.835 6.33 1.481 5.46 0.970 1 5.5
2.03 7.92 1.521 4.39

2.129 4.78 1.738 7.09
2.508 3.86 1.812 7.83
2.916 4.01 2.025 5.95

2.028 4.88
2.151 4.86
2.448 6.53
2.790 5.01
2.802 5.96

The improvement observed in the PM framework reflects the impact of
restoring spin—isospin symmetry broken at the mean-field level, which is
a physical effect distinct from nuclear deformation. These two mechanisms
act at different levels and should be regarded as complementary. A simulta-
neous treatment of deformation and symmetry restoration within the same
theoretical framework could further modify the results, an issue that is be-
yond the scope of the present study and deserves future investigation.

For a meaningful comparison with the results of Sarriguren et al., special
care has been taken to adopt the same set of fundamental constants when-
ever possible. In the present calculations, the standard value D = 6295 s
and the unquenched axial-vector coupling constant were used, in accordance
with Refs. |7, 31, 32|. Furthermore, the same deformation parameters and
residual interaction strengths were employed. Unlike the Skyrme-based cal-
culations of Refs. [7, 31, 32|, the Qgc values in the present work were not
derived self-consistently from the mean-field single-particle and quasiparticle
energies. Instead, the experimental Qgc values taken from the AME2020
atomic mass evaluation were used solely to define the decay window and the
phase-space factors entering the Fermi integrals. The ST-decay half-lives
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Table 4. Results of total half-lives (7}/3) of "Kr from the SM-def, SM-sph, and
PM-sph calculations corresponding to the oblate, prolate, and spherical shapes.
Additionally, the results from RPA and TDA with SG2 forces [7] are also included.
The comparison of the half-life values obtained from theoretical models with the
experimentally determined values [28, 45] is presented.

Models Tyo
Exp. 115 m
SG2 (Skyrme-HF+RPA)  oblate® 10.0 m
prolate? | 14.0 m
SG2 (Skyrme-HF+TDA) oblate® 7.4 m
prolate? | 10.4 m
SM-def oblate® 7.65 m
oblate? 8.86 m
prolate® | 10.99 m
prolate? | 16.76 m
PM-sph spherical | 10.81 m
SM-sph spherical | 10.33 m

were then obtained within the standard ft formalism by combining these
phase-space factors with the pn—QRPA Gamow-Teller strength distribu-
tions. Therefore, the comparison presented here reflects differences arising
primarily from the underlying theoretical frameworks and the treatment of
deformation and residual interactions, rather than from different choices of
Qrc values.

These findings indicate that symmetry-restoring terms, together with an
appropriate treatment of nuclear deformation, are essential ingredients for
reliable B-decay rate predictions in neutron-deficient nuclei.

4. Conclusion

The S1-decay characteristics and the Gamow—Teller (GT) strength dis-
tributions of “Kr are of particular importance for modeling weak-interaction
processes in astrophysical environments such as supernovae and X-ray bursts.
The accurate GT strengths directly influence nucleosynthesis pathways and
the thermal evolution of stellar matter.

The SM-def calculations exhibit a significantly stronger fragmentation of
the GT strength compared to the spherical SM-sph and PM-sph results, re-
flecting the well-known impact of nuclear deformation on the redistribution
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of Gamow—Teller strength. This enhanced fragmentation is in closer qualita-
tive agreement with experimentally observed spreading patterns, although it
does not necessarily imply a uniformly improved quantitative reproduction
of integrated observables such as half-lives or log(ft) values. Nuclear de-
formation generally shifts the GT strength toward lower excitation energies
and increases its spreading, particularly for the prolate configuration with
B2 = 0.25.

The inclusion of particle-particle (pp) and particle-hole (ph) residual
interactions introduces competing effects on the GT distributions. The at-
tractive pp interaction lowers the GT strength and redistributes it toward
lower excitation energies, while the repulsive ph interaction shifts the main
resonances to higher energies and reduces their overall magnitude. In addi-
tion, the symmetry-restoring term hg employed in the PM-sph calculations
leads to a marked improvement in the agreement with experimental log(ft)
values by compensating for broken symmetries inherent in the mean-field
approximation.

A key outcome of the present work is that the calculated half-lives and
log(ft) values — especially those obtained within the SM-sph and PM-sph
frameworks — reproduce the available experimental data without the need
for any quenching of the axial-vector coupling constant. This indicates that
the adopted models effectively account for the dominant nuclear correla-
tions and do not rely on additional empirical renormalization of g4, thereby
enhancing their predictive reliability.

All calculated GT strength distributions satisfy the Ikeda sum rule to
a high degree of accuracy, confirming the internal consistency of the em-
ployed frameworks. The analysis of energy-weighted summed strengths fur-
ther highlights the role of deformation in redistributing transition strength
over a wider excitation-energy range.

In summary, although several decay studies of "*Kr have been reported
in the literature, the present work is based on the proton—neutron QRPA
framework and employs the schematic model and the Pyatov method built
on a Woods—Saxon mean field. This approach differs conceptually from
the self-consistent Skyrme—Hartree—Fock-based QRPA calculations. Within
this context, nuclear deformation effects are explicitly investigated through
the SM-def calculations, while the spherical SM-sph and PM-sph results
serve as benchmark cases to disentangle deformation effects from symmetry-
restoration effects. The calculated half-lives and log(ft) values reproduce
the available experimental data without introducing additional empirical
renormalization, such as quenching of the axial-vector coupling constant.
The particle-hole and particle—particle residual interactions follow standard
prescriptions commonly adopted in pn—-QRPA studies and are not tuned
on a nucleus-by-nucleus basis beyond the standard pn—QRPA prescriptions.
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The present results demonstrate that nuclear deformation and residual inter-
actions play distinct and complementary roles in shaping the Gamow—Teller
response of “Kr. A simultaneous treatment of nuclear deformation and
symmetry restoration within a unified framework, particularly for the Pya-
tov method, is beyond the scope of the present work and will be addressed
in future studies.

This work was supported by the Eskisehir Osmangazi University Scien-

tific Research Projects (BAP), Project No. FBA-2025-3578.
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