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The nuclear ground state and beta decay properties of neutron-rich odd-odd and odd-A '%4~116Rh isotopes are studied by utilizing the
relativistic mean-field (RMF) and proton-neutron quasi-particle random phase approximation (pn-QRPA) models. Potential energy
surfaces and potential energy curves are examined to investigate the nuclear deformations, nuclear stability, and shape phase transitions.
The Gamow-Teller (GT) strength distributions and S-decay properties are obtained based on a deformed pn-QRPA framework. The
computed half-lives and log ft values are in good agreement with existing experimental data, supporting the utilization of nuclear
models. Additionally, stellar weak interaction rates are calculated as a function of density and temperature, emphasizing their influence
on nucleosynthesis in astrophysical environments. For neutron-rich Rh isotopes, the results provide useful nuclear structural data and
reliable inputs for the r-process modeling.
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1. INTRODUCTION

The GT strength of atomic nuclei is extensively investigated and applied in nuclear and astrophysical research. It
makes a substantial contribution to nuclear spectroscopy. Accurate modeling and a more comprehensive understanding of
foundational nuclear processes depend on precise measurements and underlying theories related to the low-energy nuclear
structure, including the GT strengths, half-lives, and stellar weak rates. The study of the available nuclear ground state
properties remains a fundamental pillar in nuclear astrophysics today. It provides the information needed to comprehend
the forces that dominate many-body nucleonic systems [1].

The neutron-rich nuclei are mostly unstable and have unique properties such as structural evolution, different shell
closures, altered binding energies, and distinct 8 decay patterns compared to stable isotopes. Neutron-rich nuclei primarily
decay via the S~ mechanism, where a neutron transforms into a proton by emitting an electron. Before decay, the nucleus
is far from the stability line. The decay changes the element (e.g., Rh decays to Pd) and moves the nucleus closer to the
line of stability, balancing the neutron-proton ratio. Particularly, the 8~ decay properties, including the half-lives and GT
strength, provide essential information about the stellar weak interaction rates that play an important role in nucleosynthesis
processes [2]. The beta decay properties are calculated using the pn-QRPA model [3-5]. The neutron-rich nuclei in the
mass range A ~ 110-120 have attracted considerable attention from both theoretical and experimental studies as they show
rapid variation observed in their ground-state structure and low-lying excited states [6,7]. The information about the
nuclear structure is carried by the GT strength distribution. It largely depends on the ground-state deformation of the
parent nuclei [8]. Neutron-rich nuclei in the mass range A ~ 104—113 exhibit rapid structural evolution due to deformation,
pairing correlations, and shell effects. A large number of nuclei in this mass region are located far from the valley of 8
stability and are therefore not accessible to experimental investigations. Consequently, their properties must be studied
using theoretical approaches. It is estimated that nearly 6000 nuclei exist between the valley of 8 stability and the neutron
drip line. This specific location makes Rh isotopes ideal for studying the conflict between the effects of the spherical
shell and the initial phases of collective deformation [9—13]. Nuclear density functional theory provides the theoretical
foundation for the analysis of nuclear ground-state properties, especially nuclear deformation and nuclear shape transitions
from oblate to prolate shapes. In the present analysis, we employed the RMF model with the density-dependent meson
(DD-ME2) interaction to extract the nuclear deformation of the nuclei under investigation. The pn-QRPA model has been
used for spectroscopic investigations including log ft values, half-lives and stellar weak rates [14] of Rh nuclei. Both RMF
and pn-QRPA models are widely employed for the investigation of nuclear structure and 3 decay properties. The RMF
framework is based on a small number of parameters optimized using nuclear matter properties and experimental data of
stable nuclei located near the valley of (8 stability [15].

The present work is structured as follows. Section 2 provides a brief explanation of the theoretical foundation.
Section 3 discusses nuclear ground state parameters including decay half-lives, weak decay rates, predicted GT strength,
and log ft values. The final portion contains our concluding observations.
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2. THEORETICAL FRAMEWORKS
2.1. The RMF Model

The RMF model describes how nuclei exchange mesons and photons [16]. The incompressibility and surface
attributes of nuclei were challenging for the initially proposed version of the RMF framework. In order to accomplish
this, a nonlinear framework of RMF was developed [17]. Following the introduction of further model versions, such as
DD-ME2 and DD-PC1, the concept was referred to as covariant density functional theory (CDFT) [18,19]. In the present
investigation, we used the DD-ME2 version of the model. Conventional quantum hydrodynamics uses Dirac fermions
coupled to meson exchange as an effective Lagrangian to describe a nuclide [20,21]. The RMF approach defines the
simplest set of meson fields for determining the bulk and single-particle nuclear parameters, employing the isoscalar
scalar (o), isoscalar vector (w), and isovector vector (p) meson fields [7,22]. The Lagrangian density can be expressed as

follows:
-7
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where Iy, T, and I, are the coupling constants and depend on the (nucleon) density and are described as
Ii(p) =T (psa) fi (%), 2

where i = 0, w and p mesons. f(x) is a function of x = pp/psa;, Where pp, is the baryon density and pgy is the baryon
density at saturation in symmetric nuclear matter. For o~ or w meson, the respective f(x) is

1 +bj(x+dj)2 .
fitx) = Ul ve,rd R where j =0, w, 2)
where for the p meson,
fp(x) — e(—ap(X—l))_ (3)

Modifying the Lagrangian with reference to ¢ yields the single-nucleon Dirac equation with nucleon self-energies [23,24].
We utilize the Dirac-Hartree-Bogoliubov (DIRHB) code [23] to generate the PEC and PES of '%~!16Rh as a function of
B2 and y, using DD-ME2 [25] interactions. The 3, and y are calculated below:

B =+ /a%o + 2a§2 and y = arctan(V2 :—iz), “)

where ay( and ay; are the deformation parameters computed via Ref. [23]. Quadrupole moment constraints were used in
RMEF calculations to achieve these calculations. The pairing correlations, which are assumed to be essential for open-shell
nuclei, were investigated using the Bardeen-Cooper-Schrieffer (BCS) method. Furthermore, the ground state variables
stated above were determined utilizing the constant G approximation [26].

2.2. The pn-QRPA Model

The stellar weak rates are described within the framework of the pn-QRPA model. The Hamiltonian of the pn-QRPA
model is structured as follows: .
ORPA _ j PP P
H =HP + VP + Vi + Vi (5)

where H*P, VPair, VGpi and Vg? are the single-particle Hamiltonians, the pairing potential, the particle-particle, and the

particle-hole strength, respectively. The wave functions and energy of a single particle were assessed using the Nilsson
approach [27]. The Nilsson potential variables have been selected based on Ref. [28]. The Q-energies were analyzed
utilizing the mass excess from Ref. [29] and 3, from the RMF Ref. [30]. These assessments were conducted independently
for protons (neutrons), employing a constant pairing force of strength G (G,, for neutrons and G, for protons):

I+j—k §  t U+ -k
Vpair = =G Z (=D™ S;ksj—k X(=1) Y sy pspws
Jki'K
Only positive numbers k and k” are to be summed over. The nucleon’s spherical basis (s, sj.k) is transformed into a
deformed basis (dkmdza) using:
T _ v . pkat

Ao = ZiD57S 1t (6)
The Hamiltonian was diagonalized via an additional quantum number a to create DX®. The Bogoliubov transformation
was applied to obtain the quasi-particle basis (qza, dka)-

4}, = ukad]  ~Viadia, 9
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gt =trad] +Viadia, (8)

k denoted k’s time-reversed state. The occupancy was determined using the BCS equations, with the basis via + uia
= 1. The random phase approximation (RPA) framework is used to handle the residual interaction introduced in the
Hamiltonian that establishes ground-state correlation. The pn-QRPA phonon creation operators are as follows:

AL () = Y [XB" (W ahat-YE" (W anas), ©)
pn

X and Y, are the phonon amplitudes, while n and p are the quasi-particle states. The sum p-n pairings satisfy u = k,, —
kp=(1,0,-1) and 7, - m,=1. The RPA expresses the eigenvalue as w, which is the excitation energy. The particle-particle
interaction («) and particle-hole interaction (y) are the GT forces that are considered to be residual forces within the
framework of pn-QRPA. The basis for the particle-particle forces is expressed as:

1
Vel =-2k Y (-1)*0},0 (10)
pu=-1

with

T ; iy, Cqyltin—ka gt
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Furthermore, in order to examine the y interaction, we employed:

1
h
vEr =+2x Y (-DHULUL, (an
pu=-1
with
Uy = Z <jpkp|ts oul jukn> sj.pkpsjnkn. (12)
jpkpjnkn

Incorporating the residual interaction is essential for accurately reproducing reported GT strength and has a significant
effect on the computed GT strength. The GT matrix element has been computed using

Bor(w) = [{w, ul|7-0,||ORPA). (13)

The partial half-lives (¢1/2) were analyzed using the following formula.

K
 (g4/gv)*f(A,Z,E)Bgr(w) + f(A,Z,E)Br(w)’

t)2 (14)

gA/gv is the ratio of axial and vector coupling constants, and « = 6143 s [27]. f(A,Z,E) is the phase space integral. Bp
and Bgr are the Fermi and GT matrix elements, respectively. The beta-decay half-lives are computed as

-1
T1/2=( 3 (i>) . (15)

0<w=<Q “ﬂ

For additional analysis of Eq. (5), see [28,29]. Taking into account the above relation, we obtain the relation for the f as

follows:
K

t= (16)
(ga/gv)?BGr + By
The stellar weak rates were calculated from the initial state i to the final state f by utilizing
pire_ ST ED
A =ln2——mM 17
: (fDif
The (ft); is represented as:
ftip = (8algv)’ By +BY, (18)

if _ 1 k—=k 2
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if 1 ko ogy 2
By = 5o Wr ||§k]r_ ly) P (20)

where 7 is the angular momentum of the initial state. The analysis of nuclear matrix elements and the creation of low-lying
excited states in our present investigation may be mentioned in [29]. The phase space integrals fl/; /P€ are defined to be

dimensionless and depend on certain stellar variables, including the stellar density and stellar temperature. Phase space
integrals are expressed as:

~ E
flf; :/ ﬁEk E2—1(Eg—Ex)*F(Z,Ex)(1-G_)dEy. (1)
1

The fl.?c for positron capture was evaluated using:

fHe =/ Ek,/E]% ~1(Eg + Ex)*F(~Z,Ey)G +dEy, (22)
E;

where Ey and Eg are the electron kinetic energy and the threshold energy during capture or emission. Energies are stated
in units of the electron rest mass (m,c2). We further adopted natural units (% = ¢ = m, = 1), where m,, is the electron rest
mass. F(+Z, Ey) is calculated using the approach described in Ref. [30]. We determined the 8 decay kinematics with:

Eﬁzmp—md+Ep—Ed, (23)

Ep, mp, and my, E4 denotes the parent and daughter nuclei’s respective excitation energies and masses. The functions G=
mentioned in equation (21) are defined as:

Ey—Ef -1

G_ = |exp KT +1| (24)
Ek+2—Ef -

G+= exp kb—T +1 , (25)

where kj, refers to the Boltzmann constant and E ¢ is the Fermi energy of the electron. The number density of protons and
neutrons was calculated by

1 (mec\3 [
prona=— (") [ (G--Gantap. 6)
T h 0
Y. and N4 represent the electron-proton ratio and Avogadro number, respectively. p represents the momentum of leptons.

Stellar rates are determined with: ) pe
APTIPE =X P 28 IPC 27)
if

where P, represents the parent nucleus occupation probability. We summed the initial and final states until our computed
rates reached the desired level of convergence.

3. RESULTS AND DISCUSSION

We conducted a systematic analysis of the nuclear deformation for '®*~11°Rh based on the potential energy curves
(PEC’s) and potential energy surfaces (PES’s), utilizing the RMF model. For this purpose, we computed the total binding
energy of the nuclei by constraining the 8, and y via the RMF model with the DD-ME?2 interaction. The PEC and PES
allow us to accurately demonstrate the phase shape transition of a particular isotope favors a prolate, oblate or spherical
shape. In order to obtain the PEC, we set a zero reference point at the minimum energy. The difference between the binding
energy at the particular 8, and lowest binding energy, is plotted against 3,. In the mean-field model, a reliable convergence
can be achieved by considering as many shells of harmonic oscillators of Fermion (Nr) and boson (Np). However, the
computation time increases significantly as the Nr, and Np increases. We calculate the ground-state observable keeping
Np =12 and Np = 12. Increasing the nucleon number causes a transition in the shape of the nuclei, especially around
magic numbers or mid shells. It is evident from PEC’s analysis as displayed in Fig. 1 that nuclei possessing the neutron
numbers N = 59 and 60 have a prolate shape, while N = 62, 63, 64, 65, 67, 68, 69, and 71 exhibit an oblate shape in the
ground state. However, the N = 60 and 61 isotopes have substantial shape coexistence. '°°Rh has two local minima at 3,
=-0.275 on Ex = 0.0 MeV and at 8, = 0.2 on Ex = 0.107 MeV via the DD-ME?2 interaction. To generate the PES for the
listed nuclei, considerations were given to both 8, and y deformations. Quadrupole shape deformations can be expressed
in terms of polar coordinates 8, and y. The prolate and oblate shapes are related to y = 0°, and y = 60°, respectively.
On the other hand, degrees of freedom are associated with the triaxial form (0 <y < 60). In this particular analysis,
the restrictions were execute to the PES and deformations in the 8-y plane (0 <y < 60). The minima spread in the y
direction indicates a tendency of gamma softness. From the PES’s analysis as mentioned in Fig. 2, !“Rh has a prolate
shape in its ground state, while '%Rh, 1°°Rh, !’Rh, and '%®Rh have triaxial shapes. These isotopes have both the prolate
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106Rp

Figure 1. Calculated PECs for Rh isotopes using the RMF with DD-ME2 interaction.

and oblate minima on the PEC plot against §,. Compared to the prolate energy minima, the oblate energy minima for
105Rh, 19Rh, 197Rh, and '°Rh are shallower. As a result, the ground state of these nuclei is more likely in a prolate shape.
Furthermore, the present investigation predicts the coexistence with minimal energy difference in '%~!1Rh isotopes. The
present model-based extracted 3,, along with the existing 8, from Ref. [32], is displayed in Table 1.

Table 1. The computed 3, for '*4~116Rh along with 3, from Ref. [32].

Nuclei [32] This work
104Rh  0.217 0.225
15Rh  0.217 0.225
106Rh  0.250 -0.275
17Rh  0.250 -0.250
108Rh  0.250 -0.250
19Rh  0.262 -0.250
10Rh 0248  -0.250
12ZRh 0248  -0.250
I3Rh 0248  -0.250
I4Rh 0258  -0.225
16Rh  -0.258 0.250

In the subsequent part of our analysis, we employed the deformed pn-QRPA model to investigate the 8 decay
properties, using the deformed pn-QRPA model. We used nuclear deformations from two different models, including the
RMF model with DDME2 interaction and the FRDM model. Let us define our recipe: the beta decay properties investigated
based on the deformation taken from the FRDM model is represented by pn-QRPA-FRDM, while the deformation taken
from the RMF-DDME2-based interaction is represented by pn-QRPA-DDME2. Table 2 displayed the log fr values
calculated using the pn-QRPA-FRDM and pn-QRPA-DDME?2 along with experimental data [34] for 'Rh, '*Rh, and
!14Rh. The ratio between the computed and measured data is almost a factor of ~ 1.5, which shows that the calculated log
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Figure 2. Calculated PES for Rh isotopes using the RMF with DD-ME2 interaction.

ft’s are in good agreement with the experimental data. Figure 3 displays the comparison of the GT strength distributions,
computed via the pn-QRPA-FRDM and pn-QRPA-DDME? for !!*Rh as a function of excitation energy in the daughter
nucleus. The experimental data exhibit a fragmented GT strength distribution, with most of the strength concentrated
below 1.2 MeV. However, both pn-QRPA-FRDM and pn-QRPA-DDME2 calculations reproduce the general fragmentation
pattern and the presence of low-lying GT transitions, which play a crucial role in determining the S-decay half-life. The
calculations using both deformations predict relatively stronger GT strength at lower excitation energies. In contrast,
model approximations, such as the omission of deformation effects in the daughter nuclei, may cause slight discrepancies
between the computed and experimental results. Moreover, Fig. 3b represents the similar behavior for ''#Rh as is observed
for ''3Rh, where the GT strength is distributed over a wide range of excitation energies with dominant contributions at low
energies. The overall agreement between the calculated and experimental GT distributions demonstrates the reliability of
the pn-QRPA-FRDM and pn-QRPA-DDME?2 deformations as input parameters for the prediction of §-decay properties of
neutron-rich Rh nuclei. Figure 4 compares our calculated half-lives for Rh nuclei with measured data [33]. Our predicted
half-lives for Rh nuclei are about a factor of two greater or lower than the experimental data.

After examining the terrestrial half-lives, log f¢ values, and the GT strength distribution, considerations were given
to the stellar weak rates, including the electron emission rates (A87) and positron capture rates (17) for the selected Rh
nuclei. The stellar §-decay rates are important input parameters for simulating the late phases of massive stars. Other
factors, e.g., magnetorotational effects [35], may also destabilize the stellar core. The stellar 5-decay rates strongly depend
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Table 2. Experimental [34] and calculated log ft values for neutron-rich Rh nuclei. Ratios are given to two decimal
places.

Decay E (keV) log ftexp. 10og ftpn-Qrra-FRDM 10g ffpn-QrPa-DDME2 PN-QRPA-FRDM/Exp. pn-QRPA-DDME2/Exp.
IOSRh N 105Pd
712t — 5/2F 0 5.729 4.42 4.44 1.29 1.29
72t —7/2* 306.31 5.749 4.42 5.78 1.30 1.01
12 — 502+ 319.23 5.118 4.42 4.92 1.16 1.04
72 — 72* 442.42 6.860 4.42 4.16 1.55 1.65
113Rh — 113Pd
72 — 5/2* 0 5.400 4.61 3.61 1.17 1.50
2% — 12* 189.51 5.900 4.59 5.24 1.28 1.13
712t — 5/2%,7/2%  349.15 5.000 5.66 5.25 1.13 1.05
T2 = 524725 37299 6.700 513 459 1.31 1.46
T2 52772 40924 5.190 4.46 5.64 1.16 1.09
114Rh — 114Pd
1" —= 0 0 5.900 5.33 3.80 1.11 1.55
1" —2* 332.61 6.000 5.11 3.79 1.17 1.58
1" — 2% 694.64 5.700 5.11 5.42 1.12 1.05
1" -0t 1115.50 6.100 5.60 4.15 1.09 1.47
1" -2t 1391.66 6.100 5.60 1 1.09 1.47
10° ® Ewp. 10° ® Exp.
'Rh @ pn-QRPA-FRDM 114Rh ® pn-QRPA-FRDM
® pn-QRPA-DDME2] n-QRPA-DDME2
[)
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Figure 3. The GT strength distribution for ''*~1“Rh calculated using pn-QRPA-FRDM and pn-QRPA-DDME2-based
deformations along with experimental data [34].
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Figure 4. The present model-based and experimental [33] beta decay half-lives for the Rh nuclei.

on temperature and densities. At finite stellar temperatures, the parent nuclei are thermally populated, and their thermal
excitation influences the total weak rates. We analyzed the stellar weak rates at the densities pY, = 107, 10°, and 10! g
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Table 3. The sum of ¥~ +17¢ for 104105Rh isotopes on various densities and temperatures.

pYe To 104Rh IOSRh
pn-QRPA-FRDM  pn-QRPA-DDME2  pn-QRPA-FRDM  pn-QRPA-DDME2
107 3 5.00x1073 2.68x1078 4.25%1073 1.62x10~*
5 1.14x1072 1.53x107? 8.42x1073 1.79x1073
10 1.75x107! 8.83x1073 5.33x1072 1.76x107!
25 2.05x10% 1.92x10! 8.98x10° 1.42x10%
30 8.54x10? 8.88x10! 2.92x102 5.32x10%
10° 3 7.33%1078 7.16x107 1 1.37x10~* 1.65x107°
5 2.32x107? 8.62x107° 1.15%107! 6.46x107°
10 6.75x1073 1.59x10~* 5.11x10! 9.56x1073
25 6.25x10! 5.83x10° 4.20x102 4.36x10!
30 4.04x10% 4.20x10! 1.07x10? 2.53%10%
ot 3 2.62x107% 6.34x107% 8.41x10% 3.48x10740
5 2.95x107%4 2.43x10°%7 1.09x10-23 4.45%10~%4
10 1.94x10712 7.50x10~ 1 1.72x10712 1.03x10~ 1
25 4.30%x1073 4.04x10~* 2.20x107* 3.28x1073
30 1.19x107! 1.23x1072 4.25%1072 7.62x1072

cm™3 and at the temperatures Ty = 3, 5, 10, 25, 30. We have displayed the stellar weak rates for '%4~11°Rh in Tables (3-6)
using the recipe as mentioned above. Generally, the stellar weak rates decrease with density and increase with temperature.
Utilizing both types of interactions, one can see that the stellar rates computed via the deformation taken from the FRDM
are many orders of magnitude higher than the rates computed via the deformation taken from the RMF-DDME2-based
interactions at low densities and low temperatures. However, at higher temperatures, To~30, the rates are enhanced by a

factor of 10 or less.

Table 4. The sum of A8~ +17¢ for 196:107.18Rp jsotopes on various densities and temperatures.

pYe To 106Rp 107Rp 108Rp
pn-QRPA-FRDM  pn-QRPA-DDME2  pn-QRPA-FRDM  pn-QRPA-DDME2  pn-QRPA-FRDM  pn-QRPA-DDME2
100 3 1.51x107> 2.35x1077 4.25x1072 7.42x1072 2.86x1072 7.42x1072
5 7.86x107° 8.21x107° 6.10x1072 1.08x107! 6.10x1072 1.08x107!
10 1.65x1072 2.23x1072 7.91x107! 7.34x107! 7.91x107! 7.34x107!
25 5.85x10! 2.68x10! 6.18x10% 2.13x10? 6.18x10? 2.13x10%
30 2.87x10? 1.19x10? 2.32x10° 7.23x10% 2.32x10° 7.23x10%
10° 3 1.88x10~!! 3.16x10712 6.44x1077 2.62x10°° 6.44x1077 2.62x107°
5 4.12x1078 8.60x1078 1.11x107* 4.01x107* 1.11x1074 4.01x107*
10 1.62x1074 5.28x107* 3.42x1072 5.86x1072 3.42x1072 5.86x1072
25 1.77x10! 8.17x10° 1.89x10% 6.67x10! 1.89x10? 6.67x10!
30 1.36x10% 5.64x10! 1.10x10° 3.44x10? 1.10x10% 3.44x10%
o3 1.27x10~% 1.50x10~% 1.92x1073% 2701077 6.17x10~! 3.36x10~!
5 1.03x10726 1.39x10726 1.31x107% 1.36x10722 9.75x10~! 4.03x10"!
10 5.01x10°1 1.80x10°13 1.09x10~!! 3.73x10°!! 9.92x1072 1.23x10°
25 1.21x1073 5.66x107* 1.31x1072 5.10x1073 9.75x10! 1.05x10?
30 3.98x1072 1.66x1072 3.25x107! 1.05x107! 4.24x10% 3.49x10%

Table 5. The sum of A5~ +17¢ for 10%-110.112R jsotopes on various densities and temperatures.

pY, Ty 109Rp TI0Rp 112Rp
pn-QRPA-FRDM  pn-QRPA-DDME2  pn-QRPA-FRDM  pn-QRPA-DDME2  pn-QRPA-FRDM  pn-QRPA-DDME2
107 3 6.17x10~! 3.36x10"! 4.25%107! 1.63x10° 5.97x1072 1.11x10!
5 9.75x10"! 4.03x107! 4.76x107! 2.00x10° 8.27x1072 1.24x10!
10 9.92x1072 1.23x10° 2.11x10° 4.75%10° 2.40x10! 2.40x10!
25 9.75x10! 1.05x10% 7.77x10? 2.03x10% 2.04x10? 2.19x10?
30 4.24x10% 3.49x10? 2.74x10° 6.16x10% 5.44x10% 6.05x10?
10° 3 2.11x1077 3.67x1074 1.06x10"! 2.89x1072 1.53x107° 1.99x10~!
5 2.08x1073 5.30x1073 2.64x1073 1.01x10~! 1.79x1073 3.27x10~!
10 3.64x107! 2.00x10~! 1.26x10"! 1.08x10° 2.40x1072 7.42x10°
25 2.98x10! 3.53x10! 2.39x10? 7.52x10! 2.04x10? 2.19x10?
30 2.01x10? 1.69x10% 1.30x10° 3.06x10? 5.44x10? 6.05x10?
o3 9.04x107% 1.47x10734 4.13x1073¢ 9.91x10732 3.44x10740 7.57x107%
5 3.25x107% 6.41x1072! 3.66x1072 5.78x10719 4.50x1072* 1.25x10°"7
10 1.22x10712 2.85x10°10 3.97x10~!! 5.06x107° 1.12x10~" 4.62x1078
25 2.06x1073 5.81x1072 1.67x1072 1.35x10"! 3.41x1073 4.02x1072
30 5.92x1072 5.81x1072 3.85x107! 1.35x107! 7.84x1072 2.50x107!
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Table 6. The sum of A8~ +17¢ for 13 114.116Rp jsotopes on various densities and temperatures.

oY, Ty T3RK IETYN TI6R
pn-QRPA-FRDM  pn-QRPA-DDME2 pn-QRPA-FRDM  pn-QRPA-DDME2  pn-QRPA-FRDM  pn-QRPA-DDME2
107 3 1.28x10° 1.45%107 2.14x107T 3.46x10° 1.13x107 1.71x107
5 1.46x10° 1.66x10° 2.83x107! 3.64x10° 1.29x10! 2.59x10!
10 4.22x10° 3.73x10° 8.09x107! 9.56x10° 5.28x10! 5.44x10!
25 2.56x10? 1.89%x10% 3.06x10% 2.19x10? 2.49x10? 3.42x10%
30 9.12x10? 5.93x10% 1.01x103 6.01x10? 7.41x10? 8.92x 107
100 3 5.48x1072 2.28x1072 2.11x107T 1.57x107" 1.27x10° 2.99x10°
5 1.09x107! 7.55%1072 3.64x107! 2.69x107! 1.29x10! 5.75%10°
10 7.98x107! 7.97x107! 1.95x10° 2.54x10° 1.27x10! 1.81x10!
25 8.64x10! 6.75x10! 1.09%10? 9.34x10" 2.49%10? 1.46%10?
30 4.41x10? 2.91x10% 4.93%10? 3.12x10? 7.41x10? 4.60x10?
10 3 2.40x10732 2.63x1073 1.17x107%0 5.87x10730 1.13x10°10 1.08x1078
5 5.64x10720 1731071 6.12x10719 1.00x10717 6.12x107° 4.04x1078
10 475x10710 2.01x107° 1.70x107° 4.04x1078 1.70x1077 2.77%x1078
25 7.69x1073 9.50x1073 1.15x1072 3.73x1072 1.15x1072 2.29%1072
30 1.41x107! 1.12x107! 1.69x107! 236x107! 1.30x107! 2.02x107!

4. CONCLUSIONS

In this work, we performed the analysis for neutron-rich '*4~116Rh isotopes using the RMF and pn-QRPA models.
The nuclear shapes and their deformation are computed via the RMF framework, and the g-decay properties, including
the GT strength, the decay half-lives, and the log ft values, are analyzed via the pn-QRPA framework. The half-lives and
log ft values are obtained using the deformed pn-QRPA model, with 3, taken from the FRDM and RMF DD-ME2 based
interaction, are reasonably consistent with existing experimental data. Additionally, we have calculated the stellar S-decay
rates based on the deformed pn-QRPA model. Our analysis demonstrates a strong dependence on both temperature and
density. At lower temperatures, the ground-state transitions dominate the stellar weak rates because excited-state popula-
tions are lower, whereas excited-state populations increase significantly at higher temperatures, which impacts the stellar
weak rates. Increasing the density generally suppresses 5-decay rates due to phase-space constraints. Overall, stellar
B-decay rates rise with temperature and fall with increasing density.
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CTOCOBHO HHEPHOi CTPYKTYPHU TA CJIABRY HIBU/JIKICTD 30PAHOT'O PO3MIAJY BATATOI'O
HA HEITPOHHU I30TOITY '%-11°Rh
Aéaya Kaé6ip!, Txxamine-Va Ha6i?, Paxar Bagmax', Aema Anmxym?
lKagﬁedpa KOCMIuHUX HayK, [Hcmumym Kocmiunux mexunonoeii, Icaamaodao, 44000, Iakucman
zKagﬁeﬁpa isuxu, Yuisepcumem Baxa, Bakanme, 47040, Ilaxucman

OCHOBHUII CTaH s/pa Ta BJIACTHBOCTI OeTa-po3majay OaraTWX Ha HEHTPOHM HeNapHUX-HENMapHUX Ta HeMapHHUX-A i30TOIIB popiio
104-116Rp JOCJIIKYIOThCSI 32 JOTIOMOTO0 MOjiesiell peisaTuBicTchbkoro cepenuboro nons (RMF) ta HaOnmxeHHS BUMAAKOBOI (a3u
MIPOTOH-HENTPOHHUX KBa3iuacTUHOK (pn-QRPA). Po3nonin cumm l'amoa-Temepa (GT) Ta BracTHBOCTI S-po3naay OTpUMaHi Ha OCHOBI
napameTpiB gedopmariii OCHOBHOrO cTaHy 3 po3paxyHkiB RMF Ta BKJIOYeHi B CTPYKTYpy HaOJMKEHHs KBa3i4aCTUHKOBOI BHIIAIKO-
Boi (pasu. [oBepXHi MOTEHLIHOI eHeprii Ta KPUBi NOTEHLIHOI eHeprii JOCTiIKYIThCs Il HOCTIIKEHHS sIIepPHOI cTabiIbHOCTI Ta
nepexonis popmu. Po3paxoBani nepioy HamiBpo3maay Ta 3HaueHHs log ff 100pe y3romxkyoThCs 3 iCHYIOUMMH eKCIIePUMEHTaIbHUMH
JaHUMH, IO MiATBEpAKYE BUKOPUCTAHHS siiepHUX Mogeneit. Kpim Toro, mBuakocTi ciabkoi B3aeMOIT 31 30psIMU po3paxoBaHi sIK (yH-
KIisl IUIBHOCTI Ta TeMIepaTypy, 10 MiAKPECTIOE IX BIUIMB Ha HYKJIEOCHHTE3 B acTpO(i3NUHUX cepeqoBHIax. s HeTpoHo-0araTinx
i3oromniB Rh pe3ynbraTt HagalTh KOPUCHI aHi PO CTPYKTYPY sApa Ta HAAINHI BXiJHI AaHi 11 MOJIETIOBAHHS F-TIPOLIECY.
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