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Abstract: f-decay is one of the key factors to understand the r-process and evolution of massive
stars. The Gamow-Teller (GT) transitions drive the B-decay process. We employ the proton-neutron
quasiparticle random phase approximation (pn-QRPA) model to calculate terrestrial and stellar
B-decay rates for 50 top-ranked nuclei possessing astrophysical significance according to a recent
survey [1]. The model parameters of the pn-QRPA model effect the predicated results of f-decay. The
current study investigates the effect of nucleon-nucleon pairing gaps on charge-changing transitions
and the associated  decay rates. Three different values of pairing gaps, namely TF, 3TF and 5TF, were
used in our investigation. It was concluded that both GT strength distributions and half-lives are
sensitive to pairing gap values. The 3TF pairing gap scheme, in our chosen nuclear model, resulted
in best prediction with around 80% of the calculated half-lives within a factor 10 of the measured
ones. The 3TF pairing scheme also led to calculation of biggest f-decay rates in stellar matter.

Keywords: Gamow-Teller strength; pairing gaps; half-lives; deformed pn-QRPA;  decay rates,
partial half lives

1. Introduction

The nuclear reactions mediated by weak interactions play crucial role in presupernova evolution
of massive stars [2]. The B* decay, electron and positron capture are the fundamental weak
interaction processes that occur during the presupernova phases. The $-decay and electron capture
are transformations which produce (anti)neutrinos. A change of lepton-to-baryon fraction (Y,) of the
core matter effects the dynamics of collapse and subsequent explosion of the massive stars [3,4]. The
sensitivity of core-collapse dynamics depends on time rate of Y, and entropy of the core material [5].
The weak interaction mediated rates play an important role in stellar processes including hydrostatic
burning, pre-supernova evolution in massive stars and nucleosynthesis (s-, p-, and r-) processes [6,7].
The r-process synthesizes half of the elements heavier than iron [7]. The site of r-process remains
uncertain to-date [8-10]. Pre-requisites include high neutron densities and core temperatures. The
study of stellar weak interaction rates is a key area for investigation due to its significant contribution
in understanding of pre-supernova evolution of massive stars. The core-collapse simulation depends
on reliable computation of ground- and excited-states Gamow-Teller (GT) strength functions [5].
A substantial species of unstable nuclei are present in the core with varying abundances. Weak
interactions of these nuclei in stellar matter may contribute to a better understanding of the complex
dynamics of core-collapse. In the recent years, much experimental work has been conducted to study
the nuclear properties of exotic nuclei. Since the majority of these nuclei cannot be created under lab
conditions, microscopic calculations of stellar weak-decay properties have gained importance in our
quest to comprehend stellar processes. Numerous computations have focused on the mechanisms
underlying stellar development and nucleosynthesis (e.g.,[11-16]). Once an iron core develops in
a giant star’s later stages of evolution, there is no more fuel available to start a new burning cycle.
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Lepton capture and photo-disintegration processes lead to core’s increasing instability and eventual
collapse. The number of electrons available for pressure support is reduced by electron capture process,
whereas degeneracy pressure is enhanced during 8 decays [17].

With the advancement of computing and new technologies, calculation of ground and excited
states GT strength distributions have gained attention of many researchers. The charge-changing
reaction rates in stellar environment were estimated using several nuclear models. Fuller, Fowler, and
Newman made the first substantial effort to compute the astrophysical rates using the independent
particle model (IPM) [18]. To enhance the reliability of their calculation, they took into account the
measurable data that was available at the time. Later many other sophisticated nuclear models were
used to calculate reduced transition probabilities of GT transitions. Few noticeable mentions include
shell model Monte Carlo technique (e.g., [? ]), thermal quasi-particle random-phase approximation,
QRPA (e.g., [19-21]), large-scale shell model (e.g., [3]), Gross theory (e.g., [13]), density functional
theory (e.g., [14]), Hartree-Fock-Bogoliubov method (e.g., [15]) and shell model (e.g., [16]).

The current study investigates the effect of pairing gaps on calculated GT strength functions and
the associated f decay rates under terrestrial and stellar conditions. The -decay properties were
studied using the quasiparticle random phase approximation model with a separable multi-shell
schematic and separable interaction on top of axially symmetric-deformed mean-field calculation.
Previously a similar investigation was performed separately for sd- [22] and fp-shell nuclei [23,24].
Recently a list of the top 50 electron capturing and 8 decay nuclei, possessing the largest effect on Y, for
conditions after silicon core burning, was published [1]. This investigation led to the determination of
most important weak interaction nuclei in the presupernova evolution of massive stars. To achieve this
goal, an ensemble containing 728 nuclei in the mass range of A = (1-100) was considered. The idea was
to sort nuclei having the largest effect on Y, post silicon core burning, by averaging the contribution
from each nucleus to Y, (time-rate of change of lepton fraction) over the entire chosen stellar trajectory.
In the current project, we specifically focus on the top-ranked 50 B decay nuclei, as per the findings of
Ref. [1], and study the effect of pairing gaps on f-decay properties of these nuclei.

Pairing gaps are one of the most important parameters in the pn-QRPA model. It is to be noted
that the present investigation includes neutron-neutron and proton-proton pairing correlations, which
have only isovector contribution. For the isoscalar part, one has to include the neutron-proton (np)
pairing correlations, not considered in the present manuscript. The current pn-QRPA model has the
limitation of ignoring the np pairing effect and incorporation of np pairing may be taken as a future
assignment. Such kind of calculations were performed earlier by author in Ref. [25], albeit only for
N=Z+2 nuclei. The conclusions of their study stated that isoscalar interaction behaves in a fashion
similar to the tensor force interaction. The calculations of author [25] showed that the tensor force shifts
the GT peak to low excitation energies. Incorporation of tension force may result in lower centroid
values of calculated GT strength distributions and could lead to higher values of calculated B decay
rates. In order to compensate, the same effect of shifting calculated f strength to lower excitation
energies in the current pn-QRPA model was achieved by incorporation of particle-particle forces (see
Section 2 of Ref. [26]). The pairing energy of identical nucleons in even-even isotopes can be estimated
using a variety of methods based on the masses of neighboring nuclei, but despite the extensive study
of the issue, the issue of which relation most closely approximates the pairing interaction is still open
for debate [27-30]. We chose to employ three different recipes for calculation of pairing gaps in our
investigation. Details follow in the next section.

The paper is organized as follows: The theoretical framework used for calculations, is described in
Section 2. Section 3 presents the discussion on our investigation. Finally, the summary and concluding
remarks of the present work are presented in Section 4.
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2. Formalism

The Hamiltonian of the current pn-QRPA model is given as

HpanRPA = K% + Vpairing + VCI;];[" + Vg?/ (1)
where H®?, ypairing , Vg}Tl and VGpg denote the single-particle Hamiltonian, pairing forces for BCS
calculation, particle-hole (ph) and particle-particle (pp) interactions for GT strength, respectively. The
single-particle eigenfunctions and eigenvalues were computed using the Nilsson model [31]. Other
parameters essential for calculation of weak-interaction rates are nuclear deformation, the Nilsson
potential parameters (NPP), the Q-values and the pairing gaps. Nuclear deformation parameter (87)
was determined using the formula

_125(Q))
1.44(A)2/3(2)’

where Q> is the electric quadrupole moment taken from [32]. The NPP were chosen from [33]. Nilsson
oscillator constant was taken as fiw = 41/ A11/3 in units of MeV, similar for neutrons and protons.
Q-values were determined using the recent mass compilation [34].

B2 2)

The pairing gaps between nucleons were chosen using three different formulae. The first formula
is most often used in literature [26,35,36]. It has the same value for neutron-neutron and proton-proton
pairing. It is given by

Awn = Dyp = 12/VA. 3

This is the traditionally used formula for calculation of pairing gaps. The second formula contains
three terms and is based on separation energies of neutrons and protons. It is given by

Apn = %(—1)A‘Z+1[25n(A +1,Z) —45,(A, Z) +25,(A - 1,Z)] (4)
1
Npp = g(—1)1+Z [2S,(A+1,Z+1) —4S,(A,Z) +2S,(A—1,Z —1)]. (5)
The third recipe contains 5 terms and is a function of the binding energies of the nucleons. It is given
by

Apy = 11—6[2B(Z,N —2)—8B(Z,N—1)+12B(Z,N) —8B(Z,N+1) +2B(Z,N +2)] (6)

1
App = E[ZB(Z —2,N)—-8B(Z—1,N)+12B(Z,N) —8B(Z+1,N) +2B(Z+2,N)]. )

The values of binding energies were taken from Ref. [37]. Henceforth in this text, we will refer to the
first formula of pairing gaps as TF (one-term or traditional formula), the second as 3TF (three-term
formula) and the last formula as 5TF (five-term formula).

In our pn-QRPA model, charge-changing transitions were defined by phonon creation operators.
The pn-QRPA phonons were given as

AL(w) =Y (XU (wayaz — YL (w)anap). ®)
pn

The summation was taken on all the p-n pairs having y =(my-my) = 0, £1, where m,, (m,) represents
the third component of angular momentum of neutron (proton). The “I( ) is the creation operator of a
quasi-particle (q.p) state of neutron (proton). p represents the time reversed state of p. The ground
level of the theory with respect to the QRPA phonons was considered as the vacuum, A, (¢)|QRPA) =
0. The excitation energies (w) and amplitudes (X, Y,») of phonon operator were obtained by solving
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the RPA equation. Detailed solution of RPA matrix equation can be seen from Refs. [38,39]. The stellar
B decay rates from the n'’* parent state to m!" daughter level was calculated using

fnm(T 0, Ef)
(fOam

The term (ft),, is linked to the reduced transition probabilities (B,;) of Fermi and GT transitions

A =1n ©)

(ft)nm == D/Bnm/ (10)

where
Bum = (gA/gV)ZB(GT)nm + B(F)nm- (11)

The constant D value was chosen as 6143 s [40] and g4 /gy was taken as -1.254. The reduced Fermi
and GT transition probabilities were explicitly determined using

1
B(Fhn = gy | S 1 )P (12)

B(GT)um (m || Zrk 7k n) (13)

T2 ] +1
where o (k) and 7* denote the spin and the isospin lowering operators, respectively. For the
construction of daughter and parent excited states and calculation of nuclear matrix elements, we refer
to [41]. For details on solution of Equation 1 we refer to [26,39,41]. The phase space integrals (f,)
over total energy was calculated using

Fum = /w1 wy w? — w)?F(+z,w)(1 — R_)dw, (14)

where we used natural units (7 = m, = ¢ = 1). The Fermi functions, F(+Z, w), were estimated as per
the prescription given in Ref. [42]. wy, is the total B-decay energy given by

Wy = mp —my+ Ey — Ep, (15)

where E;, and E,,;, represent parent and daughter excitation energies, respectively. If the electron
emission total energy (w,,) value was larger than -1, then w; = 1, and if wy,, < 1, then wy,, = |w;|. R_ is
the electron distribution function

R_ = [exp <E ;TEf) + 1} 71, (16)

where E = (w - 1), Ey denote the kinetic and Fermi energy of the electrons, respectively. k is the
Boltzmann constant. As the stellar core temperature rises, there is always a finite chance of occupation
of parent excited levels. The total B decay rates were calculated using

A=Y PAL,, (17)
nm

where P, is the occupation probability of parent excited state following the normal Boltzmann
distribution. In Equation 17, the summation was applied on all final and initial states until reasonable
convergence in S-decay rates was obtained.

The B decay partial half-lives ¢/, from parent ground state were calculated using the relation

D
tpar2) = fv(Z,E, A)Bp(w) + (8v/8a) 2fa(Z,E, A)Bgr(w)’

(18)

doi:10.20944/preprints202312.1751.v1


https://doi.org/10.20944/preprints202312.1751.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2023 doi:10.20944/preprints202312.1751.v1

50f17

where E = (Q - w). The integrals of the available phase space for axial vector and vector transitions
are denoted as f4(Z, A, E) and fy(Z, A, E), respectively. The total B-decay half-lives were computed,
including all transition probabilities to the states in the daughter within the Q window.

3. Results and Discussion

The aim of the current study is to re-examine the effect of pairing gaps on charge-changing
transitions and associated B-decay rates of 50 top-ranked nuclei bearing astrophysical significance.
The nuclei were selected from a recent study by Nabi et al. [1] where a total of 728 nuclei were ranked
on the basis of ranking parameter, ﬁp, defined by

R, = Lg(ci()bd) 19
P Zyec(bd) ! (19)
e(i) 0.500>Y,>0.400

such that the nuclei having highest R, value will contribute most to the time-rate of change of lepton
fraction (Y,). As discussed earlier, three different sets of empirically calculated pairing gaps were used
in our analysis to investigate the -decay properties of these nuclei.

The pairing gaps arise from the pairing interaction between nucleons. They have a direct impact
on the occupation probabilities of different single-particle states in the nucleus. These probabilities
bear consequences for the charge-changing transitions. In general, a larger pairing gap leads to smaller
number of nucleons occupying states near the Fermi level. This can contribute to lowering the chances
for transitions and may result in redistribution of GT strength to higher excitation energies.

We first display the computed pairing gaps in Figure 1 for the selected 50 nuclei. The upper panels
show the neutron-neutron pairing gaps. The proton-proton pairing gaps are displayed in the lower
panels. The TF formula (Eq. 3) is only a function of the mass number of the parent nucleus. Nuclear
properties of parent and neighbouring nuclei are considered in 3TF formulae (Eq. 4 and Eq. 5). In the
5TF formulae (Eq. 6 and Eq. 7), nuclear properties of two nearest neighbouring nuclei are considered.
Difference of more than 0.5 MeV in A, values is noted, between the TF and 3TF schemes, for 515¢ and
63Fe. A difference of similar magnitude is noted for Ay, between TF and 5TF schemes for the case of
6466Cu. The differences between A, values exceed even more reaching to 0.7 MeV for 56Mn and more
than 1 MeV for °!Sc.

mn I
i I
i1l i I
Il O A
O 0 A
o 0 0 O
il U Rl
1 I
N .

58 8 5 3.5 .08 (St S A R
B e N S S R

App(MeV)

Figure 1. Pairing gap values of the selected 50 nuclei used in the current investigation.
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The total strength and centroid values of the calculated GT strength distributions are shown in
Figure 2 as a function of pairing gap values. The upper panels show the calculated total GT strength
whereas the bottom panels show the computed centroids of the resulting distributions. It is noted
from Figure 2 that the total strength and centroid values are sensitive function of the pairing gaps.
Orders of magnitude differences are noted for the total GT strength as pairing gap value changes. The
effect is more pronounced when the N or Z of the nucleus is a magic number. This includes the nuclei
57,63,6567Nj, 85Br. This was expected as changing pairing gap values would create a bigger impact for
closed shell nuclei. It may also be noted that for the case of 6367Ni (3TF) and ®’Ni (TF), the total GT
strength are smaller than 1073 and therefore not shown in Figure 2. The average total GT strength
calculated by TF, 3TF and 5TF schemes are 0.30, 0.56 and 0.28, respectively. It was concluded that,
overall, the 3TF scheme calculated the largest strength values. The placement of centroids changes
by an order of magnitude or more as we switch from TF to 3TF schemes. The 5TF has a tendency to
move the centroid to higher excitation energies whereas the 3TF places the centroid at much lower
energies. The average of all centroids computed by TF, 3TF and 5TF are 2.44 MeV, 2.47 MeV and 2.62
MeV, respectively. More than an order of magnitude difference in the placement of centroid is noted
for the case of > Ti and 8Br (bottom panels of Figure 2). For the case of >'Ti, only one GT transition
was calculated by TF and 3TF schemes at energies 1.1 MeV and 1.4 MeV, respectively. The 5TF schemes
calculated more fragmentation of the total strength and at low energies (< 0.1 MeV). This explains
the placement of centroids at much higher energies for >'Ti employing the pairing gap parameter
from TF and 3TF schemes. For the case of 8°Br, the 5TF scheme resulted in high-lying GT transitions
(between (2-3) MeV). On the other hand, the TF scheme calculated one GT transition at 2.7 Meyv, albeit
of magnitude 0.00007. All remaining transitions were within 0.5 MeV in daughter states. The 3TF
scheme also computed GT transitions within 0.5 MeV in daughter. Consequently, both TF and 3TF
placed the centroid at 0.17 MeV in daughter.

3
st
5TF

ZGT

Centroid (MeV)

Figure 2. The total strength and centroid values of the calculated GT distributions of the selected
50 nuclei.

Branching ratios (I) of charge-changing transitions in daughter was calculated using the equation

1= 2 g9 (%). (20)
ta1/2)
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Figures 3-6 show the computed branching ratios and partial half-lives as a function of daughter
excitation energy for the three selected pairing gaps (TF, 3TF and 5TF) for %*Mn, ¢/Ni, ”°Ga, and 78Ge
respectively. These nuclei were selected belonging to odd-odd, even-odd, odd-even and even-even
categories from the top-ranked 50 nuclei for the analysis of branching ratios and partial half-lives.
Fragmentation of the total GT strength (Figure 2) to low-lying states is altered by changing pairing
gap values. The effect is different for different classes of nuclei. For odd-odd cases, Figure 3 shows
that low-lying transitions with more fragmentation are produced with 3TF and 5TF schemes. For the
magic number nucleus % Ni, Figure 4 shows that the 5TF scheme result in considerable enhancement
of the fragmentation of the GT strength when compared with the other two schemes. The 5TF scheme
resulted in low lying transition also for the odd-even nucleus 7°Ga as exhibited in Figure 5. For
even-even nucleus 78Ge, Figure 6 reveals that the 5TF scheme resulted in lesser fragmentation and
high-lying transitions when compared with the TF and 3TF schemes.

The comparison of calculated and measured half-lives for selected top-ranked 50 nuclei is
presented in Figure 7. The terrestrial half-lives were calculated using the pn-QRPA model with TE, 3TF
and 5TF pairing gap values. The calculated half-life depends on the total strength and distribution
of the GT transitions in the daughter states. These two quantities were shown earlier in Figure 2 as
a function of the pairing gaps. Three orders of magnitude or more differences in calculated half-life
values may be noted from Figure 7. Higher total GT strength values and lower placement of GT
centroid result in smaller calculated half-lives. Table 1 shows the accuracy of the current nuclear model
using different pairing gap values as one of the input parameters. We defined the ratios of calculated
to measured half-lives using the variable y;

T{Y |
. ex
Yi = {Texp lf T1C0/12 > Tl/g}

1/2
OR
Texp
_ 1/2 1 exp
_{Tf”}lz if Tf§2<T1/2}. (21)

In Table 1, n is the number of half-lives (out of a total of 50 cases) reproduced under the condition
given in the first column. The average deviation (i) was calculated using

1 n
y==2 Y (22)
i=1

Table 1 shows that the current model with 3TF pairing gap reproduces 80% (44%) of measured
half-lives values within a factor of 10 (2) with an average deviation of 2.42 (1.22). We conclude that the
3TF pairing gap results in calculation of bigger total GT strength and best prediction of half-live values
for these top-ranked 50 nuclei.

Because of the crucial importance of these nuclei in stellar environment, we decided to calculate
B-decay rates of the selected 50 nuclei as a function of pairing gaps in stellar matter. In general, larger
pairing gaps tend to shift the GT centroid to higher excitation energies in daughter. This in turn
decreases the B-decay rates. A larger pairing gap leads to smaller number of nucleons occupying states
near the Fermi level. This may result in redistribution of GT strength to higher excitation energies.
Tables 2—6 show the B decay rates of top-ranked 50 nuclei at selected densities [pY, = (10, 10°, 10'!)
g cm 3] and temperature [T = (0.1, 1, 5, 10, 15, 30) GK]. In these tables entries written as < 10100
means that the calculated B-decay rates were less than 10719 s~1. Tables 2-6 display that B decay
rates increase as the core temperature increases and decrease as pY, increases. The decay rates, for
a predetermined density, increase due to accessibility of a large phase space with increasing core
temperature. Soaring core temperatures increase the occupation probabilities of parent excited levels,
thereby leading to a larger contribution of partial rates from parent excited states to the total rates. As
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the stellar core became denser, the electron Fermi energy increases leading to a substantial decrease in
the B-decay rates at high stellar density values. Specially at high density (oY, = 10'! g cm~3), because of
choking of the phase space, the 5-decay rates tend to zero. It is concluded from Tables 2-6 that the 3TF
scheme leads to calculation of biggest stellar f-decay rates. This has a direct correlation with calculation
of bigger total GT strength using the 3TF scheme. Table 7 shows the average values of the calculated
stellar B-decay rates using different pairing gap values under predetermined physical conditions.

107 3 syg e 1073 "
10° - 10° -
107 3 107 3
10 _ 3TF 10° : 3TF
2103 2 10
~102 4 | <107
10? — STF 10° _ STF
10° 10 ;
107 3 107 3
10 E T T T T | 10 ] T T
25 3.0 35 25 3.0 35
E; (MeV) E; (MeV)

Figure 3. Calculated branching ratios (I) and partial half lives (t; /) for B decay of **Mn as a function
of pairing gaps within the Q-value window.

2
10° E 6N TF 10 _ TF
10° 3 10° 3
102 3 107 5
10° ‘ 3TF 10? __ 3TF
2 10° < 10°
s E = 3
=107 5 107 3
102 ‘ STF 10° _ STF
10° 4 10°
107 3 102
10'4E||' | B 10'4:| L B
0 1 2 3 (1] 1 2 3
E; (MeV) E; (MeV)

Figure 4. Same as Figure 3 but for ®/Ni.
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Figure 5. Same as Figure 3 but for ”Ga.
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Figure 6. Same as Figure 3 but for 78Ge.
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Figure 7. Comparison of measured and predicted half-lives using three different pairing gap values for
the selected nuclei. Measured half-lives were taken from Ref. [34].

Table 1. Accuracy of the pn-QRPA model calculated half-lives using three different pairing gaps for the
selected 50 top-ranked p-decaying nuclei.

Condition ‘ Pairing Gaps ‘ n n% Yy

V y; <10 | TF 39 78 281
3TF 40 80 242
5TF 36 72 318
Voy; <2 TF 21 42 132
3TF 22 44 122

5TF 18 36 142
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Table 2. Comparison of calculated stellar 8 decay rates for #-51Sc, 4°Ca, 513Tj, 5253V, 5°Cr and 5°Mn
as a function of pairing gap values. The stellar core temperature is given in units of GK and densities

in units of gem 3.
Nucei | T | p=101 0=10° p=1011
| | TF 3TF 5TF | TF 3TF 5TF | TF 3TF 5TF

485c 01 | 865x10736  824x1073* 256x1036 771x10730  809x1073%  2.49x10736 < 107100 < 10~100 < 107100
313x10798  135x1006 3.85x10~ 07 299x10708  133x10796  380x10-07 < 10100 <10-100 < 10100

5 113x1070%%  1.16x10703 536x1070% 113x107%%  116x10703  536x1070% | 802x10720  142x107%4  413x1072>

10 557x1079  112x10-02 1.03x10~02 557x10703  112x10792  103x10702 | 259x10713  100x10712 6551013

15 352x10792  741x10702 723x10~02 352x10702  741x10792  723x10702 | 526x10~09 154x10708  124x10708

30 244x10701  611x10701 5.74x1001 2441001 611x10701 57451001 144x1070%%  391x10704  350x10~ 04

ca 01 | 166x10704  155x10-04 1.53x10~04 166x10704  155x10704  153x10704 <10-100 <10~100 < 10100
1 3.65x1079  418x10-03 8.47x107 04 3.65x10703  418x10703  847x10704 | 378x107%7  631x107%7  234x10"Y7

5 585x10792  361x10702 225x10702 585x10702  361x10702  225x10702 | 547x10721  404x1072L  407x10"2L

10 384x10701  255x10701 243x10~01 3.84x1001 255x10701  243x1001 1.14x10710 912x10~ 11 8.73x10 11

15 | 1.26x10700  998x10~0L 9.68x1001 126x10700  998x10701  968x10701 | 536x10707  679x10707  458x10707

30 6.14x10100 122510701 550x10100 614x10700 120510101 550x10100 | 545x10703  175x10702  5.13x10703

495c 01 | 137x10738  935x10~42 593x10~40 136x10738  925x10742  586x10~40 <1010 < 10100 <10~100
1 719x107%7  378x10-07 5.85x10~ 07 714x10797  375x10707  581x10707 < 107100 < 107100 < 10100

5 873x107 04 136x10703 1.03x10~03 873x10704  136x10703  1.03x10703 | 333x10724  204x10724  278x10724

10 526x1079  557x10703 522x10 03 526x10703  557x10703  521x1003 125x10712  111x10712 1o1x10712

15 532x10792  389x10-02 406x10702 532x10702  389x10702  406x10702 163x10708  160x10708  1.15x10708

30 | 681x10701  1.04x10100 428x10~01 679x10701  104x10T00  428x10701 | 456x10704  998x10~4  270x10~04

50c 01 | 619x1070%  176x10704 470x107 04 605x1070%  173x10704  466x10704 < 107100 <10~100 <1010
1 568x10704  1.66x10704 397x10~04 562x10704  1.64x10704  3.94x10704 <10~100 <10~100 <10~100

5 820x1079  887x10703 1.04x1003 818x10703  887x10703  1.04x10702 | 306x10723  711x1072  828x10723

10 1.06x10701  931x10702 1.26x10~01 1.06x10701  931x10702  1.26x10701 789x10712  1.13x10~ 11 1.28x10~ 11

15 361x10701  347x10-01 5.14x10~01 361x10701  347x10701  514x10-01 721x10798  940x10-08  1.17x10~07

30 1.79x10T00  1.92x10+00 3.04x10100 1.79x10700 192510100 30410100 119x10793  138x10°03  2.08x10~03

5lgc 01 | 274x1070%%  180x10705 9.77x10~ 05 267x1070%4 17110795 95510705 <1010 <10~100 < 10100
1 3.00x1079%  215x10-05 1.02x1004 296x1070%  209x10795  101x107%4 | 281x107%0  277x107%0  259x10=%0

5 316x10792  120x10702 1.09x1002 316x10702  120x10792  109x10702 | 468x10720  370x10720  347x10~20

10 | 160x10701  975x10-02 1.30x1001 1.60x10701  975x10702  1.30x10~01 1.28x10710  748x10711  679x10-11

15 1.06x10700  405x10~01 571x1001 1.06x10700  404x10701  571x10701 622x10797  237x10797  210x1007

30 8.63x10100  314x10+00 2.79x10100 863x10700  314x10T00 279510100 | 815x10703  333x10°03  206x10703

Sy 01 1.90x10703  7.80x10~04 3.17x10704 187x10703  769x10704  3.14x10~04 < 107100 <10~100 <1010
1 1.32x10703  908x10~04 6.62x10~ 04 131x10703  899x10704  658x10-04 < 10100 <10-100 < 10100

5 507x1079  389x10-03 3.12x10~ 03 506x10703  389x1070  311x10703 | 148x1072  135x10723  144x1023

10 47110792 447x10702 438x10702 471x10702  447x10792  438x10702 | 286x10712  291x10712  310x10712

15 1.64x10701 1.87x10~01 18210701 1.64x10~01 1.87x10701 1.82x10701 280x10708  353x10708  341x1008

30 8.75x10 01 1.95x10700 1.03x10700 8.75x1001 19510700 1.03x10100 | 553x10704  137x10703  681x10703

52y 01 | 130x10797  7.16x10706 622x1006 643x10708  643x10706  562x10706 <1010 < 10100 < 10100
1 252x10796 2751005 2.82x10~ % 239x10706  268x10795  274x1005 < 107100 < 107100 < 107100

5 617x10704  935x10-04 830x10~04 615x1070%  933x10704  830x10704 | 161x10725  585x10725  522x10725

10 1.38x10702  202x10702 1.95x1002 138x10702  202x10702  1.95x10702 | 200x10713  627x10713  6.08x10713

15 525x10792  871x10-02 8.89x10~ 02 525x10702  871x10792  889x10702 | 495x10799  101x10798  104x10708

30 | 281x10701  528x10-01 570x10~01 28110701 528x10701  5,69x10~0! 14110794 286x10704  3.08x10-04

531y 01 | 246x10703  165x10703 1.63x1003 244x10703  164x1079  162x10703 <10-100 <10-100 < 10100
1 338x10703  276x10-03 276x10~ 03 337x10703  275x1070  275x10703 | 340x107%7  262x10"%7  272x10"Y7

5 480x10792  277x10-02 2.88x107 02 480x10792  277x10792  288x10-02 116x10720  935x10721  953x10~2!

10 541x10701 4321001 439x10~01 541x10701  432x10701  439x1001 152x10710 16110710 1.60x10~10

15 | 155x10700  1.64x10100 1.60x10100 155x10700  164x10T00  160x10700 | 632x10707  859x10°07  800x10707

30 634x10100  118x10701 7.50Ex 10100 634x10700  118x10701 750x10700 | 561x10703  122x10702  7.28x1003

53y 01 | 652x10703  478x10703 478x10 03 647x10703 47410703 475x10703 <1010 < 10100 < 10100
1 652x1079  474x10703 476x107 03 649x10703  472x10703  474x10-03 < 107100 < 107100 < 107100

5 6611079 410x10-03 467x107 03 661x10793  410x10703  467x10703 | 218x10723  140x10723 1.14x10%3

10 | 282x10792  1.89x1002 2.06x10~02 282x10702  189x10702  206x10702 | 298x10712  139x10712  125x10712

15 219x10~ 01 1.11x10-01 1.15x1001 2.19x1001 1.11x1001 1.15x10~01 466x10708  186x10708  170x10-08

30 | 182x10t00  107x10100 698x10~01 1.82x10100 10710100 6.98x10~01 1211079 693x10704  4.05x10-04

55¢r 01 117x10703  839x10~04 7.41x107 04 116x10703  832x10704  735x107 04 < 107100 <10-100 < 107100
1 118x10703  861x10~03 7.60x10~04 117x1079  857x10704  7.55x10-04 <10~100 <10~100 <10~100

5 1.05x10702  791x10703 7.45x10~ 03 1.05x10702  791x10703  7.45x107 03 129x10723  925x10724  847x1072*

10 | 455x10792  327x10702 318x10~02 455x10702  327x10702  318x10702 | 203x10712  149x10712  137x10712

15 1.23x10~ 01 1.03x10~01 9.57x107 02 1.23x1001 1.03x10~01 9.57x10702 183x10708  173x10708  1.39x10~08

30 | 542x10701  1.00x10100 457x10~01 542x10701  1,00x10T00  457x10701 | 327x10"0%  741x1070%  274x10~04

56Mn 01 | 527x10708  783x10706 8.04x1006 216x10708  698x10706  701x1000 < 107100 < 107100 <1010
1 37010797 171x10705 236x10~05 340x10707  1.64x10705  226x10~05 <10~100 <10~100 <10~100
191x10704  7.18x10~04 632x10~ 03 191x1079  716x10703  631x10703 1.76x10720 923x10726  7.71x10726

10 | 290x10798  615x1003 578x10~ 03 290x1070%  615x10798  577x10703 | s501x10714  131x10718  124x10713

15 | 116x10792  248x10702 244x10702 116x10702  248x10702  244x10702 | 1.04x10709  248x10700  245x10~09

30 7.06x10792  160x1001 1.64x1001 7.06x10702  1.60x1001 1.64x1001 347x10795  815x10705  836x10°05

30 1.68x10T02 22210102 226x10102 168x10702  220x10102  227x10102 | 231x10702  307x10702  312x10702
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Table 3. Same as Table 1 but for 5758Cr, 575Mn, 3/Ni, 00-63Co and %1 ~%3Fe.
Nucei | T | p=101 =105 p=1011
| | TF 3TF 5TF | TF 3TF 5TF | TF 3TF 5TF
57¢r 01 | 1.04x10796  632x10702  638x10702 | 923x10707  631x10702  637x10702 < 10100 < 107100 < 10~100
1 225x10706  704x10702  782x10702 | 220x10796  794x10702  782x1002 411x107%7  863x10°9  929x10~ 98
5 135x10702  122x10701  121x1070! 135x10702  122x10701  121x1070! 146x10720  259x10721  267x10721

10 1.36x1001 327x10701  328x1001 136x10700  327x10701  3.28x10701 204x10710  403x10"1  409x10 11
15 | 687x10701  893x10701  861x10701 | 687x10701  893x10701  861x10701 | 839x10707  240x10707  221x10707
30 465x101700  545x10100 344510100 465x10100 54510700 344510100 605x10"9  450x10703  255x10~03
57Mn 01 | 312x1079  204x10703  313x10703 | 308x10703  292x10703  3.10x10703 < 10100 <1010 <10-100
1 695x107 93 664x1070  676x10703 690x107 9 661x1070  673x1003 < 107100 < 107100 < 107100
5 993x1070  933x1070  933x10703 | 993x1070  933x10703  933x10703 | 346x1072%  213x1072%  266x1024
10 163x10702  135x10702  1.35x10702 1.63x10702  135x10702  1.35x10702 585x10713  322x10713  372x10713
15 627x10792  358x10702  330x10702 | 627x10792  358x10702  330x1002 828x10799  564x10799  381x10707
30 432x10701  430x1001 1.46x10~01 432x10701 4301001 1.46x1001 242x10794  406x10704  7.83x1005

57Ni 0.1 < 107100 < 107100 < 10100 < 107100 < 107100 <1010 < 107100 < 107100 < 10~100
1 < 10100 347x1073 < 10100 <1010 3.01x10773 <1010 < 10100 <10-100 <10~100
5 < 107100 557x10~20 < 10100 < 10100 555x10~20 < 107100 < 107100 249x10~43 < 10~100
10 <1010 1.93x10~13 <1010 <1010 1.93x10~13 < 10100 <1010 590x10~25 <1010
15 < 107100 293x10~ 11 < 10100 < 107100 293x10~11 < 107100 < 107100 845x10719 < 10~100
30 <10-100 516x10~09 < 10100 <1010 5.16x10~09 < 10100 < 10100 1.60x1012 < 10~100
58¢r 01 | 713x10792  750x10702  745x10702 | 710x10702  755x10702  741x10702 < 107100 < 107100 < 10~100
1 713x10702 75010702 745x10702 | 711x10702  757x10702  743x10702 < 10100 < 107100 <10~100
5 740x10702  791x10702  778x10702 | 740x10702  789x10702  7.78x10702 323x10721  296x10721 299x1021

10 511x10701  594x10701  531x10-01 511x10701  504x10701  531x1001 213x10710  226x10710  1.95x1010
15 | 151x10700  248x10T00  145%10100 | 151x10700  248x10100  145x10t00 | 832x10707  131x10706  7.31x10-07
30 228x101700 82210100 206x10T00 228x10100 82210700 206x10100 230x1079  871x10703  1.99x10~03
9Mn 01 | 119x10791 10710701 1.10x10701 119x10701  1.07x10701  1.10x10701 < 10100 <10-100 <10-100
1 2.08x10~01 207x10701  209x10-01 208x10791  207x10701  209x10-01 794x107%7  920x107%7  865x10"%
5 255x1001 263x10701  262x1001 255x10701  263x10701  262x1001 299x10721  342x10-21 314x1021
10 348x10701  411x10701  418x1001 348x10791  411x10701  418x1001 332x107 11 377x107 1 348x10~ 11
15 9.08x1001 9.08x10701  9.48x10~01 9.08x10701  908x10701  9.48x1001 212x10797  208x10797  1.90%x1007
30 428x10100  403x10100  316x10100 428x10100  403x10100  316x10100 308x1079  318x10703  213x10-03
60co 01 | 1.75x107%8  269x10713  594x10713 137x10748  221x10713  504x10713 < 107100 < 107100 <10~100
1 807x10710  108x107096  160x10706 | 745x10710  998x10707  149x1006 < 10100 < 10100 < 10100
5 461x10795  169x1070%  169x10704 | 460x1079  169x1070%  169x10705 281x107%7  897x107%7  9.16x10~ %7
10 798x107%4  173x10703  1.66x10703 798x10704  173x10703  166x10703 135x107 14 243x107 14 244x10714
15 361x10793  682x1070  668x10703 3.60x10793  682x10703  668x10703 321x10710  538x10710  533x10710
30 229x10792  404x10792  391x10702 | 229x10792  404x10702  391x1002 110x10705  187x10705  1.81x10705

61co 01 | 197x10797  328x10T00  643x10707 | 1.78x10707  327x107%0  6.04x10~07 <10~100 <10~100 <10~100
1 1.00x107%%  330x10700  832x10705 9.73x107%  330x10700  807x10-05 < 10100 242x1067 < 10-100
5 105x10793  514x10t00  887x1070% | 1.05x10703  514x10700  885x10704 | 661x10726  348x10715  550x1026

10 340x10703  871x10100  261x1003 340x1079  871x10700  261x1003 532x10714  579x10708  426x107 14
15 | 139x10792  237x10T01  977x10703 | 138x10702  237x10101  977x10703 | 121x1070?  589x10705  885x10~10
30 957x10792  126x10102  649x10702 | 957x10792  126x10702  649x10702 | 482x10795  223x1001 330x10~05
61Fe 01 | 979x1079%  519x10703  571x1070 | 973x10703  515x10703  568x10~ 03 <10~100 <10-100 <10~100
1 112x10792  643x10702  7.03x10702 112x10792  640x10703  7.00x10~03 < 10100 < 107100 < 10-100
5 566x10702  476x10702  494x10702 | 566x10792  475x10702  494x1002 343x10722  273x10722  274x10"22
10 156x10701  1.40x1001 1.43x10701 1.56x10~01 1.40x10~01 1.43x10~01 112x10- 1 88110712 897x10712
15 456x10701  404x10701  406x10"01 456x10701  404x10701  405x1001 889x10708  752x10708  718x10-08
30 219x10700  274x10100 179519100 219x10100  274x10100 179510100 149x10703  203x10703  1.17x10703

62¢, 01 | 461x107%  746x10702  750x10702 | 444x1070%  743x10702  750x10702 < 107100 < 107100 < 107100
1 173x10703  183x10701  1.85x10701 171x10703  182x10701  1.84x10701 < 10100 550x10~%  558x10~%
5 169x10792  331x10701  3.33x1070! 1.69x10702 33110701 333x107 0! 3.60x1072%4  500x10~21 541x10~21

10 516x10702  728x10701  721x10-01 516x10792  728x10701  721x1001 1.07x10712 670x107 11 693x10~11
15 120x10700 177x10t00 17710100 1.20x10700 177x10t00  1.77x10100 1.24x10708  394x10707  3.90x10~07
30 543x10701  714x10100  568x10100 543x10~01 7.14x10700  568x10100 288x107 04 543x10703  398x1003

62Fe 01 | 740x107%%  484x10703  8o7x1070* | 724x1070%  476x10703  791x107 04 < 107100 < 107100 <10~100
1 991x107 04 484x1079  110x10703 | 979x10704  480x10703  109x1003 < 10100 <10-100 < 10~100
5 1.01x10792  706x10703  1.14x10702 1.01x10792  706x10703  1.14x10702 646x10724  127x10722  605x107 24

10 342x10702  255x10701  341x10702 | 342x10792  255x10701  341x1002 9.89x10713  409x10-1  982x10-13
15 1.07x10790  112x10t00  1.10%107 01 1.07x1079  111x10700  1.10%x10701 1.25x10708  366x10707  1.33x10708
30 547x10701  418x10100  592x1001 547x10701  418x10100 5921001 308x107 9% 390x10703  340x10 04

63¢co 01 | 214x10792  184x10702  184x10702 | 213x10702  183x10702  1.83x10702 < 10100 < 107100 <1010
1 348x10702  333x10702  336x10702 | 347x10792  332x10702  335x1002 < 10100 <10-100 < 10100
5 766x10702 72010702 811x10702 | 766x10702  729x10702  g11x10~02 746x1072  565x10723  7.66x10723

10 1.33x1001 133x10 01 1.71x10~01 1.33x1001 1.33x1001 1.71x10~01 457x10712  374x10712  520x10712
15 331x10~01 288x1001 3.72x10~01 331x1001 2.88x10~01 372x1001 443x10798  337x10708  435x10-08
30 1.34x10700 12210700 1,06x10100 1.34x10700  122%10700  1,06x10100 8.02x1070%  735x10704  596x1004
63Fe 01 | 488x10701  378x10701  381x10701 | 488x10701  378x10701  3.80x1070! < 10100 <10~100 < 10100
1 5.13x1001 394x10701  405x1001 512x10700  394x10701  405x1001 327x10791  298x10~91 3.00x10~91
5 9.08x10701  564x10701  817x10701 | 9.08x10701  564x10701  817x10701 | 632x10720  378x10720  548x1020
10 1.37x10700  9,08x1001 1.43x10100 1.37x10700  9,08x 1001 1.42x10100 261x10710  131x10710  207x10710
15 339x101700  197x10100  305x10100 339x10100  197x10t00  305x10100 1.25x10706  557x10707  851x10~07
30 | 124x10T01  802x10100 85951000 | 124x10101  802x10700  859x10T00 | 1.09x10702  667x10703  661x10~ 03
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Table 4. Same as Table 1 but for 63567Nj, 646567Co and 6460~70Cu.
Nucei | T | p=101 0=10° p=1011
| | TF 3TF 5TF | TF 3TF 5TF | TF 3TF 5TF
63N 01 596x10~12 454x10712  404x10712 | 203x10712  158x10712 1.40x10~12 <10~100 < 107100 < 107100
1 3.73x1008 484x10708  371x10708 | 325x10708  424x10708 324x10708 <10~100 < 10100 < 107100
5 1.43x1005 135x10795  121x10705 | 142x10795  135x10705 1.21x10~05 659x10728  883x10728  7.38x10~28
10 343x10 04 403x1070%  243x10704 | 343x1070%  403x10704 243x10704 486x10715  646x10714 35010715
15 330x10~03 1.02x10792  200x1070 | 330x1079  1,02x10702 2.00x10~03 245x10710  719x10709  145x10~10
30 330x10 02 7.48x1001 186x10702 | 330x10702  748x10-01 1.86x1002 152x10°05  977x10704  843x1006
64Co 01 1.36x10~01 237x10701  217x10~01 135x10701  236x10701 216x10~01 <10~100 <10~100 <10~100
1 1.56x1001 288x107 01 270x1001 156x10701  288x10701 270x10~01 < 10100 671x107%  150x10~%
5 5511001 1.06x10M00  1,02x10t00 | 551x10701  1.06x10T00  1.02Ex10700 | 148x10721  150x10720  150x1020
10 830x1001 2.03x10100  1.88x10100 830x10701  203x10100 1.88x10100 389x10 11 1.67x10710 157x10-10
15 1.42x10100 380x10100  3.46x10100 142x10T00  380x10100 3.46x10100 216x10797  746x10797  682x10707
30 4.60x10100 1.09x10101 98951000 460x10100  1,09x10701 9.89x10700 284x10793  721x10703  655%10~ 03
64cy 01 < 10100 < 10100 < 10100 < 10100 < 10100 < 10100 < 10100 < 10100 <10-100
1 445x1072% 555x107 18 109x10717 | 390x1072*  465x1018 9.79x10~18 < 10~100 < 107100 < 107100
5 1.75x10~08 353x10708  545x1008 1.74x10708  353x10~08 5.43x1008 4.03x10~31 1.03x10730  1.29x10730
10 2.46x10706 516x10700  614x10706 | 245x107096  516x10700 6.12x10706 291x107Y  402x107Y7  555%10717
15 2.02x10 05 1.32x10704  564x10705 202x107%5  424x10-05 5.64x10~ 05 154x10712 220x10712  327x10712
30 1.99x10~04 399x10704  593x10-04 1.99x10704  3.99x10~04 5.93x10~04 9.18x107 08 158x10797  247x10-07
65¢o 0.1 4.80x10~01 466x10701  482x1001 479x10701  466x10-01 481x1001 <10-100 < 10100 <10~100
1 571x10~01 560x10701  581x10701 570x10791  560x10~01 5.81x10~01 207x10792  865x10793  9.95x10~ %3
5 9.51x10~ 01 834x10701  953x1001 9.51x10~ 01 834x10 01 9.53x10 01 521x10720  296x10720  375x10~20
10 1.71x10100 1.75x10100  206x1000 1.71x10700  1.75x10100 2.06x10700 267x10700 212510710 262x10~10
15 3.85x10100 345x10100  411x10100 3.85x10100  345x10700 411x10100 112x107%  863x10707  1.04x10706
30 1.18x10101 9.77x10100 94419100 118x10T01 97710100 9.44x10100 9.12x10703  733x1079  693x10-03
65N 01 3.09x10~ 03 3.02x10703  284x1003 3.03x1079  296x10-03 2.79%107 03 < 107100 < 107100 < 107100
1 3.02x10~ 03 290x1079  267x10703 | 299x1070  287x10-03 2.65x10~ 03 < 10100 < 10100 <10~100
5 435x10~03 372x1079  387x10703 | 434x1079  371x10-03 3.86x10~03 8.04x1072  670x10725  676x10725
10 1.76x10~02 121x10702  158x10702 1.76x10702  121x10702 1.58x1002 619x10713  304x10713  462x10713
15 1.11x10~01 78210792 914x10702 | 111x10701  7.82x1002 9.12x10~02 148x10798  106x10708  1.07x10-08
30 8.07Ex10~ 01 1.03x10700  611x10701 8.07x1001 1.03x10700 6.11x10 01 471x1070%  655x1070%  339x1004
66Cy 0.1 638x10~36 187x10797  221x10797 | 199x10707  512x10~08 6591008 < 10100 < 10100 <10-100
1 1.26x10%9 1.25x10706 9.89x10~07 1.06x10799  1.10x10706 8.55x10~07 < 107100 < 10100 < 107100
5 218x10~05 1.00x107%  109x10704 | 217x10705  9.98x10~05 1.09x10~04 499x10728  200x107%7  209x10~%7
10 2.03x10 04 566x1070%  566x10704 | 203x1070%  565x10704 5.66x107 04 233x10715  482x10715  462x10715
15 8.73x10~04 1.9x10703  195x10703 | 873x10704  199x10~03 1.94x10~03 60710711 117x10710  1.13x10-10
30 5.73x10~ 3 118x10792  117x10702 | 573x1079  118x10-02 1.17x10~02 252x10700  497x10-06  492x10—06
67¢o 0.1 49410100 443x10100 45410100 494x10100 443510100 454x10100 <10-100 < 10100 < 10100
1 5.14x10100 465x10100  485%10100 | 514x10100  465x10100 4.85x10100 839x10780  621x10780  805x10~80
5 7.11x10100 622x10100 673510700 711x10100 62210700 6.73x10100 283x10717  225x10717  282x107Y7
10 1.07x10101 1.16x 10101 1.24x10101 1.07x10101 1.16x 10101 1.24x10101 975x1070%  977x10709  178x10-08
15 222x10101 230x10T01  268x10701 222x10101  230x10701 2.68x10701 179x1079 17410705 362x10705
30 627x10101 617x10101  750x10101 6.27x10101 6.17x10101 7.50x10101 706x10792  687x10702  1.17x10 01
67¢cu 01 225x107 % 175x10795 1721005 1.76x10795  1.37x10705 1.35x1005 <10~100 < 107100 < 107100
1 345x10~05 277x10795  287x10705 | 320x10705  258x10-05 2.67x10~ 05 <10-100 < 10100 <10-100
5 223x10704 208x1070%  198x10704 | 223x1070%  208x10704 1.97x1004 586x10727  615x107%7  412x10~27
10 8.04x10 04 787x10704  748x10704 | 804x10704  785x10704 7.48x1004 114x10714  120x10714  787x10715
15 3.76x10~ 03 353x1079  295x1003 376x1079  353x10-03 2.95x10~ 93 310x10710  340x10710  200x10~10
30 3.02x10 02 406x10702  177%10792 | 302x10702  406x10702 1.77x10~02 145x10795  215x10705  7.91x10706
67Ni 01 2.04x1002 397x10792  255x10702 | 203x10792  395x10-02 254x10702 <10~100 <10~100 <10~100
1 471x10 02 793x10702  508x10702 | 469x10792  791x10702 5.97x10702 <10-100 <1010 < 107100
5 557x10 02 957x10792  745x10702 | 557x10702  957x1002 7.45x1002 176x10722  265x10722  146x10~22
10 1.95x10~01 268x10701  221x10~01 195x10701  267x10~01 221x10~01 231x107 11 524x10711  330x10~11
15 1.21x10100 1.98x10100  1.46x10700 1.21x10700  1.98x10100 1.46x10700 299x10797  805x1077  462x10707
30 752x10100 1.89x10101 1.03x10101 752x101700  189x10101 1.03x10101 542x10703  175x10702  822x1003
68cy 01 2.63x10~ 03 811x1079  769x1003 255x10793  7.98x10-03 7.57x1003 <10~100 < 107100 < 107100
1 3.15x10 03 741x1079  687x10703 | 310x1070  735x10-03 6.81x10~ 03 <10~100 < 10100 < 10100
5 1.14x10~02 228x10702  191x1002 1.14x10702  228x10~02 1.91x10~02 553x1072  191x10724  1.53x10724
10 2.08x10~ 02 428x10702  370x10702 | 208x10702  428x10702 3.70x10~02 243x10~13 538x1013 421x10~13
15 410x1002 800x10792  706x10702 | 410x10792  800x10-02 7.06x10~02 313x107%9  593x10799  476x10"09
30 1.67x10701 279x10701  256x1001 1.67x10701 27910701 256x10~01 800x10705  131x10704  1.15x10~ 04
69cu 01 3.61x10~ 02 377x10792  373x10702 | 358x10792  374x10-02 3.70x10~02 <10~100 <1010 < 107100
1 3.63x10 02 380x10702  375x10702 | 361x10792  378x10702 3.72x10702 < 107100 <1010 < 107100
5 520x10~02 493x10702  499x10792 | 520x10702  493x10702 499x10~02 103x10724  885x10724  9.04x10724
10 8.95x10 02 813x10702  832x10702 | 893x10792  813x10-02 832x10702 155x10712  149x10712  137x10712
15 1.97x10~01 1.71x10701 1.78x10~01 1.97x10~01 1.71x10~01 1.78x10~01 168x10708  172x10708  148x10-08
30 6.46x1001 731x10701  573x1001 6.46x1001 7.31x10~01 5.73x1001 320x1070%  426x10704  281x10~ 04
70¢cu 01 7.10x10 02 834x10702  916x10702 | 7.06x10792  830x10-02 9.12x10~02 <10~100 < 10100 < 107100
1 1.36x1001 1.58x10~01 1.71x10~01 1.35x1001 1.57x10~01 1.71x10~01 < 107100 < 107100 <10-100
5 2.69x10~01 313x10701  338x10701 | 269x10701  313x10-01 338x1001 281x10722  430x10722  504x10~22
10 399x10 01 456x107 01 528x10701 399x10701  456x10701 528x10 01 129x10~ 11 1.67x10~ 11 1.89x10~ 11
15 6.81x10~01 755x10701  9.12x1001 6.81x10~01 7.55x10~01 9.10x1001 826x10798  993x10708  1.15x10707
30 22910100 244x10M00 29810100 | 229510100 24410100 298x10+00 1.28x1079  141x10703  1.68x10-03
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Table 5. Same as Table 1 but for 7'Cu, 737°~78Ga, 73Zn and 77 ~80Ge.
Nucei | T | p=101 p=10° p=1011
| | TF 3TF 5TF | TF 3TF 5TF | TF 3TF 5TF
7Icu 01 | 329x10791  320x10701  320x1070! 328x1001 318x10701  319x1001 <10~100 < 107100 < 10100
1 330x10701  321x10701  321x10-01 329x10701  321x10701  321x10-01 505x107100  641x107100 638510100
5 405x10701  364x10701  372x1001 4.05x10701 364x10701 3721001 1.18x1021 1.05x10~21 1.08x1021
10 | 628x10701  560x10701  587x10701 | 628x10701  560x10701  586x10~01 3.00x10~11 290x10~11 2.83x1011
15 | 131x10M90  113x10700  118x10700 | 131x10700  113x10100  1.18x10100 1.95x10~07 1.96x10~07 1.77x10~07
30 | 420x10100  430x10T00  354x10700 | 420x10700  430x10T00  354x10100 254x10~03 2.99x10~ 03 213x10~ 03
73Ga 01 | 773x107%%  760x1070%  753x10704 | 748x1070%  738x10704  729x10704 < 10100 <1010 <10-100
1 773x1070%  762x10704  755x1004 760x1070%  750x10704  741x10704 <10~100 < 107100 < 107100
5 408x10703  423x10708  426x10703 | 407x10703  423x1079  426x10-03 1.05x1024 1.04x1024 9.55x10~ 2
10 281x10792  263x10702  280x10702 | 281x10792  263x10702  280x10702 637x1013 6.53x10713 592x1013
15 1.19x1001 1.14x10~01 1.13x1001 1.19x1001 1.14x1001 1.13x10~01 1.17x10~08 1.37x1008 1.06x1008
30 698x10~01 1.05x10700  619x1001 6.98x10~01 1.05x10700  6.19x10~01 356x10~ 04 6.32x10~ 04 3.11x10~ 04
737n 01 | 192x10798  601x107%  600x1070% | 186x1070  579x10704  577x10704 <10~100 < 10100 < 10100
1 404x1070%  405x10703  200x107 | 399x10703  402x1079  197x10~03 < 107100 < 107100 <10-100
5 1.72x10702  1.62x10702  1.61x10702 172x10792  162x10702  1.61x10702 7.48x1023 531x10723 6.87x1023
10 1.32x10701  96x10702  1.13x10701 132x10701  962x10702  1.13x107 01 156x10~ 11 953x10~12 111x10~ 11
15 971x10701  719x10~01 7.91x10~01 9.71x10~01 7.19x1001 7.91x10~01 253x10~07 1.81x10~07 1.84x10~07
30 7.66x10100  800x10T00 624510100 766x10700  800x10T00 624510100 5.70x10~03 6.18x10~ 03 447x10~ 03
75Ga 01 | 144x10702  137x10702  136x10702 | 143x10702  136x10792  135x10702 <10~100 <10-100 <10~100
1 144x10702  137x10702  136x10702 144x10702  136x10702  136x10702 <10-100 < 10100 <1010
5 408x10702  407x10792  406x10702 | 408x10702  407x10792  406x1002 871x1023 7.87x10~23 8.71x10 23
10 1.74x10~01 1.85x10701  221x10701 1.74x10~01 1.85x10701  221x10701 9.12x10712 9.33x10712 15110~ 11
15 664x107 01 675x10701  9.14x10-01 664x10701  675x10701  9.14x10-01 1.07x10~07 1.14x1007 1.94x10~07
30 378x10100 43510700 491x10700 | 378x10700  434x10T00  491x10100 234x10~03 2.89x10~ 03 352x10~ 03
76Ga 01 | 443x10792  855x10702  979x10702 | 441x10792  853x10702  975x10702 < 107100 < 107100 < 107100
1 575x10702  103x10701 1.01x10~01 573x10702  103x10~01 1.01x10~01 <1010 2.99x10~9 1291098
5 14710700 2.19%10701  221x10701 1.47x1001 219x10701 2211001 9.02x10722 3.98x1021 532x1021
10 | 436x10701  822x10701 820x10~01 436x10701  822x10701  820x10-01 371x10~11 1.14x10~ 10 1.25x10~10
15 | 125x10M00  280x10t00  279x10100 | 125x10700  280x10100  279x10+00 270x10~97 813x10~07 845x10~07
30 632x10100 147510101 1.48x10701 632x10100 147510101 1.48x10701 435x10~03 1.15x1002 1.16x1002
77Ga 01 | 710x10702  622x10702  608x10702 | 706x10702  621x10792  6.07x10702 <10~100 <10-100 <10~100
1 710x10792  622x10702  6.08x1002 7.08x10792  621x10702  6.07x10~02 4.94x10~%7 495x10~%7 420x10~%7
5 1.49x1001 1.60x10~01 1.57x1001 1.49x10~01 1.60x10~01 1.57x10~01 527x10~21 429x1021 411x1021
10 564x10701 592510701 6.65x10~01 564x10701 50210701 665x10~ 0L 9.38x10~11 8.41x10~11 8.63x10~11
15 218x10100 19310700 229%1000 | 218x10700  193x10T00 229510100 6.65x10707 5.69x10~07 5.87x107 %7
30 1.28x10101 1.06x10701 1.09x10101 1.28x10101 1.06x10701 1.09x10701 1.00x10~02 853x10~ 03 7.91x10~ 03
77Ge 0.1 137x1070%  118x10704  120x10704 129x107%%  110x10704  112x10704 < 107100 < 107100 < 10100
1 239x10704  284x10704  238x10704 | 235x10704  280x10704  233x10704 <10~100 <10~100 < 10100
5 507x1079  384x10703  526x10703 | 507x1070  384x10703  526x10703 5.89x10~ 24 3.48x107 2% 498x102%
10 750x10702  473x10702  6.98x1002 750x10702  473x10702  6.98x10~02 533x10712 2.99x10~12 432x10712
15 614x10701  3098x10701  546x10701 6.14x1001 398x10701  546x10701 1.16x10~97 7.55x1008 9.55x1008
30 | 486x10100 43110700 420x1000 | 486x10700  431x10T00 42210100 3.19x10~ 03 293x10~ 03 2.69x10 03
78Ga 01 | 897x10702  244x10701  233x10701 | 893x10702  244x10701  232x10701 <10-100 <10-100 <10-100
1 9.10x10792  248x10701  237x10701 9.08x10702  247x10701  236x10701 242x107% 1.34x10~91 8.79x10792
5 24510701 401x10701  400x10701 | 245x10701  401x10701  399x10~01 9.86x10~21 8.45x10~20 7.52x10~20
10 8.49x1001 1.67x10T00  157x10100 8.49x1001 1.67x10T00  157x10100 1.49x10~ 10 6.40x10~10 5.68x1010
15 242x10100  605x10T00  551x10100 | 242x10700 60510700 550x10100 7.74x10~07 3.11x10~06 274x10~ 07
30 114x10101 324x10T01  285x1010L 114x10700  324x10t01  285x1010L 9.02x10~03 3.10x10~ 92 271x10~92
78Ge 01 | 288x10797  283x10707  280x10°07 | 273x10797  202x10707  203x10707 <10-100 < 10100 < 10100
1 287x10797  283x10707  279x10707 | 284x10707  254x10707  251x10707 < 107100 < 107100 < 107100
5 2011079 152x10704  164x10704 | 201x107%%  152x10704  164x10704 1.03x10~24 1.74x1024 1.18x1024
10 389x10702  536x10702  417x10702 | 389x10702  536x10702  417x10~02 3.61x10712 117x10~ 1 423x10712
15 212x10701  536x10701  240x10-01 212x10701  536x10701  240x10-01 4.90x10~08 329x10~07 578x10~08
30 635x10701 55510700 7.10x1001 635x10701  555x10T00  7.10%10~ 0L 459x10~04 8.89x10~ 03 5.19x10~ 04
79Ge 01 | 910x107%  711x10704  755x10704 885x10704  690x10704  7.33x10-04 <10-100 < 10100 < 10100
1 142x1079  102x10703  1.08x1003 141x1079  100x10703  1.07x10~03 < 107100 < 107100 < 107100
5 991x1079  879x10703  873x10703 | 991x1070  879x10703  873x10703 131x10~22 9.66x10~23 1.09x10~22
10 1.56x10~01 1.37x10-01 1.49x1001 1.56x1001 1.37x1001 1.49x1001 2.08x10~11 1.75x10~ 11 1.90x10~ 11
15 116x10100 98251001 1.10x10700 116x10700 98251001 11010700 3.14x10707 2.74x10~ %7 2.88x107 %7
30 959x10100 944510100 879x10100 | 959x10700  944x10T00 87910100 7.23x10~03 7.41x1003 6.55x10 03
80Ge 01 | 117x107%%  135x1070%  137x107%% | 107x107%%  123x1070%  125x10-04 < 10100 < 10100 < 10100
1 117x1070%  135x10704  137x107 04 113x107%%  129x10704  131x10704 <10~100 < 107100 < 10100
5 659x10704  506x10704  585x10704 | 658x10704  505x1070%  583x1004 354x10723 574x10~23 414x10~2
10 925x10792  121x10701 1.04x1001 925x10702  121x10701 1.04x1001 228x10711 432x10711 2.82x10~11
15 | 455x10701  117x10t00  570x10701 | 455x10701  117x10100  570x10-01 1.79x10~ 7 6.01x10~07 238x10~07
30 127x10100 867510700 1.59%10100 127x10700  867x10T00  1.50%10100 1.11x10~03 8.83x10~03 1.42x10~03
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Table 6. Same as Table 1 but for 81Ge, 8283 As, 83Se and 8 Br.
Nucei | T | p=101 =105 p=1011
| | TF 3TF 5TF | TF 3TF 5TF | TF 3TF 5TF
81Ge 01 | 113x10792  100x10702  1.01x10702 111x10792  989x10703  9.93x10~03 < 10100 < 107100 < 10~100
1 136x10702  125x10702  1.26x10702 136x10702  124x10702  126x10702 684x107 92 655x10792  7.06x1092

5 3.09x10702  312x10702  323x1002 3.09x10792  312x10702  323x1002 177x10720 145%10720  152x10~20
10 | 421x1079  416x10701  416x1070! 421x10790  416x10701  416x1001 242x10710  216x10710  205x10710
15 | 306x10700  308x10T00  285x10t00 | 306x10T00  308x10T00  2.85x10100 185x10706  184x10706  159x10706
30 264x10701  305x10101  238x10101 264x10T01  305x10101  238x10101 268x10792  315x10702  233x1002

8255 01 | 207x10792  280x10702  239x10702 | 205x10702  277x10702  237x10702 <1010 < 107100 <10~100
1 212x10792  283x10702  243x1002 211x10792  282x10702  242x1002 475x107%  165x107%7  551x10Y7
5 376x10792  494x10702  453x10702 | 375x10792  494x10702  453x1002 1.08x1072L  213x10721  2.16x10721
10 3.01x10~01 397x10701  384x1001 301x10701  397x10701  384x1001 531x10~11  gg7x10-11 877x10~ 11

15 | 151x10 21210 2.07x10 15110 2.12x10 2.07x10 462x10~ 7.55x10 7.45%10~
+00 +00 +00 +00 +00 +00 07 07 07
30 1.02x10701 1.42x10101 1.42x10701 1.02x10701 1.42x10701 1.42x10701 783x107 9 116x10702  1.16x1002
83 A5 01 | 313x10702  319x10702  301x10702 311x10792  317x10702  299x1002 < 10100 <10-100 < 10100
1 318x10792  325x10702  306x10702 317x10792  324x10702  305x1002 239x107%%  271x107%%  316x10%*
5 349x10702  289x10702  349x1002 348x10702  289x10702  349x1002 1.18x10720  889x10~21 1.27x10~20
10 3.08x10~01 231x10701  291x10-01 3.08x10791  231x10701  291x1001 144x10710 120x10710  129x10710
15 264x10700  210x10100 24110100 264x10100  210x10700 24110100 1.30x10706  120x10706  1.10x10706
30 257x10101 270x10101  231x10101 257x10101 270x10T01 23110101 235x10792  267x10702  203x1002

835e 01 | 273x107%%  236x1070%  233x1070% | 260x1070%  224x1070%  221x10704 < 107100 < 107100 <10~100
1 516x10704  524x10704  550x10704 | 508x10704  515x10704  541x10704 < 10100 <10-100 <10~100
5 3.60x10793  472x10703  528x10-03 3.60x10793  472x10703  527x10-03 581x1072  531x10723  535x1023
10 1.11x1001 1.00x10~01 1.19x1001 1.11x1001 1.00x1001 1.19x10 01 1.43x10 11 111x10~ 1 1.23x10~ 11

15 9.48x10791  752x10701  g65x10~01 9.48x10~01 752x10701  8.65x10701 242x107%7  177x10797  1.92x10~07
30 883x10700  706x10100  701x10700 8.83x101700  706x10700  701x10100 641x1079  502x10703  480x1003

85Br 01 | 541x10796  802x10706  615x10706 | 451x10706  682x10706  5.15x10706 < 10100 < 10100 < 10-100
1 186x10705  324x10705  225x10705 1.77x107%  310x10705  2.15x10705 < 107100 < 107100 <1010
5 113x10703  951x10704  131x10703 113x10703  948x10704  131x10703 164x10723  112x10723  152x10723

10 | 628x10792  374x10702  578x10702 | 628x10702  374x10702  578x10702 | 564x10712  391x10712  480x10712
15 678x107 01 445x10701  611x10701 678x10701  444x10701  610x10701 126x10797  977x10708  1.08x10~07
30 622x101700 57910100 568x10100 622x10100 57910100 568510100 392x1079  402x10703  350x1003

Table 7. Average f-decay rates calculated using different pairing gap values for limiting physical

conditions stated in the heading. The stellar core temperature is given in units of GK and densities in

units of gem 3.

Pairing Gap | T=0.1,pYe=10 | T=30,pYe=1011 | T=30,pYe=10

TF 1.41x10~01 5.07x10~ 93 575
3TF 2.02x10 01 1.15x10~02 9.95
5TF 1.39x10~01 623x10~ 03 634

4. Conclusions and Summary

In this study, we re-examined the influence of pairing gaps on charge-changing transitions,
partial half-lives, branching ratios and B-decay rates, for top-ranked 50 nuclei having astrophysical
significance. Pairing gaps are one of the most important model parameters in the pn-QRPA approach
for calculation of B-decay rates. In order to investigate the effect of pairing gaps on calculated GT
strength distributions and half-lives, we used three different empirically calculated values (referred to
as TF, 3TF and 5TF). Changing pairing gap values led to significant alterations in the total GT strength
and B-decay rates. It was concluded that the 3TF pairing gaps resulted in the best prediction of f-decay
half-lives. Following main conclusions are drawn form the current investigation:

© The available empirical formulae for pairing gaps give values of Ay, differing by 0.5 MeV or
more. The difference in A,;;;, is more than 1 MeV.

©® The total GT strength changes by orders of magnitude and the placement of GT centroid by
up to an order of magnitude or more as the pairing gap values change. The 3TF pairing gap leads to
lower placement of GT centroid and higher total GT strength.

©® The 3TF scheme gives the best predictive power to the current pn-QRPA model.

© The 3TF pairing gaps result in biggest stellar -decay rates for the selected top-50 ranked nuclei.
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Abbreviations

The following abbreviations are used.
pn-QRPA  proton-neutron quasi-particle random-phase approximation

GT Gamow-Teller

TF Traditional Formula
3TF 3 Term Formula
5TF 5 Term Formula
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