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Abstract. The first-forbidden transitions can play an important role in decreasing the calculated half-lives specially in
environments. We calculate the allowed Gamow-Teller transitions in pn-QRPA model for even-even neutron-rich isotopes
of nickel. The first forbidden transitions for even-even neutron-rich isotopes of nickel are calculated assuming the nuclei to
be spherical. The Woods-Saxon potential basis has been used in our calculations. The calculated half-lives have been
compared with the schematic model calculations and corresponding experimental data.
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1. INTRODUCTION

Beta () decay processes are very important to understand the nuclear structure. The first forbidden (FF)
beta transition ensures useful information in checking the feasibility of theories related to the r-processes
and 2vpp [1,2]. Recent studies have shown the importance of forbidden transitions also at orders of
magnitude lower densities [3,4]. The QRPA studies based on the Fayans energy functional has been
extended by Borzov recently for a consistent treatment of allowed and first-forbidden (FF) contributions
to r-process half-lives [5]. The B-decay properties, under terrestrial conditions, of allowed weak
interaction and U1F [6] led to a better understanding of the r-process. The pn-QRPA model was
developed by Halbleib and Sorensen [7] by generalizing the usual RPA to describe charge-changing
transitions. A microscopic approach based on the proton neutron-quasi-particle random phase
approximation (pn-QRPA), have so far been successfully used in studies of nuclear B-decay properties
of stellar weak-interaction mediated rates [8,9]. In the present study, the allowed B-decay and the first
forbidden beta transitions have been investigated for some nickel isotopes. The calculations have been
performed within the framework of the pn-QRPA method with the separable residual effective
interaction in the particle hole (ph) channel.

2. FORMALISM

Allowed beta decay half-lives have been calculated using spherical schematic model (SSM) and
spherical Pyatov’s method (SPM) within the framework of pn-QRPA(WS) method. The Woods-Saxon
potential with Chepurnov parameterization has been used as a mean field basis in numerical calculations
[10]. The eigenvalues and eigenfunctions of the Hamiltonian with separable residual Gamow-Teller
(GT) effective interactions in particle-hole (ph) channel were solved within the framework of pn-QRPA
model.

Charge-exchange spin-spin correlations are added to the model Hamiltonian in the following form:
Vs =2xBXpBif Bi, p=01+1 ©)
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where ﬁ,f (By) is the positron (electron) decay operator

Bt = Tnp Zpp(np|oy + (—DFo_,|pp’)arpdp, B =) ()

and g,, is and the spherical component of the Pauli operator. The main formulae are given here. Details
mathematical formalism are available in [11,12].

The total Hamiltonian in Pyatov’s method is given by
Hspp = Hoyy + Vﬁ + ho (3)

where H,, is the single quasi-particle Hamiltonian in a spherical symmetric average field with pairing
forces. The third term comes from the restoration of broken commutation relation between the nuclear
Hamiltonian and the GT operator. The schematic method Hamiltonian for GT excitations in the neighbor
odd-odd nuclei is given by

Hssy = Hay + ‘7,8 (4)
Details of solution of allowed GT formalism can be seen in [13,14].

The ft values for the allowed GT P transitions are finally calculated using

D

ft= A\ )
(W) 4nBCT (1;->15,87)
where the reduced matrix elements of GT transitions are given by
— _ 2
BT (I; = I, B7) = Zul (17, 1|Gir |07)] (6)

The model Hamiltonian which generates the spin-isospin-dependent vibration modes with A" =
07,17,27 in odd-odd nuclei in quasi boon approximation is given as

ﬁ = ﬁsqp + Eph (7)

The single quasi-particle Hamiltonian of the system is given by

—~

Hqu = er gj‘rajjimrajrmr (T =D n) (8)

where ¢;_and a]?;mr (@j,m,) are the single quasi-particle energy of the nucleons with angular momentum
Jjr and the quasi-particle cretaion (annihilation) operators, respectively.

The Eph is the spin-isospin effective interaction Hamiltonian which generates 0~,17,2~ vibration
modes in particle-hole channel and given as

~ ZXph -
hph = gZ Z [b]p]n Jpin (/1“) + ( 1) M ]p]n jpjn (/1 - ‘Ll)]
A Jpindygt it

X [bjplj ’ Ij I(/llu‘)-l_( 1)/1 Mb I] ’ j 1j /(/1_“)]

where x,, is particle-hole effective interaction constant.
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The quasi-boson creation Aj;jn (Aw) and annihibilation Ajpjn (Au) operators are given as

21+ 1 . ] ]
A]-‘:,jn(/lll) = 2 +1 Z (—1)/n7n (]nmn/lﬂlfpmp>aj;mpa]ﬂ,—l—mn

p MnMp

A, () = {A;; in (ﬂﬂ)}T

The bjpjn' bjpjn are the reduced matrix elements f the non-relativistic multipole operators for rank 0, 1

and 2 [15] and given by

bj, i, = (p (Lpsp) I [Y101Jo 1l (LS )V, Uy,

bjpjn = (jp(lpsp) ”Tk [Ylak]o ”jn(lnsn))ujnv}'p

bjpjn = (jp (lpsp) ”rk [Ylak]l ”]n (lnsn))‘/}'n Ujp

bjpjn = (jp (lpsp) ”rk [Ylak]l ”]n (lnsn))an Vjp

by, j, = (p (Lpsp) I [Y101 ]2 i (LS )V, Uy,

bjpjn = (jp(lpsp) 17 [Y1 0% ] ”jn(lnsn))anV}p

where U; and V; are the standart BCS occupation amplitudes. The calculation of the transition

probabilities for rank 0 and rank 1 have been performed using & approximation ( see [15] for a detailed

information about the & approximation).

Calculation of rank 0 FF transitions was done within the pn-QRPA (WS-SSM) formalism. Details of
this calculations are dictated by the matrix elements of moments [15,16].

The ft values are given by the following expression:

D
FOps = (9a/9v)?4mB(15,B7)
where
33,2 2
D=2 hshl = 6250sec, 94 — _1.254.
gyMmecC v

Transitions with A= n+1 are referred to as unique first forbidden transitions [15], and the ft values are
expressed as

D @n+1)!!
(gA/gv)z‘mB(If—»If,gi) [(n+1)1]2n!

(ft)g7 =
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3. RESULTS AND COMPARIONS

The calculated allowed B-decay half-lives in pn-QRPA (WS-SSM) and pn-QRPA (WS-SPM) models
are show in Table 1 for chosen nickel isotopes. A quenching factor of 0.6 was applied for all pn-QRPA
(WS) calculations. The pairing correlation constants were taken as ¢, = C, = 12 /VA. The strength
parameters of the effective interaction are yz = 5.2A4%7 MeV [6]. Only particle-hole interaction strength
was considered for both allowed GT and FF calculations within the pn-QRPA (WS) formalism. The
strength  parameters of the effective interaction are yg= 30475/3MeV fm~2, Xg =
55475/3MeV fm™2, xp = 99A75/3MeV fm~2 for rank0, rankl and rank2, respectively. The FF

contributions to the total calculated half-lives are shown in Table 2 and 3. Here we present the GT+U1F
calculation of half-lives in the GT+rankO+rank1+rank2 half-lives calculation using the pn-QRPA (WS-
SSM) and the pn-QRPA (WS-SPM) models. The calculated half-lives are also compared with
experimental data. The pn-QRPA (WS-SPM) model was later used to calculate the FF contribution
which led to a better agreement of the calculated half-lives with the measured data.

Table 1. Allowed GT B-decay half-lives for Ni isotopes calculated using the pn-QRPA (WS-SSM) and pn-QRPA (WS-SPM)
models, in comparison with experimental data [17].

A | g |Pn-QRPA(WS-SSM) [ pn-QRPA (WS-SPM)
P (GT) (GT)

56 | 6.075d 5324 1154

66 | 54.6h 50.1h 61.3h

68| 29s 25.3 5 37.8s

Table 2. Total p-decay half-lives for Ni isotopes calculated using pn-QRPA (WS-SSM) models for allowed plus first-forbidden

transitions, in comparison with experimental data [17].

pn-QRPA (WS-SSM)
A | Exp |pn-QRPA (WS-SSM) (GT) (GT+ranko..)
56 | 6.075d 10.32d 9.14d
66 | 54.6 h 50.1h 47.8 h
68| 29s 25.3s 23.1s

Table 3. Total B-decay half-lives for Ni isotopes calculated using pn-QRPA (WS-SPM) models for allowed plus first-forbidden
transitions, in comparison with experimental data [17].

Al Exp p”'QRP(AC;Q’yS'SPM) PN-QRPA (WS-SPM) (GT+ranko. )
56 | 6.075 d 115d 10.09d
66 | 54.6h 61.3h 56.7 h
68| 295 37.8's 31.08's

CONCLUSIONS

The contribution of FF transitions to total B-decay becomes significant for neutron-rich isotopes. We
used the Woods-Saxon potential to calculate allowed GT transitions for isotopes of nickel using the pn-
QRPA (WS-SSM), pn-QRPA (WS-SPM) models. Results of pn-QRPA (WS-SPM) model was later
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used to calculate the FF contribution which led to a better agreement of the calculated half-lives with
the measured data.
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