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Abstract. The dfects of the residual interaction in the particle-partidi@mnel ons-
decay characteristics and the multi-neutron emission gintiies in the -decay of
126128130132C( are studied within the quasiparticle random phase appedion with the
Skyrme interaction. The coupling between one- and two-phdarms in the wave func-
tions of the low-energy *1states of the daughter nuclei is taken into account. It isvaho
that the inclusion of the spin-isospin interaction in thetipe-particle channel leads to
the reduction of half-lives and redistribution of one- amtbheutron emission probabil-
ities. The competition of tensor interaction and neutrookgn pairing in the3-decay
characteristics of the neutron-rich Cd isotopes is dismliss

Study of thep-decay properties of the neutron-rich Cd isotopes near gutron closed-shell
N=82 plays the crucial role in the modeling of the astrophyisigarocess [1-5]. The multi-neutron
emission is a multistep process consisting ofgkiecay of the parent nucleuN,(Z) which results in
feeding the excited states of the daughter nuclbliusl( Z+1) followed by the multi-neutron emissions
to the ground state or-deexcitation to the ground state of the product nucl@usl-X, Z+1) [6].
The microscopic study of thg-decay half-lives and thg-delayed neutron-emission probabilities
of the nuclei with highN/Z ratio asymmetry makes it possible to reconstructghiecay strength
function [6, 7].

One of the successful tools for studying the charge-exahamglear modes is the quasiparti-
cle random phase approximation (QRPA) with the self-caestamean-field derived from a Skyrme
energy-density functional (EDF), see e.g., [8-11]. TheR®R® calculations enable one to describe
the properties of the ground state and excited charge-aegehstates using the same EDF. As pro-
posed in Ref. [12], the study of multi-neutron emissiondaling thes-decay would be more reliable
with taking into account the phonon-phonon coupling (PHGE finite rank separable approximation
(FRSA) [13-15] for the residual interaction allows one tofpan such calculations in large configu-
rational spaces.

Importance of including of density-dependent zero-rantgraction in particle-particle (pp) chan-
nel was demonstrated by authors in Ref. [16], in which th@erties of lowest quadrupole states in the
neutron-rich nuclei nedf?Sn were studied within the FRSA for the Skyrme-QRPA. Roldefresid-
ual neutron-proton (np) pairing interaction in the degiwip of the low-lying Gamow-Teller (GT)
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strength within the QRPA-framework discussed in Ref. [8gcently, the3-decay characteristics of

Cd isotopes was described [12] within the microscopic mbdskd on the Skyrme interaction with
tensor components included [17]. The inclusion of the $paispin interaction in the pp channel can
further improves the model [18].
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Figure 1. (Color online) The impact of dynamical neutron-proton ajron thes-decay half-life of'*°Cd.
Calculations performed with Skyrme EDF T43 [17]. Calcutbtalf-life is normalized to the experimental value
of Tszpt)=127i2 ms [3]. The shaded area roughly relates to the soft SU#i):ldlashed line corresponds to the
range of the parameters, which had not been used in the pedseaiculations.

In this paper, we discuss thé&ect of the competition of tensor interaction and dynamieaitron-
proton pairing on th@-decay characteristics 6f6128130132C( jsotopes. Both the central and tensor
residual interactions in particle-hole (ph) channel, thatron-protorT =0 pairing residual force, and
the PPC #&ects are taken into account in the framework of FRSA modetaBse the tensor force
andT=0 pairing act in thé&s=1 channel, theféect of competition of this interactions on the low-lying
GT strength is expected. In particular, Fig. 1 displays #i®rof calculated-to-experimental half-life
of 139Cd (see the caption for details) and demonstrates the sttepgndence of the-decay half-
life on the inclusion of spin-isospin interaction in the gpaanel in the case of opened-shell nuclei;
see Refs. [12, 18]. All details of the calculations, relaiedhe study of thg-decay characteristics
of the neutron-rich Cd isotopes within FRSA model, you cad fim Ref. [12]. Here we focus on
the part of our work devoted to the pp channel. The groune staiperties of the even-even parent
nucleus N, Z) described in the the Hartree—Fock-BCS (HF-BCS) model revBpherical symmetry
isimposed on the quasiparticle wave functions. The contissingle-particle spectrum is discretized
by diagonalizing the HF-Hamiltonian on a harmonic osailiabasis. The Hamiltonian includes the
Skyrme EDF T43 [17] in the ph channel and the surface peakesityedependent zero-range force
in the pp channel

VO, f2)=Vo(1 ‘ZP“) (1 - ’%)6«1 1)) (1)
VR ra=1vo (25 (1 22 atrs - ), @
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Here,P, is the spin-exchange operator gng-0.16 fm~3 is the nuclear matter density. The strength
Vo=-870 MeV-fm?3, fixed to reproduce the odd-even mas§atence of the studied nuclei [12]. The

value off determines as the ratio of the stren@thl andT =0 pairing interactions in pp channel. The
np-QRPA equations are built on the basis of HF-BCS quasgbadtates of the parent (even-even)
nucleus N, Z) [19]. The central spin-isospin interactions in the ph cterand pp channel, derived

consistently from the Skyrme EDF, can be approximated as

V&= No lG(/)(a)(rl)(O' 102)(7172)6(r1 — r2), (3

wherea is the channel indea={ph, pp}, 7; is the isospin operator, andh=2kgm*/7%2, with ke and
m' standmg for the Ferm| momentum and nucleffieetive mass. The expressions for the parameters
G’(p ) as well as foiG PP)(ry are

’ 1 1
GO(sz_No glo+ ot + 3 k2 (t —tz)] ®)
G(/)(DD)(r):%NOfV (1_ ﬂ) (5)
PO

Making use of the linearized equation-of-motion appro&tj pne can get the QRPA equations

A B\(X X
% ZJ0)-=6) ©
where the matricesl and$ defined as [18]

Azapp= — (UaloUptg + valaUbUg) nnZ K(n” )d(n)d(n)
- (7)

M2 )™ (M)
_(Uauaubuﬁ + UaUanUB) Zle 3K dao dbﬁ + €a00ab0ap;
n,=2N+

Bao = — (UalaUbUg + ValaUptg) Z K(”” )d(n)d(n)
nn=
(8)

aN+2 ) A1)
+(UalaUpUg + valoUplg) K(nn )dy dhb’ .
n,n=2N+3

Here,a, b (o, B) denote the neutron (proton) quasiparticle states. Theneaues of the np-QRPA
equations are found numerically as the roots of the FRSAlaeeguation [14, 15]. It enables us
to perform QRPA calculations in very large two-quasipdetispaces. It is shown that the matrix
dimensions never exceed\& 4)x(8N + 4) independently of the configuration space size. If we omit
the residual interaction in the pp channel then the matrixeision is reduced to §+ 4)x(4N + 4).
The studies of Refs. [14, 16] enable us to concludeltzat5 is enough for the quadrupole excitations
of the parent nucleus and GT transitions to the daughteenscl

Let us study the impact of residual interaction in the pp cteduon the half-lives and neutron-
emission probabilities of Cd isotopes. The Table 1 dematesirthel ;> andP1qon) values calculated
within FRSA model, that includes the PP@&exts within the Skyrme EDF T43. For thfective inter-
action in the pp channel, the density-dependent contacé$oare used with the strength1 derived
from the soft SU(4) symmetry [21, 22]. As expected, the isdo of the spin-isospin interaction
in the pp channel leads to a noticeable reduction of hadfsliof Cd isotopes. It is shown that at a
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Table 1. The dfect of pairing interaction on the half-live$4,) and neutron-emission probabilitieB,(, Py,) of
Cd isotopes. Calculations are performed within the modet, includes the PPGtects, with (1) and without
(II) taking into account residual interaction in the pp chain For'*°Cd the experimenta®,;.; value of

3.5+1.0% [1]; in case of-*2Cd the experimentdP,, value of 6@-15% [2].
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Figure 2. (Color online) Thes-decay rates of*?Cd calculated with Skyrme EDF’s T43 (upper panels) and T45
(lower panels). The strength of parameterfas varied from 0 to 1.5. The neutron-emission windQps, is
denoted by dashed line.

gualitative level, the performed calculations descrileelperimental evolution [3] of the half-lives
of -decay of neutron-rich Cd isotopes (see the Table 1).

Additional constraints on the-strength function are given by the total and multi-neugorission
probabilities. The calculate®in2n values are displayed in Table 1. As it seems, the neutrotopro
pairing has the influence on the redistribution of the GT peaf the daughter nucleus and results
in the reduction ofP, values forl26128130Cq andP,, value for'32Cd. It is worth mentioning that
our calculations predict high probability of the two-neutremission in the case gfdecay of*°Cd.
This reduction can be explained by the redistribution ofgtrength of GT transitions (see Fig. 2,
upper panel). Indeed, increasing the strength of dynamieatron-proton pairing (2) shifts of the
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GT strength to the low-energy region. Thiffext is well illustrated in our calculations performed
with relatively weak neutron-proton tensor interactiorthuiespect to neutron-neutron and proton-
proton tensor terms (Skyrme EDF T45). The results, obtawitibut taking into account the residual
neutron-proton pairing forcef €0), predict a zero-probability of one-neutron emission'fé€d.

In summary, increasing the strength of the residu€d pairing interaction leads to the significant
redistribution of GT strength and results in the non-zBgosalue and reduction of the half-life of
132Cd. It is shown that the competition tensor interaction agatron-proton pairing has a substantial
effect on the distribution of the Gamow-Teller transitionsgth. Decreasing the strength of neutron-
proton tensor interaction amplifies the impact of neutromkgm pairing on the beta-decay rates.
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