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The B-decay rates of neutron-rich nuclei relevant to thgrocess nucleosynthesis are mostly beyond ex-
perimental reach. Their predictions demand a self-consistent extrapolation of various nuclear properties away
from the experimentally known regions. The allowed transitions approximation commonly used in large-scale
microscopic calculations also needs to be revised in different mass regions. The density fuhctotialum
QRPA approximation to self-consistent calculations of the ground state properties, Gamow-Teller and first-
forbiddenB-decay transitions of nuclei far from stability is developed. Systematic calculations are performed
of the allowed and first-forbiddepB-decay rates for the-process relevant nuclides near the closed neutron
shells atN=50,82,126. The importance of first-forbidden decays n&as0, N~82 and nealN=126 is
shown. The tota3-decay half-lives in the region “east” of th&’%b are estimated. A comparison with recent
experimental data, global calculations, and self-consistent microscopic predictions is presented.
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I. INTRODUCTION calculate the Gamow-TelléGT) B-decay rates for a number
of the r-process relevant neutron-rich nuclidesNat 50,82
The various supernova models fail so far in predicting thg 3] and also alN=126[4]. The “no-core” calculations using
physical conditions necessary for a successfpifocess nu- the effective interactions and mufii€l model space are fea-
cleosynthesig1]. In addition to numerous problems in the sible for the GT decay of light nucléb]. For heavier nuclei,
quest of the astrophysical site for thprocess, nuclear phys- a truncation of the basis is inevitable even for the GT decay.
ics uncertainties are still high. To describe the production ofAs different oscillator shells are involved for the first-
the r-process isotopes, the knowledge of the properties oforbidden decays, a multi{) treatment is needed in this
thousands ofimostly unknown neutron-rich nuclei is re- case. A “valence-core” calculations of the forbidden decays
quired. Those include the characteristics of strong, electroin the tin and lead region were done in RE§]. The shell
magnetic and weak interaction processes. In particlar, model with continuum has been applied to forbidden decay
decays play a key role since they are the major mechanismwf light nuclei[7]. The density matrix renormalization group
for driving the material to heavier elements and for settingmethod[8] can be used in large-scale shell-model calcula-
ther-process time scale. In the case wherertheocess takes tions. The problem of self-consistency of the mdilf} shell-
place in a neutrino-rich environment, charged-current elecmodel calculations has been discussed in Ra#f.
tron neutrino captures, could amplify the effect of Bale- The up-to-date QRPA approach is based on the self-
cays. It could also change tlreabundance distribution by consistent predictions for the ground state within the con-
subsequent-induced neutron spallatiof2]. Hence, it is of  tinuum HFB [10]. The excited states can be treated in a
great importance to make reliable predictions of nucleatinear response theory with exact account for the whole con-
weak interaction rates for very neutron-rich nuclei. tinuum (unrestricted ph configuration spa¢é1,12. For the
The nuclear models fitted to experimental data close t@round state pairing, well defined basis regularization
the B-stability line usually allow for a crude extrapolation to schemes exist10,13. The QRPA models used for large-
extreme isospin values. For theprocess calculations, self- scale calculations of thgd rates have considered so far
consistent models are mandatory. The predictions of theimple particle-hole gh) configurations, but this limitation
B-decay rates based on the same ground state description,iasot a principal one and can be removed.
the one used to calculate the nuclear masses provide more The first QRPA models for thg*-decay half-lives which
reliable extrapolation far from stability. This is essential in replaced the phenomenological “gross theofyt4] lacked
order to ensure the internal consistency of the nucleosyntheself-consistency and relied on separable effechiv¢ inter-
sis models. actions. They were based on the Nilss®@CS formalism
Two different microscopic approaches have been used ifil5] or on the finite-range droplet model with a folded
the large-scale calculation of weak rates foprocess Yukawa single-particle potentidFRDM+QRPA) [16]. The
applications—the shell-model and the quasiparticle randomscheme of Ref[15] was extended to unique first forbidden
phase approximatioiQRPA). The advantage of the shell transitions, but this decay channel is important in special
model is the possibility to take into account the detailedcases only.
structure of theB-strength functions. It has been applied to  The first self-consistent HF-BCSontinuum QRPA
(CQRPA model for theB-decay half-lives has been devel-
oped in Ref[17] within the finite Fermi system theoFFS
*Also at State Scientific Centre—Institute of Physics and Powe{18]. The self-consistent ETF$ICQRPA approximation to
Engineering, 249020 Obninsk, Russia. the ground state masses and weak processes rates has been
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elaborated in Ref[19]. It was used in the coherent large- heavy nuclei far from theg-stability line. In Sec. Il the re-
scale predictions of nuclear massgs, -decay rates, and sults of systematic calculations are presented for the allowed
ve-capture rates in Ref20], as well as ofv.-capture rates and first-forbiddeng-decay rates near the closed neutron
[21]. The self-consistent treatment of the ground state propshells atN=50,82,126.

erties and consideration of the particle-particpgp) effec-

tive interaction resulted in a more realistic evaluation of odd- Il. THEORETICAL FRAMEWORK

even effects in the total half-livd47,19,20 compared to the o

FRDM tables[16]. The 8~ -decay rates of spherical even-  In the normal approximatiopR<1, qR<1, the electron
even semimagic nuclides withN="50, 82, and 126 have (P) and neutrino §) momenta are smaller than the momen-
been calculated within the HFBQRPA with a Skyrme tum of order of 1R transferred to nucleudhereR=r A" is
energy-density functional in Ref22]. The results are close the nuclear radiys The allowed GT and fir.st-forbidde'n de-
to those of Ref.[20] provided the same effective Cays from the parent nucleus ground stffeto the final
p-interaction is adopted. The first-forbidden decays for thestates|f) of the daughter nucleus depend on seymo-
r-process relevant nuclides &t=50,82 have been treated Ments related to the nuclear matrix elements of the following

recently within the self-consistent HF-BGEQRPA in Ref.  Operators:

[23]. -
Experiments using a new generation of the radioactive ion o,

beam facilities are crucial in validation of the theories. Great

attention has been paid to the nuclei near the closed neutron ys,[a1]©,

shells atN=>50, 82, and 126 of special importance for the

r-process modeling. The high precision data for short-lived a'(,[(;r”](l),

Ni isotopes near’®Ni [24], ?*"1?°Ag isotopes,[25] and
133-137gn[26] have been measured at RILISERN), which
benefits from the high isotopic and isobaric selectivity
reached by a laser ion source and by mass spectroscop - A .
respectively. The current experimental studies in the neutron"—zhere‘r are the Pauli spin matrices and the rank of the
rich and neutron-deficient lead regiof7,28§ are very im-  tensor operatorgor ] is defined by the momenturfy;
portant for studying the evolution of nuclear structure at ex-—Ji|<J=<|J;+J; transferred to the daughter nucleus. Al-
treme isospin, as well as for elucidating the weak interactiodowed and unique transitions involve only singienoments,
and B-decay theories. while the 8 rates of the nonunique decays are determined by
A detailed theoretical study of th@ decays near the incoherent(and mutually cancellingcontribution of differ-
closed shells aN=50, 82, and 126 is of key importance. It €nt moments. In addition, fod=0,1 transitions, the rela-
provides a clear case for application of the CQRPA modellivistic vector operator and axial charge operateg should
for a comparison of different methods and for experimentale included alongside with the spacelike operators. In a non-
check. First, these nuclei are not extreme drip-line systemkglativistic limit the former corresponds to the velocity-
(Sy=2.0-3.0 Me\&=A, whereA is the pairing potentiaJ)  dependent field®/2M and o- P/2M, whereP=P;+P; is
therefore a mean-field approach is relevant. Second, most tfie total momentum transferred to the nucleus Bhi the
these nuclei are spherical, hence thgidecay half-lives are bare nucleon mass. Thus, the consistent treatment of the me-
very sensitive to nuclear structure effects. Third, the nucledium induced fields requires to take into account the
with Z~28 near "®Ni and Z~50 near!*?Sn undergo high- velocity-dependent and two-body spin-orbit effect®l in-
energy GT and/or first-forbiddef decays. In these condi- teractions. This complicates the large-scale calculations sub-
tions, the spherical, A1h-QRPA approaches accounting for stantially.
the allowed and first-forbidden transitions have a reasonable The present model for large-scale calculations of the total
accuracy in predicting th@-decay half-lives. half-lives of the first-forbidden decays is based on the self-
Up to now, there have been no microscopic large-scaleonsistent description of the ground states within the density
calculations performed beyond the allowgdlecay approxi- functional approach. To find the mean field and pairing po-
mation, which certainly needs to be revised in different masgentials, and a quasiparticle basis with account for the pairing
regions. It has been argued that the relative contribution o€orrelations, we use the Fayans phenomenological density
the GT and first-forbiddes decays may vary in the vicinity functional[10]. The dependence on the normal dengitis
of the Z=50 nuclei neaN=82 and for the nuclei neax simulated by fractional-linear functions and the surface en-
=126[20,23. It is of prime interest to perform systematic ergy is related to the density-dependent finite-range forces.
calculations for those heawyprocess relevant nuclei where The quasiparticle spectrum and wave functions are calcu-
the first-forbidden transitions are expected to play an imporfated from a self-consistent mean field which is the first func-
tant role. tional derivative of the interaction energy with respect to the
The outline of the paper is as follows. In Sec. | the devel-normal density, while the pairing potential is obtained as the
oped density functional CQRPA approximation is described functional derivative of the pairing energy with respect to the
in detail. It is shown that the method is appropriate for self-anomalous nucleon density An additional self-consistency
consistent large-scale calculations of the ground state progondition[29] is used which removes a spurious isospin mix-
erties, Gamow-Teller and first-forbiddefi-decay rates of ing for Fermi (F) transitions.

[ar]®),
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The excited states are treated within the continuumand from the first-order velocity harmonic of the spin-
QRPA-like framework of the finite Fermi systerFFS dependent Landau-Migdal effectinéN interactions
theory [18] with exact treatment of the particle-hol@Hf)
continuum, density-dependent pairing and finite-range eﬁeC'F(ap)=4N51r§,(gl+ 9571 72) 8(F1—12) (01 02) (P1-Pa).
tive NN interactions in the particle-hole and particle-particle (5)
(pp) channels. The perturbation theory can be used in order
to simplify the treatment of the velocity dependent nuclearygre the operator§12 do not act on th@(rl— ;2)_ Thus,
responses. However, for global calculations of the total hah%[he spin-orbit effective interaction generates the single-

lives, it is convenient to replace them by the space-dependepicie potential consisting of the usual term and central
fields. The exact nonrelativistic relation between the ma”'xcomponent

elements of the timelike operater and its spacelike coun-

terpartr can be applied which reflects the g:onservation of the U= U;,(F)(;H Uz o(r)
nuclear vector currerCVC) [30]. For the timelike operator

vs and its spacelike counterpaﬁt r, no analogous exact 1 1 de' - 1d

relation exist due to the partial conservation of the axial cur- =4N, roz Ky ar & _r_z J(Py r|. (6
rent (PCAC). The self-consistent FFS sum rule approach T
[31] helps to approximate the operatpe by the spacelike

operator&-F taking into account the medium corrections.
With the resulting set of the space-dependent external fields L R

the large-scale calculations of tfgedecay half-lives are fea- pl=> nl{a-D)y|oI(r)]?, (7)
sible. A

The spin-orbit density is given by

hereN,* is inverse density of states at the Fermi surface

_ . _ defined as Bly*=Cy=300 MeV fn?, with Co=2&¢/3po,
The total interaction energy of a superfluid nucleusandp,=0.0859 fni* being the equilibrium density of one
Einl p,v]=[fdr ei(r;[p,v]), is a functional of two densi- kind of particles in the symmetric nuclear matter,

ties, the normal onp(F), and the anomalous onér). Self-  rq=(3/8mpy)?® is a dimensionality factor,K”':(K+
consistent calculations with such a functional look similar to+ «~7,.7,) and g, g; are the dimensionless FFS con-

the standard variational HFB procedure in which the singlestantsn”=y2 _ are the occupancy factors of the quasiparti-
particle Hamiltonian takes the form cle levels\”, ¢ are their wave functions\(=nlj w7 is the

h—u A standard set of the quantum numbers;n,p), and<5' I*>A
(—A* —h)’ (1) =j(j+1)—-1(1+21)-3/4.

M The fully self-consistent approach should include these
velocity dependent effective interactions both for the ground
where and excited states calculations. Thus, the effective

5 NN-interaction should contain non-local terms in the scatter-

he P OEin{p,v] _ SEin{p,v] ing channel which complicates the QRPA problem. In order

2M Sp ’ ov to facilitate the large-scale calculations, the velocity-
dependent interactions are not included in the present model

The Hamiltonianh contains the free kinetic energy operator at the QRPA level. At the ground state level, an additional
(the quasiparticle effective mass® being equal to the bare Self-consistency condition is applied which is associated with
nucleon mas#). The interaction energy density is written @ spontaneous breaking of the isospin symmetry. It relates

A. The ground-state description

H:

)

as the symmetry potential to the charge-exchange density-
dependent effective NN interaction F_=F""—F"P
€int= €maint €cout €51 &pair» 3 =FPP—F"P:

wheree i, contains the volume isoscalar and isovector con-_ .| | - , =+ b, *1 Fz -
tributions, and also the surface isoscalar and isovector inteff - ~4No | 859(I'12) +a;u(ri) + 4pe" 5| dra)|.
action energies generated by the density-dependent finite- ®)
range forces(see Ref.[10], and references therginThe
Coulomb interaction energy density,, takes its usual form  The strength parameteag, a, andb [31] are related to the
and includes the exchange part in the Slater approximation,s,al FFS parameters as followi:=aj+a/ —b/2 andf_,
. . . . . X

The spin-orbit self-consistent potentia); in Eq. (3) comes =ajs+a,;, where fi(f.) are the isovector interaction
from the two-body spin-orbit effectivaiN interaction strengths insidéoutside the nucleusy(r) is the normalized

) L L L Yukawa functionp™ = p"+ pP is the isoscalar density. These

T =4Ng k™ [V 8(r1— 1) X (p1—P2)]- (01+ 02), parameters may be constrained from the additional self-
(4) consistency conditioh29]
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U-(r)=(F(r F"[p])p‘(F’)) (9) parameters plus A-dependent cutoff. The important differ-
T ' ence with the DF3 is that the parameters of M¢ki¢luding

where U—(;):Un(;)_up(;) and p—(F):pn(F)_pp(F). the.p.airing strengthsare subject to the additional constraint
Here, and below, each pair of external brackets indicates th@f fitting at best the measured masses. The root-mean-square
integration on the spatial coordinates.Within the full basiseror of the fit to the 1888 measured masses given in Ref.
CQRPA, the relation Eq(9) excludes the spurious isospin [34]is 738 KeV. As the.pf':urlng parameters are treated as frge
mixing for the Fermi transitions. It is more convenient to useParameters in such a fitting, the balance of the mean vs pair-
an integral analog of Eq(9) relating the double-folded ing fields given by the self-consistent HF-BCS might be de-
monopole component df_ to the potential symmetry en- stroyed. One of the aims of the present work is to study

ergy Eq= B(N—2Z)?/A whether the Msk7 parameters found in such a way allow, at
the same time, a reasonable description of the basic nuclear
Es=27 (U (r)p (r)=27((p(r)Fy (r,r";[pDp(r"))). properties(such as single-particle energies, gtrucial for

(10) the B-decay rates predictions.
) ) . _ It is of interest to note that, so far, the large-scale calcu-
Thel S$C°nd term in EG3) is the pairing energy density |ations of the massd40,33,33 and the self-consistent pre-
epair= 2 v'Fv, where the effective force in the particle- gictions of the 8-decay half-lives[17,20,22,23 have used
particle channel is phenomenological density functionals or energy-independent
effective NN interactions. One of the alternatives is to con-
struct the energy-dependent effectiN-interaction from

. . . . the vacuumN N-scattering amplitude. Recently, such a cal-
The f¢(x) is a dimensionless strength treated in the local g amp Y

density approximation as (@ocal) functional of the isoscalar culation of the ground-state masses has been performed

o within the so-called quasiparticle Lagrange version of the
322::32; 1(_’;?;’5) nt)aizppr gs';f;edp i?i(na) grk?/rtrrr‘lz_ﬁ)igc;ggg]u tron self-consistent FF$36]. It has been shown that for small

values of the neutron chemical potential, the parameters of
FE(X) = FE + héxa(r), (12) the gffective NN 'interaction, and consequently the self-
consistent mean fields, vary strongly. As the result, the neu-
tron drip-line position shifts to very large values of the neu-
tron excessef36]. Such a modification of the ground state
characteristics for neutron-rich nuclei may, for instance,
é:hange the concentration of therocess “seed” nuclei.

FE&(ryp) = —4Ng (%) 8(r ). (11)

Wherefgx is negative(attractive in thepp channe), hfxq(F)

is positive withq=2/3 (a repulsive short-range partthe
gradient term is omitted. The superscriptefers to the en-
ergy cutoff parameter. It defines the number of single-particl
levels taken into account when evaluating the anomalous
Green’s functions and, correspondingly, when solving the

equations for the pairing fieIdS(F) and chemical potentials o ) ) ) o .
u, as well as the QRPA equations for the excited states. In The spin-isospin effectivéN interaction in the particle-
the case of the density dependent pairing, a local cutoff treatiole (ph) channel written in the transferred momentg (
ment of the pairing energy densifit0] helps to avoid the space is
problem of the cutoff energy. An efficient pairing regulariza-
tion procedure has been suggested in RE3].

The pairing has been treated in the diagonal approxima-
tion. For the contact pairing force, this corresponds to the

B. Spin-isospin charge-exchange effectiieN interaction

, (1K) (0zK)

Fo =4Ng? 2
o e k24 m2+ P, (k)

L.
0001-021t0,€

self-consistent HF-BCS calculations. In the case of the den- [o,K][ K]

. .. . . 2 1 2
sity independent pairing, the strength parameter in(E2).is €, 5 |71 T2 (13
chosen to reproduce the empirical matrix elements of the ke+mj

pairing potential A”. It varies in the range off¢
=0.25-0.33(in units of 4N51), depending on the mass
number if the pp basis includes all the single-particle stateslere 9,=—2m/Ng (f2Im?%), go=—2m/Ng (f5/m}),
with energies less thaB =15 MeV. For the density de- Where m;(m,) and f.(f,) are the bare pion d-meson
pendent pairing option the use is made f@f=—0.89,h¢  mMass and therNN(¢NN) coupling constants, respectively.
=0.83 with theEq=40 MeV [10]. T.he pion irreducible polarlzanoq operz_itor in the nuclear me-
In the present work, the parameter set DA3] of the  dium P_A(kz) takes care of the virtual isobar-nucleon hole
Fayans density functional is used. It reproduces not only th&Xcitations. The contact part of the effective spin-isospin in-
known ground-state properties @hagid nuclei but also the teraction Eq.(14) is governed by the Landau-Migdal con-
single-particle energies near the “magic cross™#sn[32].  stantgg. The operatoe; =Q=e [ o7]? is assumed to de-
The B-decay calculations have also been performed with th&cribe the quenching of the pion-nucleon verfég]. The
ground state description given by tl€ISk7) Skyrme type operatoreée is defined from the condition that theNN
density functional[33]. The corresponding Skyrme force coupling strength ig9=0.4ggaredue to the short-rangsN
contains ten parameters gafunction pairing force with four correlations.
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The onesw and onep exchange terms modified by the ~ 0 e a
nuclear medium are important in describing the magnetic Pi= P +2k ((AiFikpK))- (18
properties of nuclei and the nuclear spin-isospin responses.

The competition between the one-pion attractmppQ<0

and spin-isospin repulsiog,>0, determines a degree of ' 12 ehyg: : o
“softness” of the pionic modes in nuclei that influences di- = (G, oF~%,6G")(j=0,1,2h) being the variations of the

rectly the B-decay half-lives. So far, two basic sets of l:FSnormaI, anomalous, and hole Green functions in the external
. : e _

parameters have been found to describe satisfactory the spifields Vi . Here and below, each pair of external brackets

isospin excitations in nucleitl) Q=0.81,g’=0.9-1.0 de- indicates the integration on the spatial coordinates and a

rived from the magnetic momenf48], which allows for a Summation on the total spins. A

moderately softr modeq37]; (2) Q=0.64,g’=1.0-1.1 de- The effective field supermatrixV; consists of the

rived from observed GT andM1 strength distributions ph-vectorV (a variation of the nonsingular term of the mass

[31'38d'39' AI' Etrong qutenchllngl excludes thet,eX'Ste”C? of St°ﬁoperator2 in the external field/,), as well as of thep and

m modes. The recent analysis db,() reaction spectra at vectorsd®, d® (variations of the gapa™®) A®). In

E,=295 MeV [40] and excitation energies up tB,<50 . ‘
p X -
MeV gives some evidences dd=0.93+0.05, ie., of a Egs.(16),(18) the velocity-dependent terms are not included

lower quenching than previously expected from the olg@nd the fﬁeCtiYEN N-interactionF consists of theph com-
(p,n) data atE, <30 MeV [39]. As the experimental uncer- ponentF coming from the normal p;art of the densﬂy_func-
tainties are still large, both sets will be used in the calculafional and of thepp,hh components=° connected to pairing
tions of theg-decay half-lives. energy density. Note that for a density dependsggt Eq.(3),

In a general case, the spin-isopdir0 pp effectiveNN the component witlF ¢ also arises, the explicit formulas are
interaction in Eq.(24) has a form similar to the one foF given in Refs[41,43,44. The operator of quasiparticle local
=1 pairing: chargeey[ Vo] taking account for thegbeyond the QRPA

medium renormalization of nuclear response is discussed in

Farf(rij)=—4N51(gé+ thQ)é(rij) (J™=0",1%, ...), detail in Sec. Il E.

In the above equationsp=[(de/2mi)R(r,r;e,0), R;

(14) The QRPA-propagator supermatdxis obtained by inte-
grating various pair products of the Green’s functions over
Fg(rij): _4N51(fé+ héx9) ()  (I™=0%,17,...), the energy variable. To avoid the ph basis truncation in-

(15) evitable in the\ representation, Eq$14),(16) can be solved
in the mixed ¢,\) approximation. The idea of the method is

wherex(r) is defined in Eq(12). An increase ofy} leads to ~ Physically transparent: the nuclear pairing is important
shorters~-decay half-lives and softep(n) spectra{longer ~ Within the “valence\ space” only. It is defined ag."— ¢
B*-decay half-lives and harden(p) spectrd [41]. This al- <&<u#'+&, whereu™ are t_he neutron and proton'chemmal
lows us to selecty;=0.3-0.5 for the density-independent POtentials. The corresponding part of the propagatsrcon-
pairing (with Eqyer=15 MeV) from the recent i, p) reac- structed in thex space and tr.ansformed to thespace. For _
tion data in the Fe-Co-Ni regiofsee Ref[42], and refer- the states far from the Fermi surfacg the propagator matrix
ences therein degenerates into a singbd propagatolA of the system with

no pairing. It is calculated via the Green functions con-
structed in the spacd 45,46 which allows the exact inclu-

C. FFS description of the excited states in the system . .
P Y sion of theph continuum. Thus, the full propagator reads

with pairing correlations

The CQRPA equations for the finite Fermi system with

pairing correlationg18], involve the particle-hole, particle- AT @) =A(NT0)+ 2 [Lpn(@) —Apy(@)]
particle, and hole-hole blocks. Assuming that the effective R

NN interaction is non retarded, these quuations can be writ- X go:(F1)<pp(Fl)<pn(r2)gD;(F2), (19
ten in terms of the density matrix variatiopsin the external N

field V/° where theA,, term, i.e., the part of the propagatércor-

rected for the pairing contribution, is subtracted to avoid a
A A s PR double counting. Ther(\) approximation was first devel-
— 0
Vi=e€qiVit Ek: ((Ficpi)) (16) oped for the non-charge-exchange case in R&i, and then
extended for the charge-exchange excitations in [RET]
(here the X 3 matrix formalism of Ref[43] is used. The  (for the complete formulas including the important case of

density matrices are related to the effective fields by the oddA nuclei see Refl44]).
“ ~ o~ D. FFS transition densities andf moments
pi=2 ((AuV) (17) _
k As B decay proceeds to the discrete stafg)s of the

daughter nucleus, EqL7) can be replaced by the one for the
and to a linear response theory by transition density matrix defined as
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P (w9 =(A(r,I";09)0s(r";ws)),

where the excitation amplitud}s is a solution of the homo-

geneous equation

9s(ws) = ((FAg4(wy))),

with a normalization conditiof18]

The beta moment for the transitio@)—|s) is given by
Mais=(23+1)(eg"NVp"(r)pifS

where the partial transition densitigg-5(r;w<) are found

from Eqs.(16),(20),(22).

For the decay to the states wil;— w>S,, it is more
convenient to use the partiglstrength functions

B (2J+1)
T Ax

S50,

wherep=N-Im(AV) are the density matrices E(L7), the
explicit formulas involving theirph, pp, and hh compo-
nents can be found in Ref44]. The transition density is
normalized on the matrix element of the transitj@— |s)

[Mod?=(23+1)|e"V3-S(r)p

.. dA.
Os %gs =-1

(€392 [ B0 1w,

=f S;;Ls(w,'y)dw.
Awg

Here, the energy interval wg=T s+ 4y includes the state
|s) located within theB-decay window,I .. being the cor-
responding escape width, aid=41y is the artificial width

JLS,
tr
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The normalization of the space-dependent external fields
V9, s corresponds to the one accepted in R47]. The uni-
versal medium renormalization of the external fields of a
different symmetry(beyond the QRPA-type correlationis
taken into account via the quasiparticle local charge opera-

tors eq;=e4[V3-°]. The so-called “quenching factorQ
=eqd 07]?=(ga/Ga)? is usually introduced in order to sup-
presses the spin-isospin fields in the nuclear medium. The
smallerQ, the less strength contained in the low-energy part
(w<eg) of the spin-isospin response, and therefore the
shorter theB-decay half-lives.

It was shown on the basis of the chiral symmetry and
soft-pion limit that(ys) vertex is substantially amplified in
the nuclear medium due to the meson-exchange currents and
the effectiveNN interactions[48] but the details have not
been well establishetsee Refs[49,50). The treatment of

the response to the velocity-dependent fieRkeM and
(o-PI2M) is simplified if the induced field&/=o - P/2M
+V P andV’=P/2M + VP are assumed to be small pertur-
bations. These yield

V”‘P=(FA : +|‘=A\“/5'5),
5 (27)
\“/P=(|‘:Am+|‘:A\“/P).

HereF includes the velocity-dependent and spin-orbit effec-
tive interactions.

From EQgs.(16),(26),(27), it is seen that the renormaliza-
tion of the spin-isospin fields is given by the FFS local
chargee;s=ga/Ga and (at the QRPA level by the spin-
isospin effective interactions governed by the strength pa-
rametersg’,g;w of Eq. (12). Theo- P field is renormalized
by the FFS axial local charge,s=ey[ ys] and(at the QRPA
level) by the one-pion exchange, spin-isospin velocity de-
pendent ¢;), and two-body spin-orbit£~) effective NN
interactions of Eqs(4),(5). Considering only the one-pion

of the individual excitation which may be introduced in order exchange and spin-isospin velocity dependent harmghic
to simplify numerical integration.

E. Reduction of the relativistic 8-decay moments

In the nonrelativistic limit, the first-forbidden transitions
are generated by the following external

Vg1 1=€qd 0T —egs0- PI2M,

1 . .
VO, =——=(ir—P/2M),
1,1,0 \/§(

V(1),1,1: eqs\/z[f;F](l),

0 _
V2,1,1_ eqs

2

V3

[or]®,

one arrives age;s=(1+R)(1+ £g}) [51], where the ratio of

the two-particle exchange current diagram to the impulse ap-
proximation one is estimated as 04R<0.62 [49]. The
FFS quasipatrticle local charges used in the present calcula-
tions were e;s=1.5 (forg;=0), e;s=1.2 (forg;=—10.4)

[51], e§s= 0.64[31], and 0.81]37]. More sophisticated for-
mula foregs involving the Landau-Migdal tensor harmonics,
as well as the one based on the chiral Lagrangian theory can
be found in Ref[50] (all the above estimates agree within
10%).

To facilitate the large-scale calculations of the first-
forbidden transitions, it is convenient not to consider the
relativistic B-moments explicitly. Instead, the exact relation
between the relativistic vector current transition matrix ele-

ment(a) and its spacelike counterpdit’) is applied

(@)= Axi), 28)
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where A,=386.1 fm is the electron Compton wavelength. operatoreys. The renormalization of thé , associated with
The analogous approximate relation between the axial chargae effectiveNN interactions can be found from the FFS sum
(ys) and(ic-r) beta-moments can be constructed by takingrulesmi** and mg**

into account the medium effects

g .. §A0=wif+uc+(WS|—US|)+(Wg/—Wf/)+WTr. (34)

(75)= 3 Aolio-T). (29) B -
N The termw;, appears here instead af according to the

The state dependent factdr(i —f;w) is found using the  self-consistency condition E9). The wy, ,, terms corre-

QRPA energy-weighted and nonweighted sum rules, the selspond to the ones from Eq13). Once the self-consistent

consistency criteria Eq(9), and the properties of the FFS gensitiesp™ and spin-orbit densitiep?; are found, all the

transition densities Eq22). Extending the approach of Ref. tarms in Eq.(34) can be evaluated.

[31], A, is represented as a sum of the irregular part and |t js instructive to estimate the different contributions to

smoothed corrections Eq. (34). The termwgy —w;, coming from the spin-isospin
_ _ and isospin effectivdNN interactions is proportional tg’
ENy= i+ 2 Uj+2k Wi, (30 —f’, hence it disappears in the & limit g'~f’. The
! remaining terms are readily evaluated if the corresponding
wherew;s=w—AM,,, is the energy of the nuclear transition densitiesp™, p”, andp, are replaced by the properly nor-
satisfying the specific selection rulesjs the dimensionless malized Fermi type distributions. The spin-dipole non-
Coulomb parameteé=Ze*/2Rmc? Z and R being the energy-weighted sum rule is given byng"S= e[ (2J
charge and radius of the daughter nucleus, the terms on thﬁl)/Zw](N(rﬁ)—Z(rS)). The approximationirﬁ)w(rﬁ)

right hand side of Eq(30) are in units ofm,c?. and (f|rMi)=3RM(A+3) lead to mg°11)~e§R2(N
The smoothed terms; originate from the CoulombJc,  —Z)/37. The effect of ther-meson exchang@t the QRPA

spin-orbitUg,, and the symmetry) ~ self-consistent poten- level) is rather small, asv. ~(N—2)/2A2,

tials, while thew; relate to the effectivé N interactionsF; The major impact om\, comes from the spin-orbit effec-

Egs. (4),(5),(13). They are obtained by averaging over thetive NN interaction Eq.(4). For theJ=0 transitions, sum-
neutron excess densipy. and spin-orbit densityg, as fol- ming the terms arising frorli,, andWs| leads tOV_VsI_USI

lows: A - .
~ = 4(0] V{20 | 0)/mE™H= — 43 (egVe UL pL)
U= 2((VoVUp)i/m3-S, m*. Assumingl =1+ 1~A'%, and neglecting the terms to
. (31)  order ~A~3 the spin-orbit contribution is (s — ug))/&
w; = e5{(VoVipF p)i/mgS. ~(8&£/3mMC?) pors v(A,Z)(kT12)AY(N—Z), wherex™

. ~0.4 is the isoscalar spin-orbit strength constant. The factor
H?,_rg the QRPA Sum rules for the external field operatorsV(A Z) is introduced tlg take into agcount the number of
Vo "=€qsf (NIaY [T partner levels involved and the possibility of partial occu-
~ pancy of the particle level. For the highest energy transitions
mtS=>) w0|(s|V3-50))2 in N=82, Z>50 nuclei,A,— A; is estimated numerically to
s be about 20% of\ ;.

_ nalLS _(_n, .nalLS

_f dofo"S; @)~ (-)"w Sl+ ()], (32 F. The B-decay half-lives
involve the full charge-exchange strength functions for both  The general expression for the partiadecay half-life is
7_ and 7, channels. W

For the relativistic vector3 moment (), the self- 1/t1/2=D71(GA/Gv)2f maxcﬁ(w)

consistency condition E¢9) provides precise cancellation mec?
of all the terms in Eq(30), except the averaged Coulomb

_ 2
potential XF(Z,W)pW(Wnayx—W)“dW, (35

fAlzwif+UC- (33 where C4(W) is the g-decay shape factoF(Z,W) is the
usual Fermi function with the Coulomb screening and rela-
In the case of the uniformly charged sphéfg=6/5¢, and tivistic nuclear finite size corrections taken into accdu],
Eq. (33) coincides with the well-known result of Ref52]  D=6163+4 s, W is the electron energy, and/ =W,
obtained under the CVC hypothesis. +meC? is the total disintegration energy. The shape factor is
For the axial-vector momenritys), the sum rule estimate given by the exact expression

Ap=A,; was obtained in Ref[52] neglecting the off-
diagonal matrix element of the nuclear hamiltonian. It was

used in Ref[53] to calculate the8 decays in the lead region. > Cylke k)
Within the FFS, state independdbeyond the QRPArenor- Ca(W)= ke Ky d ' (36)
malization of the(ys) is included into the local axial charge F(Z,W)(Wpax— W)?p?
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whereJ=|k.—k;| is the momentum transferred to the lepton — T T T T 1
pair, and the coefficient€;(ke,k;) are the standard combi- 1
nations of 3 moments and leptons wave functions at the
nuclear radiu$55].

For the nonunique forbidden decays wi, & w, the
distortion of the electron spectra is not significant and the
shape factor is energy independent

—8— DF3 (a)
—e— DF3 (a+1f)
—A— MSK7 (a)
—wv— exp.data

1000
2 J

> (fIMydi)
S=0,1

101 2J+1 . (87

&
Co=r 21 B(J)=

which is called the Coulombéj approximation. The orbital
B-decay term withJ=2 does not contaig and can be ne-
glected.

The total half-lives can be calculated within the
B-strength function formalism

T,, (ms)

L/

Ni isotopes \

_ Qp —¢
1/Ty,=D l(GA/GV)Zf dofo(Z,w) > (k))Sy(®,7), ¢

0 n=14 100 T T T T T T T

(39 72 74 76 78 80

where the sum contains the GT term witlk 1 and the first- A
forbidden terms withJ=0,1,2. For the GT and nonunique FIG. 1. The experimentgs-decay half-lives for the Ni isotopes

first-forbidden decaysx;-o)=1, and for the unique first-  3yen from Ref[24] and NUBASE compilatiofi57] compared to the
forbidden decays(x;-,)="f,/fo, with f; calculated as in  \sk7 and DF3 calculationsQ=0.81,a: allowed transitionsa
Ref.[56]. The integrated leptore(’,v.) phase-space volume +1f: allowed and first-forbidden transitions

Winax =50 region, momenta transfer are small, and a “softening”
fo= f , F(Z,W) pW(W 05— W)2dW (39 of the GT strength function due to the omeexchange is not
MeC significant. Forbidden decays are more sensitive to the mo-
mentum dependence of tHéN interaction caused by the
one-r and onep exchange.
We see from Fig.1 that approaching the=50 closed
lll. THE B-DECAY HALF-LIVES NEAR N=50,82,126 shell, the MSk7 half-lives agree well with the DF3 ones and
NEUTRON CLOSED SHELLS existing experimental data. At smaller neutron numbers
_ _ ("), the deviations are more pronounced. This can be
A. B decay in theZ =28, N=50 region related to the different pairing force parameters in the MSk7
According to available experimentd?4—26 and pre- [33] and DF3.(In the present paper we discuss the calcula-
dicted [16,20 decay schemes, the nuclei in the vicinity of tions with the density-independent pairing onlynportantly,
Z=28,N=50 shell sequence undergo fast high—energy Gt may also indicate that the constraint of a better mass fit
decays which are built mainly on the simple sheII—modeI”“pOS‘?d Ig” thde MSk7 00Ut|d ?lsltor:[[hthe balg_r;;e b?rtlwee” the
configurationsy1f m1f and v10e»— 7lde,. It  Mean-field and pairing potentials, thus modifying the quasi-
is of%mportance ;/hzgt/z;]e hié/ﬁfénergy ggll'ztransﬂ%zns exispartiqle energies impor;ant for the half-life _predictions. As
both atZ<28 and atZ=28-29 when ther1f,, orbital is t_he higher order corrections to the BCS are ignored, the par-
completely blocked. The first-forbidden decays are dueﬂde number nonconservation effects may also affect the

mainly to the v1gg,— wlf;, and v1fs,— 7wlds, transi- alf'I'_rl1i\e/eﬁsr.st-forbidden transitions are of little effect for nuclei
tions with the energies close to that of the GT decays. In Fig

1 we show our predictions for Ni isotopes obtained includinghear.zzzs’ N=50 (Fig. 1). In this regipn, our calc_:l_JIations_
the first-forbidden decays. Two different ground state de_pred|c:t a number Qf GT and first-forbidden transitions with .
scriptions are used, the D.F3- and MSk7-based Calculationcomparalble energies, hence the GT decay channel domi-
. U ' ; . Rates. Note that this picture does not change in Zhe
(Fig. 1) being in better agreement with the experimental data

than our previous ETFSI resultg0]. Note that this improve- =28,29 nuclei in which the important11y; orbital is fully
, . -~ blocked, while many high-energy GT transitions remain
ment results in part from the reduction of the half-lives
caused by the stronger effectiyg interaction used in the
present calculations. _ _ _ )
For Q=0.81, the half-lives are roughly 20% shorter than B. B decay in theZ=>50, N =82 region
for Q=0.64(Fig. 1) due to the corresponding increase of the In the 1plh approximation, the only high-energy GT
strength in theQ, window. For theg decays inZ~28, N transition in these nuclei corresponds to thelgy,

incorporates the Coulomb and finite-size correcti@¥.
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1000 ]
—m—DF3  (a)
—e—DF3  (a+1f)
—A—MSk7 (a)
—w—exp.data

T o (ms)

100
- Ag -

T T T T T T T T T
122 124 126 128 130

A

FIG. 2. The experimentg-decay half-lives for the Ag isotopic
chain taken from the NUBASE compilatigs7] and RILIS CERN
data[25,26] compared to the predictions based on the DF3 and
Msk7 (Q=0.81,a: allowed transitionsa+ 1f: the first-forbidden
transition includeg

120

—mlgg, configuration, and the high-energy first-forbidden
decay is mainly due to thelh,,,— 7m1gg, configuration. It

is of interest to compare the DF3 and MSK7 calculations for
the allowed GTgB decays. One observes from Fig. 2 that
MSK7 predicts much shorter half-lives than DF3 does for the
Ag isotopes. As in the case of the Ni isotopes, the agreement
between the calculations based on these models for the
ground states gets worse when moving away from khe
=82 closed shell. The calculations show that the first-
forbidden transitions have a moderate impact on the total
half-lives for nuclei neaZz <50, N=82. For the Ag and Cd
isotopegFigs. 2,3, the first-forbidden transitions are respon-
sible for up to a factor of 2 reduction in the total half-lives. A
slight odd-even effect in the total half-lives is observed in the
experimental data and in our calculations for Ag,Cd isotopes
(Figs. 2,3. It is due to the odd-even staggering of the corre-
sponding transition energies. The results for the Ag and Cd
nuclei support the conclusion that the high energy GT decays
dominate the total half-lives of the nuclei in tAe<50 region
near 32Sn [17,20. Unlike in the Z=28 region, the high-
energy GT and first-forbidde@ transitions mentioned above
are no longer possible, f&=50-51 nuclei aboveé*?Sn, as

the 1wgg, orbital is fully blocked. Due to the phase space
effect, the higher energy forbidden transitions related to the
v2foo— wlgy,, vis— m2ds, configurations dominate the
total half-life. For nuclei with Z=52 and N~82,
1mggr0rbital is deblocked due to pairing correlations, and

the GT transition strength is quenched by the occupancy fac- FIG. 4. The same as Fig. 2 for the Sn isotopes. The experimental
data are from Ref/.26].

tor of the proton level (EI.—Ule 2)
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T,, (ms)

100
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—®&— DF3 (a+1f)
m —&— exp.data
=S
Cd isotopes
|
~—
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126 128 130 132

FIG. 3. The same as Fig. 2 for the Cd isotopes. The experimen-
tal data are from the NUBASE57] and Ref.[58].

For the 133 13%n isotopes, the FRDM calculatiofi$6]
performed in the allowed transition approximation strongly
overestimate the experimental half-livéBig. 4). A fairly
good agreement of our calculations with the experin{Eid.

10

—

1/2

0,1

Sn isotopes

—m— FRDM (a)
—@— DF3 (a+1f)
—A—GT2 (a+1f)
—v¥— exp. data
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T T T T T T T T T T T T
v ] 1 —a—T, ——T . —4—T, [ ]
1 ] |—v—T, ——T,
—m— DF3a
—®&— DF3 a+1f Q=0.81 A
100'; —A—SMa Q=055 E 100 100 <
—v— HFBa Q=064 ]
—&— exp. data v ]
’5 —
E £
. =
— | —
10 v 10
| 107
v / ]
/ —.?/
_ A/A
e
o
14 41
T T T T T T
38 40 42 44 46 48 50
Z 1 T T T T T T
) . 60 62 64 66 68 70
FIG. 5. The experimentaB-decay half-lives for theN=_82 z

chain taken from the NUBASE compilatids7] compared to DF3
(Q=0.81,a: allowed transitionsa+ 1f: the first-forbidden transi-
tion included, HFB [22] (Q=0.64) and shell-model resul{s3]
(Q=0.55).

FIG. 6. TheB-decay half-lives for theN=126 chain calculated
with the DF3 @Q=0.81,a: allowed transitionsa+1f: the first-
forbidden transition included and with the shell-model[4]
(Tsm, Q=0.55 was usedAlso shown are the half-lives against the
(ve,e”) capture at the electron neutrino temperatufes 4 MeV

. . ) (T,) [20] and 8 MeV (g) [60] calculated for L,
4) shows that Coulomb decay mechanism dominates in these 52 grg '+ andR=100 km.

nuclei. The experimental evidence of the high-energy first-
forbidden transitions abov&2Sn has long been know59].

In the recent studj26], the B8-decay half-lives have been o ) o
measured up td3Sn. Within theQ, window of 9.0 MeV, be the last bound tin isotopes, it turns to Bésn within the
the experimental decay scheme n demonstrates the MSK7. At the same time, the energy-dependBmbatrix in-
existence of low energy GT transitions at 4—5 MeV and ofteraction leads to the neutron drip-line located abé¥sn
high energy first-forbidden transitions at 7—-9 ME6]. The  [36]. With the “modified” neutron drip-line a role of forbid-
total half-lives of 45050) ms and 52(B0) ms have been den decays may be more important, as the driving operators
reported in Ref[26] for *3%Sn in agreement with 0(8.1) s contain the factor/Ry. A possible existence of superallowed
found earlier in Ref[59]. Our estimat¢23] was 2470 ms for Fermi, as well as accelerated Gamow-Teller and first-
the pure GT decay and 520 ms with first-forbidden decay$orbidden 8 decays may be anticipated in doubly-magic
included. The present calculations give the half-life of 482drip-|ine systems. Our RPA estimate of the half-life féfsn
ms for 13°Sn. is 0.58 ms for the pure GT decay and 0.18 ms with the first

In Fig. 5 we display the results of the DF3 calculationsforbidden decays included. This subject deserves a further
(Q=0.81) of pure GT decays and including the first- syydy.

forbidden decays for nuclei 8=82 andZ<50. The com-
parison is made with the HFB result32] obtained with the
same particle-particle interaction strengﬁhas in the present _ )
work andQ=0.64. Also shown are the shell-model results [N the importantr-process region neaf~60—-75 andN

[3] and measured half-lives. Our calculations including the=126, the role of the first-forbidden decays is decisive.
first-forbidden decays show a small odd-even effect which istThese nuclei undergo high-energy first-forbidden decays re-
in agreement with available experimental data. Note that théated to thev1i,3,— 71hy,,, configuration. Our CQRPA cal-
use of the same quenchir@=0.81 would drive the HFB culations predict a strong"=1"(S=1) transitions in nuclei
results in closer agreement with our results and the experinearZ~70 andN=126. Their3-decay energies are of about
mental data. For the shell-model calculatid@$, reducing 6 MeV, well above the GT transitions at about 4 MeV which
the quenching would drive the results below the experimenare related to theslhg,— 71lhyy, configuration weakened
tal data. It is worth to mention that for tin isotopes the exis-due to the partial occupancy of thé g, level. The unper-
tence of the next magic shell-closure 250, N=126 is  turbed B-decay energy of the main GT decay configuration
not overruled. Our DF3-based calculations give t&n to  vliyg,— 7liqy is low (about 1 MeV. Thus, it is clearly

C. B decay vs(v.,e”) capture in N=126 region
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seen from Fig. 6. that the behavior of the half-lives for the { T j T " T

GT and GT+first-forbidden transitions reflects the blocking i
of the 17rg9/2 and krh11/2 levels with increasing. ] \ —m— DF3 (a)
v

. . . . 100000 —o— E
In Fig. 6 a comparison is presented with the shell-model E o DFS(arth) | 3

~ ) . . —A— GT2(a+1f)
calculationd 3] performed in the allowed transition approxi- —v— FRDM (a)

mation and withQ=0.55. It is seen that the inclusion of the —¢—expdata
first-forbidden transitions results in noticeably shorter half- 10000 3
lives in theN=126 region. The difference with the GT ap- ] _ v

proximation amounts to typically a factor 5 to 10, and is ] Thisotopes \

Ref. [4] would be shorter if the first-forbidden decays were

included and/or a smaller quenching used. Z 00

more pronounced for heavier nuclei approaching the closed 1000
proton shell aZ=82. Note that the shell-model half-lives of

The shorter half-lives predicted fod=126 should have
significant implications on the-process nucleosynthesis in |_> ]
this region. In the specific case of the neutrino wind model 1
[2], the charged-current electron neutrino captures by heavy 10 /\
nuclei (v.,e~) can compete with th@ decays in driving the ]
material to higherZ elements. Thus, the effective “weak ]
flow” rate is given by\es=Ag+\,. The neutrino capture . T . r . T
rates are, however, sensitive to the adopted neutrino driven 210 212 214
wind model, since they depend on the neutrino flux which A
scales with theR>—the distance to the center of the neutron
star. The ¢.,e”)-capture rates would also increase if the FIG. 7. TheB—decay half-lives for Tl isotopes calculated within
neutrino oscillations/e=,, , are included. We show in Fig. the DF3rcQRPA Q=0.81,a: allowed transitions.a+1f: the
6 the calculated half-lives against the.(e~) capture[20] flrst-forbldQen transmor_l included~RDM and GT2 modelgl6,14.
corrected for the contribution of forbidden transitions at the "€ experimental haif-lives are taken from NUBASE] and[27].

electron neutrino temperatuiig,=4 MeV, and also the cal- . ) . I
culations by Ref[60] at T,=8 MeV (for this temperature simple estimate the total half-lives within the Coulomd) (

the complete neutrino oscillations were assumed in Ref2PProximation is of interest. The main aim is to study the

[60]). In both calculations the neutrino energy luminosity accuracy and limitations of the present model for large-scale

L, =107 erg s ! andR=100 km are used calculations. Figures 7—9 show the calculated half-lives for
) .

One observes from Fig. 6 that for nuclides witke69 our e 2097214, 215721%D, and #1°"?2Bi isotopes where the

calculatedB-decay rates are higher even than the,e™)
rates atT,=8 MeV with the neutrino oscillations included

[60]. In other words, for these given temperatures and neu- 1000000 3 * —®—DF3  (a) |3

trino flux, B decays dominate over charged-current electron 3 —@—DF3 (a+1f) | 3

neutrino captures. The impact of the present calculations on : —A—GT2 (ar1f) | ]
Pb isotopes

f/> /

i i i —w— FRDM
speeding up the-process nucleosynthesis remains to be _:_ o (@)
studied 100000 5 exp.data

D. B decay in the region “east” of 2°%b

The possibilities of experimental measurements near 10000 4
=126 are very limited. The current experimen(see ]
[28,46)) concern mostly the nuclei “east” and “west” of 1
208h . In the region close t&°%Pb, the strong first-forbidden ]

B decays are well known experimentally. Numerous theoret- 10003 _/

ical studies[53,61,62 have shown a complicated character ] -
of the first-forbidden decays ned¥Pb, with their relatively ]

low Qg values and transition energies. The main problem the « 1004

models encounter lies in a near cancellation of the leading 3

matrix elements fod=0,1 transitions which results in a de- ] °/
viation of the electron spectra from a statistical shape. In this ' : : :
case, thet approximation may fail, and the BehrenstBing 214 216 218
multipole expansion of th@-spectrum form factor$30] is A

needed. While a detailed analysis of tedecays in the

208pp region requires due consideration of the energy depen- FIG. 8. The same as Fig. 7 for Pb isotopes. The experimental
dence of the shape factor, further to the “east”3fPb, a  data are from Ref[28].

T 172
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L L L neglect of the velocity-dependent terms in the effectiig
100004 = J interaction and to the use of the Coulond) @pproximation.

: A —E—GT2 (a+1f) | ] However, in general, the results are in a qualitative agree-
—®—DF3 (a1 | ment with available experimental data on total half-lives.
—A—FRDM {(a) . . ;

—v— expdata Thus, they_may prgwdt_a a us_eful guide for the planning of the
new experiments in this region of the nuclear chart.

1000 J

N IV. CONCLUSIONS
u
& 100-5 '/' A 3 The developed density functioraCQRPA approach is
. . ] based on the self-consistent description of the ground state
- properties and imposes no restriction on the ph single-
— . ) . ) .
o . . | particle basis. This allows us to derive the mass-independent
104 Bi isotopes J (finite-rangeph and pp) effective NN interactions of FFS

and the energy independent spin-isospin local chargeé@
from experimental data on the spin-isospin responses of nu-
- clei (with no direct fitting to theB-decay half-lives
215 216 217 218 219 220 A special feature of the method is that the space-
A dependent operators of the first-forbidden decay are treated
implicitly, while the relativistic8 moments «) and{ ys) are
FIG. 9. The same as Fig. 7 for Bi isotopes. The experimentateduced to their space-dependent counterparts. An approxi-
data are from the NUBASES7]. mation based on the self-consistent FFS sum rules takes into
account the renormalization of tess) in nuclear medium.
The comparison with the newly measured experimental half-
calculatedQ, values are relatively high and varyin the inter- lives shows that the method provides a reasonably accurate
vals of 3.1-6.4, 2.1-2.2 and 2.8-5.7 MeV, respectively. prediction of the total half-lives important for threprocess.
The half-lives based on FRDM6] and on the semistatis- This gives some confidence that the model developed here
tical version of “gross-theory” GTZ214] are also presented. provides a framework for microscopic global calculations of
Figures 7-9 indicate that the FRDM calculations using thehe Gamow-Teller and first-forbidden decays for the
GT transition approximatiofl6] overestimate the available r-process relevant nuclei.
experimental data by orders of magnitude. @Gedecay half- The calculations of the total half-lives for nuclei near the
lives calculated for these nuclei in the GT approximation areN=50,82 closed shells show a better agreement with avail-
much shorter than the FRDM ones. This is because of thable experimental data than our previous ETFSI re$ai
different treatment of the ground state properties and pairingror these nuclei crucial for theprocess modeling, the high
correlations, and also due to tpg effective interaction not energy GT decays dominate the total half-lives. The effect of
included in Ref[16]. first-forbidden transitions is found to be small foi=50
The results of global GT2 calculatiof$4] with a para-  region, and moderate fot= 82 region. In contrast, the effect
metric description of the forbidden transitions, vary signifi- of the high-energy first-forbidden transitions is found to be
cantly from one isotopic chain to the oth@figs. 7—9. For  decisive in theZ=50, N~82 and especially in thdl=126
example, the extent of the odd-even effects in the Tl isotopesegions. The impact of the improved half-lives on the
(Fig. 7) predicted by the GT2 and FRDM calculations, hasr-process abundances will be analyzed in the forthcoming
been not confirmed by recent experimental d&t8]. For  paper.
these isotopes, our calculations show an important contribu- We have performed the calculations of the total half-lives
tion of the GT transitions to the total half-lives. According to in the regions where high-energy GT and first-forbidden de-
the ground state and pairing properties predicted by DF3, theays dominate. For the nuclei in which a retardation of the
GT strength can come from the stretcheali(;,/,71i13/) forbidden decays plays a role, due to the specific selection
quasiparticle configuration with the partially occupied rules, nuclear deformation effects, a cancellation of the com-
v1iz level. The major first-forbidden strength in the Tl, Pb peting 8 moments, etd.30], the approximations used above

and Bi isotopes is related to the vigq,mlhgy), may be too simplistic. To properly describe these features
(v1ggpmlf,,), as well as to partially blocked (especially for partial half-lives an extension of the method
(v1kqgomliqg) shell-model configurations. will be needed. An advanced framework for the universal

Even though our calculations show a fairly regular behav-description of the first-forbidden transitions requires a re-
ior of the total half-lives(Figs. 7-9, they may be oversim- fined treatment the electron radial wave functi¢86]. An
plified in the specific region “east” of°®Pb. Their accuracy implicit treatment of the{a) and{ys) B moments is also
may decrease, for example, when tAg=0 transitions needed along with the inclusion of the velocity-dependent
dominate in the decay schemes. This is mainly due to thand spin-orbit terms to the effectivélN interaction.
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