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Systematic study of nuclearB decay
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B-decay properties of nuclei are studied in the framework of proton-neutron quasiparticle random-phase
approximation with a schematic Gamow-Teller residual interaction. Particle-hole and particle-particle terms of
the separable Gamow-Teller force are consistently included for @6tand 3~ directions, and their strengths
are fixed as smooth functions of mass numBeof nuclei in such a way that the calculation reproduces
observed3-decay properties of nuclei. Using the fixed interaction strengtbdecay half-lives of nuclei up to
A=150 are calculated, and generally good agreement with experiment is obtained. A schematic force which is
relevant to the unique first-forbidden decay is also included in a similar way to the Gamow-Teller force, and
its effects are studiedS0556-28186)03512-1]

PACS numbgs): 23.40.Hc, 21.10.Tg, 21.30.Fe, 21.60.Jz

[. INTRODUCTION RPA equation with a schematic Gamow-Tel(&T) residual
interaction. The pnQRPA model was developed by Halbleib
The knowledge of weak interaction rates of nuclei is oneand SorensefiL1] by generalizing the usual RPA to describe
of the most important factors for resolving astrophysicalcharge-changing transitions; their original model uses a

problems. Most nuclei of interest in astrophysics are the onegPherical single-particle model and particle-hole terms of the
far from stability, and theirg-decay properties have to be separable GT force. During about thirty years after the origi-
estimated theore,tically nal work of Halbleib and Sorensen, the pnQRPA model has

) - : been extended by many authors for its applications to de-
_ The njost_ reliable predlcpons may be_ ob_tamed by a fulligrmed nuclei and nuclei with odd nucleof2—16.
d|agonaI|z_at|on of an effgctlve Hamiltonian in some .model The extended pnQRPA model has been used to calculate
space. Wildenthdl1] obtained nuclear wave functions in the g-decay half-lives of nuclei throughout the nuclidic chart
full sd-shell model space, which reproduce a wide range of8—10. The authors of Refs[8,9] use particle-hole(ph)
nuclear structure properties. These wave functions are suterms of the separable GT force f8 decay[8], whereas
cessfully applied to calculate Gamow-Telf@decay observ- for 8* decay and electron captui®] they include, in addi-
ables[2—4], and are also used in calculations of the electrorfion to the ph force, particle-particlépp) force which is
capture rates in stellar matt¢5,6]. Unfortunately, such a known to be important to reproduce the observed suppres-
sophisticated calculation is tractable only fskshell nuclei ~ Sion of GT strengths in thg™ direction[17-20. Their cal-

in the current situation, and cannot be appliedishell and ~ culations are generally in remarkably good agreement with
heavier nuclei which play important roles in the nuclear pro-0bservedg-decay half-lives. It has been pointed datl],
cesses in massive stars. We thus use a simplified model forwever, that they fail to reproduce observed systematics of

systematic study ofi-decay properties of a number of nu- S-decay half-liveq22]. This failure seems to originate from
cl>:ai. v op Y PIop their approach in determining the strengths of the GT force:

Extensive calculations of-decay rates of nuclei have They fitted the strengths separately for each isotopic chain,

been performed by several authors previoligly10]. A cal- and therefore the observed smooth variation of half-lives

. among neighboring nuclei is not reproduced because the
culation b'ased on the gross thedrg] was perfqrmed' by strengths of the GT force are significantly different from one
Takahashet al. more than twenty years ago. This statistical

isotopic chain to another.

model describes the average properties of hetrength Recently Mdler et al. [10] calculated tables of nuclear
functions, and the shell structure of nuclei is not fully in- ,ronerties for astrophysical applications, includi@glecay
cluded. half-lives of nuclei ranging fromt®0O to 33%136 and extend-

A simple but microscopic model based on the proton-ing from the proton drip line to the neutron drip line. Their
neutron  quasiparticle  random-phase  approximatiortalculation is based on the finite-range droplet model and
(PNQRPA has also been widely used in studies of nucleafolded-Yukawa single-particle potential, which are used to
B-decay properties. In this model, one first constructs a quaealculate nuclear ground-state masses and deformdf8hs
siparticle basis with a pairing interaction, and then solves th&@hey calculated GT3-decay rates in the pnQRPA model

using only the ph force, the strength of which is a smooth
function of mass number.
*Present address: Institut rfurheoretische Physik, Universita The pnQRPA model has revealed its usefulness in the
Tubingen, Auf der Morgenstelle 14, D-72076 Hingen, Germany.  description of 3-decay properties of nuclei, but at present
TPresent address: Max-Planck-Instittit fikernphysik, Postfach there are no systematic studies including the ph and pp terms

103980, D-69029 Heidelberg, Germany. of the GT force consistently for botd™ and 8~ directions.
*Permanent address: Max-Planck-Institiit fGernphysik, Post-  In this paper, we try to determine the strengths of the ph and
fach 103980, D-69029 Heidelberg, Germany. pp forces such that the calculation reprodugedecay half-
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lives of a wide range of nuclei, assuming the strengths to bevhere the sum runs over all state$ying below the initial-

smooth functions of mass numbér of nuclei. We expect state energy.

that our approach has an advantage to find out global trends Since the Fermi transition strength is strongly concen-

of B-decay properties throughout the periodic system, alirated in only one final state, i.e., the isobaric analog state

though specific observables of individual nuclei may not be(IAS), the reduced transition probabilit) is easily evalu-

reproduced well enough. We also examine a possible refineted as

ment of the pnQRPA model by introducing a schematic in-

teraction relevant to the unique first-forbiddesh decay,

which has been totally ignored in the previous QRPA stud-

ies, and discuss its effects on the calculated results. whereT is the total isospin and is its projection to the
This paper is organized as follows: In Sec. Il we briefly third axis in the initial nuclear state.

describe the method Of the Ca|cu|ation_ The mode| has sev- As for the GamOW'Te”er tl’anSitiOI"IS, the Situation iS more

eral adjustable parameters as described in Sec. Ill. They af@mplicated. The strength@) are distributed over a wide

determined by adjusting the calculatgedecay observables range of final states, and so we need to know the structure of

B(F+)=T(T+1)—T5(T3*1), (6)

to experimental values. In Sec. I\¥8-decay half-lives of nu-

the initial and final nuclear states. To do this, we apply the

clei up toA= 150 are calculated using the fixed parameters€xtended pnQRPA model, which we describe briefly in the
and the accuracy of the calculation is discussed by compafollowing. A general description of the model is found in

ing them with experimental values. Further, effects of theRef. [15], and a comprehensive representation of the
residual interaction which is relevant to the unique first-PNQRPA model with separable GT forces is presented in

forbidden decay are discussed.

Il. METHOD OF CALCULATION

The probability A;; of a B8 transition from an initial
nuclear staté to a final nuclear staté can be expressed as

5,4

mgzC
xfﬁ?E g?f(AJ™;fi)B(AJI™;fi), (N
AJ™

where f(AJ™;fi) and B(AJ7;fi) are the integrated Fermi

Ref. [16]. We would like the reader to refer to the above
materials for details, and will present here only the outline of
the calculation.

We start with a deformed Nilsson single-particle model,
in which we use a well-known modified oscillator potential
with a quadratic deformation. We neglect, as usual, non-
vanishing off-diagonal matrix elements between different os-
cillator major shells. The pairing correlation is taken into
account in the BCS approximation using constant pairing
forces. The BCS calculation is performed in the deformed
Nilsson basis for the proton and neutron systems separately,
and then the quasiparticle states are defined by a Bogoliubov

function and the reduced transition probability, respectivelyyransformation. The terms neglected at this stage are much

for the transition which induces a spin-parity changé™,

less important than RPA correlatiofis5].

andg is the weak coupling constant which takes the value The ground-state correlation is then introduced by adding

gy Or ga according to whether thAJ™ transition is associ-

a residual interaction to the Hamiltonian, and it is treated in

ated with the vector or axial-vector weak interaction. If we RPA. Creation Operators of QRPA phonons are defined as

are concerned only with allowed transitions, Ef). reduces
to

5.4
m_.C
MFﬁ[g%f(O*;fi)B(Ft ;fi)

+QAf(1%;fi)B(GT. ;fi)], (2)

with the reduced Fermi XJ"=0") and Gamow-Teller
(AJ™=17) transition probabilities fog* direction

1
B(F- ;)= 537 (Il 2 D 3

B(GT. ;fi)=

(IS ot @

2J,+1

whereJ; is the total spin of the state o andt'; are the

QL(M>=§[XZ”(Ma;aL—YE,”(manapﬂ, @

where al is the creation operator of a quasiparticle in the
statek; k=p, n represents the proton and neutron quasipar-
ticle states, and the time-reversed state &f x denotes a
spherical component of the GT transition operator
(u=0,=1), and the sum runs over proton-neutron pairs
which satisfy u=my—m, and m,- m,=1, wherem, and

. are the spin projection to the symmetric axis and the
parity, respectively, of the state The excitation energw

and the amplitude¥,, Y, of the phononQI)(,u) are ob-
tained by solving the well-known RPA matrix equation

Pauli spin matrix and the isospin raising/lowering operator,With [15]

which act on theth nucleon in the nucleus.
The B-decay half-life is readily obtained as

_— In2
1/2—m,

©)

A B || X X
=wl_ |, 8
—-B —Al|lY Y (8
Apn,p’n’:5pn'pfnr(6p+en)
+V$’;’p,n,(upunup,un,+upunvp,vn,)
h
+VEn,p'n'(upUnup'Un'+UpUnvprUnr), 9
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—\/PP
Bonprn =V

P o7 (UpUnl /U 00U U ) acts merely as a spectator. We introduce phonon correlations

to the quasiparticle transitions in first order perturbation
(UpV v prUns +0pUnUR U, ), (10) [11,13-18. The explicit descriptions of the probabilities of
the phonon excitations and the quasiparticle transitions are
where €, is the quasiparticle energy, and,/u, are presented in Ref.16].
occupation/unoccupation amplitudes, which are obtained in

_y\Ph
Vpn'p/nl

the BCS calculation. . Iil. DETERMINATION OF MODEL PARAMETERS
We use a simple schematic force—so-called GT } ) ) ] _
force—of the form The model briefly described in the preceding section has

several adjustable parameters, which should be carefully
chosen in order to obtain reliable predictions @fdecay
VGTNEM: (DAt o) (tio-p), (12) properties of nuclei. In this section, we determine the param-
eters in such a way that the calculation reproduces observed
which has been widely used in studies of @Tdecay prop- B-decay properties. Once the parameters are fixed, we can
erties of nuclei. The GT forcél1) has separable ph matrix calculate the3 transition probabilitieg2). We use the con-
elements stants[24]

VP =+ 2x6tf pn( ) o (), 12 27%7In2
pn,p’'n XGT pn(:“) p'n (w) (12 D= W:6295 s and %: —1.254, (16)
where ygr is the strength parameter arfd,, is a single- GvMe v

particle GT transition amplitude between Nilsson single-5nd calculate the Fermi functions f@-decay and electron

particle statesp) and|n): capture following Refs[25,26. Fermi transition probabili-
_ ties are separately calculated using observed positions of the
Fon(w)=(plt-o,[n). (13 IAS taken from Ref[27].

In many previous applications, only the ph terms of the GT In the following, we .discuss the model parameters sepa-
force are taken into account, assuming the pp terms to havétely for the two main steps of the QRPA calculation,
only a minor effect on GT strength functiof&2,13. How- namely the NilssoBCS calculation and the succeeding
ever, the pp force is found to be important for describingRPA calculation.
B+ and BB decay[18,19. We therefore take into account a
separable pp forcg20], which gives the pp matrix elements A. Nilsson+BCS calculation:
Choice of single¢quasiparticle Hamiltonian
VEP o=~ 2kt pn( ) Fprnr (). (14

Since the transition rates of nuclei with odd nucleons are
The ph and pp forces are defined to be repulsive and attrag-.et?rm'ned _malnly by guasmarncle transitions, accurate pre-
dictions of single-quasipatrticle levels are very important. On

tive, respectively, when the strength parametggs and . . .
kgt take positive values, reflecting the general feature of théhe other hand, single-particle models have been widely stud-

. L ied concerning various properties of nuclei such as excitation
nucleon-nucleon interaction in thFF=1" channel. An ad- 9 prop

. . spectra, ground-state masses and deformations, etc. There-
vantage of using the separable forces is that the RPA matr%re’ we shall determine the single-particle Hamiltonian by

equation reduces to an algebraic equation of fourth order

C . . ) : using the values of the parameters available in literature.
[16], which is much easier to solve in comparison with the . . .
. D s . In the Nilsson calculation, we take the well-known modi-
full diagonalization of the non-Hermitian matrix of a large

di : fied oscillator potential[28,29 with the shell-dependent
imension.

. 2_ i
The J™=0" ground state of an even-even nucleus is ex-l s and I“-strength parameters determined by Ragnarsson

T ) and Sheline[29]. The oscillator constant is chosen as
pressed +by the QRPA vacuum staJt@g_s) defined by hw0=45A‘1’3—25A‘2’3 MeV [30]. For simplicity, we con-
Qw(,u)|og_s)=0 for all ® and w. A one-phonon state

0 " n L. ; sider only quadrupole deformation, which can, in principle,
115(1))=Q,(1)|0gs) then denotes thdd”=1" excited pe getermined by minimizing the ground state energy. We
state of an odd-odd daughter nucleus with the excitation enyse instead of doing this, the, parameters recently pub-
ergy Ex=w—(ep+ €n), wheree, ande, are energies of the  |ished by Mdler et al.[23]. In order to cover nuclei through-
single-quasiparticle states of the smallest quasiparticle ensyt the periodic system, oscillator major shéMlss 07 are
ergy in the proton and neutron systems, respectively. Th& cluded in the calculation.

reduced transition probability from the ground stg,) to In the BCS calculation, we use constant pairing forces.

the one-phonon stafd ; (u)) is expressed by The interaction strengths are fixed to the pairing energy gaps
A, andA,, for the proton and the neutron systems. The latter

—i/1+ k _kint \|2 may be calculated from mass differences among the neigh-
B(GT.) |<1‘“('U“)|§k: LA (A9 boring nuclei[31]; alternatively, we may use the global sys-

tematics[31]

For an odd-mass or odd-odd parent nucleus, the ground state

may be expressed as a one-quasiparticle state or a proton- ApzAn=12/\/K MeV. 17

neutron quasiparticle-pair state of the smallest energy. In
these cases, quasiparticle transitions are also possible, in ager a N-nucleon system witlN being an odd integer, the
dition to the phonon excitations in which the quasiparticleBCS equation is usually solved with the even average
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N i kgr=0.58/A%7 MeV, which is well below the critical values. .
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Xar (MeV) Xar (MeV) B. RPA calculation: Strengths of GT residual interaction

The inclusion of the GT residual interaction significantly
changes the calculated GT strength distribution, and is of
decisive importance for reproducing observed GT strength
functions. The strengths of the ph and pp GT forces, which
are respectively referred to agr and kg, are assumed
SI%ere to be smooth functions of mass numAesf nuclei and
are parameterized as

calc/exp

FIG. 1. Contour plots of log(T55/ TS5 as functions of the
strengths of the ph and pp forces.

nucleon numbeN—1, and aN-nucleon state is constructed
by putting a quasiparticle upon the ground stateNof 1
nucleons. In the present calculation, however, we always u
N itself for the average nucleon number everNifis odd
[32]. - m

In the previous pnQRPA studigs8,9,13, the single- Xer=Xo/A%, (18)
quasiparticle basis is constructed for the parent nucleus.
Namely, the parent-nucleus deformation is taken in the Nils-

son calculation, and the energy gaps of the parent nucleus a\gv%ere)(o, ko, andu are constants to be determined such that

taken in the BCS calculation. Such an approach totally ig-the calculateds-decay properties agree with observation
nores the properties of the daughter nucleus. In addition, the y prop 9 . Lo
In the present work, we focus our attention mainly on

BCS equation is solved under the restriction that the averag . :
nucleon number is equal to that of the parent nucleus. Bek -decay half-lives. First of all, we study how the strengths of

. . . . he GT forces affect the calculated half-lives. Some typical
cause the resulting quasiparticle levels and occupation an%;(amples are shown in Fig. 1. As the strenggt of the ph

KgT= Ko/A‘u, (19)

litudes sometimes depend strongly on this average numbey, ) :
P P id d rce increases, a calculated half-lifg% increases almost

a simple use of the nucleon number of the parent nucleu . .
inearly because of reduction of the low-lying GT strength.

might be inappropriate. X
To reflect the properties of both the parent and daughteMeanWh”e’ effects of the pp force depend on whether the
arent nucleus has odd nucleons or /83t For an even-even

nuclei, we construct a kind of averaged nucleus by using th@ ol :
following values for the parameters. parent nuc:_leus,Tl,2 decreases when the strengﬂ@T in-
(1) For the deformation, we use the arithmetic mean ofcreases, with a steeper slope for largeyr [see Fig. 1d)].

. I .
the deformation parameters of the parent and daughter n@n the other handfi7; is almost constant for small values of

clei. kT if the parent nucleus has odd nucledfggs. 1a)—(c)],

(2) For the energy gaps, we use the systemdfi@. since theB-decay rate of an odd parent nucleus is generally

(3) For the average nucleon numbers, we use the protofflominated by quasiparticle transitions, which are affected by
number of the parent nucleus and the neutron number of th&€e pp interaction only through weak correlations with
daughter nucleus fg8™ decay, and vice versa f@@~ decay. Phonons.

The choice for the average nucleon number is made be- In a region of the largest values ofgr, the half-life
cause the single-quasiparticle level for the decaying nucleoﬁlfi?z' decreases suddenly withgt in all cases shown in Fig.
which is transformed from proton into neutron i decay 1. Because the pp force is attractive, the lowest eigenvalue of
and vice versa foB~ decay, is most important. the RPA equation approaches zero as the strergthis

We have examined various sets of choices for the threécreased, and finally it becomes imaginary, i.e., the QRPA
model parameters, the deformation, energy gaps, and avefeollapses,” when kgt exceeds some critical value, say
age nucleon numbers. It has been turned out that the abovg . Generally the value ok, decreases with increasing
choices give the overall best fit. Details of the examinationmass numbeA, and is expressed approximately(ase Fig.
will be presented later in this section. 2)
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TABLE I. Result of the fit. The strength of the ph force is fixed
asyst=>5.2/A%" MeV. (a) The values of the parametey, (in MeV)
which minimize S of Eq. (21) are presented for several groups of
nuclei(see text The quantities ands measure the accuracy of the
calculation and are defined in E@5). (b) The errors of the calcu-
lation atky=0.58 MeV.

(@ (b)
Group n xkoMeV) 1T s kg(MeV) T s

PROTON NUMBER

Al 373 061 118 937 058 118 9.37
T$P<10*s 309 051 143 603 058 143 6.04
TSP<10®s 269 058 143 525 058 143 525
NEUTRON NUMBER TSP<10Ps 228 030 139 413 058 135 4.15

. ) ) o TS¥<10ts 159 0.71 1.10 3.10 0.58 1.14 3.11
FIG. 3. Nuclei included in the present analysis for determiningrexpt_ 1Ps 88 0.66 0.94 2.40 0.58 0.97 2.40

the strengths of the GT forces. The black squares denote stable’?
isotopes and the dots denote nuclei whose masses are known ex-
perimentally[35]. Nuclei which satisfy the selection criteria de- scale. Here we use the logarithmic scale becaBisicay
scribed in the text are ino.licated by the open squésgstematicsor half-lives vary by many orders of magnitude, and in addition,
Z:}Odszesi(averaga according to the choice for the parametes the calcglated and measured half-lives may differ by orders
" of magnitude.
ko~ 1/A0S5 (20) The _quantity\/é is the root—megn-squan(em_s) _d_eviation
of p; with the weightsw; . In the simplest definition of the
We must choose the strengtiyt within the physical region, rms dgviation, the Weight§ are all taken t_o_pe equalliédo
ie. kar< Ky, for all nuclei. and_ Nix [33] state that this S|mplest definition of the rms
A method for determining unknown parameters in Orderdewatlon is unsa_tlsfactory to estimate the model error when
that theoretical and observed quantities agree as well as po@‘-e errkcJ) rshaisomateq with tlhe (rjnehasure_melnts are Iarge_:l,a be-
sible is provided by the least-squares-minimization of thef(?l:ﬁg rrg; dte\e/i:t)i(gr?“?heemise;nst;tg('siiti;C:r errors tcontré tuhte
model error. We minimizé& defined by . S ' y guments and the
maximum-likelihood method to decouple the theoretical and
experimental errors from each other, and show that, when the
, pi=In(TEITEDY, (21)  uncertainty of theith measurement is given by, the
theoretical errofo,; is estimated by

o S wip!
2w

with respect to the adjustable parameters. HEf&' is the ST wW(pP— ol 2

measured half-life andr$2° the corresponding calculated Ocal= — (22)
. . L . oW
guantity for a particular nucleus indicated by the subscript
i. Thenp; measures the difference between calculated ang;i,
experimental half-lives of théth nucleus in the logarithmic
1
Wi = 21 (23)

2
O expt + Ocalc

and the best values of the adjustable parameters are obtained
i by minimizing S of Eq. (21) using the weightsv; defined in

B(GT.)

S/Smn

I [ Tl
25 0 5 10 15 20 25 0 5 10 15 20 25

E, (MeV)
1 | | | { 1
FIG. 4. Calculatedd™ strength functions for different choices 00 02 04 06 08 1.0
for the strength of the ph force. The observed positions of the Ko (MeV)
GTGR are indicated by the vertical broken lin€a) ygr=23/A
MeV (solid) and xgr=15/A MeV (shadedl (b) xgr=>5.2/A%7 FIG. 5. Dependence o on g, for the groups presented in

MeV. (¢) xor=1.3/A% MeV. Table 1.
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TABLE Il. Agreements between calculated and obsergedecay half-lives evaluated by the quantities
defined in Eq(25), for different choices for the parameters in the Nilss®&CS calculation described in the

text.

Deformation Energy gap Nucleon number n T

Parent Parent Parent 347 1.19 22.4
Parent Parent Parent/daughter 355 1.07 15.0
Parent Average Parent 347 1.26 15.1
Parent Average Parent/daughter 356 1.13 14.6
Parent Parent/daughter Parent 365 1.32 21.7
Parent Parent/daughter Parent/daughter 370 1.08 15.7
Parent Systematics Parent 365 1.13 11.8
Parent Systematics Parent/daughter 377 1.13 11.8
Average Parent Parent 350 1.27 21.3
Average Parent Parent/daughter 352 1.17 131
Average Average Parent 347 1.32 12.8
Average Average Parent/daughter 350 1.17 104
Average Parent/daughter Parent 368 1.41 19.7
Average Parent/daughter Parent/daughter 369 1.21 14.0
Average Systematics Parent 371 1.55 20.6
Average Systematics Parent/daughter 374 1.18 9.38

Eq. (23). While o, measures the magnitude of the theoreti-from the smallest-10"° to the largest-0.5, where we use
cal error, the systematic trend of the error in the calculatiorrelative uncertainty §T$5/T5$); of the measuremerig4]

is measured by the mean value®f,

for the experimental erros,,. We also use the following
gquantities measured in the linear scale:

H= M (24) —

=w, r=ef, s=g’cal (25)

We useo . andp defined above to measure the error of If the calculated half-lives are exactly equal to experimental
the calculated half-lives, since the experimental errors rangealues, thermr =1 ands=1.

108 |
107
10°
10°
10*

3
10 FIG. 6. B-decay half-lives of nuclei with

A=<150 calculated by the QRPA model, in com-
parison with experimental values. The black
squares denote nuclei with<40.

Tia (s)

10?

RRELLL A R R S AL LU L) NeELALLL BELRLALL, AL R

T2
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tional to mass numbeh, i.e., u=1. Figure 4a) shows GT
strength functions fof®Ca, °%Zr, and 2°%Pb, calculated using
the above two values foyst. The observed positions of the
GTGR are indicated by the broken lines. One can see that the
calculated position is too high irféCa for the choice
Xxot=23/A MeV and too low in 2%Ph for the choice
xe1=15/A MeV. This suggests a weaker dependence of
XcT 0N mass number. We calculated the strength functions
changing the mass-dependence parametgsee Figs. &)

and 4c)], and found that

cal Xp
T1/2 / T?/Z

Xor=5.2/A%" MeV (26)
10tk 2I0 4I0 6I0 BlO 1(I)0 1;0 1:10 =
MASS NUMBER well reproduces the positions of the GTGR in all the three
cases.
FIG. 7. Same as Fig. 6, but ratios of calculated to experimental In the present work, we assume the same mass depen-
half-lives are plotted against mass number. dences for the ph and pp forces. This assumption seems rea-

sonable, since the AP’ dependence determined from ob-
To fix the parameters by the least-squares-fit, we calcuS€rved positions of the GTGR is approximately the same as
lated 8-decay half-lives of nuclei which satisfy the following e mass dependence of the critical valug®f the pp force

conditions, changing 7 and kr step by step. [see Eq.(20) and_ Eig_. 2 The remaining parametekzo, is
(1) Proton number & Z<40, dgtgrmme_d by m||j|m|2|ng5 of Eg.(22). In t'he calcul'atlon of
(2) The masses needed to calculate @gvalue are ex- Sitis desirable to include as many nuclei as possible. On the
perimentally knowr{35]. other ha_md, nuclei with long half-lives may cause bad effects
(3) B-decay half-life is experimentally knowi34]. on the fit, because the present model is not expected to work

The selected nuclei are indicated by the squares in Fig. qvell for those nuclei, as will be Qi_scgssgd in the next section.
In the actual analysis in the following, we further exclude ! herefore, we performed the minimization for several groups
some nuclei for which the calculation gives no GT transition®f Nuclei. The results are shown in Table)l The first group
within the Q ; window. denoted by a!l includes 373 _nuclel which are selecte_d in
We have three adjustable parameters, narmggly<,, and the way de_SCI’_Ibed ab_o»(see '.:'g' 3 _The other groups n-
u. We may fix all of these parameters such that the calcug’fIUde nuclei with half-lives wh|ch saﬂ;fy the con.dmon in the
lated half-lives agree with observation by minimizirgy f|_rst column. The values ot, which minimizeS d_|ffer con-
Then we consider only low-lying GT strengths within the Siderably among the groups, but the changeSo the vi-
Qg-window which contribute to the half-life. It is desirable C'””Y of the minimumSy;, is S0 gen_tle, as shown in Fig. 5,
that the calculation gives correct GT strengths also at higheid in each cass at xo=0.58 MeV increases no more than
excitation energies. 0.5 percent in companson'wnh the real minim8y;, [see
Information of higher-lying GT strengths is obtained by &S0 Table (b)]. So we decided to use
,n) and (h,p) experiments, by which the GT giant reso-
ﬁgnge(GTG(R)pi)s obzerved ata r%ligh excitation en%rgy. Since Kg7=0.58/A%" MeV @7
the calculated position of the GTGR &~ direction is de-
termined mainly by the ph forcl7—-20Q, it is reasonable to
fix the strengthygt such that the observed positions of the
GTGR are reproduced. Two valuesf; determined in this , , _
approach have been proposed previously; onegis= 23/A C. Different choices of the NilssoA-BCS parameters
MeV which is derived using the daf86] or 2°%b, and the As has been mentioned before, we use the averaged prop-
other is ygr=15/A MeV [14] obtained from the Fe region erties between the parent and daughter nuclei for the param-
nuclei, both of which assume thgt;t is inversely propor- eters in the Nilsso#BCS calculation, namely the deforma-

for the strength of the pp force. Note that this valuecgf is
well below the critical valuex. (see Fig. 2

TABLE Ill. Accuracy of the present pnQRPA calculation for nuclei with<150, evaluated by the
guantities defined in Eq25). The last three columns show the numbgysrcentageof nuclei for which
half-lives are reproduced within factors of 10, 5, and 2, respectively.

Group n r S Factor 10 Factor 5 Factor 2
All 842 1.19 18.3 66278%) 574 (68%) 339 (40%)
TSP<10t s 694 1.57 7.69 57983%) 510(73% 308 (44%)
TSP<10° s 587 1.52 6.76 50686%) 449 (76%) 274 (46%)
TSP<10 s 446 1.41 5.57 39688%) 358 (80%) 222 (49%)
TSP<10t s 277 1.22 3.60 25692%) 230(83% 147 (53%)

TOP<10P s 144 1.02 2.92 11197% 105 (92%) 73 (64%




54 SYSTEMATIC STUDY OF NUCLEARB DECAY 2979

TABLE IV. Accuracy of the present pnQRPA calculation for
nuclei with A<150 andT$$'<1000 s. The same quantities as in
Table Il are separately presented for even-eyer®, odd mass
(odd), and odd-oddo-0) nuclei.

60 -

Group n T s Factor 10 Factor 5 Factor 2 %0

Al 587 152 6.76 50686%) 449 (76%) 274 (46%)
e-e 110 1.27 4.78 9@00% 93 (84% 56 (50%)
Odd 296 1.03 4.19 26B9% 241(81% 183 (48%
0-0 181 3.18 14.1 14177% 115(63%) 74 (40%)

a0k

30

PROTON NUMBER

20

tions, the energy gaps, and the average nucleon numbers. To 0 &
check the validity of this choice, we compare agreement be- - m = =
tween calculated and experimental half-lives for several NEUTRON NUMBER
choices for these parameters. The examined choices here are
summarized as follows. FIG. 8. Agreement between calculated and observed half-lives.
(1) Deformationsi(a) parent;(b) average. The ratios of calculated to experimental half-lives are distinguished
(2) Energy gaps:(a) parent; (b) average;(c) parent/ by different markers.
daughter;(d) systematics.
(3) Average nucleon numberga) parent; (b) parent/ of the present calculation by comparing the calculated and
daughter. experimental half-lives. We also discuss a possibility to im-
Here “parent” is the value in the parent nucleus, andprove the pnQRPA model by including the effects of forbid-
“average” is the mean value of the parent and daughteden transitions.
nuclei. In the case “parent/daughter” for the energy gaps
and the nucleon numbers, we use the value in the parent A. Comparison with experiment

4
(daughtex nucleus for the protorineutron system for/s We illustrate in Figs. 6 and 7 the agreement between the

decay, and vice versa f@~ decay. This is not examined for . .
the deformations, since the proton and neutron states are eg:(glculated and observed half-lives. Figure 6 shows that the

pressed by different sets of basis wave functions if we usialculatlon reproduces general trend @idecay half-lives.

different deformation parameters for the proton and neutro D:fc cht;?.r of the po'g&; N the f|gure. around the line
systems. Finally, “systematics” means that we use the sys- 12— ' 1/2 Increases a3yy; InCreases. Th|§ can be under-.
tematics (17) for the energy gaps; otherwise we calculateSt_OOd by the followmg considerations: F|r_st, some nuqle|
them using observed masg@$] of neighboring nuclei. with long haIf—I[ves are expected to pe dom_lnated by forbid-
Table Il shows the agreement between the calculated arfen c_iecay, which we have not c_on5|dered in the present cal-
observed half-lives analyzed by use of the quantities define§tation- Second, a longer half-life generally corresponds to
in Eq. (25). In the analysis we include nuclei selected in the@ Smaller Qg value, hence errors in the calculated GT
same way as in the determination of the strengths of the GFirength have larger effect upon the calculated half-life.
forces(see Fig. 3. Note that we have an additional condition We have fixed the strength of the pp force by adjusting
if the energy gaps are calculated from masses of neighborinqe_ calculateds-decay half-lives to observed values for nu-
nuclei; we need their experimental values. The nuclei whicHf1€! With proton numbeZ <40, which are indicated by the

satisfy all conditions in those cases are indicated by th&!ack squares in Figs. 6 and 7. The figures also include
crosses in Fig. 3. heavier nuclei indicated by the open squares. For the latter

One can see from Table Il that the maais close to unity ~ "Uclei, no significant change is fou7nd in the quality of agree-
in all cases. On the other hand, the values dfffer consid- Ment. This seems to justify the Af" dependence of the GT

erably among different parameter sets, and in general, bettdprees and indic_ates the val.idi.ty of the strength parameters of
descriptions of3-decay half-lives are obtained by use of (e GT forces in the predictions ¢8-decay properties of

averaged properties of the parent and daughter nuclei. ThiR€avier nuclei. _ .
indicates that the single-quasiparticle basis should be con- A More quantitative analysis can be made with the help of

structed for a kind of averaged nucleus, not for the parent® guantities defined by E¢25). Table 1l lists the same

nucleus, in order to obtain accurate predictionsBedlecay ~duantities as in Table | for nuclei with<150. The error of
properties. In fact, our choicéhe bottom row in Table )l the calcula.t|onl is slightly larger gompared to the result in
; Table I, which includes only nuclei witd<40, but the gen-

gives the smallest.

eral features are unchanged. The table also shows the num-

bers of nuclei whose half-lives are reproduced within factors

of 10, 5, and 2. For example, the present calculation repro-

duces 97% of experimentally known half-lives shorter than 1
We have calculateg3-decay half-lives of nuclei with S within a factor of 10. In Table IV we select nuclei with

mass numbeA< 150 using the parameters of the separablel$5'<1000 s and show the results separately for even-even,

Gamow-Teller forces determined in the preceding sectiordd-odd, and odd-mass nuclei. It is seen that the calculation

[Egs.(26) and(27)]. In this section, we discuss the accuracytends to overestimate half-lives for odd-odd nuclei, whils

IV. CALCULATION OF pB-DECAY HALF-LIVES
INCLUDING HEAVIER NUCLEI
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TABLE V. Number of pairs of nuclei which violate the semi-empirical inequaliti28a—(28h for
experimental and calculated half-livéBandT' represent the lhs and rhs of the inequality, respectively. All
the inequalitieg28) requireT>T’.

Total number of

Number of violatiofexp)

Number of violation(calg

Inequality tested pairs T+T’ 2T T’ 3T*+T’ T’ 2T>T’ 3T+T’
a 131 2 1 0 3 2 2
b 157 5 2 2 38 14 6
C 101 3 2 1 3 2 2
d 140 1 0 0 7 5 2
e 130 1 1 0 0 0 0
f 145 1 0 0 0 0 0
g 126 1 1 1 0 0 0
h 164 1 0 0 10 3 1

closer to unity in even-even and odd-mass cases. This trend

is seen also in the previous pnQRPA calculatifhd 3] (see

TABLE E of Ref. [9]).

The accuracy of the calculation for each nucleus included

in the present analysis is shown graphically in Fig. 8. Gen-
erally, the calculation is inaccurate for nuclei near the
B-stability line, and also for those which have the proton or
neutron number near the magic numbers. For some of those
nuclei the calculated half-lives are significantly improved by

considering forbidden transitions, as will be shown later.

Another test of the model calculation is provided by the

semi-empirical inequalities foB-decay half-lives given by
Kondoh and Yamadg22]:

TyAZ,2n)>T(Z,2n+2),

TyAZ,20)>Ts(Z,2n+1),

(28a

(28b)

To(2m,N)>T(2m—2N), (280
Tyo(2mN)>T(2m—1N), (280
T1(2mN)>T ] (2m+2N), (28e
T1(2mN)>T ] (2m+1N), (28f)
Ti(Z,2n)>T,(Z,2n—2), (289
TiA(Z,2n)>T],(Z,2n—1), (28h

wherem andn are arbitrary integers anﬁf,z(Z,N) denotes
B*-decay half-life of the nucleus with protons andN neu-
trons. These inequalities are quite well satisfied by observed
half-lives, as shown in Table V. For the calculation the num-

TABLE VI. Accuracy of the calculate@-decay half-lives evaluated by the average deviakatefined
in Eq. (29). (a) Present calculatior(b) The pnQRPA calculation by Staudt al. [8] and Hirschet al.[9].

(a) Present calculation

B~ decay B+IEC decay
Group N n X N n X
x;<10 TSP<10P s 390 299(76.7% 3.00 408 351(86.0% 2.56
TSH'<60 s 250 218(87.2% 2.81 158 14893.7% 2.12
TS<1 s 69 66(95.7% 2.64 45 45(100.0% 1.67
X[ <2 TSP<1f s 390 132(33.8% 1.43 408 20349.8% 1.41
TEP'<60 s 250 105(42.0% 1.41 158 101(63.9% 1.37
TSP<1s 69 35(50.7% 1.43 45 38(84.4% 1.35

(b) Reference$8,9]

B~ decay[8] BFIEC decay[9]
Group N n X N n X
x;<10 TSP<10f s 654 472(72.29% 1.85 894 706(79.0% 2.06
TS<60 s 325 313(96.3% 1.67 327 30493.0% 1.72
TSP<1s 106 105(99.1% 1.44 81 78(96.3% 1.85
Xi<2 TSP<10P s 654 369(56.4% 1.37 894 48954.7% 1.36
TSP'<60 s 325 267(82.2% 1.36 327 24574.9% 1.31
TS<1 s 106 96(90.6%9 1.35 81 59(72.8% 1.23
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TABLE VII. Accuracy of the calculategB-decay half-lives evaluated by the quantities defined in Egs.
(31) and(32). (a) Present calculation(b) The pnQRPA calculation by Mier et al. [10].

(a) Present calculation

B~ decay BTIEC decay
Group n M7 op) n M0 ap)
TSP<1s e-e 10 1.15 2.36 5 0.95 1.26
Odd 31 0.60 2.24 24 1.06 2.06
0-0 28 1.75 4.96 16 1.03 1.40
T$P<10 s e-e 34 1.01 2.93 13 1.14 1.85
Odd 81 0.92 3.84 47 0.98 1.98
0-0 66 1.89 4.60 36 1.79 3.59
TEP100 s e-e 52 1.13 3.58 26 1.00 2.27
Odd 127 1.07 4.29 94 0.89 2.28
0-0 85 3.15 10.51 62 2.37 7.54
Tifzm< 1000 s e-e 63 1.39 6.10 47 1.11 3.03
Odd 157 1.10 5.55 139 0.97 2.78
0-0 93 3.02 10.25 88 3.36 11.30

(b) Moller et al.[10]

B~ decay BYIEC decay
Group n M7 ap) n M7 o
T‘ifzpl<l S e-e 10 3.84 3.08 9 3.52 2.03
Odd 35 0.59 2.64 30 1.79 3.97
0-0 29 0.59 2.91 21 1.49 3.99
TEP<10 s e-e 34 2.50 4.13 33 1.62 4.46
Odd 85 0.78 4.81 77 1.07 3.38
0-0 59 0.76 8.83 43 1.22 577
TEP100 s e-e 54 2.61 4.75 63 0.98 3.52
Odd 133 1.11 9.45 149 0.73 3.33
0-0 88 2.33 49.19 85 1.30 11.37
TSP 1000 s e-e 71 6.86 58.48 101 0.83 3.16
Odd 194 2.77 71.50 238 0.63 4.47
0-0 115 3.50 72.02 146 1.37 17.49
ber of violation is larger compared to that for the observed B. Comparison with previous QRPA calculations

half-lives, but in most cases the violation is small; as is seen gyiensive PNQRPA calculations g8-decay half-lives
in the table, there are only a few pairs which violate thepsye peen done by two grouf®-10]. The authors of Refs.
inequalities by more than a factor of 3. [8,9] use the ph terms of the GT force f@~ decay, and
The present calculation satisfies the inequalii28d—  poth the ph and pp forces f@* decay and electron capture.
(28h) much better than the quite similar pnQRPA calcula-The strengths of the ph and pp forces are fitted to experimen-
tions [8,9], especially those between nuclei with different tal half-lives of known isotopes with a fixed atomic number.
proton numbefinequalities ¢, d, e, and f21]. In Refs.[8,9]  They evaluate the accuracy of their calculated half-lives by
the strengths of the GT forces are fixed separately for eacthe average deviation defined by
isotopic chain, hence the origin of the violation is probably .
large differences of the strengths between nuclei in both — 12
sides of the inequalities. In the present calculation we are n& Xis
free from this kind of problem, since the strength parameters
are assumed to be smooth functions of mass number and thus
take similar values for nuclei in both sides of the inequalitieswhere

(29
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TABLE VIII. The accuracy of the calculate@-decay half-lives evaluated by the quantities defined in
Egs.(31) and(32). (a) Nuclei with Z< 40, which are included in the fit of the strengths of the GT for¢es.
Nuclei with Z>40, which are not included in the fit.

(@) Z<40
B~ decay B1IEC decay
Group n M7 o) n M7 ar)
TO<1 s e-e 7 0.91 2.19 5 0.95 1.26
Odd 21 0.59 2.29 24 1.06 2.06
0-0 17 1.54 3.44 14 1.03 1.34
TOP<10 s e-e 20 1.08 3.22 9 1.26 1.91
Odd 48 0.83 3.59 32 1.06 1.89
0-0 33 1.85 4.02 18 1.14 2.08
Tifz"‘< 100 s e-e 29 1.36 4.19 11 1.19 1.87
Odd 75 1.13 4.09 47 0.92 1.98
0-0 44 2.35 4.35 23 1.79 7.60
T$P'<1000 s e-e 33 1.89 8.35 14 1.15 1.79
Odd 91 1.15 4.93 57 0.93 2.61
0-0 48 231 4.25 27 2.25 9.86
(b) Z>40
B~ decay BTIEC decay
Group n M7 ap’ n M7 ar
TSP<1 s e-e 3 2.00 2.17 0
Odd 10 0.61 2.14 0
0-0 11 2.13 7.59 2 1.02 1.69
T‘{fzp‘< 10 s e-e 14 0.91 2.49 4 0.92 1.60
Odd 33 1.07 4.15 15 0.82 2.09
0-0 33 1.93 5.21 18 2.83 4.57
TSP'<100 s e-e 23 0.90 2.70 15 0.88 2.50
Odd 52 0.99 4.56 47 0.86 2.57
0-0 41 4.33 19.96 39 2.80 7.37
TEP'<1000 s e-e 30 0.99 3.67 33 1.09 3.55
Odd 66 1.04 6.45 82 0.99 2.89
0-0 45 4.03 19.43 61 4.02 11.72
TexpyTealc i expt, Tcal Refs.[8,9] have larger degrees of freedom in adjusting the
1/2 1/2 1/2 1/2 » . .
Xj= ) (300  calculation to experimental data. It should be noted, how-
Tcalc/-l-expt if Texpt< Tcalc .
12! 12 12>tz ever, that the present calculation reproduces the global sys-

tematics(28) much better than Ref$8,9], as shown in the
Table VI shows the analysis of the present work and Refspreceding subsection.
[8,9]. The numbers given in Table W) are taken from Moller et al.[10] use a quite similar pnQRPA model with
TABLE A of Ref. [8] and TABLE A of Ref.[9]. In the table, only the ph GT force, whose strength is inversely propor-
N denotes the number of nuclei with experimental half-livestional to the mass number, nameghgr=23/A MeV. By this
which satisfy the condition shown in the second columrs parametrization of the ph GT force, the position of the ex-
the number of nuclei which satisfy the condition in the firstperimental GTGR is reproduced only &fPb. Also in their
column. Generally, the accuracy of our present calculation igalculations, some individual choices of nuclear parameters
slightly worse than in Refd.8,9]. This can be expected be- were made. They analyze the error of their calculated half-
cause the present model includes only three parameggrs, lives by the mean error
Ko, and w, which specify the strengths of the ph and pp GT
forces, whereas in Ref$8,9] the strengths are fixed sepa- M. =
rately for each isotopic chain; this means that the models in "l

=

; r, MP=10", (31)
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of Ref.[10], probably because of the inclusion of the pp GT
interaction which affects significantly the GT strength in
B+ direction.

Finally, Table VIII shows the same analysis separately for
nuclei with proton humbeZ=<40 which are included in the
fit of the strengths of the GT forces, and for those which are
not included in the fit. The error of the calculatg@ddecay
half-lives are same order for both groups and it is expected
that the present model can be safely extrapolated to heavier
nuclei and nuclei with large neutron excess which are of
interest in astrophysical problems.

C. Effects of forbidden decay

In the calculation presented so far, we have considered
only allowed g transitions. The inclusion of forbidden tran-
sitions is one possibility to improve the model. Here we in-

FIG. 9. Contribution of unique first-forbidden transition to total troduce a schematic interaction which is relevant to unique

transition probability.

and the spread around the mean

g,

ln
a2 (i

where

r=log,T

1/2

1/2

, 0',1|0= 1077, (32

calc expt)

127+

(33

first-forbidden transitions, and study its effects on the calcu-
lated B-decay half-lives.

The probabilities of the unique first-forbidd€¢d1F) tran-
sitions are obtained in the same way as the Gamow-Teller
case described in Sec. Il, except that the ph and pp matrix
elements are substituted by

Table VII shows the comparison of the accuracy between th1:| ere
present calculation and the data taken from R&@). It is

seen that the present calculation generally gives better agree-
ment with experiment for both the meaAhrllo and the spread

VR =+ 2xuafpn() Fornr (). (34)
ng p'n’ 2KU1Ffpn(,U«)fp’n’(/Jv)- (35
fpn(ﬂ):<p|t—r[UY1]2M|n> (36)

10 o ie . . . .
around the mearr;". The accuracy of the calculation is g g single-particle ULF transition amplitude and nawakes
improved more for@* decay and electron capture than for the valuesu=0, =1, and+2, and the proton and neutron
B~ decay in the present calculation, compared to the resulitatesp andn have opposite parities.

TABLE IX. Contribution of unique first-forbidden transition to totgHransition probability folN=21
and N=83 nuclei.T
Ti}';‘”ed is the partial half-life for alloweg3 decay. The dash indicates that the calculation predicts no allowed

total
1/2

is the total half-life including both allowed and unique first-forbidden decay and

transition.

z N Direction TSN (9) Télowed (g) TR (9) Contribution (%)
15 21 B~ 5.90x 10° 1.38x 107 1.36xX 107 1.7
16 21 B~ 3.03x 107 1.48x 107 1.46x 107 1.6
17 21 B 2.23< 10° 4.36x 10° 100.0
18 21 B 8.49x 10° 7.60x 10° 100.0
20 21 B* 3.25x 10" 7.40x 101 100.0
50 83 B~ 1.47x10° 5.07x 10 4.50x 10 11.4
51 83 B~ 8.50x 10! 3.71X 107 3.40x 107 8.1
52 83 B~ 1.92x 10 2.89x 10° 1.26x 10° 56.3
53 83 B~ 8.40x 10t 9.57x 10° 4.96x 10° 48.2
54 83 B~ 2.29x 107 4.51x 10° 3.72x 1C¢° 17.4
55 83 B~ 1.93x 106° 6.83x 10¢ 3.74x 10 45.2
56 83 B 5.08x 10° 3.74x 10 3.55x 10¢ 5.0
57 83 B 1.45< 10° 8.79x 10 8.59x 10 2.3
58 83 B 2.81x1¢° 1.31x 10° 100.0
59 83 B~ 6.89x 10 9.53x 10" 100.0
61 83 Bt 3.14x 10 7.56x 100 100.0
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For a preliminary analysis, we adjust the strengthse The fixed parameters are used to calcujgtdecay half-
and «; to half-lives of several light nuclei which decay lives of nuclei up toA=150. The calculation is generally in
through only U1F transitions, assuming aAldependence. good agreement with experiment, and no significant changes

We obtain the best-fit values, in accuracy of the calculated half-lives are found for heavier
y nuclei, in comparison with nuclei witA=<40. The prediction
Xu1r=5.6/AMeV fm™<,  ky;r=0. (37 is more accurate for nuclei with shorter half-lives, and the

. o i
Figure 9 graphically shows the contribution of U1F transi—C"ilcmatlon reproduces 97% of the experimentally known

tions to the total transition probability calculated usin thehalf_liveS shorter tha 1 s within a factor of 10. It is also
P Y 9 € onfirmed that the calculated half-lives well satisfy the semi-

above strength parameter;. A Iarger cont.r|but|on IS seen Igmpirical inequalitieg22], probably because of the smooth
near-stable and near-magic nuclei, for which the calculation

with only allowed transitions is generally inaccurate Tablevariations of the strengths of the GT forces. It is thus ex-
only generaly ' pected that the parameters used in the present calculation are
IX lists some examples for nuclei with neutron number

N=21 andN=83. Good agreement between the calculatio also valid for nuclei with large neutron excess, which are of

and experiment is obtained foi°Ar and *!Ca, for which ‘Interest in astrophysical problems.

d s K i tallv to be dominated b The calculated half-lives are relatively inaccurate for
B- ecay Is xnown expenmentally 1o be dominaled byne,p saple and near-magic nuclei. We have shown, for some
AJ7=2" transitions. Meanwhile, foN==83 nuclei the cal-

. . . . of those nuclei, that the unique first-forbidden transition has
culation taking only the allowed and ULF transitions into

¢ timates-d half-l Thi ¢ large contribution and its inclusion greatly improves the cal-
account overes 'Ta eg- ecay nhall-lives. 1NIS SUggests a o 5teqd half-lives. This suggests that the inclusion of nonu-
possibility thatAJ™=0" and 1" transitions also have con-

iderabl buti for th lei nigue forbidden transitions is also effective to improve the
siderable contributions for those nuclel. model. Besides the inclusion of forbidden transitions, refine-

The above anglys_ls shows that forbidden trans.mons C8fhents in the underlying single-particle and pairing models
have large contributions especially for near-magic nucle|[13] may also improve the calculation

The present study includes only unique forbidden transitions;,
so it is worthwhile studying effects of non-unique forbidden
transitions which are expected, for some nuclei, to have stil
larger contribution to the calculated half-lives.

In spite of many possibilities of refinements, the present
NQRPA model is expected to give useful results concerning
uclearB-decay properties needed for resolving astrophysi-
cal problems. Especially, it can be used to calculate weak
interaction rates of nuclei at high temperature and high den-
V. SUMMARY sity, which are of decisive importance in a study of the stel-

We have presented a systematic study of beta-decay pro&r evolutiqn, and we hope to do this in the futur_e. Now we
erties of nuclei in the pnQRPA model which includes the@'® Preparing to apply the present model to nuclei throughout

particle-hole and particle-particle terms of the separable Gfh€ periodic system, up to the proton and neutron drip lines,
residual interaction consistently for bogi” and 8" direc- ~ @iming at a unified understanding of nuclegdecay prop-
tions, assuming that the strengths of the GT forces ar€'lies. We plan to publish the table gidecay half-lives
smooth functions of mass numbéy, i.e., proportional to when we have finished the calculation for all nuclei.

A* with u being a constant. The strength of the particle-hole
force is determined by adjusting the calculated positions of
the GT giant resonance to observed values f&@a, *zr,

and 2%%Pb. This gives the mass dependence of the strength This work was financially supported in part by a Grant-
«1/A%7, which is different from the previously accepted in-Aid for Cooperative Researcli05243204, 06234206
1/A dependencgl3,14]. The same mass dependence is asfrom the Ministry of Education, Science and Culture, and by
sumed for the strength of the particle-particle force, and thékesearch Center for Nuclear Physics, Osaka University, as
coefficient is determined by a least-squares-fit to observeRCNP Computational Nuclear Physics Projéétoject No.
B-decay half-lives of nuclei wittz=<40. We also propose 94—-B-03. Numerical calculations were performed with the
the use of averaged properties between the parent and daughACOM M780 and VP2100 computer systems at Institute
ter nuclei for the model parameters in the Nilss®BCS cal-  for Nuclear Study, University of Tokyo, and with the HITAC
culation, and show that this choice is in fact valid for a M-880 computer system at the Computer Center of Univer-
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