Eur. Phys. J. A 23, 223-234 (2005)
DOI 10.1140/epja,/i2004-10087-7

THE EUROPEAN
PHYSICAL JOURNAL A

Two-neutrino double-3 decay of 94 < A < 110 nuclei for the

0" — 07 transition

R. Chandral', J. Singh!, P.K. Rath!, P.K. Raina®®, and J.G. Hirsch?

! Department of Physics, University of Lucknow, Lucknow-226007, India

2 Department of Physics, IIT Kharagpur-721302, India

3 Instituto de Ciencias Nucleares, Universidad Nacional Auténoma de Mexico, A.P. 70-543 Mexico 04510 D.F., Mexico

Received: 8 June 2004 / Revised version: 20 September 2004 /
Published online: 4 January 2005 — (©) Societa Italiana di Fisica / Springer-Verlag 2005

Communicated by V. Vento

Abstract. The two-neutrino double-beta decay of 94°67r %8:1%9Mo,1%Ru and '°Pd nuclei for the 07 — 0F
transition is studied in the PHFB model in conjunction with the summation method. In the first step, the
reliability of the intrinsic wave functions has been established by obtaining an overall agreement between
a number of theoretically calculated spectroscopic properties and the available experimental data for
94,9677 94,96,98,100©\1, 98,100,104y, 104,110p g 4nd 110Cd isotopes. Subsequently, the PHFB wave functions
of the above-mentioned nuclei are employed to calculate the nuclear transition matrix elements My, as
well as half-lives T%‘/’Z. Furthermore, we have studied the effects of deformation on the Ma, .

PACS. 23.40.Hc Relation with nuclear matrix elements and nuclear structure — 21.60.Jz Hartree-Fock
and random-phase approximations — 23.20.-g Electromagnetic transitions — 27.60.4+j 90 < A < 149

1 Introduction

The implications of present studies about the nuclear
double-beta (33) decay [1,2] are far reaching in Na-
ture. The two-neutrino double-beta (2v $3) decay is a
second-order process of weak interaction and conserves the
lepton number exactly. Hence, it is allowed in the standard
model of electroweak unification (SM). The half-life of the
2v 38 decay, which is a product of an accurately known
phase space factor and an appropriate nuclear transition
matrix element (NTME) Ms,,, has been already measured
for about ten nuclei out of 35 possible candidates. So, the
values of the NTME M, can be extracted directly. Con-
sequently, the validity of different models employed for
nuclear-structure calculations can be tested by calculating
the Ms,,. The neutrinoless double-beta (0v 33) decay is a
convenient tool to test physics beyond the SM. The exper-
imental as well as the theoretical aspect of nuclear 33 de-
cay have been widely reviewed over the past years [3-19)].

Klapdor and his group have recently reported that the
Ov 33 decay has been observed in "Ge. The results are
controversial but it is expected that the issue will be set-
tled soon [20]. The aim of all the present experimental ac-
tivities is to observe the Ov 8 decay. As the Ov G5 decay
has not been observed so far, the nuclear models predict
half-lives assuming certain values for the neutrino mass or
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conversely extract various parameters from the observed
limits on half-lives of the Ov 3 decay. The reliability of the
predictions can be judged a priori only from the success
of a nuclear model in explaining various observed physical
properties of nuclei. The common practice is to calculate
the Ms, to start with and compare them with the experi-
mental value as the two decay modes involve the same set
of initial and final nuclear wave functions.

In 2v B3 decay, the total angular momentum of four
S-wave leptons can be 0, 1 or 2, and is equal to the total
angular momentum transferred between the parent and
daughter nuclei. The lowest 17 state in the final nucleus
of any (8 decay candidate lies much higher in energy than
the first-excited 27 state. Hence, the 07 — 11 transition
is much less probable than the 0T — 07 and 07 — 27T
transitions. Since the 07 — 2T transition has not been
detected up to now, the present theoretical predictions
can only be checked against the 0* — 0T transition of
the 2v (3 decay.

In all cases of the 2v 83 decay for the 07 — 07 transi-
tion, it is observed that the NTMEs Ms, are quenched, i.e.
they are smaller than those predicted for pure quaisparti-
cle transitions. The main objective of all nuclear-structure
calculations is to understand the physical mechanism re-
sponsible for the suppression of the Ms, . Over the past few
years, the My, has been calculated mainly in three types
of models, namely the shell model and its variants, the
quasiparticle random phase approximation (QRPA) and
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its extensions and the alternative models. In the recent
past, the details about these models —their advantages
as well as shortcomings— have been discussed by Suho-
nen et al. [12] and Faessler et al. [13].

The shell model attempts to solve the nuclear many-
body problem as exactly as possible. Hence, it is the best
choice for the calculation of the NTMEs. However, most of
the B3 decay emitters are medium- or heavy-mass nuclei
for which the number of basis states increases quite drasti-
cally. A few years back, it was not possible to perform a re-
liable shell model calculation beyond the pf-shell. Hence,
Haxton and Stephenson jr. [5] and Vergados [7] have stud-
ied the 33 decay of ®Ge, 82Se and 28:130Te nuclei in the
weak-coupling limit. Recent large-scale shell model calcu-
lations are more promising in nature [21,22]. The calcula-
tions by Caurier et al. are more realistic in which the Ms,,
of 82Se is calculated exactly and those of "®Ge and '36Xe
are dealt in a nearly exact manner [22]. The conventional
shell model and Monte Carlo shell model (MCSM) [23]
have been tested against each other in case of *8Ca and
"6Ge and the agreement is interestingly good. Hence, it is
expected that the MCSM could be a good alternative to
conventional shell model calculations in the near future.

Vogel and Zirnbauer were the first to provide an expla-
nation of the observed suppression of Ms, in the QRPA
model by a proper inclusion of ground-state correlations
through the proton-neutron p-p interaction in the S =1,
T = 0 channel and the calculated half-lives are in close
agreement with all the experimental data [24]. The QRPA
frequently overestimates the ground-state correlations as
a result of an increase in the strength of attractive proton-
neutron interaction leading to the collapse of QRPA solu-
tions. The physical value of this force is usually close to the
point at which the QRPA solutions collapse. To cure the
strong suppression of My, several extensions of QRPA
have been proposed. The most important proposals are
inclusion of proton-neutron pairing, renormalized QRPA,
higher QRPA, multiple commutator method (MCM) and
particle number projection. However, none of the above
methods is free from ambiguities [13]. Alternative mod-
els, as the operator expansion method (OEM), the broken
SU (4) symmetry, two vacua RPA, the pseudo SU(3) and
the single state dominance hypothesis (SSDH) have their
own problems [12].

The basic aim of nuclear many-body theory is to de-
scribe as much observed properties of nuclei as possible
in a coherent frame. The 50 decay can be studied in the
same framework of many other nuclear properties and de-
cays. Over the past years, a vast amount of data has been
collected through experimental studies involving in-beam
v-ray spectroscopy concerning the level energies as well as
electromagnetic properties. The availability of data per-
mits a rigorous and detailed critique of the ingredients
of the microscopic framework that seeks to provide a de-
scription of nuclear 88 decay. However, most of the cal-
culations of 50 decay matrix elements performed so far
do not satisfy this criterion. Our aim is to study the 2v
B8 decay of 94967y, 98:100\[o 104Ry and ''9Pd isotopes
for the 0% — 0% transition not in isolation but together
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with other observed nuclear phenomena. The 2v 33 decay
of '9°Mo along with the spectroscopic properties has been
already studied in the Projected Hartree-Fock-Bogoliubov
(PHFB) model using the closure approximation [25,26]. In
the present calculation, we have avoided the closure ap-
proximation by making use of the summation method [27].
Further, the HFB wave functions of 1°°Mo are generated
with improved accuracy.

The structure of nuclei in the mass region A =~ 100 in-
volving Zr, Mo, Ru, Pd and Cd isotopes is quite complex.
With the discovery of a new region of deformation around
A = 100 by Cheifetz et al. [28], a well-developed rotational
spectrum was observed in several neutron-rich Mo and Ru
isotopes during a study of fission fragments of 252Cf. The
B(E2: 07 — 2%) values were observed to be as enhanced
as in the rare-earth and actinide regions. This mass region
offered a nice example of shape transition, the sudden on-
set of deformation at neutron number N = 60. The nuclei
are soft vibrators for the neutron number N < 60 and
quasirotors for N > 60. The nuclei with neutron num-
ber N = 60 are transitional nuclei. Thus, in this mass
region '0°Zr, 192Mo, 194Ru and '°°Pd are observed to be
transitional cases. In case of Cd isotopes, a similar shape
transition occurs at A = 100. Hence, it is expected that
deformation will play a crucial role in reproducing the
properties of nuclei in this mass region A =~ 100. More-
over, it has been already conjectured that the deformation
can play a crucial role in case of 33 decay of %Mo and
150Nd [29,30]. Further, all the nuclei undergoing 33 decay
are of even-even type, in which the pairing degrees of free-
dom play an important role. Hence, it is desirable to have
a model which incorporates the pairing and deformation
degrees of freedom on equal footing in its formalism. For
this purpose, the PHFB model is one of the most natu-
ral choices. However, in the present version of the PHFB
model, it is not possible to study the structure of odd-odd
nuclei. Hence, the single-beta decay rates and the distribu-
tion of Gamow-Teller strength cannot be calculated. On
the other hand, the study of these processes has impli-
cations in the understanding of the role of the isoscalar
part of the proton-neutron interaction. This is a serious
drawback in the present formalism of the PHFB model.

Over the past twenty years, extensive studies of shape
transition vis-a-vis electromagnetic properties of Zr and
Mo isotopes have been successfully carried out in the
PHFB model [31] using the pairing plus quadrupole-
quadrupole (PPQQ) interaction [32]. The success of the
PHFB model in explaining the observed experimental
trends in the mass region A = 100 motivated us to apply
the HFB wave functions to study the nuclear 2v 53 decay
of 199Mo — 109Ru for the 0 — 07 transition. Further, the
success of the PHFB model in conjunction with the PPQQ
interaction in explaining the yrast spectra, reduced transi-
tion probabilities B(E2: 07 — 2T), static quadrupole mo-
ments Q(21), g-factors g(27) of °°Mo and 1°°Ru nuclei
as well as the T7/,(0" — 0%) of 1%’Mo [25] has prompted
us to apply the PHFB model to study the 2v 33 decay of
some nuclei namely 94967y, 98,100\ 194Ry and '19Pd for
the 07 — 07 transition in the mass range 94 < A < 110.
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It is well known that the pairing part of the interac-
tion (P) accounts for the sphericity of the nucleus, whereas
the quadrupole-quadrupole (QQ) interaction increases the
collectivity in the nuclear intrinsic wave functions and
makes the nucleus deformed. Hence, the PHFB model us-
ing the PPQQ interaction is a convenient choice to exam-
ine the explicit role of deformation on the NTMEs M, .
In case of 19%Mo for the 07 — 071 transition, we have
observed that the deformation plays an important role in
reproducing a realistic M, [25]. Therefore, we have also
studied the variation of My, vis-a-vis the change in defor-
mation through the changing strength of the Q@ interac-
tion.

The present paper has been organized as follows. The
theoretical formalism to calculate the half-life of the 2v
B3 decay mode has been given by Haxton and Stephen-
son jr. [5], Doi et al. [6] and Tomoda [9]. Hence in sect. 2,
we briefly outline steps of the above derivations for clar-
ity in notations used in the present paper following Doi
et al. [6]. Further, we have presented formulae to calcu-
late the NTME of the 2v 83 decay in the PHFB model
in conjunction with the summation method. Expressions
used to calculate the nuclear spectroscopic properties,
namely yrast spectra, reduced B(E2) transition probabil-
ities, static quadrupole moments and g-factors have been
given by Dixit et al. [25]. In sect. 3.1, as a test of the
reliability of the wave functions, we have calculated the
yrast spectra, reduced B(E2: 0T — 27) transition prob-
abilities, static quadrupole moments Q(2%) and g-factors
g(27) of nuclei participating in the 2v 83 decay and com-
pared with the available experimental data. Subsequently,
the HFB wave functions of the above-mentioned nuclei are
employed to calculate the Ms, as well as half-lives T%‘/’Q

in sect. 3.2. In sect. 3.3, the role of deformation on My,
has been studied through varying the strength of the QQ
interaction. Finally, the conclusions are given in sect. 4.

2 Theoretical framework

The inverse half-life of the 2v 383 decay for the 0T — 0T
transition is given by
[Tl/z(oJr - O+)]71 = G2V|ng|2 : (1)

The integrated kinematical factor G, can be calculated
with good accuracy [6] and the NTME M, is given by

Moy =3 (0pllem* 13 Iy lloT*]07)
v En — (E[ +EF)/2
(Opllom* 13 Ay lloT*]07)
Eyv+Enx—E;

(2)

N
= Z ) (3)
N

where ) )
Ey = Q(E[*EF) = EQﬁngme (4)

The summation over intermediate states can be com-
pleted using the summation method [27] and the Mj, can
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be written as
1 + m +

My, = ) <0 ;(—1) I_.F, 0,>, (5)

where the Gamow-Teller (GT) operator I, is given by

I, = Zomﬂj (6)

and
A

= El) DyIy, (7)

A=0

with

D)\F ]]()\ tlmes) ) (8)

=[H,[H,....[H,Ty]...
Presently, we have used a Hamiltonian of PPQQ type [32]
of the effective two-body interaction, which is explicitly

written as

H = Hg, + V(P) + x4V (QQ) , (9)

where Hg, denotes the single-particle Hamiltonian. The
pairing part of the effective two-body interaction V(P) is
written as

G o
V()= () Sy aladagas

ap

(10)

where « denotes the quantum numbers (nljm). The state
@ is the same as a but with the sign of m reversed. The
QQ part of the effective interaction V(QQ) is given by

vieo=-(3) 23

afys p

“alg? ) (Bl u10)alalasas,
(11)

where

1/2
&= ("F) rrie.e. (12)

The x4q is an arbitrary parameter and the final results are
obtained by setting the x4, = 1. The purpose of introduc-
ing x4q is to study the role of deformation by varying the
strength of the Q@ interaction.

When the GT operator commutes with the effective
two-body interaction, eq. (8) can be further simplified to

Moy =3 (0f]lo - ot H|07)
e o EO +€(n7ral7raj7r) - E(nualeu) '

(13)

In the case of the pseudo-SU(3) model [33-35], the GT
operator commutes with the two-body interaction and
the energy denominator is a well-defined quantity without
any free parameter. It has been evaluated exactly for 2v
B~ [33,34] and 2v ECEC modes [35] in the context of
the pseudo-SU (3) scheme. In the present case, the model
Hamiltonian is not isospin symmetric. Hence, the energy
denominator has not the simple form shown in eq. (13).
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However, the violation of isospin symmetry for the Q@
part of our model Hamiltonian is negligible as will be
evident from the parameters of the two-body interaction
given later. Also the violation of isospin symmetry for the
pairing part of the two-body interaction is presumably
small. With these assumptions, the expression to calcu-
late the NTME Mo, of the 2v 83 decay for the 07 — 0T
transition in the PHFB model is obtained as follows.
The axially symmetric HFB intrinsic state with K =0
can be written as
[@0) = [ (tim + vimbl,,b12)10)

im

(14)

where the creation operators b;-[m and bj»m are given by

= Z Cia,maLm
a
bl = (=) " Clamal, -

(e

and
(15)

Using the standard projection technique, a state with good
angular momentum J is obtained from the HFB intrinsic
state through the following relation:

Pk|Px)
2J +1
82

|Wir) =

(2)|@x)ds2,  (16)

} / D3y (82
where R(£2) and D7, (2) are the rotation operator and
the rotation matrix, respectively.

Finally, one obtains the following expression for the

NTME Mo,,, of the 2v 33 decay for the 0 — 0T transition
in the PHFB model using the summation method:

Jy=0 =
Moy = 3 8l o )
v E0+€(n71'7l71'7j71')_8(nV7lVajl/)

%

_ Ji Jr=0
= [”(z Nz +2,N-

>

af3yé

(1 ER O )] ()
en

X {(1+Fg/])\i( )fZ+2N 2)} n(Fé’)’}G‘)ﬁésian@,
(17)

—1/2 7
2)] /n(Z,N),(Z+2,N72)(9)
0
(af oy - oot TTH]76)
EO+€(1(nﬂ'7lﬂ'7]ﬂ') ’y(nualleV)

where

n' = ] {det (1+F(”)f(ﬂ)T)T/2
0

de 0 o) dJ,(0) sin(6)do
X [ t(1+F< ) @) )} ?
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and
n(z,N),(z+2,N-2)(0) = [det (1 + F va+)*2 . 2)} 1/2

(m) p(m) e
x [det (14 FE) fon2)]

The 7 (v) represents the proton (neutron) of nuclei in-
volved in the 2v 33 decay process. The matrices Fiz n(6)
and fz n are given by

> Ay O

’ ’
mamﬁ

(18)

FZ,N(Q) = ( )fjamg,jﬂm;j ’ (19)

fZ,N = Z Cijmma Cijg,mg (Uima /uim(,) (;m,a,—mg .
K3

The required NTME M, is calculated using the results
of PHFB calculations which are summarized by the am-
plitudes (@i, vim) and the expansion coefficients C'j .
In the first step, matrices F™" and f™" are set up for
the nuclei involved in the 2v 36 decay making use of 20
Gaussian quadrature points in the range (0,7). Finally
using eq. (17), the required NTME can be calculated in a
straightforward manner.

(20)

3 Results and discussions

The model space, single-particle energies (SPEs) and two-
body interactions are the same as in our earlier calculation
on the 2v BB decay of %Mo for the 07 — 01 transi-
tion [25]. However, we have included a brief discussion of
them in the following for convenience. We have treated
the doubly even nucleus "5Sr (N = Z = 38) as an in-
ert core with the valence space spanned by orbits 1py s,
251/27 1d3/2, 1d5/2, 097/27 099/2 and Ohll/Q for pI‘OtOHS
and neutrons. The orbit 1p;/; has been included in the
valence space to examine the role of the Z = 40 pro-
ton core vis-a-vis the onset of deformation in the highly
neutron-rich isotopes.

The set of single-particle energies (SPEs) used here is
(in MeV) e(1py2) = —0.8, £(0gg/2) = 0.0, (1d5/2) = 5.4,
6(251/2) = 64, 6(1d3/2) = 79, E(0g7/2) = 8.4 and
€(0hy1/2) = 8.6 for protons and neutrons. This set of
SPEs but for the (0h1,/2), which is slightly lowered, has
been employed in a number of successful shell model [36]
as well as variational-model calculations [31] for nuclear
properties in the mass region A = 100. The strengths
of the pairing interaction is fixed through the relations
Gp = 30/A MeV and G,, = 20/A MeV, which are the
same used by Heestand et al. [37] to explain the experi-
mental g(2%) data of some even-even Ge, Se, Mo, Ru, Pd,
Cd and Te isotopes in Greiner’s collective model [38]. For
967r, we have used G,, = 22/A MeV. The strengths of the
like-particle components of the Q@ interaction are taken
as: Xpp = Xnn = 0.0105 MeV b~*, where b is the oscillator
parameter.

The strength of the proton-neutron (pn) component of
the Q@ interaction X,y is varied so as to obtain the spec-
tra of the considered nuclei namely 94967y, 94,96,98,100\[¢
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Table 1. Excitation energies (in MeV) of J™ = 2%, 4T, 67 yrast states of some nuclei in the mass range 94 < A < 110 with
fixed G = 30/A4, G, = 20/A (22/A for *°Zr) and e(h1,/2) = 8.6 MeV.

Nucleus  xpn Theory Experiment [40] Nucleus  xpn Theory Experiment [40]
947y 0.02519 E,+ 0.9182 0.9183 94 Mo 0.02670 FE,+ 0.8715 0.871099
E,+ 19732 1.4688 E,+ 19685 1.573726
Eg+  2.7993 Eg+ 33136 2.42337
967y 0.01717 E,+ 1.7570 1.7507 %Mo 0.02557 FEy+ 0.7779  0.778213
E,+ 35269 3.1202 E,+ 20373 1.62815
Fs+ 9.7261 FEs+ 3.5776  2.44064
Mo 0.01955 E,+ 0.7892 0.78742 %Ru 0.02763 Fy+ 0.6513  0.65241
E,+ 19522 1.51013 E,+ 19430 1.3978
Eq 33098 2.3438 Eq+  3.6548  2.2227
10Mo  0.01906 Eo+  0.5356  0.53555 100Ry 0.01838 FE,+ 0.5395 0.53959
E,r 14719  1.13594 E,+ 15591 1.2265
Eq+ 26738 Eg+  2.8940 2.0777
104Ru 0.02110 E,+ 0.3580 0.35799 104pq 0.01486 FE,+ 0.5552 0.55579
E,+ 11339 0.8885 E,r 15729 1.32359
Eg+ 22280 1.5563 Eg+ 28790 2.2498
10pq 0.01417 E,y 03737 0.3738 Hocq 0.01412 E,+ 0.6576 0.657751
E,+ 1.1563 0.9208 E,+ 18709 1.542412
Egr 22254  1.5739 Eg+  3.3865  2.479893

98,100,104Ry,  104,110pq and 9Cd in optimum agreement

with the experimental results. To be more specific, we have
taken the theoretical spectra to be the optimum if the ex-
citation energy of the 27 state FE,+ is reproduced as
closely as possible to the experimental value. Thus, for a
given model space, SPEs, G, G, and X, we have fixed
Xpn through the experimentally available energy spectra.
We have given the values of x,, in table 1. These val-
ues for the strength of the Q@ interaction are comparable
to those suggested by Arima on the basis of an empirical
analysis of the effective two-body interactions [39]. All the
parameters are kept fixed throughout the calculation.

3.1 The yrast spectra and electromagnetic properties

In table 1, we have presented yrast energies for
FEo+-to- Eg+ levels of all nuclei of interest. The agreement
between the theoretically reproduced Fsy+ and the exper-
imentally observed FEo+ [40] is quite good. However, it is
observed that in comparison to the experimental spectra,
the theoretical spectra are more expanded. This can be
corrected to some extent in the PHFB model in conjunc-
tion with the VAP prescription [31]. However, our aim is
to reproduce properties of the low-lying 2% state. Hence,
we have not attempted to invoke the VAP prescription,
which will unnecessarily complicate the calculations.

In table 2 we have presented the calculated as well as
the experimentally observed values of the reduced transi-
tion probabilities B(FE2: 07 — 21) [41], static quadrupole
moments @Q(27) and the gyromagnetic factors g(27) [42].
We have given the B(E2: 07 — 27) results for effective
charges e, = 0.40, 0.50 and 0.60 in columns 2 to 4,

respectively. The experimentally observed values are dis-
played in column 5. In case of B(E2: 0t — 27%), only
some experimentally observed representative values are
tabulated. It is noticed that the calculated values are in
excellent agreement with the observed B(F2: 07 — 2T)
in case of 947Zr, 94100)\fo, 100:104Ry and 14Pd nuclei for
eef = 0.60. The calculated and observed B(E2: 0t — 27)
values are again in agreement in case of °°Zr and Mo
nuclei for eeg = 0.50. The calculated B(E2: 0T — 27)
values for eqq = 0.50 differ by 0.046 and 0.004 ¢?b? only in
case of 119Pd and '°Cd nuclei, respectively, from the ex-
perimental limits. The agreement between the theoretical
and experimental B(E2: 0T — 27) values is quite good in
case of %Mo and 22Ru nuclei for e.g = 0.40.

The theoretically calculated Q(2%) are tabulated in
columns 6 to 8 for the same effective charges as given
above. The experimental @Q(27) results are given in col-
umn 9. No experimental Q(2%) result is available for
94,967 It can be seen that for the same effective charge
as used in case of B(E2: 07 — 2%), the agreement be-
tween the calculated and experimental Q(27) values is
quite good for ®“Ru and ''°Pd nuclei. The discrepancy
between the calculated and experimental values is off by
0.089, 0.14 and 0.023 e b in case of *%190Mo and °°Ru nu-
clei, respectively. The theoretical Q(2%) results are quite
off from the observed values for the rest of nuclei.

The ¢(2%) values are calculated with g¢f = 1.0,
g/ = 0.0, g = gv=0.60. No experimental result is
available for “6Zr and 94%6Mo. The calculated and ex-
perimentally observed g(2%) are in good agreement for
98,100\ o, 98Ru, °4Pd and '°Cd nuclei. The discrepancy
between the theoretically calculated and experimentally
observed ¢(2%) values is 0.035, 0.021 and 0.078 nm only
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Table 2. Comparison of calculated and experimentally observed reduced transition probabilities B(E2: 07 — 27) in e?b?,
static quadrupole moments @Q(2%) in e b and g-factors g(2") in nuclear magneton. Here B(E2) and Q(2%1) are calculated for

effective charge e, = 1 + eeqr and e, = eeq. g(2") has been calculated for g = 1.0, g/ = 0.0 and g7 = g¥ = 0.60.

Nucleus B(E2: 07 — 2T) Q2h) g(2h)
Theory Experimemt(a> Theory Experiment(b) Theory Expe]rimemt<b>
Ceff Ceff
0.40 0.50 0.60 0.40 0.50 0.60

7y 0.046 0.062 0.081 0.081+0.017 —0.168 —0.195 —0.222 0.121 —0.32940.015(
0.066 £+ 0.014 —0.2610.06
0.056 +£0.014 —0.05+0.05

%Mo 0.148 0.188 0.232 0.230+0.040 —0.347 —-0.391 —0.435 —0.13%+0.08 0.343
0.270 £ 0.035
0.290 £+ 0.044

967r 0.044 0.060 0.078 0.055+0.022 —0.012 —-0.015 -0.018 0.254

9Mo 0.265 0.335 0.413 0.310+0.047 —0.466 —0.524 —0.582 —0.20+0.08 0.563
0.302 £+ 0.039
0.288 £ 0.016

%Mo 0.234 0.302 0.378 0.260+0.040 —0.439 -0.498 —0.557 —0.26 +0.09 0.376 0.34 £0.18
0.270 £+ 0.040
0.267 £ 0.005

%Ru 0.433 0.543 0.665 0.41140.035 —-0.596 -0.667 —0.739 —0.20=+0.09 0.528 0.39£0.30
0.475 +0.038 —0.03+£0.14
0.392 +£0.012

10Mo  0.320 0412 0.515 0.51140.009 —0.512 —-0.581 —0.650 —0.42+0.09 0.477 0.34 £0.18
0.516 £ 0.010 —0.39£0.08
0.470 £ 0.024

100Ry  0.308 0.393 0.488 0.494+0.006 —0.503 —0.568 —0.633 —0.54+0.07 0.355 0.42 £0.03
0.493 £ 0.003 —0.40£0.12 0.47 £ 0.06
0.501 £+ 0.010 —0.43 £0.07

Ru  0.572  0.732  0.912 0.93+0.06 —0.684 —0.774 -0.864 —0.76+0.19 0.339  0.41+0.05
1.04 £ 0.16 —0.70 £ 0.08
0.841 +£0.016 —0.66 £+ 0.05

104pg 0.361 0.460 0.571 0.547+0.038 —-0.543 —-0.613 —-0.682 —0.47=+0.10 0.439 0.46 £0.04
0.61 £0.09 0.4040.05
0.535 £ 0.035 0.38+0.04

10pq 0.479 0.614 0.766 0.780+0.120 —0.626 —0.708 —0.791 —0.72+0.14 0.478 0.37£0.03
0.820 £+ 0.080 —0.55+0.08 0.35+0.03
0.860 £ 0.060 —0.47£0.03 0.31 £0.03

H0Ccd  0.427 0.548 0.685 0.504+0.040 —0.590 —0.668 —0.746 —0.40=+0.04 0.358 0.31 £0.07
0.467 +£0.019 —0.39 £ 0.06 0.28 £0.05
0.450 £+ 0.020 —0.36 £0.08 0.285 £+ 0.055

(a) Reference [41].
(b) Reference [42].
(°) Reference [43].

for 199:194Ry and ''°Pd nuclei, respectively. The theoret-
ical g(2%) value of 4Zr is a pathological case. The cal-
culated g(2*) value is 0.121 nm while the most recent
measured value is —0.329 £ 0.015 nm [43].

From the overall agreement between the calculated
and observed electromagnetic properties, it is clear
that the PHFB wave functions of 94967y, 94.96,98,100\[q
98,100,104 Ry, 104,110pd and °Cd nuclei generated by fix-
ing xpn to reproduce the yrast spectra are quite reliable.
Hence, we proceed to calculate the NTMEs Ms, as well as
half-lives TIQ/”2 of 94967y 98,100)\[o 104Ry and ''°Pd nuclei

for the 0t — 07 transition.

3.2 Results of the 2v 33 decay

The phase space factors Gy, for the 07 — 0T transition
have been given by Boehm et al. for g4 = 1.25 [10].
These G, are 2.304 x 10721, 1.927 x 10717, 9.709 x 10~29,
9.434 x 10718, 9.174 x 1072! and 3.984 x 10712 y=! for
94,967y 98,100\[o 194Ry and MOPd nuclei, respectively.
However, in heavy nuclei it is more justified to use the
nuclear matter value of g4 around 1.0. Hence, the exper-
imental Ms, as well as the theoretical T?%, are calculated

1/2
for g4 = 1.0 and 1.25.
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Table 3. Experimentally observed and theoretically calculated Ms, and half-lives TIQ/”2 for the the 0T — 071 transition of

94,9677,
)

for ga = 1.25 and 1.0, respectively.

98:100M o, % Ru and ''°Pd nuclei in different nuclear models. The numbers corresponding to (a) and (b) are calculated

Nuclei Experiment Theory
Ref. Projects T2, (y) | Mo, | Ref.  Models | Mo, | T, (y)
97r [44] NEMO > 1.1x107° (a) < 62.815 * PHFB 0.076 (a) 751
(10%%y) (b) < 98.148 (b)  18.34
[47]  SRQRPA 3.08-659
[46]  OEM 168
[45]  QRPA 6.93
%7y [50] Tgch. 0.94+0.32 (a) 0.074758517 * PHFB 0.058 (a) 156
(10y) (b) 0.116%557% (b)  3.80
[44] NEMO 21705402 (a) 0.050700% [47]  SRQRPA 0.452-61
(b)  0.078%0515 [56]  SU(4)s- 0.0678 (a) 113
[49] NEMO 2.070240.5 (a) 0.051750%) (b) 276
(b) 0.08015 5% [55]  RQRPA(WS) 4.2
[48]  tgch. 3.940.9 (a) 0.036700%5 [55] RQRPA(AWS) 4.4
(b)  0.0571550% [54]  QRPA(AWS) 0.12-0.31  (a)  0.054-0.36
[18]  Average 1.4132 (a) 0.0617005%% (b)  0.13-0.88
value (b) 0.095T0071 [53]  SRPA(WS) 0.022 (a)  10.72
[51] Recommended 2.175% (a)  0.05015 558 (b)  26.18
value (b) 0.078%5%% [46] OEM 20.2
[45]  QRPA 1.08
[52]  QRPA 0.124 (a)  0.34
(b)  0.82
%Mo * PHFB 0.130 (a)  6.09
(10*?y) (b)  14.87
[477  SRQRPA 4.06-15.2
[46]  OEM 61.6
[45]  QRPA 29.6

In table 3, we have compiled all the available exper-
imental and the theoretical results along with our calcu-
lated Mo, and corresponding half-lives T12/D2 of 9497y,
98,100\[o, 104Ru and '1°Pd isotopes for the 0T — 07 tran-
sition. We have also presented the Ms, extracted from the

experimentally observed Tf/”Q in column 5 of table 3 using
the given phase space factors. We have presented only the
theoretical Tfl’2 for those models for which no direct or
indirect information about Ms,, is available to us.

The 2v 383 decay of *4Zr — %Mo for the 0t — 0t
transition has been investigated experimentally only by
Arnold [44], who reported the limit 77/, > 1.1x10'7 y.
Theoretical calculations have been done by employing
QRPA [45], OEM [46], and SRQRPA [47]. The presently
calculated half-life in the PHFB model for g4 = 1.25 is
7.51 x 10?2 y, which is closer to the value obtained in the
QRPA model of Staudt et al. [45] and approximately twice
the lower limit given by Bobyk et al. [47]. On the other
hand, the calculated half-life T’ 12/”2 in OEM by Hirsch et
al. [46] is larger than our PHFB model value for g4 = 1.25
by a factor of 22 approximately. The predicted T12/”2 in the
PHFB model for g4 = 1.0 is 1.834 x 1023 y.

In case of %°Zr, all the available experimental [18,44,
48-51] and theoretical results [45-47,52-56] along with

our calculated Ms, and corresponding le/”2

piled in table 3. In comparison to the experimental Ms,,
the theoretically calculated value given by Stoica using
SRPA(WS) [53] is too small. On the other hand, the cal-
culated half-life 77, in OEM [46] is quite off from the ob-
served experimental value. The My, calculated by Engel et
al. using QRPA [52] and Barabash et al. [54] using QRPA
(AWS) for g4 = 1.0 is close to the experimentally observed
lower limit of Wieser et al. [50]. The Tf/”Q calculated by
Toivanen et al. in RQRPA (WS) and RQRPA (AWS) are
4.2 x 10! y and 4.4 x 10 y [55], respectively and they
are quite close to the experimental value of Kawashima et
al. [48]. The predicted half-life le/”2 of Bobyk et al. [47]
has a wide range and favors all the available experimental
results. On the other hand, the T’ 12/”2 predicted by Staudt
et al. [45] is in agreement with the experimental result of
Barabash [49] and Wieser et al. [50]. However, the T12/”2 cal-
culated in the PHFB model and in SU(4),, by Rumyant-
sev et al. [56] favor the experimental values of NEMO [44,
49] and Wieser et al.[50] for g4 = 1.25.

In case of “®Mo — ?®Ru, no experimental result for
le/”Q is available so far. The theoretical calculations
have been carried out in QRPA [45], OEM [46] and
SRQRPA [47]. The calculated TIQ/”2 for ga = 1.25 in

are Ccom-
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Table 3. Continued.

Nuclei Experiment Theory
Ref. Projects T, (y) | Mo, | Ref.  Models | M2, | T, (y)
100Mo [65) ITEP+INFN 72409418 (a) 0.12175932 = PHFB 0.104 (a) 979
(1018y)[ ] Eb)) 0.19070 658 o s Eb)) 23.90
64] ITEP 8.5 a) 0.112 68 DH a 7.15-8.97
(b) 0.174 [47]  SRQRPA 5.04-16800
[63] UC-Irvine 6.82753840.68 (a) 0.125700% [56]  SU(4)sr 0.1606  (a)  4.11
(b)  0.195%0579 (b)  10.03
[62] LBL4+MHC+  7.6722 (a) 0.118%581 [67]  SSDH 0.18 (a)  3.27
UNM-INEL ‘ (b) 0.18510:020 (b) 7.9
[61] NEMO 9.5+0440.9  (a) 0.106%57007 [53]  SRPA(WS) 0.059 (a)  30.45
(b) 0.165§§1§i§ (b)  74.34
60] LBL 9.7+4.9 a)  0.105T0 66 SU(3)(SPH 0.152 a)  4.59
o Eb)) 0.163+0.06 - PIER Eb)) 11.2
59] ELEGANTSV 11.5%39 0.09675-919 [66 SU(3)(DEF 0.108 9.09
% o 5{3 01500012 - IOED 8 22.19
[58] UC-Irvine 116734 (a) 0.096709%1 [46]  OEM 35.8
(b) 0.149%05% [30] QRPA(EMP)  0.101 (a)  10.39
[57] INS Baksan 33139 (a)  0.17970 558 (b) 2537
(b) 0.280$§:§§§ [29] QRPA(EMP)  0.256 (a)  1.62
[18]  Average 8.0+ 0.6 (a) 0.11575 004 (b)  3.95
value (b) 018010507 [45]  QRPA 1.13
[51]  Average 8.040.7 (a) 0.115755% [52]  QRPA 0.211 (a)  2.38
value (b)  0.180%5 558 (b)  5.81
104Ru * PHFB 0.068 (a) 235
(10%2y) (b)  5.73
[46]  OEM 3.09
[45]  QRPA 0.629
HOpd  [69) > 6.0x107* (a) < 6.468 * PHFB 0.133 (a) 141
(10%y) (b) < 10.106 (b)  3.44
[71]  SSDH 1.6
[67]  SSDH 0.19 (a) 0.7
(b)  1.70
[70]  SRPA(WS) 0.046 (a)  11.86
(b)  28.96
[46]  OEM 12.4
[45]  QRPA 0.116

n

gch. denotes geochemical experiment.

*
Present work.

the PHFB model is in the range given by Bobyk et al.
in the SRQRPA model [47]. In the PHFB model for
ga = 1.0, the predicted half-life of the 2v 33 decay Tf/l’2
is 1.49 x 10%° y. The predicted Tf/”Q in QRPA by Staudt et
al. [45] and in OEM by Hirsch et al. [46] are larger than
our predicted value for g4 = 1.0 by approximately a factor
of 2 and 4, respectively.

The 2v 33 decay of °°Mo for the 0t — 07 transition
has been investigated by many experimental groups [18,
51,57-65] as well as theoreticians by employing differ-
ent theoretical frameworks[29,30,45-47,52,53,56,66—68].
In comparison to the experimental Ms,,, the theoretically
calculated value given by Stoica using SRPA(WS) [53] is
too small. The 2v B3 decay rate of '°°Mo calculated by
Staudt et al. [45] and Hirsch et al. using OEM [46] are off

from the experimental T12/Vz- For g4 = 1.0, the Ms, calcu-

lated by Griffiths et al. [29] using QRPA model favors the
results of INS Baksan [57] and LBL [60] due to the large
error bar in the experimental Tf/"2. On the other hand,

the Ma, predicted by Engel et al. [52] and Civitarese et
al. [67] for ga = 1.0 are in agreement with the results
of LBL [60], LBL Collaboration [62], UC-Irvine [63] and
ITEP+INFN [65] due to experimental error bars. The val-
ues of Ms, predicted in SU(4),, [56] and SU3(SPH) [66]
are nearly identical and close to the experimental result
given by Vasilev et al. [57] and ITEP+INFN [65] for
ga = 1.25. The same two My, for g4 = 1.0 are in agree-
ment with the results of UC-Irvine [58], ELEGANTS V,
LBL and NEMO. Further, the value of M,, given by
the PHFB model, Suhonen et al. using QRPA(EMP) [30]
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and Hirsch et al. using SU3(DEF) [66] favor the re-
sults of UC-Irvine (results of Elliott et al.) [58], ELE-
GANTS V [59], LBL [60], NEMO [61], LBL Collabora-
tion [62] and ITEP+INFN [65] for g4 = 1.25. The results
of SSDH [68] are in agreement with the experimental half-
lives of LBL [60], NEMO [61], LBL Collaboration [62], UC-
Irvine [63] and ITEP+INFN [65]. The le/”Q calculated by

Bobyk et al. [47] is in agreement with all the experimental
results due to a large range of values (5.04-16800) x 101 y.

The 2v 33 decay of '%“Ru — '%4Pd for the 0T —0%
transition has not been experimentally investigated so
far. The theoretical calculations have been carried out in
QRPA [45] and OEM [46]. The predicted T12/”2 in QRPA
by Staudt et al. [45] is approximately one-fourth of our
PHFB model prediction for g4 = 1.25, while the half-
life predicted by Hirsch et al. in OEM [46] is approxi-
mately 1.31 times larger. We predict a Tf/”Q for 19%4Ru to

be 5.73 x 1022 y for g4 = 1.0.

The 2v 3 decay of '9Pd — '10Cd for the 0T — 0%
transition has been investigated experimentally by Win-
ter only [69] long back and theoretically by employing
QRPA [45], OEM [46], SRPA(WS) [70] and SSDH [67,71].
The 88 decay of the '9Pd — '10Cd transition was stud-
ied by Winter [69] deducing a half-life 77, > 6.0 x 10'° y
for the 2v B0 decay mode and a total half-life > 6.0 x
1017 y for all modes. The calculated Tf}é for g4 = 1.25 in

the present PHFB model is 1.41 x 102° y, which is close to
those of Semenov et al. [71] 1.6 x 10?° y and twice that of
Civitarese et al. [67] 0.7 x 10%° y in SSDH. On the other
hand, the calculated half-life by Stoica [70] in SRPA(WS)
is 1.186 x 102! y for the same g4. The calculated average
half-life by Staudt et al. [45] in QRPA is 1.16 x 1019 y
and by Hirsch et al. [46] is 1.24 x 10%! y. For g4 = 1.0, we
predict a TIQ/”2 for 119Pd to be 3.44 x 10%0 y.

It is clear from the above discussions that the valid-
ity of nuclear models presently employed to calculate the
NTMEs Ms, as well as half-lives Tf/”2 cannot be uniquely

established due to large error bars in the experimental re-
sults as well as uncertainty in ¢g4. Further work is neces-
sary both in the experimental as well as theoretical front
to judge the relative applicability, success and failure of
various nuclear models used so far for the study of 2v 83
decay processes.

3.3 Deformation effect

Out of several possibilities, we have taken the intrinsic
quadrupole moment <Q(2)> (in arbitrary units) and the
quadrupole deformation parameter (> as a quantitative
measure of the deformation. To understand the role of de-
formation on the NTME M,,, we have investigated the
variation of <Q%>, B2 and Ms,, with respect to the change
in strength of the Q@ interaction x44. In table 4, we have
presented the quadrupole moment of the intrinsic states
<Q3>, deformation parameter # and the NTMEs Ms,, for
different x44. The deformation parameter has been calcu-
lated with the same effective charges as used in the cal-
culation of B(E2: 0t — 27) transition probabilities. In
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Fig. 1. The dependence of Ma, of %Zr — %Mo and

967r — %Mo on the strength of the QQ interaction x4, for
the 07 — 07 transition.

general, <Q(2J> as well as 33 increases as x4 is varied from
0 to 1.5 except a few anomalies. The intrinsic quadrupole
moments show fluctuations in case of %Zr at x,, values
0.9 and 1.05. In case of %Mo and '°°Ru, similar fluctu-
ations are observed at x44 equal to 0.2. In all the cases
above discussed, it is found that the quadrupole defor-
mation parameter (G5 follows the same behaviour as the
quadrupole moment of the intrinsic state <Q%> with re-
spect to the change in x4, except for the case of %*Zr and
98Ru. In case of Zr, for a variation of Xqq from 0.80 to
0.95, <Q%> increases but (> remains almost constant. For
9%8Ru, [ decreases when Y is varied from 0.2 to 0.4. Fur-
ther, there is an anticorrelation between the deformation
parameter and the NTME My, in general.

In fig. 1, we have displayed the dependence of Ms, on
the x4q for the 2v 33 decay of 9495Zr. In case of “Zr, My,
remains almost constant as the strength of x4, is changed
from 0.00 to 0.80. As the strength of x4 is increased fur-
ther up to 1.5, Ms, decreases except at 1.1, 1.3 and 1.5,
where there is an increase in the value of Ms,,. In case of
9671, My, remains almost constant as Xqq 18 changed from
0.00 to 0.60. My, decreases as x4q is changed to 1.20. As
Xqq is further varied to 1.5, My, increases initially and
remains almost constant. In case of ?6Zr — 2Mo, the ex-
perimental Ms, is available. It is interesting to observe
that M, gets tuned towards the realistic value as xqq
acquires a physical value around 1.0.

The dependence of Ms, on x4 has been displayed for
the 2v 33 decay of ?®199Mo in fig. 2. In case of “*Mo, My,
remains almost constant as 44 is varied from 0.00 to 0.60
and then decreases, while x,44 is changed to 1.2 except
at 0.95. With further increase in xgqq, M2, increases at
Xg¢ = 1.3 and 1.4 and then decreases at xq,q = 1.5. In
case of Mo, My, increases as y,q is varied from 0.00
to 0.80 and then decreases, while x4 is changed to 1.10
except at 0.95. There is a further increase in My, as Xqq is
changed from 1.10 to 1.30 and then decreases up to 1.5. It
is interesting to observe that in case of %Mo — 19ORu,
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Table 4. Effect of the variation in x4q on <Q%>, B2 and NTMEs Ms,, .
Xaqq 0.00 0.20 0.40 0.60 0.80 0.90 0.95 1.00 1.05 1.10 1.20 1.30 1.40 1.50
947y <Qg> 0 0.021 0.065 0.121 0.308 3.698 4.275 1847 22.68 26.12 31.76 3790 40.62 50.90
B2 0 0.073 0.086 0.089 0.093 0.092 0.093 0.100 0.111 0.124 0.147 0.184 0.203 0.242
“Mo (Q3) 0 0011 0041 1.488 14.39 2640 28.64 31.15 33.78 36.37 59.11 60.76 61.62 62.54
B2 0 0.060 0.091 0.102 0.104 0.136 0.147 0.161 0.177 0.194 0.294 0.302 0.307 0.311
My, 0.174 0.172 0.176 0.178 0.165 0.087 0.079 0.076 0.076 0.078 0.017 0.019 0.012 0.066
967r <Qg> 0 0.050 0.116 0.485 1.254 0.368 0.463 2.484 1919 2.540 5.446 34.20 39.02 40.70
B2 0 0.073 0.076 0.083 0.084 0.082 0.083 0.085 0.085 0.086 0.087 0.132 0.153 0.162
Mo (Q5) 0 0696 0211 0477 2246 31.82 37.02 41.73 4515 4815 61.43 65.44 66.70 67.64
B2 0 0.091 0.093 0.093 0.107 0.142 0.167 0.191 0.210 0.224 0.268 0.281 0.286 0.290
Ms, 0.213 0.219 0.220 0.221 0.191 0.134 0.095 0.058 0.031 0.017 0.005 0.013 0.012 0.011
®Mo  (Qp) 0  0.222 0.620 0.894 1.681 6.531 35.14 42.33 46.33 48.70 51.24 53.51 64.59 71.42
B2 0 0.077 0.079 0.080 0.081 0.084 0.129 0.158 0.178 0.191 0.203 0.211 0.240 0.258
9%BRu <Q3> 0 0.084 0.091 14.52 37.14 43.80 47.08 51.73 72.45 7510 77.66 79.27 82.80 86.52
B2 0 0.082 0.078 0.090 0.148 0.175 0.188 0.205 0.280 0.294 0.307 0.311 0.319 0.327
Ms, 0.242 0.252 0.262 0.259 0.114 0.063 0.140 0.130 0.023 0.012 0.006 0.007 0.029 0.021
%Mo (Q3) 0 0.034 0.126 0.357 1.040 3.624 41.85 49.20 53.40 55.14 57.89 60.15 64.55 77.90
B2 0 0.067 0.082 0.098 0.105 0.108 0.193 0.231 0.255 0.263 0.275 0.284 0.301 0.347
100Ry <Qg> 0 0.193 0.116 1.131 2.707 38.30 42.95 45.66 48.04 49.81 52.92 57.60 &81.92 83.00
B2 0 0.100 0.080 0.106 0.108 0.179 0.201 0.214 0.227 0.236 0.252 0.274 0.385 0.392
Ms, 0.243 0.261 0.266 0.276 0.281 0.127 0.164 0.104 0.049 0.044 0.044 0.058 0.019 0.015
YRu (QF) 0 0043 0.154 0.506 44.77 56.58 60.55 63.98 67.60 71.04 76.11 90.61 92.32 92.70
B2 0 0.064 0.091 0.109 0.203 0.253 0.270 0.285 0.303 0.321 0.349 0.410 0.416 0.417
'Pd (QF) 0  0.015 0.055 0.223 0.698 37.42 44.53 4885 52.03 54.91 59.66 65.01 90.55 91.26
B2 0 0.008 0.030 0.075 0.098 0.170 0.198 0.216 0.230 0.241 0.262 0.289 0.401 0.404
My, 0373 0.370 0.370 0.377 0.141 0.117 0.096 0.068 0.040 0.023 0.017 0.002 0.002 0.002
Hopg <Qg> 0 0.061 0.136 0.398 34.79 4792 53.10 57.39 60.67 63.70 71.74 79.01 83.03 84.47
B 0 0.056 0.065 0.087 0.140 0.183 0.201 0.216 0.226 0.236 0.269 0.306 0.332 0.341
"0cd  (Q7) 0 0.028 0.073 0.191 11.54 37.99 44.88 54.59 69.99 77.13 80.21 81.99 83.77 85.77
2 0 0.015 0.027 0.052 0.096 0.139 0.162 0.196 0.261 0.298 0.311 0.317 0.323 0.329
Mo, 0.419 0.419 0.422 0.422 0.305 0.191 0.150 0.133 0.100 0.064 0.047 0.026 0.012 0.002
03- My, also gets tuned towards the realistic value as xqq
acquires a physical value around 1.0.
100p o In fig. 3, we have displayed the dependence of My,
on Xgq for the 2v B3 decay of 1Ru and '9Pd. My, re-
mains almost constant as xg4q is varied from 0.00 to 0.60
0.21 and then decreases as Xqq is changed from 0.6 to 1.5 in
case of 1%Ru and ''°Pd. To summarize, we have shown
May that the deformations of the HFB intrinsic states play an
\ important role in reproducing a realistic Ms,,.
0.1+ To quantify the effect of deformation on Ms,,, we define
a quantity Do, as the ratio of My, at zero deformation
' (Xqq = 0) and full deformation (x4 = 1). Do, is given by
0 : : : M3y (Xqq = 0)
Dy, = ——~—~———= . 21
0 0.5 1 1.5 2v My, (Xgq = 1) (21)
Xaqq

Fig. 2. The dependence of M, of Mo — “®Ru and
100Mo — '°°Ru on the strength of the QQ interaction x4, for
the 0% — 07 transition.

The values of Dy, are 2.29, 3.70, 1.86, 2.33, 5.47 and 3.14
for 94967y 98:100\[o 194Ry and ''9Pd nuclei, respectively.
These values of Dy, suggest that Mo, is quenched by a
factor of approximately 2 to 5.5 in the mass region 94 <
A <110 due to deformation effects.
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Fig. 3. The dependence of My, of '“Ru— '“Pd and

HORu — MOPd on the strength of the QQ interaction x4 for
the 07 — 07 transition.

4 Conclusions

As a first step, we have tested the quality of HFB wave
functions by comparing the theoretically calculated re-
sults for a number of spectroscopic properties of 94967Zr,
94,96,98,100)\ [~ 98,100,104Ry, ~ 104,110pq and 110Cd nuclei
with the available experimental data. To be more spe-
cific, we have computed the yrast spectra, reduced B(E2:
0T — 27) transition probabilities, quadrupole moments
Q(2%) and g-factors g(27). Subsequently, the reliability
of the intrinsic wave functions has been tested by calcu-
lating M, of ?6Zr and %Mo, for which the 2v 33 decay
has already been measured. In case of 6Zr and '°°Mo, the
agreement between the theoretically calculated and exper-
imentally observed My, as Well as T 12;’2 makes us confident

to predict the half-lives T, /2 for other nuclei undergoing
the 2v B3 decay in the mass region 94 < A < 110. For
9471 98Mo,'%*Ru and '9Pd isotopes, the values of Tf/"Q for

ga = 1.25-1.00 are (7.51-18.34) x 10?2 y, (6.09-14.87) x
10% y, (2.35-5.73) x 10?2 y and (1.41-3.44) x 10?0 y, re-
spectively.

Further, we have shown that the deformations of the
intrinsic ground states of %6Zr, 96:19°Mo and '°°Ru play a
crucial role in reproducing a realistic NTME in case of ?%Zr
and '°°Mo. The NTMEs My, are quenched by a factor of
approximately 2 to 5.5 in the mass region 94 < A < 110
due to the deformation. A reasonable agreement between
the calculated and observed spectroscopic properties of
94,967, 94,96,98,100)\ [, 98,100,104Ryy  104,110p apnd 110Cq
as well as the 2 33 decay rate of % 967y 98,1000\ 0,194 Ru
and ''Pd makes us confident to employ the same PHFB
wave functions to study the Ov (3 decay, which will be
communicated in the future.
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