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Is the single-state dominance realized in doublg-decay transitions?

O. Civitarese
Department of Physics, University of La Plata, C.C. 67, 1900 La Plata, Argentina

J. Suhonen
Department of Physics, University of Jgkgla P.O. Box 35, FIN-40351, Jyskyla Finland
(Received 30 March 1998

In the single-state-dominance hypotheS$SDH the decay rate of the two-neutrino douliedecay to the
final ground state is solely determined by virtual singleecay transitions via the L ground state of the
intermediate nucleus. A very important consequence the SSDH will be that some of nonaccelerator measure-
ments of doubleB-decay observables could be circumvented by sifyteecay measurements. To assess the
validity of the SSDH, we have carried out a theoretical analysis of all doglieeay transitions where the
spin-parity of the ground-state of the intermediate nucleus*isThe calculations indicate that the double-
electron emitters, as well as the less explored double-positron emitters, show evidence of the SSDH.
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PACS numbg(s): 23.40.Bw, 23.40.Hc, 21.60.Jz, 27.69.

Two-neutrino  nuclear  doublg-decay transitions The calculations have been performed by using the
(2vB*=pB™) are examined as second-order processes in peproton-neutron quasiparticle random phase approximation
turbation theory1]. The available data on these transitions(pnQRPA) [11] to describe the states of the double-odd-
can be found in Refd.2,3]. The calculation of decay rates mass nuclei and the proton-proton and neutron-neutpgn (
involves a summation over intermediate states, which belong-nn QRPA) formalism to describe the excited states of the
to the spectrum of states of the double-odd nucledis K final nuclei participant in a given decay chain. The details of
¥1, Z*+1) in the decay chain connecting the initial the formalism are reviewed i12]. The single-particle basis,
(A,N,Z) and final @, N2, Z+2) nuclei. In this decay Used to calculate quasiparticle excitations, were constructed
Gamow-Teller transitions are the dominant ones allowed byVith the solutions of the Woods-Saxon central potential for
the angular-momentum, parity and isospin selection rules@ch mass region included in the calculations. The Coulomb
Some time ago it was suggested by Al [4] that, for correction was added to describe proton states. Matrix ele-

those 28~ B~ transitions where the ground state of the in- ments for the effective two-body interaction were extracted
termediate nucleus is3f=1" state, the second-order tran- from the G matrix constructed with the Bonn one-boson-

sition matrix element could be dominated by two virtual gxchange potentiOBER of [13]. Menopole terms of the

- . . o ._interaction between like particlesproton-proton and
tri\nsmons, the first going from the mmgl ground state to th'sneutron-neutron channélwere renormalized to account for
1" state and the second then proceeding from thetate to

: . the observed odd-even mass differences. The empirical val-
the final ground state. From now on we shall call this as

. . . “ues of the pairing gap parameters were reproduced with ac-
sumption the single-state-dominance hypotheSSDH. ¢ acies of the order of 50—100 keV for all the nuclei in-

Further experimental studies of this effect, restricted to the,,ded in the systematics. Energies of some single-particle
2vp~ B~ decay of ‘®Mo and **°Cd, have been reported by |evels around the proton and/or the neutron Fermi surfaces
Garce et al.[5], Akimuneet al.[6], and Bhattacharyat al.  were adjusted to reproduce the observed single-quasiparticle
[7]. The role of the Gamow-Teller giant resonance in thiSspectrum of even-odd and odd-even mass nuclei in the
context was discussed [B]. On the theoretical side the im- neighborhood of the initial and final even-even nuclei par-
portance of lowest-lying 1 states was suggested by shell- ticipant in the doublg3 decays.
model calculation$9,10]. However, a systematic theoretical =~ Concerning the excitations in the double-odd-mass nuclei,
study of these transitions has not been reported yet. The inthe strength of the residual interaction between protons and
portance of such a study is emphasized by the implicationseutrons in the particle-hole channel was chosen to repro-
of the SSDH on the extraction of doubfedecay half-lives:  duce the empirical position of the giant Gamow-Teller reso-
the half-lives can be determined from singé- and nance within one MeV. The strengths for the monopole and
electron-capture measurements. quadrupole interactions between like-particle pairs of quasi-
In this article we show the results of a systematical studyparticles in the initial and final double-even nuclei were
concerning both single- and douhfedecay observables, of renormalized in such a way that the observed energies of the
all the doubleg-decay systems which meet the requirementfirst excited one-phonon, states were reproduced by the
of the SSDH about the spin of the ground state of the interQRPA calculations. The spurious monopole state at zero en-
mediate nucleus. The studies are further extended to doublergy was removed from the QRPA solutions. With the result-
B-decay transitions to excited final states of spin-parifyt@  ing set of wave functions we have calculated the matrix el-
see if the SSDH can be applied to all @inal states reached ements for singlgg-decay and electron-capture transitions
in the 2vBB decays of the nuclei of interest in the SSDH. feeding low-lying states of the initial and final nuclei. In this
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1pg (0%) X g (Jm vector coupling strength, respectively. The general theoreti-
cal expression for the matrix element governing the two-
47 neutrino mode of the nuclear doubfedecay, from an initial
ground state, P, in (A, N, Z) to a final ¢ state in @&, N
¥2,Z+2) is given by[12]
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where the sum extends over alf ktates of the intermediate
nucleus. The denominator of this equation consists of the
energyE,, of the mth intermediate 1 state and the mass
energyM, of the parent nucleus, as well as of the douBle-
decayQ value Qgsz. The virtual singleB= decay matrix
elements for the initial-branch M) and final-branch
(M{")) are given by
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M e AL e where the overlapgl’ |1/) between the two sets gin-

tly] togt. QRPA solutions are added to account for the matching of the
intermediate 1 stateq12]. The structure of the matrix ele-
FIG. 1. Decay scheme foh=110. Indicated are the electron- ments, for virtual singlgs-decay transitions from an-
capture transition(log ft) and the g™ transitions(log ft_) of phonon state to @p+ nn-phonon state, is given ifL2].

110, i - e : .

110@3 as well as the half-lives of the doubj- transitions from The doubleg-decay half-Ilfet(ﬁ{) can be obtained from
' the expression

manner the structure of the wave function of the first excited [t(ﬁzv)(ogsﬂog)]—lz|M(DzGV%(0;)|zG(DzGV%(O;)' (5)

1" state(i.e., the ground state of the intermediate nucleus

was tested independently of the doulgielecay observables. |\ here ¢ can either be the ground state or an excitéd 0
The strength of the particle-particle interaction between Progiate of the doublg-decay daughter anG“”’(O*) is the

) DGT\YF
tons and neutrorl 2] g,,, was chosen to reproduce, as well corresponding integrated kinematical facfd@4,15. In cor-

as p_ossible,_ t_h_e experimental 1og value_s for transitions respondence with the matrix elemdf), the SSDH is real-
fe_edlng the initial ground state and the final ground and €Xized in the numerical calculations by restricting the summa-
cited states. . . tion in Eq. (2) to the firstpn-QRPA eigenstate.

In the present article we have analyzed smglédecay The results for the transitions to the final ground state are
and electron-capture data, as well as doyblgecay transi- shown in Table | both for the doublé-decay electron and

: : : - 10
tIOTOSOhII’] ﬁgpﬂlﬂ‘g‘g%g ?ﬁgzlqgll;gecaﬁaéﬁs_tﬁq% Mo | Ppositron emitters. In this table the extracted matrix elements
oo U, , — o, N and  are compared with the calculated ones. Both the contribu-

12 12 it
.*?Te—>10 Xe. lﬂ) add'}'fn' th?3double-electron—capture tran-ions of the first excited 1 state and the total contribution
S'F'ﬁni BCdT ded, GC;’_’ GEE)? were analyzed together ,m over allm in Eq. (2)] are shown. One can see from
with the sing ef-decay observables. . these results that the theory predicts the correct order of mag-
Figure 1 shows the calculated and experimental values ol., 4 ¢ theM (22 in spite of differences in the single-
t/?? ;érge'oﬁrfgpgOll:lb(l)%de?igytezl?‘:ﬁév\?gizist fc(>)rf ;[E: gglst')_I'e electron-capture matrix elements. It is also noted that the
y : ) Y ; . SSDH matrix elemen(l) agrees quite well with the calcu-
we have extracted the matrix elements corresponding to thleted total matrix elemerto)
singles” and e!ectron-capture decays from the me_asureaa From the table one noti.ces that one can divide the dis-
log ft values.._Wlth the;e values and the corresponding Obéussed 288 decays into two categories, namely) decays
served transition-energieQ(values we have calculated the with clear theoretical single-state dominantgecays of
dimensionless double Gamow-TeII@GT) matrix element ]_]_oPd 114Cd llGCd 128Te and 136Ce) and (2) decays with

connecting the initial and final ground states as no theoretical single-state dominance but where the calcu-

6Dm lated total DGT matrix element evolves towards the ex-

€ (1)  tracted DGT matrix element of the SSDH due to interfering
Vitecfts-(Qp-+ Qec) ' contributions from the higher-lying™ states in the interme-
diate nucleus %Cd and possibly!®™Mo). Concerning the

wherem, is the electron rest mass, and we adopt the valuescarce data on half-lives, both the theoretical and the ex-

D=6147 and;;,'iz 1.0 for theB-decay constant and the axial- tracted SSDH values are consistent with the experimental

ME&HSSDH =
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TABLE I. The double Gamow-Teller matrix elemekt22) and the corresponding doubidecay half-
life t(ﬁ{) in different approximation schemes for the nuclei with potential SSDH characteristics. The experi-
mental doublgs-decay half-lifet{Z2) (exp) is given for reference whenever known. The matrix elemstits
andM'P correspond to the first intermediaté $tatelm=1in Eq.(4)]. Case A: Extracted values fot! and
M(l':> from observedt values. Case B: Calculated values by including only the fifsstate into the sum of
Eq. (2). Case C: Calculated total matrix element of E2).

System Case MY (ssbH  M{P (ssbH M2 t{20 t{35) (exp)
A 0.86 0.68 0.18 8.810%
1000 B 2.05 0.68 0.25 44108
C 0.12 1.% 10" 9.5x 10'8
A 1.21 0.61 0.19 1.810%°
10pqg B 1.55 0.58 0.24 1:210%°
C 0.21 1.4 10%°
A 0.54 0.76 0.12 1.210%°
L4cd B 1.36 0.61 0.25 2:810%
C 0.25 2.8 10%
A 0.93 0.63 0.16 1.310%
16 B 1.36 0.32 0.12 2:810%
C 0.12 2.3%10%° 3.75x 10%°
A 0.38 0.12 0.013 1X10%°
1281¢ B 1.21 0.027 0.010 220107
C 0.012 2.x 10 >2x 1074
A <0.48 1.08 <0.17 =5.3x 104
106cq B 0.29 2.98 0.28 20107
C 0.17 5.3 1071
A ~0.68 0.68 ~0.14 ~3.2x 107
136ce B 0.19 1.81 0.11 524107
C 0.14 3.x10%

3ot measuredM "assumed to be of the order bf{".

half-lives. In the case of thé®Mo and °°Cd decay, the ably with the matrix elements for the ground-state-to-
theoretical total matrix element is about half the contributionground-state transitions. However, the comparison of theo-
due to the first T state but those contributions do not differ retical results with the few available pieces of experimental
much from the extracted values. As a matter of fact, a goodnformation (decay of *®Mo) does not support the state-
description of the'®Mo double 8 decay has proved to be ments of Ref[18], in particular when the excitedOstates

unfeasible by the present type of theoretical frameworkare described as members of the two-quadrupole-phonon
[16,17], most likely due to deformation effects. triplet[12]. It thus becomes natural to investigate what is the

In light of the previous discussion it seems that there jsStructure of these states and whether the SSDH applies also
both experimental and theoretical evidence on the realizatiofp the doubles-decay transitions to them. .
of the SSDH for the ground-state transitions. One has t l8|nbthe present sthudy we ha\;ehextlended Ithe hypoph%sg of
stress that the theoretical values displayed in Table | wer | by assuming t at some of the lowest-lying excite

. . ; States can be of a single-phonon character, and we have cal-

obtal_ned with a value OgPP_Wh'Ch reproduces as well as culated single- and doublé-decay rates to these states ac-
possible the known EC anfl™ decay rates. As a measure of o, jinqi At the same time we have performed detailed cal-
the accuracy of the usgd method we refer to the resu]ts Qulations of the decay of the/lintermediate ground state to
Fig. 1 W_here the theoretical ldg values are c_ompared with excited 2" and 0" states both for the electron as well as the
the available data. For the present calculations the adopteggiiron emitters. A detailed discussion of the results will be
values ofg,, are of the order of unity for the double electron ,esented elsewhefa9]. As examples we shall discuss the
emitters and some 30% less for the double positron emittergggeg ofl%Cd, 1194, and3¢Ce. The corresponding results
_ In spite of the absence of data on douplelecay transi-  for transitions to excited 0 states are shown in Table II. We
tions to excited states of the final nucleus, the presence of thgave computed those final states as monopole vibrations and
same sort of dominance upon these transitions can be detefs two-quadrupole-phonon states. As seen from these results
mined by performing a similar analysis as was done for thehe matrix elements for transitions leading to one-phonon
ground-state-to-ground-state transitions. According to Barastates have larger matrix elements than the transitions to two-
bash [18] the matrix elements governing douhfedecay quadrupole phonon states and in all cases the SSDH is
transitions to the first excitedOstate should compare favor- clearly present.
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TABLE II. The double Gamow-Teller matrix elemektZ2) for transitions to excited 0 final states. The
excitation energies of the states and their logalues are shown together with the extract8&DH and
theoretical values of the double Gamow-Teller matrix elements. The quantities listed in the last two columns
are the theoretical matrix elements corresponding to the first intermediagtaie and to the complete set of
17 states, respectively. The assumed theoretical structure of each state is given in parenthesis and it indicates
a single one-phonon state ([@h) or a two-quadrupole phonon state ().

System  E(O{)[Mev] logft_(Of)  MENSSDH MESHLT) Mgl
1.134 6.5 <0.041 0.075(2ph) 0.086(2ph)
106cd 2.002 6.1 0.113 0.616(fh) 0.570(1ph)
1% 1.473 6.8 0.029 0.187(gh) 0.209(2ph)
1.579 6.1 0.048 0.015(ph) 0.014(2ph)
136ce 2.141 5.7 0.112 0.128(fik) 0.132(1ph)

In conclusion, it is found that the single-state-dominancethe locations of the Fermi surfaces do not favor low-lying 1
hypothesis introduced by Abaat al.[4] and explored in the excitations in the intermediate nucleus.
works of Akimuneet al.[6] and Garca et al.[5], is strongly It is evident that more experimental information about
supported by the present theoretical results since in the maouble-decay transitions to excited states is needed. Par-
jority of the studied cases either a clear theoretical singleticularly it would be important to gain information on tran-
state dominance or an evolution of the calculated total DGTsjtions to excited 0 states because the calculated matrix

matrix element towards the extracted SSDH value of the M3gjements are of the same order of magnitude or even larger
trix element(for double positron emitteysvas observed. An  han the matrix elements corresponding to transitions to the
even more striking theoretical single-state dominance wag | ground state. Furthermore, the single-state dominance,
observed for the DGT decays to excited 8tates. In this ¢ 1041764 would be useful for experiments on nuclei whose

study both one-phonon and two-phonon monopole states c?1fah‘-lives of two-neutrino doublg decay are not known.

spherical nature were examined. The nuclei considered in thl?ven if not being exact, but only very approximate, the

present paper are located in a specific region_of the nUde%SDH would still help in giving order-of-magnitude esti-
chart, namely, the proton and neutron Fermi surfaces arg

f . : : : rhates for the doubl@-decay half-lives.

ound neargg,, andgy, orbitals, respectively. In this region
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