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The half-life and differential intensities of 2v2p-transitions in ''®Cd have been calculated with the account for the
contributions of two first excited 1" states of intermediate nucleus.

The expression for 2v2p-transition amplitude, a second order process in perturbation theory, contains
summation over all virtual intermediate nuclear states [1 - 4]. Thus, the set of values of nuclear matrix
elements is necessary for the calculations of 2v2[B-decay characteristics, and this is a rather complex problem
due to certain difficulties, the existing nuclear models experience in description of all states of intermediate
nucleus. The single state dominance hypothesis (SSD) [5, 6] suggests, that the amplitude of 2v2[3-transition,
where the ground state of intermediate nucleus is 1" state is determined by two step transition, which
connects initial and final states through this 1'-ground state of intermediate nucleus. Then the inverse half-
life can be expressed in the following form:
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where p;, p» and €, & are respectively momenta and energies of electrons, ®;, ®, are energies of
antineutrinos, @, = T + 2m, - €, - & - o, T = E; - Ef- 2 = Qpg is the total kinetic energy of leptons in final
state, and E;(Ey) is the mass of parent (daughter) nucleus. F(Z, €) is the relativistic Coulomb factor.

(K*+L*+KL)/3 if JF=0"
D(K,L)= (2)
(K-L)%/3 if Jr=2"
The factors K and L in (2) are built of energy denominators of second order perturbation theory as
follows:
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with g =E. —(E +E;)/2,, E, is the energy of the 1"-ground state of the intermediate nucleus.
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Nuclear matrix elements M=

> and MIF=<J}I

deduced from log ft values of electron capture and single beta decay processes.

[T}ngs> can be calculated theoretically [7] or

If log ftgc and log ftB' are used, then
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G, = 1.16639-10 éeVz , C0S G = 0,9738. [8].

The following approximation is usually employed in estimations of 2v2[ half-life — it is supposed, that
outgoing leptons have approximately equal values of kinetic energy [1 - 3]. Then K ~ L and D(K, L) ~ 4/./
for J7=0". As it was shown in [9 - 11], the approach within SSD, when the dependence of denominators of
perturbation theory on lepton energies is ignored, can lead to appreciable overestimation of 2v23 half decay-
time. In case of 0'— 0}~ transitions in Mo this effect is about 25 %.

Within single state dominance hypothesis the single electron energy and angular distribution differential
decay rates for 2v2p-transition to 0" final state have the following form:
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Here for the sake of simplicity we do not take into consideration correction factors R,(¢,),R,(¢,), which
are rather close to unit and diminish half decay time values for '*Mo, ''°Cd on few percents [12]. The
expressions for F(Z;, &), R;,(¢) are given in [1, 13].

The effect of energy denominators might influence

i oy g strongly the differential rates. The use of standard

HSD approximation for K and L factors, i.e. if they do not
P TN S depend on lepton energies, corresponds to the case,
\: when transitions through the higher lying states of
981 N intermediate nucleus give the main contribution to the
\ 2v2[-transition amplitude. This situation is equivalent to

\ the higher state dominance (HSD) hypothesis [11, 12].

041 \ The relation (1) gives the value of t7;” for '“Mo

bt 2v2p transition to the ground state of 'Ru 6,8 - 10'®
\x years, which coincides with experimental data,
00+ = et 20—-— o obtained recently by NEMO-3 experiment [14].

Single electron decay rates P(¢) = l/wdawlde for
"“Mo isotope corresponding to SSD and HSD
Fig. 1. Electron kinetic energy. hypothesis are shown in Fig. 1.
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It should be noted, that in the considered approach the differential decay rates, normalized to the full
decay rate are free of the nuclear matrix elements. NEMO-3 is a unique setup giving the possibility to
measure energy distribution of a single electron and angular correlation of outgoing electrons. The
experimental results, obtained for P(¢) are in favor of SSD nuclear mechanism of two-neutrino double beta-
decay in '“Mo [14].

The angular correlation curve for outgoing electrons, as it follows from (3) is a straight line
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For '“’Mo k =-0,627 (SSD), k = -0,.646 (HSD).
The situation is more complicated for two-neutrino beta decay of ''°Cd. SSD calculations [9 - 12] give

2 =1,1- 10" years for this isotope, whereas the measured value, obtained in two experiments NEMO-3

[14] and INR-INFN, Solotvina, Ukraine [15] on the base of different methods is more than twice larger:
(2,8 +£0,3)-10" years. So it is reasonable in this case to take into account contribution of higher excited states

in 2v2B-amplitude. Thus, one should use general expressions for t7,” and differential decay rates [4]
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with g =E, —(E; + E;)/2. The experimental log ft values can give only absolute values of nuclear matrix

0,+>, <0;

be seen from (4), (5), nuclear matrix elements, corresponding to the total set of excited states of intermediate
nucleus are necessary for estimation of 2v2[ characteristics. The calculation of these quantities, both
absolute and relative phases, is a rather difficult theoretical problem.

The investigation of charge-exchange reactions gives the possibility to obtain GT", GT strength
distributions for transitions of interest and deduce absolute values of nuclear matrix elements for low-lying
excitations of intermediate nucleus. From the results on ''°Cd(*He, t)'"°In [16] and ''"*Sn(d, *He) ""°In [17]
reactions experiments the absolute values of nuclear matrix elements for two first 17 excited states of '°In,
which is intermediate nucleus for ''°Cd 2p-transitions can be found. They are presented in the Table together
with nuclear matrix element, which corresponds to the ground state of ''°In, derived from log ft data.

to

to

elements <1K, 1L> for N = 1, i.e. for the ground state of intermediate nucleus. As it can

En(1") - Eger MeV (1 ]7or)! [(0f [ o)
0. 0,699 0,511
1,00 0,346 0,332
22 0.412 <0265

Here we suppose, that in addition to the ground state of ''°In, the contribution of these two first excited
17states should be taken into account in (5), (6) for ''®Cd 2v2p calculations. Moreover we suppose that their
contributions are of opposite signs in order to obtain the decrease of theoretical decay intensity compared
with the pure SSD estimations. In general case complex phases of matrix elements should be taken into
Ty )1, which

+

T O

consideration. For 2,2 MeV excitation energy we use the maximal possible value of | <0;

equals 0,265. So for t7,*”, we obtain the value of 2,57 - 10" years, which coincides with experimental data.

The calculations, produced in [17] lead to value of 4-10" years for ''°Cd t>?. The reason of the
discrepancy between this result and our approach is the following. In [17] the half-life has been obtained in
the approximation of equal kinetic energies of outgoing leptons according to the formula
2

(22T =6 M@ (DGT)

where G is the phase factor and the double Gamow - Teller matrix element is determined as
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Here u, =E(1},)—(E,+E,)/2 and E(1}) is the energy of the N-th intermediate 1” state. For M| the

result of [16], obtained from (*He, t) charge exchange reaction was used in [17], M= 0,178, which deviates

strongly from matrix elements, estimated from log ftec data, MlI = 0,699, which we incorporate in our
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calculations. So in order to reproduce experimental
half-life, it has been assumed in [17], that matrix

bt = 0 HSD elements M N (DGT) in (7) add constructively.

i 1 ssD
Py == Thiee states dominance Whereas in our approach the energy denominators of

perturbation theory are free of any approximations
and we assume, that contributions of first two excited
states have opposite signs. Further measurements,
both of charge exchange cross section and differential
2v2[ transition rates are necessary to examine this
question.

The single electron decay rates P(g) = L/adw/de
for ''°Cd isotope corresponding to SSD and HSD and

MeV three-state dominance hypothesis are built in Fig. 2.
Fig. 2. Electron kinetic energy. The angular correlation parameter k¥ (4) have the
following values for different approaches for
calculation of 2v2p transition in ''°Cd: « = -0,602 (three states dominance); k = -0,606 (SSD); k = =-
0,615 (HSD). These results can be compared with precise high statistics measurements with ''°Cd, which are
now in progress in NEMO-3 experiment, in order to test different hypothesis on nuclear mechanism of 2v2[3
transition in this isotope.

In summary we note, that SSD hypothesis should be generalized in the case of ''®Cd. The precise
experimental data on differential rates, compared with theoretical distributions can give interesting
information on nuclear mechanism of double beta decay and for construction of nuclear structure models.
The further measurements of charge exchange reactions for a number of isotope sources are valuable for
double beta decay investigations. It would be constructive to apply the performed approach to **Ca, the
corresponding charge exchange reactions for this isotopes are investigated in [18].
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BKJIAJl BO3BYKJIEHHBIX 1" COCTOSIHUM B AMILIATYY 2v2B PACHAA ''°Cd
C. B. Cemenos, lO. B.T'anonos, ®. lllumkoBuu, P. JIBopHunKuii

IIpoBesieH pacueT neproja mojiypaciana u guddepeHInaTbHbIX HHTeHCHBHOCTeH B 2v2 pacmane ''°Cd ¢ yuerom
JIBYX NIEPBBIX BO30YKIEHHBIX YPOBHEH MPOMEXYTOUHOTO sfpa.

BHECOK 3BY/KEHHUX 1" CTAHIB B AMILTITYY 2v2B PO3MNAILY 15Cd
C. B. Cemenos, lO. B. I'anonoB, ®. lllumkosiu, P. /IBopHunbkuii

TIpoBeIeHO PO3PAXYHOK Iepiofy HamiBpo3mamxy Ta AuQEpeHIiiHuX iHTeHcHBHOCTeH B 2v2B posmaxi ''°Cd 3
ypaxyBaHHSM JIBOX MEPUINX 30YPKEHUX CTaHIB IPOMIXXKHOTO sApa.
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