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We reexamine the feasibility of an experiment proposed by Skalsey to observe neutrinoless
double-beta processes between pairs of single-beta emitters.
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This new type of double-beta decay may be called the
"internuclear" double-beta decay in contradistinction to
the "usual" double-beta decay, which, taking place
within a single nucleus, may be called the "intranuclear"
double-beta decay. Pacheco emphasized that the internu-
clear double-beta decay experiment, if it is at all feasible,
should have the following advantages: (1) It is free from
the intervention of the two-neutrino mode; (2) in extract-
ing information on the Majorana nature of the neutrino
from the observed decay, one need not depend on nuclear
models. This last feature comes about because the
relevant nuclear transition matrix element can be unam-
biguously determined from the ft value of the single-beta
decay.

According to the analysis in Ref. 3 (hereafter to be re-
ferred to as KKY), the internuclear double-beta decay ex-

In a recent article, ' Skalsey has rediscussed the feasibil-
ity of double-beta process experiments of the generic type
first considered by Pacheco, and presented a new variant
which, according to Skalsey, looks more promising than
the experiment originally conceived by Pacheco. Since
the kind of experiment newly proposed by Skalsey, if it is
indeed feasible, can certainly be extremely important, and
since the main conclusion of Ref. 1 is stated in referring
to the content of Ref. 3, authored by Yazaki and two of
us, we wish to describe here our view on the proposed ex-
periment. We hope that our comment, taken together
with the argument of Ref. 1, will be useful to those people
who are planning an experiment based on Ref. 1.

Let us start with a brief summary of the issue.
Pacheco proposed an experiment to detect neutrinoless
double-beta decay between separated pairs of single-beta
emitters. In this process one nucleus in a sample of ele-
ment X beta decays, emitting one virtual antineutrino,
which propagates to another nucleus in the sample,
where, if the neutrino is a Majorana particle, the antineu-
trino can cause neutrino-induced beta decay. That is,

periment is expected to be much harder than envisaged in
Ref. 2. In order to summarize the main points of KKY,
we first mention that reaction (1) occurs only when the
virtual Majorana neutrino has mixed helicities, which is
possible (a) if rrt„+0, or (b) if the leptonic weak current
contains an admixture of the "wrong-handed" com-
ponent. Since it is not warranted at the present stage to
complicate the argument by considering the above two
possibilities simultaneously, we may concentrate on one
of them. So, let us limit ourselves to case (a). Then, the
significance of a given double-beta decay experiment is
measured by its sensitivity to m„. The "traditional" in-
tranuclear double-beta decay experiments have so far set
an upper limit rn less than several eV. Because of the
ambiguity in the nuclear transition matrix elements in-
volved in the analyses, it might be better to cite the con-
servative upper limit, m, 10 eV. This implies that an
internuclear double-beta decay experiment can be of
current relevance insofar as it can provide information on

m„ in the range m „10eV. In reexamining the feasibili-

ty of the experiment proposed by Pacheco, ~ KKY used
this criterion and the observation that the detection of
the internuclear double-beta decay would be unrealistic
unless the event rate per parent nucleus, denoted by
A/N, is comparable to or larger than the already estab-
lished upper limit to the decay rate of the intranuclear
double-beta decay. The main conclusions of KKY may
be summarized as follows. The 1arge decay rate (hence
small ft value) of a parent single-beta emitter and the
large size of a sample of the single-beta emitters, two re-
quirements which must be satisfied simultaneously in or-
der to have a large enough event rate, seem to be practi-
cally incompatible with each other. If we impose an ad-
ditional (quite reasonable) requirement that at least one
internuclear double-beta decay takes place before the en-
tire sample disintegrates, the constraint on the sample
size becomes even more severe. Based on these observa-
tions, KKY concluded that the internuclear double-beta
decay experiment proposed by Pacheco seems to be hard-
er than considered in Ref. 2.

Skalsey's proposal may be summarized as follows.
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Consider the detection of a new kind of internuclear
double-beta process:
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This formula applies to a source sample 100% consisting
of V, whose shape is, for simplicity, assumed to be
spherical; R is the radius of the sample. A, p, and Narc,
respectively, the mass number, the mass density, and the
total number of the single-beta emitters; Z; is the initial
nuclear charge, E the total energy of the emitted posi-
tron, and P the Gamow factor representing Coulomb dis-
tortion; ft stands for the ft value for the electron capture
Eq. (2a). In order to normalize the transition rate A' of
the internuclear process with respect to that of the in-

If the Q value for the reaction shown in Eq. (2a) satisSes
m, & Qzc &2m„ then the positron coming from the reac-
tion shown in Eq. (2b) will, ideally speaking, constitute a
signal for the neutrinoless double-beta process. A close
examination of the competition of the signal with the
background events indicates that the following three nu-

clides are possible candidates for this type of experiment:
Ar, V, and" Sb. Of these one may use V for the il-

lustrative purpose. The consideration of the attenuation
of pair-annihilation photons in the source material sets
the limit to the source size; the largest conceivable size
for the source (assumed to be spherical for simplicity) is
about 1 cm, giving a mass of 25 g. If one uses an intense
source (-200 kCi if pure V} surrounded by an exten-
sive 4~ detector array, then 1-2 yr running will be sensi-
tive to an initial double-beta process event rate of one per
day. These figures give a value of 10 ' yr ' for the pa-
rameter A/N used in KKY, which is just inside the range
KKY consider of current interest. Thus the positron-
emitting E capture, Eqs. (2a) and (2b), may be a promis-
ing alternative to the double-beta decay shown in Eqs.
(la) and (lb). This summarizes the main points of
Skalsey's argument in Ref. 1.

We now present our comment on Skalsey's argument.
Our main point is concerned with the actual calculation
of the transition rate for the internuclear double-beta
process represented by Eqs. (2a) and (2b}. If we denote by
A' the transition rate for this process, an elementary
second-order perturbation calculation gives
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tranuclear process, it is convenient to use, as in KKY,
A'/N rather than A' itself. From the observed ft value
one can easily evaluate A'/N as a function of m„and R.
The results are given as

A'/N(V)=3. 82X10 R(cm)[m„(eV}] yr

A'/N(Ar) =3.45X 10 R(cm)[m„(eV)] yr

(4a)

(4b)

A'/N(Sb)=1. 05X10 R(cm)[m„(eV)] yr ', '
(4c)

where we have included the results of similar calculations
for the other two candidate isotopes as well. [A solid ar-
gon source is assumed in Eq. (4b).] According to Ref. 1,
R —1 cm is more or less the maximum source size com-
patible with the survival of photon signals from the pro-
cess Eqs. (2a) and (2b). One can therefore conclude from
Eq. (4) that for m„& 10 eV, which is a range of current
interest, A'/N for any of the three candidate isotopes is
much smaller than 10 yr ', a typical event rate that
can be investigated in usual intranuclear double-beta de-
cay experiments. Thus the actual calculation of the
transition rate presented here indicates that a careful re-
examination of the argument and conclusion of Ref. 1 is
required. We notice that, in Ref. 1, the significance of the
proposed experiment is discussed in terms of the assumed
event rate rather than its sensitivity to the Majorana neu-
trino mass m„. Namely, Ref. 1 assumes implicitly that
any double-beta process experiment that deals with an
event rate per parent nucleus around 10 '* yr
should have relevance with the current issue on m„. Our
explicit estimation above demonstrates that this assump-
tion is not always tenable. Ia the case of internuclear
positron-emitting E capture, Eqs. (2a) and (2b), the tran-
sition rate of A'/N-10 ' yr ', which, as mentioned in
Ref. 1, corresponds to one transition per nucleus per day,
would correspond to m„&1MeV. Therefore, even if 1—2
yr of running of the experiment described in Ref. 1 can be
sensitive to the event rate of one transition per nucleus
per day, information on m„we would obtain from this
experiment will be of rather little use compared with the
information we already have from "traditional" intranu-
clear double-beta decay experiments. Of course, a similar
warning should be given also for the case where the mix-
ing amplitude of the "wrong-handed" current is used as a
measure of possible neutrinoless double-beta processes
[case (b), mentioned earlier in the paper]. The author of
Ref. 1 cautiously analyzed various technical diSculties
one must surmount before experiments on the process
shown in Eqs. (2a) and (2b) become realistic. It is our
hope that the above-mentioned warning will be taken into
account along with those technical diSculties.
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