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It has been established that the upper limit of the lepton charge nonconservation
parameter does not exceed (2-5) X 10~*. This value was obtained on the basis of a
direct experimental study of the double B decay of '*°Te T, ,,> 1.2 X 10?! years.

PACS numbers: 23.20.Ck, 27.60. + j, 11.30.Er

It is known that the double B decay, which is a source of valuable information
about the fundamental properties of neutrinos, the weak interaction, and the reson-
ances in nuclei is one of the most sensitive methods of verifying the lepton charge
conservation law.'

Our group has recently completed an experimental study of the 28 decay of
130Te.2 The experiment was performed by using the previously described® apparatus
whose sketch is shown in Fig. 1. The main detector (¢ 145 X 185 mm) was assembled
from 14, 10-mm-thick scintillation (polystyrene) plates. The mass of *°Te, which was
arranged in a uniform layer (160 mg/cm?) between the plates, was 342.82 g. The
detector was connected to a photomultiplier by means of a polymethylmethacrylate
lightguide (¢ 145} 60 mm).

To effectively suppress the background in the apparatus, we used a complex
system consisting of an inner mercury shield, an “active” scintillation shield against
anticoincidences, and a multilayer outer shield (steel, lead, polyethylene). In addition,
to eliminate the effect of the radioactivity of air, we enclosed the main detector and the
scintillators of the “active” shield in a sealed chamber that was purged with purified
gas. The apparatus was placed on the ground surface.

Figure 2 shows the spectra recorded in an experiment with a 3300-hour “live”
time. The lower curve represents the background spectrum {1000 hours) and the upper
spectrum was collected from '*°Te (2300 hours).

The spectrum in Fig. 3 shows the background excess due to the sample. We can
see that there are no peaks in the region of the neutrino-free 28 decay of *°Te
(1.8-3.0 MeV). The background rise is apparently due to the presence of trace amounts
of uranium, thorium, and their decay products in the sample.

The average background level in the region 2.1-2.76 MeV amounts to (8.9 4 0.08)
X 1073 keV~! hour™', according to Fig. 3. The overall recording efficiency, calculat-
ed with allowance for self-absorption in the sample and for the energy resolution of the
detector, is 49%. On the basis of these data and the sample mass we established that
the lower limit of the half-life of '*°Te with respect to the neutrino-free 28 decay is
equal to 1.2 X 107! years (at a 68% confidence level). This value is approximately 10°
times higher than the half-life limit for **Te obtained in the previous direct experi-

58 0021-3640/80/130037-04$00.60 © 1981 American Institute of Physics 58



-

—t 7
>
Z e 2
[
P I e
’ 7 4 4
V4 4 4 “
A 5
e Z Z -/ :
a 7 q
. 4 vl — (e 6
‘d P P ’ <
7 4 4 4 H
4 £
7, PR i ¢ 7
v M
S + 74 i
p v 1
v, 4, v 8
z A .
7 %
% 4 it . g
% VR "
) Y A A H H ]
2 7 10
,/ M
7 4 H
A4 4 4 [ n
7 o K g 4
4
Vo okl ]
12
0 50cm
L 1 |l L il ]

FIG. 1. Schematic of the apparatus: 1, polyethylene; 2, lead; 3, steel; 4, PM of the “active” shield;
5, scintillators of the “active” shield; 6, mercury; 7, “sandwich” consisting of scintillator plates

and "*°Te layers; 8, lightguide; 9, PM of the main detector; 10, stainless steel; 11, sealed chamber;
12, plastic.

ment* using photoemulsion.

The extent to which the result? limits the lepton charge nonconservation param-
eter 77 can be determined on the basis of one of the currently proposed theoretical
models for a two-nucleon or resonance double 8 decay mechanism.’ We shall initially
examine the first model. To do this, we shall use the theoretical equations of Rosen
and Primakoff® expressing the dependence of the half-life (79}, is the neutrino-free
channel and T'%7, is the two-neutrino channel) on the nuclear matrix elements ME of
the transition:

1
o -2 (1)
n? | ME|?
fa
2 =
Tiy3 e |2 (2)

where f, and f, are the effective phase volumes for the final states with two and four
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FIG. 2. Background spectra obtained in the experiment: the upper spectrum was obtained from '*°Te; the
lower spectrum represents the detector background.
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FIG. 3. Background excess due to '**Te.
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leptons. Their values and those of the matrix element ME for the double 8 decay of
130Te were calculated elsewhere®:

f, = 3.16 10" years

fo = 6.84x10% years

| ME| =0.496.

After substituting in Eq. (1) the experimental lower limit of 77", (Ref. 2) and the
theoretical values of f, and |ME|, we can see that

7 < 3.2x1074,

Since the nuclear matrix elements are difficult to calculate and the initial theoreti-
cal assumptions'® greatly affect their results, we can calculate the parameter 7 by
using a method that does not depend explicitly on the ME values. With this goal in
mind, first we shall determine the branching ratio R, which is equal to the ratio of the
neutrino-free 283 decay rate to the total 23-decay rate

R = )‘ov/xiﬁn

Assuming that the ME for the Ov and 2v-decay channels are approximately equal,
we obtain from Egs. (1) and (2)

T3y, /Ty, = nfy /fy. (3)
Taking into account that
T /T35 = R/(1-R), “

we transform Eq. (3) to the following form:

2 R fa (5)

" T

1-R f,

Let us assume that the total 25-decay rate of '*°Te corresponds to the value
measured in a recent mass-spectrometer experiment’:

)UZB = ln2x10-24 year™' ,
In this case, R,,,<0.83 and it follows from Eq. (5) that
RS 4.8 - 10-4,

We shall now estimate the lepton nonconservation within the context of a reso-
nance mechanism for the 288 decay. On its basis the following expression was obtained®
for T%%,:

2
Tov 1073 |1 = exp (~27aZ) 1 )
/2 ng(Eo)' 2nal P(A) | < ¢f|¢i>lz,
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where g{E;) = EJ(E; + 14E§ + 81E] + 221E} + 228E, + 140), E, is the energy (in
units of electron mass) achieved in the 28 decay, P (4 ) is the probability of finding the
A (1232) resonance in the nucleus, and (®,|®,) is the overlap factor of the wave
functions of the initial and final states of a nucleus. If we assume, as in Refs. 1 and 5,
that P (4) and |(®,|®P;)? have values of 1072 and 107", respectively, then with
allowance for the experimental result,? it follows from Eq. (6) that

7 < 2.3%10°4,

Since the values of P (4 ) and (®,|®P,) were estimated rather arbitrarily, we calcu-
late 77 from the ratio R,,,. Picciotto theoretically calculated T'37, for the resonance
mechanism®:

2w 5x10 | 1- exp(=2maZ) 2 1 ;
Vi T T 2ra Z rarTee e s 0 U
where

f (E,) =2E°7 I+ E /2 +E02 /9 + E: /90 +E°‘ /1980 )/[8!(E°+2)].
We obtain from Eqgs. (6) and (7)

T3y /Tl = 15892 g(E,)/f (E,).

At R,,,<0.83 and taking into account Eq. (4), we can sce that 7<4.4 X 107

Thus, the experimental value® limits the lepton charge nonconservation param-
eter to (2-5) X 10™*, regardless of the theoretical model used.
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