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Abstract ‘

The NEMO-2 tracking detector located in the Fréjus Underground Leborztory wes
designed as a prototype of the detector NEMO-3 to study Ov and 2» doudle-beta decay
(88) physics. A 2w half-Jife of Tyy; = (3.75+0.35(stat)£0.21(syst))-10'° y was measured
with an enriched cadmium source {0.82 mol: y of 1'Cd). Limits on half-lives of 6.2- 10 y
for AA0v and 1.2 109 y for fA0ux® decays of 12°Cd were obtained (CL=90%).

1 Introduction

B B0y decay is rare a second-order weak transition from nuclei {A,Z) to the (A,2+2) ones, where
A is 8 mass number, Z - proton number. It can occur if the neuntrino 18 a Majorana particle
and if the lepton numuber is not conserving. Majorana masg term can flip the chirality of the
emitted left-handed virtual nentriro fo a night-handed one which is absorbed. Neatrinoless
decay could be driven also by right-handed weak currents or the exchaage of supersymmetric
particles. All these decay processes are beyond the Standard Model.

The reliable value for the effective Majorana neutrino mass { m, ) { or its upper lumt) could
be extracted from the experimental data a.nalysxs usmg the equation :

(T8 = G [ ™ P (),

where G is the well calculable phase space factor, and | M o | is the nuclear matrix element
(NME). The NME for neutrinoless double beta decay are Cifficult to calculate precisely by
nuclear theory. Similarly, the neutrino-Majoron coupling conatant {9v,2e) is related to the
iyt 1 M) halflife as E
[TOI'.M -1 _ GOv,M' HOv F (gy,y)z o

On the other side the §f2v decay NME could be measured experimentally:
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and improve the nuclear structure description of §f2v decay. A precise investigation of ff2v
processes for different nuclei will provide information to the correctness of the N ME calculations
for the §A2v decay mode and, probably, for the S50y mode.

NEMO ccllaboration has already investigated the ff2 decay of 1Mo with high statistical
accuracy and analyzed details of the f§ process (angular distribution, two and one electron
energy distributions) with the tracking detector NEMO-2 [1].

2 NEMOQ-2 detector

NEMO-2 detector [2) consist of 3 1m® tracking volume filled qwith helinm gas and 4% ethyl
alcohol (Fig. 1). Vertically bisecting the detector is the plane of the source foil (Imx1m).
Tracking is accomplished with the long open Geiger celis with an octagonal cross section defined
by 100 um nickel wires. On each side of the source foil there are 10 planes of 32 cells which
alternate between vertical and horizontal orientations. The cells provide threedlmensmnul
tracking of chazged particles.

A calorimeter made of 25 scintillators (19cm X 19¢m x 10cm) with PMT made of low
radioactivity glass covers two vertical opposing sides of the tracking volume. The tracking
volume and scintillators are surrounded with a lead (5 cm) and iron (20 cm) shield.

2.1 Cadmium sources _

The source plaze is divided into two halves, the first is a 152 g isotopically enriche] cadmium
foil (93.2% is *€Cd) with a thickness of 40um. The second balf is a 143 g foil of natural
cadminm of which 7.58% is 26Cd.

2.2 Backgrounds

The most important "external” background is due to photons originating from outside of the
detector and interacting with the source foils or with the scintillators. Compton electrons
produced in the scintillators and crossing the tracking device are rejected by time-of-flight
analysis.

Radioactive pollution of the source foils is a background identified as "internal”. A beta
electron which gives rise to the Mdller effect or is associated with an internal conversion eleciron
or with a Compton electron can produce 2e background events. Another source of background
onginates from neution capture in natural cadmium which produces photon and conversion
electron emissions, All these backgrounds have been studied and their contributions to the ey
and 2e channels are identified. The internal radioactive contamination limits, if taken as levels,
will only produce a very few "two-electron” events in each foil.



3 Results
3.1 fP2 signal

The 2e events are defined by two tracks with a common vertex associated with two fired
scintillators and a deposited encrgy of at least 200 keV in each one. The 2e events are selected
by the time-of-flight analysis. The compiete cadmium data set (6528 h of runaing time) is
presentod here.

. The distribution of the angle between the two emiited electrons in enriched cadriom with
background subtracted and in natural cadmium (Fig. 2) are rather different. In order to
improve the signal to background ratio the cat cos o < 0.6 is applied in the selection of 2e
events. The row data energy spectrum in enriched cadminm and in natural one are shown in

Fig.3.

' The ff energy spectrum in enriched cadmium is obtained after background subtraction
and compared to the simulation in Fig.4. With Monte-Carlo calculsted deiection eficiency for
the #f2v decay of 11°Cd (e=1.73%) one gets

T =0, 75:!:035(stut):i:02](3y3t)] 10%y..

The main contributions to the systematic error are due to the Monte-Carlo calculations, energy
calibration, thermal nentron flux, internal and éxternal backgrouid subtractions.

This experimental resnlt can be compared with some theoretical predictions have been made
for the 2w decay half-life with Ty, in the range of 1.2:10%° t0 1.2-10% y [9 8. :

3.2 Limits on 0v modes
Half-life limits extracted from the data are given in Table 1 The energy windows, number
of events and efficiencies are also given. Limits are computed with tie formuls for Poisson

processes with background (3],
Chanuel 0F, [ Majoron | 2%

Window (MeV) [2.59,'2.8] (1.8,2.5] | [1.2,1.5)
Number of events o | 8 41
Background (ff2v) | 02 | 84 46

Eficiency (%) 3.7 1.8 1.8

Using the NME calculation (4] and the experimental halflife kimit, T77, > 6.2 10% y,
the following upper limits for the effective nentrino mass and right-handed couvpling strengths:
[{m, )] < 8.82 &V, 13)1 < 9.30-107%, J{A}| < 1.02 - 107 were derived. Using the experimental
balf-life Limit, T° . > 12 10*! y, and half-life formals [5], one deduces the upper Limit

[{gar)] < 1.2-10™* for the Majoron-Majorana neutrino coupling.
Some recent results are recalled here for comparison. Using an enriched crystal scmtxllator
[6] & halflife Tyjp = [2.7405(stat) T2 (syst)] - 10'® y was published with the restriction that
905y impurities imitating the effect cannot be excluded. Another result from the ELEGANT V
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detector [7] gives the halflife T;;; = [2.6753] - 10 y which is very close to the previous one.
But in this experiment oae also cannot exclude the effect of %Sz,

4 Conclusion

After the first experiment with enriched molybdenum whick showed the capabilities of the
NEMO-2 detector, a second experiment with an improved calorimeter (low background PMTs
and thicker scintillators) has generated double-beta decay measurement of an enriched cadmium
source. The systematic error on the ff2v half-life was 9.5% in the fixst experiment and was
lowersd to the 5.5% in the present one. In both experiments a very low background is measured
in the expected f S0y decay energy region. New souicer of enriched selenium and zirconiom were
installed in NEMO-2 (autuma 1995) and data collection has started. The NEMO-3 detector
is currently ander construction and will be installed in the Fréjus Uunderground Laboratory in
1998,
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Figure 1: The NEMO-2 detector without shielding. (1) Central frame with
the source plane capable of supporting plural source foils. /Z) Tracking device
of 10 frames, each consisting of two perpendicular planes of 32 Geiger ceils.
(3) Two scintillator arrays each consisting o 5 by 5 counters. In the earlier
experiment with molybdenum sources the scintillator arrays were 8 by 8
counters as depicted here. :
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Figure 2. The angular distribution in the natural cadmium foil (2), where
a is the angle between the two electron tracks, is peaked in the forward
direction as expected from the external photon flux. A scaled estimate of the
B32v decay contribution, in accordance with the '**Cd abundance in natural
Cd has been subtracted. The angular distribution in enriched cadmium (b)
after background subtraction is in good agreement with the simulation.
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Figure 3: The raw data energy spectrum before background subtraction in
enriched cadmium (solid line) and in naturel cadmium (dotted line) are shown
here, The corresponding 382w spectruin contribution in natural cadmium is
viso represented (dashed-dotted line). Only one event in enriched cadmium
i~ ound n the 2.5-3 MeV ocaergy range. Recollect that Q= 2802 MeV.
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Figure 4: Energy sum spectrum of 832 events in '"*Cd. The solid line
represents the simulated spectrum for a half-life of 3.75 - 101% y.
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