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Abstract. The objective of the NEMO Collaboration is to search for neutrinoless double beta decay and
thus to investigate physics beyond the Standard Model. The expected sensitivity for the effective neutrino
mass is on the order of 0.1 eV. The NEMO-3 detector has been operating in the Fréjus Underground
Laboratory and has been collecting data since February of 2003. The half-life of two-neutrino double beta
decay has been measured for '°°Mo and 32Se. Constraints on the background for neutrinoless double beta

decay have been set.

PACS. 23.40.-s Beta decay; double beta decay; electron and muon capture — 14.60.Pq Neutrino mass and

mixing

1 Introduction

The recent results of neutrino oscillation experiments
[2] [3] strongly suggest the existence of massive neutrinos.
However these experiments cannot provide the absolute
value of the neutrino mass and answer the question of
the nature of neutrinos. Are neutrinos Majorana parti-
cles, such that neutrinos and antineutrinos are the same
particle, or are they Dirac particles, in which case neutri-
nos and antineutrinos are different? The discovery of neu-
trinoless double beta decay (800r) would be a signature
that the neutrinos are Majorana particles. Moreover, the
observation of neutrinoless double beta decay with exper-
iments like NEMO-3 would constrain the mass spectrum
of neutrinos, and their absolute masses.

2 The NEMO-3 experiment
2.1 The NEMO-3 detector

The main goal of the NEMO-3 experiment [4] is to study
neutrinoless double beta decay to a half-life of around 10%°
years. The NEMO-3 detector is located in the Fréjus Un-
derground Laboratory(LSM) under 4800 m equivalent wa-
ter to reduce the flux of cosmic rays.

For the search of 530v, the isotopes present in the
form of foils in NEMO-3 are 1°Mo (6.9 kg), 32Se (0.9 kg),
H6Cd (0.4 kg), and 139Te (0.5 kg). Other isotopes, specif-
ically 1Nd (37 g), %Zr (9 g) and *8Ca (7 g), are used
to study two-neutrino double beta decay (652v). Other
sources (0.6 kg of natural Tellurium oxide and 0.6 kg of
Copper) are to study the background. The thickness of the
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sources has been optimized to reduce energy loss in the
foils. Some of the sources have been purified to reduce the
contents of 2!“Bi and 2°%T1, which are two isotopes with
the large Qg-value which contribute to the background for
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Fig. 1. Schematic view of the NEMO-3 detector : (1) source
foil , (2) 1940 plastic scintillators coupled to (3) low activity
photomultiplier tubes (4) tracking volume with 6180 drift cells
operating in Geiger mode

The particle detection portion of the NEMO-3 detector
is 6 m in diameter and made of two parts . The tracking
detector is a wire chamber made of 6180 drift cells in a
mixture of helium, 4% alcohol and 1% argon and is op-
erating in Geiger mode. The calorimeter consists of 1940
plastic scintillators coupled to low-radioactivity photomul-
tiplier tubes. The typical relative energy RMS for 3 MeV
electrons is ~3.5%. The gain stability of the calorimeter is
checked regularly with 207Bi calibration source runs and a



812

daily survey of the calorimeter with a laser system [5]. The
detector is surrounded by a solenoid, which produces a 25
Gauss magnetic field. Next an 18 cm thick iron shields for
gammas and finally an anti-neutron shielding, made of 35
cm thick tanks of water and wood. All components of the
detector have been tested to have low radioactivity.

The NEMO-3 calorimeter can detect a 1 MeV photon
with an efficiency of 50%. The tracking allows one to make
a distinction between an electron and a photon and to de-
tect a delayed track, which can correspond to a delayed «
desintegration, up to 700 us after the first (5,y) desinte-
gration. The magnetic field makes it is possible to identify
electron from positron.

After a period of test runs in 2002, the detector was
completed in the LSM and started to take data in Febru-
ary 2003.

2.2 The sources of background for 550v

The background can be classified into two types, according
to the place where the radioactive decay occurs. Either it
can be due to a (3,7) desintegration of 21*Bi or 208TI in
the source foil. A second electron can be produced either
by the photon via the Compton effect, or by the electron
via the Moller effect or be a conversion electron [6]. Then
the desintegration can mimic a 33 event.

Photons produced either by radioactive desintegration
outside the source foils or by radiative capture in copper or
iron of thermal neutrons [7] can produce two high-energy
electrons through a double Compton or a Compton fol-
lowed by a Moéller process.

3 Performances of the detector

The performance of the detector has been checked with
test runs. The reconstruction of verticies was tested with
calibration runs involving 60 2°7Bi sources. The 2°7Bi
sour- ces can emit 1 electron. The transverse and longitu-
dinal resolutions obtained (table[dl) are in agreement with
the specifications [§].

Table 1. Resolution on vertex reconstruction, obtained with
207Bj calibration runs

e~ energy 0.5 MeV 1 MeV
transverse resolution (cm) 0.3 0.2
longitudinal resolution (cm) 1.1 0.7

The energy calibration is checked using 2°"Bi and ?°Sr
calibration runs. 2°7Bi sources can produce 0.5 MeV or
1 MeV conversion electrons whereas the “°Sr source can
be used to test the end-point of the 8~ desintegration, at
around 2.3 MeV. The typical relative energy RMS found
for 1 MeV electron, 6%, is in agreement with expectation.

The performance on timing measurements by the
PMTs was tested with 59Co (which emits simultaneously
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two photons) and 207Bi (which can emit two electrons)
sources. The tests were is also in agreement with the de-
sign.

4 First preliminary results of physics

The runs taken in February and March 2003 have been
analyzed. They correspond to 650 h of data collection.

4.1 Two-neutrino double beta decay (352v)

The event selection criterion requires two electrons tracks
to be associated with active PMTs hits, and that the two
tracks originate from the same vertex on the foil. Using
time-of-flight criteria, the decay can be confirmed as oc-
curing in the source. To reject « particle, no delayed hits
should be present near the vertex.
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Fig. 2. Distribution of the sum of the two electrons energies,
for %Mo 332v events in the runs taken during February and
March 2003. The crosses represent the data where the back-
ground contribution (green line) has been subtracted. The blue
line represents the simulation of 232v events

For the 19°Mo sources, 13750 events were selected, with
a signal-to-background ratio of 40. This study already cor-
responds to seven times the number of selected events in
the operation of the NEMO-2 detector [9].

The distribution of the summed energies of the elec-
trons is shown in Fig. 2] after substraction of the back-
ground. The angular distribution of the two electrons has
also been compared with simulations (Fig. [3)).

The preliminary value of the 532r half-time decay for
1000\ o s :

T1/o = 7.8 £ 0.09(stat) £ 0.8(syst)10'®y.

Due to uncertainties in the detector efficiency, a con-
servative 10% systematic error has been used.

The preliminary value of the 62v half-time decay for
82Ge is :

Ti/o = 9.1+ 0.4(stat) + 0.9(syst)10'%y.
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Fig. 3. Distribution of the cosine of the angle between the
two electrons, for %Mo 832y events in runs in February and
March 2003. The crosses represent the data with the back-
ground contribution subtracted. The blue line is the simulated
BB2v data

4.2 Study of the background

The NEMO-3 detector can measure its own background
in different channels : one electron with 1, 2, 3 photon
channels for 2°8T1 background and one electron with one
alpha particle for the 2'*Bi background.

4.2.1 298T1 background

To estimate the 2°8T] contamination in the source foils,
events with one electron and 1, 2 or 3 photons were se-
lected. The time-of-flight criteria required the photon(s)
emitted from the foil at the same time as the electron. Cuts
on the energy of the electron and the photon(s) reduce the
contribution of other backgrounds. The limit found for the
20877 activity in the °°Mo sources is 100 uBq/kg, which
is of the same order as the limit obtained with high purity
germanium detectors. It will be improved with additional
data.

4.2.2 2'4Bi background

Events initiated with one electron track and followed by
one alpha track made of delayed Geiger hits with a com-
mon vertex on the foil were culled out(Fig. [). It is the
case that most of the 2'Bi desintegrations come from the
decay of 222Rn which enters the detector, in a very small
proportion, from the laboratory air. The typical ?22Rn
activity is on the order of 30 mBq/m3. This value was
confirmed with a radon detector measuring the NEMO-3
gas on its output.

This radon level produces on the order of 1 330v-like
event in per year, which is on the same order of magni-
tude as for other backgrounds. To reduce the radon level
by up to two orders of magnitude, an anti-radon tent sur-
rounding the detector will be built in Fall of 2003 and an
radon free air factory will be installed in LSM in Summer
of 2004.
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Fig. 4. A sample 2'“Bi event. The circles represent the drift
distance to the anodic wire for the triggered Geiger cells,
the small boxes identify delayed Geiger cells and the paral-
lelograms the scintillators. The curve connecting the circle is
the reconstructed electron track and the short line the recon-
structed alpha track

5 Conclusion

The detector performance has been studied with test
runs taken between June and December 2002. The perfor-
mances of the tracking and calorimeter are in agreement
with the design.

Since February 2003, the detector has been running
and taking data. Nearly 1700 h of data were collected by
the end of May 2003. For 890 h of analyzed data, the
statistical error on the half-time decay of Mo and of
82Ge reach 1% and 4%. Results for the 330v should come
in 2004.
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