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The double heta decay experiment MEMOS has beoen taking data since February 2008, The
aim of the experiment is to search for nentrinoless double beta decay with 10 kg of en-
riched isotopes.  Using 930 days of data, a prefiminary msult wes obtained for P N
T = (920 33 (stat ) & 062(syet)) = 10" ¥ No nentrinoles double beta decay signal
was observed amnd a limit on the halfife of the process was set to )%, > 18 «10°7 ¥ at
W% comfidence kevel. An overview of the rsinlts previously obtained for other isotopes & alsao
given.

1 Introduction

MNeutrinoless double beta decay (53] for a nucleus of atomic number A and charge £ is the
process: (A, £) — (A, £+2)4 2. The process belongs to physics beyond the Standard Model
as it violates the monservation of the total lepton number. Its observation would prove that
the neutrino is a Majorana particle. Neutrinoless double beta decay may occur through several
mechanisms, among which the decay with light neutrine exchange that would grant access to
the mass scale. The half-life of the (493 process is then given by:

(T35) 7" = |M™( A Z)FE(Q, 2)im.)" (1)

with M™ (4, Z) a nuclear matrix element (NME) obtained fram theoretical caleulations,
™2, Z) a phase space factor depending on the () value of the process, and (m.) the effective
mass of the neutring. This effective mass is given by (m,) = ¥, UZm; where [y stands for
the squared elements of the PMNS matrix and my the mass associated to the mass eigenstate i

2 The NEMOD3 experiment

2.1 The NEMOS detector

The NEM()} experiment has been taking data sinee February 2003, The detector is located in
the Modane Underground Laboratory (LSM) under a rock cover of 4800 m water equivalent. It
accommodates 1) kg of double beta emitter foils. With ita cylindrical geometry, the NEMOKS
detector is divided into 20 sectors in the middle of which the foils were installed. The main
isotopes used for the search of the neutrinoless double beta decay are ™Mo (~7 kg) and ®8e
[~1 kg). Smaller amount of other isotopes are also used to study the two-neutring double beta



Table 1: [sotopes in the NEMOS detector.

| TWMo [ ®8e [ T™Cd | ™Nd [ ®Zr [ ®Ca [ ®%Te [ ™ [ Cu
| Mass (g) | 6914 | 932 | 406 | 366 | 94 | 7.0 | 464 | 491 |62
| Qaalkel) | 3034 | 2005 | 2805 | J367 | 3350 | 4772 | 252

decay (Zi1d3) process. The sectors containing the natural tellurinm and the copper foils are
dedicated to the background messurement. The mass of each isotope within the detector is
summarized in Table 1.

The princple of the NEMOS detector is the identification of the electrons in a double beta
decay process and the measurement of their individual energy. Therefore, a tracking chamber is
azsociated to a ealorimeter. The tracking volume consists of 6180 drift cells operated in Geiger
maode. It allows the recomatruction of the trajectory of charged particles and the determination
of the position of the vertex with a resolution of i mm tramversely to the source foil plane
and 8 mm longitudinally. A 20 Gauss magnetic field is generated by a coil surrounding the
detector and allows the identification of the charge of the particles. The drift gas inside the
tracking volume is helinm with added ethyl aleohol (4%), argon (1%) and water (0.1%). The
calorimeter consists of 1940 photomultiplier tubes assocated to plastic scintillator blocks, The
energy resolution ranges from 141% to 17.79% for 1 MeV eectrons. The time resolution is 26H)
pa. The tracker - calorimeter assocation allows to identify electrons, positrons, gammas and
alpha particles as well as to measure their time of flight. The detector is protected from gammas
by an iron shielding, and from neutrons present inside the laboratory by wood and a borated
water shielding. A tent coupled to & radon-free air factory surrounds the detector. A detailed
description of the detector was published in .

2.2 Backyround model

The background sources can be classified into three groups: the external background from
ineoming <y, the radon present inside the tracker volume and the internal background from
radioactive contamination of the sources. The activities of theses background sourees can be
obtained through the use of a set of control channels corresponding to different event topolagies
on the NEMOK data. These measured activities were compared to measurements performed
with HPGe and radon detectors.

At the beginning of the experiment, the radon inside the tracking chamber, and maore pre-
cizsely the decay product ***Bi present in its radioactive chain, was found to be the predominant
background source. Radon is present in the air of the laboratory as it originates from the rock
surrounding it and can penetrate inside the detector through small leaks. A tent coupled to
radon-free air factory was then installed around the detector in October 2004 in order to de-
crease the presence of radon inside the tracker. The data taken before that date are referred to
as Phase I data. After October 2004, the data are Phase IT data.

34 NEMO3I results

2.1 283 decay of ¥ Nd

Measurements of the 2095 half-life can be performed for 7 isotopes in the NEMOI experiment.
This process is the following: (A, 2] — (A, £ + 2) + 2¢~ + 26, It constitutes the ultimate
background in the (33 search because of the energy resolution of the detector.

The A3 type events are selected by requiring two tracks with a curvature compatible with a
negative charge. Each track is assocdated to a separate energy deposit in the calorimeter greater



than 200 kel'. Both track should originate from a common vertex located inside the source fioil.
The time of Hight measurement for both electrons muat be consistent with the hypothesis that
they were emitted from the foil.

A preliminary measurement of the half-life of ""Nd was obtained for a 36.6 g sample
from data collected between February 2000 and December 2006, corresponding to %9 days
of data taken during the Phases I and II of the experiment. A total of 2828 473 type events
were observed with a signal-over-background ratio of 27, The distribution of the energy sum
of the electrons in 9 type events and the angle between them are shown in Fig. 1. The
background substracted data and the 295 signal expectation obtained from Monte-Carlo
are in good agreement. The 2u97 seection effidency is 7.2%. The measured halflife ia
'1*;‘;',; = (920103 (stat.) £ 062{syst.)) = W'y, This value is in between two previous results
obtained from experiments led using time projection chambers®, .
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Figure 1: Distribution of the energy sum of the two electrons E. o (left graph) and the angle between the
two electrons cosf [right graph), background subsiracted. The data are shown 26 points and the mbstmoted
backgrommd as a red histogram.

2.8 288 decay of ofher isofopes

The half-life of the 283 process for the other isctopes inside NEMOX] was measured using the
data from Phase [ or combined Phases [ and II and the preliminary results are given in Table 2.
These results are important for nuclear theory as they help constrain the nuclear models and
thus improve the NME calmlations. The NME are a source of uncertainty when translating the
half-lives of the 35 into effective neutring masses.

2.8 Search for neutrinoless double beta decay of '™ Nd

A v A3 decay signal would correspond to an excess of 43 type events around the energy of the
transition {Jzz in the distribution of the energy sum of the electrons. Indeed, the theoretical
peak at (55 would be smeared out by the energy resolution of the calarimeter. For "™ Nd, the
2 gg value is 3367 MeV. Fig. 2 shows that no excess of events in the distribution of the mergy
sum of the electrons for the 99 type events originating from the "™ Nd sample is observed for
939 days of data collection. A limit on the half-life of the (33 process was subsenquently set
using the O'L; method® for E, . > 2.5 MeV. The corresponding (b33 selection efficiency is
19%. The limit on the half-life obtained is T{, > L& » 1P years at 9% confidence level (CL),
which translates inko an upper limit on the né'rr.t.ivn Majorana mass of the neutrino in the range



Tahle 2: Hal-dives of 288 proceises mesured nsing Phase [ data (380 days). The "™ Te resubts use Phases [ and
II data {534 days).

Isotope | Signal/Background T2 [ll]E yoRTE|
g 41 0.711 £ L0022 stat.) £ 005 (syst.)
B 4 0.6 + 0.3[stat.) = LO(syst.) ¥
TECq 7.5 28 £ (L1[stat.) £ 0.3 [syst.)
wIr 1 200 £ . 3(stat.) £ 0.2(syst.)
“Ca ~ 11 3.9 £ 0.7 stat.) £ 0.6 (syst.)
1307 .25 T =+ 15(atat.] + B syst.)

fmy) < 19 - 2.7 eV according to the NME caleulations in” and {m,) < 5.4 - 8.5 eV accarding to
8. The limit on the half-life was improved by one crder of magnitude compared to the previous
result, Iﬁ; = LT =1{F" years at 9% CL".

Along with the light neutrino exchange, other mechanisms can mediate (v 33 decay. Among
those can be found the models with Majoron emission characterized by a spectral index n and
the model with a right-handed (V+A) contribution in the Lagrangian. In the assumption of a
(4 process invalving right currenta (V-+A), the limit on the half-life was found to be 'I;J'J,'fi =
1.27 »10* years at 90% confidence level, For a (w39 process with the emission of a Majoron
(spectral index n = 1) the limit obtained is '1;3;;; = 1.56 »10* years at 95% CL.
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Figure 22 Detwibution of the energy sum of the two eecioms B on for Egn > 2.5 MeV for data [paints)
compared to the total background (in red) comsisting of the mdioactive badgground (in grey) phis the 20084, A
MO simulation of a (87 signal with a half-hfe of 145 = 10™ years is shown in blue.

3.4  Search for 033 of "™ Mo and *8e

1990 and **8e are the main isotopes in the NEMO3 detector used for the search for neutrinoless
double beta decay. For both isotopes, 639 days of data spread over the two phases of the
experiment were analyzed. For ™Mo the (Jz; value is 3.084 MeV. No excess of evenis was
found in the 2.8 < Fem < 3.2 MeV energy window, as 12.1 events are expected from Monte
Carlo and 11 were observed. The 035 selection efficency is 8.2%, which leads to a limit on the



Table 3 Comstraints em 77 5 i wears (9052 CL) for (V4A) and Majorom emBsion proceses from NEMOS data
A B oa (V+A) Lagrangian pammeter and g & a Majoron to neniwino coupling strength.

A3 process WMo oo
(V+A] current = 3.2 x 1= = 1.2 x1(&
X< LB =10 X D8 w10
me=1 w BT ow iR e A ) o
g < (04 -1.8) =1 | g < [0.7-1.9) =104

n=3 = LT =1 = 6L L
n="h = 1.0 =172 = 3.1 =107
n="T = 7.0 =10 = 5. =1

half-life of the (w33 process I?FJ = 5.8 % 10°* years at 90% CL. This translates into an upper
limit on the neutring mass of {me) < L8 - 1.3 eV using the values of the NME in® The J35
value for ®8e is 2.995 MeV. As for """Mo, no excess of events was found around the gz value
in the distribution of the energy sum of the electrons. In the 2.656 < E,. < 33 MeV mergy
window, 7 events were observed for 6.4 estimated by Moote Carlo simulations, With a 14.4%
038 selection effidency, the obtained limit on the half-life is '1]':'!,‘; = 2,1 2 10* years at W%
CL. The corresponding upper limit on the mass of the neutring using ' is then {m.) < 1.4

2.2 V. The results obtained for the half-life of the (33 process of ™Mo and *Se through the

(V+A) and the Majoron mechanisms'' are summarized in Table 3.

4 Summary

The NEM(X} experiment allows the measurement of 283 decays with very high statistica. A
preliminary result was obtained for the 293 half-life of ""Nd for a 36.6 g sample: Tm =
(9.2010 55 (stat.) £0.62( syst.)) = 10" years. A limit on the the (33 half-life of 17 > L8 =10
years was estimated at 90 % confidence level. The sz value of "™ Nd is ane of the highest
among A9 emitters and lies above the typical energies of many background sources. Also, that
isotope has a large phase space factor. These characteristics make " Nd a promising candidate
for the SuperNEM() experiment aiming at a sensivity of M) meV on the Majorana neufrino
mass with 100 kg of enriched isctopes. The enrichment process is currently under study by the
Mad-15) collabaration for the SuperNEMO and SN0+ projects.
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