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Goal of the NEMO-3 experiment:
The search for the neutrinoless double b®y) decay
Process beyond the Standard Model

If BBOv decay is observeds the neutrino is a Majorana particle v=v
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T — |He NEMO-3 detector

Modane Underground Laboratory : 4800 m.w.e.

Source 10 kg of 33 isotopes
cylindrical, S = 20 n?, e ~ 60 mg/crh

Tracking detector:

drift wire chamber operating

iIn Geiger mode (6180 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% HO

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs
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Modane Underground Laboratory : 4800 m.w.e.

Source 10 kg of 33 isotopes
cylindrical, S = 20 n?, e ~ 60 mg/cm

Tracking detector:

drift wire chamber operating

in Geiger mode (6180 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% HO

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs

Magnetic field: 25 Gauss
Gamma shield:Pure Iron (e = 18 cm)
Neutron shield: 30 cmwater (ext. wall)

40 cmWO0O0d (top and bottom)
(since march 2004: water boron)
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Modane Underground Laboratory : 4800 m.w.e.

Source 10 kg of 33 isotopes
cylindrical, S = 20 n?, e ~ 60 mg/cm

Tracking detector:

drift wire chamber operating

in Geiger mode (6180 cells)
Gas: He + 4% ethyl alcohol + 1% Ar + 0.1% HO

Calorimeter:
1940 plastic scintillators
coupled to low radioactivity PMTs

Magnetic field: 25 Gauss
Gamma shield:Pure Iron (e = 18 cm)
Neutron shield: 30 cmwater (ext. wall)

40 cmWO00d (top and bottom)
(since march 2004: water boron)

Radon-free air around the detector
* Phase [Feb 2003 oct. 2004High Radon

* Phase IDec 2004 today): Low Radon
(Radon cont. reduced by factor 6)




Wy Isotopes in NEMO-3 detector

05 04

[ BB2v measuremen]

t [ 16Cd 405 g
Que= 2805 keV

¥Zr 94¢g
00 Qs = 3350 keV

10 150Nd 37.0¢
Qup= 3367 keV

18 48Ca 7.0 g
Qpp=4272 keV

130Te 4549 )
14 e Qgp = 2529 keV
>[

nat
1000 6.914 kg 82Se 0.932 kg \"Te 4910

_ Qup= 3034 keV Qup=2995keV Cu 621g
——
(Enriched isotopes produced by
[ BBOV SearCh} centrifugation in Russia)

External bkg
measurement
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Typical BB2v event observed fro?Mo

Transverse view | RunNumber: 2040
Event Number: 9732 . . .
Date: 2003-03-20 Longitudinal view

Vertex
emission

Deposited energy:
E,+E,= 2088 keV
Internal hypothesis: i
(A) mes—(At)iheo = 0.22 s
Common vertex:
(Avertex); = 2.1 mm

(Avertex), = 5.7 mm

Trigger: 1 PM > 150 keV LEEEIES

» 2 tracks with charge < O Internal hypothesiat~Ons

* 2 PM, each E> 200 keVe No isolated PMY rejection)

» PM-track association < No delayed track?{“Bi rejection )
« Common vertex

3 Geiger hits (2 neighbour layers + 1
Trigger Rate ~ 5.5 Hz

N—"

BB evts: 1 event every 2 minutes




Measurement of the different
components of background
iIn NEMO-3

Recent publication in NIM A606 (2009) 449-465)



NEMO-3 Backgrounds for 33

» External y (if theyis not detected in the scintillators)
Origin: natural radioactivity of the detector or neurts

Main bkg for332v but negligeable fop0v
(1Mo and®?SeQy;~ 3 MeV > F(%%¢TI) ~ 2.6 MeV )
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» 232Th (298TI) and 238 (%14Bi) contamination

inside the 33 source foill
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» Radon (1“Bi) inside the tracking detector
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- deposits on the wire near tp@ foil
- deposits on the surface of tgp foil

Each bkg is measured using the NEMO-3 dats




al background

Two topologies to measure the components of extgrbiad)

&~

external (e,y) crossing €
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" Measurement of the externaly background

Externaly-ray flux model: the simulations fit very well
the NEMO-3 data both in {g) and crossingechannels

External (e7y) channel Crossing € channel
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" Measurement of the Radon inside the tracking deteot

. B a
2Bi — 2P0 — 2%Pb Pure sample oR“Bi - 214P0 events
(164 pus)
10° F ¥/ndf 5470 1 51
C P1 0.1917E+05 & 16.05
P2 06688 +  0.1878E-01
P3 <> 0.1633
P4 0.3174E+05 0.2284E+05
P5 1631 + 2.481

104 |

Fraction of non o events: 0.5%.\‘:3{A

T,,=162.9us

10° |
1 1 |

0 200 400 600 800 1000

Delay time of thex track (us)

Monltorlng of the Radon bkg every day

» Phase 1: Feb. 2003 Sept. 2004
Radon Contamination

—

A(Rn), mBg/m?
N

» Phase 2: Dec. 2004 Today
A (Radon)=5 mBg/m?3




Inside the 33 source foil

- 208T| contamination inside th@ source
: U foils is measured usingternal (e™,y)y) or
- (e7.v.y,y) channels

M

BB material A (mBq/kg)  Appce (MBq/kg)
— e e messEmEne
82 0.34 + 0.05 0.670
=20 = 208T| contamination in the Mo foils:
18Cq 42 115£022  <2. A(4%TI) ~ 100uBa/kg
96 158 2774025 <10.:<5.*
H 428 0.23 %005 . = 100Mo foils should be measured later
Te . L =< . . . .
e oE S e inside the BiPo detector
116q 196 0.17 £0.05 <0.83: <0.5"

Cu 66 0.03 £0.01 <0.033




BB2v and[0v results
(summer 2009)
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Number of events/D.05 M

Phase | (high Radon): Feb 2003 — Dec 2004 (389 days)

Sum energy spectrum  Single electron energy spectrum Angular distribution
12000 > 2 '
219000 evt 2 20000 %Mo £ 12000 6914 g
10000 * Data 2 17500 * Data 3 10000 * Data
MC BB2v = — - MC Bp2v G - MC Bp2v
8000 bgr subtracted @ ' - bgr subtracted E 8000 - bgr subtracted
E oo : S/B = 40
o000 | S/IB=40 & 10000 SIB=40 = o0 -
4000 ; 7500 4000
Q 5000
2000 £ 2000
3 2500 .
0 ™ : 0 0 == ;
o o5 1 15 2 25 3 o 0.5 1 1.5 2 2.5 =1 -0.5 0 0.5 1
E,, (MeV) E, (MeV) cos(®)

100Mo: T, ,(BB2v) =(7.11 % 0.02(stat) £ 0.54(syst))}1018 y

Phys.Rev.Lett. 95, 182302 (2005)
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2750 events
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Number of events/0.05 MeV
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T,,.= 3.85years

obs

M(199Mo) = 6.914 kg

Data until the end of 2008

%Mo, 3.85 years 199\0, 3.85 years

3 °
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E;or (MeV) Eror (MeV)

o e cueting T, (OVBB) > 1.1x10%y @ 90% C.L.
methods are consistent <mv> < 0. 45 . 0.93 ev




T,,.=3.85years

M(82Se) =932 g

Data until the end of 2008

82ge, 3.85 years ®2GSe, 3.85 years
-
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T., (OVBB) > 3.6 x 1023y @ 90% C.L.
<m,> < 0.89 — 1.61 eV




Summary
» NEMO-3 running until end 2010

» The backgrounds have been measurddom the experimental data using
different topologies of eveniN{(M A606 (2009) 449-465)

> T.,(BB2v) measured for 7 isotopes*®Ca,?°Se,%Zr, 100Mo, 116Cd, 13Te, 1°Nd

> Activities of Radon (?1“Bi) and 2°8TI, the two most troublesome sources of
bkg for BB0v decay, have been measured with adequate precision.
Bkg for 19Mo (Phase 2) in thBB0v energy window [2.8 — 3.2] MeV
BR2v ~ 50%
— bkg ~ 0.5 cts/kg/year{ Radon (~5 mBg/f) ~ 30%
208T| (~10QuBqg/kq) ~ 20%
» Preliminary results for B0Ov with 1Mo and &°Se
100Mo  T,,(BBOv) > 1.1 1G*years (90% C.L.) = <m,><0.45-0.93 eV
82Se  T,,(BBOv) > 3.6 1G3years (90% C.L.) = <m,><0.89 -1.61 eV



BACKUP



# cts/kglyear :
Fraction
[2.8 — 3.2] MeV

BB2v T,,,=7.10% 0.25 50%
Radon (Phase 2) 5 mBg/m?3 30%

— on the wires 0.1

— on surface of the foi 0.05
208T in the foll ~ 100uBg/kg 0.1 20%
TOTAL 0.5 100%




" Test of the back ground measurement with the Cu fasl

1 sector I1s equiped with very pure Copper folls
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N evenis / 0.1 MeV
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[2.8, 3.2] MeV:

Data: 10 events, Expected: 7.4 events
Excluded at 90% C.L. 8.3 events
Efficiency e= 0.0786

[2.8, 3.2] MeV:

Data: 10 events, Expected: 11.2 events
Excluded at 90% C.L. 6.1 events
Efficiency €= 0.0706
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N events / 0.1 MeV
o

OV of 8Se

82Ge, Phase 1, 1.02 years
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[2.6 , 3.2] MeV:

Data: 6 events, Expected: 5.8 events
Excluded at 90% C.L. 5.6 events
Efficiency e= 0.159

N events / 0.1 MeV

82ge, Phase2, 2.83 years

® Data
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[2.6 , 3.2] MeV:

Data: 9 events, Expected: 7.4 events
Excluded at 90% C.L. 7.4 events
Efficiency e= 0.148




o No evidence for non conservation of the lepton number
o Current limits on OvBB (at 90% C.L.):

Isotope | Exposure | T,,(0vBpR) (m,) NME
(kg-y) [years] [eV] reference
100Mo 26.6 >11-10 | <0.45-0.93 1-3
82Se 3.6 >36-102 | <0.9-1.6 1-3
<23 7
150Nd 0.095 >18-102 | <1.5-25 4.5
<4.0-6.8 6
130Te 14 >98-102 | <1.6-31 2,3
Sy 0.031 >92-102" | <7.2-19.5 2,3
48Ca 0.017 >13-1022 | <29.6 7

o Nuclear Matrix Elements references:
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