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NEMO-3 : The Neutrino Ettore Majorana Observatory
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NEMO-3 : the Neutrino Ettore Majorana Observatory

I Ran from 2003 to 2011 at the LSM

I Unique 2β experiment with the 2e− direct reconstruction
⇒ high background rejection

I Direct measurement of the various backgrounds (1e−, 1e−nγ...)
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NEMO-3 : the Neutrino Ettore Majorana Observatory

I Several double-β isotopes studied (∼ 9kg)
I Background checked on copper and natural tellurium sources
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Backgrounds in NEMO-3

I Internal (source) and Radon on foil/tracker wires surface :

I Qβ(208Tl) = 5.0 MeV

I Qβ(214Bi) = 3.27 MeV

I Other contaminations :

I neutrons :
(n, γ) up to ∼ 10 MeV

I 208Tl γ with
Eγ = 2.6 MeV
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NEMO-3 : the Neutrino Ettore Majorana Observatory

I NEMO-3 results for the 2ν2β process half-life

I Each of them are the current world’s best

isotope mass [g] Qββ [keV] T2ν
1/2 [1019 y]

48Ca 6.99 4272 4.4 ± 0.6
82Se 932 2996 9.6 ± 1.0
96Zr 9.43 3350 2.35 ± 0.21

100Mo 6914 3034 0.71 ± 0.05
116Cd 405 2814 2.8 ± 0.3
130Te 454 2528 70 ± 14
150Nd 37 3371 0.9 ± 0.07

I Analyses still in progress on most of the isotopes
(82Se, 48Ca, 96Zr, ...)
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NEMO-3 Energy Calibrations

I 1 calibration tube per sector
�

207Bi : 482 and 976 keV conversion electrons every 2-3 weeks
�

90Sr sources - 90Y : β-decay end-point Qβ = 2280 keV
�

207Bi : 1682 keV conversion electrons → tests energy scale
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NEMO-3 Analysis : External Backgrounds (PMT glass, ...)

I Two channels available : 1e−+1γ and 1 crossing e−

I External time of flight condition
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NEMO-3 Analysis : 214Bi Backgrounds : Internal - Radon

I 1e−1α channel studying BiPo events (e− + delayed α)
I Length of the α track as discriminating parameter
I Delay time to sign the BiPo events

BiPo cascade :

Bi214

(19.9 min)

238U

Po214

Pb210

210Tl

222
Rn

α

(164 s)µ

(22.3 y)

(1.3 min)

β0
.0

2
 %

β

α

..

x

.

y

.

X

.

8

.

+

.

O

Mo composite100

Guillaume EURIN LAL, UCL GDR neutrino - 100Mo in NEMO-3 2014/06/17 9 / 15



NEMO-3 Analysis : Internal Background - 214Bi

I Comparison 1e−1α and 1e−Nγ channels
⇒ 10 % systematics

I Background checked in 2e−1α channel

Radon on wires in blue, radon on the foils surfaces in light green
Internal contamination of mylar film in brown, internal source foils in red

non-α : 2e− events with random coincidence

I in [2.8 – 3.2] MeV
Phase 1 (∼ 1 y) : 3 events obs., 6.5 ± 0.4 expect.
Phase 2 (∼ 4 y) : 3 events obs., 2.9 ± 0.2 expect.
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NEMO-3 Analysis : Internal Background - 208Tl

I 208Tl measurement capabilities with known 232U sources
⇒ 10 % systematics with HPGe

I Measurement in 1e−Nγ channel
I Backgrounds checked in 2e−Nγ channel
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NEMO-3 Validation of the background model
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I Background model validated in copper and natural tellurium

I No events above 3.1 MeV in copper and natural tellurium
samples with an exposure of 13.5 kg·y
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NEMO-3 0ν2β Results
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[To appear in Phys. Rev. D - arXiv :1311.5695]

I in [2.8 – 3.2] MeV : 15 events obs., 18.0 ± 0.6 expect.
No event excess
T 0ν
1/2(

100Mo) > 1.1× 1024 yr (90 % C.L.)
< mββ > < 0.33− 0.87 eV
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0ν2β Limits

I NEMO-3 results compared to current best measurements

I Statistical and systematical errors included

Isotope
Half-life 〈mν〉 〈mν〉
(1025 y) (eV) (eV)
published published recalculated

100Mo (this work) 0.11 0.33 - 0.87 0.33 - 0.87
130Te (CUORICINO) 0.28 0.31 - 0.71 0.31 - 0.75

136Xe (KamLAND-Zen) 1.9 0.14 - 0.34 0.14 - 0.34
76Ge (GERDA) 2.1 0.2 - 0.4 0.26 - 0.62
76Ge (HdM) 1.9 0.35 0.27 - 0.65

Using Nuclear Matrix Elements from :
J. Suhonen and O. Civitarese, J. Phys. G 39 (2012) 124005
F. Šimkovic et al, Phys. Rev. C 87 (2013) 045501
J. Barea et al., Phys. Rev. C 79 (2009) 044301
P. K. Rath et al., Phys. Rev. C 82 (2010) 064310
T.R. Rodriguez and G. Martinez-Pinedo, Phys. Rev. Lett. 105 (2010) 252503

J. Menendez et al, Nucl. Phys. A 818 (2009) 139
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Conclusions

I NEMO-3 : Unique experiment with full kinematics of the 2β
events

I Results in 100Mo with an exposure of 34.3 kg·y :
T 0ν
1/2(

100Mo) > 1.1× 1024 yr (90 % C.L.)
< mββ > < 0.33− 0.87 eV

I No event with an exposure of 47 kg·y exposure above 3.2 MeV

I Background-free technique for high energy Qββ isotopes :
48Ca : 4.272 MeV, 150Nd : 3.368 MeV or 96Zr : 3.350 MeV
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Backup
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NEMO Experimental Techniques

I Low-background detectors in deep underground laboratories
I Passive ββ enriched source foil in the center
I Magnetised tracking device to identify the two electrons
I Segmented calorimeter to measure the (individual and total)

energies and the time of flight of the two e− (with the tracker)
I Shielded against neutrons and γ from the laboratory
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NEMO-3 : Description

I NEMO-3 ran from 2003 to 2011
I Two phases :

� Phase 1 : high radon background phase
� Phase 2 : low radon phase (reduction factor of 6)
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NEMO-3 Analysis : Internal Backgrounds

I Several channels available : 1e−, 1e−1γ, 1e−Nγ, 1e−1α

I Internal time of flight condition
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I 1e− channel for metallic and composite foils

I High energetic tail due to neutron background (not included)
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NEMO-3 2ν2β Measurement

I 6.9 kg of 100Mo

I ∼700 000 2ν2β events collected

I Efficiency E2ν = 4.3 %

I Signal to background ratio S/B = 76

I Preliminary half-life :
T 2ν
1/2 = 7.16± 0.01 (stat)± 0.54 (syst) 1018 y

compatible with previously published [Phys. Rev. Lett. 95, 182302 (2005)]

E1 + E2 [MeV] Emin [MeV] cos θ
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NEMO-3 0ν2β Results

I Current last results on 82Se

in [2.6 – 3.2] MeV :
14 events obs., 11.1 ± 1.3 expect.
T 0ν
1/2(

82Se) > 3.2 1023 yr & < mββ > < 0.85− 2.08 eV
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Other 0ν2β Limits

I NEMO-3 results compared to current best measurements

I Statistical and systematical errors included

Isotope
〈λ〉 〈η〉 λ

′

111/f 〈gee〉
(10−6) (10−8) (10−2) (10−5)

published published published published

100Mo (this work) 0.9 - 1.3 0.5 - 0.8 4.4 - 6.0 1.6 - 4.1
130Te (CUORICINO) 1.6 - 2.4 0.9 - 5.3 17 - 33

136Xe (KamLAND-Zen) 0.8 - 1.6
76Ge (GERDA)

76Ge (HdM) 1.1 0.64 8.1
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NEMO-3 0ν2β Results

2 2.5 3 3.5 4 4.5 5

 E
v

e
n

ts
 /

 0
.1

 M
e

V

1

10

2
10

3
10

4
10

2.8 2.9 3 3.1 3.2 3.3 3.4
0

2

4

6

8

10

12

14

16

18

20 Data    27051 Evts

Mo
100
 ββν2

Rn222Bi from 214

External Bkgs.

Bi Internal
214

Tl Internal
208

Mo
100
 ββν0

 y24 10× = 1.1 
1/2

for T

Mo ­ 7 kg, 4.96 y
100

NEMO­3 ­ 

 (MeV)TOTE

2 2.5 3 3.5 4 4.5 5

D
a
ta

 /
 M

C

0

1

2

3

[To appear in Phys. Rev. D -

arXiv :1311.5695]

Expected background in [2.8 – 3.2] MeV

2ν2β 8.45 ± 0.05
214Bi from radon 5.2 ± 0.5
External < 0.2
214Bi internal 1.0 ± 0.1
208Tl internal 3.3 ± 0.3
Total 18.0 ± 0.6

Data 15
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