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From NEMO-3 to SuperNEMO

Alberto Remoto

NEMO-3
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ββ decay experiment combining tracker 

and calorimetric measurement

Located at the Modane underground 

laboratory (~4800 m.w.e.)

10 kg of different ββ isotopes taking data 

from February 2003 to January 2011

Monday, 23 March 15

Alberto Remoto

NEMO-3 : The ββ source
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• Mainly 100Mo (7 kg) & 82Se (1 kg) + smaller 

quantities of others isotopes

• Blank foils to cross-check background 

measurements (Cu & NatTe)

Monday, 23 March 15

• Tracker + calorimetric experiment searching for 0νββ decay 

• Located at Modane underground laboratory from Feb. 2003 to Jan. 2011

• 5 years of effective data taking

• 10 kg total of different ββ isotopes
2Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia



Many results with different isotopes 

and on different mechanisms

NEMO-3 results

3Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia

Search(for(0νββ in(100Mo

8th$July$2016 NEMO13$and$SuperNEMO 8

! Backgrounds(constrained(in(these(and(other(control(channels.
! Search(for(a(0νββ signal(in(the(region(2.0(<(ETOT<(3.2(MeV(distribution((larger(than(ROIFWHM)

T1/2
0νββ >1.1×1024  yr (90% C.L.)

! For(the(hypothesis(of(light(Majorana
neutrino(exchange(:

! Close(to(the(best(limits(from(other(
experiments,(with(only(7kg(of(isotope.

! No(events(in([3.2,10](MeV(for(47(kg.yr

! Competitive(bounds(also(placed(on(:
o R,parity(violating(couplings(in(the(case(of(
gluino/neutralino mediated(0νββ.

o RHC(couplings.
o Majoron,neutrino( couplings.

hm⌫i < 0.3� 0.6 eV

PRD$92,$072011$(2015)
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PRELIMINARY

Quadruple(Beta(Decay(of(150Nd

8th$July$2016 NEMO13$and$SuperNEMO 12

! Lepton(number( violating(processes(with(ΔL=4(are(possible(with(Dirac(Neutrinos((Heeck &(
Rodejohann 2013)(Neutrinoless quadruple(beta(decay((0ν4β)(is(one(such(process.(

! The(best(candidate( is(
! Unique(sensitivity(with(topological(reconstruction(capability(of(NEMO,3.

150Nd
2.079 MeV�������!150Gd + 4e�
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! Combined( with(other(channels(:

! World’s(first(limit(on(this(process.

T 0⌫4�
1/2 > 2.6⇥ 10

21
yr (90%C.L.) [4.3⇥ 10

21
yr expected]3.2

0⌫4� 4

To validate the background model, the selection is
applied to the foils containing the isotopes 100Mo and
82Se, which are expected to contain no 0ν4β signal. The
energy-sum distributions for the 3e topology, which have
higher statistics, are shown in Fig. 2. We observe no
events in the 4e topology in the 82Se foil, where 0.05±0.01
are expected. We observe two 4e-candidates in the 100Mo
foil, with an expectation of 2.3 ± 0.5 events, of which
2.0±0.4 are due to 2ν2β decays followed by double Møller
scattering. A display of one of these two data events is
shown in Fig. 3.

351 keV

307 keV

532 keV
305 keV

NEMO-3
2006-06-08 13:35:02.673

FIG. 3. Display of a decay with four reconstructed electrons
in NEMO-3 data, originating in the 100Mo source foil, in the
horizontal plane.

The total efficiencies for signal decays are shown in
Tab. I and range from 1.81% to 4.61% depending on kine-
matic model. The expected background yields are given
in Tab. II for the energy range 1.2 ≤ ΣE ≤ 2.0 MeV,
where ΣE is the electron energy sum, obtained by sum-
ming over the calorimeter hits for all reconstructed elec-
trons. All activities and systematic uncertainties, except
for the 2ν2β 0+1 process, are taken from Ref. [16].

Origin 4e [×10−2] 3e 3e1t [×10−2]
150Nd 2ν2β (g.s.) 2.08± 0.57 9.43 ± 0.84 8.98± 0.92
150Nd 2ν2β (0+1 ) 0.85± 0.36 2.39 ± 0.63 3.98± 1.07
208Tl internal 0.74± 0.15 1.28 ± 0.21 5.37± 1.21
214Bi internal 0.19± 0.07 0.74 ± 0.18 1.08± 0.30
Other internals 0.82 ± 0.11 1.01± 0.51
Neighboring foils 1.61 ± 0.45 1.95± 1.91
Radon 0.43 ± 0.15
Externals 0.12 ± 0.09 6.50± 4.12
Total 3.86± 0.74 16.8 ± 1.7 28.9 ± 5.4

TABLE II. Expected number of background events for an
exposure of 36.6 g×5.25 y in the 150Nd source foil in the range
1.2 ≤ ΣE ≤ 2.0 MeV for the three topologies, with their total
systematic uncertainties.

The distributions of the electron energy-sum for events

originating from the Nd foil are shown in Fig. 4. The
energies of the signal distributions are lower than Q4β =
2.084 MeV due to electron energy losses in the source foil.
In addition, only three of the electrons have an associated
calorimeter energy measurement for the 3e1t candidate
events. The distributions show that there are no large
differences between the shapes for the different kinematic
models.
We observe no candidate events in the 4e and 3e1t

topologies, with expected background rates of 0.04±0.01
and 0.29± 0.05 events, respectively. There is also no sig-
nificant excess of data in the 3e topology, with 22 ob-
served events in the range 1.2 ≤ ΣE ≤ 2.0 MeV, com-
pared to 16.8± 1.7 expected background events.

Source 4e 3e 3e1t
Reconstruction efficiency (ϵ2e) ±5.5% ±5.5% ±5.5%
Reconstruction efficiency (ϵ3e) ±8.5% ±8.5% ±8.5%
Energy scale ±12.1% ±4.4% ±8.5%
Angular distribution ±5.7% ±1.9% ±4.5%

TABLE III. Systematic uncertainties on the signal normaliza-
tion for the three topologies.

We consider several sources of systematic uncertainty.
The systematic uncertainties on the background model
given in Tab. II are the same as used in Ref. [16], apart
from the 25% uncertainty on the half-life of the 2ν2β 0+1
excited state decay [18]. The uncertainties of the signal
efficiency are given in Tab. III. The uncertainty on the
reconstruction efficiency is determined using the 100Mo
data. It is broken down into two independent compo-
nents, one based on a two-electron efficiency (ϵ2e) uncer-
tainty of 5.5% and the second on a three-electron (ϵ3e)
uncertainty of 8.5%. The first value is obtained by com-
paring the independently measured activity of a 207Bi
calibration source with the in-situ measurements. This
uncertainty can only be determined for decays with a
maximum of two electrons in the final state. The three-
electron uncertainty (ϵ3e) of 8.5% is obtained by com-
paring the normalization of the 3e selection in the sim-
ulation and data for the 100Mo foils. This additional
uncertainty is taken to be correlated between signal and
background, and assumed to be the same size in the 4e
and 3e1t topologies. A variation of 2% on the energy
scale for all electrons is applied in the simulation to cover
uncertainties on the Q4β value, the calorimetric energy
reconstruction of 0.2% [15], and uncertainties on the sim-
ulated energy loss in the foil. The uncertainty due to the
assumption of an isotropic angular distribution of the
electrons from the 0ν4β decay is derived from the varia-
tion of the reconstruction efficiency as a function of the
generated angles between electron pairs.
For the 4e and 3e1t topologies, where no candidate

events are observed, we set limits using a single bin for
each topology, as for a counting experiment. For the
3e topology, we use the binned distribution of Fig. 4(b).
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FIG. 4. Energy sum distributions for (a) 4e, (b) 3e, and (c)
3e1t events in the 150Nd foil for data, the expected back-
ground and signal. The hashed areas represent the uncer-
tainty on the background model. The 0ν4β signal distribu-
tions are normalized to the 90% CL limits, with an additional
scaling factor of 0.1 applied to the expected 4e signal distri-
butions for better visibility.

Limits at the 90% CL are calculated using the modified-
frequentist CLs method [19], which includes the system-
atic uncertainties with Gaussian priors.

The observed and expected half-life limits T 0ν4β
1/2 are

shown in Tab. IV. We obtain the best sensitivity in the
3e topology, due to the much higher signal efficiency com-
pared to the 4e topology. The combined lower limit at the
90% CL on the 0ν4β half-life is 3.2×1021 y, with a sensi-
tivity, given by the median expected limit, of 3.7×1021 y,

assuming a symmetric energy distribution. The com-
bined limits lie in the range (1.1–3.2) × 1021 y for the
different models. This result represents the first search
for neutrinoless quadruple-β decay in any isotope, and
the first search for lepton-number violation by 4 units.

Symmetric Uniform Semi-symm. Anti-symm.
obs exp obs exp obs exp obs exp

4e 0.5 0.3 0.3 0.2 0.1 0.1 0.03 0.02
3e 1.6 2.4 1.5 2.1 1.2 1.7 0.9 1.2
3e1t 2.0 1.9 1.5 1.4 0.7 0.6 0.3 0.3
Combined 3.2 3.7 2.6 3.0 1.7 2.0 1.1 1.3

TABLE IV. Observed and median expected lower limits at
the 90% CL on the 0ν4β half-life (in units of 1021 y) for the
four signal models. Systematic uncertainties are taken into
account with Gaussian priors.

To improve on this limit in the future using the NEMO-
3 technique would not only require more exposure, but
also an optimization of the foil density and thickness
which causes the main loss of efficiency for low-energy
electrons and increases background from Møller scat-
tering. Even with reduced isotope mass, a thinner foil
should increase sensitivity.
Since our search strategy is largely model-independent,

this first limit on 0ν4β decay can provide valuable
constraints on new-physics models. The authors of
Ref. [4] estimate for their particular model the ratio R
of the 0ν4β half-life to the 2ν2β half-life to be R ≈
1046(ΛNP/TeV)4. For T 0ν4β

1/2 > 1.1 × 1021 years, this
translates to a limit of R > 120. For 0ν4β processes to be
observable at the current experimental sensitivities, sig-
nificant enhancement factors are therefore required. This
result thus motivates further theoretical and experimen-
tal studies of ∆L = 4 processes in nuclear decays and at
colliders.
The authors would like to thank the staff of the

Modane Underground Laboratory for their technical as-
sistance in operating the detector. We thank Werner
Rodejohann for useful discussions. We acknowledge sup-
port by the funding agencies of the Czech Republic,
the National Center for Scientific Research/National In-
stitute of Nuclear and Particle Physics (France), the
Russian Foundation for Basic Research (Russia), the
Slovak Research and Development Agency, the Science
and Technology Facilities Council and the Royal Society
(United Kingdom), and the National Science Foundation
(United States).
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Possible with Dirac Neutrinos

Best candidate

First measurement ever
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of 150Nd
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and others:

•           (meas.) and          of 82Se

•            (meas.) of 48Ca

•           (meas.) and          of 150Nd

•            (meas.) of 116Cd

• decays to excited states
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accepted by PRL   arXiv: 1705.08847



Alberto Remoto

SuperNEMO: toward the new generation

37

Extrapolate a well known technique:

• 100 kg of ββ emitter in 20 detection module 

• Approach Inverted Hierarchy region

A challenge in many aspects:

• R&D program in the past years 
almost completed!

• Next step: Demonstrator module 

The SuperNEMO Experiment 

- Source foil: 
5-7 kg of 82Se (or 150Nd/48Ca) 

- Tracker: 
Drift chamber (2000 cells) 

- Calorimeter: 
500 PMTs & plastic scintillator 

2 

• SuperNEMO is a next-generation 0vββ experiment. 

Source 

Tracker 

Calorimeter Calorimeter 

• Phase 1: Demonstrator Module (7 kg of 82Se) 

• Phase 2: Up to 20 identical modules (100 kg of source) 

CalorimeterTrackerCalorimeter

ββ source
Bfield

NEMO-3 SuperNEMO

Efficiency

Isotope

Exposure

Energy res.

208Tl (source)

214Bi (source)

Rn (in tracker)

T1/2

⟨mν⟩

18% ~30%

7 kg 100Mo ~100 kg 82Se (150Nd, 48Ca)

35 kg y ~500 kg y

8% @ 3 MeV 4% @ 3 MeV

~100 µBq/kg < 2 µBq/kg

~ 300 µBq/kg < 10 µBq/kg

5 mBq/m3 0.15 mBq/m3

1024 y 1026 y

0.3 - 0.9 eV 0.04 - 0.1 eV

[Eur. Phys. J. C70: 927-943,2010]

Monday, 23 March 15

SuperNEMO technique

Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia

• Tracker + calorimetric experiment searching 
for 0νββ decay at Modane underground lab. 
(France) 

• Modular design (20 modules) with total mass 
of 100 kg

• Demonstrator module currently being 
installed at Modane

• Demonstrator: 7 kg of 82Se running for 2.5 yr

    NEMO-3/SuperNEMO unique features 
• Full topological event reconstruction
• Source separated from detector (can host any 

isotope)
Strong background suppression by particle 
identification, event characterisation and timing

May 9 - 12, 2015R. Hodák Introduction

SuperNEMO tracko-calo detection technique enables:

● reconstruction of the final state topology
→ decay vertex
→ charged particle trajectory
→ particle individual energy 
→ time of flight
→ angular distribution

● background rejection and measurement 
using particle identification

→ 𝑒𝑒−, 𝑒𝑒+, 𝛾𝛾 and 𝛼𝛼

● ββ source foil is separated from the detector
→ possibility to measure several ββ isotopes

5

4



0νββ event topology

Basic selection criteria:

• 2 tracks with negative curvature

• common vertex

• 2 PMT hits with sum E > 200 keV 

• PMT-track association

✘

✘

✘ E=2.285 MeV

E=0.710 MeV

Unique double beta decay experiment with the direct reconstruction of the two electrons

Full signature of 0νββ events and 

powerful background rejection

5Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia



SuperNEMO background

Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia6

External background 

• Natural radioactivity 
(γ,n) from the detector 
components or its 
surroundings

• Cosmic rays
• Neutrons

Alberto Remoto

NEMO-3: backgrounds

25

NEMO-3 experiment

NEMO/SuperNEMO. ICHEP 2014. Valencia (Spain) 2/14

NEMO-3 capability to register simultaneously energy and tracks of the particles of an event, gave him unique advantages inside 
the ββ experiments:

Full reconstruction of the 2 electrons present in a ββ decay event:

          Electrons energies (E1, E2)

            Electrons arrival time (t1, t2)

            Emission vertex and angle (cos θ)

            Particle curvature inside the magnetic field → particle charge ±

External Backgrounds:

           Natural radioactivity from detector components (PMTs mainly)

           

NEMO-3 ββ event

Radio-impurities in material, γ from (n,γ) 
and μ bremsstrahlung

• γ from 208Tl at 2.6 MeV

• (n,γ) up to 10 MeV

NEMO-3 experiment

NEMO/SuperNEMO. ICHEP 2014. Valencia (Spain) 2/14

NEMO-3 capability to register simultaneously energy and tracks of the particles of an event, gave him unique advantages inside 
the ββ experiments:

Full reconstruction of the 2 electrons present in a ββ decay event:

          Electrons energies (E1, E2)

            Electrons arrival time (t1, t2)

            Emission vertex and angle (cos θ)

            Particle curvature inside the magnetic field → particle charge ±

External Backgrounds:

           Natural radioactivity from detector components (PMTs mainly)

Internal Backgrounds:

           Radioactive contamination of the source foils (208Tl, 214Bi, 40K)

           Rn daughter deposition (source foils or tracker wires)

NEMO-3 ββ event

208Tl (from 232Th) and 214Bi (from 238U) 

contamination in foil source and 214Bi from 

Rn decay in tracker volume

• 208Tl Qβ at 5 MeV

• 214Bi Qβ at 3.27 MeV 

Monday, 23 March 15

Internal background 

Radioactive 
contaminations 
in the source foil or Radon 
daughters depositions on 
the foil or tracking wires

Internal and external 
backgrounds

• Natural 
radioactivity 

• 238U, 232Th, 40K, Rn 

• Cosmics  

• Neutrons

9

t1 ⇡ t2

t1 < t2

Measure

Internal and external 
backgrounds

• Natural 
radioactivity 

• 238U, 232Th, 40K, Rn 

• Cosmics  

• Neutrons

9
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Internal and external 
backgrounds

• Natural 
radioactivity 

• 238U, 232Th, 40K, Rn 

• Cosmics  

• Neutrons

9

t1 ⇡ t2

t1 < t2

Measure

NEMO-3 and Super-NEMO
NEMO-3 Backgrounds

� Natural radioactivity (�, n) from the detector components or its
surroundings and cosmic rays

External
background

0�2�:
208Tl � 2.6 MeV

(n, �) up to �10 MeV

� Radioactive contaminations inside the source foils (238U, 232Th, 40K)
or radon daughters deposition on the foils or on the tracking wires

Internal
background

0�2�:
208Tl Q� = 5.0 MeV
214Bi Q� = 3.27 MeV

Mathieu BONGRAND - LAL - NEUTRINO 2014 8 / 28

M. Bongrand, Neutrino 2014 Boston U.S.A.

C. Macolino (LNGS) Review on 0‹—— decay LNGS 07.07.2014 48 / 50
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SuperNEMO background

Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia7

• 214Bi important background with 
Q𝛽=3.27 MeV

• Can originate from internal        
238U-chain contamination or from 
222Rn emanation/diffusion

• Ultra-pure material selection

• Radon tent

• alpha tagging: 1e1𝛼 channel

2

 Reminder

● Our signal&: 2e- 

● Electron emited by 214Bi can mimic our signal (Qβ = 3.27 MeV)

● 1e1α channel  3 very pure 214Bi measurement

214Bi                                   214 Po                               210 Pb
e-   α

Q
β
 = 3.27 MeV Q

α
 = 7.8 MeV(164 us)

𝒜(222Rn) = 0.15 mBq/m3

  

London concentration line

 

Bordeaux emanation setup

Nucl.Instrum.Meth. A845 (2017)



SuperNEMO tracker

• Multi-wire drift chamber in Geiger mode 

• Ultrapure materials: copper, steel, duracon.

• Robotic production of 2034 drift cells

• Radiopure gas flow, anti-radon sealing

• <1% dead channels

8

SuperNEMO Tracker(Construction

8th$July$2016 NEMO13$and$SuperNEMO 16

! Geiger,mode( multi,wire(drift(chamber.
! Extremely(restricted(set(of(materials(:(
copper,(steel,(duracon.

! Robotic(construction(of(2034(drift(cells(
containing(approx.(15,000(wires.

! Radiopure gas(delivery,(radon(sealing.
! Ultra,clean(construction,(assembly(and(
testing(conditions.

P4.072

93%$of$tracker$cell$production$ is$complete.
�1%$rate$of$dead1channels.

Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia

Nucl.Instrum.Meth. A824 (2016)



SuperNEMO calorimeter
• 520 main optical modules

• 8’’ high QE radiopure PMTs

• 𝜎t = 400 ps at 1 MeV

• Calibration system allows stability 
to < 1%

9

SuperNEMO Calorimeter(Construction

8th$July$2016 NEMO13$and$SuperNEMO 18

! 520(main(wall(optical(modules.
! Polystyrene(scintillator.
! 8”(high(QE(radiopure PMT.
! $t(=(400(ps @(1(MeV
! Calibration(systems(maintain(
stability(to(better(than(1%.

! Validation(with(detailed(
optical(simulations.P4.073

P4.042

P1.066

P4.071

Energy resolution, FWHM at 1 MeV (%)
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• 520 x 8’’ PM + 192 x 5’’PM & PS 
scintillators  

• 8% FWHM @ 1 MeV  

• σt = 400 ps @ 1 MeV  

• Stability @ 1%

  

The SuperNEMO demonstrator

Calorimeter : 

520 x 8’’ PM + 192 x 5’’PM coupled to 
polystyrene scintillators

Energy resolution : 8 % FWHM @ 1 MeV

Time resolution : σ = 400 ps @ 1 MeV

YSF Moriond 2017 – calvez@lal.in2p3.fr    4/7

SuperNEMO calorimeter
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around the edges of the tracker (giving a total of 712 modules) o↵er 4⇡ acceptance.
In its initial running period of 2.5 years, the Demonstrator Module will have a

sensitivity to the 0⌫�� half-life of T 0⌫��
1/2 > 6.5⇥ 1024 years, corresponding to a Majo-

rana neutrino mass hm⌫i < 200 � 400meV. A proposed 20-module full SuperNEMO
detector with an exposure of 500 kg years (5 years, 100 kg of 82Se) would improve
our sensitivity to T 0⌫��

1/2 > 1026 years (hm⌫i < 50� 100 meV).

2 Tracker and calorimeter installation at LSM

(a) The back side of one of the main
calorimeter walls

(b) A final row of cells is inserted as two
tracker C-sections are coupled

Figure 2: Installation of the Demonstrator Module at LSM

The optical modules have all been built, and in 2016, the two outer calorimeter
walls (figure 2a) were assembled at the Laboratoire Souterrain de Modane (LSM), in
the Fréjus road tunnel in France. The four C-shaped tracker sections were constructed
and commissioned in the UK, and by December 2016, all four had been shipped to
LSM. The first two C-sections have been joined together (figure 2b) and coupled to
the first calorimeter wall, forming half of the Demonstrator Module. In situ commis-
sioning of this half detector commenced in February 2017. In the following months,
the source frame will be shipped to LSM and installed in the middle of the detector,
allowing the full Demonstrator Module to be coupled together and commissioned.

3 Radon mitigation strategy

One of the largest backgrounds is due to radon, as � decays of its daughter isotope
214Bi can mimic 0⌫�� events in our detector. To protect against this, stringent radiop-
urity requirements are imposed both on materials used in and around the detector,
and on the gas in the tracking chamber. To measure the activity of detector compo-
nents, we leave them in an emanation chamber (figure 3a) for two weeks, then measure

2
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SuperNEMO source foils
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SuperNEMO 
source foil

• 7 kg of 82Se 

• Qββ = 2.996 MeV  

• contamination  
208Tl ≤ 2 μBq/kg 
214Bi ≤ 10 μBq/kg    

18

Alberto Remoto

SuperNEMO: the source foil

41

• About 37 foils installed on the source frame in the detector center

• 82Se powder mixed with PVA glue + mylar or nylon mechanical support

• Limits on foil contamination in 208Tl (2 µBq/kg) and 214Bi (10 µBq/kg) are challenging

• Purification technique under investigation: chemical chromatography, distillation, etc.

• LAPP is in charge for the production of 1/2 of the source for the Demonstrator

SuperNEMO experiment

NEMO/SuperNEMO. ICHEP 2014. Valencia (Spain) 12/14

Present status:

Demonstrator construction started in 2012:

It will be installed at LSM in the place where NEMO-3 operated

Calorimeter

Tracker

Sources

5.5 kg of 82Se available with 0.5 kg already purified

Screening of potential source components (glue, support mesh…) with HPGe and BiPo ongoing

         Calibration sources deployment system prototype under testPresent status

August 2014: Two Se foils have been installed in half of Module 1

December 2014: Two new Se foils have been added in Module 1

3 / 15

82Se foils radio-purity measurementsTraining foil production technique

Monday, 23 March 15

• 36 foils made of 82Se powder mixed with PVA glue + mylar 
mechanical support (200 um thick)

• 7 kg of 82Se (Q𝛽𝛽=2.996 MeV)

• Target limits (challenging) on foil contamination:

• BiPo detector in Canfranc laboratory to measure source 
foil contamination: preliminary results indicate levels of 
208Tl [10-30] uBq/kg (90% C.L.)

SuperNEMO 
source foil

• 7 kg of 82Se 

• Qββ = 2.996 MeV  

• contamination  
208Tl ≤ 2 μBq/kg 
214Bi ≤ 10 μBq/kg    

18
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Installation status
• Half-detector already installed, other half currently 

under installation at LSM

• Source foils under measurement with BiPo at 
Canfranc

• Demonstrator running by end of 2017

11Carla Macolino (LAL-Orsay)                                                                        EPS-HEP2017 Venezia

SuperNEMO Integration
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Calorimeter$2 Tracker$2 Tracker$1 Calorimeter$1

! ½ detector(in(place(
at(LSM.

! Remaining( sub,
detectors(delivered(
in(next(few(months.

! Demonstrator(
Module( complete(by(
end(2016.

P4.070

Current detector status
• Source frame arriving next 

month 

• Demonstrator running by 
end of year

19



SuperNEMO sensitivity
From S. Calvez, talk at Moriond 2017
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Figure 5 – (top) Sensitivity with a 17.5 kg.y exposure as a function of the background contamination: (left) 208Tl,
(middle)

214Bi, (right) Radon. The sensitivity obtained from the BDT score is the red curve and the one from the
total energy spectrum is the blue curve. (bottom) Improvement brought by the use of BDTs in percents: (left)

208Tl, (middle)

214Bi, (right) Radon.

overtraining: the training was operated on two of the subsamples and the sensitivity was eval-
uated from the BDT score obtained with the two other subsamples, and vice versa. The limit
on the half-life with a 90 % C.L. was derived using the CLS method 4 implemented in the COL-
LIE software package. To compare the improvement brought by the use of machine learning,
the limit was evaluated using either the energy sum spectrum or the BDT score. In addition,
di↵erent background levels coming from 208Tl, 214Bi and Radon were considered, ranging from
the target contaminations to 100 times these values. The evolution of the sensitivity depending
on the backgrounds contamination levels is presented in Figure 5.

At higher background levels, the improvement brought by the multivariate analysis increases,
and it is especially true for Radon, because Radon events mimicking �� events originate from
the tracker wires closest to the source, therefore the topological variables are more di↵erent than
the ones from backgrounds originating from the source.

3 Conclusion

This study shows that the use of the topological information provided by SuperNEMO in
a multivariate analysis guarantees a 10 % sensitivity increase, assuming the radiopurity tar-
gets are reached, and more if the contaminations are higher. Considering the NEMO-3 back-
ground levels, this improvement would attain 90 %. Assuming a 17.5 kg.y exposure and the
nominal background activities, namely A(208Tl) = 2 µBq/kg, A(214Bi) = 10 µBq/kg and
A(Radon) = 150 µBq/m3, the demonstrator should reach a sensitivity of T0⌫

1/2 > 5.9 1024 y
for the mass mechanism, translating into an e↵ective neutrino mass m�� < 200 - 550 meV. As
of May 2017, the demonstrator is being commissioned in LSM and should start taking data in
Summer 2017.
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overtraining: the training was operated on two of the subsamples and the sensitivity was eval-
uated from the BDT score obtained with the two other subsamples, and vice versa. The limit
on the half-life with a 90 % C.L. was derived using the CLS method 4 implemented in the COL-
LIE software package. To compare the improvement brought by the use of machine learning,
the limit was evaluated using either the energy sum spectrum or the BDT score. In addition,
di↵erent background levels coming from 208Tl, 214Bi and Radon were considered, ranging from
the target contaminations to 100 times these values. The evolution of the sensitivity depending
on the backgrounds contamination levels is presented in Figure 5.

At higher background levels, the improvement brought by the multivariate analysis increases,
and it is especially true for Radon, because Radon events mimicking �� events originate from
the tracker wires closest to the source, therefore the topological variables are more di↵erent than
the ones from backgrounds originating from the source.

3 Conclusion

This study shows that the use of the topological information provided by SuperNEMO in
a multivariate analysis guarantees a 10 % sensitivity increase, assuming the radiopurity tar-
gets are reached, and more if the contaminations are higher. Considering the NEMO-3 back-
ground levels, this improvement would attain 90 %. Assuming a 17.5 kg.y exposure and the
nominal background activities, namely A(208Tl) = 2 µBq/kg, A(214Bi) = 10 µBq/kg and
A(Radon) = 150 µBq/m3, the demonstrator should reach a sensitivity of T0⌫

1/2 > 5.9 1024 y
for the mass mechanism, translating into an e↵ective neutrino mass m�� < 200 - 550 meV. As
of May 2017, the demonstrator is being commissioned in LSM and should start taking data in
Summer 2017.
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Summary
• Tracker + calorimetric experiment searching for 0νββ decay 

• Demonstrator module under installation at Laboratoire Souterrain de 
Modane

• Demonstrator: 

✴7 kg of 82Se running for 2.5 yr 

✴Sensitivity on effective mass 0.2-0.55 eV

• Challenges: low radioactivity source foil, extremely low levels of Radon

• Half-demonstrator module already installed.  Data taking expected at the 
end of 2017

• Modular design (20 modules) with total mass of 100 kg - Ultimate 
sensitivity 40-110 meV 
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Backup

Backup slides
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Radon
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1.$Purge$for$several$T½ (222Rn)

2.(Flow(through(cooled(
carbon(trap.

3.(Release(into(
electrostatic(detector.

A(222Rn) = 150µBq/m3

4.(For(reasonable(gas,flow(rates(:

70(atoms(per(m3

30(times(better(than(NEMO,3

Emanation$Facilities

P1.075



• HPGe spectroscopy not sensitive enough to 
reach few μBq/Kg: BiPo-3 dedicated setup at 
Canfranc underground lab

• 2 modules of 3.0x0.6 m2 can measure up to 1.4 
kg of 82Se foil with thickness of 40 mg/cm2

• 214Bi and 208Tl measured trough process from 
natural radioactivity chain

• Thin radiopure plastic scintillators coupled to 
lightguides and low radioactivity PTMs

16

The BiPo-3 detector : measurement of the radiopurity of the 
sources

• HpGe spectroscopy is not sufficient to reach few µBq/kg

• 214Bi and 208Tl measured through BiPo processes from natural radioactivity chains

• β and α particles detected by thin radiopure plastic scintillators couples to light 

guides and low radioactivity PMTs

• The BiPo-3 detector (2 modules of 3.0 x 0.6 m2, can measure up to 1.4 kg of  82Se 

foil with thickness 40 mg/cm2) is running since 2012 in Canfranc

Alberto Remoto

SuperNEMO: radio-purity measurements

42

Source foils:

• HPGe not sensitive enough for SuperNEMO requirement: dedicated setup @ LSC 
(Canfranc) BiPo

• Detecting delayed β—α coincidence from Bi—Po chain

• First two 82Se foils currently under measurement

Detector radio-purity budget: 

• Materials validation with HPGe detectors (sensitivity ~ mBq) 
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Alberto Remoto

SuperNEMO: radio-purity measurements
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Source foils:

• HPGe not sensitive enough for SuperNEMO requirement

• Dedicated setup operating since February 2013 @ LSC (Canfranc): BiPo

• Detecting delayed β—α coincidence from Bi—Po chain

• First two 82Se foils currently under measurement

Detector radio-purity budget: 

• Materials validation with HPGe detectors (sensitivity ~ mBq) 
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The BiPo-3 detector : measurement of the radiopurity of the 
sources

• HpGe spectroscopy is not sufficient to reach few µBq/kg

• 214Bi and 208Tl measured through BiPo processes from natural radioactivity chains

• β and α particles detected by thin radiopure plastic scintillators couples to light 

guides and low radioactivity PMTs

• The BiPo-3 detector (2 modules of 3.0 x 0.6 m2, can measure up to 1.4 kg of  82Se 

foil with thickness 40 mg/cm2) is running since 2012 in Canfranc

The Bi-Po 3 detector


