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What is on the menu?

• Searching 0νββ decay

• Looking for ββ events with a tracker & calorimeter

• Recent results from NEMO-3

• Toward the new generation with SuperNEMO
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The search 
fo r  0νββ
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Once upon a time…
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1936 — E. Majorana proposes a real wave to describe massive & electrically neutral fermion

1957 — B. Pontecorvo set the basis for the neutrino flavour oscillation 

Last 20 years: Huge effort to confirm neutrino oscillation and measure parameters

We know a lot about neutrino oscillation but not 
everything yet: mass hierarchy, δCP, θ23 octant
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Is the neutrino a Majorana particle?
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If Majorana particle exists, there are interesting implications for particle physics:

• Lepton number violation must occur: ν≡νc →|ΔL|=2

• GUT, Leptogenesis model, See-Saw mechanism

Search for 0νββ decay is the only practical way 
to test Dirac/Majorana nature of neutrinos

We know that neutrino is: 

1) fermion

2) electrically neutral

3) massive

It could be a Majorana particle 
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Double beta decay in a nutshell
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• 2nd order process allowed in the SM 

• Single β decay forbidden (energy & angular momentum)

• 11 isotopes have been experimentally observed 
undergoing 2νββ decay

(A,Z) ! (A,Z + 2) + 2e� + 2⌫̄e

(T 2⌫
1/2)

�1 = G2⌫(Q�� , Z)|M2⌫ |2
[From the web]
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Neutrino-less double beta decay in a nutshell
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• Process forbidden in the SM

• Half-life strongly suppressed

(A,Z) ! (A,Z + 2) + 2e�

(T 0⌫
1/2)

�1 = G0⌫(Q�� , Z)|M0⌫ |2⌘2

Few different mechanisms may induce 0νββ

• Light Majorana neutrino exchange

• Right-handed current (V+A), SUSY, Majoron(s), etc.

Different topology in the final state!

[From the web]
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Sensitivity to the light Majorana neutrino
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Limits from direct 0νββ searches
Limits from direct ν mass 
measurement or cosmology

Σmν < 0.17 eV (Planck 2015)

Related to:

1) neutrino oscillation

2) mass hierarchy

3) mass scale

(T 0⌫
1/2)

�1 = G0⌫(Q�� , Z)|M0⌫ |2
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0νββ searches in practice

9

e�
1 e�

2
��

⌫ � ⌫ �

�� ⌫
�� ⌫

(T 0⌫
1/2)

�1 = G0⌫(Q��, Z) |M0⌫ |2 |m⌫��
|2

G0⌫(Q��, Z) M0⌫

�� ⌫

�� ⌫

1 eV

Excluded events 
at a given C.L. Atomic mass

Detection efficiency
Exposure timeββ emitter mass

Bkg. index

E res. @ Qββ
T 0⌫
1/2 >

NA ln 2

n�
⇥ ✏

A
⇥

r
M ⇥ t

B ⇥�E

Measure the 2 e- energy spectrum

• 2νββ signature → Broad spectrum

• 0νββ signal signature → Peak @ Qββ

If no signal → set a limit on half life
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Few important aspects…
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3. The experiment 9
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Fig. 11. Natural radioactivity spectrum recorded by a NaI
crystal in the well hosting the detector.

            

Fig. 12. Cosmic muon flux compared to the neutrino flux at
the different underground experimental sites. In the CHOOZ
case the lower neutrino flux is compensated by the reduction
of the muon flux.

Burgundy in France) and covered by 14 cm of cast iron.
The detector comprised three concentric regions:

– a central 5–ton target in a transparent Plexiglas con-
tainer (total mass = 117 kg) filled with a 0.09% Gd–
loaded scintillator (“Region I”);

– an intermediate 17–ton region (70 cm thick) equipped
with 192 eight–inch PMT’s (15% surface coverage, ∼
130 photoelectrons/MeV), used to protect the target
from PMT radioactivity and to contain the gamma
rays from neutron capture (“Region II”);

– an outer 90–ton optically separated active cosmic–ray
muon veto shield (80 cm thick) equipped with two rings
of 24 eight–inch PMT’s (“Region III”).

The apparatus was conceived as a liquid scintillator low
energy, high-resolution calorimeter. The detector geome-
try (a central volume of scintillator surrounded by photo-
multipliers) is common to the Borexino, LSND and SNO
detectors. The detector was simple and easily calibrated,

while its behaviour could be well checked. Six laser flashers
were installed in the three regions together with calibra-
tion pipes to allow the introduction of radioactive sources.
The detector could be reliably simulated by the Monte
Carlo method.

The target region contained a Gd-loaded liquid scin-
tillator. The neutrino detection was based on the delayed
coincidence between the prompt positron signal generated
by reaction (2), boosted by the annihilation γ-rays, and
the signal associated with the γ-ray emission following the
neutron capture reaction

n + Gd → Gd⋆ → Gd +
∑

i

γi (14)

The choice of a Gd-doping was to maximize the neutron
capture efficiency; Gadolinium has the highest thermal
neutron cross section. Moreover, the large total γ-ray en-
ergy (≈ 8 MeV, as shown in Tab. 4) easily discriminates
the neutron capture from the natural radioactivity, whose
energy does not exceed 3.5 MeV.

Table 4. Abundances and thermal neutron capture cross sec-
tions for the Gd isotopes.

Gd
∑

i Eγi Abundance Cross section Relative
isotope (KeV) (%) (barns) intensity

152 6247 0.20 735 3 · 10−5

154 6438 2.18 85 3.8 · 10−5

155 8536 14.80 60900 0.1848
156 6360 20.47 1.50 6 · 10−6

157 7937 15.65 254000 0.8151
158 5942 24.84 2.20 1.1 · 10−5

160 5635 21.86 0.77 3 · 10−6

Region II was filled with an undoped high-flash point
liquid scintillator. It provided a high-efficiency contain-
ment of the e.m. energy deposit; this was higher than 99%
for positrons from νe-interactions in Region I. The con-
tainment of the γ-rays due to the neutron capture on Gd
was (on average) slightly lower than 95% for an energy de-
posit E > 6 MeV. The intermediate volume was bounded
by the “geode”, an opaque plastic structure serving as a
support for the 192 inward-looking photomultiplier tubes
(PMT from now on).

The outer volume, also filled with the undoped scin-
tillator of Region II, was the “Veto” region (Region III).
An additional 48 PMT’s, arranged in two circular rings
located at the top and the bottom of the main tank, de-
tected the scintillation light associated with through-going
cosmic muons. The Veto signal was used to tag and reject
this major background source. The outer scintillator layer
was also thick enough to shield the neutrino target against
the natural radioactivity from the surrounding materials.

The inner detector volume was separated from Region
II by a transparent 8 mm-thick vessel, a vertical cylindrical
surface closed by two hemispherical end-caps. The outer

Low energy process (Qββ ≲ 5 MeV):

• Natural radioactivity is an issue (238U , 232Th)

• Cosmic muons are an issue 
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Few important aspects…
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Distinguish 0ν from 2ν mode → irreducible background

• Good detector energy resolution

Few available isotopes → multiply experimental efforts

2νββ

Detector resolution

Isotope Qββ 
[keV]

Nat. abund. 
(enrich.) [%]

48Ca → 48Tl 4270 0.187 (73)
76Ge → 76Se 2039 7.8 (86)
82Se → 82Kr 2995 8.7 (97)
96Zr → 96Mo 3350 2.8 (57)

100Mo → 100Ru 3034 9.6 (99)
110Pd → 110Cd 2018 7.5
116Cd → 116Sn 2802 7.5 (93)
130Te → 130Xe 2527 34.5 (90)
136Xe → 136Ba 2480 8.9 (80)

150Nd → 150Sm 3367 5.6 (91)
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Few important aspects…
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Distinguish 0ν from 2ν mode → irreducible background

• Good detector energy resolution

Few available isotopes → multiply experimental efforts

2νββ
0νββ

Detector resolution

Isotope Qββ 
[keV]
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(enrich.) [%]
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136Xe → 136Ba 2480 8.9 (80)
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Which technology?
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En. resolution

Technique
< 1 % > 1 %

Calorimeter Diodes
76Ge

Liquid scintillators
136Xe, 150Nd, 48Ca, 100Mo

Calorimeter

Bolometers
130Te, 82Se, 100Mo 

Liquid/Gas TPC
136Xe

Electron Tracking Tracking + Calorimetry
82Se, 150Nd, 48Ca, ...

Electron Tracking

Pixelized Scintillator
116Cd

Detector = Source

Detector

LowNu11, Seoul Silvia Capelli - ββ0ν: experimental review 19

Planned experimentsPlanned experiments

4 complementary approaches with different isotopes can be identified

Approach

Performances
ΔE < 1% ΔE > 1%

Calorimeter 

External source

CUORE    130Te
Gerda       76Ge
Majorana  76Ge
Lucifer      82Se 
AMORE   100Mo

SNO+             150Nd
Kamland-Zen 136Xe
CANDLES       48Ca   

Many project are proposed,  I apologize for the ones that are not shown in this talk

SuperNEMO 82Se,150Nd 
MOON   100Mo / 82Se / 150Nd
DCBA               150Nd

NEXT 136Xe
EXO 136Xe

1 21
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COBRA116Cd

TRACK
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Watch out for the NME…
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• Contain nuclear structure effects

• Many approximation methods

• Different among isotopes

• Measuring NME in 2νββ does not help

Main limitation in interpreting results & 
comparing among different isotopes

1/12/2015 Fedor Simkovic 19 

LSSM (small m.s., negative parity states) 
PHFB (GT force neglected) 
IBM (Hamiltonian truncated) 
(R)QRPA (g.s. correlations not accurate enough)  

g
A =1.25(7), C

C
m

 or U
C

O
M

 s.r.c., r
0 =1.20 fm

 

Nobody is perfect:  The �QEE-decay NMEs (Status:2014)  

Differences: 
i) mean field; 
ii) residual int.;  
iii) size of the m.s. 
iv) many-body appr. 

Systematic  
errors –  

Calculations  
can be  

improved 

Compiled by F. Simkovic (2014) gA =1.25(7)(T 0⌫
1/2)

�1 = G0⌫(Q�� , Z)|M0⌫ |2⌘2
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…but also the axial coupling constant
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17

ÃGT = 1.12A1/2 MeV, where A without tilde denotes the
mass number. In cases where transitions between spin-
orbit partners dominate, one expects the SSD approxi-
mation to be appropriate. Our second choice is SSD for
40Zr, 42Mo, 46Pd, and 48Cd, where the dominant transi-
tion is g9/2-g7/2, and 60Nd where the dominant transition
is h11/2-h9/2. In the same table we also show the values
of the matrix elements in the ISM without the closure
approximation [38]. The ISM calculation are all in nu-
clei in which protons and neutrons occupy the same ma-
jor shell. By comparing these calculations with those in
IBM-2 with the Fermi matrix elements set to zero we see
that the two calculations have the same behavior with
mass number but differ by a factor of approximately 2.
The last columns in Table XVI gives the values of the
matrix elements |M eff

2ν | extracted from experiment [8].

If we write the matrix elements M2ν as

M eff
2ν =

(

gA,eff

gA

)2

M2ν , (38)

where (gA,eff/gA) = q is a quenching factor, by com-
paring the experimental values M2ν,exp with the calcu-
lated values (or the experimental half-lives with those
calculated using PSFs of [8]) we can extract the values
of gA,eff . These are given in Table XVII and Fig. 13
for IBM-2 (GT) and the ISM. As mentioned in Sec. II,
the renormalization of gA to gA,eff is due to two main
reasons: (1) limitation of the model space in which cal-
culations are done and (2) omission of non-nucleonic de-
grees of freedom (∆, N∗, ...). As a result, one expects
gA,eff to have a smooth behavior with A to which shell
effects are superimposed. We see from Fig. 13 that this is
approximately the case if we assume SSD in 40Zr, 42Mo,
48Cd, and 60Nd. This is consistent with previous analy-
ses [85, 86]. The smooth behavior can be parametrized as
gIBM−2
A,eff = 1.269A−γ, with γ = 0.18 for IBM-2 (GT). This

gives for the neutron (A=1) the free value. The same
type of analysis can be done for the ISM. The values of
gA,eff extracted by comparing the calculated and exper-
imental matrix elements are also shown in Table XVII
and Fig. 13. We see that gA,eff in the ISM has the same
behavior as in IBM-2, except for larger value. It can be
parametrized as gISMA,eff = 1.269A−γ with γ = 0.12. In
Ref. [38] the value 0.93 was used for 48Ca, 76Ge and 82Se
and 0.71 for 130Te and 136Xe.

The question of how to extract gA,eff in the QRPA
has been the subject of many investigations [11]. In this
case gA,eff can be extracted either from 2νββ or from
single-β decay [89]. We do not discuss this extraction
here but simply note that the values extracted are similar
but larger than those in Table XVII and Fig. 13.
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Figure 13. (Color online) Value of gA,eff extracted from ex-
periment for IBM-2 and the ISM.

Values of (gA,eff )2 can also be extracted from single-β
decay or electron capture using a Fermi-surface quasipar-
ticle (FSQP) model [90] where

(gA,eff )
2 = geffi gefff (39)

is the product of geffi for the transition from even-even
to odd-odd nuclei and gefff for the transition from odd-
odd to even-even nuclei. The values obtained in this way
[91] are also similar to those in Table XVII and Fig. 13.
Finally, very recently, values of gIBM−2

A,eff,2νββ have been ex-
tracted from a 2νββ calculation without the closure ap-
proximation for 128,130Te→128,130Xe decay with similar
results [74]. As one can see from the discussion in the
paragraphs above, the extraction of the actual value of
gA,eff is highly dependent on the model calculations and
the assumptions made. All extractions, however, indi-
cate values of gA,eff in the range gISMA,eff ∼ 0.57 − 0.90

and gIBM−2
A,eff ∼ 0.35− 0.71 depending on mass number A

and on the SSD or CA approximation, with decreasing
trend with A.

It is of considerable interest to analyze the impact that
the quenching of gA to gA,eff observed in single-β and
2νββ decay may have on 0νββ. The question of whether
or not the quenching of gA is the same in 2νββ as in
0νββ is the subject of debate, since only the states 1+

and 0+ in the intermediate odd-odd nucleus contribute
to 2νββ, while all multipoles contribute to 0νββ. Two
lines of thought have been considered : (1) Only GT (1+)
is quenched and other multipoles are not. (2) All multi-
poles are equally quenched. The experimental informa-
tion on higher multipoles is meager, with only some hints
coming from muon capture. The contribution of differ-
ent intermediate states J± to 0νββ decay in 100Mo was
investigated in Ref. [13] within the framework of QRPA-
Tü. It was found that the contribution of 1+ is sizeble,
of opposite sign of that of the other multipoles, and very
much parameter (gpp) dependent. In view of this siz-
able contribution, even if the other multipoles are not

[Phys. Rev. C 87, 014315 (2013)]

• gA is know to be quenched in β and ββ 
decay

• An effective constant is extracted from 
experimental measurement

• Quenching factor ~0.8 — 0.5 

• gA quenched in 0νββ as much as in 2νββ?

gA appear at the 4th power in T1/2 calculation 
→ it may impact ⟨mββ⟩ sensitivity up to x6–34
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What is the status?

15

0.2
2  -

 0.6
4 e

V 

0.3
0  -

 0.7
1 e

V 

0.3
0  -

 0.8
0 e

V 

0.1
9  -

 0.4
5 e

V 

0.1
4  -

 0.2
8 e

V 

0.2
0  -

 0.4
0 e

V 
HdM (35.5 kg x y) & IGEX, 76Ge

• T0ν1/2 > 1.9 x 1025 y @ 90% C.L.
HdM claim: ⟨mν⟩ = 0.32 +/- 0.03 eV 

Cuoricino (19.75 kg x y):  TeO2 bolometer

• 130Te:  T0ν1/2 > 2.8 x 1024 y @ 90% C.L.
NEMO3 (34.7 kg x y with Mo): track + calo.

• 100Mo:  T0ν1/2 > 1.1 x 1024 y @ 90% C.L.

EXO200 (> 95 kg x y): Liquid Xe TPC
Kamland-ZEN (190 kg x y): Liquid Scintillator 
GERDA Phase 1 (>20 kg x y): Ge diodes
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Future projects
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5 years time scale:

• M ~ 10 - 50 kg of ββ isotope

• Background level 10-3 cts. /(keV kg y)

• Explore quasi-degenerate region
10 years time scale:

• M ~ 100 kg - 1t of ββ isotope

• Background level 10-4 cts. /(keV kg y)

• Approach Inverse Hierarchy region

Extended R&D: Energy resolution, particle ID, 
radio-purity
Multi-phase approach: demonstrate 
scalability and background levels

CUORE, Gerda, Majorana, Lucifer, AMORE, 
NEXT, COBRA, EXO, SNO+, KamLAND-Zen, 
CANDLES, SuperNEMO, DCBA, ... 

T 0⌫
1/2 >

NA ln 2

n�
⇥ ✏

A
⇥

r
M ⇥ t

B ⇥�E

Today

5 years

10 years
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NEMO-3 
exper iment
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NEMO-3

18

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
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NEMO-3
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Laboratoire Souterain de Modane

19

FRANCE ITALIE

Altitudes
Distances

1228 m 1298 m1263 m
0 m 6210 m 12 868  m

 

COMMISSARIAT À L’ÉNERGIE ATOMIQUE  

DIRECTION DES SCIENCES DE LA MATIÈRE  
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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)
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NEMO-3

22

Full reconstruction of 2e- kinematics: unique!

• Individual e- energy, arrival time, track 
curvature, emission vertex and angle

Excellent background rejection 

• Identification e-, e+, ɣ, α, Internal/External

Low energy resolution: [14 - 17] % / Sqrt(E)

Sensitivity equivalent to best calorimetric experiment

Monday, 23 March 15
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NEMO-3: ββ event topology
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NEMO-3: ββ event topology
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NEMO-3: ββ event topology
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NEMO-3: ββ event topology
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NEMO-3: ββ event topology
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NEMO-3: ββ event topology
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Selection efficiency for E2e > 2.0 MeV is 11.3 % (MC) 
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NEMO-3: energy calibration

Radioactive sources:

• 207Bi: 482 keV and 976 keV conversion electron 

• 90Sr—90Y: β-decay end point Qβ = 2280 keV

• 207Bi: 1682 keV conversion electron to test energy 
scale: 99% PMTs Data/MC < 0.2%

24

3

between December 2004 until the end of running in De-161

cember 2010 (Phase II) therefore has a reduced radon gas162

contamination of ⇡ 5 mBq/m3. Data from both Phases163

are presented in this Article.164

The trigger conditions used for recording �� candidate165

events require at least one PMT signal with an amplitude166

> 50 mV, corresponding to an energy of > 150 keV de-167

posited in the associated scintillator, in coincidence with168

at least three hits in the tracking detector within a time169

window of 6 µs recorded in the same half-sector of the170

detector as the scintillator hit. Additional PMT signals171

with an amplitude of > 10 mV, corresponding to an en-172

ergy deposit of > 30 keV, are also recorded if they coin-173

cide within a time window of 80 ns. The trigger rates of174

the data acquisition are ⇡ 7 Hz for Phase I and ⇡ 5 Hz175

for Phase-II. The dead time of the data acquisition is176

measured to be 1% and is treated as ine�ciency.177

Monte Carlo (MC) simulations are performed with178

a geant3-based [8] detector simulation using the179

decay0 [9] event generator. The time-dependent sta-180

tus and conditions of the detector and its performance181

are taken into account in the event generation.182

In this Article, we present a search for 0⌫�� decays183

using data recorded between February 2003 and October184

2010, with a live time of 1.02 years in Phase I and 3.94185

years in Phase II, and a total mass of 6914 g of 100Mo186

in the form of metallic and composite foils. This corre-187

sponds to a total exposure of 34.3 kg·y.188

III. CALIBRATION189

A. Energy scale calibration and resolution190

Absolute energy calibrations were carried out every191

month using 207Bi sources which provide internal con-192

version electrons with energies of 482 keV and 976 keV193

from theK lines, with branching ratios of 1.5% and 7.1%,194

respectively. Each calibration run has a length of about195

24 hours. In addition, a dedicated long run was per-196

formed using a 90Sr source since the end point of the �197

spectrum of 90Y, a daughter nucleus of 90Sr, at an energy198

of 2279 keV adds one more calibration point.199

The linear fit combining the energy calibration ob-200

tained with the two 207Bi energy peaks and the end point201

of the 90Y � spectrum does not intersect with the origin,202

because the scintillator response for electrons at low ener-203

gies (< 100 keV) is non-linear. The extrapolated energy204

o↵set at a charge of Q
ADC

= 0 is on average ⇡ 33±3 keV.205

It is determined after subtracting the electronic pedestal206

of the Analog-to-Digital Converters (ADCs) used to read207

out the PMTs and accounting for an impact point cor-208

rection. This o↵set is taken into account in the energy209

calculation. An example of a calibration energy spec-210

trum obtained for one counter can be found in Ref [4].211

The non-linearity of the PMTs was verified in a dedi-212

cated light injection test during the construction phase213

and found to be < 1% for energies < 4 MeV, correspond-214

FIG. 2: Energy spectrum of a typical scintillator block, mea-
sured with the 207Bi calibration sources and summed over
all the calibration runs. The data points are compared to
a histogram of the energy spectrum calculated by the MC
simulation. The peaks correspond to the energies of electrons
from the 482 keV and 976 keV K lines, and from the 1682 keV
internal conversion line of 207Bi.

ing to the energy range of interest for the double � decay215

measurements.216

The response of each scintillator block to electrons with217

an energy of 976 keV is measured as a function of the im-218

pact position of the electron track on the entrance surface219

of the scintillator using 207Bi calibration runs. A depen-220

dence on impact position was previously observed with221

data obtained with the electron spectrometer during the222

NEMO-3 calorimeter assembly. The impact corrections223

are small for the scintillator blocks equipped with 3-inch224

PMTs, typically 1�2% with a granularity of 3⇥3 correc-225

tion points, but they can increase up to 10% for 5-inch226

PMT scintillator blocks using 5 ⇥ 5 correction points.227

This e↵ect is corrected o✏ine by applying di↵erent im-228

pact correction factors for each scintillator block type.229

The rare internal conversion electron K line of 207Bi230

with an energy of 1682 keV has a small branching ratio231

of 0.02%. It is used to determine the systematic uncer-232

tainty on the energy scale from the di↵erence between the233

reconstructed peak position in data and MC simulation,234

which is < 0.2% for 99% of the PMTs. The remaining235

PMTs with incorrect reconstruction of the energy peak236

are rejected in the analysis. A typical energy spectrum237

measured with a single PMT is shown in Figure 2.238

Figure 3 shows the average energy resolution as a func-239

tion of running time for the di↵erent types of scintillator240

blocks and PMTs. The resolution at an electron energy241

of 1 MeV ranges from �
E

/E = 5.7% to 8.0%, depending242

on the type of block and the data taking period. A de-243

terioration of the energy resolution to 0.03%–0.05% and244

Laser inter-calibration system:

• Gain and time survey twice a day  PMTs linearity < 1% 
for E < 4 MeV

• 82% of PMTs stable < 5% over the whole data taking

Figure 31: NEMO-3 calibrations.

35

207Bi energy spectra

90Sr—90Y energy spectra
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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 
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NEMO-3: external backgrounds

26

NEMO-3 External Background Measurements

(�e�)ext

e�crossing

I Particle identification: e�, e+, � and external TOF
I Measurement of all contributions through 2 analysis channels:

X

8

+

X

8

X

8

+

[NIM A 606 (2009) 449–465]Mathieu BONGRAND - LAL - NEUTRINO 2014 9 / 28

Take advantage of PID capabilities of NEMO-3: e-, e+, γ, α and TOF measurement 

(γe-)ext. channel

Crossing e- channel
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NEMO-3: internal backgrounds

27

1e- (single β emitters), e-Nγ (208Tl) , e-α (214Bi) channels channels
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Take advantage of PID capabilities of NEMO-3: e-, e+, γ, α and TOF measurement 
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NEMO-3: Check internal 208Tl and 214Bi background measurements

208Tl activity checked with 232U sources → 10% systematics w.r.t. HPGe measurement
214Bi activity compared in two different channel →  e-Nγ, e-α: 10% systematics

28

100Mo

10
-1

1
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e
V

    Data

Total MC
208Tl

Background checked in 2e-Nγ (208Tl) and 2e-α (214Bi) 
channels

• 208Tl: 7 events, 8.8 expected

• 214Bi Phase 1: 3 events,  6.5 ± 0.4 expected 

• 214Bi Phase 2: 3 events, 2.9 ± 0.2 expected
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NEMO-3: 222Rn background

29

Selection of single delayed hits

10 3

10 4

10 5

0 200 400 600 800 1000

  54.70    /    51
P1  0.1917E+05   16.05
P2  0.6688  0.1878E-01
P3   162.9  0.1633
P4  0.3174E+05  0.2284E+05
P5   16.31   2.481

Fraction of non α events:  0.59± 1.33%

(a) Time, µs

Selection of multiple delayed hits

10 3

10 4

10 5

0 200 400 600 800 1000

  67.02    /    57
P1  0.3683E+05   94.29
P2   158.0   37.36
P3   161.9  0.7942
P4  0.9945E+06  0.3351E+06
P5   4.078  0.2757

Fraction of non α events:  1.85± 0.80%

(b) Time, µs

Fig. 6. The time distributions of events selected with (a) single and
(b) multiple delayed signals. Each distribution was fit to the function:

f(time) = P1 · e
−

time
P3/ ln 2 + P2 + P4 · e

−
time

P5/ ln 2 where P1 and P4 are scaling con-
stants, P2 is the amplitude of random coincidences, P3 the 214Po half-life in µs and
P5 the time constant of the refirings.

comparison with the table value of T1/2(214Po) = 164.3±2.0 µs [14] confirms
that the delayed tracks are due to the α-particles of 214Po.

2.1.2 222Rn monitoring

Using the method described in section 2.1.1 the mean 222Rn level in the track-
ing volume was analysed. The results of the radon monitoring are shown in
Fig. 7.
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A
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, m

B
q/

m
3

Year 2004
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20
40
60
80

01 02 03 04 05 06 07 08 09 10 11 12

→ phase 2

Year 2005

0
20
40
60
80

01 02 03 04 05 06 07 08 09 10 11 12

Year 2006

0
20
40
60
80

01 02 03 04 05 06 07 08 09 10 11 12
month number

Fig. 7. The 222Rn activity in mBq/m3 inside the tracking chamber measured on an
hourly basis.

9

222Rn in the gas of the tracking chamber 
monitored through the 1e1α channel

Phase 1: 37.7±0.1 mBq/m3

Phase 2: 6.46±0.02 mBq/m3

Strongly suppressed upon flushing Rn-free air 
into a dedicated tent surrounding the detector 
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NEMO-3: hot spots identification 
Vertex reconstruction capabilities: σz = 0.6 cm and σr = 1.0 cm 

30

I I 

II 

II 

I 

II 

I 

I 

II 

II 

II 

I 

I 

5" 3"4" 1"6"7" 2"

1e channel vertexes in 116Cd sector116Cd foil production parts

Able to reduce backgrounds removing activity hot spots from the foils surface

Calibration pipe
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NEMO-3: 100Mo 2νββ results

31

NEMO-3 2⌫2� of 100Mo Measurement

50 cm

5
0
 c

m

Y

X

50 cm

5
0
 c

m

Z

R

source

1256 keV sector

832 keV

832 keV

1256 keV

source

I 6.9 kg of 100Mo
I ⇠700 000 2⌫2� events collected
I E�ciency E2⌫ = 4.3 %
I Signal to background ratio S/B = 76
I Preliminary half-life:

T 2⌫
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 ✓

I 0.7 % systematical uncertainty on the 2⌫2� e�ciency above 2 MeV

Mathieu BONGRAND - LAL - NEUTRINO 2014 13 / 28

• About 700 000 2νββ events

• Detection efficiency = 4.3 ± 0.7 %

• Signal over Background ratio = 76

T2ν1/2 = [ 7.16 ± 0.01 (stat) ± 0.54 (syst) ]×1018 y
Consistent with previously published [PRL 95 (2005) 182302]

Run : 3478
Event: 6930
Date: 09/11/2004
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NEMO-3: 100Mo 0νββ result

32

Expected background in [2.8 - 3.2] MeVExpected background in [2.8 - 3.2] MeVExpected background in [2.8 - 3.2] MeV

2νββ

214Bi from radon

208Tl internal

214Bi internal

External

Total

Data

8.45 ± 0.058.45 ± 0.05

5.2 ± 0.55.2 ± 0.5

3.3 ± 0.33.3 ± 0.3

1.0 ± 0.11.0 ± 0.1

< 0.2< 0.2

18.0 ± 0.318.0 ± 0.3

1515

• No event excess after 34.3 kg×y exposure 

• T0ν1/2 > 1.1×1024 y (90 % C.L.) → ⟨mν⟩ < 0.3 - 0.9 eV

Total background: 1.3×10-3 cts / (keV×kg×y)

[Phys. Rev. D. 89.111101 (2014)]
Detailed paper to be published in 

the following weeks
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NEMO-3: 100Mo 0νββ result

33

SystematicsSystematics

2νββ events in window

0νββ detection efficinecy

214Bi contamination

208Tl contamination

0.7%

7.0%

10.0%

10.0%

• T0ν1/2  limit set with a modified frequentist analysis 
[N.I.M. A 434 (1999) 435]

• Using full information in ETot = [2.0; 3.2] MeV

• Detection efficiency: 11.3 ± 0.8 % 

• Account for statistical and systematic uncertainties 
and their correlation

[Phys. Rev. D. 89.111101 (2014)]
Detailed paper to be published in 

the following weeks

Limits at 90% C.L. in units of 1024 y

Process

Limits at 90% C.L. in units of 1024 yLimits at 90% C.L. in units of 1024 yLimits at 90% C.L. in units of 1024 y

Stat. Only Stat. + Syst. Expected

Mass mechanism

RH Current ⟨λ⟩ (qr.h. — lr.h.)

RH Current ⟨η⟩ (ql.h. — lr.h.)

Majoron (n=1)

1.1 1.1 1.0 [0.7; 1.4]

0.7 0.6 0.5 [0.4; 0.8]

1.0 1.0 0.9 [0.6; 1.3]

0.050 0.044 0.039 [0.027; 0.059]

Monday, 23 March 15



Alberto Remoto

Isotope
Mass Exposure T1/2 (2ν) T1/2 (0ν) ⟨mν⟩

ReferenceIsotope
[g] [days] [x 1019 y] [y] @ 90% C.L.  [eV] @ 90% C.L.

Reference

82Se 932 389 9.6 ± 1.0 > 1.0 x 1023  < 1.7 - 4.9 Phys.Rev.Lett. 95 (2005) 182302
150Nd 37 925 0.90 ± 0.07 > 1.8 x 1022  < 4.0 - 6.3 Phys. Rev. C 80, 032501 (2009)

96Zr 9.4 1221 2.35 ± 0.21 Nucl.Phys.A 847(2010) 168

130Te 454 1275 70 ± 14 Phys. Rev. Lett. 107, 062504 (2011)

NEMO-3: other results

34

100Mo 0νββ decay to the 100Ru excited states [Nuclear Physics A781 (2007) 209-226]

Other isotopes: only partial exposure has been published

Analysis of whole statistics ongoing (82Se, 48Ca, 96Zr, 116Cd, 150Nd)…stay tuned!

Monday, 23 March 15
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NEMO-3: high energy background

35

NEMO-3 High Energy Background
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Validation of the

background model

[To appear in Phys. Rev. D - arXiv:1311.5695]

I No events in 100Mo after 34.3 kg·y exposure above 3.2 MeV

I No events in copper and natural tellurium samples after 13.5 kg·y
exposure above 3.1 MeV

I Background-free technique for high energy Q�� isotopes:
48Ca: 4.272 MeV, 150Nd: 3.368 MeV or 96Zr: 3.350 MeV

Mathieu BONGRAND - LAL - NEUTRINO 2014 16 / 28

NEMO-3 High Energy Background
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Validation of the

background model

[To appear in Phys. Rev. D - arXiv:1311.5695]

I No events in 100Mo after 34.3 kg·y exposure above 3.2 MeV

I No events in copper and natural tellurium samples after 13.5 kg·y
exposure above 3.1 MeV

I Background-free technique for high energy Q�� isotopes:
48Ca: 4.272 MeV, 150Nd: 3.368 MeV or 96Zr: 3.350 MeV

Mathieu BONGRAND - LAL - NEUTRINO 2014 16 / 28

No events in 100Mo foils 
after 34.3 kg×y > 3.2 MeV

No events in Cu & Te foils 
after 13.5 kg×y > 3.1 MeV

Validation of the 
b a c k g r o u n d 
model

Promising background free technique for high Qββ isotopes
 48Ca (4.272 MeV), 150Nd (3.368 MeV) or 96Zr (3.350 MeV)
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SuperNEMO
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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 sourceBfield

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]
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SuperNEMO: the demonstrator module

38

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 sourceBfield

One SuperNEMO module → 7 kg 82Se running ~2.5 y

• To be installed @ LSM (replacing NEMO-3)

• Match SuperNEMO requirements

Reach NEMO-3 (100Mo) sensitivity in 4.5 months

• Sensitivity:  ⟨mν⟩ ~ 0.20 - 0.40 eV

Schedule:

• Calorimeter & tracker under production

• Installation starting in 2015

• Commissioning & First data by 2016

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

39

• 5’’ and 8” high quantum efficiency PMT directly 
coupled to a scintillator block with optimised 
geometry 

• Energy resolution: 7.2 % FWHM @ 1 MeV

• Electronics, optical modules, shield, 
mechanical structure under production

Assembling optical modules

Calorimeter main wall
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SuperNEMO: the tracker

40

• 2034 Geiger cells in a Rn-tight chamber surrounded by optical modules for veto

• Drift cells under production whit automatic wiring robot

• Tracker assembled in 1/4 @ MSSL (UK) then moved to LSM for integration

• Commissioning of C0 ongoing at sea level, C1 under construction

Geiger cell in C0 Veto optical modules Moving C0

Monday, 23 March 15
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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
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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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SuperNEMO: Radon measurements

43

• The Rn gas in the tracker volume was the dominant background in NEMO-3

• Reduce Rn contamination to 0.15 mBq/m3 

• Control the Radon emanation of the materials 

• Radon purification/absorption with dedicated setup

• Preliminary radon emanation of C0 = 0.236 ± 0.035 mBq/m3 — limit is close!

Rn emanation setup Rn permeability study Rn gas purification setup
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Summary

44

Esher - Ascending and descending (1960)
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Summary & conclusions
• Unique: allowing direct reconstruction of the 2e-

• Full signature of 0νββ events and powerful background rejection

• Background-free technique for high energy Qββ isotopes

• Total 100Mo exposure of 34.3 kg×y shows no event excess

• T0ν1/2 > 1.1×1024 y → ⟨mν⟩ < 0.3 - 0.9 eV @ (90 % C.L.)

• Other isotopes: re-analysis of full statistics ongoing

• Under construction: commissioning by 2016

• Foresee to run for 2.5 years  with 7 kg of 82Se

• T0ν1/2 > 6.5×1024 y → ⟨mν⟩ < 0.20 - 0.40 eV @ (90 % C.L.)

• 20 demonstrator-like modules: 100 kg of 82Se for 5 years 

• T0ν1/2 > 1 ×1026 y → ⟨mν⟩ < 0.04 - 0.10 eV @ (90 % C.L.)

• 48Ca,150Nd or 96Zr are also possible candidates
45

Tracking + Calo. 
technique

Latest NEMO-3 
results

SuperNEMO 
demonstrator

Future:
Full SuperNEMO
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Backup

46

Esher - Ascending and descending (1960)
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Which isotope?

47

Isotope Qββ 
[keV]

Nat. abund. 
(enrich.) [%]

G0ν 
[10-14 y-1](*)

T2ν1/2 
[1019 y] Experiment

48Ca 4270 0.187 (73) 6 4.2+2.1-1.0 NEMO3

76Ge 2039 7.8 (86) 1 150±10 GERDA

82Se 2995 8.7 (97) 3 9.0±0.7 NEMO3

96Zr 3350 2.8 (57) 6 2.0±0.3 NEMO3

100Mo 3034 9.6 (99) 4 0.71±0.04 NEMO3

116Cd 2802 7.5 (93) 5 3.0±0.2 NEMO3

130Te 2527 34.5 (90) 4 70±10 NEMO3

136Xe 2480 8.9 (80) 4 238±14 KamlandZEN

150Nd 3367 5.6 (91) 19 0.78±0.7 NEMO3Iso
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What is the status?

48

Isotope Exposure 
(kg･y)

Half life (1025 y) 
published

mν (eV) 
published

λ (10-6) 
published

η (10-8) 
published

λ’111/f (10-2) 
published

gee (10-5) 
published

100 Mo [1] (NEMO-3) 34.7 0.1 0.33 - 0.87 0.9 - 1.3 0.5 - 0.8 4.4 - 6.0 2 - 5

130 Te [2][3] (CUORICINO) 19.75 0.3 0.31 - 0.71 1.6 - 2.4 0.9 - 5.3 17 - 33

136 Xe [4][5] (KamLAND-Zen) 89.5 1.9 0.14 - 0.34

136 Xe [9] (KamLAND-Zen) 109.4 + 89.5 2.6 0.14 - 0.28

136 Xe [6] (EXO-200) 99.8 1.1 0.19 - 0.45

76 Ge [7][8] (GERDA) 21.6 2.1 0.2 - 0.4 3.4 - 8.7

76 Ge [9] (HdM) 35.5 1.9 0.4 1.1 0.6 8.1

Light Majorana 
neutrino exchange

Right handed 
current

Majoron emissionSUSY: neutralino or 
gluino exchange
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NEMO-3: 2νββ of 100Mo SSD/HSD

If the SSD hypothesis is confirmed 

• 2νββ half-life could be determined from single-
β and electron capture (EC) measurements.

• simplification in the theoretical description of 
the intermediate nucleus

49

S.Torre - Search for Neutrinoless Double-β Decay of 100Mo in the final NEMO-3 dataset - Moriond 2014 27

χ2/ndf = 254 / 42

HSD

5,01 кg.y
E1 + E2 > 2 МeV

•  Real data

Simkovic, 
J. Phys. G, 27, 2233, 2001

Single electron spectrum different 
between SSD and HSD

Esingle (keV)

χ2/ndf = 42,3 / 42

SSD 

5,01 кg.y
E1 + E2 > 2 МeV

•  Real data

Electron energy distribution in 2β2ν decay of 100Mo is in favour of Single State Dominance (SSD)

HSD, higher levels 
contribute to the decay 

SSD, 1+ level 
dominates in the decay
   (Abad et al., 1984, 
   Ann. Fis. A 80, 9)

100Mo

0+
100Tc

1+

0+ 100Ru

SSD/HSD   2νββ (100Mo)If the intermediate nucleus is a Jπ=1+ state, the NME 
could be dominated by GT transitions through this state.

Electron energy distribution in 2νββ 
decay of 100Mo is in favour of SSD
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The ββ 
source fo i l

50
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Foil source design

51

The ββ emitter is shaped in thin foil (150–200 um) mixing 
82Se powder with PVA glue — very fragile!

An embedded mechanical support is necessary to 
provide mechanical strength over the foil length

Different designs of the mechanical support are under 
consideration:

• NEMO-3 like design (ITEP): 82Se+PVA within mylar 
backing film

• New design (LAPP): 82Se+PVA with light nylon 
fabric support

• New design (LAPP): standalone 82Se+PVA foil with 
clean mylar film welded to offer a protective layer

2.5 Designs under consideration 10

Figure 2.2: Schematic lateral view of the MYLAR design.

tulle, the lightest fabric available on the market has been chosen, corre-
sponding to a weight of 0.7 mg/cm2. To our request, the batch of tulle we
obtain was not treated with resins nor paint after waving.
Given the lightness of the tulle sheet with respect to the mylar backing film,

Figure 2.3: Schematic lateral view of the TULLE design.

this design has the advantage to introduce a smaller contamination of 208Tl
and 214Bi which will translate in lower background levels. On the other hand,
the lack of an external protection sheet exposes the foil to the risk of 82Se
losses. This problem could be reduced by increasing the amount of PVA
glue mixed with the 82Se in order to increase the foil strength. An increase
of the foil mass induce an increase of the contamination, nonetheless the
choice of a lighter mechanical support will compensate the increase of PVA.
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Figure 2.2: Schematic lateral view of the MYLAR design.

tulle, the lightest fabric available on the market has been chosen, corre-
sponding to a weight of 0.7 mg/cm2. To our request, the batch of tulle we
obtain was not treated with resins nor paint after waving.
Given the lightness of the tulle sheet with respect to the mylar backing film,

Figure 2.3: Schematic lateral view of the TULLE design.

this design has the advantage to introduce a smaller contamination of 208Tl
and 214Bi which will translate in lower background levels. On the other hand,
the lack of an external protection sheet exposes the foil to the risk of 82Se
losses. This problem could be reduced by increasing the amount of PVA
glue mixed with the 82Se in order to increase the foil strength. An increase
of the foil mass induce an increase of the contamination, nonetheless the
choice of a lighter mechanical support will compensate the increase of PVA.

A. Remoto, D. Duchesneau, J.M. 
Dubois, A. Jeremie, T. Le Noblet
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Foil source production

Where we were last yearWhere we are now

• Foil production protocol is defined. All the tools are 
ready! Improving the technique with practice…

• All materials to be used in foil production have been 
defined. 

• Radio-purity measurements have been performed 
(collaboration with LSM, LAL and LSC - Canfranc)

A. Remoto, D. Duchesneau, J.M. 
Dubois, A. Jeremie, T. Le Noblet
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Exposure: 7 kg x 2.5 y
ββ0ν (T1/2 ~ 4.5 1024 y)
ββ2ν (T1/2 = 9 1019 y)
214Bi (A = 10 uBq/kg)
208Tl (A = 2 uBq/kg)

SuperNEMO Preliminary 

Sensitivity studies

53

• Study ββ0ν sensitivity w.r.t. foil design

• Check the foil design doesn’t alter 
physics performance and results

• Generating signal, background and 
detector response

 0.20 ns±t  = 1.88 
 0.03 MeV±E = 1.03 

 0.15 ns±t  = 1.22 
 0.05 MeV±E = 1.86 

__b
-ea+eothers

Calo hits Vertex on foil

reco'ed e- tracks

T. Le Noblet, A. Remoto 

Chapter 4

Computing SuperNEMO
sensitivity

The study of the sensitivity of an experiment looking for a new phenomena,
allows to estimate its physics case and compare among different compet-
ing experiments. During the designing phase, it is also useful to study the
sensitivity with respect to different detector configurations in order to find
the optimal design.
In order to define the sensitivity to a phenomena not yet observed, we as-
sume the experiment does not observe any signal. In this worse case sce-
nario, we study which portion of the allowed parameter phase space the
experiment can exclude.
In the following sections, different methods to compute SuperNEMO sen-
sitivity are described in details. The sens software package, which imple-
ments each sensitivity computation method, is also described. This section
serves as reference manual for the user. The p.d.fs obtained in the previ-
ous chapter with the IDEAL design are used in the following as example of
sensitivity computation. Here the backgrounds are normalised to 2 µBq/kg
and 10 µBq/kg for the 208Tl and the 214Bi internal background respectively
(i.e. the target radio-purity level of SuperNEMO). The ��2⌫ background is
normalised to 9 ⇥ 10

19 y as measured in NEMO-3 [7]. This configuration is
referred in the text as IDEAL*.

4.1 The R.O.I. method

The sensitivity of a ��0⌫ experimental search is defined as a limit on the
decay half-life:

T

0⌫
1/2 >

N

A

ln 2

W

⇥ ✏ ⇥ M ⇥ T

S(b) (4.1)

17

• ε : Signal selection efficiency

• S(b) : Average upper limit on the number 
of signal events (Feldman & Cousins)
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• Study ββ0ν sensitivity w.r.t. foil design

• Check the foil design doesn’t alter 
physics performance and results

• Generating signal, background and 
detector response

• Optimise R.O.I w.r.t. s/b ratio
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Chapter 4

Computing SuperNEMO
sensitivity

The study of the sensitivity of an experiment looking for a new phenomena,
allows to estimate its physics case and compare among different compet-
ing experiments. During the designing phase, it is also useful to study the
sensitivity with respect to different detector configurations in order to find
the optimal design.
In order to define the sensitivity to a phenomena not yet observed, we as-
sume the experiment does not observe any signal. In this worse case sce-
nario, we study which portion of the allowed parameter phase space the
experiment can exclude.
In the following sections, different methods to compute SuperNEMO sen-
sitivity are described in details. The sens software package, which imple-
ments each sensitivity computation method, is also described. This section
serves as reference manual for the user. The p.d.fs obtained in the previ-
ous chapter with the IDEAL design are used in the following as example of
sensitivity computation. Here the backgrounds are normalised to 2 µBq/kg
and 10 µBq/kg for the 208Tl and the 214Bi internal background respectively
(i.e. the target radio-purity level of SuperNEMO). The ��2⌫ background is
normalised to 9 ⇥ 10

19 y as measured in NEMO-3 [7]. This configuration is
referred in the text as IDEAL*.

4.1 The R.O.I. method

The sensitivity of a ��0⌫ experimental search is defined as a limit on the
decay half-life:
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• ε : Signal selection efficiency

• S(b) : Average upper limit on the number 
of signal events (Feldman & Cousins)
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Chapter 4

Computing SuperNEMO
sensitivity

The study of the sensitivity of an experiment looking for a new phenomena,
allows to estimate its physics case and compare among different compet-
ing experiments. During the designing phase, it is also useful to study the
sensitivity with respect to different detector configurations in order to find
the optimal design.
In order to define the sensitivity to a phenomena not yet observed, we as-
sume the experiment does not observe any signal. In this worse case sce-
nario, we study which portion of the allowed parameter phase space the
experiment can exclude.
In the following sections, different methods to compute SuperNEMO sen-
sitivity are described in details. The sens software package, which imple-
ments each sensitivity computation method, is also described. This section
serves as reference manual for the user. The p.d.fs obtained in the previ-
ous chapter with the IDEAL design are used in the following as example of
sensitivity computation. Here the backgrounds are normalised to 2 µBq/kg
and 10 µBq/kg for the 208Tl and the 214Bi internal background respectively
(i.e. the target radio-purity level of SuperNEMO). The ��2⌫ background is
normalised to 9 ⇥ 10

19 y as measured in NEMO-3 [7]. This configuration is
referred in the text as IDEAL*.

4.1 The R.O.I. method

The sensitivity of a ��0⌫ experimental search is defined as a limit on the
decay half-life:

T
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1/2 >
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S(b) (4.1)

17

• ε : Signal selection efficiency

• S(b) : Average upper limit on the number 
of signal events (Feldman & Cousins)

• Optimise R.O.I w.r.t. s/b ratio

T. Le Noblet, A. Remoto 

• Study ββ0ν sensitivity w.r.t. foil design

• Check the foil design doesn’t alter 
physics performance and results

• Generating signal, background and 
detector response
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Chapter 4

Computing SuperNEMO
sensitivity

The study of the sensitivity of an experiment looking for a new phenomena,
allows to estimate its physics case and compare among different compet-
ing experiments. During the designing phase, it is also useful to study the
sensitivity with respect to different detector configurations in order to find
the optimal design.
In order to define the sensitivity to a phenomena not yet observed, we as-
sume the experiment does not observe any signal. In this worse case sce-
nario, we study which portion of the allowed parameter phase space the
experiment can exclude.
In the following sections, different methods to compute SuperNEMO sen-
sitivity are described in details. The sens software package, which imple-
ments each sensitivity computation method, is also described. This section
serves as reference manual for the user. The p.d.fs obtained in the previ-
ous chapter with the IDEAL design are used in the following as example of
sensitivity computation. Here the backgrounds are normalised to 2 µBq/kg
and 10 µBq/kg for the 208Tl and the 214Bi internal background respectively
(i.e. the target radio-purity level of SuperNEMO). The ��2⌫ background is
normalised to 9 ⇥ 10

19 y as measured in NEMO-3 [7]. This configuration is
referred in the text as IDEAL*.

4.1 The R.O.I. method

The sensitivity of a ��0⌫ experimental search is defined as a limit on the
decay half-life:
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S(b) (4.1)

17

• ε : Signal selection efficiency

• S(b) : Average upper limit on the number 
of signal events (Feldman & Cousins)

• Optimise R.O.I w.r.t. s/b ratio

T. Le Noblet, A. Remoto 

• Study ββ0ν sensitivity w.r.t. foil design

• Check the foil design doesn’t alter 
physics performance and results

• Generating signal, background and 
detector response
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Sensitivity studies

55

• Compare different design of the foil

• Recent radio-purity measurements are 
taken into account

• Currently limited by the PVA glue (x5 
times the limit in 214Bi) 

• PVA purification procedure under R&D

T. Le Noblet, A. Remoto 
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