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9 countries, 21 Laboratories

SuperNEMO

(A,Z)  → (A, Z+2)  + 2e- +  2ne    (+  J ?,γ )
_

Neutrinoless double beta decay search

• Lepton number violation
• Majorana neutrino
• Informations on n mass & new physics parameters
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9 countries, 21 Laboratories

1st Calorimeter

1st Tracker 2d Tracker

2b sources 2d Calorimeter

SuperNEMO
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SuperNEMO Technique

B field

Individual Energy
TOF

Charged particle
Trajectory

Decay
Vertex

Individual Energy
TOF

Charged particle
Trajectory

ü Identification of particules (e±, 𝛾, 𝛼)

ü kinematics :  Eind, q, time of flight

ü Source ¹ detector
Almost

all isotopes

Topology
of events Ø « Golden event » 2e

Ø Background modelisation
Ø 2b0n Mechanisms
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ÇNeutrinoless double beta decayÈ Erik Minter , USA

Exciting, Beautiful… but what is it ? 

2β0! decay & SuperNEMO
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ÇNeutrinoless double beta decayÈ Erik Minter , USA

New Physics paradigm
Impossible today to predict which 2β0ν mechanism is beyond this new physics

2β0! decay & SuperNEMO
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2β0! decay & SuperNEMO
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Most « simple » mechanism: reference for all experiment sensitivities
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Light Neutrino V-A

Parameter εProcess i

SUSY Rp
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Majoron J
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2β0! decay & SuperNEMO

Excited states
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Light Neutrino V-A
Parameter εProcess i
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2β0! decay & SuperNEMO
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2β0! decay & SuperNEMO
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2β0! decay & SuperNEMO
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TPC Gas

Tracko-calo

LS
HPGe
Bolometers
Cristals
Liquide TPC

GERDA, LEGEND
CANDLES

AURORA

CUPID-Mo
SuperNEMO

NEXT
KamLAND-Zen

AMoRE
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SuperNEMO: unique approach

2β0! decay & SuperNEMO
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration system

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration systems

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding

! 6.3 kg of 82 Se
! 34 foils

! 250 µm thick

2.7m
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration systems

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding

712 Optical 

modules

Installed

& commissioned

Ambiant # measurement
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration systems

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding

Cell diameter: 44mm

<1% dead cells

2034 cells
14970 wires! 40 - 50 µm

Installed
& commissioned
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration systems

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding

Top of SuperNEMO
Bi source vessels

!"# Bi source on 
deployment wires

Automatic source 
deployment

+LED system

Installed& commissioned
Top tracker view – 4 deplyments of !#&Bi sources
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration systems

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding

Installed
& commissionned

Top view of a )*+,-.',./0'.1.2/'302)4)0/.' with 2/3 tracker and calorimeter ON
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration systems

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding

Anti-Rn tent
Objective Rn < 0.15 mBq/m'

Installed

Coil
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SuperNEMO status

Many steps since 2018

Calorimeter

2b source foils

Tracker

Calibration systems

Acquisition & Trigger

Magnetic coil

Anti-Rn tent

Gamma shielding

Neutron shielding

SuperNEMO

Gamma
shielding

Neutron
shielding

~ 25 m 3 water:

Ordered soon

~ 15 m 3 PE:

Delivred at LSM

261 tons FeOrdered
(in China)Delivery: Jan 2023
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SuperNEMO status
!"#$%&'() *+,!(

video
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SuperNEMO demonstrator: near future

! Few final tracker commissioning runs
Oct 2022

Nov

Dec

Jan 2023

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan  2024
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SuperNEMO demonstrator: near future

! Few final tracker commissioning runs

! Anti-Rn
1. Background study wo Rn-free air
2. LSM Anti-Rn factory ON : Jan 2023 ?
3. Background study w Rn-free air

Oct 2022

Nov

Dec

Jan 2023

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan  2024

Electron           

Delayed alpha

Already started
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SuperNEMO demonstrator: near future

! Few final tracker commissioning runs

! Anti-Rn
1. Background study wo Rn-free air
2. LSM Anti-Rn factory ON : Jan 2023 ?
3. Background study w Rn-free air

! Gamma shield
1. Installation: 4 months
2. Background study wo/w: > 3 months

Oct 2022

Nov

Dec

Jan 2023

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan  2024

Gamma shield
installation
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SuperNEMO demonstrator: near future

! Few final tracker commissioning runs

! Anti-Rn
1. Background study wo Rn-free air
2. LSM Anti-Rn factory ON : Jan 2023 ?
3. Background study w Rn-free air

! Gamma shield
1. Installation: 4 months
2. Background study wo/w: > 3 months

! Neutron shield
1. Installation: 2 months
2. Background study wo/w: > 3 months

Oct 2022

Nov

Dec

Jan 2023

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan  2024

Neutron shield
installation

Gamma shield
installation
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SuperNEMO demonstrator: near future

! Few final tracker commissioning runs

! Anti-Rn
1. Background study wo Rn-free air
2. LSM Anti-Rn factory ON : Jan 2023 ?
3. Background study w Rn-free air

! Gamma shield
1. Installation: 4 months
2. Background study wo/w: > 3 months

! Neutron shield
1. Installation: 2 months
2. Background study wo/w: > 3 months

! Double beta decay
3 years ! (2.5 effective)

Oct 2022

Nov

Dec

Jan 2023

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan  2024

Neutron shield
installation

Gamma shield
installation

Dec 2026
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SuperNEMO demonstrator: near future

! Few final tracker commissionning runs

! Anti-Rn
1. Background study wo Rn-free air
2. LSM Anti-Rn factory ON : Jan 2023 ?
3. Background study w Rn-free air

! Gamma shield
1. Installation: 4 months
2. Background study wo/w : 3 months

! Neutron shield
1. Installation: 2 months
2. Background study wo/w : 3 months

! Double beta decay
3 years ! (2.5 effective)

Oct 2022

Nov

Dec

Jan 2023

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Jan  2024

Neutron shield
installation

Gamma shield
installation

Dec 2026

! 2b0n: various new physics process investigation
Best sensitivity on 82Se  T1/2 > 7.5 1024 y 

! 2b2n: standard & exotic physics (bosonic neutrino…)

! Nuclear constraints from 2b2n : NME, SSD, HSD , gA
gA constraints from electron energy spectra
only limits from ZamLAND-Zen. 
Possible measurement with SuperNEMO ! 
Thanks to $%#&'&#"()energy + favorable isotope (Se)
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SuperNEMO demonstrator: and after ?

SuperNEMO collaboration strategy:

Ø Not going beyond the demonstrator for New Physics exploration

But:

Ø Provide a technical roadmap for possible larger tracko-calorimeter detector
From the demonstrator results
& Including new more compact  geometry, new calorimeter idea

Ø Necessary technique in case of New Physics indication
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FINAL WORDS on SuperNEMO demonstrator

• Phase 0: Assembly and commissioning of all sub-detector parts are done

• Phase 1: Background studies started
- Ambiant gamma without shieldings
- Radon w/wo Rn-free air
- Gamma w/wo shield
- Neutron w/wo shield

• Phase 2: Double beta decay running: 2024-2025-2026

Demonstrator sensitive to various New Physics double beta processes & nuclear inputs
Limitations exist for larger experiment

but Unique technique to identify new Physics mechanisms
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