
Status of SuperNEMO, and analysis of our first data
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SuperNEMO tracks the 
individual particles

• (Almost) isotope agnostic 

• Excellent background rejection

• Nuclear structure effects

• Decays to excited states

• Exotic decay searches

Key to understanding 0νββ 
mechanism if it’s discovered



Cheryl Patrick SuperNEMO 3

The NEMO principle

ββ source


Any solid ββ isotope

β

β

B

β−

β−

Radiochimica Acta, 108 (2020) 11



Cheryl Patrick SuperNEMO 4
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The NEMO principle

High-granularity

tracker

Segmented 

calorimeter

ββ source


B

β−

β−

E1

E2

Individual energies

& times

discrimination between ββ  
mechanisms and nuclear effects;

background rejection

Angle between tracks 
+ particle / charge ID + =

PMT-plus-scintillator

optical modules

Nucl.Inst.Meth. A 868 98-108 (2017)
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SuperNEMO and NEMO-3 at LSM, Modane, France

4800 m.w.e.

~100 collaborators from 9 countries https://supernemo.org

https://supernemo.org
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Our predecessor: NEMO-3 (running 2003-2011)

7

2νββ measurements and 0νββ limit

• 100Mo (Eur. Phys. J. C (2019) 79: 440)

• 82Se (Eur. Phys. J. C (2018) 78: 821)

• 48Ca (Phys. Rev. D 93 (2016), 112008) 

• 150Nd (Phys. Rev. D 94 (2016), 072003)

• 116Cd (Phys. Rev. D 95 (2017), 012007)

• 130Te (Phys. Rev. Lett. 107 (2011), 062504)

• 96Zr (Nucl.Phys.A847 (2010):168-179)

Phys. Rev. Lett. 119, 041801

New-physics searches

0

0.2

0.4

0.6

0.8

1

0 0.5 1 1.5 2 2.5 3 3.5

T (MeV)

d
N

/d
T

 (
a
.u

.)

2νββ

0νM2

0νM3

0νM7

2ν-LIV
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• 0ν4β limit for 150Nd

• Lorentz-invariance violation

• Exotic decay modes Eur. Phys. J. C (2019) 79: 440


• Time invariance with 2νββ  
Phys. Rev. C 104, L061601 (2021)

2m

3m

Bfield = 25 G
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The power of topological reconstruction with 2νββ at NEMO-3

Higher-state 
dominated

Single-state 
dominated

• 100Mo flagship measurement

• 5 x 105 events; signal / bkgd  ~ 80

• SSD preferred with 5σ significance

(Eur. Phys. J. C (2019) 79: 440)
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150Nd decays to excited states at NEMO-3

150
61Pm

150
60Nd

0+

0+1 740 keV

406 keV

334 keV

2+1 334 keV

150
62Sm

0+g.s.

��

Q��=3371 keV

1

arXiv:2203.03356 [nucl-ex] - to be submitted to Eur Phys J C

Previously: NEMO-3 measured decays to ground state

Phys. Rev. D 94 (2016), 072003

36.6g 150Nd, 5.25-year run time

https://arxiv.org/abs/2203.03356
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150Nd decays to excited states at NEMO-3
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arXiv:2203.03356 [nucl-ex] - to be submitted to Eur Phys J C

36.6g 150Nd, 5.25-year run time

NEW!

World’s-first observation, 
using eeγ and eeγγ data Signal

BDT inputs: e- & γ energies and angles
<latexit sha1_base64="c+rDgh3rAKLHNCFL7MAqgFcLw/I="></latexit>

T 2⌫��
1/2 (0+1 ) =

h
1.11+0.19

�0.14 (stat)+0.17
�0.15 (syst)

i
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ee

γ

γ

https://arxiv.org/abs/2203.03356
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150Nd decays to excited states at NEMO-3

150
61Pm

150
60Nd

0+

0+1 740 keV

406 keV

334 keV

2+1 334 keV

150
62Sm

0+g.s.

��

Q��=3371 keV

1

arXiv:2203.03356 [nucl-ex] - to be submitted to Eur Phys J C

36.6g 150Nd, 5.25-year run time

World’s-best limit set (below 
theoretical prediction)

<latexit sha1_base64="ObzW6FR2O/l4ndhSqWA3Ny8oMhc="></latexit>

T 2⌫��
1/2 (2+1 ) > 2.42⇥ 1020 yr (90% C.L.)

Plus new limits on 0νββ to excited statesNEW!

World’s-first observation, 
using eeγ and eeγγ data Signal

BDT inputs: e- & γ energies and angles
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150Nd decays to excited states at NEMO-3
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36.6g 150Nd, 5.25-year run time

World’s-best limit set (below 
theoretical prediction)
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1/2 (2+1 ) > 2.42⇥ 1020 yr (90% C.L.)

Plus new limits on 0νββ to excited statesNEW!

World’s-first observation, 
using eeγ and eeγγ data Signal

BDT inputs: e- & γ energies and angles
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The NEMO technique can give unique insights -

but how can we scale to be ready for 0νββ discovery?

https://arxiv.org/abs/2203.03356
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Modular design to test scalability

10

SuperNEMO Demonstrator (now at LSM)

Figure 3: Expanded diagram of the Demonstrator Module showing the a) 
source foil frame, b) the tracker and c) the calorimeter wall

c cb ba
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Modular design to test scalability

10

SuperNEMO Demonstrator (now at LSM)

Figure 3: Expanded diagram of the Demonstrator Module showing the a) 
source foil frame, b) the tracker and c) the calorimeter wall

c cb ba

82Se source foil 
(6.11kg, Qββ ~ 3 MeV)

96-99% isotope

Various geometries & production 
methods being tested
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Modular design to test scalability

10

SuperNEMO Demonstrator (now at LSM)

Figure 3: Expanded diagram of the Demonstrator Module showing the a) 
source foil frame, b) the tracker and c) the calorimeter wall

c cb ba

Tracker (total 
2034 Geiger cells) Tracker

82Se source foil 
(6.11kg, Qββ ~ 3 MeV)

He/ethanol/Ar gas mix
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Modular design to test scalability

10

SuperNEMO Demonstrator (now at LSM)

Figure 3: Expanded diagram of the Demonstrator Module showing the a) 
source foil frame, b) the tracker and c) the calorimeter wall

c cb ba

Tracker (total 
2034 Geiger cells) Tracker

82Se source foil 
(6.11kg, Qββ ~ 3 MeV)

Calorimeter

(total 712 
optical 
modules)

Calorimeter

More

Calorimetry

σ/E 1.8% 
at 3 MeV
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SuperNEMO Demonstrator (now at LSM)

Figure 3: Expanded diagram of the Demonstrator Module showing the a) 
source foil frame, b) the tracker and c) the calorimeter wall
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Sensitive to 0νββ T1/2 > 4 x 1024 years 

〈mββ〉<  260-500 meV  (in 2.5 years)

Sensitive to gA quenching, Lorentz violation, 
exotic ββ mechanisms… via 2νββ

Projected background events  
< 10−4 per keV.kg.yr

Modular design to test scalability

10

SuperNEMO Demonstrator (now at LSM)

Figure 3: Expanded diagram of the Demonstrator Module showing the a) 
source foil frame, b) the tracker and c) the calorimeter wall

c cb ba

Shielding

Tracker (total 
2034 Geiger cells) Tracker

82Se source foil 
(6.11kg, Qββ ~ 3 MeV)

Calorimeter

(total 712 
optical 
modules)

Calorimeter

More

Calorimetry

Magnetic

field
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Ultra-low backgrounds with SuperNEMO

Rocks!

U238
92

4.5 Gy

Uranium ThoriumTh232
90

1010

Years
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Ultra-low backgrounds with SuperNEMO

Rocks!

Rn222
86

3.82d

Rn220
86

55 

SecondsRadon gas
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Ultra-low backgrounds with SuperNEMO

Rocks!

Bi214
83
19.9 min

Po214
84
164.3 µs

β-
α

Pb210
82
22.2 yrs

Qβ = 3.3 MeV

Tl208
81

3.1

Minutes

Pb208
82
Stable

Qβ = 5.0 MeV

2.6 MeV γ 

β-

(Reminder: Qββ = 3.0 MeV)
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Ultra-low backgrounds with SuperNEMO

Rocks!

Bi214
83
19.9 min

Po214
84
164.3 µs

β-
α

Pb210
82
22.2 yrs

Qβ = 3.3 MeV

Tl208
81

3.1

Minutes

Pb208
82
Stable

Qβ = 5.0 MeV

2.6 MeV γ 

β-

(Reminder: Qββ = 3.0 MeV)

SuperNEMO’s particle ID & 
timing enable unique 
background rejection
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Protecting against backgrounds

Tracker at over-pressure

SuperNEMO gas system controls tracker 
gas mixture:

• 95% helium - low density

• 4% ethanol - quencher

• 1% argon - low ionisation potential

Radon trap cleans the gas
In progress - helium recycling system
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Protecting against backgrounds

Anti-radon tent

Tracker at over-pressure

• Plastic panels on metal frame

• Patch panel for cables ( >7000 channels!)

• To be filled with radon-reduced air
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Protecting against backgrounds

Gamma shielding

Anti-radon tent

Tracker at over-pressure

Neutron shielding

• 243 50cm-thick water-filled 
polyethylene tanks


• 20cm PE plates (top, 
bottom and end)


• All now at LSM

Iron shielding support structure installation

3 / 9

• 18cm-thick iron plates currently being machined

• Support structure being installed now

3.0 (no shield) → 0.016 (Fe 
shield) γ events/yr in  0νββ ROI
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Full detector operational and taking background & calibration data!

• 99% of tracker channels live!

• Track and event reconstruction
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Preliminary radon background measurement

Bi
214

Po
214

β-

α

Pb210

T½ ~ 160µs

electron (long track)

alpha (short track)

(Higher-statistics measurement underway with radon source)

Preliminary tracker activity: 6 ± 2  mBq/m3

• Lower than NEMO-3 phase 1; comparable to phase 2 NIM A 606, Issue 3 449-465 

• Anti-radon tent/radon-free air will reduce greatly

• Gas flow rate lower than nominal

• Target: 0.15 mBq/m3

SuperNEMO

Preliminary

Introduction Analysis Activities

e≠ event identification
at least one Optical Module (OM) with High Threshold
at least one Geiger cell hit "close" to an OM
OM and Geiger cells time correlated (≠0.5 µs < �t < 50 µs)

Main-Wall

X-Wall

9 / 30

Introduction Analysis Activities

– event identification

no calorimeter hit
cluster of neighbourg cells (�column Æ 1 and �layer Æ 1)
a short track (between 2 and 12 Geiger cells)

10 / 30

Introduction Analysis Activities

– event identification

no calorimeter hit
cluster of neighbourg cells (�column Æ 1 and �layer Æ 1)
a short track (between 2 and 12 Geiger cells)

10 / 30

Measured T½ = (136 ± 30)  µs

(consistent with 

T½ (214Po) = 164 µs )

47 hours of 
data (575 
candidates)

POST
ER

Delay between e- and α (µs)

Ev
en

ts
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Calibration and commissioning with 207Bi sources

42 207Bi electron sources can be 
automatically deployed between the 
source foils for energy calibration

JINST 16 (2021) T07012
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Calibration and commissioning

Tracker occupancy with 207Bi sources deployed

LI calibration system

RUN 994 - Mean LI pulse start time (ns)     *** BEFORE *** post trigger tuning

0 100 200 300 400
Time (ns)

3460

3480

3500

3520

3540

3560

A
D

C

st
ar

t 
ti

m
e

5" PMT of reference OM XW2 was replaced (high trigger rate at low amplitude)
241Am alpha sources installed on MW2, XW1 and XW2 (already done on MW1)
post-trigger was tuned for each pair of channel to account for length of fibers and signal cables

LI sequence v1: – 4 intensities (all OMs have at least 1 run @ 3MeV) x 2 sides
– 1500 flashes / intensity (h error on mean)
– flash rate @ 30 Hz + 5 sec pause between each step ∆ 8 min / sequence

40 / 53

LI timing calibration corrects for 
cable lengths

Tracking, time and energy 
calibration with 207Bi 
electrons SuperNEMO is now in continuous data-taking mode!

02/07/23 COLLABORATION MEETING | TOMÁŠ KŘIŽÁK 27

(reconstruction from Maximum Likelihood Method)

Tracker status: operation with di�erent ethanol fraction

4.0 %3.5 % 4.5 %

Anodic plateau

3.5/4.0/4.5 % ethanol fraction were tested by changing FG thermal bath to 10/12/14 degrees
∆ plateau moving to the left (right) with lower (higher) ethanol fraction

∆ plasma fully developed/propagated with HV Ø 1525/1600/1650V for 3.5/4.0/4.5 %
∆ plasma propagation faster with less ethanol for same HV

24 / 53

Tuning voltages, thresholds and 
gas composition to optimise 

performance

SuperNEMO

Preliminary

207Bi calibration system

RUN XXXX (207Bi) // ANODE R0 RATE (A.U.)

regular deployement done, always smooth operation and fine with tracker HV on

two special runs taking during deployement (run 1003) and removal (run 1007)
∆ results this week: energy calibration+resolution (Xalbat), time calibration (Yegor), tracking (Tomáö), ...
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SuperNEMO for nuclear effects with 2νββ 

HSD: 
χ2/ndf = 35.32/16

SSD: 
χ2/ndf = 12.34/16

NEMO-3 : 3σ  preference for SSD decays in 82Se

Various excited states Mostly ground state

Quenching of axial coupling gA 

Eur. Phys. J. C (2018) 78: 821 Phys Rev Lett 122, 192501 (2019)

Nuclear models → lines or 
points in plane

82Se

82Kr

82Br

SuperNEMO : 5σ SSD/HSD sensitivity in < 2.5 years SuperNEMO’s individual e- spectrum is more 
sensitive to gA

Excluding areas can

• rule out nuclear models

• constrain gA quenching in 

heavy nuclei
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SuperNEMO for nuclear effects with 2νββ 

HSD: 
χ2/ndf = 35.32/16

SSD: 
χ2/ndf = 12.34/16

NEMO-3 : 3σ  preference for SSD decays in 82Se

Various excited states Mostly ground state

Quenching of axial coupling gA 

Eur. Phys. J. C (2018) 78: 821 Phys Rev Lett 122, 192501 (2019)

Nuclear models → lines or 
points in plane

82Se

82Kr

82Br

SuperNEMO : 5σ SSD/HSD sensitivity in < 2.5 years SuperNEMO’s individual e- spectrum is more 
sensitive to gA

Excluding areas can

• rule out nuclear models

• constrain gA quenching in 

heavy nucleiTopological reconstruction makes 
SuperNEMO the best technology for 

reducing nuclear uncertainties in ββ decay
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SuperNEMO physics - looking for new physics with 2νββ

Precision 2νββ measurements can reveal 
BSM effects…

E1

E2
e-

e-

• Lorentz-invariance violation

• Exotic 0νββ mechanisms

• Scalar currents

• Right-handed neutrinos (see right)

θ SM
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Standard-
model 2νββ

New physics

Phys. Rev. Lett. 125, 171801 (2020)
Electron energy and angular correlation

If  0νββ is discovered, a SuperNEMO-style 
topological detector will be key to 

understanding the mechanism.
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The NEMO technique:

• Is (nearly) isotope-agnostic

• Gives full topological reconstruction and particle ID

• Can make unique 2νββ measurements:


• nuclear effects 

• exotic decays & new physics


• Could probe 0νββ mechanism if discovered
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The NEMO technique:

• Is (nearly) isotope-agnostic

• Gives full topological reconstruction and particle ID

• Can make unique 2νββ measurements:


• nuclear effects 

• exotic decays & new physics


• Could probe 0νββ mechanism if discovered

• A proof of concept for future detectors

• In continuous data-taking mode

• Making first preliminary background 

measurements

• Undergoing shielding installation

• Excited for first ββ data in the coming 

months, and world-leading 
measurements!

Iron shielding support structure installation
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SuperNEMO Demonstrator is:



Backup slides
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NEMO-3 (running 2003-2011)

23
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How the tracker works

High-granularity

tracker

ββ source


B

β−

β−

e- drift: radial 
distance

Plasma 
propagation 

- vertical 
position

~2000 cells


