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@ SuperNEMO double beta decay experiment

collaboration

\/Unique tracker/calorimeter approach
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1. free choice of solid
2. Tracker: charged particles’ trajectory
3. Calorimeter : particle’s individual energy and time of flight
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@ SuperNEMO double beta decay experiment

\/Unique tracker/calorimeter approach
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| 1. free choice of solid
2. Tracker: charged particles’ trajectory
3. Calorimeter : particle’s individual energy and time of flight

Full topology of the decay
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@ New Physics with SuperNEMO

collaboration

\/OVBB mechanism discrimination
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V-A current V+A current Majoron emission

Mechanisms distinguishable by:
- € individual energy
- € angular distribution

SuperNEMO is the only experiment able to study these mechanisms!

R. Arnold et al. “Probing New Physics Models of Neutrinoless Double Beta Decay with SuperNEMO” [Eur. Phys. J. C70:927-943, 2010]
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collaboration
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@ New Physics with SuperNEMO

collaboration

——

NEMO-3 : 3o preference for SSD decays in 82Se
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SuperNEMO : 56 SSD/HSD sensitivity in < 2.5 years SuperNEMO's individual & spectrum is more

Eur. Phys. J. C (2018) 78: 821
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=@ SuperNEMO demonstrator

collaboration

Demonstrator construction is currently being finalised

Demonstrator objectives:
- Proof of of a large-scale detector.

- Precision measurement of the
- Background-free experiment in the ROI for Ovpf3

ICHEP 2024
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34 82ge foils, i.e 6.11 kg ( 90-99% enriched)
High Qg = 2.998 MeV
High T?. = 9.4 10'° years
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collaboration

2034 cells (14970 wires) in Geiger mode (99% working)
Helium based ionisable gas mixture
3D track reconstruction
-t (0-10 ps) — radial distance (X,Y)
(0-80 ps) — longitudinal distance (2)

anodic
tcathodic

Xalbat Aguerre ICHEP 2024 8
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collaboration

Real data 3D track reconstruction

2034 cells (14970 wires) in Geiger mode (99% working)
Helium based ionisable gas mixture
3D track reconstruction

-t (0-10 ps) — radial distance (X,Y)

(0-80 ps) — longitudinal distance (2)

anodic
tcathodic
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@ Calorimeter

collaboration

712 Optical Modules (scintillator + photomultiplier)

8” optical module

Time resolution < 400 ps for e at 1 MeV

One of the calorimeter walls prior to the detector’s closure Article in preparatlon

Xalbat Aguerre ICHEP 2024 9
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@ Particle identification

collaboration

: no track, only calo hit

o : short track, no calo hit

e : track and calo hit
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@ Particle identification

collaboration

: no track, only calo hit
4_8_ a : short track, no calo hit
A\
l a e : track and calo hit
g P Y
()] s o
E 2 =1
S S - s
S 3 0]
(7]
Crossing electron distinguishable by time of flight
Wire chamber Wire chamber
ICHEP 2024 10

Xalbat Aguerre




supernemo

@ Particle identification

collaboration

: no track, only calo hit
4_8_ a : short track, no calo hit
A\
l a e : track and calo hit
o P %
()] s o
E 2 =1
S S - =
S 3 0]
(7]
Golden BB event
Wire chamber Wire chamber
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@ Particle identification

collaboration

\/Magnetic field can identify pair production background

: no track, only calo hit

o : short track, no calo hit

e and e’ : track and calo hit, distinction by magnetic
field

Calorimeter
Source foils
lajawiioe)

| | e_
e é §%%% ;. Golden BB event
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Wire chamber Wire chamber
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@ Ultra-low background experiment

collaboration

" Modane Underground Laboratory (LSM)
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@ Ultra-low background experiment

collaboration

\_/Radon

238 chain

" O 22v background
3
l © 2p0vbackground

““Rn Rn
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o= Ultra-low background experiment

ooooooooooooo

" Radon %

SuperNEMO goal: <150 uBg-m3
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o= Ultra-low background experiment

" Radon %

SuperNEMO goal: <150 uBg-m3

First Radon measurement : 10-15 mBg-m™
(without any anti-Rn technique)
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@ Ultra-low background experiment

collaboration

" Radon 9

SuperNEMO goal: <150 uBg-m3
-> Tracker gas cleaning (J-trap)

First Radon measurement : 10-15 mBg-m™ e Rn capture by charcoal
(without any anti-Rn technique)
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= pre-cooling the gas

= Carture traces of vapours

J-Trap 2

. T e
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Ate o [us] = Radon capture
- Need very pure gaz
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o= Ultra-low background experiment

" Radon %

SuperNEMO goal: <150 uBg-m3

First Radon measurement : 10-15 mBg-m™ ( w

(without any anti-Rn technique) 2 )
180; ’ |

-> Tracker gas cleaning (J-trap)
-> Gas flux control: He recycling
e Bigger flux for less Rn
e He purification and reinsertion
e Installation ongoing
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o= Ultra-low background experiment

\_/Radon 2

SuperNEMO goal: <150 uBg-m3
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@ Ultra-low background experiment

collaboration

" Gamma shielding for ambient background
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232Th chain

O 2p2v background
© 2p0v background

Gammas naturally generated by lab’s rock wall
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o= Ultra-low background experiment

" Gamma shielding for ambient background

18 cm width iron shielding (320 tonnes of iron)
Installation ongoing
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@ Ultra-low background experiment

collaboration

" Neutron shielding

neutron o ° B-particle
W

Neutron Radioactive
capture ‘ v, decay
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Neutron capture can produce gamma radiation, especially on iron
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@ Ultra-low background experiment

collaboration

" Neutron shielding

e 243 50 cm-thick water-filled polyethylene tanks
e 24 cm-thick PE plates
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Neutron capture can produce gamma radiation, especially on iron / i

Water block
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collaboration

Taking calibration and background data -
99% of tracker & 98% of calorimeter
channels live!

RUN 1011 / TRIGGER 3210833

T e e e [ [ [ Install helium

recycling
- system

\ 4 \4

1

Install neutron

P e BB data taking
shielding (iron) (water /
currently being polyethylene)
installed
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Preparation for data-taking

collaboration

Real data track fitting

Simulated SuperNEMO background; 17.5 kg.yr
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Background estimation
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@ Conclusion

collaboration

——

SuperNEMO is a unique Ov[3 tracker/calorimeter experiment:
= Full kinematics of the decay
= Study of new physics only possible for SuperNEMO

Demonstrator currently being finalised:
=> Source foils, calorimeter and tracker ready
=> Gamma and neutron shielding and anti-radon system currently being installed
=> Analysis tools in preparation
=> Background analysis ongoing
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