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Neutrinoless Double Beta Decay: A Hypothetical Radioactive Process 0= W e @

Two neutrino double beta decay Zero neutrino double beta decay
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Observed for 12 isotopes Forbidden by the Standard Model

Not observed

T0v1/2> 1024 - 1028
ovpBp »  Proves Majorana nature of vs —> + CP violation - leptogenesis

MATTER CREATION
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Ovpp Signal Detection: Requisites (Other than Actually Existing...) Jo- wc“b unverste @
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SuperNEMO: Tracker-Calorimeter Detection Principle o= Wl e @
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6.23 kg 82Se
Qpe = 2.998 MeV
NEMO-3: T1,? = 9.4 x 10y

!
{

3D reconstruction of charged
particle tracks

Measure individual particle energies
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Exposure 17.5 kg.y

Ultra low Background T >4*10%y
-4 1/2
< 10 events/keVikg.yr <m,> < (260 - 500) meV (90% CL)
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Where is SuperNEMO?

At LSM
>

Under Frejus Mountain

Inside a clean tent
>

~ 4800 m.w.e
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Tracker modules

SuperNEMO: The Missing Picture

Bp module
2.9 m Calorimeter walls
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SuperNEMO: Searching and Setting Constraints o= Wl ot @

OvBp Search —» Double beta decay mechanisms (Light Majorana neutrino,
right handed currents, ...)

Single energy spectrum
+

Angular distribution

AN

2vBp Study »  Quenching of axial-vector coupling constant (ga)
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< Higher State Dominance & Single State Dominance
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« Exotic Decays (Majoron (n = 2, 3, 7), Lorentz violation
and Bosonic neutrino)
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The Calorimeter o= WG e @

5" PMTs
. AV
712 Optical 2
Modules 770 8% FWHM at 1 MeV
8" PMTs

< 400 ps for electrons @ 1 MeV
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The Tracker o= Wl weed @
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2034 drift cells operating in Geiger mode
\
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3D reconstruction of charged patrticle tracks (u*, e*, a)

First tracks observed in summer 2021
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Detector Commissioning and Calibration

Malak HOBALLAH , Jul 15, 2022 1



n events

Energy Calibration: First Approach Method — Background Fitting

Optical corrections were taken
into account:

10° 5 Non-Linear Effects with Energy:
L - Birks Effect
B - Cherenkov Effect

107

Geometrical Corrections:

T III[IIII

- Interaction point
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30 40 50 60 70 80 90 100
charge (u.a)

;;;;;;;;; °
Iré
Laby

nnnnnnnnnnnnnnnnn

Ciob  unversité %
otAle'le PARIS-SACLAY

— Obtain amplitude gain that will be used to adjust HV for each PM
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No shielding installed yet ; Tracker was not commissioned 12



uuuuuuuuu

Energy Calibration: Intended Method — To be Done Jo=R '."J,.C.%ab et

Upper view of the tracker hits with the sources deployed

207Bj sources that can be automatically deployed ALy June 2022
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Time Characterization of Optical Modules Using Ys o= Wl ot

Calorimeter Wall

Coincidences in One Optical Module

Count
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Time calibration

Malak HOBALLAH , Jul 15, 2022 No shielding installed yet ; Tracker was not commissioned
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Time Resolution of Optical Modules Using Ys

o: (Y @ 1 MeV )= 0.614 + 0.002 (stat) + 0.064 (sys) [ns]
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Time Calibration of Optical Modules Using Ys o= Wl meste
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Time Calibration of Optical Modules: Confirmation of Results

No time calibration applied

run 553 — time scheme of a passing muon

time scheme of a passing muon
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Time Calibration of Optical Modules: Confirmation of Results W)Cuab yersté
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The Tracker: A High Granularity Wire Drift Chamber
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Tracker Cells Gain Optimization
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Tracker Cells Plasma Drift Time
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Charged Particle Track Reconstruction

Calorimeter hits —

Tracker: Full reconstruction of
particle tracks

Calorimeter: Measuring of single
energy and time of interaction
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SuperNEMO: Constraining the Quenching Value of ga 0= Wl wese

hysique

2VBP processes: Describes energy & momentum

=
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ga Quenching : SSD and HSD — Two Nuclear Models
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HSD and SSD; 82Se : Difference in Energy Distributions o= ?!%gab yeste @

Lab

Single State Dominance  Go+ G. contribution Need large stats and precise measurements
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SuperNEMO to Constrain ga o= ',W,.C&ab et @

S 10l Previous NEMO-3 results favor the SSD case
L Eur. Phys. J. C (2018) 78:821
= Cupid-0 disfavored HSD at 5.5 0
- DOI: 10.1103/PhysRevLett.123.262501
0.8— BN
- g
B Y~
06— —~ .
04 -~ QRPA (CD-Bonn) —8— Shell Model ( GCN&
—f;;SD = 0.373 —a— Shell Model (Jun)‘1
02 —— QRPA (Argonne) Shell Model (J) b | | SUpGI‘NEMO has the tephnology
0 001 002 003 004 005 006 007 008 009 0.1 and ab'l_'ty to set constraints on the
N\ Mars quenching value of g and exclude

nuclear models !

Different interactions between nucleons
QRPA and SSD calculations by Fedor Simkovic

Shell Model calculations by Javier Menendez
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In Summary ...

@ s a unique tracker-calorimeter detector for 2v and Ov double beta studies; using 8Se

© Demonstrator is in the commissioning phase: ¥ Calorimeter fully calibrated and studied

SuperNEMO

V Tracker commissioned and data are being analyzed

@ Can constrain the quenched axial-vector coupling constant value

@ Can exclude nuclear models describing the decay process

Malak HOBALLAH , Jul 15, 2022

Complete demonstrator in spring 2023 !
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