supernema?o

o=

collaboration

Calibration systems
of the SuperNEMO demonstrator experiment

IRN Neutrino, 06/13/2025

° LP2i

Granjon Mathis




« SuperNEMO experiment demonstrator

. Absolute calibration: ?°’Bi radioactive sources

 Relative calibration: LED injection
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« SuperNEMO experiment demonstrator
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' Unique detector in the world looking for neutrinoless
| double beta decay with particle tracks
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3D Track reconstruction : S\ A Plasma propadation A/
Top view of a Geiger Side view of a Geiger cell
« Using drift cells in Geiger mode cell (x,y) plane (y,z) plane
+ Track reconstruction is Purpose of the algorithm: link circles to find the e- trajectory
necessary for electrons
« Assumption: Straight e- tracks = Geiger cell

radius computed

electron track
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Exemple of events in SuperNEMO

Algorithm improvement:
detecting tracks with scattering

Geiger  s2g4 foil Geiger s2g4 foil
cells cells
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Two methods to follow gain variation

Absolute calibration: Relative calibration:
radioactive source *YBi LED injection
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Two methods to follow gain variation

Absolute calibration: | Relative calibration:
radioactive source *’Bi LED injection
Method characteristics: Method characteristics:
- Precise - Short (2 min)
- Absolute - Daily
- Long (6 hours) - Relative

My work: verify that the relative and the absolute
calibration methods are comparable within a percent!
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. Absolute calibration: ?°’Bi radioactive sources
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Theoretical spectra of ’Bi sources Bismuth deployment system
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““’Bi absolute calibration system

My work:
- Reconstruct e- data with the new track algorithm
- Create an e- selection
. Automate the fit based on theoretical branching ratio of *°’Bi e-

» Sort behaviour of Optical Modules for the SuperNEMO collaboration
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““’Bi absolute calibration system

= Geiger cell

Q = radius compute

— = electron track

My work:

- Reconstruct e- data with the new track algorithm
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Extrapolated vertices of e- tracks on the ®*Se source plane
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« Create an e- selection Y value of fit extrapolation (mm)
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Extrapolated vertices of e- tracks on the ®*Se source plane
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« Create an e- selection
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Extrapolated vertices of e- tracks on the ®*Se source plane
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*9’Bi source ML

My work:

« Create an e- selection

825e foil  Geiger
cells
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Theoretical spectra of ?°’Bi sources

Charge e- spectra with °’Bi deployment

2 g o 1 GAMMA .
3 n S ELECTRON = N — k (976 keV)
St . _ s 189F — 1 (1048 keV)
2 R 5 - m (1069 keV)
107 3 i g O — Global fit
° E 140
107 § @ g Z =
5 s 120
10 g -
E 100[—
10_5...|.J.||.L|.E.||,.|..|...||..|.,]||.]. 80—
0 02 04 06 0.8 1 1.2 14 16 1.8 2 —
My work: Energie (MeV) 60:_
40—
20—
: g | AN
% 10000 20000 30000 40000 50000 60000
Charge (a.u.)
. _ , , 207 Extract values after an e selection
- Automate the fit based on theoretical branching ratio of “'Bie-  poceqd on theoretical branching ratio

® .
Granjon Mathis, IRN Neutrino 2025 Q) Bordeaux




My work:

» Sort behaviour of Optical Modules for the SuperNEMO collaboration
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Gain variation
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““’Bi absolute calibration system

Gain variation of one Opical Module
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Gain variation of one Opical Module
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» Sort behaviour of Optical Modules for the SuperNEMO collaboration
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 Relative calibration: LED injection
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Relative calibration using Light Injection system

Reference Optical Module LED Optical Module of SuperNEMO
Fiber 5 Fiber
5 >< € ‘ >
712X
x 10

A\

continuous monitoring with

radioactive sources
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Reference OMs are outside SuperNEMO
Signals recorded by reference OMs come from 3 different origins

. Environmental gamma background (*°°Tl, #"*Bi, *K, ...)

. Gamma + electron source (“°'Bi)

Example of charge spectrum for 1 reference OM
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Two methods to compare gain variation of reference OMs

Alpha peak
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Using the known alpha peak at low energy
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Using a PDF and Chi2 computation

*LP2i

Granjon Mathis, IRN Neutrino 2025

B._) Bordeaux



supernemao

go=g) Relative calibration: reference OMs

collaboration

Relative gain evolution ref OM XW2
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. Stability of reference OMs gain variation (<1% on ~ 1 month !)
. Good agreement between the alpha and PDF methods (~ < 0.2 %)
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Charge spectra for 1 OM during LED sequence

o501 ——— Intensity 1 C i : f

f Intensity 2 » Covers a wide energy range using four
- different LED intensity levels

N —— Intensity 4
=l qq « Each intensity distribution is fitted with a

- q Gaussian to extract the mean
100 FV; L .

- [ « LED stability is evaluated by analyzing
= 4 variations in the mean values
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Gain variation of a “short terme” stable Optical Module Gain variation of a unstable “short term” Optical Module
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« OMs gain following for ~ 1 month

. Good agreement between LED and “°’Bi calibrations (<1% deviation)
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Comparison of the two calibrations methods
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Gain variation of a “short terme” stable Optical Module

M:0.0.1.

On ~ 1 month of data
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« OMs gain following for ~ 1 month
. Good agreement between LED and “°’Bi calibrations (<1% deviation)
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. Algorithm developed for LED and *°’Bi data analysis
« First results on main calorimeters show:
- Good agreement between LED calibration and *°’Bi data
- Most OMs have a short term stability ~ 97 %
« Next step:
o Extend the analysis to a longer data-taking period
o Calculate the daily gain variation of OMs

- ldentify OMs to reject in the SuperNEMO 33 analysis

o Determine the energy resolution of each OMs .
Granjon Mathis, IRN Neutrino 2025 Q) Bordeaux
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1st year 2nd year
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to be continued ...
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LED instead of Laser

LED Laser

- More stable - Higher intensity
- Easier to change intensity - Faster pulse

- Higher repetition rates possible - Instable in NEMO-3
-  Cheaper
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Using Legendre transformation

O[rad] -

(a) Three circles and their tangent (b) Legendre image
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“’Bi decay process

207

Internal conversion : the nucleus of " "Bi captures an orbital electron (n — Pp)

Bi + e =2 Pb* + v,

Two ways of decay for the Pb*

Energie (keV) | Intensité (%)
el (K) 181,7 1,53
el (L) 553,8 0,44
el [f‘ul:] nhh.8 (.11
. o ) > O~F = = .
internal conversion 2 | 1068 o 3 excited states
e2 (M) 1059.8 0,44
ed (K) 1682,2 0,023
e3 (L) 1754.4 0.003
. . ~+1 569.7 a7.7
gamma emission { I o
"3 1770.2 6,87
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Fit gain in function of the Chi2 for the OM 712
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Each bin multiplied by gain € 0.5, 1.5
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Relative calibration using Light Injection system

Exploded view of the SuperN EMO calorimeter (OMs)
Light injection principle in 1 OM — ) s

1428 fibers TRIRIEL m‘ TH1 -> 10 LEDs
oW

OM ref [ OM ref OM rdf OM ref

5 dedicated reference OMs for light control

. L ]
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Material presentation

e %°Se foil:
e Plastic scintillator
o Excellent radiopurity
o High light yield
o Fasttime response
o low back-scattering probability
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