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Energy calibration of the SuperNEMO 
calorimeter



Absolute energy calibration: γ background 

Relative energy calibration: Light Injection System

SuperNEMO demonstrator



SuperNEMO: 
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SuperNEMO demonstrator
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Source foil

Tracker
2034 Geiger cells (14970 wires)
→ trajectory reconstruction
→ particle identification

Calorimeter
712 Optical modules
→ energy measurement
→ time flight measurement

SuperNEMO’s goal -> Detect neutrinoless double beta decay
Unique technology to reconstruct particle’s kinematic

See Malak’s talk

36 thin foils of 82Se
(Mtot= 6.11kg, Qββ=2.99MeV)



Good energy resolution and calibration requirements
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T0ν
1/2  > 1025 y -> very few events 

Background noise due to the ββ2ν

Require as less background noises as possible

The experiment is under 4800m water equivalent

Good energy resolution and calibration is needed



SuperNEMO calorimeter

712 Optical Modules (OM) : plastic scintillator + 
photomultiplier to detect incident particles

- 2 main wall (MW) : 2X 260 OM. FWHM ~8% at 1MeV

- 2 side walls (XW) : 2X64 OM with lower performances

- 2 Veto top and bottom (GV): 2X32 OM acting as a 
veto for the γ
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SuperNEMO’s calorimeter

712 Optical Modules (OM) : plastic scintillator + 
photomultiplier to detect incident particles

- 2 main wall (MW) : 2X 260 OM. FWHM ~8% at 1MeV

- 2 side walls (XW) : 2X64 OM with lower performances

- 2 Veto top and bottom (GV): 2X32 OM acting 
as a veto for the γ
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Calorimeter calibrations in SuperNEMO : 
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207Bi 
source

Emits monoenergetic internal conversion electrons 

Maximum energy of 1.77 MeV

42x207Bi source evenly distributed in the detector 
with an automatic deployment system

Calorimeter

Tracker

energy (MeV)

0.48 MeV
0.97 MeV

● Absolute calibration: - 207Bi source (nominal method)



Calorimeter calibrations in SuperNEMO : 
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● Absolute calibration: - 207Bi source (nominal method)

       - γ background (as long as the shielding is not in place)

● Relative calibration:     - Light Injection System



Absolute energy calibration: γ background 

Relative energy calibration: Light Injection System

SuperNEMO demonstratorSuperNEMO demonstrator



Signal and spectrum of an Optical Module (OM)

Output signal of an OM of the calorimeter Amplitude spectrum of an OM 

80 160 240 320 400
Time (ns)

high and low triggering 
thresholds
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208Tl γ (2.6 MeV)

40K γ (1.4 MeV)

214Bi γs



Different spectra for different types of OM
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Mwall 8’’ Mwall 5’’ Xwall Gveto

Main Wall om spectra

Charge (u.a.) Charge (u.a.)
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Different spectra for different types of OM
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Mwall 8’’ Mwall 5’’ Xwall Gveto

Main Wall om spectra XW om spectra

Charge (u.a.) Charge (u.a.)
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Different spectra for different types of OM
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Mwall 8’’ Mwall 5’’ Xwall Gveto

Main Wall om spectra XW om spectra GV om spectra

Charge (u.a.) Charge (u.a.) Charge (u.a.)
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Calorimeter calibration : 1st fit method with background run

● N_evt = nb of evt at the beginning of the 
Compton edge

co
un

ts

● Mean = fitted “gain” : Position where the fall 
is the strongest

● σ  = thickness of the fall of the Compton edge

● Nbg, λ = exponential’s parameters 

run 346

40K 

208Tl 
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Gain fitting with an “erf” function over the Compton edge of the 208Tl (2.6MeV):

Charge (adc)

X 520
X 64

X 128

1 MW 8” OM (#267)
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1 XW OM (#570)

Charge (u.a) Charge (u.a)

All MW and  XW OM gains have been equalized 
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Calorimeter calibration : 1st fit method with background run



1 GV  OM (#698)

Gain fitting with an “erf” function over the Compton edge of the 208Tl (2.6MeV):

Charge (adc)

X 520
X 64

Impossible to fit GV spectra with this method : new method is needed !

1 MW 8” OM (#267)
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Charge (u.a) Charge (u.a)

All MW and  XW OM gains have been equalized 
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Calorimeter calibration : 1st fit method with background run



Xalbat Aguerre

Simulation of 208Tl  + 214Bi + 40K from the LSM walls -107 generated events
Each spectrum is then adjusted depending on the gain, energy resolution and detected activity for each OM  

Charge (adc)

2nd Method : fit of the full spectra with simulated spectra

Example: 208Tl detected spectra with 3 different gains and energy resolutions (FWHM at 1MeV),

Charge (u.a)

18

gain = 3*10-5 (Mev/a.u.) arbitrary fixed activity

gain = 4.5*10-5 (Mev/a.u.)

gain = 6*10-5 (Mev/a.u.)

FWHM 9% at 1 MeV

FWHM 8% at 1 MeV

FWHM 7% at 1 MeV

JRJC, 10/05/2021
12



Xalbat Aguerre

Simulation of 208Tl  + 214Bi + 40K from the walls of the lab - 108 generated events
Each spectrum is then adjusted depending on the gain, energy resolution and detected activity for each OM  

Example of 208Tl, 214Bi and 40K simulated spectrum adjustment to real data of one OM (MW 8”)

19

Data
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Best Fit

Charge (u.a.)

2nd Method : fit of the full spectra with simulated spectra



Xalbat Aguerre

Simulation of 208Tl  + 214Bi + 40K from the walls of the lab - 108 generated events
Each spectrum is then adjusted depending on the gain, energy resolution and detected activity for each OM  

Example of 208Tl, 214Bi and 40K simulated spectrum adjustment to real data of one OM (MW 8”)
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Data
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Charge (u.a.)

Best Fit

fit not really satisfying

13

2nd Method : fit of the full spectra with simulated spectra



● Cerenkov effect correction 

3 corrections applied on simulated spectra based on optical simulations: 

● Birks effect correction
Non linear effects with energy
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Application of Optical Corrections

● Geometrical correction (difference due to the 
geometry of the optical modules and the location 
where the incident particle deposits energy)

Non linear effects with interaction position 
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● Cerenkov effect correction 

3 corrections applied on simulated spectra based on optical simulations: 

● Birks effect correction
Non linear effects with energy
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Application of Optical Corrections

● Geometrical correction (difference due to the 
geometry of the optical modules and the location 
where the incident particle deposits energy)

With optical correction
Charge (u.a.)

Nonlinear effects with interaction position 

14

Without optical correction
Charge (u.a.)



Xalbat Aguerre

Estimation of the γ background of the lab 
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The method seem to work to measure the gain of the 
OMs
However, we can’t measure energy resolution with it

We can estimate the γ background for the component 
we simulate 208Tl, 214Bi and 40K

-> Estimation of the γ flux for each OM 

15

Charge (u.a.)



Expected γ background for 208Tl (2.6 MeV): 10-2 ~ 10-4 γ cm-2 s1  / measured 10-2 γ cm-2 
s1 
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Estimation of the γ background of the lab 
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Ohsumi & all, 2002 - D. Malczewski & all 2012
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Absolute energy calibration: γ background 

Relative energy calibration: Light Injection System

SuperNEMO demonstratorSuperNEMO demonstrator



LED system

optical module

Fiber X712
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Light Injection system : relative energy calibration system

Detector

optical module

Fiber X10
Shielded box outside the detector

Calibration sources 
(207Bi  + 241Am)

Relative energy calibration on daily basis

Can go to high energy (~10 MeV)

10 LED for 712 opticals modules -> each 
LED illuminates ~70 OM
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Light Injection System: Highlighting of a non-linearity

Calculation of the deviation between the fit and the measured data for an OM linked to 1 LED

LED applied voltage(a.u.)

ΔDeviation

Collaboration meeting, 10/05/2021
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Error bar are on the plot but there are too little to be seen

Tests with 6 different intensities of the LED’s -> 6 charge peaks for each OM -> linearity measurement
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Non linearity explanation : variation of the difference for 1 LED
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Deviation (%)

For 1 LED, the gaussian distribution of the deviation 
shows that the non-linearity is due to the LED

There are big uncertainties on the value of the voltage applied to the LED

If we quantify these uncertainties, we may be able to make the necessary corrections to really 
study the linearity of OM

19
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Conclusion

● SuperNEMO : -detect neutrinoless double beta decay
SuperNEMo : -Unique technology to reconstruct particle’s kinematic

● γ background calibration  : -1rst method: fit of the 208Tl Compton front
γ background calibration  : -2nd method: fit of the full spectra with simulated spectra
γ background calibration  : -Estimation of the γ background of the lab

● Light Injection System  : -Relative energy calibration using LED
Light Injection System  : -Study of the linearity of the Optical Module
Light Injection System  : -Observation of non-linearity due to the LED



Backup



Expected γ background for 214Bi (2.2 MeV): ~ 10-4 γ cm-2 s1 
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Estimation of the γ background of the lab 
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Ohsumi & all, 2002 - D. Malczewski & all 2012
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Estimation of the γ background of the lab 
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Ohsumi & all, 2002 - D. Malczewski & all 2012

Expected γ background for 40K (1.4 MeV) : 10-1 ~ 10-3 γ cm-2 s1 
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γ α

 

Particles identification

Identification des particules
Alphas, gammas, électrons, 
positrons

Vue de dessus
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Corrections optiques : effet Birks

Effet peu marqué 
à haute énergie

Saturation plus forte 
à basse énergie

Saturation de la scintillation ⇒ Non-linéarité dans la production de lumière
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Corrections optiques : effet Cerenkov

 

 

 
 

 

 


