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Goal of this work:
• Study of the energy resolution and the non linearity effect through calibration

sources for the energy reconstruction. 

• Radioactive sources simulated for 100k events inside the assembly

• JUNO Montecarlo framework: detector simulation only, no eletronics

Sources and 
Porcesses

Emitted
Particle

Revelated Energy

137Cs γ 0.662 MeV
54Mn γ 0.835 MeV

60Co γ 1.173 MeV + 1.333 MeV

40K γ 1.461 MeV

68Ge e+ 0.511 MeV + 0.511 MeV

(n,γ)p γ 2.2 MeV

(n,γ)12C γ 4.94 MeV o 3.68 MeV + 1.26 MeV
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Detector simulations - Recap
Deposited Energy - 137Cs
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Detector simulations - Recap
Deposited Energy - 137Cs
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Resulting energy from the 
production of optical photons.
Follows Birks law.
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Total PE - 137Cs
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Detector simulations - Recap
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Resulting energy from the 
production of optical photons.
Follows Birks law.

Photoelectrons produced by 
PMT through photoelectric
effect from the optical photons.
The most relevant parameter.
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Total PE - 137Cs

# of total PE

co
u

n
ts

/ 
5 

P
E

Detector simulations – 137Cs
Deposited Energy - 137Cs
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• Photopeak: gammas that
deposit all their energy in 
the LS

• Tail at low energies: 
gammas that lost some 
energy in the assembly

• For non linearity and 
resolution, we need the 
centroid and the width of 
the photopeak

• Now are shown some 
methods we used
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• Gaussian fit

• Neglected tail at low 
energies
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1. Gaussian fit of the photopeak
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Digitare l'equazione qui.
Total PE - Cs137



B2 𝐺𝑎𝑢𝑠𝑠 𝑥;𝑀, 𝜎, 𝐶 + 𝑃2 1 − 𝑒𝑃1
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B3 𝐺𝑎𝑢𝑠𝑠 𝑥;𝑀, 𝜎, 𝐶 + 𝑃3
1

2
−
1

𝜋
arctan

𝑀 − 𝑃2𝜎 − 𝑥

𝑃1𝜎

B4 𝐺𝑎𝑢𝑠𝑠 𝑥;𝑀, 𝜎, 𝐶 + 𝑃1 1 − (1 + 𝑥−𝑀 2
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)−1
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1
2
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2.Functions that include the tail

Debertin, K., & Helmer, R.G. (1988). Gamma- and X-ray spectrometry with semiconductor 
detectors. Netherlands: North-Holland.

M=Mean, C=Const



• B2 : wrong concavity at low 
energies
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2.Fit through funcitons that include the tail – 137Cs

Fit of the spectrum of total PE through B2 – 137Cs
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• B2 : wrong concavity at low 
energies

• B6 has the best 𝜒2 and is the 
most meaningful physically

• 𝐵6 = 𝐺𝑎𝑢𝑠𝑠 𝑥;𝑀, 𝜎, 𝐶 +

+ 𝑃1 ∙
1

2
erfc

𝑥−𝑀

2𝜎

• B6 for the fit of the spectra for 
alll the other sources
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2.Fit through funcitons that include the tail – 137Cs

Fit of the spectrum of total PE through B6 – 137Cs
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2.Fit through the function B6
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• The concavity in the tail
is not well described

• For a good 
parametrization we
may need a lot of 
parameters

• We need another way 
to describe the tail

Decomposition of the function B6 –
Spectrum of total PE for 137Cs

# of total PE

Fit
Gauss

Tail



• We want the PDF of the tail using
the results of the Montecarlo.

• We need to separate the 
photopeak from the tail

• Cut the values of deposited energy 
under a threshold

• The threshold does not gives us a 
clean cut, we are investigating

• We need to have a variable that
distinguishes the energy 
deposited by all the different
particles – we are working on this

• Edep-prmtrkdep should be the 
deposited energy for each particle
and its secondaries
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3.PDF of the tail through Montecarlo 

# di PE totali

Digitare l'equazione qui.Total PE if the deposited energy in the LS is
larger than or equal to 661.6 keV - Cs137
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• We want the PDF of the tail using
the results of the Montecarlo
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photopeak from the tail

• Cut the values of deposited energy 
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3.PDF of the tail through Montecarlo 
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• Non linearity depending on 
effective energy

• For some decays are emitted
multiple paricles

• Quenching and PE production aren’t
linearly dependent on particle
energy

• Fit tramite la funzione:  

𝐸𝑣𝑖𝑠

𝐸𝑡𝑟𝑢𝑒
=

𝑝0+
𝑝3

𝐸𝑒𝑓𝑓

1+𝑝1𝑒
−𝑝2𝐸𝑒𝑓𝑓

Non Linearity

Non linearity curve – Normalization at 2.22 MeV
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Non Linearity

*A. Abusleme et al., “Calibration strategy of the 
JUNO experiment”, JHEP 03 (2021) 004, arXiv: 
2011.06405

• Non linearity depending on 
effective energy

• For some decays are emitted
multiple paricles

• Quenching and PE production aren’t
linearly dependent on particle
energy

• Fit through the function*:  

𝐸𝑣𝑖𝑠

𝐸𝑡𝑟𝑢𝑒
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Non linearity curve – Normalization at 2.22 MeV
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• Resolution as
𝜎

𝑀𝑒𝑎𝑛
∙ 100, 

depending on true energy

• Fit tramite la funzione*:

𝜎𝐸𝑣𝑖𝑠
𝐸𝑣𝑖𝑠

=
𝑎

𝐸𝑣𝑖𝑠

2

+ 𝑏2 +
𝑐

𝐸𝑣𝑖𝑠

2

• Cobalto ha un valore di 
risoluzione più basso del 
previsto

• Risoluzione vicina al 3% a 1 
MeV

Resolution

Resolution
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• Resolution as
𝜎

𝑀𝑒𝑎𝑛
∙ 100, 

depending on true energy

• Fit through the function*:

𝜎𝐸𝑣𝑖𝑠
𝐸𝑣𝑖𝑠

=
𝑎

𝐸𝑣𝑖𝑠

2

+ 𝑏2 +
𝑐

𝐸𝑣𝑖𝑠

2

• Resolution near 3% at 1 MeV

Resolution

*A. Abusleme et al., “Calibration strategy of the JUNO 
experiment”, JHEP 03 (2021) 004, arXiv: 2011.06405
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• Analisis of the response of the detector to calibration
sources

• Estimation of the centroid and width of the 
photopeak through a fit

• For now we used the B6 function to include the tail in 
the  fit

• Study of non linearity (at most at 7%) and resolution
(around 3% at 1 MeV)

• Our next goal is to fit the spectrum including the PDF 
of the tail from the Montecarlo
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Conclusions
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Thank you for the attention!
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SimulazioniUNIVERSITÀ
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Backup
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Assembly
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• Fit through the function*:

𝜎𝐸𝑣𝑖𝑠
𝐸𝑣𝑖𝑠

=
𝑎

𝐸𝑣𝑖𝑠

2

+ 𝑏2 +
𝑐

𝐸𝑣𝑖𝑠

2

• a = statistical term, related to the 
Poissont statistic of number of PE 

• b = constant not dependent on 
energy, dominated by position 
non-uniformity

• c = contribution of back ground 
noise i.e. the dark nois from the 
PMTsa al cobalto
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137Cs Decay
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137Cs Simulation

661.7 keV
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54Mn Decay
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54Mn Simulation
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40K Decay
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40K Simulation

834.85 keV
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60Co Decay
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60Co Simulation
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68Ge Decay
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68Ge Simulation
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Simulation of neutrons with momentum p = 1 MeV
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Fit through functions that include the tail - 137Cs
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Fit through B6
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