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PMTs signals

• Charge: proportional to the 
light collected by the PMT. 

• Signal length: related to the 
event distance from the GEM 
plane and track inclination.

Charge collected: integral of the 
waveform divided by the termination 
resistance.
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Fast light sensor, needed for the 
event’s 3D reconstruction.
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Geometrical dependence

A simple study revealed a  
dependence.

∝ R−4From a geometrical analysis we expect 
a  dependence.∝ R−3
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The idea

Use the dependence of the charge collected by 
the 4 PMTs on the distance of the source to 

retrieve the emission position and light 
produced at the GEM plane.

Going with a  dependence∝ R−4
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First step: PMTs calibration

A new 'calibration' is needed:  

  parametersci

Not all PMTs have the same 
response due to: 

• Improper calibration  

• Misalignment 

• …

5

Qi ∝ ci
L
R4

i



Energy and position from PMTs data

• Measure:   

• Infer: 

Q1−4

x, y, L

p(θ |{xi}) = p({xi} |θ ) ⋅ π(θ )
p({xi})
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Likelihood
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Solid lines represent probabilistic links between the variables, 
while dashed lines indicate deterministic links. 

Primordial nodes must be fixed (grey) or have a prior (white).
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• Find “majority 2 peak” 

• Integrate 50 samples ( ) 
(~0.4cm resolution in z) 

• Perform the Bayesian fit over 
the 4 PMTs’ charges

Qi

~50 ns
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Likelihood PMTs calibration
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∏
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∏
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α = 4

Fixed  !xj , yj , Lj

Taken from camera variables
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Solid lines represent probabilistic links between the variables, 
while dashed lines indicate deterministic links. 

Primordial nodes must be fixed (grey) or have a prior (white).



PMTs calibration chains and posteriors

We are only interested in 
the ratio between 

coefficients!

The obtained coefficients are then used in the fit
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• 12 parallel chains 

• 100k steps each
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Likelihood for “association”
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Fixed  !ci

Npoints = 1

With: 

•  
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ji + z2

α = 4
Solid lines represent probabilistic links between the variables, 
while dashed lines indicate deterministic links. 

Primordial nodes must be fixed (grey) or have a prior (white).
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“Association” chains and posteriors
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• 6 parallel chains 

• 10k steps each



1 to 1 dataset (1 spot and 1 waveform)

• Performance: 

‣  cm  

‣  cm 

• Issues unrelated to the fit: 
‣ PMT-to-camera coordinate 

transformation 
‣ Effects of lens distortion (need 

spots in a wider GEM space)

xstd = 1.58
ystd = 1.55

Performance on golden dataset
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ADC sample (1=1.33ns)

• Find peaks of the waveform  

• Take majority 2 peaks  

• Open a window around these peaks of 50 samples 

• Fit the slice of the waveform as a spot-like 
interaction

Association for longer waveforms
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“FindAlpha”

15

• We can think it as a linear fit:

Points don't seem to 
be properly aligned! 

PMTs not positioned 
as we expect? 

Another indication of an 
unclear PMT-to-camera 
coordinate 
transformation?

By Matteo F.



Code Status
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The fit is implemented using the software BAT. 

The package is already on GitHub (here) ready for 
everyone to be used.

https://github.com/fraborra/Cygno_PMTs_fit.git


How to use it
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1. Clone the repository 

2. Compile the code 

3. Run it!
} README.md

association.conf

calibration.conf

Configuration file

https://github.com/fraborra/Cygno_PMTs_fit/blob/main/README.md


Input and output for association
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Input data: 

• index = peak index in the waveform (needed for 
non spot-like tracks!) 

• L1-4 must be in nC! 

• Input file must have each line with these fields 
separated by a tab.

Output data: 

• x & y are given in cm! 

• Output file has each line with these 
fields separated by a tab.



Input and output for PMTcalibration
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Input data: 

• L1-4 must be in nC! 

• x & y must be in PMTs 
coordinate and in cm 

• sc_integral must be in 
camera ADC, needed to 
normalise the LY 

• File as before

Fit output: 

• Only chains of the 
parameters!



How to read BAT chains output
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Handy notebook made by Matteo F. as 
an example of how to read BAT chains 
output. Available in the repository.

https://github.com/fraborra/Cygno_PMTs_fit/blob/main/How_read_BAT_output.ipynb
https://github.com/fraborra/Cygno_PMTs_fit.git


• Be sure to check the input file! Most of the times when the fit does not 
converge is when there are some problems with the inputs (wrong unit 
measures, wrong columns order, negative charges…) 

• We can modify it to run it in the reconstruction software!

Notes



• Though still in its preliminary phase, this method has already proven to be 
a valuable tool for matching the two readout systems. 

• New calibration technique implemented! Now uses all the points you 
give to the fit (i.e. 700) and fit the calibration parameters. You can use any 
dataset of 1 waveform to 1 spot and the fit normalise the LY using the 
camera variables. 

• Will work on !α

Conclusions



Thank you for the 
attention



Backup



Code implementation: BAT

29

The posterior of all the parameters is 
sampled using the Metropolis-
Hastings MCMC algorithm, as 
implemented in BAT. 

Convergence of the Markov chains 
is ensured by BAT's pre-run phase, 
which tunes the Metropolis-Hastings 
MCMC parameters in order all the 
parallel chains converge to the same 
region with an optimal Metropolis-
Hastings MC rejection rate.

Pre-run 
phase



• Slice the waveform in 50 
samples slices 

• Fit all the slices of the 
waveform as a spot-like 
interaction 

• Roughly 6 times slower for 
background runs
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Method (5): longer waveforms - “energy” focused


