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1. On the previous episode 

○ https://agenda.infn.it/event/42030/contributions/235552/attachments/120854/176037/PMT_Reco_and_Analy

sis-05-06-2024.pdf 
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1. Missing (?) features 

○ Color gradient is fake ⇒ Worth to associate it to longitudinal ionization profile?

○ Electron cloud not plotted ⇒ Worth to take 2D transversal profile and create a 3D cylinder around main vector?

○ ToT doesn’t take into account minimum signal temporal width -> travelled Z slightly overestimated 

○ Improve association

■ Using BAT?

○ Improve theta signal calculation ⇒ Also probably using BAT

○ Get some basic PMT Alpha cuts to allow PMT-only analysis (?)

○ Optimize Analyzer code ( cross-check parameters, increase speed)

2. Upcoming (?) analysis:

○ Comparison with simulation ⇒ Not available for alphas, neither from the PMT side nor camera (digitization too slow (?))

○ Statistical analysis. What do we expect?

■ Angle signal – Higher rate towards GEMs than towards cathode (cause cathode is bigger/higher mass)

■ Sense (left/right and up/down) – Higher rate towards center from material radioactivity

● All this on top of flat background from Radon/gas random emission 

○ What else?
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1. Missing (?) features 

○ Improve association

○ Get some basic PMT Alpha cuts to allow PMT-only analysis (?)
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1. Missing (?) features 

○ Added some features to improve association and alpha PID through PMT

■ Initially there was only the “same quadrant” association (Slide 126). Now added:

■ TOT20 / TOT 30 ratio (TOT calculated at 20 / 30 % of maximum peak)

● These high values are needed for weird shaped alphas

● This value should always be between 1 and 2. ⇒ This cuts most cosmics (or any multi-peak waveform) 

where these TOTs simply “break” the code. 

■ TOT20 should always be greater than 80 samples

● Basic minimum time length of alpha track. ⇒ Cuts most iron like signals which are quite short.
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PMT Alpha 3D reco – Examples

● Run 22101, ev 81 CAM 

⇒ actually it only saw one 

cluster, but the noise removal 

script removed the ER

PMT

⇒ Saw 2 triggers in the 

same quadrant.

⇒ The first trigger didn’t 

pass the cut, only the 

second.

Association

⇒ Performed with the only 

trigger that passed the cut
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PMT

⇒ Saw 4 triggers.

⇒ Trigger 4 actually passes 

first test, but not second 

test. (55Fe like event!)

⇒ Only one trigger 

identified as alpha
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PMT Alpha 3D reco – Examples

● Run 22101, ev 58 CAM 

⇒ only one out of 3 cluster was 

identified as alpha (Giorgio’s 

cut)

Association

⇒ Performed with the only 

trigger that passed the cut
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⇒ 2 out of 3 triggers were identified as alpha
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PMT Alpha 3D reco – Examples

● Run 22101, ev 59 CAM 

⇒ 2 out of 4 cluster 

were identified as 

alpha (Giorgio’s cut)

Association

⇒ Since there 

were in 

different 

quadrants, 

the code can 

associate 

them 1-to-1
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…Maybe there are some coordinate / granularity / centering corrections to do… @Giorgio

… There’s still work to be done:
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➔ Conclusion 

◆ Now I can more easily associate alpha tracks in different quadrants

◆ I can also reject cosmics and low energy ER (pretty much everything up to now)

◆ This won’t be further tuned, as suggested by Giorgio, because we want to do full association using BAT/Bayes code.
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1. Missing (?) features 

○ Improve theta signal calculation
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When there are very 

flat or saturated 

waveforms, the halves 

integral comparison 

becomes too sensible 

to be acceptable. 
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1. What’s the problem? (🤌)

○ For the determination of the theta signal (alpha towards cathode or GEMs,

I was using a binary search: if waveform first half integral > second == towards GEMs, and vice-versa

■ I needed a way to quantify *how obvious* is the theta signal
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1. What’s the problem? (🤌)

○ I worked a lot with the integrals ⇒ dividing, scaling, normalizing, averaging, but no easy way of doing it.

■ Then I realized that it’s more correct to actual work with the skewness of the “Bragg peak”

○ So I added some “peak finder” so I can calculate the ratio between maximum and 

minimum peak.

I find the higher amplitude peak in the waveform-half with higher integral, and then find the first peak on 

the other half
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1. What’s the solution? (🙏)

○ Finds the first and last peaks in the “crown”. ⇒ Calculates ratio

○ Does this for all channels, and then normalized to greatest ratio. 

■ Sums all ratios, and the greatest counts 0.5.

● Does NOT total to 100, but it becomes nonetheless very useful!

○ This score (not probability) works like

● Score <-100 : towards GEM 100% sure

● Score >100 : towards cathode 100% 

sure

● -50 < score < 50 : ambiguous
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Some examples – ambiguous 
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Some examples – easy pizzi 
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➔ Conclusion 

◆ Now I can have a general idea of how sure am I of the direction in the longitudinal plane.

● Anything between -50 and 50 I can exclude.

● Anything < -100 or > +100, I’m pretty sure it’s correct.

○ If the value > 200, basically mean that all 4 PMT showed a very similar waveform, thus the direction is 

unequivocal.

◆ As for last time, This won’t be further tuned, as suggested by Giorgio, because we want to do full association using 

BAT/Bayes code.

● BAT can help me disentangle the position dependency, so I can get the “real waveform”.

○ This would make obvious the theta sign, and additional features of the waveform.

◆ (plus the perfect 1-to-1 association).
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Full framework 

includes all this 

information 

automatically

These are *not* 

cherry-picked 

events
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1. Missing (?) features 

○ Improve association

■ Using BAT?
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Very preliminary association results ⇒ Alphas sliced and fit applied to each slice

In this case, one PMT 
was very saturated, and 
the track was short in Z

NOT BAT
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1. Missing (?) features 

○ Color gradient is fake ⇒ Worth to associate it to longitudinal ionization profile?

○ Electron cloud not plotted ⇒ Worth to take 2D transversal profile and create a 3D cylinder around main vector?

○ ToT doesn’t take into account minimum signal temporal width -> travelled Z slightly overestimated 

○ Improve association

■ Using BAT?

○ Improve theta signal calculation ⇒ Also probably using BAT

○ Get some basic PMT Alpha cuts to allow PMT-only analysis (?)

○ Optimize Analyzer code ( cross-check parameters, increase speed)

2. Upcoming (?) analysis:

○ Comparison with simulation ⇒ Not available for alphas, neither from the PMT side nor camera (digitization too slow (?))

○ Statistical analysis. What do we expect?

■ Angle signal – Higher rate towards GEMs than towards cathode (cause cathode is bigger/higher mass)

■ Sense (left/right and up/down) – Higher rate towards center from material radioactivity

● All this on top of flat background from Radon/gas random emission 

○ What else?
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➔ Should we write a paper on the PMT data / analysis? 

Could include:

◆ Waveform basic reconstruction

◆ Particle ID (for selection of alphas  but also rejection of ERs )

◆ Association of waveforms and images (cuts and BAT)

◆ 3D reco of alphas

◆ Longitudinal diffusion (?)

◆ Other comparisons with camera measurements


