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Let’s resume all the information:

1. Time over threshold gives me the alpha ΔZ

○ Together with camera XY angle ⇒ theta angle

2. The position of the Bragg peak tells me angle theta signal in Z

○ (Towards cathode or GEMs)

3. Relative amplitudes between PMTs give me the quadrant position in X-Y

○ Useful for basic association cluster-waveform

4. Skewness of Bragg peak (within the waveform) difference between PMTs gives me the direction of the 

particle (head-tail)

○ Bragg peak more prominent because the track are small, thus geometrical effect plays a smaller role

○ Also gives a hint of the X-Y angle, but this is easier to get with the camera

○ Analyser class (directionality) gives me Angle in X-Y (phi) and the ΔXY

■ Could be confirmed / tested against PMT Bragg peak skewness method 

Reconstructed info:

● ΔZ

● Theta angle

● ΔXY

● Phi angle

● Signal of theta + 

phi == Head-tail

⇓

3D reconstruction
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Full framework retrieves and saves all the relevant 

information automatically, including plots .

Previous episodes: 

1. [https://agenda.infn.it/event/41735/] 

Initial look at alpha tracks for directional & head-tail determination 

2. [https://agenda.infn.it/event/42030/] 

1 Update on … - 3D reconstructed alpha tracks 

3. [https://agenda.infn.it/event/42653/] 

2 Update on … - 3D reconstructed alpha tracks 

4. [https://agenda.infn.it/event/43123/] 

3 Update on  ... Techical_update_Coordinates_&_Shadows 
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David Marques

2-day Analysis meeting 19-20/09/2024, L’Aquila

#4 Update on … 
3D alphas - 

Statistical results 
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BAT 1-to-1 association
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To improve the cluster-trigger association 

(1-to-1 association), we use the BAT-fit to 

position the PMT signal in the GEM plane:
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To improve the cluster-trigger association 

(1-to-1 association), we use the BAT-fit to 

position the PMT signal in the GEM plane:

1. Slice waveform

2. BAT-fit the slice integrated charge ⇒ 

(L,X,Y)

3. Place the point in the GEM plane.
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To improve the cluster-trigger association 
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To improve the cluster-trigger association 

(1-to-1 association), we use the BAT-fit to 

position the PMT signal in the GEM plane:

1. Slice waveform

2. BAT-fit the slice integrated charge ⇒ 

(L,X,Y)

3. Place the point in the GEM plane.

4. Same for CMOS (using Analyzer::Edges)

5. Distance between points calculated

6. Cluster-trigger association done by 

smaller distances 
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To improve the cluster-trigger association 

(1-to-1 association), we use the BAT-fit to 

position the PMT signal in the GEM plane:

1. Slice waveform

2. BAT-fit the slice integrated charge ⇒ 

(L,X,Y)

3. Place the point in the GEM plane.

4. Same for CMOS (using Analyzer::Edges)

5. Distance between points calculated

6. Cluster-trigger association done by 

smaller distances 

⇒ Works surprisingly well!
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We can study the efficiency of this fit:
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We can study the efficiency of this fit:
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We can study the efficiency of this fit: ● We get not very Gaussian distributions (and it wasn't expected)

○ Standard deviations of ~150 pixels = 2,325 cm
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We can study the efficiency of this fit: ● We get not very Gaussian distributions (and it wasn't expected)

○ Standard deviations of ~150 pixels = 2,325 cm

● At the moment, is only necessary for matching *alpha* tracks.

○ Rarely 2 in one pic.

○ This resolution is more than enough.

■ At closer distances, also the CMOS reco starts failing and 

merging the tracks, which renders useless the 3D reco.
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We can study the efficiency of this fit: ● We get not very Gaussian distributions (and it wasn't expected)

○ Standard deviations of ~150 pixels = 2,325 cm

● At the moment, is only necessary for matching *alpha* tracks.

○ Rarely 2 in one pic.

○ This resolution is more than enough.

■ At closer distances, also the CMOS reco starts failing and 

merging the tracks, which renders useless the 3D reco.
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I have many examples, there’s a bit of everything…
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I have many examples, there’s a bit of everything…

There are clear reasons to not have a perfect fit:

1. When the waveforms are saturated due to high gain, we lose proportionality ⇒ BAT-fit works better in the middle region.

2. Offsets due to inaccurate gain balance ⇒ F. Borra recently updated the code to improve this, but I haven’t checked.

3. Barreling effect from lens towards the sides farther difficulties the fit ⇒ Giorgio working on it

While this is interesting, the optimization; test of other types of particles; implementation at front-end level is out-of-scope for my work.
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Statistical Results
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The datasets used were:

1. Run 3

○ For optimization only

2. Run 4

○ Most of the long ranges of 

Bkg + calibs 

3. Run 5

○ Different gain:

■ Interesting by will 

maybe require 

parameter tuning… in 

the pipeline.
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➔ Cuts

◆ For the whole analysis, I don’t use many cuts, as I only saved matched and alpha-PID signals

● You can assume near-perfect selection. 
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➔ Cuts

◆ For the whole analysis, I don’t use many cuts, as I only saved matched and alpha-PID signals

● You can assume near-perfect selection. 

◆ You will sometimes see the cut: “ pmt_direction !=0 ”

● When calculating the angles, I am sometimes unsure of the sign of the Z angle (but not the 

value). To not skew the distribution, I assign it randomly (-1 or +1)

○ Later I realized this can alter (flatten) the distribution if the statistics are very 

high, so I remove these events.
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1. Alpha frequency in each batch

Batch Runs N runs
N matched 

alphas
N alphas 
per run

1 40919-42848 1820 52800 29.01

2 45259-46628 1370 8529 6.23

3 53110-53502 390 2315 5.94

4 54503-55093 591 3050 5.16

5 53707-54403 531

6 48055-50891 2794 15974 -

High number of alphas in December, before oxygen and 

humidity filters were installed (correct?) ⇒ 6x reduction
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1. Alpha frequency in each batch

Batch Runs N runs
N matched 

alphas
N alphas 
per run

1 40919-42848 1820 52800 29.01

2 45259-46628 1370 8529 6.23

3 53110-53502 390 2315 5.94

4 54503-55093 591 3050 5.16

5 53707-54403 531

6 48055-50891 2794 15974 -

High number of alphas in December, before oxygen and 

humidity filters were installed (correct?) ⇒ 6x reduction

Given the statistics, I’ll group the data as before (batch 1) and after Christmas (batch 2-6).

I later rerun the analysis, correcting the angles, and adding the transverse profile sigma fit to the tree
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2. 3D lengths distributions
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…comparing with Pinci’s slides (2D 

alpha lengths) 

@Pinci, do we know the precision and source of these 

numbers.

Flaminia has slightly higher values for these alphas (?) 

2. 3D lengths distributions
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Adding 3rd 

coordinate

…comparing with Pinci’s slides (2D 

alpha lengths) 

2. 3D lengths distributions

@Pinci, do we know the precision and source of these 

numbers.

Flaminia has slightly higher values for these alphas (?) 
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Adding 3rd 

coordinate

…comparing with Pinci’s slides (2D 

alpha lengths) 

Peaks:

● 4.43 cm

● 5.12 cm

● 7.29 cm

2. 3D lengths distributions

@Pinci, do we know the precision and source of these 

numbers.

Flaminia has slightly higher values for these alphas (?) 
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Adding 3rd 

coordinate

…comparing with Pinci’s slides (2D 

alpha lengths) 

Peaks:

● 4.43 cm

● 5.12 cm

● 7.29 cm

2. 3D lengths distributions

@Pinci, do we know the precision and source of these 

numbers.

Flaminia has slightly higher values for these alphas (?) 

Very similar! 
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… Comparing batches: 

● before (1) vs after (2-6) Rn filters 

● Normalized to 1

2. 3D lengths distributions
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2. 3D lengths distributions
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… Comparing batches: 

● before (1) vs after (2-6) Rn filters 

● Normalized to 1

➔ The Rn peaks are in the same positions

◆ Good consistency ✅
➔ The relative quantity of Rn alphas in batch 2-6 

reduced, highlighting other peaks.

◆ Another proof of presence of Rn and 

posterior effectiveness of filters ✅

2. 3D lengths distributions
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2. 3D lengths distributions

➔ Actually, there is some discrepancy in my numbers and Pinci’s ⇒ mine are systematically bigger.

… Caveats: 
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➔ Actually, there is some discrepancy in my numbers and Pinci’s ⇒ mine are systematically bigger.

◆ Likely due to the fact that I’m not subtracting the “minimum temporal signal” from the measured ToTs.

… Caveats: 

2. 3D lengths distributions
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➔ FullWidth distribution of 55Fe in 

calib runs in the same data set

➔ Actually, there is some discrepancy in my numbers and Pinci’s ⇒ mine are systematically bigger.

◆ Likely due to the fact that I’m not subtracting the “minimum temporal signal” from the measured ToTs.

● If I were to remove the 55Fe length ( = 63 samples = 4.6mm)...

… Caveats: 

2. 3D lengths distributions
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➔ FullWidth distribution of 55Fe in 

calib runs in the same data set

➔ Actually, there is some discrepancy in my numbers and Pinci’s ⇒ mine are systematically bigger.

◆ Likely due to the fact that I’m not subtracting the “minimum temporal signal” from the measured ToTs.

● If I were to remove the 55Fe length ( = 63 samples = 4.6mm)...

○  The results would be even closer.

… Caveats: 

* NB: This correction was also applied in the tilted cosmic (flux) 

studies (https://agenda.infn.it/event/38654/contributions/217319/)
2. 3D lengths distributions
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… Conclusions: 

2. 3D lengths distributions
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… Conclusions:

● Results are very interesting because, unlike the energy that saturates and spoils the spectrum, the length of the 

tracks can be quite precise, and indeed we can see, also with a good resolution! 

2. 3D lengths distributions
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… Conclusions:

● Results are very interesting because, unlike the energy that saturates and spoils the spectrum, the length of the 

tracks can be quite precise, and indeed we can see, also with a good resolution! 

We are clearly in the 

presence of 222Rn as 

we see the 3 

contributions.

2. 3D lengths distributions
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… Conclusions:

● Results are very interesting because, unlike the energy that saturates and spoils the spectrum, the length of the 

tracks can be quite precise, and indeed we can see, also with a good resolution! 

First detection of radon progeny recoil tracks 
by MIMAC - IOPscience  

➔ How to assess if the 

ratios are correct? 

Simulation?

➔ What about 220Rn? 

MiMac also considers it 

in their paper

2. 3D lengths distributions

We are clearly in the 

presence of 222Rn as 

we see the 3 

contributions.
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3. dE/dx vs energy and vs length

… a quick look:
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➔ Lines likely correspond to the 3 alphas observed. 

◆ They are not points because of saturation!

● Could saturation be studied from here?

… a quick look:

3. dE/dx vs energy and vs length
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… It was suggested to look at the dE/dx at different absolute Z

➔ By selecting a band in “diffusion” (ie, selecting 

a “Z band”:

◆ I shrink the length of the dE/dx line, 

which starts looking more point-like, 

as expected due to the saturation 

feature.

3. dE/dx vs energy and vs length
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4. Angles
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… Reference frame

4. Angles
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4. Angles ➔ Cuts based on the alpha 3D lengths:

🔷    > 4 cm: Rn alphas 🔷  <  4 cm: Everything else
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4. Angles

➔ Before Christmas/Rn filters

➔ Cuts based on the alpha 3D lengths:

🔷    > 4 cm: Rn alphas 🔷  <  4 cm: Everything else

➔ Rn alphas have symmetric(ish) 

distribution of angles.

◆ Makes sense since emission is 

random

➔ Non-Rn alphas have preferential  

direction towards GEM 

◆ Perhaps coming from cathode? ⇒ 

To investigate with absolute Z
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4. Angles ➔ Cuts based on the alpha 3D lengths:

🔷    > 4 cm: Rn alphas 🔷  <  4 cm: Everything else

… Comparing before and after Rn filters:
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4. Angles

Before Christmas After Christmas

➔ Cuts based on the alpha 3D lengths:

🔷    > 4 cm: Rn alphas 🔷  <  4 cm: Everything else

… Comparing before and after Rn filters:



PMT reconstruction & analysisDavid M.

PMT Reco & Analysis

215

4. Angles ➔ Cuts based on the alpha 3D lengths:

🔷    > 4 cm: Rn alphas 🔷  <  4 cm: Everything else

… Comparing before and after Rn filters:

➔ Proportion of non-Rn alphas 

travelling towards GEMs 

increased.

◆ To study correlation from 

specific materials (?)

Before Christmas After Christmas



PMT reconstruction & analysisDavid M.

PMT Reco & Analysis

216

5. Defining absolute Z
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5. Defining absolute Z

➔ Many correlations are related to the absolute Z.

◆ This can be kind of assessed with tgaussigma, but it’s hard
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5. Defining absolute Z

➔ Many correlations are related to the absolute Z.

◆ This can be kind of assessed with tgaussigma, but it’s hard

● I used the sigma of the transverse profile of the track. 

● Fit : [0]*exp(-0.5*((x-[1])/[2])^2) + [3]
*NB the constant term
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5. Defining absolute Z

➔ Many correlations are related to the absolute Z.

◆ This can be kind of assessed with tgaussigma, but it’s hard

● I used the sigma of the transverse profile of the track. 

● Fit : [0]*exp(-0.5*((x-[1])/[2])^2) + [3]
*NB the constant term
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6. Correlations

… Can we trust the fit of the  transverse profile?
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6. Correlations

… Can we trust the fit of the  transverse profile?

Theta angle distribution, no cuts

*batch1 dataset
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6. Correlations

… Can we trust the fit of the  transverse profile?

Theta angle distribution, no cuts

Smaller sigma shows more tracks towards the cathode (eventually from GEMs); while higher sigmas show more 

angles towards GEM (eventually from cathode)

*batch1 dataset
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… We can look at it from a different perspective, separating between Rn and non-Rn alphas:

*batch1 dataset

6. Correlations
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… We can look at it from a different perspective, separating between Rn and non-Rn alphas:

*batch1 dataset

6. Correlations
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… We can look at it from a different perspective, separating between Rn and non-Rn alphas:

For Rn alphas: towards GEMs, preferentially at higher Z, while towards the cathode is more 

evenly distributed. For random alphas, all Z mixed.

*batch1 dataset

6. Correlations
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…We can also look at the distribution of angles

6. Correlations
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…We can also look at the distribution of angles

*batch1 dataset

6. Correlations
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…We can also look at the distribution of angles

➔ Alphas of 7 cm length preferentially towards GEM and at high absolute Z. Similar for 5 cm 

length tracks.

*batch1 dataset

6. Correlations
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…We can also look at the distribution of angles

➔ Alphas of 7 cm length preferentially towards GEM and at high absolute Z. Similar for 5 cm 

length tracks.

➔ Alphas at 4 cm length also see a big preference  towards the cathode instead.

*batch1 dataset

6. Correlations
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…. Can I confirm this? If I cut on the profile sigma

6. Correlations
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…. Can I confirm this? If I cut on the profile sigma

6. Correlations
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…. Can I confirm this? If I cut on the profile sigma

➔ When cutting the high Z tracks, the alpha component at 7 cm disappears.

6. Correlations
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… We can also look at XY angle, meaning CMOS-only analysis*

6. Correlations
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… We can also look at XY angle, meaning CMOS-only analysis*

➔ This shows a much greater amount of 

track going downwards, which could be 

from the resistors?

6. Correlations
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… We can also look at XY angle, meaning CMOS-only analysis*

➔ This shows a much greater amount of 

track going downwards, which could be 

from the resistors?

➔ Applying a cut on position:

Y_begin > 30

6. Correlations
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… We can also look at XY angle, meaning CMOS-only analysis*

➔ This shows a much greater amount of 

track going downwards, which could be 

from the resistors?

➔ Applying a cut on position:

Y_begin > 30

➔ Checks out! ✅

6. Correlations
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Conclusions:

➔ 3D reco & analysis framework is built and working well for alpha particles.

◆ Selection and cuts focused on alpha particles.

● Application of the methodology for other types of particles is to be done!

➔ 3D length is a great variable to perform analysis on alpha particles since it doesn’t saturate like the energy  

➔ Distribution of different angles indicative of source of alpha particles. To be deepened.

Next steps (from my side):

➔ Study of Rn progeny chains and comparison with literature (Mimac / Drift / Leubenstein / Flaminia’s thesis) ⇒ For final results for my 

thesis. Brief work.

➔ Comparison with simulation ⇒ Flaminia has simulated also the background alphas in LIME, without digitization. This is enough for me to 

compare the statistics and eventually assess the accuracy of my analysis.

➔ Addition of digitization ⇒ D. Fiorina has made a back of the envelope simulation of alphas in our gas. Digitization of these events can 

confirm some of our results (like Rn alpha lengths) and test accuracy of CMOS:Analyzer for alphas (NB it was optimized for ER 

directionality) 

Other comments:

➔ PMT simulation would be great to test and optimize the whole 3D analysis framework and to start optimizing it for lower  energy ERs and 

NRs! (…not for me…)
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Backup
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Energy vs. “absolute Z”
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