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Analysis of Real Test Beam Data
Configuration Setup for channel 5
Optimization of LSTM Model by Search Grid
Peak Finding Algorithm
CNN Clusterization result(Prelimary)

ML based Algorithm on for Particle Identification(Ongoing)
Simulation Parameters
Number of Primary Cluster (MC) 

  I) Muon
   ii) Kaon
   iii) Pion

NN (CNN) Reconstruction Results
Particle Identification

•  
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                         Main Goal of the Presentation
Task 1: The first task is related to apply the best trained LSTM Model (Highest Auc value among 
all configurations) on 180 GeV muon real data in order to detect peaks in comparison with RTA 
Algorithm on the behalf of different selection cuts(0.25-0.3 0.4) and then apply trained CNN 
model to estimate the number of primary clusters based on the detected peaks

Task 2: The second task is related to particle identification of muon and kaon. That is why first we 
generated some simulated samples from 2-10 GeV momenta for Kaon and pion. Then we apply 
best LSTM model to detect peaks in each waveform and then in the second step best CNN 
regression Model was applied to reconstruct the number of primary cluster on the behalf of 
detected peaks. 

Note: I already assumed that all of you know about the two steps of cluster counting techniques. 
In the first step the best LSTM model find the peaks (Primary + Secondary electrons) in each 
waveform against the noise. While in the second step best CNN model estimate the number of 
primary clusters based on the detected peaks. That is why I showed the final results of  Number 
of primary Clusters MC & CNN regression Model. 



4

LSTM Peak Finding 
Algorithm on Real Data    



Configuration Setup for the Real Test Beam data (180 GeV & 
Channel 5)

• .

    

Channel 5 Setup Configuration
Full Configuration  Setup for different 
channels and different gas mixtures etc
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             Search Grid Optimzation: BEST LSTM MODEL ON TUNE SIMULATED WAVEFORMS (50000)  

Hyperparameters of Best 
LSTM Model

 We used different sets of hyper-parameters like activation functions, optimizers etc to train LSTM peak finding model on 
50000 tuned simulated waveforms on the simulation parameter(showed in the previous table) and then we select the 
best model with highest area under the curve value (0.96) among all configurations showed by red dot in left Zoom view 
of AUC value.
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                 TUNE SIMULATED VS Data  Testing Part  by using Best LSTM Model (AUC =0.96)  

We applied best LSTM model on 
tune MC samples  to discriminate 
signal and Background events  

We applied best LSTM model on 
data   to discriminate signal and 
Background events
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LSTM Peak Finding Waveforms Results of  MC & Data In Comparison with RTA/Derivative 
Algorithm  

180 GeV Monte Carlo (MC) 180 GeV Real Test Data

LSTM on Data 1 

LSTM on Data 2 

LSTM on Tuned MC_1 

LSTM on Tuned MC_2 
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LSTM Peak Finding Results of  MC & Data In Comparison with RTA/Derivative Algorithm  

LSTM on Data 3 

LSTM on Data 4 
LSTM on Data 5 

LSTM on Tuned MC 3 

LSTM on Tuned MC 4 



             Selection cuts on real data (Selection cut /Threshold) 

 

At Selection 
cut/Threshold = 0.4, less 
peaks appear as result 
found less mean value 
of the detected peaks in 
the distribution

At Threshold = 0.25,  some 
peak appear in the region of 
noise amplitude peaks 
appear as result found some 
fake peaks in mean value of 
the detected peaks in the 
distribution
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    Counting Peaks Distribution of  Data with Different Selection Cuts  

The above distrubution shows 
us the total detected peaks 
with mean value (31.38) for 
1092 waveforms at selction cut 
0.3

The above distrubution shows us 
the total detected peaks with 
mean value (21.21) for 1092 
waveforms at selection cut 0.4

The above distrubution shows us 
the total detected peaks with 
mean value (43.28) for 1092 
waveforms 0.25
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CNN Clusterization 
Algorithm on Real Data    
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             Search Grid Optimzation: BEST CNN Model ON TUNE SIMULATED WAVEFORMS (50000)  

Hyperparameters of BestCNN Model (Lowest Mean Square error 
value)
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                Preliminary Results  of Number of Primary Clusters (CNN)

.

CNN_Simulation

RTA Algorithm

CNN_Data

RTA Algorithm
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Conclusion  

Peak Finding Algorithms Clusterization Algorithms
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ML Based Algorithm for 
ParticleIdentification(Simulated 
samples + NN) (Ongoing)  



 ML Based Algorithm for Particle Identification:  Simulation Parameters

• .

    

Above are Simulation parameters 
were used which matched the real 
test beam data.
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                                                       Number of Primary Cluster (MC)  
For Muon

For Kaon

10 GeV 6 GeV8 GeV

10 GeV 8 GeV
6 GeV



19

                                                  Number of Primary Cluster (MC)  
          For Muon

4 GeV 2 GeV

For Kaon

All these distributions 
are related to the 
number of primary 
clusters Monet carlo 
(MC) for the momentum 
(2-10 Gev) of muon and 
Kaon. We also need to 
generated it for 180 GeV 
momentum

4 GeV 2 GeV



20

                                                  Number of Primary Cluster (MC) for Pion 

All these distributions 
are related to the number 
of primary clusters (MC) 
for the momentum (2-10 
GeV) of Pion

10GeV
8 GeV 6 GeV

4 GeV 2 GeV
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                                             Reconstruction of Number of Primary Clusters (CNN) for Kaon
For Kaon

2 GeV4 GeV

6 GeV
8 GeV10 GeV

All these distributions 
are related to the 
number of primary 
clusters reconstructed 
by CNN Model for the 
momentum (2-10 GeV) 
of Kaon
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                                             Reconstruction of Number of Primary Clusters (CNN) for Pion

All these distributions 
are related to the 
number of primary 
clusters reconstructed 
by CNN Model for the 
momentum (2-10 Gev) 
of Pion

10 GeV 8 GeV
6 GeV

4 GeV 2 GeV
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● The above Table shows the mean number of primary clusters (MC) and CNN 
reconstruction results for Kaon and will be updated soon on the behalf of 
an LSTM model too
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● The above Table shows the mean number of primary clusters (MC) and CNN 
reconstruction results for Pion and will be updated soon on the behalf of an 
LSTM model too
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● At best selection cut 0.55. it looks reasonable. At this 
selection cut the reconstruction number of primary 
clusters of CNN more close to MC

 PID performances for MC and NN Reconstruction

● The above plot is seperation 
power for kaon and pion done by 
Guang and his team (IHEP) from 
2-10 GeV momentum too
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 PID performances for MC and NN Reconstruction

  The above plot show seperation power of pion and kaon 
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                            Some Plots(p/m) 

● The above plots are related to mean number of primary clusters vs βγ for MC 
truth and CNN for kaon and pion



Beam test data selection for Channel 5
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Signal-like data Noise-like data

• Signal-like data: peak finding
• Noise-like data: noise information



      Waveform Selection Logic
• .
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Applying Untrained NN on beam test data 2022 (180 GeV) Just for 
Checking

 The above distribution shows us total number of 
detected peaks (primary and secondary electrons)  the 
channel 

Preliminary Results of Peak 
Finding  distribution

              
Clusterization

Preliminary CNN 
Clusterization 

RTA Algorithm 

Bad Discrimination of signal 
and background by using 
trained LSTM model on 
untuned simulated waveforms. 
Because we did not see two 
main peaks one close to zero 
represent mostly background 
events and other close to one 
represent mostly signal events 
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1. Peak Detection Based on Probability Cut:
The detection process involves looping over all events and applying a probability 
cut to decide whether a peak is considered a valid detection:

Looping Over Events: The script iterates over all entries (events) in the 
probability file.

Applying the Cut: For each event, it checks if the predicted probability (prob_ml) 
exceeds the cut threshold (cut), which is set to 0.95/0.65.

Storing Detected Peaks: If the probability exceeds the threshold, the 
corresponding peak time is stored in the detected_time dictionary, keyed by event 
number (evtno)

2. Matching Detected Peaks with Truth Data
After detecting peaks, the script matches these peaks with the Monte Carlo (MC) 
truth data to classify them as primary or secondary:

Truth Data: The truth data (truth_time, truth_tag) contains the actual times of 
primary and secondary peaks, labeled by truth_tag (1 for primary, 2 for 
secondary).

Matching Function: The match function compares detected peak times with the 
truth peak times. For each detected peak, it finds the closest truth peak and 
assigns the corresponding tag (primary or secondary) based on the truth data.

ID Assignment: The id_list array stores the classification of each detected peak 
as primary (1) or secondary (2)

3. Counting Primary Peaks: After classifying the detected peaks, the script 
counts how many of them are primary peaks:
Counting: The script iterates over the id_list and increments ncount_pri for every 
primary peak (tag 1)



Missione 4 • Istruzione e Ricerca ICSC Italian Research Center on High-Performance Computing, Big Data and 
Quantum Computing

          

1. Peak Detection Based on Probability Cut:
The detection process involves looping over all events and applying a probability 
cut to decide whether a peak is considered a valid detection:

Looping Over Events: The script iterates over all entries (events) in the 
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truth data to classify them as primary or secondary:

Truth Data: The truth data (truth_time, truth_tag) contains the actual times of 
primary and secondary peaks, labeled by truth_tag (1 for primary, 2 for 
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Best LSTM Peak Finding (Above 1st row) and CNN Regression Model 
(Below 2nd Row)



                    

                                         Simulated Peak Finding Waveforms and Data Distribution
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Final results of the reconstruction for 4 GeV on the base of 
different selection cuts Different selection cuts 

for 4 GeV
MC  of MCσ Primary 

Cluster(
LSTM)

 of σ

(LSTM)
 CNN  of σ

(CNN)

0.55 16.99 4.1 15.37 3.84 15. 3..2

0.65 16.99 4.1 15.05 3.78 14.9 3.3

0.85 16.99 4.1 14.05 3.5 13.77 3.2

0.95 16.99 4.1 12.74 3.32 12.19 2.99
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