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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: | 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 | showed the final results of Number

of primary Clusters MC & CNN regression Model.



LSTM Peak Finding
Algorithm on Real Data



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

Channel 5)

1.0cm-20pum

Confiurations and setup information

Jalue - - AT 1 16 1.5cm-20pm
; > BT T 2 2 1 Gem<200m 2 17 1.5cm-20um
Sampling rate 1.5 GFlz 5 § el 3 18 1.5cm-20pm
Temperature 293 K A . Oem=20m o e e
5 5 1.0cm-20um 5 8 1.0cm-20um
Gas mixture He(90%) & C4H1o (10%) H - L2000 6 6 1.0cm-20pum
= g ; ii 1'?"”‘;2”’” 7 9 1.0cm-20pm
ressure orr .5cm-20pm -
9 15 S EETIORIR 8 10 1.0cm-20um
Cell size 0.8 cm 12 : = Tubes setup with OSC
High voltage 1450V 12 -
13 - -
Track angle 45° 14 = Sipm Scintillator upstream
g ; 115 - Sipm Scintillator downstream
Sense wire radius 20 pm .
| Tubes setup with DRS
Particle Muon
HV tag HVtag HVtag HVtag
Momentum 180 GeV _ _ | 2 _ _ | _— _ | 1 :__ 2 o

8,69,10 | 1450 0SC 1cm-20um 5,6,7,8 869,10 | 1450 | 1630

0SC 1cm-20um 56,78
DRS16 1cm-20um 0,1,2,3,4,5 0,1,2,3,4,5 | 1450 DRS16 1cm-20um 0,1,23,4,5 0,1,2,3,45 | 1450 1630
0SC 1.5cm-20um 1,2,3,4 16,17,18,19 | 1550 0SC 1.5cm-20um 1,2,3,4 16,17,18,19 | 1550 1730
DRS16 1.5cm-20um 6,7,8,9 12,13,14,15 | 1550 DRS16 1.5cm-20um 6,7,8,9 12,13,14,15| 1550 1730

HV tags with 90/10 gas mix runs HV tags with 85/15 gas mix runs

Full Configuration Setup for different
channels and different gas mixtures etc

Channel 5 Setup Configuration
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* 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)
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Amplitude

LSTM Peak Finding Waveforms Results of MC & Data In Comparison with RTA/Derivative
Algorithm

180 GeV Monte Carlo (MC
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Amplitude

LSTM Peak Finding Results of MC & Data In Comparison with RTA/Derivative Algorithm
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Selection cuts on real data (Selection cut /Threshold)
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Counting Peaks Distribution of Data with Different Selection Cuts
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The above distrubution shows
us the total detected peaks
with mean value (31.38) for
1092 waveforms at selction cut

70
60
50
40
30
20
10

o

htemp
Entries
Mean
Std Dev

htemp
Entries
Mean
Std Dev

1092
43.28
9.203

1092
21.21 50
6.83

40
30
20

‘I\I\l\i\l‘l\\\‘l\l\l\l\

101

llll‘lllll\l\!\J\Jl‘l

20 30 40 50 60 70
Total Detected Peaks (LSTM)

- [T
o

10 20 30 40 50
Total detected Peaks (LSTM)

The above distrubution shows us

The above distrubution shows us
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mean value (21.21) for 1092
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the total detected peaks with
mean value (43.28
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CNN Clusterization
Algorithm on Real Data




Final validation MSE
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— val
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Epoch

Model / Directory

/lustre/home/muanwar/180_Cls/Model337

Topology [32, 16]
Dropout 0.0000
Epochs 50.0000
Batch size 96.0000
Train/Validation split 0.7 / 0.3
Patience/Early Stopping 20.0000
Neuron activations relu, relu
Optimizer AdamW
Log filename A.txt
Final Metrics

Final MSE 4.9000

Model index

Hyperparameters of BestCNN Model (Lowest Mean Square error

value)
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Preliminary Results of Number of Primary Clusters (CNN)
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Algorithm Type e - S S — .
Algorithm Standard Total Entries
Algorithm RTA (Template) | Deviation (Waveforms)
. | | CNN_Simulation 16.85 3.871 50000
Mean detected peaks 35 LI i 3 i i
g i b T B | CNN_Data 14 4.185 1092
Algorithm Derivative (DERV) | 3 SR sl oo il
R : R RTA Algorithm 16.71 4.617 4894
Mean detected peaks 33 | . |
Algorithm Machine Learning (LSTM) |
’I - : =T |
Mean detected peaks 31.38

Peak Findlng Algorithms Clusterization Algorithms
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ML Based Algorithm for
Particleldentification(Simulated

samples + NN) (Ongoing)




ML Based Algorithm for Particle Identification: Simulation Parameters

Particle muon, kaon and pion
Gas mixture He 90% + isobutane 10%
Cell size 0.8 cm

Momentum 2,4,6,8,8,10 GeV
Sampling rate 1.5 GHz

Angle 45

Voltage at sense wire 1450 V

Above are Simulation parameters
were used which matched the real
test beam data.



Number of Primary Cluster (MC)
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Number of Primary Cluster (MC)

For Muon
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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
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Number of Primary Cluster (MC) for Pion
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All these distributions
are related to the number
of primary clusters (MC)
for the momentum (2-10
GeV) of Pion
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Reconstruction of Number of Primary Clusters (CNN) for Kaon
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All these distributions

are related to
D number of
clusters

of Kaon
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Reconstruction of Number of Primary Clusters (CNN) for Pion

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

~

(GeV) Mean Std Dev Mean Std Dev
2 153.72 e 5:711_7_—_ | 13.60 3.412 |
4 14.42 3.801 14.18 3.483
6 15109 3.888 14.96 3.541
8 1900 3.902 15.24 3.504
10 16.04 3.986 15.40 3.447

* 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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—

Number of Primary Clusters for Pion

Number of Primary Clusters

Momentum
(GeV)
Mean Std Dev Mean Std Dev
2 15.15 3.951 14.97 3.442
4 16.31 4.036 16.01 3.504
6 16.92 4.095 16.89 3.517
8 1745 4174 1723 3.481
10 17.69 4177 17:37 3.489

* 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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PID performances for MC and NN Reconstruction

K/u Separation Power: Truth vs CNN (same y-axis)
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PID performances for MC and NN Reconstruction

Pi/K Separation Power: Truth vs CNN (same y-axis)
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*

The above plot show seperation power of pion and kaon
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Mean primary clusters
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Beam test data selection for Channel 5
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Noise-like data
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Waveform Selection Lodic

Quantity Value
Total entries in TChain (all channels) 58,002
Entries for channel 5 (within range) 4,832
Noise RMS cut Onoise < 2 MV

Amplitude cut (VALID) Amax > 0.03 V (30 mV)




Applying Untrained NN on beam test data 2022 (180 GeV) Just for

Checking

Preliminary Results of Peak
Finding distribution
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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

detected peaks (primary and secondary electrons) the
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& B 16.78 + 0.08
10~ =
: <__. RTA Algorithm
17 =
o_ o 20 30 35 56" F— “a]o"";o

Number of Clusters found



7 Finanziato ; Ministero : .
* | dal'Unione europea dell’'Universita Italiadomani I B S C

e Centro Nazionale erca in HPC,

_ NextGenerationEU b e della Ricerca B EREes ERERILIENZA Big Data mmmmwrj:ﬁpmng

1. Peak Detection Based on Probability Cut: i
The detection process involves looping over all events and applying a probability 800 - ‘ ‘ e T
cut to decide whether a peak is considered a valid detection: 700 Dot
600 - =
Looping Over Events: The script iterates over all entries (events) in the = *
probability file. = E
300} E
Applying the Cut: For each event, it checks if the predicted probability (prob_ml) fzz* :
exceeds the cut threshold (cut), which is set to 0.95/0.65. o — — o = ,ﬂ f

Discriminate Signal from Background

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)

Different Momenta of

2. Matching Detected Peaks with Truth Data Muon (GeV_)
After detecting peaks, the script matches these peaks with the Monte Carlo (MC)
truth data to classify them as primary or secondary: Monte Carlo (MC)
Truth Data: The truth data (truth_time, truth_tag) contains the actual times of Primary Cluster (MC) 15.89 16.99 17.81 18.28 18.53 19.10
primary and secondary peaks, labeled by truth_tag (1 for primary, 2 for Std. Deviation (MC) 1.01 4.10 4.12 4.30 4.20 4.30
secondary). ’ ' ' ' ’ '

_ _ _ _ _ LSTM Model
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 Primary Cluster 14.45 15.37 16.06 16.34 16.49 17.30
assigns the corresponding tag (primary or secondary) based on the truth data. (LSTM)
ID Assignment: The id_list array stores the classification of each detected peak Std. Deviation (LSTM) 3.77 3.84 3.90 3.90 3.90 4.02
as primary (1) or secondary (2)

CNN Model

3. Counting Primary Peaks: After classifying the detected peaks, the script .
counts how many of them are primary peaks: rimary uster . . . . . .

h f th i k P Clust CNN 14.38 15.00 15.38 15.77 16.29 16.76
Counting: The script iterates over the id_list and increments ncount_pri for every . s
orimary peak (tag 1) Std. Deviation (CNN) 3.37 3.20 3.20 3.10 3.30 3.20

Table 1: Primary cluster means and standard deviations from MC, LSTM, and CNN across different
muon momenta.

ICSC ltalian Research Center on High-Performance Computing, Big Data and Missione 4 e Istruzione e Ricerca
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1. Peak Detection Based on Probability Cut: i
The detection process involves looping over all events and applying a probability 800 - ‘ ‘ e T
cut to decide whether a peak is considered a valid detection: 700 Dot
600 - =
Looping Over Events: The script iterates over all entries (events) in the = *
probability file. = E
300} E
Applying the Cut: For each event, it checks if the predicted probability (prob_ml) fzz* :
exceeds the cut threshold (cut), which is set to 0.95/0.65. o — — o = ,ﬂ f

Discriminate Signal from Background

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) Different Momenta of

Muon (GeV)

2. Matching Detected Peaks with Truth Data
After detecting peaks, the script matches these peaks with the Monte Carlo (MC) Monte Carlo (MC)

truth data to classify them as primary or secondary:

Primary Cluster (MC) 15.16 16.39 1581 17.42 17.71 19.10
Truth Data: The truth data (truth_time, truth_tag) contains the actual times of Std. Deviation (MC) 3.926 4.038 A163 4.17 4.192 4.30
primary and secondary peaks, labeled by truth_tag (1 for primary, 2 for
secondary). LSTM Model
Matching Function: The match function compares detected peak times with the Primary Cluster (LSTM) 14.45 15.37  16.06 16.34 16.49  17.30
truth peak times. For each detected peak, it finds the closest truth peak and Std. Deviation (LSTM) QT 3.84 3.90 3.90 3.90 4.02
assigns the corresponding tag (primary or secondary) based on the truth data.
CNN Model
D Assignment: gﬁﬂa;'?f)";'r lgceo'gagf; prind stores the classification of each detected peak Primary Cluster (CNN) 1438 1510 1538 Iogg 16w iskEs
Std. Deviation (CNN) 3.37 3.20 3.20 3.10 3.30 3.20

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)

Table 1: Primary cluster means and standard deviations from MC, LSTM, and CNN across different
muon momenta.
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Best LSTM Peak Finding (Above 15 row) and CNN Regression Model

(Below 2" Row)

ROC Curve (Sgd Optimizer)
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® MSE values
. @ Best model
training and validation loss 700 3
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_ . _ ¢
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Kt Kt 493.677 +1 g
5.50
P proton, p 938.272013 +1
D anti-proton, antiproton, p-bar 938.272013 -1 o N -
d deuteron, d 1875.612793 +1 : : : : : :
o 250 500 750 1000 1250 1500 1750
0 10 20 30 40 50 Number of Models

AUC Value for Different Models
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Simulated Peak Finding Waveforms and Data Distribution

® Detected Electrons
Primary Electrons (MC Truth)
— Secondory Electrons (MC Truth)
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Final results of the reconstruction for 4 GeV on the base of
diffe I‘ent SE'ECtiOI‘I CutS Different selection cuts MC o of MC Primary o of CNN o of

for 4 GeV Cluster( (LSTM) (CNN)
1000 " T T T n T I e L O R | “mei"'p
B Moan~ 1699 LSTM)
L Std Dev 4.106
800 |~ =
600 |- -
400 - .
200 .
T T - — 0.55 16.99 4.1 15.37 3.84 15. 3.2
Number of Primary Clusters (MC)
0.65 16.99 4.1 15.05 3.78 14.9 3.3
= htemp
o Entries 10000 L B A 16.99 4.1 14.05 35 13.77 3.2
e e = e 0.85
800| ] 1000
eoo; - 800
400i E 600
g 400
200 - r
b 200~
0==%"H0 5 20 25 30 s
Number of Primary Clusters(CNN) 0.95 16.99 4.1 12.74 332 1219 299

Number of Primary Clusters (CNN)
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Symbol Name(s) Mass [MeV /c?] Charge

e~ electron, e~ 0.510998910 —1

et positron, et 0.510998910 +1

[ muon, ji 105.658367 —1 - —

put muon, " 105.658367 +1 B Mean 9307
250 [ StdDev  1.569

T pion, w, ™ 139.57018 —1 - ]

mt mt 139.57018 +1 =R E

K- kaon, K, K- 493.677 ~1 150 E

K* K* 493.677 +1 100 3

P proton, p 938.272013 +1 50 =

D anti-proton, antiproton, p-bar 938.272013 —1 ok [ e _—

4 6 8 10 12 14 16
d deuteron, d 1875.612793 +1 CNN_Data
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2) Which kaon mass was used

Kaon: Primary clusters vs By (MC truth vs CNN)

] - The code used the charged kaon mass:
e ~&- MC truth (mean ncls) i waic
=~ CNN reco (mean ncls_pred) my = 0.493677 GeV /c?
In natural units = = 1, we freat it as:
15.5 1
my = 0493677 GeV
0
Ej That's why your tcrminal print shows:
et
[0}
S 1501 Kaon mass used: 9.493677 GeV/ch2
&
£
s 3) How the x-axis values were computed (your exact numbers)
% 1451 For 2ach momentum point p — 2,4, 6,8, 10 GeV/c:
Q
= g
AT
14.0 A Let me compute them (matching your output);
» 2/0.493677 — 4.051
. 1/0.493677 — 8.102 :
+ 6/0.493677 = 12.154
I S T N T + 8/0.480677 = 1605
« 10/0.493677 = 20.256
By (= pimy) /

So the x-axlis polints are simply the momentum div ded by Kaon mass.

ICSC ltalian Research Center on High-Performance Computing, Big Data and Missione 4 ¢ Istruzione e Ricerca
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