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Outline

* Simulation based on Garfield ++ for 2024 data

* Training of Long Short Term Memory (LSTM) Model Using HPC
Resources

* Long Short Term Memory (LSTM) Model for Peak Finding Algorithm

#* Training of Convolutional Neural Network(CNN) Model Using HPC
Resources

#* Convolutional Neural Network(CNN) Model for Clusterization Algorithm

*Preliminary Results related to GPU'’s
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Main Goal of the Talk

The main goal of the talk is to train neural network models, such as the Long Short-Term Memory (LSTM) Model and Convolutional Neural
Network (CNN) Model on the mometum ranges from 0.2 to 20 GeV/C and then we applied this trained model on the sample of 2, 4, 6, 8, and 10
GeV/c momenta as testing to check the performance of the models. These models are trained for a two-step reconstruction algorithm, which
involves peak finding and clusterization

So, | designed a task involving the simultaneous submission of several jobs using local HPC Resources. The purpose of this task is to train
Long Short-Term Memory (LSTM) models to classify signals from background, a process known as a classification task. To achieve this task, |
utilized various hyperparameters, including activation functions, optimizer, Epochs, batch size, patience, and dropout rates etc . Additionally, |
managed different HPC resources such as memory requests, Job duration, and CPU Usage etc

For the peak finding algorithm, | selected best trained LSTM model based on the higest area under the curve value among all configurations
which is further used to discriminate signals (primary and secondary peaks) from the noise in the waveform, addressing a classification
problem. SGD as an optimizer, relu and sigmoid as an activation functions, 32 neurons in LSTM layer, 32 neurons in the dense layer and 1
neuron in the output layer, 200 epochs and 32 batch size were selected for the best LSTM peak finding model

Concurrently, | used the above logics again to select best CNN model based on the lowest mean square error value among all configurations.
Convolutional Neural Network model is utilized to determine the number of primary clusters based on the detected peaks, dealing with a
regression problem. rmsprop as an optimizer, selu and selu as an activation functions, 32 and 64 filters in two convolutional layers, 32
neurons in dense layer and 1 neuron in output layer, 50 epochs and 150 batch size were selected for the best CNN regression model

It should be noted that the best trained models (LSTM and CNN) are applied to simulations based on Garfield++ for 10, 8, 6 4, and 2 GeVI/c
momenta and the all those other parameters which were used for the 2024 test beam data.
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Finanziato g5y Ministero Italiadomani 4 . IBS C =

Centro Hazionake di Ricerca in
Big Data and Quantum Camputing

dall’'Unione europea dell’Universita
MNextGenerationEU e della Ricerca DI RIFRESA E RESILIENZA

Simulation Based on
Garfield +4 for 2024 data
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Simulation Based on Garfield ++

htemp
80 B o o R nan (el
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® The LSTM and CNN model were trained on the 300 N
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Simulation Parameters Based on Garfield ++

Sampling Rate 2 GHz

Gas Mixture He (90%) & CaH1o0

(10%)
Cell Size 0.8 cm
Momenta (GeVIC) 10, 8, 6, 4, 2
Angle between the z axis 45 degree A
of drift tube chamber and track of the —
muon particle i
Particle Muon O T e

Al the simulation parameters like cell size, different momenta, gas

mixture etc are shown in the table
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Simulation Parameters Based on Garfield ++ for 10 GeV

cls_size Distribution

cls_size_hist
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I took this plot as a refrence

from the resarch paper of,
“Simulation of particle

identification with the cluste
counting technique”’
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Waveform-Based Full Simulation

Simulation package

Experimental measurement
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Generation of the Waveform

A sophisticated simulation framework has been
developed to create realistic waveforms for cluster 30 1 — Waveform
counting, consisting of two main parts: simulation

and digitization 251

Ml The simulation package generates analog
waveforms from ionizations (electrons) caused b
relativistic charged particles using Heed, while the
digitization package converts these analo
waveforms into digital waveforms to mimic real
electronic responses

N
o
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=
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Amplitude

=
=}
L

0.5 4

0.0 1

Ml This conversion involves calculating

0 200 400 600 800 1000 1200 1400 1600
Time

data using a fast Fourier transform
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Training LSTM and CNN Model for
Two-Step Reconstruction Algorithm_
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First Model

Training of Long Short Term Memory (LS TM)

Model Using HPC Resources
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Optimization of Hyperparameters for Long Short-Term
Memory Models Using HPC Resources

Currently, | designed a task involving the simultaneous
submission of several jobs using local HPC
Resources

The purpose of this task is to train Long Short-Term
Memory (LSTM) models to classify signals

rom background, a process known as a classification
task.

To achieve this task, | utilized various hyperparameters,
including activation functions, optimizer
Epochs, batch size, patience, and dropout rates etc

Additionally, | managed different resources such as
memory requests, Job duration, and CPU
Usage etc

Then, | selected the best model based on evaluation
metrics such as the highest AUC value among all
configurations

perparameters for LSTM peak finding

model are shown in the screen shot

ICSC ltalian Research Center on High-Performance Computing, Big Data and Quantum Missione 4  Istruzione e Ricerca
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Criteria to Select Best Long Short Term Memory Model by
Using HPC Resources

Partionable Usage Request
Resources
number of signal = 113768, number of background = 3886382
(125144, 15, 1)
(102392, 15, 1)
Model: "sequential”
Layer (type) Output Shape Param # CPUS 1.2 4
AUC Score 0.992428 ; :
Istm (LSTM) (None, 15, 32) 4352
flatten (Flatten) (None, 480) 0
(None, 32) Memory 102.45 5000
one, 1) (MB)
® | selected best long short term Totsl pars _
otal params: 19,
memory (LSTM) model based on Trainable params: 19,777
the highest Area under the curve Non-trainable parans: O

. . Run Remote 7345.44 sec  2hr/job
value among all the configurations Usage

® The above table shows us the The above snapchat shows us

highest value of Area under the the structure of best LSTM Peak
curve to choose best LSTM model Finding model ® The above table shows us different
among all configurations HPC Local Resources of the RECAS

like CPUS, Memory Usage and Run
remote Usage

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Missione 4 e Istruzione e Ricerca
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Plots of the Best Peak Finding LSTM
Model

Training and validation loss

[ ] B Training loss
0.45 - —— Validation loss

0 25 50 75 100 125 150 175 200
Epochs

* The upper left sided plot loss VS epoch
show us that the training and validation loss
decreases over the epochs and then it
become approximately constant which
shows a best trained model

acc

Training and validation acc

0.96 -
0.94 -
0.92 A1
0.90 A
0.88 -
0.86 - B Training acc
™ —— Validation acc
25 50 75 100 125 150 iT7S 200
Epochs

® The upper right sided plots Accuracy VS
Epoch show us that the training and
validation accuracy increases over the
epochs and then it become approximately
constant which shows a best trained model

Optimizer sgd

Topology [32 32 1]
Bach size 32

Number of 200

Epochs

Activation Relu, sigmoid
function

Train/ 0.7

Validation Split

Patience/Early 30
Stopping call

Drop out rate 0.1
Different Hyperparameters for the

trained LSTM Model are shown in the
Table

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum
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True Positive Rate

Plots of the Best Peak Finding LSTM Model

Receiver Operating Characteristic (ROC) Curve
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The above plot show ROC curve for the LSTM
model with Area under the curve value 0.98
which show a best classification to discrimate
sugnal from background

Prediction

Sig | Noise
Sig | TP | FN
Noise | FP | TN

Truth

The above table tell us about the
concept of classification (TP, TN) and

misclassification (FP, FN)
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Zoomed-In View of AUC Values (0.98 to 0.9950)
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Two Step Reconstruction
Algorithm
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— Wawveform
Step1. Peak Finding
l4b] 0.06 = y = .
= Discriminate peaks (both primary and secondary)
s from the noises (classification problem)
<
Time
ok ke R
o I s o sirtioiin Step2. Clusterization:
8 e ‘Secondary iontzationiiound) Determine the number of clusters (N,,;) from the
b Misjudgement .
s 1 o detected peaks (regression problem)
( 004

o 00 400 600 800 1000

Time

® Taken from the Guang presentation just to know about what are the main steps of our algorithm in
cluster counting Techniques

ICSC ltalian Research Center on High-Performance Computing, Big Data and Missione 4 ¢ Istruzione e Ricerca
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Applying LSTM Model for Peak
Finding Algorithm
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Two-Step Reconstruction Algorithm

3.0 X1 » LSTM |—>»

2.5 ¢

2.0 X2 ——»{ LSTM —»

8 ‘L o

21 2 >
& X3 ——>»{ LSTM |—>»| 5

1.01

00 Xy ——>» LSTM —>

200 400 600 800 1000 1200 1400 1600
Time

=4

. peak finding can be framed as a classification problem in machine learning

Sl The waveforms are divided into segments, each comprising 15 bins. Each segment can represent either a signal or a nois

The list of the amplitudes of a segment, subtracted by their mean and normalized b

feature for the neural networ

The data of waveform is time sequence data, which suitable for es I Long Short Term Memory Model

their standard deviation, is served as the input

ICSC ltalian Research Center on High-Performance Computing, Big Data and Missione 4 « Istruzione e Ricerca
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Evaluation by Waveform

Primary electrons (MC truth)
3.0 A1 —— Secondary electrons (MC truth)
e Detected electrons
2.5
2.0 1
@
=
=
'E:_ 1.5 1
1.0 -
0.5
0.0
0 100 200 300 400 500 600

" We applied a Long Short-Term Memory (LSTM) model to the waveform to classify signals (primary and
secondary electrons) from the Noise using a peak-finding algorithm known as classification

" Detected peaks from both primary and secondary electrons are shown by blue dots

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

Training of Convolutional Neural
Network(CNN) Model Using HPC Resources
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Optimization of Hyperparameters for Convolutional Neural
Network(CNN) Model Using HPC Resources

" Currently, | designed again task involving the simultaneous
submission of several jobs using local HPC Resources

" The purpose of this task is to train convolutional neural network
models to detect number of primary ionization clusters based on
the detected peaks, a process known as a regression task

" To achieve this task, | utilized various hyperparameters,
including activation functions, optimizer Epochs, batch size,
patience, and dropout rates etc

" Additionally, | managed different resources such as memory

requests, Job duration, and CPU Usage etc CNN clusterization model are
shown in the screen shot

® Then, | selected the best model baseq on evaluation metric such
as the mean square error (mse)

ICSC ltalian Research Center on High-Performance Computing, Big Data and Quantum Missione 4  Istruzione e Ricerca
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Criteria to Select Best CNN Model Based on the Lowest
Mean Square Error (MAE)

Mean Square 4.9148

Error (MSE)

® | selected best CNN model based on
the lowest mean square error (MSE)
value among all the configuration

® The above table shows us the value of
different evaluation metrics to choose
best CNN model among all
configurations

7.30
7.20
7.10

540
530
520

:

Scatter Plot of MSE Values for Different Models

0
Number of Models

The above plot shows us different configuration

models with Mean Square Error value. The red

dot shows us the best model among all

ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum

Partionable Usage Request
Resources

CPUS 2.55 4
Memory 49.2 5000
(MB)

Run 1423.64 sec  2hrljob
Remote

Usage

® The above table shows us different
HPC Local Resources of the RECAS
like CPUS, Memory Usage and Run
remote Usage

Missione 4 e Istruzione e Ricerca
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Best CNN Regression Model

training and validation loss Optimizer Rmsprop - -
_ Output Snape Parar #
160 . tralln
—— .
Number of Filters [32 64] (Noe, 1821, 32)
140
120 - . . ax naolinold (MasPoalinail) (Name 518 37)
Filter Size 4 nax_peolingld (MaxPoalinglD) (Nane, 518, 32
100 1
: convid 1 {ConviD) (None, 587, 64)
== Bach size [150]
60 nax_poolingld 1 (MaxPoolingl (None, 243, 64)
1 Number of Epochs 50 - ,
1 P flatten (Flatzen) (None, 16192)
201 L
] - . . dence (Dence) (None, 32) 518176
0 \ i
E = = = = Activation function selu, selu

The plots show us that the training
and validation loss mean square error

decreases over the epochs and then it

become constant which show us the

dense 1 (Dense) (None, 1) 1

Train/Validation Split 0.7 Tolel parans:
Trainable parans: i
flon-trainable parars: ®

neurons [32, 1]
® Structure of Best Trained CNN Model
in the snapchat

ICSC ltalian Research Center on High-Performance Computing, Big Data and Missione 4 « Istruzione e Ricerca
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Applying CNN Model for
Clusterization Algorithm
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Step2: Clusterization

@ Detected Primary Electrons
Convelutional Fully-Connected Fu
3.0 1 % Dgtected Secondory Electrons Layer Pooling Layer Flattening Kepor fpatell
~— Primary Electrons (MC Truth) . 2 i = 5
— Secondory Electrons (MC Truth) " . e i
2.5 1024%1 16@1017X1 1%32
- :I_-L—'_'L 16@5081
s
[}
° —
2 x
215 T 1%§128
5 £
= ==
104 E —
0.5 — L
0.0 4 — 4
0 100 200 300 400 500 600

Time

LA regression problem to predict Number of
primary clusters based on the detected peaks
by using Convolutional Neural Network (CNN

ll abels: Number of clusters from MC truth

Features: Time list of the detected times in the

M The peaks found by peak finding

Algorithm would be training sample of BN rearession problem

ICSC Italian Research Center on High-Performance Computing, Big Data and Missione 4 « Istruzione e Ricerca
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Applying Best CNN Model for
Clusterization Algorithm
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Centro N

Final results of the reconstruction for 10

GeV

700 — B ht
B Entrie: eme 5000 500 [ Entries o 5000
600 — Mean 16.86 B Mean 17.34
[ Std Dev 3.138 | Std Dev 4.065
- ] 400 — —
500 ] B ]
00| - 300 -
300 - 200l -
200 - - -
- = 100 | —
100 — ] B i
0: ol Lo by - Oi‘g\ N T B R B T

5 10 15 20 25 30 5 10 15 20 25 30 35
Number of Primary Clusters (CNN) Number of Primary Clusters (Target)
M |
MNumber of Primary clusters with mean value (16.86) detected by CNN

Model based on the detected pri neaks with mean value (17.34

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



Finanziato

dall’'Unione europea ¥
NextGenerationEU : della Ricerca

Repeating the Above
Process for 8 GeV/, 6 GeV, 4

Gel/ and 2 Gev momenta
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Centro Hazionake di Ricerca in HPC,

Simulation Parmeters Based on Garfield ++ for 8 GeV and

ssof” == Flnal Results of reconstruction by Using NN Models
400 SidDev 4228 - -
s E 600~ T htemp i e
::g_ _ - .\E,.';‘;fs 155023 450 Entries 5000
= = - . - M 16.96
ok _ 500 - Std Dev 3.3787 400 s&"‘gev re
ts0f 3 a 1 sob :
1002_ _i 40 B | 300 i E
502_ _§ B 7] g g
R L S R 20 - E 250 F E
Number of Primary Cluster (MC) - ] 200 =
\liThe above distrubution shows the numbe 200 - B 150 =
of primary clusters of MC with mean value B . 100 = e
100 - r E :
cls_size Distribution L i 50 ;_ _;
. e ) Lo oo Lo L | i L] 0 B A R R R S S =
B i 5 10 15 20 25 30 5 10 15 20 25 30
Number of Primary Cluster (CNN) Number of Primary Cluster(Target)
f\ Final Results of Reconstruction:
UL The above distributions shows us the Number of Primary clusters with

N I .
100 200 300 400 500
Number of Electron per Cluster

L The above distrubution shows the number of
electrons per clusters with mean value 1.412

mean value (16.57) detected by CNN Model based on the detected primar
peaks with mean value (16.96
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Simulation Parametrs Based on Garfield ++ for 6 GeV

— cls_size Distribution
cls_size_hist
! I htemp 10° Entries 89224
500 Entries 5000 Mean 1.405
Mean 17.65 Std Dev 4.204
- StdDev 4178 \
400 = 10
300} = i
200:_ { 10° &=
100} 3 _
0' Pl BT R P R - ;
5 10 15 20 25 30 35 - N R T Y O Ll |
Number of Primary Cluster (MC) ﬂ e T

Number of Electron per Cluster

LB The above distrubution shows the number of
electrons per clusters with mean value 1.405

A The above distrubution shows the number of primary

clusters with mean value 17.65 for 5000 tracks
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Final results of the reconstruction for 6

GeV
600 L htemp

B Entries 5000 500 htemp
B Mean 16.21 B Entries 5000
500 — Std Dev 3.431 B Mean 16.47
B ] - Std Dev 4.104
- . 300 .
300 — — B 1
200 } { 200 :— _:
100 |- — 100 [— —
0 : [ | [ T R T T S R R R SR [ : : L I T T L :

0 5 10 15 20 25 30 0, 5 10 15 20 25 30
Number of Primary Cluster(CNN) Nmber of Primary Cluster(Target)

dNumber of Primary clusters with mean value (16.21) detected by CNN
Model based on the detected primary peaks with mean value (16.47)
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Simulation Parameters Based on Garfield ++ for 4 GeV

|:’ cls_size Distribution
cls_size hist
e B e e —— 10° £ Entries 85792

S00p ! I _ htemp E Mean 1.413

i ;’:’“’5 157022 - StdDev  4.463

B an s B
400 | Std Dev 4.189 10 E

- 4 103
300 |- - %\

i i 10%
200 -] = \

E ] 10 =
100 [~ - =

i i B l”“““ﬂ[lml 110 I

o P T T TR T AN T T SN N AN T S S N N A i 50 100 150 200 250 300
5 10 15 20 25 30 35 Number of Electron per Cluster

Number of Primary cluster (MC)

L BThe above distrubution shows the number of yliThe above distrubution shows the numbe
primary clusters with mean value 17.16 for 5000 gzellg Sl s s e
Ll
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Final results of the reconstruction for 4

GeV

— | 1 1 1 T T | htemp
0T Enrios 5000 500 Entries 5000
- Mean 15.77 B Mean 15.85
500 — Std Dev 3.421 B Std Dev 4.015
B | 400 [ —]
400 — B ]
- l 300 |- —
300 — [ i
200 :— _: 200 — —
100 |- — 100 | ]
0 N RTINS R SR RR R RE RR S 1] E E

5 10 15 20 25 30 0 A_‘ [ I B L 1 i
5 10 15 20 25 30

Number of Primary Cluster (CNN
y ( ) Number of Primary Cluster(Target)

dNumber of Primary clusters with mean value (15.77) detected by CNN
Model based on the detected primary peaks with mean value (15.85)

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



Finanziato Ministero

dall’'Unione europea dell’'Universita
NextGenerationEU della Ricerca

Simulation Parameters Based on Garfield ++ for 2 GeV

|:| cls_size Distribution

- e e L B htemp cls_size hist
- Entri 5000 10° Entries 79237
500 [ Mf;aﬂn&s 15.85 = Mean 1.45
» Std Dev 3.941 B Std E|:7!G\|' 5.651
400 . “E
300 |- - " %
200 |- . o \‘
100 :— _: 10 =
0:. A PRI RN B S e 1_
5 10 15 20 25 30 35 100 200 | II IIISOOII I | IAII{"JC!I I II IS{]OI |I
Number of Primary Cluster (MC) Number of Electron per Cluster
L BThe above distrubution shows the number of LB The above distirubution shows the number of electrons
primary clusters with mean value 15.85 for 5000 per clusters with mean value 1.45
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Final results of the reconstruction for 2

GeV

B T htemp B T htemp
600 [ Entries 5000 500 [~ Entries 5000
= Mean 14.26 L Mean 14.4
B Std Dev 3.231 B Std Dev 3.758
500 — B ]
- § 400 | - .
400 [ = : .
- . 300 -
200| = 2001 R
100 3 100| .
0:‘ _—_— 1 0: A B N B g.‘:

0 5 10 15 20 25 30 : T e ST
Number of Primary Cluster (CNN) Number of Primary Cluster(Target)

dMNumber of Primary clusters with mean value (14.26) detected by CNN
Model based on the detected primary peaks with mean value (14.4)
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Preliminary Results related to GPU’s
Best configuration among all to train LSTM Model by Using Two GPU'’s_

Training and Valdation Loss Trining and Vaidation Accuracy Partion ab I € Usag €
S U 0L Y, LU 000 LAY, 03 A S S Partlonable Usage I sl %% Resources
Epch 100/100
U o] o 10 /ot « Low OL100  acaray: D988« vl ows: .00 v sy 0850 Resources -
Tioe taken: 1616, seconds, Nemory used: 6,21 18 @
1176000 st col 4 iy e by th el oo nd e f st " (- cloreh), 1) -
et armet vl ke e, ™ §
U pltlepachs g, s alos, s, Tabele Troing Lo, colors'black’) o g
{1t TGS 1 U colr 4 renly ofed by the "o rd e e ft st " (o). Ty o
rd it il tale prceees. #
it o g, vl o s, -, Ll L', color' gty ) .
g e Voo Loss  Conguatin 2 pechs: 100 Opinzr S50 | Bach Sz 4 Nrons: 6 LTA Actvtio: 4 D Atvton: sigr
. + Ty s RIS T e & 0 m CPUS 40
= Vilfain oty G P U S 2 . O L Fote
[1]
U2 e ROC Curve (Sgd Optimizer)
A0C Cuve- Coh ”
i g2l
H 08 //
Hl 5
u i Memory (MB) 98.50
3 04 P
Memory (MB) 66.21 F -
Y o
e ul ¥ = HOCcne A 203 —— ROC curve (AUC = 0.99)
LI T I B I T 3 ¢ o W ) oz o oo e To
4] oot e Ise Positive Rat
Run Remote 2847.28
* Best plots (Accuracy & Loss VS epochs and *  Plots (Accuracy & Loss VS U
2 ) Run Remote 1616.94 sec epochs and ROC curve) are sage
ROC curve) among configurations are shown Usage

by using 2 GPU’s, training time taken for this

job, and memory usage are shown in the

screenshots

shown by using 4 CPU’s,
training time taken for this job,
and memory usage are shown
in the screenshots

* Itis slower than GPU’s

* Itis faster than CPU’s because | used exactly
the same hyperparameters for LSTM model in
both cases

* The above table shows us the
HPC recas resources related
to CPU’s

because | used exactly the
same hyperparameters for
LSTM model in both cases

* The above table shows us the HPC recas
resources related to GPU’s
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Conclusion of Final Result of Reconstruction based for different Momenta

Momentum of Muon Primary Cluster(MC) Standard Primary Standard Primary Standard

Deviation (MC) Cluster(LSTM Deviation Cluster (CNN) Deviation
(LSTM) (CNN)

2 Gev/c 15.85 3.9 14.4 3.75 14.26 3.2

4 GeV/c 17.16 4.189 15.85 4.015 15.77 3.42

6 GeV/c 17.65 4.178 16.47 4.104 16.21 3.43

8 GeV/c 18.38 4.228 16.96 4.05 16.57 3.37

10 Gev/c 18.61 4.282 17.34 4.065 16.86 3.13

® The above table show us different number of primary clusters (MC), number of primay cluster (Target) and primary cluster detected
by CNN with standard Deviations for different momenta are shown in the table
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Summary of data sets used for training and testing ML-based cluster counting

algorithms
Purpose Algorithm Number of * Momentum
Event
Training LSTM Model PeakFinding 5000 0-20 GeVIC
Testing LSTM Model Peak Finding 5000 0-20GeviC
Training CNN Model Clusterization 5000 0-20 GeV/C
Testing CNN Model Clusterization 5000 2,4,6, 8,10 GeV/C
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160 jl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 htemp
- Entries 5000 Processing of waveform
140 | Mean 49.32
B Std Dev 16.21
120 } { 0.25 Backgrounds
- _] Signal
100 — — 0.20
80 - . 80.15
o0 ERRIT
40 |- —
- - 0.05
20 — ]
— — 0.00 P A Y e P o .
0 [ RN B R R Loty I P o IS NI B S . . : : :
0 20 40 60 80 100 120 140 160 180 6 260 460 600 800 1000

Total Detected Peaks by LSTM

Total detected peaks by LSTM Model for 2022 data

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



Finanziato Ministero

dall'Unione europea dell’'Universita Italiadomani
NextGenerationEU g e della Ricerca RO NATONALE, i2a

1. Peak Detection Based on Probability Cut: hiemp

The detection process involves looping over all events and applying a probability cut to decide whether B Entries 4021223

a peak is considered a valid detection: 108 !‘S"t%ag g-;igg
ev .

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

1
Applying the Cut: For each event, it checks if the predicted probability (prob_ml) exceeds the cut 5 LL
threshold (cut), which is set to 0.95/0.65. 10°E L
L
|
Storing Detected Peaks: If the probability exceeds the threshold, the corresponding peak time is stored ‘LLHL JnL

in the detected_time dictionary, keyed by event number (evtno)

10° N J

2. Matching Detected Peaks with Truth Data T C
After detecting peaks, the script matches these peaks with the Monte Carlo (MC) truth data to classify

them as primary or secondary: RS T A T — w
P Y i 0 0.2 04 0.6 0.8 1
Truth Data: The truth data (truth_time, truth_tag) contains the actual times of primary and secondary Discriminate signal and Bkg by LSTM
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)
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