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Introduction

AT-TPCs for HIMAC

Layer: 32
Row: 8
i Channel: 256

Triple GEM base
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NIM A 1066, 169610 (2024)

Motivation
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To develop more efficient tracking method for charged particles for AT-TPC experiment.
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Method
: 3D CNIN(Convolution Neural Network)
Deep learning model specialized for 3D image learning

fc_3 fc_4
Fully-Connected Fully-Connected
Neural Network Neural Network

Conv_1 Conv_2 RelU activation
Convolution Convolution 1 /—M

(5 x 5) kernel

(5 )_(ds) k:rrje' Max-Pooling e Max-Pooling (with
valid padding 2x2) valid padding (2x2) dropout)

INPUT nl channels nl channels n2 channels n2 channels

(28 x 28 x 1) (24 x 24 x n1) (12x12 xn1) (8x8xn2) (4 x4 xn2) OUTPUT

A CNN sequence to classify handwritten digits
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1) Convolution layer
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1) Convolution layer

° Padding: (1, 1, 0)
[ )
\r ________________ N o o ﬂ/
0 ' 0 O " 0 "0 'O
e o o! 0 [2267]4521[1129[1124] 0 fle o o
. 0 1 0 !0 ! 0! 0} 0 n
/ e \
[ )
[ )
Image

;) SEJONG UNIVERSITY
2025 CENuM Workshop



2) Pooling

Stride: (2, 2, 1)

120 576 859 /45
257 356 634 529
109 103 117 375
105 101 126 209

2025 CENuM Workshop

MaxPool3d

576

859

109

375

Kernel

@4 SEJONG UNIVERSITY



3) FC layer

Flatten )
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Activation
function
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Study
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Image Reconstruction for CNN ¢
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Image Reconstruction for CNN

Z ADC

After N | -

Image size: (32, 9, 2) ? 7 ™
=(xpos, ypos, (Z, ADC)) * ws ]

# 73586 E 1 o E ] 1500 ,

Il a

+ Add gaussian noise o Illll 0

Noise image : Raw image =1: 1 B I Y )

EY ,!,1'@1-1']@'ﬁjﬁ'ﬁﬁﬁmﬁgﬁ'ﬁﬁgﬁ O 5E '7él'nj]h'ﬁn'u'a'ié:ﬁiﬁﬁmﬁhﬁ'ﬁmﬁgﬁ1

@ SEJONG UNIVERSITY
13 2025 CENuM Workshop



x.__r«m_ vﬂxkvw

7
l'._l__......_ ..v._..i ‘
\‘w}‘lﬁf.‘.wﬁ

) O
A

e b \
NS 2
TN

(&) SEJONG UNIVERSITY

Fully-connected

-
9
)

&)

-

S
)

(p)

-

@)
O
Z
Z
O

—

Input data

Hyper parameters

Hidden layer: 3
FC layer: 1
Output: 4
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1) Train/Test Data Split

Total data

Train : Validation: Test=3:1:1
Batch size: 64

Training epoch: 17

mtrain mvalidation = test
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2) Activation function
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Leaky RelLU
_x, ifx>0
Y= ax, otherwise

Preserving some activity in
the neurons

(Negative slope = 0.05)
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3) Training

Optimizer : Adam
Loss function : Smooth L1 Loss

Using the Learning Rate Scheduler

Optimizer Comparison Smooth L1 loss
3.0 T ;
| | = Smooth L1 (8= 2)
-~ SDG | f !
40 - —8— SGD with Momentum 4 Smooth L1 (B=1) /
AdaGrad 23 | = Smooth L1 (8=0.5) |
RMSprop T--=- Llloss i
—8— Adam -- L2 loss '
20 - 2.0 4
1.5 -
= 04
1.0 4
_20 -
0.5 4
_40 .
! 0.0
-3 =2 =1 0 al 2 3 -3 —2 -1 0 1 2 3
X Xn—Y¥n

;) SEJONG UNIVERSITY

17 2025 CENuM Workshop



18

Result
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1) Gaussian function & Evaluation

4000 -
3500 4
3000 1

et

C 2500 -

O 2000 -
1500 4
1000 4

500 4

Gaussian function

Gaussian distribution

o.185um

R? Score: 0.964
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Deep Learning evaluation index
Mean Absolute Error (MAE): 0.009
Mean Squared Error (MSE): 0.009
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2) Spatial Resolution by Drift Length

Conventional CNN
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Yechan Cheon and Seunghwan Lee for the LAMPS X because data setting is different,

Collaboration, NIM A 1066, 169610 (2024) true data resolutions are also not same
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3) Further Study

- Apply ResNet
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summery

* \We studied about the way to use CNN model for AT-TPC data tracking.
* CNN model has good evaluation value and spatial resolution.
» After applying ResNet,

(1) We can reanalyze HIMAC data.

(2) The model will be used for TPC-Drum and AT-TPC.

(3) This study will be used for Low energy LAMPS.
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R2 score
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Hough Transform
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