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Generating rings with CNNs

* Follow network architecture described in arXiv:1411.5928 as close as possible, output

is the observed (mean) charge at each PMT in the barrel.
* Almost certainly not optimal, just want to see if it works.
* Implemented in PyTorch, based on Kazu Terao’s examples from the WatChMalL

workshop.
Input £y FC2

Hit charge

512 ConvTranspose2d Conviranspose2d
| FC3 o FC4 CoanrorlsposeZd 7 .
N i = =) FC5 Conv2d Convad Convad
> 512 AL A 1] = 22 wm) 44 wmp
21 ,
64
Ny gy [ i ,
84

S 512 1024 1024 64
Energy | == =)

] 2048

512 5



Layer 2(FC1), Node = 3, Time = 3 hours and 40 min

Loss

0.52 -

0.50 -

0.48 -

0.46 -

0.44 -

0.42 1

0.40 -

—Tr@in
— oSt

Epoch




Predicted Hit Probability

y E=200.0 MeV ¢=1.57

60 80 100

y E=500.0 MeV $=2.21

60 80 100

y E=700.0 MeV ¢=2.94

1.0

0.0
1.0

0.0
1.0

0.0

e E=200.0 MeV ¢=1.

60 80 100

e E=500.0 MeV ¢=2.

60 80 100

e E=700.0 MeV ¢=

57

21

1 E=200.0 MeV ¢p=1.57

60 80 100

1 E=500.0 MeV ¢=2.21

60 80 100

1 E=700.0 MeV ¢p=2.94

0.0
1.0

0.0
1.0



Predicted Charge

y E=200.0 MeV ¢=1.57 5 e E=200.0 MeV ¢=1.57 5 11 E=200.0 MeV ¢=1.57
4 4
3 3
2 2
Xz b 8
o 20 40 60 80 100 120 140 160 60 80 100
y E=500.0 MeV ¢$=2.21 5 e E=500.0 MeV ¢=2.21
4 4
3 - §
2 2
> § : 5
o 20 40 60 80 100 120 140 160

o 60 80 100

v o

1 E=500.0 MeV ¢=2.21

60 80 100

v o

y E=700.0 MeV $=2.94

e E=700.0 MeV ¢=2.94 u E=700.0 MeV ¢=2.94

5
_ 4
3
2
1
o 20 40 60 80 100 120 140 160 i



Expected mean charge (Predicted Charge X
Predicted Hit Probability

y E=200.0 MeV ¢=1.57 ) e E=200.0 MeV ¢=1.57 = 1 E=200.0 MeV ¢$=1.57
a a
3 3
2 2
1 1
o 20 40 60 80 100 120 140 160 4 20 40 60 80 100 120 140 160

o o 60 80 100
y E=500.0 MeV ¢=2.21 s e E=500.0 MeV $=2.21 5 1 E=500.0 MeV $=2.21
a a
3 3
2 2
a. A
o 20 a0 60 80 100 120 140 160 ° o 20 a0 60 80 100 120 140 160 ° 60 80 100

H E=700.0 MeV ¢$=2.94

y E=700.0 MeV ¢=2.94 s e E=700.0 MeV ¢=2.94 N
1
a a
2
3
3 3
40
s
2 2
6
7
1 -
8
o 20 40 60 80 100 120 140 160 o 20 40 60 80 100 120 140 160

o




Predicted Variance of Charge
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Predicted Variance of Charge

y E=200.0 MeV ¢=1.57 25 e E=200.0 MeV ¢=
20
15
10
5
o 20 40 60 80 100 120 140 160

() 60 80 100 60 80 100
¥ E=500.0 MeV ¢=2.21 25 e E=500.0 MeV ¢=2.21 1 E=500.0 MeV ¢$=2.21
20
15
10
5
o 20 40 60 80 100 120 140 160 ()

y E=700.0 MeV ¢=2.94 25
20
15
10
5
o 20 40 60 80 100 120 140 160



Layer 2(FC1), Node = 30, Time = 2 hours and 41
min

0.48 - —Train

0.46

0.44

042 1

Loss

0.40 -

0.38 -

0.36 1




y E=200.0 MeV ¢=1.57

[ 20 40 60 80 100 120 140 160

y E=500.0 MeV ¢=2.21

o 20 40 60 80 100 120 140 160

y E=700.0 MeV ¢=2.94

o 20 40 60 80 100 120 140 160

Predicted Hit Probability

1.0

0.0
1.0

0.0
1.0

0.0

o

e E=200.0 MeV ¢=1.57

M E=200.0 MeV ¢=1.57

e E=500.0 MeV ¢=2.21 M E=500.0 MeV ¢=2.21

e E=700.0 MeV ¢=2.94 4 E=700.0 MeV ¢=2.94

0.0
1.0

08

0.6

0.4

0.2

0.0



redicted Charge

y E=200.0 MeV ¢=1.57 5 e E=200.0 MeV ¢=1.57 5
4 4
3 5
2 2
1 1
0 20 40 60 80 100 120 140 160

[ 60 80 100

60 80 100

u o

y E=500.0 MeV ¢$=2.21

5 e E=500.0 MeV ¢=2.21
4 4
3 3
2 2
1 1
o 20 40 60 80 100 120 140 160

o 60 80 100

M E=500.0 MeV ¢$=2.21

60 80 100

u o

y E=700.0 MeV $=2.94 5 e E=700.0 MeV ¢=2.94 u E=700.0 MeV ¢$=2.94




Expected mean charge (Predicted Charge X
Predicted Hit Probability

y E=200.0 MeV $=1.57

s
i 4
- 3
3
1

o 20 a0 60 80 100 120 140 160

o 80 100

y E=500.0 MeV ¢=2.21 iS 5 5 500.0 MeV ¢$=2.21
- 4
3
2
1
o 20 a0 60 80 100 120 140 160 °

y E=700.0 MeV ¢ 94 5 5 700.0 MeV ¢=2.94

1 E=200.0 MeV ¢=1.57

u

IS

w

w o

IS

w

M

v oo

IS

w

°



Predicted Variance of Charge

y E=200.0 MeV ¢=1. e E=200.0 MeV ¢=1.57

y E=500.0 MeV ¢=2.21 e E=500.0 MeV ¢=2.21

e E=700.0 MeV ¢=2.94

M
&

w
5

N o
@

N o
o

B
7}

o
5

60 80 100

4 E=500.0 MeV ¢=2.21




Layer 2(FC1), Node = 50, Time = 2 hours and 45
min

0.48 - —  Train
— st
046 -
0.44 -

0.42 -

Loss

0.40 -

0.38 -

0.36 -

Epoch



Predicted Hit Probability

y E=200.0 MeV ¢=1.57

60 80 100

y E=500.0 MeV ¢=2.21

60 80 100

y E=700.0 MeV ¢=2.94

1.0

1.0

0.0
1.0

e E=200.0 MeV ¢=1.57

60 80 100

e E=500.0 MeV ¢=2.21

60

e E=700.0 MeV ¢=2.94

1.0

1.0

M E=200.0 MeV ¢=1.57

60 80 100

1 E=500.0 MeV ¢p=2.21

60

1 E=700.0 MeV $=2.94

0.0
1.0

08

0.6

0.4

0.2

0.0
1.0



Predicted Charge

y E=200.0 MeV ¢=1.57 s e E=200.0 MeV ¢=1.57 s 1 E=200.0 MeV ¢=1.57
4 4
3 =
2 2
5 3 : 8
o 20 40 60 80 100 120 140 160 o 60 80 100 [ 60 80 100

w

y E=500.0 MeV $=2.21

s e E=500.0 MeV ¢=2.21 1 E=500.0 MeV ¢=2.21
4 4
3 |
2 2
1 1
o 20 40 60 80 100 120 140 160 [+ 60 80 100
y E=700.0 MeV ¢=2.94

5 e E=700.0 MeV ¢$=2.94

4 4

3 3

2 2

1 1
o 20 40 60 80 100 120 140 160

w o




Expected mean charge (Predicted Charge X
Predicted Hit Probability

y E=200.0 MeV $=1.57 5 e E=200.0 MeV ¢=1.57 i5 1 E=200.0 MeV ¢=1.57
a
3
2
1
60 80 100 o 60 60 80 100
s e E=500.0 MeV ¢=2.21 = 1 E=500.0 MeV ¢=2.21
10
a a
20
30
3 3
a0
50
3 3
60
70
1 1
80
o o 20 40 60 80 100 120 140 160

o 60 80 100

y E=500.0 MeV ¢=2.21

60 80 100

y E=700.0 MeV ¢=2.94 5 e E=700.0 MeV ¢=2.94 5
o
10

a a
20
30

3 3
a0
50

2 2
60
70

1 1
80

o 20 a0 60 80 100 120 140 160

o

u E=700.0 MeV ¢=2.94

“

IS

w

N

M

v o

S

w

N

"

v o

IS

w

N

M

°



Predicted Variance of Charge
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Predicted Variance of Charge
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Predicted Variance of Charge
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Predicted Variance of Charge
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Mean of charge (Image Comparison)
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Predicted Charge X Predicted Hit Probability (Image
Comparison)
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Predicted Variance(lmage Comparison)
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Summary



Summary

1. 3 node produces bad quality images but 10 node produces high quality images
and we could see that difference in the loss function comparison also. Rest of
node images are quite similar and comparison in their loss function is
approximately 1.

2. Having 3 node in layer 2 is worse than having no layer 2. We produces good
images without layer than having layer 2 with 3 node.

3. The time is real time not GPU time.



Analysis with FC1 layer



Node = 3, Time = 3 hours and 43 min
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Node = 10, Time = 3 hours and 9 min
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60 80 100 60 80 100

y E=700.0 MeV ¢=2. e E=700.0 MeV ¢=



redicted Variance of Charge

Yy E=200.0 MeV ¢=1.57 i e E=200.0 MeV ¢=1.57 M E=200.0 MeV ¢=1.57
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60 80 100
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Train

Node

10

30

50

100

156

298

400

516

800
1000

2-3 Epoch
0.4713 £ 0.0173
0.4247 +0.0171
0.4226 +0.0166
0.4193+0.0171

0.4196+0.0160

0.4198+0.0165
0.4190+0.0168
0.4190+0.0164
0.4206+0.0174
0.4193+0.0169

0.4196+0.0164

3-4 Epoch
0.4704 +0.0182
0.4228 +0.0163
0.4208+0.0162
0.4185+0.0161

0.4190+0.0167

0.4190+0.0163
0.4196+0.0165
0.4187+0.0157
0.4195+0.0164
0.4190+0.0169

0.4182+0.0167

4-5 epoch

0.4667+0.0171
0.4218+0.0169
0.4195+0.0171
0.4181+0.0161

0.4193+0.0165

0.4184+0.0169
0.4185+0.0169
0.4172+0.0170
0.4188+0.0158
0.4187+0.0176

0.4196+0.0162

Average
0.4694
0.4231
0.4210
0.4186

0.4193

0.4191
0.4190
0.4183
0.4196
0.4190

0.4191



Test

Node

10

30

50

100

156

298

400

516

800

1000

2-3 Epoch

0.4721+0.0174
0.4230+0.0164
0.4209+0.0153
0.4208+0.0179
0.4177+0.0173
0.4231+0.0165
0.4179+0.0151

0.4199+0.0147
0.4185+0.0171
0.4228+0.0153

0.4174+0.0154

3-4 Epoch

0.4712+0.0168
0.4264+0.0177
0.4205+0.0162
0.4211+0.0172
0.4223+0.0164
0.41704£0.0170
0.4192+0.0152

0.4208+0.0145
0.4208+0.0170
0.4187+0.0186

0.4222+0.0160

4-5 epoch

0.4648+0.0183
0.4180+0.0148
0.4177+0.0174
0.4187+0.0169
0.4166+0.0140
0.4213+0.0136
0.4184+0.0162

0.4218+0.0172
0.4197+0.0146
0.4180+0.0156

0.4192+0.0163

Average
0.4694
0.4225
0.4197
0.4202
0.4188
0.4205
0.4185

0.4208
0.4196
0.4198

0.4196



























