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Adam parameters

Learning rate
o  Scales the weight updates
m  We've been using 2e-4
m Default: Te-3

input : v (Ir), 81, B2 (betas), 6y (params), f(0) (objective)
A (weight decay), amsgrad
initialize : my < 0 ( first moment), vy <— 0 (second moment), ™" < 0

Betas
o  Scale the first and second moment running fort=1to ... do
average updates g — Vofi(6,-1)
m  We've been using the default betal =09, x40
beta2 = 0.999 gt < g + M1
Epsilon my < Bime1 + (1 — B1)ge
o  Stabilize the denominator in weight updates v+ Bave_t + (1 — B2)g?
m  We've been using the default 1Te-8 g« me/ (1 — B)
m  From TensorFlow documentation: "The 7 v/ (1— BY)
default value of 1e-8 for epsilon might not if amagrad
be a good default in general. For T — max(G™, 5)

example, when training an Inception
network on ImageNet a current good
choiceis 1.00r 0.1
Weight decay
o L2 regularization on weights.
m  We've been using the default 0.

0y < 0,1 — vﬁt/(v v+ 6)

else

9t<—9t—1—’7ﬁt/( 71?-?-6)

return 6
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Training runs

1 Gaussians 2 Gaussians 3 Gaussians 4 Gaussians 5 Gaussians
10* 10t 10* 10!
—— eps =0.01,clip=1.0 —— eps = 0.01, clip = 1.0 —— eps =0.01, clip=1.0 —— eps =0.01, clip=1.0
—— eps =0.1, clip=1.0 —— eps =0.1, clip=1.0 —— eps=0.1,clip=1.0 —— eps=0.1,clip=1.0
—— eps = 0.001, clip = 1.0 —— eps = 0.001, clip = 1.0 —— eps = 0.001, clip = 1.0 —— eps = 0.001, clip = 1.0
—— eps=0.1, clip=0.1 —— eps = 0.1, clip=0.1 —— eps = 0.1, clip=0.1 —— eps=0.1,clip=0.1
—— eps = 0.1, clip = 10.0 —— eps = 0.1, clip = 10.0 —— eps = 0.1, clip=10.0 —— eps = 0.1, clip = 10.0
6x10° 6x10° 6x10° 6x10°
4x10° 4x10° 4x100 4x10°
—— eps = 0.01, clip = 1.0 3x10° 3x10° 3x10° 3x10°
===-eps =01, clip=1:0—+——===="
—— eps = 0.001, clip = 1.0
— eps=0.1,clip=0.1
—— eps = 0.1, clip = 10.0
T T T T T — 2x10° T T T — 2x10° T T T — 2x10° T T T — 2x10° T T T T
0 2 4 6 8 10 4 6 8 10 4 6 8 10 4 6 8 10 4 6 8 10
6 Gaussians 7 Gaussians 8 Gaussians 9 Gaussians 10 Gaussians
10* 10t 10! 10!
—— eps = 0.01, clip=1.0 —— eps =0.01, clip=1.0 —— eps = 0.01, clip = 1.0 —— eps =0.01, clip=1.0 —— eps =0.01, clip=1.0
—— eps = 0.1, clip=1.0 —— eps =0.1, clip=1.0 —— eps =0.1, clip=1.0 —— eps=0.1,clip=1.0 —— eps=0.1,clip=1.0
—— eps = 0.001, clip = 1.0 —— eps = 0.001, clip = 1.0 —— eps = 0.001, clip = 1.0 —— eps = 0.001, clip = 1.0 —— eps = 0.001, Y
—— eps = 0.1, clip=0.1 —— eps=0.1, clip=0.1 —— eps = 0.1, clip=0.1 —— eps = 0.1, clip=0.1 —— eps=0.1,clip=0.1
—— eps = 0.1, clip = 10.0 — .1, clip = 10.0
6x 100 6x10° 6x10° 6x10°
4x10° 4x10° 4x100 4x10°
3x10° 3x10° 3x10° 3x10°
T T T T T — 2x10° T T T — 2x10° T T T — 2x10° T T T — 2x10° T T T T

e Alltraining with 0.002 learning rate (one order of magnitude larger than our original value)
o Cantrainup to 10 epochs with eps >= 0.1




Compare with average event

"Center" "Edge" "Outside"

Charge L0 Charge L0
0.8
0.6
0.4
0.2
0 20 40 60 80 100 120 140 0.0 0 20 40 60 80 100 120 140 0.0
Time Time
-20( -200
—40¢( —-400
—60( —600
-80( -800
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

Electron Muon



eps=0.01,clip=1.0,N_GAUS =1
Electrons

Fixed events hit probability - Center
0.8 0.4
0.6
0.4 %2
0:2 0.0 1— . . ; .
0 10 20 30 40
0.0 :
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction 0 Edge
0.8
0.10 -
0.6
0.4 0.05 A
0.2 0.00 -— ; . , :
0:0 0 10 20 30 40
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction - fixed events hit probability Outside
0.4 08
0.2 0.4
0.0
0.2 1
-0.2
0.0 : r T T T
—0.4 0 10 20 30 40

0 20 40 60 80 100 120 140 Hit charge [pe]



eps=0.01,clip=1.0,N_GAUS =1
Muons

Fixed events hit probability Center
1.0
0.8
0.4
0.6
0.4 0.2
0:2 0.0 1— . ' ; .
0 10 20 30 40
0.0 4
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction 0 Edge
- 0.075 -
0.6 0.050 -
0.4 0.025 -
0.2 0.000 -— ; : . :
- 0 10 20 30 40
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction - fixed events hit probability Outside
0.4 %8
0.2 0.4 -
0.0
0.2
-0.2
0.0 1 . . . .
—0.4 0 10 20 30 40

0 20 40 60 80 100 120 140 Hit charge [pe]



eps=0.01,clip=1.0,N_GAUS =2
Electrons

Fixed events hit probability Center
1.0
o 0.4
0.6
0.4 %2
0:2 0.0 1— . ' ; .
0 10 20 30 40
0.0 4
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction 0 Edge
0.8
0.10 -
0.6
0.4 0.05 -
0.2 0.00 -— ; . , :
- 0 10 20 30 40
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction - fixed events hit probability Outside
0.4 967
0.2 0.4 4
0.0
0.2
-0.2
0.0 1 . . . .
—0.4 0 10 20 30 40

0 20 40 60 80 100 120 140 Hit charge [pe]



eps=0.01,clip=1.0,N_GAUS =2
Muons

Fixed events hit probability Center
1.0
0.8
0.4 -
0.6
0.4 0.2
0:2 0.0 1— . . ; .
0 10 20 30 40
0.0 )
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction 0 Edge
’ 0.15
0.8
0.10 -
0.6
0.4 0.05 -
0.2 0.00 -— ; : ; :
- 0 10 20 30 40
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction - fixed events hit probability Outside
0.4 0.6
0.2 04
0.0
0.2 1
-0.2
0.0 1— . . . :
—0.4 0 10 20 30 40

0 20 40 60 80 100 120 140 Hit charge [pe]



eps=0.01,clip=1.0,N_GAUS =3
Electrons

Fixed events hit probability Center
1.0
0.8
0.4
0.6
0.4 0.2
0:2 0.0 1— . ' ; .
0 10 20 30 40
0.0 4
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction 0 Edge
0.15 -
0.8
0.6 0.10 -
0.4 0.05 -
0.2 0.00 -— . . , :
- 0 10 20 30 40
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction - fixed events hit probability Outside
0.4 0.6
a2 0.4
0.0
0.2
-0.2
0.0 1 r . . .
—0.4 0 10 20 30 40

0 20 40 60 80 100 120 140 Hit charge [pe]



eps=0.01,clip=1.0,N_GAUS =3

Muons

Fixed events hit probability

1.0

0.8

0.6

0.4

0.2

0.0
0 20 40 60 80 100 120 140

Hit probability prediction -
0.8
0.6
0.4
0.2

0.0

0 20 40 60 80 100 120 140
Hit probability prediction - fixed events hit probability

0.4
0.2
0.0
-0.2

-0.4

0 20 40 60 80 100 120 140

Center
0.6
0.4
0.2 A
0.0 T T T T T T
0 10 20 30 40 50
Hit charge [pe]
Edge
0.2 A
0.1 -
0.0 T T T T T T
0 10 20 30 40 50
Hit charge [pe]
Outside
0.6
0.4 1
0.2 A
0.0 T T T T T T
0 10 20 30 40 50

Hit charge [pe]




eps =0.01,clip=1.0,N_GAUS =4
Electrons

Fixed events hit probability - Center
0.8
0.4 -
0.6
0.4 0.2 1
0:2 0.0 1— . . ; .
0 10 20 30 40
0.0 :
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction 0 Edge
0.15
0.8
0.6 0.10
0.4 0.05 -
0.2 0.00 -— ; . ; :
0:0 0 10 20 30 40
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction - fixed events hit probability Outside
0.4 0.6
a2 0.4 1
0.0
0.2 -
-0.2
0.0 : r T T T
—0.4 0 10 20 30 40

’ % 0 = = 100 20 140 Hit charge [pe]



eps =0.01,clip=1.0,N_GAUS =4

Muons

Fixed events hit probability

1.0

0.8

0.6

0.4

0.2

0.0
0 20 40 60 80 100 120 140

Hit probability prediction -
0.8
0.6
0.4
0.2

0.0

0 20 40 60 80 100 120 140
Hit probability prediction - fixed events hit probability

0.4
0.2
0.0
-0.2

-0.4

0 20 40 60 80 100 120 140

Center
0.4
0.2
0.0 T T T T T T
0 10 20 30 40 50
Hit charge [pe]
Edge
0.3 -
0.2
0.1 1
0.0 T T T T T T
0 10 20 30 40 50
Hit charge [pe]
Outside
0.6
0.4
0.2 -
0.0 T T T T T T
0 10 20 30 40 50

Hit charge [pe]




eps =0.1,clip=10.0, N_GAUS =1
Electrons

Fixed events hit probability Center
1.0
0.8 0.4
0.6
0.4 %2
0:2 0.0 1— . . ; .
0 10 20 30 40
0.0 i
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction 0 Edge
0.8
0.10 -
0.6
0.4 0.05 -
0.2 0.00 -— ; . , :
- 0 10 20 30 40
0 20 40 60 80 100 120 140 Hit charge [pe]
Hit probability prediction - fixed events hit probability Outside
0.4 08
0.2 0.4
0.0
0.2
-0.2
0.0 ! ; . . :
—0.4 0 10 20 30 40

0 20 40 60 80 100 120 140 Hit charge [pe]
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eps =0.1, clip = 10.0,

Muons

Fixed events hit probability

20 40 60 80 100 120 140
Hit probability prediction

20 40 60 80 100 120 140
Hit probability prediction - fixed events hit probability

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2
0.0

0.4

0.2

0.0

-0.2

-0.4

N_GAUS =1

Center
0.4
0.2
0.0 T T T T T T
0 10 20 30 40 50
Hit charge [pe]
Edge
0.10 - /\
0.05 A
0.00 T T T T T T
0 10 20 30 40 50
Hit charge [pe]
Outside
0.6
0.4
0.2 A
0.0 T r T r T T
0 10 20 30 40 50

Hit charge [pe]




Summary

e Adam parameters have a large impact on training.
o  Trade-off between learning "speed" and loss function explosion.
o Increasing the eps parameter by many orders of magnitude stabilizes the loss
function, but makes learning very slow.
m  Will try to train for 20 or 30 epochs over the weekend.
e Multi-Gaus loss function describes charge distribution very well for hits outside of the
Cherenkov ring using 3 or 4 Gaussians.
o  Signs of overfitting with 4 Gaussians?
o  Network has trouble describing the charge distribution for the high-charge hits in
the ring.
m Does training for longer help?
m Lognormal probably does a better job, but difficult to implement.



