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Conditioned Samples (Sparsity
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Conditioned Samples (Energy Ratio)
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Conditioned Samples (Deposited Energy)
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Conditioned Samples (Showers Over Voxels)
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Conditioned Samples (Energy of Single Voxel)

Energy=16384, voxel 10 distribution
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Metrics Epoch 30 Epoch 70
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Metrics

Same metrics but
now for the highest
incident energy in
val_loader
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Ratio Metrics
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Density

Other Metrics
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Probability Density Function

Probability Density Function

Conditioned Samples
(Deposited Energy)

10°

10°

1072

Incident Energy = 16384 MeV

. Geantd
[ Calo4pQVAE (Recon)
| Calo4pQVAE

16.0 16.5 17.0

15.5
Total Energy per Event (GeV)

Incident Energy = 32768 MeV

. Geant4
[ Calo4pQVAE (Recon)
71 Calo4pQVAE

Il
1 an i FI'H'IT

26 27 28 29 30 31 32 33
Total Energy per Event (GeV)

Probability Density Function

Probability Density Function

10°

10°

Incident Energy = 65536 MeV

. Geantd 5
[ Calo4pQVAE (Recon)
~=.1 Calo4pQVAE

58 60 62 64 66
Total Energy per Event (GeV)

Incident Energy = 131072 MeV

. Geantd
[ Calo4pQVAE (Recon)
~~ .1 Calo4pQVAE

125

i
115
Total Energy per Event (GeV)

120

Probability Density Function

107!

1072

Incident Energy = 262144 MeV

= Geant4 |
[ Calo4pQVAE (Recon)
—— ] Calo4pQVAE

230 240 250
Total Energy per Event (GeV)

Incident Energy = 524288 MeV

. Geant4

< 101403 Calo4pQVAE (Recon)

° 7.1 Calo4pQVAE

=1

o

c

3

-

2

@

G 10-2

810

2

=]

©

Q2

&

1077
470 480 490 500 510
Total Energy per Event (GeV)
Incident Energy = 4194304 MeV
_,| ™= Geant4

2 1971 = calo4pQuaE (Recon)
= —_ .1 Calo4pQVAE
=1
v
<
=]
w
o
z
@ 1073
[a]
2
3
©
Qo
g
a

104

nnon s  ml I
3000 3200 3400 3600 3800 4000 4200

Total Energy per Event (GeV)

Probability Density Function

Probability Density Function

Probability Density Function

10°3

10-°

10-°

107!

1072

102

1072

107?

Incident Energy = 1048576 MeV

mm Geant4
[ Calo4pQVAE (Recon)
~~ 1 Calo4pQVAE

900 925 950 975 1000

Total Energy per Event (GeV)
Incident Energy = 2097152 MeV

1025

1050

mm Geant4
[ Calo4pQVAE (Recon)
——_1 Calo4pQVAE

1700 1800 1900 2000

Total Energy per Event (GeV)

All Incident Energies Combined

mm Geant4

[ Calo4pQVAE (Recon)

<] Calo4pQVAE

1000 2000

3000
Total Energy per Event (GeV)

4000

13



Probability density function

Probability density function
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Reinforcement Learning

- Actor/Critic method:

- Actor: CaloQVAE, specifically the RBM

- Critic: Train a model with labeled batches of showers to predict KPD/FPD
- Training cycle:

- Generate a batch of showers

- Pass into critic model and get KPD/FPD score

- Use REINFORCE algorithm to adjust weights and lower the energy of samples z that
correspond to good KPD/FPD

- Goals/Advantages

- Once decoder has learned to generate samples from latent space, we want to sample well
from that latent space

- Critic model could be useful in general: save compute when comparing many models
- No inference time or memory cost
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