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Network Architecture

self._mlp_barrel = torch.nn.Sequential(
torch.nn.Linear(2048, 1024), torch.nn.ReLUQ),
torch.nn.Linear(1024, 1024), torch.nn.ReLUQ),
torch.nn.Linear(1024, 8512), torch.nn.ReLU() # 64 * 7 * 19

)

self._mlp_top = torch.nn.Sequential(
torch.nn.Linear(2048, 1024), torch.nn.ReLUQ),
torch.nn.Linear(1024, 1024), torch.nn.ReLUQ),
torch.nn.Linear(1024, 2304), torch.nn.ReLU() # 64 * 6 * 6

)

self._mlp_bottom = torch.nn.Sequential(
torch.nn.Linear(2048, 1024), torch.nn.ReLUQ),
torch.nn.Linear(1024, 1024), torch.nn.ReLUQ),
torch.nn.Linear(1024, 2304), torch.nn.ReLU()

)

net_barrel = self._mlp_barrel(net)

net_top = self._mlp_top(net)

net_bottom = self._mlp_bottom(net)

But end caps have fewer PMTs/pixels than the barrel, thus could have fewer feature

self._mlp_barrel = torch.nn.Sequential(
Added one more linear |ayer to torch.nn.Linear(2048, 1024), torch.nn.ReLU(),

, torch.nn.Linear(1024, 8512), torch.nn.ReLU() # 64 *7 * 19
further summarize the features )

self._mlp_top = torch.nn.Sequential(
torch.nn.Linear(2048, 1024), torch.nn.ReLU(),

Tried 512 and 256 but still torch.nn.Linear(1024, 512), torch.nn.ReLU(),
torch.nn.Linear(512, 2304), torch.nn.ReLU() #64*6 *6
exploded. )

self._mlp_bottom = torch.nn.Sequential(
torch.nn.Linear(2048, 1024), torch.nn.RelLU(),
torch.nn.Linear(1024, 512), torch.nn.RelLU(),
torch.nn.Linear(512, 2304), torch.nn.RelLU()

)



Loss by Sum instead of Mean

Current framework calculates negative log likelihood as loss in the 3 regions by
taking the mean separately -> 7650 barrel PMTs and ~2000 end cap PMTs have
equal weight in the total loss.

Instead calculate the sum and divide by total number of hit PMTs (batch*hit/event)
after going thru all 3 regions.

- One needs to be careful about the constant part since currently it’s just a
scalar being added to the mean in each region, but if calculate the sum it has
to be added to each non-zero tensor element.

- Dividing by nHit is probably optional. It’s a regularization of the loss so that it
doesn’t need to start from 1E10 and drop to O(1). But if do this
regularization, it’s important to divide by nHit but not nPMT since the
normalization of PDF will become <1.

Still the training exploded (for charge only and charge+time uncorrelated).
One thing can be improved is to also calculate the BCE loss by sum over 3

regions. Currently it’s still in the old way of separated mean values. Will test this
and later share the modified code (if needed).



So Where Did the Loss Explode?

Did some surgery to the code so it can output event display during training.

The events in one mini batch that caused min and max loss (BCE not included) in

top, barrel, and bottom respectively are plotted, and NaN problem may come from
any of these.

I’ve put Dwall and ToWall here but not so sure if I’ve used the “data tensor”
correctly.

For example the 3 events with largest loss of that mini batch in each region look like this In
charge, the training didn’t explode (charge+time uncorrelated, 3 GAUS)
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So Where Did the Loss Explode? - Continued

For the same mini batch but min loss in each region

Notice that even though the energy is still relatively large (> 2GeV), there is almost
no charge from PMTs. (O might be from rounding)

Loss value becomes negative but absolute value is small, thus probably is
numerical instability. But is it a bug in MC where we have an intermediate energy
but no hit?

Min in Barrel Min in Top Min in Bottom

0 2.00
1.75
10 1.50
. 1.25
1.00
30 0.75
0.50
40 0.25
0.0
Loss = -9.84531E+02 En = 2612.52 total charge: 0.00 Dwall: 8.37 Towall: 9 ‘J Loss = -2.7T1649E+02 Energy = 2612.52 total charge: 0,00 Dwall: 8,37 Towall: 9.6 5 Loss = -2,81124E+02 Energy = 2612.52 total charge: 0.00 Dwall: 837 Towall: 9 5

1.7

15

1.2

10

0.)

0.5

0.2

B o L e e e I € I o s e e e e Sl VR (V)

40 40

1.75

1.50

1.25

1.00

0.7%

0.50

0.25

0.00




So Where Did the Loss Explode? - Continued

And then this is where this training exploded. Same min max events so here this is
the only events that’s causing explosions, but might not always be the the case.
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So Where Did the Loss Explode? - Continued

In another training the exploded event is

Max in Barrel Max in Top Max in Bottom
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So Where Did the Loss Explode? - Cont

And in another training the exploded event is

Max in Barrel
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Thoughts

Looks like if a certain fraction of particle energy leaks out of the tank, it may
be difficult for NN to capture this early in the training.

- Can we have 2 sets of energies prepared in the MC? One for particle true
energy, and the other is the “observed” energy, which is probably easy to
calculate if we know the voltage and charge of each PMT? (Not sure about
details there)

Wondering why the single gaussian charge only and multi-gaussian charge-
time correlated works better. In single gaussian it’s probably larger tolerance
of error in energy? And in charge-time correlated the extra constraint from

timing probably helps since for those escaping events timing is still reliable?

Have other small things under work like trying to skip or zero the nan gradient
before it gets into the next iteration for prediction. But not sure how long it
may take and now we probably need to have a “final” version of study for

paper.



