GNN for Water Cherenkov Detector
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Reminder

A multivariate function with correlated variances can be written in the form:

(v13
14

exp(—%(x B N)TE—] (% — "‘)) nl = ATA = 2;
fx(lﬁ,...,wk):: - I — —
V (27)* |2

0 0 0
X2 0 0
ap oz 0
(rpg (34 Qyq

|

Gy (. (Y13

0
0
0

(xpp (23

0
0

(33

0

1. The max value has to be on diagonal. And the square root of determinant will be the

product of diagonal terms.

2. The average of any 2 diagonal elements must be larger than the real part of

corresponding off-diagonal term ai+aj > |2Re(ai)|.

Previously in the NN, apply the constraint on off-diagonal terms by:

A12 = 0.5 * (A11 + A22) * tanh( random number from Normal )

But by doing this the NN’s A12 output is totally dependent on A11 and A22 and there is

no independent training on A12. So thinking a better way may be:

clipmask_pos = (A12 < 0.5*(A11+A12))
clipmask_neg = (A12 > -0.5*(A11+A12))
A12= A12*clipmask_pos*clipmask_neg

And in this way to some extents avoiding correlation parameter going close to 1. (But it

doesn’t solve our problem).
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Reminder

Unstable loss function seen in 2D correlated multi-lognormal
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So far checked that this repeating fluctuation pattern is not caused by:

* The numerical instability of correlation between charge and time
* The large deviation of NN prediction of charge/time mean compared to the label

Although occasionally these will make a sudden jump of loss.

Need to find an explanation of the jagged structure. (And note there are some cases
where fluctuation occurred around the same epoch in CT and hitprob loss.)



Is it the shift in time?

From charge only loss we knew that a shift parameter is needed for multi-lognormal PDF. But would it
still be the case for timing? i.e. if the timing peaks are more far apart (and since they can go in both

directions unlike charge), it can be tricky to have a shift covering pre-hits since they only go positively
to avoid negative value in log.
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Seems like the shift parameter isn’t so efficient as its couterpart in charge.

Caveat: the min/max of residual and shift doesn’t have to be the same tube in the same event!




After Removing the Shift Parameter for Timing
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So it’s actually helping the training. Note: exactly same data input for training.




Batch Size?
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Smaller batch size tends to cause more numerical fluctuations?

* Larger epoch size with larger
batch size

* Deceasing CT loss from 200-
>400, but still spikes.
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Matrix Element?

In the loss function, the matrix elements are used in forms of “ali, a12,
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This is the old constraint of al2.
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Matrix Element - After Updating the Constraints

In the loss function, the matrix elements are used in forms of “ali, a12,
ali1*al2, a22+al2”.
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Matrix Element

So it seems the a11 is causing the fluctuation.
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Given that the other 2 are more stable, probably the issue is in sigma t?

One thought: for lognormal distributions it’s easier to have the peak in the
near-zero positive region, could it be my timing regularization making it hard

for the NN? Currently:

t used =1t label*0.1+50

And previously never touched this 50
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Time Regularization

One thought: for lognormal distributions it’s easier to have the peak in the
near-zero positive region, could it be my timing regularization making it hard

for the NN? Currently:

t used =1t label*0.01+5
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Summary

* The time variance seems to have caused the fluctuations (but why does it
not affect the multi-gauss?)

* Time regularization matters!



