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Accurate reconstruction of neutrino energy is crucial to enable precision oscillation studies

Incoming neutrinos are invisible, so initial kinematic inferences can only be made via resultant final state particles
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(Right) The remaining true neutrino energy is fit against visible hadronic energy (slope = b)

Mitigating Bias

TransformerEE trained & tested 2. 20% Gaussian fluctuations on calorimetric-based input variables
onv,CCeventsin NOVAND/FD  + “Noise” directly builds in robustness to energy calibration errors!
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Our transformer (TransformerEE) utilizes prong (reconstructed
3D tracks and showers) and slice (event-level) variables to

estimate incoming neutrino and outgoing lepton energy.

Features:

* Architecture allows an arbitrary

number of prong inputs.

Loss

 Makes use of purpose-built upstream
prong reconstruction algorithms,
including other neural networks.

* Transformers’ defining attention
mechanism allows associations to be

made between prongs.

FHC FD VHCC Selection

100 Epochs
All trainings well-behaved

Train

| {Loss

» ~1.7M trainable
parameters

> Trains on 1.7M events
» Single 40GB A100 GPU
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* Can be trained to predict any number 3 |njyst ~2.5hrs!
of correlated output variables.

Performance

The percent error in TransformerEE predictions was compared to that of Spline
 Spread of percent errors representative of energy resolutions for each method
 TransformerEE exhibits lower bias and better resolution at all energies!
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Note: Underlying 2D histogram is

for TransformerEE only.
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Inference results on full NOVA production set with 7.7 million
contained v, CC far detector, forward horn current events.
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