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Convolutional Neural Nets
Method: Use convolutional neural networks (CNN) to extract features 
from then classify a “pixel map” made using detector hits from an event.


Why use CNNs?: 


1. Designed to optimally use topological features


2. Learn which features have the best discrimination power


3. Decouples the task of classification from the reconstruction 
inefficiencies
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Reconstruction Goals
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classified as νμ
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Far Detector Data
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Identify the flavor of a 
neutrino interaction

Classify particles from a 
neutrino interaction

Applications: 
Numu Disappearance 
Nue Appearance 
NC Disappearance

Applications: 
Nue Energy Estimator 
Pi0 Mass Peak 
Cross Section Measurements
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Event Classification

Classify neutrino events using two 
tower network, Convolutional Visual 
Network.


Each view of the event is examined 
separately for most of feature 
extraction.


4

�e CC
Top Side

F. Psihas, Ph.D. thesis, Indiana University, 2018, 
doi:10.2172/1437288.

New this analysis:


Updated simulation. 

Classification is done using 
final states. 

Network optimizations. 

Separate neutrino and anti-
neutrino training. 
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Event Classification

Train on neutrino beam and anti-neutrino beams separately.


Utilize differences in event topology.
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⌫̄ E�ciency Improvement
Training Sample (ID > 0.9)

⌫̄e CC Signal ⌫̄µ CC Signal ⌫̄ NC Signal
14% 6% 10%
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Example Data Check: MRE

Muon Removed - Electron:


Select a muon neutrino interaction.


Remove the muon hits and replace 
with a simulated electron.


Data/MC comparisons show good 
agreement.
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Particle Classification

Classify particles using 
both views of the particle 
and both views of the 
entire event.
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    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3_reduce"
  type: "ReLU"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3_reduce"
}
layer {
  name: "inception_5b/3x3"
  type: "Convolution"
  bottom: "inception_5b/3x3_reduce"
  top: "inception_5b/3x3"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 192
    pad: 1
    kernel_size: 3
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_3x3"
  type: "ReLU"
  bottom: "inception_5b/3x3"
  top: "inception_5b/3x3"
}
layer {
  name: "inception_5b/5x5_reduce"
  type: "Convolution"
  bottom: "merge_x_y"
  top: "inception_5b/5x5_reduce"
  param {
    lr_mult: 1
    decay_mult: 1
  }
  param {
    lr_mult: 2
    decay_mult: 0
  }
  convolution_param {
    num_output: 24
    kernel_size: 1
    weight_filler {
      type: "xavier"
    }
    bias_filler {
      type: "constant"
      value: 0.2
    }
  }
}

layer {
  name: "inception_5b/relu_5x5_reduce"
  type: "ReLU"
  bottom: "inception_5b/5x5_reduce"
  top: "inception_5b/5x5_reduce"
}

layer {
  name: "inception_5b/5x5"
  type: "Convolution"
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ElectronInteraction 
Vertex

Cluster 1

Cluster 2

Cluster 1

Cluster 3

Single particles are separated using 
geometric reconstruction methods.



Micah Groh New Perspectives 2018

Particle Classification

9



Micah Groh New Perspectives 2018

Utilizing Context

Showing the network the entire 
event teaches the network 
contextual information.


Particularly useful in the 
classification of photons.

10
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Example Data Check: π0 Mass Peak

π0 mass reconstructed using 
invariant mass of pairs of 
photons identified using the 
single particle classifier.

11
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Reconstruction Caveats

Single particle classifier is 
dependent on the quality of 
the already existing clusters.

12
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A network reconstructs 
an event hit by hit.

Full Event Reconstruction
Cluster and classify particles 
simultaneously using instance 
aware semantic segmentation.

13

Kaiming He and (2017). Mask R-CNN. 
CoRR, abs/1703.06870.

Exploring different inputs to the 
network to improve clustering 
performance.

Bounding Boxes - builds bounding 
boxes aiming to contain a single particle.


Labels - A softmax function is used to 
classify the particle in each box.


Clustering - Pixel by pixel clusters are 
defined to closely contain single particles. 
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Conclusion
Training on neutrinos and anti-neutrinos 
separately yields the largest improved for event 
classification.


Giving contextual information improves 
performance of single particle classification.


Data-driven methods are used to check the 
performance of the networks.


Developing a network for full event reconstruction.

14

http://nusoft.fnal.gov/nova/public/nova-events/

Can you beat our
neural nets?
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Backup

15
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NOvA Events

18

Separate hits by time and space

NOvA - FNAL E929
Run:   14828 / 38
Event: 192569 / --
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Slicing

19
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NOvA Analysis

20
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Measurables: 
An energy 
spectrum of 
each neutrino 
flavor at each 
detector.
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Neural Networks

Identify neutrino flavor using neural 
networks.


Artificial Neural Network (ANN) 
consists of multiple layers of 
neurons.


Each neuron represents a function 
using the values from the previous 
layer.


Output layer has scores for each 
category.
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Convolutions and Pooling

22
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Pooling

Dropout

FEATURE MAPS

:
:

FEATURE MAPS

:
:

Convolution

Inception output

1x1 convolutions

3x3 convolutions 5x5 convolutions

Filter 
concatenation

Previous layer

3x3 max pooling1x1 convolutions 1x1 convolutions

1x1 convolutions

Inception module
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Weights are learned through a 
process to minimize the loss function.
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Reconstruct the global 
interaction vertex.

Cluster hits belonging to 
the same particle.

Match clusters across 
views to make 3D prongs

Traditional Reconstruction

Group all hits with a 
common origin, the same 
neutrino interaction or 
cosmic.
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<latexit sha1_base64="cScvWzYxRnahEAQbUdtnTX+xrLY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk0lpgIaOBC9pY52LC7d9ndMyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj086Ok4VxTaNeaweQqKRM4ltwwzHh0QhESHHbjhpzv3uEyrNYnlvpgkGgowkixglxkqP1b5MB9hsVgflilfzFnDXiZ+TCuRoDcpf/WFMU4HSUE607vleYoKMKMMox1mpn2pMCJ2QEfYslUSgDrLFwTP3wipDN4qVLWnchfp7IiNC66kIbacgZqxXvbn4n9dLTXQdZEwmqUFJl4uilLsmduffu0OmkBo+tYRQxeytLh0TRaixGZVsCP7qy+ukU6/5Xs2/q1caN3kcRTiDc7gEH66gAbfQgjZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AqBWPow==</latexit><latexit sha1_base64="cScvWzYxRnahEAQbUdtnTX+xrLY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk0lpgIaOBC9pY52LC7d9ndMyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj086Ok4VxTaNeaweQqKRM4ltwwzHh0QhESHHbjhpzv3uEyrNYnlvpgkGgowkixglxkqP1b5MB9hsVgflilfzFnDXiZ+TCuRoDcpf/WFMU4HSUE607vleYoKMKMMox1mpn2pMCJ2QEfYslUSgDrLFwTP3wipDN4qVLWnchfp7IiNC66kIbacgZqxXvbn4n9dLTXQdZEwmqUFJl4uilLsmduffu0OmkBo+tYRQxeytLh0TRaixGZVsCP7qy+ukU6/5Xs2/q1caN3kcRTiDc7gEH66gAbfQgjZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AqBWPow==</latexit><latexit sha1_base64="cScvWzYxRnahEAQbUdtnTX+xrLY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk0lpgIaOBC9pY52LC7d9ndMyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj086Ok4VxTaNeaweQqKRM4ltwwzHh0QhESHHbjhpzv3uEyrNYnlvpgkGgowkixglxkqP1b5MB9hsVgflilfzFnDXiZ+TCuRoDcpf/WFMU4HSUE607vleYoKMKMMox1mpn2pMCJ2QEfYslUSgDrLFwTP3wipDN4qVLWnchfp7IiNC66kIbacgZqxXvbn4n9dLTXQdZEwmqUFJl4uilLsmduffu0OmkBo+tYRQxeytLh0TRaixGZVsCP7qy+ukU6/5Xs2/q1caN3kcRTiDc7gEH66gAbfQgjZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AqBWPow==</latexit><latexit sha1_base64="cScvWzYxRnahEAQbUdtnTX+xrLY=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk0lpgIaOBC9pY52LC7d9ndMyEXfoWNhcbY+nPs/DcucIWCL5nk5b2ZzMwLE8608bxvp7CxubW9U9wt7e0fHB6Vj086Ok4VxTaNeaweQqKRM4ltwwzHh0QhESHHbjhpzv3uEyrNYnlvpgkGgowkixglxkqP1b5MB9hsVgflilfzFnDXiZ+TCuRoDcpf/WFMU4HSUE607vleYoKMKMMox1mpn2pMCJ2QEfYslUSgDrLFwTP3wipDN4qVLWnchfp7IiNC66kIbacgZqxXvbn4n9dLTXQdZEwmqUFJl4uilLsmduffu0OmkBo+tYRQxeytLh0TRaixGZVsCP7qy+ukU6/5Xs2/q1caN3kcRTiDc7gEH66gAbfQgjZQEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AqBWPow==</latexit>

⌫µCC
<latexit sha1_base64="xt4zsy99ggpBQeyBputbZnVY44E=">AAAB83icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ejk4hETeSTshswOszBhZnYzDxNC+A0vHjTGqz/jzb9xgD0oWEknlarudHfFGWfa+P63V9ja3tndK+6XDg6Pjk/Kp2cdnVpFaJukPFW9GGvKmaRtwwynvUxRLGJOu/GkufC7T1RplspHM81oJPBIsoQRbJwUVkNpB6GwqNmsDsoVv+YvgTZJkJMK5GgNyl/hMCVWUGkIx1r3Az8z0Qwrwwin81JoNc0wmeAR7TsqsaA6mi1vnqMrpwxRkipX0qCl+ntihoXWUxG7ToHNWK97C/E/r29NchvNmMysoZKsFiWWI5OiRQBoyBQlhk8dwUQxdysiY6wwMS6mkgshWH95k3TqtcCvBQ/1SuMuj6MIF3AJ1xDADTTgHlrQBgIZPMMrvHnWe/HevY9Va8HLZ87hD7zPH5sNkLo=</latexit><latexit sha1_base64="xt4zsy99ggpBQeyBputbZnVY44E=">AAAB83icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ejk4hETeSTshswOszBhZnYzDxNC+A0vHjTGqz/jzb9xgD0oWEknlarudHfFGWfa+P63V9ja3tndK+6XDg6Pjk/Kp2cdnVpFaJukPFW9GGvKmaRtwwynvUxRLGJOu/GkufC7T1RplspHM81oJPBIsoQRbJwUVkNpB6GwqNmsDsoVv+YvgTZJkJMK5GgNyl/hMCVWUGkIx1r3Az8z0Qwrwwin81JoNc0wmeAR7TsqsaA6mi1vnqMrpwxRkipX0qCl+ntihoXWUxG7ToHNWK97C/E/r29NchvNmMysoZKsFiWWI5OiRQBoyBQlhk8dwUQxdysiY6wwMS6mkgshWH95k3TqtcCvBQ/1SuMuj6MIF3AJ1xDADTTgHlrQBgIZPMMrvHnWe/HevY9Va8HLZ87hD7zPH5sNkLo=</latexit><latexit sha1_base64="xt4zsy99ggpBQeyBputbZnVY44E=">AAAB83icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ejk4hETeSTshswOszBhZnYzDxNC+A0vHjTGqz/jzb9xgD0oWEknlarudHfFGWfa+P63V9ja3tndK+6XDg6Pjk/Kp2cdnVpFaJukPFW9GGvKmaRtwwynvUxRLGJOu/GkufC7T1RplspHM81oJPBIsoQRbJwUVkNpB6GwqNmsDsoVv+YvgTZJkJMK5GgNyl/hMCVWUGkIx1r3Az8z0Qwrwwin81JoNc0wmeAR7TsqsaA6mi1vnqMrpwxRkipX0qCl+ntihoXWUxG7ToHNWK97C/E/r29NchvNmMysoZKsFiWWI5OiRQBoyBQlhk8dwUQxdysiY6wwMS6mkgshWH95k3TqtcCvBQ/1SuMuj6MIF3AJ1xDADTTgHlrQBgIZPMMrvHnWe/HevY9Va8HLZ87hD7zPH5sNkLo=</latexit><latexit sha1_base64="xt4zsy99ggpBQeyBputbZnVY44E=">AAAB83icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ejk4hETeSTshswOszBhZnYzDxNC+A0vHjTGqz/jzb9xgD0oWEknlarudHfFGWfa+P63V9ja3tndK+6XDg6Pjk/Kp2cdnVpFaJukPFW9GGvKmaRtwwynvUxRLGJOu/GkufC7T1RplspHM81oJPBIsoQRbJwUVkNpB6GwqNmsDsoVv+YvgTZJkJMK5GgNyl/hMCVWUGkIx1r3Az8z0Qwrwwin81JoNc0wmeAR7TsqsaA6mi1vnqMrpwxRkipX0qCl+ntihoXWUxG7ToHNWK97C/E/r29NchvNmMysoZKsFiWWI5OiRQBoyBQlhk8dwUQxdysiY6wwMS6mkgshWH95k3TqtcCvBQ/1SuMuj6MIF3AJ1xDADTTgHlrQBgIZPMMrvHnWe/HevY9Va8HLZ87hD7zPH5sNkLo=</latexit>

P
E

<latexit sha1_base64="8kHl5r76dqNq8b+INbAMg/78Xwk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEogscI5gHJEmYns8mQmdl1HkJY8hNePCji1d/x5t84SfagiQUNRVU33V1Rypk2vv/tra1vbG5tF3aKu3v7B4elo+OWTqwitEkSnqhOhDXlTNKmYYbTTqooFhGn7Wh8M/PbT1RplsgHM0lpKPBQspgRbJzUqfS0Fei20i+V/ao/B1olQU7KkKPRL331BgmxgkpDONa6G/ipCTOsDCOcTos9q2mKyRgPaddRiQXVYTa/d4rOnTJAcaJcSYPm6u+JDAutJyJynQKbkV72ZuJ/Xtea+CrMmEytoZIsFsWWI5Og2fNowBQlhk8cwUQxdysiI6wwMS6iogshWH55lbRq1cCvBve1cv06j6MAp3AGFxDAJdThDhrQBAIcnuEV3rxH78V79z4WrWtePnMCf+B9/gDR1o8m</latexit><latexit sha1_base64="8kHl5r76dqNq8b+INbAMg/78Xwk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEogscI5gHJEmYns8mQmdl1HkJY8hNePCji1d/x5t84SfagiQUNRVU33V1Rypk2vv/tra1vbG5tF3aKu3v7B4elo+OWTqwitEkSnqhOhDXlTNKmYYbTTqooFhGn7Wh8M/PbT1RplsgHM0lpKPBQspgRbJzUqfS0Fei20i+V/ao/B1olQU7KkKPRL331BgmxgkpDONa6G/ipCTOsDCOcTos9q2mKyRgPaddRiQXVYTa/d4rOnTJAcaJcSYPm6u+JDAutJyJynQKbkV72ZuJ/Xtea+CrMmEytoZIsFsWWI5Og2fNowBQlhk8cwUQxdysiI6wwMS6iogshWH55lbRq1cCvBve1cv06j6MAp3AGFxDAJdThDhrQBAIcnuEV3rxH78V79z4WrWtePnMCf+B9/gDR1o8m</latexit><latexit sha1_base64="8kHl5r76dqNq8b+INbAMg/78Xwk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEogscI5gHJEmYns8mQmdl1HkJY8hNePCji1d/x5t84SfagiQUNRVU33V1Rypk2vv/tra1vbG5tF3aKu3v7B4elo+OWTqwitEkSnqhOhDXlTNKmYYbTTqooFhGn7Wh8M/PbT1RplsgHM0lpKPBQspgRbJzUqfS0Fei20i+V/ao/B1olQU7KkKPRL331BgmxgkpDONa6G/ipCTOsDCOcTos9q2mKyRgPaddRiQXVYTa/d4rOnTJAcaJcSYPm6u+JDAutJyJynQKbkV72ZuJ/Xtea+CrMmEytoZIsFsWWI5Og2fNowBQlhk8cwUQxdysiI6wwMS6iogshWH55lbRq1cCvBve1cv06j6MAp3AGFxDAJdThDhrQBAIcnuEV3rxH78V79z4WrWtePnMCf+B9/gDR1o8m</latexit><latexit sha1_base64="8kHl5r76dqNq8b+INbAMg/78Xwk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEogscI5gHJEmYns8mQmdl1HkJY8hNePCji1d/x5t84SfagiQUNRVU33V1Rypk2vv/tra1vbG5tF3aKu3v7B4elo+OWTqwitEkSnqhOhDXlTNKmYYbTTqooFhGn7Wh8M/PbT1RplsgHM0lpKPBQspgRbJzUqfS0Fei20i+V/ao/B1olQU7KkKPRL331BgmxgkpDONa6G/ipCTOsDCOcTos9q2mKyRgPaddRiQXVYTa/d4rOnTJAcaJcSYPm6u+JDAutJyJynQKbkV72ZuJ/Xtea+CrMmEytoZIsFsWWI5Og2fNowBQlhk8cwUQxdysiI6wwMS6iogshWH55lbRq1cCvBve1cv06j6MAp3AGFxDAJdThDhrQBAIcnuEV3rxH78V79z4WrWtePnMCf+B9/gDR1o8m</latexit>

hits
<latexit sha1_base64="Cd5bP2hlKsNXXTGy/slz5dzGBBE=">AAAB7XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIRwIXsrfswcre7mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByO/c7T0wbruQDThMWxGQkecQpQSu1q2OOpjooV7yat4C7TvycVCBHc1D+6g8VTWMmkQpiTM/3EgwyopFTwWalfmpYQuiEjFjPUkliZoJsce3MvbDK0I2UtiXRXai/JzISGzONQ9sZExybVW8u/uf1Uoyug4zLJEUm6XJRlAoXlTt/3R1yzSiKqSWEam5vdemYaELRBlSyIfirL6+Tdr3mezX/vl5p3ORxFOEMzuESfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox7K14OQzp/AHzucP9ViOtA==</latexit><latexit sha1_base64="Cd5bP2hlKsNXXTGy/slz5dzGBBE=">AAAB7XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIRwIXsrfswcre7mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByO/c7T0wbruQDThMWxGQkecQpQSu1q2OOpjooV7yat4C7TvycVCBHc1D+6g8VTWMmkQpiTM/3EgwyopFTwWalfmpYQuiEjFjPUkliZoJsce3MvbDK0I2UtiXRXai/JzISGzONQ9sZExybVW8u/uf1Uoyug4zLJEUm6XJRlAoXlTt/3R1yzSiKqSWEam5vdemYaELRBlSyIfirL6+Tdr3mezX/vl5p3ORxFOEMzuESfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox7K14OQzp/AHzucP9ViOtA==</latexit><latexit sha1_base64="Cd5bP2hlKsNXXTGy/slz5dzGBBE=">AAAB7XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIRwIXsrfswcre7mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByO/c7T0wbruQDThMWxGQkecQpQSu1q2OOpjooV7yat4C7TvycVCBHc1D+6g8VTWMmkQpiTM/3EgwyopFTwWalfmpYQuiEjFjPUkliZoJsce3MvbDK0I2UtiXRXai/JzISGzONQ9sZExybVW8u/uf1Uoyug4zLJEUm6XJRlAoXlTt/3R1yzSiKqSWEam5vdemYaELRBlSyIfirL6+Tdr3mezX/vl5p3ORxFOEMzuESfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox7K14OQzp/AHzucP9ViOtA==</latexit><latexit sha1_base64="Cd5bP2hlKsNXXTGy/slz5dzGBBE=">AAAB7XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIRwIXsrfswcre7mV3zoRc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvTAQ36HnfTmFjc2t7p7hb2ts/ODwqH5+0jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByO/c7T0wbruQDThMWxGQkecQpQSu1q2OOpjooV7yat4C7TvycVCBHc1D+6g8VTWMmkQpiTM/3EgwyopFTwWalfmpYQuiEjFjPUkliZoJsce3MvbDK0I2UtiXRXai/JzISGzONQ9sZExybVW8u/uf1Uoyug4zLJEUm6XJRlAoXlTt/3R1yzSiKqSWEam5vdemYaELRBlSyIfirL6+Tdr3mezX/vl5p3ORxFOEMzuESfLiCBtxBE1pA4RGe4RXeHOW8OO/Ox7K14OQzp/AHzucP9ViOtA==</latexit>

Prongs
<latexit sha1_base64="1tErZSts1WVy6K6HrP84kaSEfLk=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61aZWcmSqg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH2hLj4k=</latexit><latexit sha1_base64="1tErZSts1WVy6K6HrP84kaSEfLk=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61aZWcmSqg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH2hLj4k=</latexit><latexit sha1_base64="1tErZSts1WVy6K6HrP84kaSEfLk=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61aZWcmSqg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH2hLj4k=</latexit><latexit sha1_base64="1tErZSts1WVy6K6HrP84kaSEfLk=">AAAB73icbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETeSSwIbPDLEyYxzoza0I2/IQXDxrj1d/x5t84wB4UrKSTSlV3uruihDNjff/bK2xsbm3vFHdLe/sHh0fl45O2UakmtEUUV7obYUM5k7RlmeW0m2iKRcRpJ5rczv3OE9WGKflgpwkNBR5JFjOCrZO61aZWcmSqg3LFr/kLoHUS5KQCOZqD8ld/qEgqqLSEY2N6gZ/YMMPaMsLprNRPDU0wmeAR7TkqsaAmzBb3ztCFU4YoVtqVtGih/p7IsDBmKiLXKbAdm1VvLv7n9VIbX4cZk0lqqSTLRXHKkVVo/jwaMk2J5VNHMNHM3YrIGGtMrIuo5EIIVl9eJ+16LfBrwX290rjJ4yjCGZzDJQRwBQ24gya0gACHZ3iFN+/Re/HevY9la8HLZ07hD7zPH2hLj4k=</latexit>

✔

Event Identification

Extracted features from geometrical 
reconstruction used in a neural net.


Output is the interaction type.



Micah Groh New Perspectives 201827

NOvA Features
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NOvA Features
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Prong CVN

Broad categories looking at just electromagnetic and 
hadronic particles as well as muons.
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E⌫ = f(EEM , Ehad)
<latexit sha1_base64="E59Wi8f3bsFxxb6JlfVhJQU19Hk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90IRSm4ESrYB7QhTCaTduhkEmYmQglZuPFX3LhQxK0f4c6/cdpmodUDl3s4515m7vFiRqWyrC+jsLK6tr5R3Cxtbe/s7pn7B10ZJQKTDo5YJPoekoRRTjqKKkb6sSAo9BjpeZOrmd+7J0LSiN+paUycEI04DShGSkuuWa623CFP4AUMai03bd1kp7qNkZ+dVF2zYtWtOeBfYuekAnK0XfNz6Ec4CQlXmCEpB7YVKydFQlHMSFYaJpLECE/QiAw05Sgk0knnR2TwWCs+DCKhiys4V39upCiUchp6ejJEaiyXvZn4nzdIVHDupJTHiSIcLx4KEgZVBGeJQJ8KghWbaoKwoPqvEI+RQFjp3Eo6BHv55L+k26jbVt2+bVSal3kcRVAGR6AGbHAGmuAatEEHYPAAnsALeDUejWfjzXhfjBaMfOcQ/ILx8Q27uZY5</latexit><latexit sha1_base64="E59Wi8f3bsFxxb6JlfVhJQU19Hk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90IRSm4ESrYB7QhTCaTduhkEmYmQglZuPFX3LhQxK0f4c6/cdpmodUDl3s4515m7vFiRqWyrC+jsLK6tr5R3Cxtbe/s7pn7B10ZJQKTDo5YJPoekoRRTjqKKkb6sSAo9BjpeZOrmd+7J0LSiN+paUycEI04DShGSkuuWa623CFP4AUMai03bd1kp7qNkZ+dVF2zYtWtOeBfYuekAnK0XfNz6Ec4CQlXmCEpB7YVKydFQlHMSFYaJpLECE/QiAw05Sgk0knnR2TwWCs+DCKhiys4V39upCiUchp6ejJEaiyXvZn4nzdIVHDupJTHiSIcLx4KEgZVBGeJQJ8KghWbaoKwoPqvEI+RQFjp3Eo6BHv55L+k26jbVt2+bVSal3kcRVAGR6AGbHAGmuAatEEHYPAAnsALeDUejWfjzXhfjBaMfOcQ/ILx8Q27uZY5</latexit><latexit sha1_base64="E59Wi8f3bsFxxb6JlfVhJQU19Hk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90IRSm4ESrYB7QhTCaTduhkEmYmQglZuPFX3LhQxK0f4c6/cdpmodUDl3s4515m7vFiRqWyrC+jsLK6tr5R3Cxtbe/s7pn7B10ZJQKTDo5YJPoekoRRTjqKKkb6sSAo9BjpeZOrmd+7J0LSiN+paUycEI04DShGSkuuWa623CFP4AUMai03bd1kp7qNkZ+dVF2zYtWtOeBfYuekAnK0XfNz6Ec4CQlXmCEpB7YVKydFQlHMSFYaJpLECE/QiAw05Sgk0knnR2TwWCs+DCKhiys4V39upCiUchp6ejJEaiyXvZn4nzdIVHDupJTHiSIcLx4KEgZVBGeJQJ8KghWbaoKwoPqvEI+RQFjp3Eo6BHv55L+k26jbVt2+bVSal3kcRVAGR6AGbHAGmuAatEEHYPAAnsALeDUejWfjzXhfjBaMfOcQ/ILx8Q27uZY5</latexit><latexit sha1_base64="E59Wi8f3bsFxxb6JlfVhJQU19Hk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBluhgpSkG90IRSm4ESrYB7QhTCaTduhkEmYmQglZuPFX3LhQxK0f4c6/cdpmodUDl3s4515m7vFiRqWyrC+jsLK6tr5R3Cxtbe/s7pn7B10ZJQKTDo5YJPoekoRRTjqKKkb6sSAo9BjpeZOrmd+7J0LSiN+paUycEI04DShGSkuuWa623CFP4AUMai03bd1kp7qNkZ+dVF2zYtWtOeBfYuekAnK0XfNz6Ec4CQlXmCEpB7YVKydFQlHMSFYaJpLECE/QiAw05Sgk0knnR2TwWCs+DCKhiys4V39upCiUchp6ejJEaiyXvZn4nzdIVHDupJTHiSIcLx4KEgZVBGeJQJ8KghWbaoKwoPqvEI+RQFjp3Eo6BHv55L+k26jbVt2+bVSal3kcRVAGR6AGbHAGmuAatEEHYPAAnsALeDUejWfjzXhfjBaMfOcQ/ILx8Q27uZY5</latexit>

Nue Energy Estimator

The neutrino energy is estimated as a 
fit to the total EM energy and the total 
hadronic energy in the event.


The energy resolution is ~10%.


~20% improvement from first analysis.
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Instance Segmentation


Network clusters hits and assigns a label 
to each cluster

Full Event Reconstruction

Semantic Segmentation


Train a network for pixel by pixel 
classification


