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Inherently 
a 3D pixel 
readout

3D from 2x2 vs 2D MINERvA Mx2

DUNE Work-In-Progress

SIMULATION

MINERvA: inherently a 
2D output!

Upstream
MINERvA

Downstream
MINERvA

2x2 LArTPC

MINERvA Operations

https://doi.org/10.1016/j.nima.2013.12.053
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Traditional Track 
Reconstruction

Mx2 Track Segments
Colors indicate track segment

Note: left & right 
are not the same 
particles

Ignoring 
2x2 for 
simple 

test

Upstream
MINERvA

Downstream
MINERvA

2x2 LAr with 
4 TPCs

DUNE Work-In-Progress
SIMULATION

Upstream
MINERvA

Downstream
MINERvA

2x2 LAr with 
4 TPCs

DUNE Work-In-Progress

SIMULATION

https://doi.org/10.1016/j.nima.2013.12.053
https://doi.org/10.1016/j.nima.2013.12.053
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Pixel Fragment Interactions

SPINE: Inserting Mx2

GrapPA: PhysRevD. 104. 072004 

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.072004
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Inserting Mx2
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SIMULATION

GrapPA: PhysRevD. 104. 072004 

2x2

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.072004
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Inserting Mx2
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Traditional Track 
ReconstructionSIMULATION GrapPA: PhysRevD. 104. 072004 

SIMULATION

2x2

Mx2

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.072004
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First Check: Trained with ~27k events
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● MINERva Up + Downstream already connected via MINERva reco
● Some 2x2 fragments are not connected → taken mid SPINE reco currently
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First Check: Tested with 6757 events
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Color code is 
TRUTH

Red line is GNN 
connected
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Correct Event
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Doing well!
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Missing Connection
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Not surprising
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Missing Connection inside 2x2
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Missing inside 2x2, looks easy but 
we currently skip local clustering

Input cluster 1
Input cluster 2
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Extra Connection
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Inside Mx2 connected, 
needed for 2x2 though
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Why does the network think MINERvA inner 
connections happen?
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We tell it that it happens
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First Check: Tested with 6757 events
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Legend:
  correct_both : true pair, GNN predicted both directions
  correct_one  : true pair, GNN predicted only one direction
  missing      : true pair, GNN predicted neither direction
  extra_both   : non-true pair, GNN predicted both directions
  extra_one    : non-true pair, GNN predicted one direction
  truth_total  : correct_both + correct_one + missing
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First Check: Tested with ~events
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Legend:

  eff_full     : correct_both / truth_total
  eff_any      : (correct_both + correct_one) / truth_total
  purity       : (2*cb + co) / (2*cb + co + 2*eb + eo)


