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DUNE Near Detectors

- Triangular, solid, 
layered scintillator

- Detects light

- NEW: Modules of multiple TPCs 
side-by-side (mm)

- NEW: Pixel charge readout vs. wires
- Detects charge AND light

Plan for DUNE1’s Intense 𝛎 Pileup at Near Site
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Track Matching during Reconstruction using Graph 
Neural Networks Across DUNE's Near Detectors

Integrating into SPINE6 Reconstruction

Jessie Micallef (she/they)
on behalf of the DUNE collaboration

Near site important to constrain 𝝂 

★ Flux         (enter)
★ Cross section        (interact)
★ Detector systematics  (detect)

with detector that has same target
 (LAr) as far detectors

Time Projection 
Chamber (TPC): 𝝂 

interaction ionizes Ar 
→ Electric field drifts 
e- to anode plane 
readout

2x2 Prototype Demonstrator3

Near Detector Liquid 
Argon (ND-LAr) with 

5x7 TPC Modules2

Uses: Sparse7 
Convolutional NN UResNet 7,8

Uses: 
GrapPA9 
Graph NN 

→ Uses various 
neural networks 
(NN) on the 3D 
voxelized input

2x2:

Charge

deposited 

MINERvA5:
Calculated 

trajectories 

based on 2D 

deposited hits
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Matching ND Prototype Detectors

SIMULATION

GNN Performance on ND Prototypes

Training: ~27,000 spills
Testing: ~7,000 spills with 0-8 matches

Network is identifying main target matches (Mx2 to 2x2) well!

Graph NN Architecture GrapPA9

Input graph features:
● Normalized covariance matrix (9)
● Normalized principal axis (3)
● Centroid (3)
● Number of voxels (1)
● Initial point (3)
● Normalized initial direction (3)

ND-LArTMS
SAND

The Muon Spectrometer (TMS) has layers of scintillator 

planes orientated at slight angles sandwiched between lead 
with 3 stages of thickness (thinnest closest to beam target)

NuMI 𝝂  
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Scaling up to ND-LAr + TMS

Conclusion

Node representation of 
track fragments::

Connection Colloquial Mx2 to 2x2 2x2 to 2x2 Mx2 to Mx2

True Positive Got it 🎉 5,569 88 43

False Negative Missed it 237 138 195

False Positive Faked it 340 28 11

DUNE 
Work-In-Progress

SIMULATION
Input cluster 1

Input cluster 2

DUNE Work-In-Progress
SIMULATION

Using epoch 10 due to overtraining
Loss: binary cross entropy loss 

Truth in color. GNN connection in red & missed connection in dotted blue line

Four True Positive Matches! One False Negative by GNN

2x2: 4 smaller NDLAr TPC modules tested in 𝝂  beam4

MINERvA (or Mx2): repurposed to track muons around 2x2
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➕ 2x2 Prototype is great testing ground!
○ GNN matching tracks well
○ 5 days of real  data to  test GNN

➕ Full scale ND LAr + TMS will have…
○ Some  same challenges
○ Additional challenges due to the beam intensity

➕ So far, traditional SPINE has handled the scale up well
○ Stay tuned to see if track matching will also!

4

Each ND-LAr spill expects O(100) 𝝂  interactions! 

Isolated one 
true track in 
spill for 
training 
definition of 
true positive

Tracks in 
NDLAr with a 
matched 
vertex in TMS 
from GEANT4 
simulations

GNN usually misses 
matches that 1st 

SPINE pass  missed 

Perfect reconstruction!

DUNE will make precise measurements of CP violation, mass ordering, & 𝝂 mixing parameters

GNN rarely adds 
false positive events

Internal matches: “bonus” if found, not the target

DUNE Work-In-Progress

𝝂 beam

𝝂 beam

[6] - https://github.com/DeepLearnPhysics/spine

https://iopscience.iop.org/article/10.1088/1748-0221/15/08/T08008
https://doi.org/10.3390/instruments5040031
https://doi.org/10.3390/instruments10010018
https://doi.org/10.3390/instruments8030041
http://arxiv.org/abs/1305.5199
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.102.012005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032004
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032004
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.072004
https://github.com/DeepLearnPhysics/spine

