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e DUNE is a planned neutrino accelerator
experiment

® A machine learning framework has been
developed to analyze data from DUNE's
detectors

e (Currently DUNE only has a small

- prototype detector
e Itneeds to be supplemented with old
' Ts00 MINERVA detector pieces to help it
| — capture long particle tracks (especially
' ToE muons)
=
[ e e e New machine learning is needed to
o analyze data from both the prototype and
7 +1000 MINERVA detector pieces
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Challenges for putting Mx2 in SPINE

e Goal: Put Mx2 into spine
o Challenging because Mx2 are sets of scintillator planes, not LArTPCs
o MINERVA showers are 2d information only right now
o Decided to focus on tracks only for proof of concept model
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Mx2 Into GrapPA

e MINERVA stores unique identification for reconstructed track PER entry

o Upstream and downstream are separately reconstructed
o  Would like to call each reco-ed track as one “cluster”
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Mx2 Into GrapPA

Insert just MINERVA Up+Downstream into GrapPA

Edge scores Empty graph First edge Second edge Optimized partition
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Geometric features are a list of summary statistics of the
distribution of fragment voxels in Euclidean space. It
includes the following 22 features:

(i) normalized covariance matrix (9 features);

Geometric features are calculated by grappa (1), nermatized principal anis (3 foaures);

(iii) centroid (3 features);

- Need to format our file such that it can be used to calculate (iv) number of voxels (1 feature);
(v) initial point (3 features);
these features (vi) normalized initial direction (3 features).

- Input is barebones, essentially just position information
for each voxel



Training

- Training set of 33,361 events, test set
of around 12k events

- Perhaps the speed is unsurprising
considering the simplicity of the task?

- 99.5% accuracy on test set around the
second epoch
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Next Steps
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Idea for direction:
— Keep SPINE
structure the same

— Convert 2d Shower

to 3d

— Combine 2x2 and
Mx2 at GrapPA
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Backup



Diving into Mx2 Truth

Particle Counts
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Diving into 2x2 Truth
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How detailed are the Mx2 Reconstructed Tracks?
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Minerva Downstream

Minerva Upstream
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[s stacking events a good way of
understanding multiple
simultaneous events?

# of Voxels

108 4

107 4

106 4

10° 4

104 4

103 4

102 4

107

[

o
"
T

# of Voxels

[

o
[
L

101

2.0 2.5 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
# of Nodes in Voxel [3x3x3mm]

2x2

-0.5 0.0 0.5 1.0 15 2.0 2.5
# of Nodes in Voxel [3x3x3mm]

3.0

3.5

13



electron/positron
—— photon
—— anti-muon

pion

proton

anti-muon
electron/positron

60

103 14



15

' degtfon/poéitrqn
=04 3 :

—— photon - *
—— anti-muon

V4
- muon

60

N IR
RN AN ,_ g
CHSANINNY = 2

N N

NI N o &
N T /0/040% by

O & 8
N § %
N J m

N
NN NN




Mx2 Tracks Mx2 Tracks
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Trajectories Beginning Outside MINERVA Detectors Trajectories Beginning Inside MINERVA Detectors
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Outlier track
distances [mm]
not shown in the
histogram (out):
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