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Diving into Mx2 + 2x2 Simulation

- One simulation output file for Mx2 dst & 2x2 Flow
- Goal: identify common track IDs & parent PIDs from shared simulation

- Explore: , , ‘ oo
- Potential for MINERVA Track reconstruction to be — | 00
used as input for GrapPA

- Feasibility of track matching between Mx2 & 2x2
using GNN
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Diving into Mx2 Truth

Selected Tracks Per Event

Particle Counts

-  Simulated

300 - MINERVA truth
-  Pionsincludes
e pi+, pi-, pi0
-> All events in one

file

# of Events

ol =
Electrons/Positrons Muons Antimuons Pions Protons Others 1 2 3 4 5 6 7 8
Particle Type # of Tracks

381 Begin Outside MINERvVA Detectors
In ONE File: 192 Entries — 605 Trajectories 141 Begin Inside MINERVA Detectors

83 Begin Between MINERVA Detectors?



Mx2 Truth vs. Reco
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In Total: 192 Entries — 605 Trajectories 141 Begin Inside MINERVA Detectors

83 Begin Between MINERVA Detectors *



# of Tracks

Mx2 Truth vs. Reco Inside/Between

Tracks: The first algorithm examines all possible combinations of three
candidates in which no two candidates share the same plane orientation.
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Such a combination of candidates are formed into a 3D-track if they e e ]
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Backup has 381/605 tracks beginning upstream MINERVA detectors


https://www.sciencedirect.com/science/article/pii/0168900287908874

How detailed are the Mx2 Reconstructed Tracks?
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Open Questions Mx2

e MINERVA “charge” information per track node is stored as q/P
o Whatis P?

o /P is quite small/repetitive for each track node

e Does MINERVA store unique identification for reconstructed track PER entry

o Are the upstream & downstream separately reconstructed?
o  Would like to call each reco-ed track as one “cluster”
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Diving into 2x2 Truth
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How detailed are the Mx2 Reconstructed Tracks?

Discrepancy Between Hits and Closest Segment Midpoint
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NOT REAL -- SOMETHING IS
GOING ON IN OUR CODE!

Difficulty lining up hits and
segments (see next slide)

? - 104 entries missing that
have empty backtracked hits?

200 400 600 800 1000 1200
Discrepancy [mm]

def get_truth_2x2(NdFlow,entry): B ™»NV &F @

NdFlow.event_hit_indices[entry]

#We then get the start and stop indices for the hits corresponding to the event
hit_start_index = NdFlow.event_hit_indices.fields("start") [entry]
hit_stop_index = NdFlow.event_hit_indices.fields("stop") [entry]

#Get the backtracked hits using the indices
backtracked_hits = NdFlow.backtracked_hits.fields("segment_id") [hit_start_index:hit_sto|
backtracked_hits_frac = NdFlow.backtracked_hits.fields("fraction") [hit_start_index:hit_|

# Get the segment ids with fraction != @, because only
#non-@ fractions contribute to the event
segment_ids = np.unique(backtracked_hits[backtracked_hits_frac != 0])

#Get the segments by putting a condition on the segment ids we

#retrieved above and you can see that all of them have the same 'event_id'
#(This is the mc truth event id, not the id in charge events)

segments = NdFlow.segments[segment_ids]

#Now get the trajectories using the event id above

trajectories = NdFlow.true_traj [NdFlow.true_traj.fields("event_id") == segments['event_|
print("TRUE TRAJ LEN", len(trajectories['vertex_id']l))

return trajectories['vertex_id'], segment_ids




Open Questions 2x2

e Hits['charge/calib_final hits/data’]l vs
hits_backtrack]['mc_truth/calib_final hit_backtrack/data']

o Backtrack gives associated segment & true trajectory information
o Hits is what we will have class Ndbata:

def __init_ (self, filename):
self.flow_file = h5.File(filename, 'r')
self.data = self.flow_filel['charge']['calib_final_hits'l['data'l #prompt or final
self.match_region = self.flow_file['charge']['events']['ref']['charge']['calib_final_hits'l['ref_region']
self.backtracked_hits = self.flow_file['mc_truth']['calib_final_hit_backtrack']['data'] #prompt

. hlts bathraCk fraCtlon IS def hit_trackdown(NdFlow,event_number):
_ - hit_ref_slice = NdFlow.match_region[event_number]
hits = NdFlow.datalhit_ref_slice[0]:hit_ref_slice[1]]
hits_bt = NdFlow.backtracked_hits[hit_ref_slice[@]:hit_ref_slice[1]]

an array with 200 entries
for hit in hits_bt:
f t i (len(hit['fraction'])):
and mostly Os or cont i rongeltenthiclfroction')):

seg_id = hit['segment_id'] [cont]

H H seg = segments [seg_id]
e hits.Q has single entry Srat_evild = seamerte "traf_id"
print(“segment: ", segl['x_start'], segl'x'], segl['x_end'])
print("hit: ", hits[cont]l['x'])

hit_trackdown(NdFlow, i)

— are these not the same?

segment: 19.865473 19.880016 19.894558
hit: 20.32665133780989
segment: 19.894558 19.868067 19.841576
hit: 20.27875776334526
segment: 19.865473 19.880016 19.894558
hit: 20.32665133780989
segment: 19.894558 19.868067 19.841576



SPINE + Muon Detector
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SPINE: Adding MINERVA
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SPINE: Adding MINERVA
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Next Steps

- Insert just MINERVA Up+Downstream into GrapPA

CLUSTERING OF ELECTROMAGNETIC SHOWERS AND ... PHYS. REV. D 104, 072004 (2021)

L ~ 15.35 L ~ 13.15 L ~ 10.95 L ~ 2.13

Edge scores Empty graoph First ed; Second e;e Optimized pavti:ogn
o r o i o ¢° 0%0
ORI T o ® o? quo. &
0 8\) 8\0 .
- Do we need to calculate these geometric features
ourselves oris it in SPINE repo?

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);
- Resolve IndeXIng ISSUEes (i) normalized principal axis (3 features);
- Between 2x2 truth and charge data (iii) centroid (3 features);
-  Between 2x2 and Mx2 (iv) number of voxels (1 feature);
(v) initial point (3 features);
(vi) normalized initial direction (3 features).


https://github.com/DeepLearnPhysics/lartpc_mlreco3d/blob/develop/mlreco/models/grappa.py

Backup
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Trajectories Beginning Outside MINERVA Detectors Trajectories Beginning Inside MINERVA Detectors
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Outlier track
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