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Production
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• Sample: MC BNB CV (BNB nu + cosmics, GENIE CV)
• /exp/sbnd/data/users/yuhw/production-prep/r3-mc-cv-2026-09-09/run/ 

• MC truth from Bee .zip files (data/0/0-mc.json)
• Reco output from the ROOT files (tracking_pr*.root).

• Goals:
• Familiarize myself with truth/reco data format
• Evaluate preliminary PR performance (efficiency, purity, ..)



True vertex

First look - Sep 17, 2026 3

63671446823738

True signal
True signal
+ dirt background



Neutrino energy
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numuCC 10612
numuNC    3726

nueCC 103
nueNC    27

numuCC    4551
numuNC    1760

nueCC    43
nueNC    13

Plots mix nue+numu
however, nue is negligible



True neutrino time
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• Flat in beam spill [0,1.6]us, except for ~5 peaks?
• (No 18ns bunch structure, but we don’t really care)



Neutrinos per event
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• How many neutrino interactions per MC event (= beam spill?)
• MC uses a fixed POT amount per spill

48% of spills à 1 signal nu
1.6% of spills à 2 signal nus



Reco variables
• I’m still wrapping my head around the data format.
• My current understanding:
• If no Q-L bundles qualifies as candidate, nothing is saved.

• (T_cluster contains list of bundles, but not much info)
• Sometimes the is_main clusterID in a bundle changes, and gets reported 

differently across the trees. A bit confusing, but harmless (?).
• Beam gate cut is already included in the candidate selection.
• Candidate Q-L bundles seem capped at one per drift volume (E/W)

• Is this by design? 
• What happens if there are two neutrinos in the side drift region?
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Numu/nue BDT scores
• Given a candidate, reco class is assigned according to the score.

• These are independent selections, not a classifier. 
• A candidate can pass both or neither
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For these plots: using 
unambiguous truth-reco matches
(1 signal nu, 1 reco candidate)

uBooNE cuts
still okay?



Definitions
Signal: 

• true 𝜈!CC (𝜈"CC) interactions with edep>0 and vertex in AV.
Background: 

• cosmics + dirt 𝜈’s (edep>0, out of AV) + non-target signal 𝜈’s (edep>0, in AV).
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Efficiency = 

signal 𝜈 of class X, whose best-matched* 
candidate passes the score cut for X

all signal 𝜈’s of class X

Purity = 

selected candidates of class X whose 
best-matched* true 𝜈 is class X

all selected candidates of class X

* both definitions 
require matching 
between true neutrinos 
and reco candidates



Matching strategy (I)
• Efficiency/purity definitions require having truth/reco matching
• currently this needs to be inferred (not explicitly in the files?)
• it can be non-trivial with >1 candidates/neutrinos in the same event.

• There are basically two questions:
• Purity: Is this reco candidate correct? [“reco” side]
• Efficiency: Is this true neutrino reconstructed? [”truth” side]

• I’m building these associations separately for both modes 
• Best-match based on 3D true/reco vertex proximity.

• No max distance cut-off, take the nearest.
• Perhaps some kind of hit overlap would be better.
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Matching strategy (II) 
• Is this reco candidate correct? à purity
• Take the true neutrino closest to it (vertex distance).
• The candidate is correct only if that neutrino also points back to it and it 

belongs to the same class. 
• Two-way match, so one neutrino doesn’t get matched to 2 bundles

• If the event has no signal neutrino, it is not correct.
• Is this true neutrino reconstructed? à efficiency
• Take the reco candidate closest to it. 
• The neutrino counts as reconstructed only if that candidate also points 

back to it and passes the nuscore selection.
• Two-way match, so one candidate doesn’t get matched to 2 𝜈’s

• If the event has no reco candidates, it is a miss.
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NumuCC
• Out of the box selection: candidate bundle + numu_score, no other cuts.
• Match with truth via smallest 3D distance (but no max distance)
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NueCC
• Out of the box selection: candidate bundle + numu_score, no other cuts.
• Match with truth via smallest 3D distance (but no max distance)
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Aside: match quality
• If you define a max match distance, efficiency/purity drop (flat over 

energy) à not a selection cut, rather a definition.
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NumuCC – reco 𝐸!
• Same truth-

matching used 
for purity.
• can’t separate 

dirt/cosmics 
currently.

• similarly for 
2nd candidate 
on already-
matched 
neutrino. 
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will try to add 
data here..



NumuCC – reco 𝐸!
• Same truth-

matching used 
for purity.
• can’t separate 

dirt/cosmics 
currently.

• similarly for 
2nd candidate 
on already-
matched 
neutrino. 

• only matches 
to true 𝝂𝝁CC
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Summary & next steps
• Preliminary look at numu (nue) efficiency and purity.
• Reco candidates appear to be capped (one per drift length)
• it might not be common, but in full dataset never >1 per drift.
• some other reco weirdness in the back-up

• Currently inferring reco/truth matching with 3D distance
• Is there a better way of doing this? 

• Happy to hear any suggestion for direction to take:
1. I still want to better understand what reco saves in case of multi-

neutrinos (can two neutrinos be in the same bundle?)
2. Try reco-Enu data/MC comparison (area normalized)
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Back-up
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Case 1: changing main clusterID
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Case 2: empty/fake candidate bundle
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Case 3: T_rec_charge with clusterID -1
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Two candidates here (one E, one W), but it 
happens for single candidates also
à most common bad occurrence



Case 4: Two candidates, one empty/fake
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Case 5: Same nu seen on both sides
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