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SBND CM



Wire-Cell Event Reconstruction
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3D imaging

clustering

charge-light matching

3D trajectory & 

dQ/dx fitting

cosmic muon tagger

TPC simulation

noise filtering

signal processing

multi-track fitting

DL-3D vertexing

particle identification
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Part 1: Sim-NP-SigProc Part 2: Img-Clus-QLMatching-nu-select Part 3: 3D PatRec

https://iopscience.iop.org/article/10.1088/1748-0221/13/05/P05032
https://iopscience.iop.org/article/10.1088/1748-0221/16/06/P06043
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.15.064071
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.15.064071
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01037
https://iopscience.iop.org/article/10.1088/1748-0221/12/08/P08003
https://iopscience.iop.org/article/10.1088/1748-0221/16/01/P01036


SBND Clustering example
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3D imaging Clustering

bad channels from 

Tom and Hanyu’s talk

APA center gap

• SBND run 14737, event 279

• jumping gaps due to bad channel and APA center gap

• smaller activities clustered to larger ones

https://www.phy.bnl.gov/twister/bee/set/35591e89-5845-47ad-

8214-52412ef7cfa1/event/0/

https://sbn-docdb.fnal.gov/cgi-bin/sso/RetrieveFile?docid=37116&filename=BadChannels_20240828.pdf&version=2
https://www.phy.bnl.gov/twister/bee/set/35591e89-5845-47ad-8214-52412ef7cfa1/event/0/
https://www.phy.bnl.gov/twister/bee/set/35591e89-5845-47ad-8214-52412ef7cfa1/event/0/


Top view of both APAs
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• Cross APA clustering underdevelopment

• A list of 4 SBND event: link

3D imaging Clustering

https://www.phy.bnl.gov/twister/bee/set/35591e89-5845-47ad-8214-52412ef7cfa1/event/list/


to-do 1
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✓ fix known bugs in two functions

✓ Brett: new separate() function

❑ Xin: validation



to-do 2
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✓ merge previous matching dev with latest clustering

❑ cleanup and make multiple PRs
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clus



ncluster check
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bv: https://www.phy.bnl.gov/twister/bee/set/383324da-5ecb-47b9-88b4-ce32c73c822c/event/0/

hy: https://www.phy.bnl.gov/twister/bee/set/4847e035-77cf-4d6e-a49b-f041d73553e3/event/0/

likely due to randomness

https://www.phy.bnl.gov/twister/bee/set/383324da-5ecb-47b9-88b4-ce32c73c822c/event/0/
https://www.phy.bnl.gov/twister/bee/set/4847e035-77cf-4d6e-a49b-f041d73553e3/event/0/


timing check
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merging two branches
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merged back to apply-pointcloud

97c212cafc8fe29a32ac8bf69e665aaeefb8da6a

https://www.phy.bnl.gov/twister/bee/set/ce807e5c-bd6d-4bd2-b970-f1e7e6830f81/event/0/

https://www.phy.bnl.gov/twister/bee/set/ce807e5c-bd6d-4bd2-b970-f1e7e6830f81/event/0/
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matching



Charge-light matching for SBND
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• an actual cfg: https://www.phy.bnl.gov/~hyu/sbnd/op/wcls-matching.pdf

per-APA matching

design

https://www.phy.bnl.gov/~hyu/sbnd/op/wcls-matching.pdf


updated larwirecell+cfg
to run latest clustering with matching
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tes0 (previous placeholder clus): https://www.phy.bnl.gov/twister/bee/set/d9c82567-2673-4b3a-9362-2eb3160f7f63/event/0/

test1 (data) (us):  https://www.phy.bnl.gov/twister/bee/set/a19ee912-db5b-4e01-b806-86ea1d2fa5c0/event/279/

test1 (data) (ns): https://www.phy.bnl.gov/twister/bee/set/e8bf4540-1644-4210-a8fe-50f450460ade/event/279/

question: unit of flash time?

https://www.phy.bnl.gov/twister/bee/set/d9c82567-2673-4b3a-9362-2eb3160f7f63/event/0/
https://www.phy.bnl.gov/twister/bee/set/a19ee912-db5b-4e01-b806-86ea1d2fa5c0/event/279/
https://www.phy.bnl.gov/twister/bee/set/e8bf4540-1644-4210-a8fe-50f450460ade/event/279/
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plan



Thoughts
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Key issue:

• SBND is moving fast, we may lose our community if the tools are not available soon

Options:
1. Keep “clus” style translation with PCTree as the basis and try to do it as fast as we can

2. Update WCP to take WCT input and make it configurable a combined SBND detector

2024/S4 2025/S1 2025/S2 2025/S3 2025/S4

Clustering – dev. Clustering– dep.

QL-Matching – dev.
Traj. fitting – dev.
muon tag – dev.

muon tag – dep.

3D PatRec – dev.

3D PatRec - dev

AI/ML on vertexing/nu 
tagging/clustering/EE

3D PatRec - dep

AI/ML on vertexing/nu 
tagging/clustering/EE

Intended timeline

dev: development; dep: deployment



Pro/Con
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Option 1: PCTree based PatRec in WCT:

• Pro:

• easier to make things configurable

• cleaner dependency

• better long-term maintainability
• Con:

• Need time to adapt things – may take longer

Option 2: Improve WCP to make it configurable and accepting WCT::ITensorSet

• Pro:
• Not TOO ugly:

• Essentially making a WCT plugin that depends on WCP, providing a uboonePatRec ITensorSetFilter

• Should be faster (but not free still work to do)

• We gain experience doing this work

• Benefit the final version
• Potentially less bugs from 1st round

• Con:

• Usage potentially limited

• May need a little bit duplicated work for the final version for DUNE
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reco1.5:
uboone_nusel_app/apps/prod-wire-cell-matching-nusel.cxx
• WCP2dToy::Clustering_jump_gap_cosmics
• WCP2dToy::tpc_light_match
• WCP2dToy::ExamineBundles
• IO

reco2:
pid/apps/wire-cell-prod-stm.cxx
• WCPPID/ToyFiducial
• WCPPID::PR3DCluster
• standalone?

pid/apps/wire-cell-prod-nue.cxx
• WCPPID::calc_sampling_points
• WCPPID::Protect_Over_Clustering
• WCPPID::NeutrinoID

larwirecell: ITen → ITen

WCP/tio: ITen → WCP Objects → ITen



Option 2: flowchart
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SigProc

wct/sigproc

Img

wct/img
Clus

wct/clus

QLmatch

larwirecell/qlmatch

PatRec

wcp/tio
(toolkit-io)

iframe icluster itenset itenset itenset

recob::wire op::flash

checkout/CAF root files

itenset

artROOT

Wire-Cell 

Toolkit

Standalone

wcp

• alternative detector

Wire-Cell 

Prototype



Option 2: flowchart
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QLmatch

larwirecell

QLmatch

larwirecell

APA-Stitching

wct

wcp/tio/uboonePatRec (ITensorSetFilter)

• t2p-converter
• wcp considering multi-APA as one detector

itenset

checkout/CAF root files



Comments from Tuesday discussion
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• Xin: Direct uboone code may won’t have the best performance on SBND

• Need trained people to understand the algorithm details and be able to adjust for SBND

• one of the main motivation of our porting campain

• Xin: Pure implementation time could be not much different for Option 1 and 2. Xin and Brett should have 
a way to quickly implement option 1 with certain compromises in coding styling.

• Haiwang, Hanyu and UChicago should try finish QL-matching within ~1month
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backups
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