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Overview 
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Software Integration 
• Discussing spring production schedule & samples 
• ND data model document in circulation 

Detectors 
• ND-LAr 

• Recent push to analyze detector prototype data 
• Refining charge & digitization simulation 
• Deep Learning–based reconstruction of edep-sim events 

• ND-GAr 
• Mature simulation & analysis framework in GArSoft (LArSoft-like) 
• ParamSim parametric reconstruction and full reco paths 
• ND-GAr Lite: ND-GAr magnet + MINERvA-like scintillator tracker inside 

• "Day One" Temporary Muon Spectrometer 
• Magnetized range stack with MINOS-like scintillator strips + SiPMs 
• Range-based momentum and sign ID, parametric with tracking underway

https://www.overleaf.com/read/ypvkqbfmpmtx
https://indico.fnal.gov/event/44565/contributions/204093/attachments/138235/172958/NDLAr_SmallMedium-2.pdf
https://indico.fnal.gov/event/44562/contributions/200915/attachments/136745/170170/DUNE_ND_Meeting_28.10.20.pdf
https://indico.fnal.gov/event/46749/contributions/203547/attachments/137852/172124/LeCompte-MuonSpectrometer-DUNE-ND-LBNC-DEC2020.pdf
https://indico.fnal.gov/event/46749/contributions/203546/attachments/137859/172137/ChrisMarshall_Dec2020LBNC_Day1NDphysics.pdf


Software Integration 
High-Level Overview
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Overview of the Software

9/22/20 Dune Virtual Collaboration Meeting – M. Muether4
M. Muether (Wichita State), ND Software Integration and Data Model 

ND Common Detector-Specific

https://indico.fnal.gov/event/22617/contributions/197392/attachments/134751/166870/ND_Data_Model.pdf
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First draft of TDR datasets
• Individual volumes (all mutually exclusive) (2M events each mode?)

– LAr active
– ArgonCube excluding LAr active
– HPgTPC active
– MPD excluding HPgTPC active
– 3DST
– SAND excluding 3DST
– Near upstream rock
– Far rock

• Useful combinations
– Everything
– LAr active + ArgonCube + rock
– LAr active + ArgonCube + near rock +MPD w/HPgTPC
– This list should be extended as needed if there are specific combinations that 

are of general use. Otherwise overlay can be run at the analysis level.

9/22/20 Dune Virtual Collaboration Meeting – M. Muether9

Mathew Muether is collecting sample suggestions/requests within the next few weeks



Software Integration 
Data Model
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• Goal: Define a robust data model for ND 
simulation & analysis 
• Ensure consistency/compatibility for ND 

SW development 
• Ensure consistency/compatibility with FD 

where possible 
• Support joint analyses, e.g. LAr + GAr 

matching, ND + FD  
• "Data products" (in LArSoft terms) and 

"external" data (databases) 
• Initial draft built from input from ND-LAr, 

ND-GAr, SAND, TMS 
• View link: https://www.overleaf.com/read/

ypvkqbfmpmtx 
• Feedback: mastbaum@physics.rutgers.edu,  

mathew.Muether@wichita.edu

DUNE ND Data Model

Data Model Committee
DUNE ND Software Integration Group

September 23, 2020
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Your feedback is appreciated!

https://www.overleaf.com/read/ypvkqbfmpmtx
https://www.overleaf.com/read/ypvkqbfmpmtx
https://www.overleaf.com/read/ypvkqbfmpmtx
mailto:mastbaum@physics.rutgers.edu
mailto:mathew.Muether@wichita.edu


ND-LAr Analysis 
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ATM (Rutgers), ND LAr Overview

Simulation
Reconstruction

ND Common

Generation 
GENIE, etc.

Geant4 
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AnalysisML RecoDetector 
Response

Charge Light
Pandora 
Reco

Calibration
Electronics 
Response

Charge Light

CAF Psedo-Reco analysis

• Tools available for G4-level, psuedo-reco-level, or reco-based analysis 
• "Analysis-driven development" helps!

• π0 → ɣɣ standard candle for EM energy calibration 
• Built on Machine Learning reconstruction [SLAC]

Reconstructed π0 mass 
(before thresholding 

corrections)
Preliminary

September 22nd, 2020 DUNE Collaboration Meeting | Neutral Pion Reconstruction | Roman Berner 3

π0 Reconstruction in ArgonCube

Outlook
- Incorporate detector geometries* in edep-sim + Supera, produce larcv2 2les
- Train networks and analyse reconstruction chain performance with samples

- γ, e and π0 on LAr

- υ
μ
, υ

e
, υ

μ
, υ

e
 (with NuMI beam energies and Duxes) on LAr

- Apply reconstruction on real data

Simulated π0 decaying to

EM showers (Nr. 1 and 2)π0 3D reco

Neutral Pions in ArgonCube (R. Berner)

larnd-sim ArCubeOptSim larnd-sim

larcv2

edeps to reco

https://indico.fnal.gov/event/22617/contributions/197388/attachments/134755/166883/20200922_sw-nd-lar.pdf


ND-LAr Analysis 
edep-sim to ML Reco Progress
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J. Wolcott, ND-LAr ML reco update [DocDB 21471]

https://docs.dunescience.org/cgi-bin/sso/ShowDocument?docid=21471


Conclusion.
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A lot of achievements

• The ND-GAr software is quite mature now

• Full digitisation and reconstruction

• Trying to keep it flexible for ND-GAr optimisation and ND integration


• A lot of improvements made in the last months:

• Improved tracking performance

• Improved vertex resolution

• Custom B-field maps

• ECAL improvements 

• Pandora Integration


• Need to keep going forward to have a fully integrated ND Software

• Hopefully soon we can do a full ND/FD oscillation analysis!

Eldwan Brianne | DUNE Collaboration meeting | 22/09/2020

ND-GAr 
Reminders (9/2020)
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The ND-GAr software.

2Page

Global overview

• A lot of progress done since the last 2-3 years

• ➠ Full digitisation and reconstruction for the ND-GAr


• Main software chains:

• Fully integrated from generation (GENIE v3) to reconstruction 

➠ GArSoft

• Integration within the ND Software framework


• Generation standalone ➠ GENIE v2

• Simulation standalone ➠ G4 wrapper edep-sim

• Conversion, digitisation and reconstruction ➠ GArSoft


• “Fast Simulation”

• Parametrised reconstruction from MCTruth ➠ ParamSim

Eldwan Brianne | DUNE Collaboration meeting | 22/09/2020
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Reconstruction

The ND-GAr software.

2Page

Global overview
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• Main software chains:

• Fully integrated from generation (GENIE v3) to reconstruction 

➠ GArSoft

• Integration within the ND Software framework


• Generation standalone ➠ GENIE v2

• Simulation standalone ➠ G4 wrapper edep-sim
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• Parametrised reconstruction from MCTruth ➠ ParamSim

Eldwan Brianne | DUNE Collaboration meeting | 22/09/2020

GENIE

Simulation

Digi/Reco

Parametrised  
Reconstruction

Eldwan Brianne (DESY), ND-GAr Software Overview 

https://indico.fnal.gov/event/22617/contributions/197389/attachments/134708/166814/DUNE_CM_Sept2020_NDSoft.pdf


Organization 
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• DUNE ND SW Integration group 
• Meetings: Mondays, 8:00 AM CT 
• dune-nd-sw-integration@fnal.gov 
• #nd_software_integrate 

• Contacts 
• Integration (#nd_software_integrate) 

• Mathew Muether, mathew.Muether@wichita.edu 
• ND-LAr (#lar_nd_analysis) 

• Andy Mastbaum, mastbaum@physics.rutgers.edu 
• ND-GAr (-lite) (#hpgtpc) 

• Tom Junk (trj@fnal.gov), Eldwan Brianne (eldwan.brianne@desy.de) 
• TMS (#nd_muon_spectrometer) 

• Chris Marshall (chris.marshall@rochester.edu) 
• SAND: L. Dinoto (lea.dinoto@ge.infn.it), G. Yang, et al.

mailto:dune-nd-sw-integration@fnal.gov
mailto:mathew.Muether@wichita.edu
mailto:mastbaum@physics.rutgers.edu
mailto:trj@fnal.gov
mailto:eldwan.brianne@desy.de
mailto:chris.marshall@rochester.edu
mailto:lea.dinoto@ge.infn.it




ND-LAr Reco 
Machine Learning Reco
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• Machine Learning-assisted pixel readout 
LArTPC reco 

• Clustering, particle ID, particle flow

SLAC (Francois Drielsma)

Wire Data
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arXiv:2007.01335
François Drielsma (SLAC) ML Reconstruction Chain for LArTPCs July 9, 2020 20 / 20

See also Phys. Rev. D 102, 012005

ATM (Rutgers), ND LAr Overview

https://indico.fnal.gov/event/22617/contributions/197388/attachments/134755/166883/20200922_sw-nd-lar.pdf


ND-LAr Simulation 
Charge Response Simulation
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• Initial version of the charge simulation 
completed, run on edep-sim files 

• Track segments → pixel induced current 
• Self-trigger digitization also implemented

Induced 
current 

(D. Douglas)
Pixel 

response 
(integral)

GPU 
acceleration

LBL (Roberto Soleti), Caltech (Zoya Vallari)

• Microphysical G4 simulation in an ArgonCube 
"unit cell" with ArCLight and LCM

DUNE CM – Sept. 2020Patrick Koller 1

Optical Simulation + Photon Looku-up-table

Many optical properties have been set:

https://github.com/PPKoller/ArCubeOptSim/tree/LUT

Singularity container:

https://github.com/PPKoller/SHub

DUNE CM – Sept. 2020Patrick Koller 2

Visibility vs. (Voxel x OpChannel)

near-end R/O plane far-end R/O plane
Test sample:

● 6 x 22 x 6 voxels

● ~ 5 x 5 x 5 cm3

● output size ~ 1.5G

● LUT size ~ 7.6M !

(includes hit-time 
distributions)

Bern (Patrick Koller)

Visibility map for optical detector channels

Half-module GDML 
geometry

Optical Simulation

$UJRQ&XEH��RSWLFDO�
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Ɣ 12Y$#-,15�FOXVWHU�
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Ɣ 6LPXODWLRQ�DQG�DQDO\VLV�
ZRUN�LV�LQ�SURJUHVV

Optical calibration 
Ilya Butorov, JINR

ATM (Rutgers), ND LAr Overview

https://github.com/PPKoller/ArCubeOptSim/tree/LUT
https://indico.fnal.gov/event/22617/contributions/197388/attachments/134755/166883/20200922_sw-nd-lar.pdf

