
DUNE (near detector)
computing workflows

Matt Kramer (LBNL)

Computational HEP Traineeship Summer School

UC Berkeley

June 23 2025



2

About me
● Born and raised in San Francisco
● B.A., UC Berkeley, 2011
● Stayed at Berkeley/LBNL for 

physics Ph.D. on Daya Bay, 2021
● Stayed at LBNL as postdoc then 

software developer:
– DUNE Near Detector sim/reco 

software
– Data ops for Near Detector 

prototypes
– Particle Data Group (PDG) API and 

systems
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What makes neutrino experiments different?
● Compared to typical collider data:

– Much lower event rate
– Generally more “homogenous” 

detectors
● Potentially very large

– May or may not have a beam “trigger”
– Special considerations for galactic 

supernovas
– Possible continuous recording for rare 

event searchers
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Deep Underground Neutrino Experiment
• Neutrinos!

– Ghostly shapeshifting fundamental particles

– Could explain dominance of matter over antimatter

– Possible gateway to new physics

• DUNE’s design

– Intense (anti)neutrino beam from Fermilab

– Far detectors (FDs) measure neutrino oscillation: 4x huge 
17-kton liquid argon time projection chambers (LArTPCs), a 
mile underground in South Dakota

– Advanced near detector (ND) complex for constraining 
systematic uncertainties

• DUNE’s goals

– Search for CP violation (difference between neutrinos and 
antineutrinos) in neutrino oscillation

– Determine ordering (“hierarchy”) of neutrino masses

– Supernovas, solar neutrinos, new physics, ...
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Liquid argon TPCs

P. Sanchez-Lucas 
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Reconstruction in LArTPCs
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DUNE near detector
• Provides systematics constraints that are 

essential for DUNE’s goals

• Multiple components

– ND-LAr: Pixelated LArTPC; same 
target as FD → many systematics 
cancelled

– TMS: Downstream muon 
spectrometer (replaced by gaseous 
ArTPC in Phase 2)

– SAND: On-axis beam monitor

– PRISM: System for moving 
NDLAr+TMS to off-axis positions, 
improving oscillation sensitivity
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ND-LAr and LArPix

• High event rate requires novel pixelated (i.e. true 3D) charge 
readout

– Contrast with FD’s wire planes (2D projective readout)

• LArPix ASIC designed at LBNL

• Dedicated detectors for scintillation light

• Modular design: 7x5 array of optically-segmented subdetectors
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ND computing challenges
• FD — 5 GB per beam trigger @ ~mHz: 3M wires, 

digitized waveforms, sparse activity

– Main challenge: Memory management

– “Traditional” signal processing and 
reconstruction

– Uses a software framework developed for 
previous LArTPCs

– Currently runs almost entirely on CPUs (but 
greater future role of GPUs is likely)

• ND(-LAr) — 5 MB for every beam spill @ ~Hz: 12M 
pixels, digitized free-streaming hits, dense activity

– Unique feature: High channel count, lending 
itself to parallelized simulation (on GPUs)

– ML algorithms (on GPUs) ideal for 
reconstruction

– High beam intensity: bulk of DUNE’s 
computing requirements
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ND sim/reco chain
● GENIE (C++): Beam event generator

● Corsika 7 (Fortran): Cosmic event generator

● edep-sim (C++): Geant4 wrapper

● larnd-sim (Python on GPU via Numba): DetSim

● ndlar_flow (Numpy-ish Python): “Reco1”

● SPINE (PyTorch-ish Python; C++): ML “reco2”

● Pandora (C++): Swiss army reco

● MinervaSW (Gaudi C++): MINERvA DetSim/reco

● dune-tms (C++): TMS DetSim/reco

● sandreco (C++): SAND DetSim/reco

● ND_CAFmaker (C++): Analysis file maker
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larnd-sim: GPU-accelerated simulation
• Completely written in Python (Numba)

• All heavy computations on GPU (~15 kernels)

• Largely developed by 2 people

– Physicists, not GPU experts: A testament 
to Numba’s accessibility

• Input: edep-sim energy deposits in HDF5

• Output: “Packet” data, as from DAQ; plus MC 
truth info

• Idiomatic Python, JIT-compiled to CUDA

– Just apply @numba.cuda.jit decorator

– cupy: numpy on the GPU
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SPINE: ML reconstruction
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Pandora: Swiss Army reconstruction

M. B. Brunetti
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Phlex framework
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Backup
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Data acquisition
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FD sim/reco

D. Brailsford
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Supernovas
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Data volumes (FD)
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Storage management
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Grid computing
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HEPCloud
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GlideinWMS
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Spack
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CVMFS
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