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DUNE: next-generation long-baseline neutrino experiment
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DUNE: sensitivity & construction schedule C. Marshall
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DUNE Phase I Far Detector

wire readout PCB readout
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Critical Steps @ BNL
• validate technology and analysis to secure DUNE FD-VD and 

FD-HD 

- cold electronics (CE) 

- validate with MicroBooNE, SBND, ProtoDUNE 

- low noise system design 

- validate with MicroBooNE, ProtoDUNE 

- effective 3D reconstruction with Wire-Cell 

- validate with MicroBooNE, with further improvements for 
DUNE 

- demonstrate oscillation analysis 

- validate with MicroBooNE, with improvements in SBN for 
DUNE

FD-HD

FD-VD

Steve Kettell
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Hardware



• Major BNL deliverables 

- FD-VD: bottom charge readout plane, bottom drift electronics, high voltage 

- FD-HD: cold electronics, high voltage
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BNL deliverables Steve Kettell



• CE is a key technology for large LArTPCs, with its very low noise and minimal cryostat penetration 

- “The cold electronics that it remains an optimal solution for very large TPC”: Velkjo Radeka et al. 

- BNL is leading TPC readout electronics/system desing
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Cold Electronics Shanshan Gao



• FD1: 150 APAs, 384,000 channels 

• FD2: 80 bottom drift CRPs, 245,760 
channels 

• testing ASIC chips & FEMB in 
systematic, rigorous, and precise 
way is important
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CE testing @ BNL Shanshan Gao
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CE testing @ BNL Shanshan Gao
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CE testing @ BNL Karla Flores
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Integration test @ BNL Shanshan Gao



• ProtoDUNE Horizontal Design (HD) and Vertical Design (VD) 

- provide critical validation of technology, detector performance, and long-term stability 

- PD-HD: 4x APA, 10,240 detector electrodes readout by cold electronics submerged in LAr  

- PD-VD: 2x Bottom CRP, 6,144 detector electrodes readout by cold electronics submerged in LAr 

• BNL focused on Cold Electronics R&D (both electrical and mechanical), production, installation and commissioning 

- PD-HD: BNL delivered a full set of high-quality cold electronics 

- PD-VD: A CRP2b integration test and CE production at BNL

Jay Hyun Jo 13

ProtoDUNE-II: HD & VD Shanshan Gao
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Software & Analysis



• Wire-Cell is a collection of software tools for 
LArTPC that processes from signal processing 
to event reconstruction and physics analysis 

• WC is the currently the highest performing in 
terms of neutrino selection efficiency/purity 
which are fully validated on data with an end-
to-end published oscillation and multiple cross 
section analysis 

• “prototype” was developed on MicroBooNE, and 
generalized “toolkit” is in the development for 
DUNE 

• BNL is leveraging advanced software/
computational/analysis expertise, developing 
full reconstruction tool for physics analysis
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Wire-Cell Chao Zhang
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Wire-Cell-Prototype (WCP)

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

model validation

statistical analysis

data analysis

Wire-Cell is a collection of software tools for LArTPC that processes from signal processing 
to event reconstruction and physics analysis, made a huge success in MicroBooNE
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Noise filtering & Signal processing (WCP example) Chao Zhang
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Wire-Cell-Toolkit (WCT)

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

model validation

statistical analysis

data analysis

currently making progress in “porting” the WCP into more generic WCT for other 
LArTPC experiments such as SBND, ICARUS, ProtoDUNEs, and DUNE
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Noise filtering & Signal processing (WCT example)

traditional ROI

DNN ROI

PD-SP data

• upstream part of WC is 
implemented/used in 
SBN and PD 

• porting work of 
downstream part of WC 
is being carried out as 
we speak 

• further improvements 
with AI/ML tools are 
developing
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• upstream part of WC is already 
implemented/used in SBN and PD 

• porting work is being carried out as 
we speak 

• improvements with AI/ML tools are 
developing
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Software: Wire-Cell status & plan

traditional ROI

DNN ROI

H. Yu, CPAD 2021 

PD-SP data: Run 5145 subrun 1 event 26945, v plane



• BNL is leading noise filtering, signal 
processing and detector simulation for 
ProtoDUNE/DUNE with Wire-Cell 

• with WCT available, BNL aims to 
actively engaged in oscillation 
analysis, cross section measurements, 
low energy physics 

- ProtoDUNE and SBN experiments 
are providing valuable testing ground 
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Analysis @ BNL Brett Viren



• DUNE Convolutional Visual Network 
developed for DUNE FD-HD for neutrino 
flavor tagging, establishing TDR sensivity 

- ResNet-based architecture with 
multiple wire-plane image inputs 

• BNL implemented for DUNE FD-VD to 
validate & optimize detector design
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CVN for DUNE-VD



• DUNE Phase II will add two extra FD 
modules 

• leading design for FD3 is VD with 
enhanced photon detection system: APEX 

• this will open a new door for improved 
GeV physics as well as rarely-explored-
MeV physics with light calorimetry 

• BNL is actively engaged in APEX design 
and development 

• exploring R&D opportunities to optimize 
wavelength shifter coating for DUNE FD3 
photon detection system
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DUNE FD Phase II

Bo Yu (BNL), APEX meeting

Proposed DUNE Phase-II FD3 Design

Photon Detectors

Yichen Li



• BNL is driving progress on all fronts of DUNE 

- installation and commissioning FD-VD and FD-HD at SURF 

- production WC testing and final validation at CERN 

- advancing Wire-Cell and LArTPC reconstruction and computation tools
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Summary
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DUNE Phase I & II C. Marshall
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2

• Each FEMB contains 3 ASICs:
l 8 LArASIC amplifier/shapers 
l 8 ColdADC “2 MHz” ADCs 
l 2 COLDATA data concentrator 

and controllers

Cryogenic Front End MotherBoard (FEMB)

LArASICs
ColdADCs

COLDATAs

Data cable 
connector

• Key specifications:
• Low noise (<1000 e-)
• High dynamic range (>500ke-)
• ~2 MHz sampling frequency
• At least 12 ADC bits
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TPC ionization charge signal amplification, shaping, digitization, 
transmission.

All signal processing takes place in LAr! 
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