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Who am I

• Senior Staff Scientist, LBNL

- Head of LBNL Physics Division Neutrino Group

- DOE Early Career Research Fellow, 2018 - now

- LBNL Particle Data Group, 2014 - 2018

- APS Henry Primakoff Award, 2014

• Scientific Activities

- KamLAND: Ph.D. on measurement of neutrino oscillation, Δm2
21

- Daya Bay: Detector Commissioning co-coordinator and Analysis co-coordinator

- DUNE:

• Creator of LArPix pixelated LArTPC readout electronics

• Technical Lead of ND-LAr Consortium
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Outline
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• Key documents

• Management & Scope

• Requirement & Interface Management

• Preliminary Design and Validation

• Risk Management

• Hazard Analysis

• Cost, Schedule

• Summary
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ND-LAr Key Documents
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Folder/Document Description EDMS Link

ND-LAr Top-Level Folder Top level folder for all ND-LAr Consortium documentation https://edms.cern.ch/project/CERN-0000217521

ND-LAr Scope Overview Drawing Scope overview drawing of Near Site detector https://edms.cern.ch/document/2459141

ND-LAr TPC Scope Overview Drawing Scope overview drawing of the ND-LAr TPC https://edms.cern.ch/document/2459142

ND-LAr Scope and MOU Tables Tables detailing Consortium subsystem scope and deliverables https://edms.cern.ch/project/CERN-0000220117

ND-LAr WBS Dictionary Work Breakdown Structure (WBS) Dictionary for ND-LAr Consortium https://edms.cern.ch/document/2619609

ND-LAr Resource Matrix Resource matrix for ND-LAr Consortium https://edms.cern.ch/document/2619602

ND-LAr Key Document List List of key documents for ND-LAr Consortium https://edms.cern.ch/document/2741772

CAD Release Process CAD release process for ND-LAr official CAD https://edms.cern.ch/document/2612310

Windchill CAD Model Structure Windchill CAD model structure definition https://edms.cern.ch/document/2683349

Environmental, Health, and Safety (ESH) ESH document detailing key FESHM sections for ND-LAr acitivities at FNAL https://edms.cern.ch/document/2602421

Hazard Registry Hazard registry for all ND-LAr activities https://edms.cern.ch/document/2663898

Prototyping Plan Prototyping plan for the ND-LAr Consortium https://edms.cern.ch/document/2459149

Requirements Spreadsheet with all ND-LAr requirements, see sheet "System" https://edms.cern.ch/document/2589287

System-Level Interface Flow Diagram Flow diagram for ND-LAr system design and interfaces from event to data collection https://edms.cern.ch/document/2636568

N2 Matrix for ICDs N2 matrix that defines ND-LAr interfaces with EDMS links to unique ICDs https://edms.cern.ch/document/2640807

Internal ICDs Interface control documents (ICDs) internal to the ND-LAr Consortium https://edms.cern.ch/project/CERN-0000223195

External ICDs Interface control documents (ICDs) external to the ND-LAr Consortium https://edms.cern.ch/project/CERN-0000229879

Installation ICD Interface control document between ND-LAr Consortium and Near Site Installation https://edms.cern.ch/document/2730726

Analyses Collection of analyses/studies/eng notes https://edms.cern.ch/project/CERN-0000217538

2x2 Lessons Learned Spreadsheet with a collection of 2x2 lessons learned https://edms.cern.ch/document/2737729

Cost High-level cost estimate for ND-LAr and subsystems https://edms.cern.ch/document/2742778

Schedule High-level "one-pager" schedule for ND-LAr Consortium activities https://edms.cern.ch/document/2603073

CAD Model (Row Assembly, TPC Assembly) Solidworks "Pack & Go" and Parasolid exports of CAD models https://edms.cern.ch/project/CERN-0000230732

ND-LAr Grounding Plan Document that details detector-wide grounding plan https://edms.cern.ch/document/2459151

ND-LAr TPC Grounding Plan Document that details TPC-specific grounding plan https://edms.cern.ch/document/2459152

https://edms.cern.ch/document/2611200
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What is the ND-LAr Consortium?

The DUNE detectors are delivered by International Detector Consortia, instituted and managed 
by the DUNE International Scientific Collaboration.

The ND-LAr Consortium is responsible for design, production, and installation of the Near 
Detector Liquid Argon Time-Projection Chamber (ND-LAr) Detector, which is the most crucial 
of the three detectors at the DUNE Near Site.

The LBNF/DUNE US DOE Project is a significant contributor to the ND-LAr Consortium, along 
with international and domestic partner institutions.

High-level Snapshot:

Team: 111 members from 39 institutions

Scope: Design, production, and installation of 35 LArTPC detector modules, with supporting electronics.

Schedule:

Design: 2018 - 2024

Production: 2025 - 2028

Installation: 2028 - 2031

ND-LAr Members:
ANL
BNL
Caltech
Cambridge
CSU
KSU
FNAL
JINR
LBNL
MSU
Rutgers
SLAC
Stanford Univ.
Syracuse Univ.
Tel Aviv Univ.
Tufts Univ.
UC Berkeley
UC Davis
UC Irvine
UCSB
Univ. at Albany
Univ. of Bern
Univ. of Colorado
Univ. of Hawaii
Univ. of Houston
Univ. of Iowa
Univ. of Mainz
Univ. of Manchester
Univ. of Minnesota
Univ. of Lancaster
Univ. of Rochester
Univ. of Sheffield
U-Penn
UTA
Warwick
Wichita State Univ.
William and Mary
Yale Univ.
York Univ.
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ND-LAr Consortium Management

ND LAr Consortium Management

Lead Engineer: A. Lambert
Detector Systems Lead: I. Kreslo

Consortium Lead: M. Weber
Technical Lead: D. Dwyer

Consortium Board
(a.k.a. Institutional Board)

One member from each 
institution in consortium

Int. Proj. Mgmt. Board

One member from each 
contributing nation/funder,

+ C.L (chair), T.L. (dep. chair),

DUNE ND Technical Board

Engineering Team
Lead Engineer (chair): A. Lambert
Module Structure: S. Bosco
Field Structure: K. Skarpaas
Charge Readout: A. Karcher
Calibration: M. Bonnet
TPC Assembly & Test: J. Jablonski
QA/QC: L. Mualem
Safety: D. Newhart

Module
Structure
R. Diurba

High 
Voltage
S. Parsa

Field 
Structures
J. Sinclair

Charge 
Readout
B. Russell

Light 
Readout

N. Anfimov

Calibration
J. Maricic
K. Mahn

TPC Assy & 
Test

M. Mooney

2x2 Beam 
Test

T. Miao, J. 
Jo

Simulation & 
Analysis 

A. Mastbaum, 
P. Ochoa

Facilities
ArgonCube Test Facility: I. Kreslo
2x2 Beam Test Facility: T. Miao
Full-scale Demo Test Facility: T. Markiewicz
Module Assy & Test Facility: L. Suter

Interface Contacts
ND-LAr Cryostat: P. Tennessen
ND Cryogenics: J. Creus-Prats
ND DAQ: A. Kaboth
ND Slow Controls: T. Johnson, S. Luitz
ND TMS: T. LeCompte
ND PRISM: M. Wilking
ND Installation: F. Matichard

TPC 
Installation

J. Asaadi

6

https://edms.cern.ch/document/2645457

https://edms.cern.ch/document/2645457


DUNE Physics and the Near Detector
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Max CPV

No CPV

‘Phase-1’ System Requirement:
Enable a 3σ observation of maximal CP violation

3σ Max-CPV is difficult: 
Only modest variation in νe signal

In 3.5 yrs (staged), ν-only operation, NO:
~1100 νe appearance events

~300 background

Max CPV:
Variation in signal: ~15%

Statistical uncertainty:  ~3%

Requires total systematic 

uncertainty less than ~3%

Compare with state-of-the-art of ~7-8% (T2K, NoVA) 

From DUNE TDR

See “ND-LAr Physics” (Mastbaum, Ochoa)



ND-LAr Consortium: Requirements Flowdown
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Note: My abridged summary.
Enable precise prediction of DUNE Far Detector
neutrino signal. Precise  ~2% rate, ~4% shape 

Measure ν beam flux × cross section (on argon) at 
Near Site

Sufficient LAr acceptance/containment of 
relevant neutrino interactions
except forward-going muons.

With sufficient signal rate for relevant 
neutrino interactions e.g. ν-e- scat.

Cope with signal pileup at Near Site

Precisely characterize FD neutrino interaction, 
detector response model same,better fidelity as FD

LArTPC component of Near Detector System

O(100 ton) active volume in LArTPC

Active LArTPC 3m height, 7m width, 5m depth,
with downstream muon spectrometer

LArTPC with pixelated readout, optical modularity

Active argon-based detector(s) at near site

Disentangle energy-dependence of cross 
section and detector response

Off-axis measurements with LArTPC

Verify beam stability when LArTPC off-axis Supp. stationary beam monitor detector: SAND

Precisely constrain LArTPC deficiencies 
ν-int channel accuracy, charge, E vs. p

Supp. magnetized low-density Ar detector: TMS

See “ND-LAr Physics” (Mastbaum, Ochoa)
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ND-LAr Consortium: Requirements

Requirements:

- Flow down from DUNE Science Requirements

- Documented in ND-LAr Consortium 
Technical Specifications table

- Subsystem Requirements/Specifications
flow down from ND-LAr system-level
specifications 

Major Design Drivers:

SYS-002: ND LArTPC Active Size
- Significant fraction of relevant neutrino-

nuclear reactions have up to ~7m 
transverse extent.  Must be measured at
Near Detector in order to accurately predict
Far Detector signal.

SYS-003: Pileup Rejection Efficiency
- ND-LAr measurements must not be biased 
by high-intensity near-site environment.

9

Key Requirements: https://edms.cern.ch/document/2723207

Full List: https://edms.cern.ch/document/2589287

https://edms.cern.ch/document/2723207
https://edms.cern.ch/document/2589287
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ND-LAr in the DUNE Near Detector
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The ND-LAr Detector:

Measures:
LBNF beam neutrino interactions on argon 
in a detector of similar performance 
as the DUNE Far LArTPC detectors

Constrains:
1. LBNF neutrino beam model
2. Neutrino-argon cross-section
3. LArTPC detector model 
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ND-LAr Detector: From Requirements to Design

The most significant technical aspects for ND-LAr:

Common to all LArTPCs:
- Unstable or insufficient high voltage
- Insufficient argon purity
- Non-uniform drift field
- Electronics/anode failure in cryogenic environment
- Excess noise in charge readout

Novel for ND-LAr:
- Maintain signal fidelity in high-occupancy environment

The modular ND-LAr design addresses these requirements:

Short drift distance (1/6th of Far Detector):
- Substantially reduces requirements/risks associated with HV, purity, 

and field uniformity

Modular/independent TPC regions:
- Potential failures contained to finite sub-region; robust system
- Contained scintillation light to mitigate near site signal pileup

Pixelated charge readout:
- True 3D readout mitigates near site signal pileup
- Lower channel capacitance; less sensitive to system noise
- PCB-based construction mechanically robust, scalable

High-performance light readout:
- 30% coverage provides O(10cm) spatial resolution, mitigates pileup

One simulated beam spill in ND-LAr, 
with typical pileup of ~50 neutrinos

11
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ND-LAr Detector: Basic Concept
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ND-LAr TPC Module:
- A fiberglass box, 1m x 1m, 3m tall

- Divided vertically by a cathode (resistive film on fiberglass)

- Two pixelated anodes (printed circuit boards) opposite cathode

- Remaining walls provide field cage (resistive film on fiberglass)

- Side field cage walls covered by scintillation light traps (two types)

- Top/bottom walls perforated (allows LAr flows from top to bottom)

ND-LAr Detector:
- 35 TPC modules, arranged in 7 banks each of 5 modules

- Each module has independent feedthrough for power, signal, etc.

- Modules suspended from cryostat lid, immersed in LAr bath

GAr

LAr

Top-down view of 
prototype module, 
with top field cage 
panel removed.

Anode AnodeCathode

CathodeAnode Anode

LAr

flow
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ND-LAr Consortium Scope

Key Deliverables:

● Deliver 35 TPC modules 

to the Near Site

● Deliver all TPC front end 

electronics to the Near 

Site

● Integrate TPC Array to 

LAr Cryostat 

● Integrate all front end 

electronics on LAr

Cryostat Mezzanine 

● Perform pre-cooldown 

functional verifications

● Pre-operations and 

commissioning for LAr

TPCs
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https://edms.cern.ch/project/CERN-0000220117

https://edms.cern.ch/project/CERN-0000220117
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ND-LAr Consortium Scope

ND-LAr Management:

131.ND.02.01: Management (LBNL)

ND-LAr Core Detector Elements:

131.ND.02.02: Module Structure (Bern)
131.ND.02.03: High Voltage (Bern)
131.ND.02.04: Field Structure (SLAC)
131.ND.02.05: Charge Readout (LBNL)
131.ND.02.06: Light Readout (JINR)
131.ND.02.07: Calibration (MSU/U-Hawaii)

ND-LAr Assembly, Test, Integration, 
Installation:

131.ND.02.08: TPC Assembly & Test (CSU)
131.ND.02.09: TPC Integration & Installation (UTA/LBNL)

ND-LAr Prototyping and Production 
Facilities:

131.ND.02.10: Module Assembly and Test Facility (FNAL)
131.ND.02.11: Full-Scale Demonstrator Test Facility (SLAC)
131.ND.02.12: 2x2 NUMI Test Beam Facility (FNAL)
131.ND.02.13: ArgonCube Test Facility (Bern)

ND-LAr Row Assembly, 5 TPC modules per 

row, 7 total rows produced for ND

**Quantities are for array of 35 TPCs

14

https://edms.cern.ch/project/CERN-0000220117

https://edms.cern.ch/project/CERN-0000220117
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ND-LAr Consortium: WBS Dictionary

WBS Dictionary captures entire ND-LAr Consortium scope (on- and off-project)

131.ND.02.05: Charge Readout

15

https://edms.cern.ch/project/CERN-0000220117

https://edms.cern.ch/project/CERN-0000220117
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ND-LAr Consortium: Scope Tables

Tables provide scope
details for each subsystem

- Flow from WBS dictionary

- Informed by ND-LAr CAD and
2x2 Module 0 prototype

- Identify deliverables, quantities,
institutions, funding source

- Aligned with BOEs and 
Resource-loaded Schedule

- Used as foundation for 
development of ND-LAr 
Annex to the DUNE 
Multi-institutional MOU
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https://edms.cern.ch/project/CERN-0000220117

https://edms.cern.ch/project/CERN-0000220117
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ND-LAr Consortium: Interfaces

ND-LAr Interface Development:

- Flows from ND-LAr Scope Tables
- Detailed in ND-LAr CAD Model
- Informed/validated by ArgonCube 2x2 Prototyping program
- Formalized with Interface Control Documents (ICDs)
- Includes both internal (within ND-LAr Consortium) and 

external (outside ND-LAr Consortium) interfaces
- Tracked and managed by Lead Engineer

Major External Interfaces:
- 131.ND.03: ND-LAr Cryostat
- 131.ND.04: Muon Spectrometer - TMS
- 131.ND.06: ND DAQ and Slow Controls
- 131.ND.07: PRISM Movement System
- 131.ND.08: Near Site Cryogenics
- 131.ND.10: Near Site Installation

Status:
- Maturity of most interfaces exceeds CD-1 needs
- Slow Controls is least mature
- Near Site Installation is most complex external interface

17

https://edms.cern.ch/project/CERN-0000217522

See “Systems Engineering”
(Lambert) 

https://edms.cern.ch/project/CERN-0000217522
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ND-LAr Consortium: Integrated CAD Model

Comprehensive CAD Model:

- Contains detailed model of all ND-LAr components

- Single source of truth in detector design

- Accessible by all Consortium engineers,
with access mgmt and version control

Solidworks on LBNL Windchill system

- Same system hosts entire Near Site CAD model,
facilitates interface development and avoids conflicts

- Regular exports provided to LBNF/DUNE 
Systems Engineering Team    

18

See “Systems Engineering” (Lambert) 

https://edms.cern.ch/document/2737743

https://edms.cern.ch/document/2737744

https://edms.cern.ch/document/2737743
https://edms.cern.ch/document/2737744
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ND-LAr Consortium Plan in Pictures

ArgonCube 2x2 
Demonstrator

Full-scale ND 
Demonstrator

3
0

0
 c

m

Four mid-scale 
TPC modules in
neutrino beam

2022-2025

1 Full-scale ND-LAr 
TPC module in

single-module cryostat

Production 

1 production
‘first article’

35 (+5) production modules
each fully tested in a 

single-module cryostat

Deliverable: modules packed and 
ready for installation underground

Installation 

Support of TPC module 
installation in Near Site

Activity driven by Near
Site Integration (NSI)

TRL-7
(engineering)

2016-2019
ArgonCube R&D
Demonstrations of 

component technologies

1
2

5
 c

m

70 cm

2021
ArgonCube 
Module 0

One mid-scale 
TPC module in
single-module 

cryostat

TRL-7
(physics)

TRL-6

2020
SingleCube

Integrated TPC 
test

at small-scale

TRL-5

TRL-4

3
2

 c
m

2023-2024 2025-2028 2028-2031
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See “Prototyping” (Kreslo) 
and “Path to FDR” (Weber)



Prototyping: ArgonCube 2x2 LArTPCs
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Single pixel tile & 
light module assembly

One anode, fully-assembled

Two anodes, installed 
inside field cage

LArTPC module 
attached to 
cryostat lid

LArTPC inside cryostat

Single Module 
Cryostat

Four ton-scale Prototype TPC Modules 
to validate Near Detector Design

Each TPC Module:
- Active Size: 0.7m x 0.7m x 1.25m
- 16 pixel tiles, with ~80k pixel channels total
- 16 light collection modules, with 96 light sensors (SiPMs)
- Resistive-film-on-fiberglass field cage

Progress @ Univ. of Bern:
- TPC Module 0: 

Run 1 (Demonstration): Apr. 1-10, 2021
Run 2 (Extra Cryo-test): Jun. 21-26, 2021

- TPC Module 1 Operation: 
Feb. 5-13, 2022

Achievements:
Demonstrated fully-integrated prototype 
detector module at a scale relevant to 
the DUNE Near Detector

20

See “Prototyping” (Kreslo) 



Prototyping: ArgonCube 2x2 LArTPCs
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Verified design meets technical 
requirements:

- Collected >107 cosmic ray events
- Stable HV at ~30kV (~1 kV/cm drift, 2x target)
- Stable Purity at >2ms (>4x target)
- MIP Charge Signal-to-Noise >20:1 (at target)

Exercised scope and interfaces:
- ND-LAr scope and interfaces follow 2x2 model
- Technical elements (charge, light) already close
to ND-LAr scale (~50% larger in ND-LAr)

Informed development of future program:
- Full-scale module prototyping
- Production TPC Assembly & Testing Plan
- Installation plan at the Near Site

Typical raw data from cosmic ray interactions imaged in 3D prototype detectors

Arguably the most performant 
ton-scale LArTPC to date.

Achieved TRL-6 in 2021.

Retired the most significant 
technical risks in ND-LAr design.

Module 0 LArTPC Module 1 LArTPC

21

See “Prototyping” (Kreslo) 
and “ND-LAr Physics” (Mastbaum, Ochoa)

https://edms.cern.ch/document/2746204

https://edms.cern.ch/document/2746204


ND-LAr Consortium: Assembly and Testing
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TPC Module Assembly and Testing Plan:
- Covers the assembly and testing of TPC modules
- Includes procedures, processes, fixtures
- Testing ensures modules ready for installation
- Prototyped through 2x2 and FSD program 

Floorplanning of Module Assembly Facility

2x2 Prototype Assembly Fixture

Full-scale Module Assembly Fixture

TPC Module A&T Process Flow Diagram

22

See “TPC Assembly and Testing” 
(Mooney, Jablonski, Suter)

https://edms.cern.ch/document/2742799

https://edms.cern.ch/document/2742799


ND-LAr Consortium: Risk Management
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Other Risks: Partner System Delays, Field structure Alternative, Loss of Key Personnel, Component Cryo-Failures, Insufficient Quality Control

ND-LAr Consortium Risk Registry
• ~200 Risks across entire Consortium activities
• 84 Tracked by US Project: 34 Open, 37 Proposed, 3 Realized, 10 Retired/Managed

23

https://edms.cern.ch/document/2589288

https://edms.cern.ch/document/2589288


Technical Pre-Baseline: Hazard Registry
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• Completed by ND Team and reviewed by ND Safety Officer

24

https://edms.cern.ch/project/CERN-0000219039

https://edms.cern.ch/project/CERN-0000219039


ND-LAr Detailed Schedule

06.27.2022 D. Dwyer | ND-LAr Overview

Detailed Consortium Schedule:

- Includes full Consortium Scope and Resources
Both on- and off-project

- Managed in LBNF/DUNE Primavera P6

- Integrated with broader DUNE schedule
Key DUNE milestones, installation, etc.

- In active use for almost 3 years

- Total of 1,378 activities
Past: 269
In progress: 30
Future: 1,079

Extracted table of activities from ND-LAr P6 sandbox, currently ~28 pages

25



ND-LAr Schedule
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https://edms.cern.ch/document/2603073

https://edms.cern.ch/document/2603073


ND-LAr Total Resource By WBS: Proposed (from Mar. 2022 cost review, not US project baseline)
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Notes:
1. Extracted EAC from working resource-loaded schedule for internal cost review (P6/Cobra ND-LAr Sandbox, 22 Mar. 2022)
2. Includes all on-project and majority of off-project resource estimates for ND-LAr Consortium. 
3. Off-project resources include both international and domestic investments
4. CY-k$: Costs in current-year direct kilo-dollars.   FBAY-k$: Costs in fully-burdened at-year (escalated) kilo-dollars.
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https://edms.cern.ch/document/2742778

https://edms.cern.ch/document/2742778


ND-LAr Review Recommendations
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Recommendations are tracked and managed by ND-LAr Consortium Leadership

28

https://edms.cern.ch/document/2741842

https://edms.cern.ch/document/2741842


ND-LAr Preliminary Design Progress

D. Dwyer | ND-LAr Overview

• ND-LAr has:

- Strong institutional commitments and scientific 
interest (111 members from 39 institutions)

- Well-developed requirements, scope, and 
interfaces

- Detailed design at PDR-maturity

- Track-record of successful large-scale 
prototyping

- Actively managed risks, hazards, cost, 
schedule

06.27.202229



Backup
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ND-LAr Consortium: Value Engineering / Alternative Analyses

ND-LAr Active Dimensions:
- Forsake containment of forward-going muons in ND-LAr active volume (in contrast to Far Detectors)
- Maintain physics performance by using more compact downstream muon spectrometer (+ intermediate muon window)
- Yields substantial cost savings from smaller ND-LAr TPC, ND-LAr Cryostat, and less Near Hall excavation: O($100M)

ND-LAr Charge Readout:
- Aggressively revised design to enable commercial production of pixelated charge readout, as opposed to custom in-house production
- Successfully demonstrated in 2x2 program: all parts produced by commercial partners, ready for testing/installation
- Reduced system costs by more than an order of magnitude: now O($10k) per m2 of anode, O($0.10) per channel, full system production cost

Alternative: Conventional Monolithic LArTPC:
- Reduce risks associated with novel segmented ND-LAr design
- Unable to overcome Near Site neutrino optical signal pileup based on physics studies
- Disfavored

Alternative: Conventional Wire-plane Charge Readout:
- Reduce costs and technical risks associated with pixelated readout design
- Unable to overcome Near Site neutrino charge signal pileup based on physics studies
- Disfavored
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ND-LAr Consortium: Value Engineering / Alternative Analyses
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