
Why are we here?
DUNE?
LBNF?
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World-Class Facility supporting World-Class Experiment

• The Deep Underground Neutrino Experiment will be a game-changing experiment for neutrino science, 

potentially transforming our understanding of why the universe exists as it does.

• The Long-Baseline Neutrino Facility is the infrastructure necessary to send a powerful beam of neutrinos 800 

miles through the earth, and measure them deep underground at South Dakota’s Sanford Underground Research 

Facility.

• The DUNE/LBNF project will be the first internationally conceived, constructed, and operated mega-science 

project hosted by the Department of Energy in the United States.

LBNF will drive neutrino science forward the way CERN’s Large Hadron 
Collider drove Nobel Prize-winning Higgs discovery
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…minimum requirements are not met by the current LBNE project’s 
CD-1 minimum scope. The long-baseline neutrino program plan has 
undergone multiple significant transformations since the 2008 P5 
report. Formulated as a primarily domestic experiment, the minimal 
CD-1 configuration with a small, far detector on the surface has very 
limited capabilities. A more ambitious long-baseline neutrino facility 
has also been urged by the Snowmass community study and in 
expressions of interest from physicists in other regions. To address 
even the minimum requirements specified above, the expertise and 
resources of the international neutrino community are needed. A 
change in approach is therefore required. The activity should be 
reformulated under the auspices of a new international 
collaboration, as an internationally coordinated and internationally 
funded program, with Fermilab as host. There should be 
international participation in defining the program’s scope and 
capabilities. The experiment should be designed, constructed, and 
operated by the international collaboration. The goal should be to 
achieve, and even exceed if physics eventually demands, the target 
requirements through the broadest possible international 
participation.                     – P5 Report, 2014, Charged by DOE and NSF

Fermilab as host is a deliberate part of the LBNF/DUNE model!
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https://www.usparticlephysics.org/wp-content/uploads/2018/03/FINAL_P5_Report_053014.pdf
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DUNE Project/Experiment/Int’l Collaboration

Detector
Project Phase

Detector Design
Fabrication
Installation

Commissioning

Experiment Phase
Operations

and
Data analysis

LBNF/DUNE-US
Line-item 413.3b project with 5 subprojects

Subproject Name Subproject Components

LBNF
(Facilities)

DUNE-US
(Detectors)

FSCF-EXC FS Excavation None

FSCF-BSI FS Infrastructure None

FDC Cryogenics* FD1 & FD2

NSCF+B NSCF + Beamline* None

ND Cryogenics ND

* Includes international contributions to the LBNF facilities

LBNF/DUNE Program or Enterprise

Fermilab – Host Lab for Program
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DOE Project Scope - Delivered at Two Sites through Five Subprojects

• FSCF-EXC – Far Site Excavation

• FSCF-BSI – Far Site Building & Site Infrastructure

• FDC – Far Detectors and Cryogenic Infrastructure 

• NSCF+B – Near Site Conventional Facilities + 

Beamline

• ND – Near Detectors

Far Site – SURF in Lead, SD

Facility/Infrastructure and Far Detectors

Near Site – FNAL in Batavia, IL

Facility/Infrastructure, Neutrino Beamline, 

and Near Detectors

Three subprojects Two subprojects
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Far Detectors & Cryogenics 
Infrastructure

Jolie Macier

FDC PM

27 September 2023
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65’ W, 521.5’ L, 91.3’ H
N/S Cavern

63.3’ W, 623.3 L, 35.5’ H
Central Utility Cavern

South Drift

Ross Shaft 
to surface

West Drift

The LBNF/DUNE Far Detector & Cryogenics 
team is planning to start work in the 
completed LBNF caverns in fall 2024!
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Project executes Project Scope while Mission Support Divisions provide services

• DUNE Coordination Office

- Interface with Collaboration

• Communications

- Community interactions & engagement

• Environment, Safety & Health

- Addresses SME support for IH, Laser Safety, Rad Protection, 

Regulated Waste

- Occupational Medicine

- Training

- Operational Readiness Clearance

• South Dakota Services

- Office leases & Housing Coordination
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Project executes Project Scope while Mission Support Divisions provide services

• Human Resources

- Support hiring of 100+ persons to support FDC activities; Optimize processes 

to enable Project activities to proceed; Support 

retention of staff

• Information Technology

- Networking, authentication, computing services, 

database services, applications, support services

• Security & Emergency Management

- Site Access & Visa support

• Infrastructure Services

- Facility maintenance following completion of conventional 

facilities scope

Thank you for assessing the Far Site Project & Operational needs!
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LBNF/DUNE-US Far Site Schedule

Excavation subproject 
creates the underground 

cavern space, installs 
cranes, wall supports & 

ceiling anchors for 
cryogenics mezzanine 

Buildings & Site 
Infrastructure subproject 

installs all house 
services: electrical, 

ventilation, 
architectural, chilled 
water, fire protection

FDC subproject installs 
cryostats, detectors & 
cryogenics; LAr filling
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FDC Scope Overview

• Construct cryostats (CERN contribution)

• Design, build & install two detectors 
(Time Projection Chambers), split 
between US and nonUS

• Install cryogenics systems 
(subcontracted & contributions)

• Provide services (logistics, rigging, survey, material handling) to support 
all installation activities

• Have completed full-scale prototyping of all elements: cryostat, 
cryogenics, detector & installation processes

• Planning for movement of all material (steel, detector components 
through Ross Shaft); all elements modular for transport

• Small team to be retained for DUNE Experimental 
Operations following installation

Far Site Integration & Installation Team
• Lead-based: 80, including FNAL staff + 

subcontractors starting in 2024, up to 
130

• Visiting: 20/year, FNAL Staff + 
subcontractors + visitors (other 
national lab & universities) starting at 
AUP (Authorization for Use & 
Possession)27 Sept 2023 Far Detectors & Cryogenics - Mission Support Workshop14



DUNE Far Detectors Production Schedule Schedule
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6 stories tall (65’)
2 basketball courts long (200’)

• Cryostats (2) are an in-kind contribution from CERN (material + installation)
• First activity after AUP in October 2024
• Two phases:  1 - warm (steel structure, left) and 2 - cold (insulation, bottom left)
• 50 persons per phase; including 30 staff
• Phase 1: mostly subcontractors (US) + non-US CERN visitors
• Phase 2: all non-US subcontractors + non-US CERN visitors
• NOTE: phase 1 and Phase 2 overlap, starting in mid-2025 with work occurring in 

both North and South Caverns.  

Cryostat Installation
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Warm 1 Cold 1
Warm 2 Cold 2
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Cryostats status :  Warm structure components in construction

Raw beams cryostat #1 @ steel 
structure manufacturer site

Elements front Small Wall

3 layers in z 
out of 39

3 layers in z 
out of 39

roof

floor
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Prototyping – ProtoDUNE NP04 & NP02 at CERN Neutrino Platform

• Full-scale detector 

components

• Cryogenics system

• Installation processes

• Integrated teams 

accomplishing work

• 1/20th scale cryostats 

Anode Plane Assemblies (APA) in ProtoDUNE NP04 (left, below); 
Integrated APA in NP04 cold box (right, below)
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Detector components are 
installed inside the 
cryostats

• 1300+ collaborators
• 204 institutions in 33 

countries + CERN
• Expect 40 scientists / month 

starting mid-2026 (US/nonUS)
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Installation Prototyping – Ash River, Minnesota

• Prototyping set-up at NOvA far detector 

• Full-scale testing 

• Participation from across consortia 

and installation planning teams

• Identify lessons learned

• Informs procedures and labor 

estimates

Full-height (12 meter) prototyping at Ash 
River, Minn (NOvA Far Detector)
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Building a Team to Install Detectors

• Key skills: material handling, work 

planning, mechanical acumen

• Hiring starts in late 2025

• Build the world’s largest neutrino 

detector - one mile underground

• Work side-by-side with engineers, 

physicists from around the world

• Four-year installation process
• Increase to 80 staff persons
• Work from heights (more than 50 feet)
• Modular components
• Operate forklifts, scissor lifts, pallet jacks
• Team of technicians support cryostat & detector installation

Warm 1 Cold 1
Warm 2 Cold 2

Detector 1
Detector 2
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• Cryogenics work starts in mid-2026 
(Average 26 persons per month, 
peaking at 60 in mid-2027)

• Subcontractors (US) + non-US 
experts

• Filling of cryostats is the final LBNF 
Project activity



Coordinating with Partners at the Far Site

• LBNF/DUNE-US FS subprojects FSCF/EXC & FSCF/BSI

- Requirements/interfaces

- Co-working period

• Mission Support / DUNE Coordination Office / South Dakota 

Services

• SDSTA 

• Joint Coordination 

Team

EXC-BSI-FDC Interface

EXC-BSI-FDC Interfaces 2023-08-13.xlsx Snapshot Date: 8/1/2023 Created in OnePager® Express

FDC

FSCF-BSI

FSCF-EXC

FY 22 FY 23 FY 24 FY 25 FY 26 FY 27 FY 28 FY 29

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2
Category

North Cavern Excavation

North Cavern Concrete Inverts

Central Utility Cavern Excavation

Central Utility Cavern Concrete Inverts

South Cavern Excavation

South Cavern Concrete Inverts

Ross Brow Excavation

Remaining Drift Concrete Inverts

Crane/Hoist Fabrication

North Cavern Crane/Hoists Installation

South Cavern Crane/Hoists Installation

Demobe North Cavern excavation equipment

Demobe CUC excavation equipment

Demobe South Cavern excavation equipment

Demobe Concrete equipment

Potential Delays

Procurement and Long Lead Purchases

BSI Construction scope

North Cavern BSI

South Cavern BSI

Cryostat #1 Setup & Install

Detector Install #1

Cryogenics Install CUC

Cryostat #2 Setup & Install

Detector Install #2

North Cavern Complete

Crane/Hoist Award

AUP: FSCFEXC Complete (current)

AUP: FSCFEXC Complete (projected)

FSCFBSI SP - CD2/3 - ESAAB Approval

Limited Notice To Proceed (for mobe)

Full Notice to Proceed (start underground)

AUP: BSI handoff of North Cavern to FDC

Scope
Excavation
Concrete Inverts
Misc.
Demobilization
BSI
Cryo
Detector
Potential Delay
Milestone

Critical Path

Near Critical Path
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Key FDC Assumptions (i)

• Contributions to LBNF are documented in Project 
Planning Documents; DUNE deliverables are delineated 
in the DUNE MOU Annexes

• Installation activities take place in Lead, SD, at Sanford 
Underground Research Facility (SURF)

• SURF’s Ross Shaft is available for LBNF/DUNE-US 
Project use; Yates Shaft is for emergency secondary 
egress

• At SURF, FDC activities (surface & underground) occur 
in DOE-leased space, adhering to Fermilab ESH 
governance (10 CFR 851) and SURF access rules

• Underground activities occur in the LBNF campus at 
4850 and 4910 levels, beginning first in the North 
Detector Cavern.  There will be a period of concurrent 
work at SURF with FSCF/Buildings & Site Infrastructure

Ross campus 
(enlarged below)
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Key FDC Assumptions (ii)

• There is insufficient laydown space at the SURF site; FDC provides its own SD regional storage

• Shift work is optimized to support partners & compliance with underground headcount limits. 

SDSTA refuge chamber will be expanded to support 250 persons

• FDC access at SURF must comply with the requirements of their Risk Transfer Protocol including 

insurance

• FDC costs include power & Ross Shaft hoisting

• Maintenance of conventional facilities is the 

responsibility of Infrastructure Service Division, based 

on the FSCF/BSI Transition to Operations

• DUNE Coordination Office & SDSD facilitate host lab 

services to FDC

• LBNF/DUNE-US Project Assumptions document 

summarizes project-level assumptions
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FDC Installation Schedule

• FDC underground work 
in SD begins with warm  
cryostat (CERN IKC) 
installation

• Storage supports 
delivery of cryostat 
components prior to 
start of underground 
work

• FDC activities continue 
on surface and 
underground as 
FSCF/BSI is completed

• Detector installation 
activities supported by 
FD1/FD2 consortia
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Far Detectors & Cryogenics - Mission Support Workshop34 27 Sept 2023



How to accomplish all of this?

Far Detectors & Cryogenics - Mission Support Workshop35

• Hiring underway with strong engagement from Fermilab HR

- Job descriptions, on-boarding program and training plans developed

• Building the team through multiple outreach channels

• Domestic Extended Assignment Policy
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FDC Mission Support
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Jobs to support Installation activities in South Dakota

• Engineering Office

- Electrical Engineer

- Designer

- Installation Scheduler/Work Planner

• Services

- Logistics Clerks

- Electrician

• Installation

- Installation Manager Deputies

- Mechanical Technicians

- Mechanical Senior Technicians

- Electronics Technicians

- ESH Specialists
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The LBNF/DUNE caverns filled with 
cryostats, cryogenics & detectors – science 
begins with the first filled cryostat!
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Thank you!



Site Orientation – Underground (~2029)

Far Detector 1

Far Detector 2
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