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2035 timeframe, the far detector situated underground with 
cavern space for expansion to at least 40 kt LAr fiducial vol-
ume, and 1.2 MW beam power upgradable to multi-megawatt 
power. The experiment should have the demonstrated capa-
bility to search for supernova (SN) bursts and for proton 
decay, providing a significant improvement in discovery 
sensitivity over current searches for the proton lifetime.

These 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 transforma-
tions 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 interna-
tional 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 even-
tually demands, the target requirements through the broadest 
possible international participation.

Key preparatory activities will converge over the next few years: 
in addition to the international reformulation described above, 
PIP-II design and project definition will be nearing completion, 
as will the necessary refurbishments to the Sanford Underground 
Research Facility. Together, these will set the stage for the facility 
to move from the preparatory to the construction phase around 
2018. The peak in LBNF construction will occur after HL-LHC 
peak construction.

Recommendation 13: Form a new international collaboration 
to design and execute a highly capable Long-Baseline 
Neutrino Facility (LBNF) hosted by the U.S. To proceed, a 
project plan and identified resources must exist to meet 

the minimum requirements in the text. LBNF is the highest- 
priority large project in its timeframe. 

The PIP-II project at Fermilab is a necessary investment in 
physics capability, enabling the world’s most intense neutrino 
beam, providing the wideband capability for LBNF, as well as 
high proton intensities for other opportunities, and it is also 
an investment in national accelerator laboratory infrastructure. 
The project has already attracted interest from several potential 
international partners.

Recommendation 14: Upgrade the Fermilab proton accel-
erator complex to produce higher intensity beams. R&D for 
the Proton Improvement Plan II (PIP-II) should proceed 
immediately, followed by construction, to provide proton 
beams of >1 MW by the time of first operation of the new 
long-baseline neutrino facility.

Hints from short-baseline experiments suggest possible new 
non-interacting neutrino types or non-standard interactions 
of ordinary neutrinos. These anomalies can be addressed by 
proposed experiments with neutrinos from radioactive sources, 
pion decay-at-rest beams, pion and kaon decay-in-flight beams, 
muon-decay beams, or nuclear reactors. A judiciously selected 
subset of experiments can definitively address the sterile-neu-
trino interpretation of the anomalies and potentially provide 
a platform for detector development and international coor-
dination toward LBNF. These small-scale experiments are in 
addition to the small projects portfolio described above, and 
therefore appear separately in Table 1. The short-term short-base-
line (SBL) science and detector development program and the 
long-term LBNF program should be made as coherent as possible 
in an optimized neutrino program.

Recommendation 15: Select and perform in the short term 
a set of small-scale short-baseline experiments that can 
conclusively address experimental hints of physics beyond 
the three-neutrino paradigm. Some of these experiments 
should use liquid argon to advance the technology and build 
the international community for LBNF at Fermilab. 

As discussed in Section 3.2, RADAR and CHIPS are both ideas 
for new detectors exploiting the existing NuMI beamline to 
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PIP-II: A state-of-the-art accelerator powering 
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The search for a fourth neutrino
An international research program at Fermilab will probe one of the  
enduring mysteries of science: Are there only three types of ghostly  
particles known as neutrinos, or is a fourth type waiting to be discovered?

Neutrinos are everywhere. They are among the most abundant 
particles in the universe, so understanding everything about them  
is critical to understanding the universe. Scientists discovered the  
third type of neutrino, called the tau neutrino, at Fermilab in 2000,  
and we know that the three types of neutrinos can transform into  
each other.
 Theoretical models and data from previous experiments suggest 
there might be a fourth kind, one that may not follow the rules  
of neutrino interactions with matter as we know them. Searching  
for these so-called sterile neutrinos is the goal of more than 250  
scientists from 50 institutions involved in Fermilab’s Short-Baseline 
Neutrino Program. When construction is complete, a chain of  
three particle detectors—placed in a straight line about a third of  
a mile long—will probe a beam of muon neutrinos created by  
Fermilab’s particle accelerators. The three detectors will each be  
filled with hundreds of tons of liquid argon to record the interactions  
of these mysterious particles. 
 Together these three detectors are powerful tools to investigate the 
evolution of neutrino oscillations over a short time and distance  
and thus explore whether the universe is even more complex than we 
think. This is the first time in history that several high-precision liquid-
argon detectors have been strung together to conduct a neutrino 
physics experiment. The upcoming international Deep Underground 
Neutrino Experiment and Long-Baseline Neutrino Facility, hosted by 
Fermilab, will also use liquid-argon technology.

 Three detectors, one program  ICARUS: high tech from Italy

 MicroBooNE: on the hunt

 SBND: closest to the source

In 2018, the largest of the three detectors, ICARUS, was installed 
inside its Fermilab research hall. Scientists previously operated  
the 760-ton ICARUS detector at Gran Sasso National Laboratory in 
Italy for four years before shipping it for upgrades to the CERN 
research center near Geneva, Switzerland. In 2017, the detector 
arrived at Fermilab. ICARUS is the world’s first large liquid-argon 
neutrino detector. The liquid-argon technology yields the most 
precise 3-D images of the particle tracks created when neutrinos 
collide with atoms.

The detector at the center of the chain has been taking data  
since 2015. The 170-ton MicroBooNE detector will be the first to  
check an unexplained anomaly in the data of a previous neutrino 
experiment. This anomaly could indicate the presence of sterile 
neutrinos, but other explanations are also possible. MicroBooNE 
combines liquid-argon technology with state-of-the-art 3-D imaging 
processing to spot neutrino interactions.

The Short-Baseline Near Detector, which will sit closest to the source 
of the neutrino beam, also will employ high-precision liquid-argon 
technology. Scientists from Brazil, CERN, Switzerland and the United 
Kingdom are working with U.S. scientists on the design and 
construction of this 260-ton particle detector. Its function is a critical 
one in the the chain of detectors: measuring the purity of the muon 
neutrino beam produced by the Fermilab accelerators before it reaches 
MicroBooNE and ICARUS.

This image shows the particle tracks resulting from the interaction of a 
neutrino with liquid argon inside the MicroBooNE detector.

The ICARUS detector was installed in its Fermilab research hall in 2018.
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The interest expressed in Japan in hosting the International 
Linear Collider (ILC), a 500 GeV e+e– accelerator upgradable 
to 1 TeV, is an exciting development. Following substantial 
running of the HL-LHC, the cleanliness of the e+e– collisions 
and the nature of particle production at the ILC would result 
in significantly extended discovery potential as described in 
the Drivers sections, mainly through increased precision of 
measurements such as for Higgs boson properties. The ILC 
would then follow the HL-LHC as a complementary instrument 
for performing these studies in a global particle physics pro-
gram, providing a stream of results exploring three of our 
Drivers for many decades. 

The U.S. has played key roles in the design of the ILC acceler-
ator, including leadership in the Global Design Effort. Continued 
intellectual contributions to the accelerator and detector design 
are still necessary to enable a site-specific bid proposal, which 
would take advantage of unique U.S. accelerator physics exper-
tise such as positron source design, beam delivery, supercon-
ducting RF, and the accelerator-detector interface. Particle 
physics groups in the U.S. also led the design of one of the two 
ILC detector concepts. The required capabilities of the detectors 
to perform precision measurements are challenging and need 
continued technology development. Support for both the accel-
erator and advanced detector development efforts would 
enhance expertise and ensure a strong position for the U.S. 
within the ILC global project.

Participation by the U.S. in ILC project construction depends 
on a number of key factors, some of which are beyond the 
scope of P5 and some of which depend on budget Scenarios. 
As the physics case is extremely strong, we plan in all Scenarios 
for ILC support at some level through a decision point within 
the next five years. If the ILC proceeds, there is a high-priority 
option in Scenario C to enable the U.S. to play world-leading 
roles. Even if there are no additional funds available, some 
hardware contributions may be possible in Scenario B, depend-
ing on the status of international agreements at that time. If 
the ILC does not proceed, then ILC work would terminate and 
those resources could be applied to accelerator R&D and 
advanced detector technology R&D.

Recommendation 11: Motivated by the strong scientific 
importance of the ILC and the recent initiative in Japan to 
host it, the U.S. should engage in modest and appropriate 
levels of ILC accelerator and detector design in areas where 
the U.S. can contribute critical expertise. Consider higher 
levels of collaboration if ILC proceeds.

Neutrino Oscillation Experiments
Short- and long-baseline oscillation experiments directly probe 
three of the questions of the neutrino science Driver: How are 
the neutrino masses ordered? Do neutrinos and antineutrinos 
oscillate differently? Are there additional neutrino types and 
interactions? There is a vibrant international neutrino commu-
nity invested in pursuing the physics of neutrino oscillations. 
The U.S. has unique accelerator capabilities at Fermilab to 
provide neutrino beams for both short- and long-baseline 
experiments, with some experiments underway. A long-baseline 
site is also available at the Sanford Underground Research 
Facility in South Dakota. Many of these current and future 
experiments and projects share the same technical challenges. 
Interest and expertise in neutrino physics and detector devel-
opment of groups from around the world combined with the 
opportunities for experiments at Fermilab provide the essentials 
for an international neutrino program.

Recommendation 12: In collaboration with international 
partners, develop a coherent short- and long-baseline neu-
trino program hosted at Fermilab.

For a long-baseline oscillation experiment, based on the science 
Drivers and what is practically achievable in a major step for-
ward, we set as the goal a mean sensitivity to CP violation2 of 
better than 3ı (corresponding to 99.8% confidence level for a 
detected signal) over more than 75% of the range of possible 
values of the unknown CP-violating phase įCP. By current esti-
mates, this goal corresponds to an exposure of 600 kt*MW*yr 
assuming systematic uncertainties of 1% and 5% for the signal 
and background, respectively. With a wideband neutrino beam 
produced by a proton beam with power of 1.2 MW, this exposure 
implies a far detector with fiducal mass of more than 40 kilotons 
(kt) of liquid argon (LAr) and a suitable near detector. The 
minimum requirements to proceed are the identified capa-
bility to reach an exposure of at least 120 kt*MW*yr by the 

 2 Three of the most important symmetry operations in physics are charge conjugation, C, in which particles are replaced by their antiparticles; parity inversion, P, in 
which all three spatial co-ordinates are reversed; and time reversal, T.  CP violation, the lack of invariance under the combined operations of C and P, is involved in the 
dominance of matter over antimatter in the Universe. Why there is matter but very little antimatter is still a big mystery that likely requires physics beyond the Stan-
dard Model.

4 specific  2014 P5 recommendations related to
future accelerator neutrino program

CERN Jan 2020

FNAL May 2022



Facility Experiment
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DUNE Physics Goals
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• Unambiguous, high precision measurements of Dm232, dCP, sin2q23, sin22q13 in a single 
experiment

• Discovery sensitivity to CP violation, mass ordering, q23 octant over a wide range of 
parameter values

• Sensitivity to MeV-scale neutrinos, such as from a galactic supernova burst
• Low backgrounds for sensitivity to BSM physics including baryon number violation

07/18/22
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Two Cryostats for the facility
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CERN Neutrino Platform
• Major contribution to the program from 

CERN
- Enabled prototyping full scale 

components
- Developed data acquisition 
- Collected data from cosmic rays and the 

charged particle beams
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2017-2020

2021 SP - VD 

2022 - 2024 Full scale production quality modules



DUNE – Phase I
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• LBNF will provide caverns for 4 detector modules at SURF

- 1st detector to be installed in NE cavern has horizontal drift (like ICARUS and 
MicroBooNE)

- 2nd detector will go into SE cavern and has vertical drift (capitalizing on  elements of 
the dual phase development)

Note :  DUNE Science begins
when FD1 is filled and turned on

and recording tracks

n’s
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APA* Horizontal Drift

*Anode Plane Assemblies
**Charge Readout Planes

CRP** Vertical Drift



DUNE – Phase I
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• Near Detector Complex houses a 
set of detectors that work in concert 
with each other to predict the far 
detector spectrum and monitor the 
beam stability.

• These include 
- A liquid argon TPC (ND-LAr) plus a 

Muon Spectrometer (TMS) ; these 
can move off-axis (PRISM system)

- An on-axis detector (SAND) ; will  
make precision measurements of 
multiple channels of neutrino 
interactions,  leading to more control 
of systematics ; monitors the beam 
stability when the ND-LAr+TMS are 
off-axis
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Far Detector Partners
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FD1 - Direct M&S

DOE.CNSTR Canada CERN CSIC CZECH
INFN Brazil Non-DOE UK

FD2 - Direct M&S

DOE.CNSTR In Kind IN2P3 CERN CSIC CZECH INFN UK

All scope defined in Consortia Annexes to Multi-institutional MOU



Near Detector Partners
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DOE Critical Decision (CD) Process
• All DOE Capital Asset projects greater than $50M are required to be 

managed under the DOE 413.b Program and Project Management for 
the Acquisition of Capital Assets
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Appendix A DOE O 413.3B 
A-2 11-29-2010 
 

 

x CD-1, Approve Alternative Selection and Cost Range. The selected alternative 
and approach is the optimum solution; 

x CD-2, Approve Performance Baseline. Definitive scope, schedule and cost 
baselines have been developed; 

x CD-3, Approve Start of Construction/Execution. The project is ready for 
implementation; and 

x CD-4, Approve Start of Operations or Project Completion. The project is ready 
for turnover or transition to operations, if applicable. 

Figure 1 illustrates the requirements for the typical implementation of the DOE 
Acquisition Management System for Line Item Capital Asset Projects. Figure 2 depicts 
the implementation for Other Capital Asset Projects such as Major Items of Equipment 
(MIE) and Operating Expense (OE) projects. 

 

Figure 1. Typical DOE Acquisition Management System  
for Line Item Capital Asset Projects 



Next Steps
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1  

Excerpt from  
Mission Need Statement for a 

Long Baseline Neutrino Experiment (LBNE) 
 

Office of High Energy Physics 
Office of Science 

 
 

A.  Statement of Mission Need 
 
The mission of the High Energy Physics (HEP) program is to support exploration of the 
physical universe through the discovery and study of the elementary constituents of 
matter and energy and the nature of space and time.  These areas of research are an 
integral component for the advancement of all science and technology and an expression 
of society's timeless intellectual quest to understand the universe.  The Standard Model 
of particle physics represents an unprecedentedly successful description of the elementary 
particles and their interactions; however, we know this model is incomplete and our  - 
present understanding indicates the existence of a more fundamental underlying theory. 
Elucidating this deeper theory requires a broad research program at the complementary and 
interrelated Energy, Intensity, and Cosmic Frontiers of particle physics. 

 
At the Intensity Frontier, intense particle beams are utilized to investigate the properties of 
neutrinos and rare processes, both probes of new physics.  Results from the last decade 
conclusively demonstrate that the three known neutrinos have nonzero mass, mix with one 
another, and oscillate between generations-properties which represent tantalizing hints of 
physics beyond the Standard Model.  Cosmology indicates that the neutrino mass is less than 
one-millionth that of the electron, yet oscillation studies from experiments find tiny, but 
nonzero, mass differences between neutrino generations and large values for two of the three 
mixing angles. Currently, the individual masses are unknown and only an upper limit exists 
for the third angle. 

 
The recent progress in neutrino physics has laid the basis for new discovery 
opportunities.  As a fundamental physical constant, measurement of the unknown third 
mixing angle is of great interest and will influence the direction and evolution of an 
international neutrino program.  Determining the relative masses and mass ordering of 
the three known neutrinos will give guidance and constraints to theories beyond the 
Standard Model. The study and observation of the different behavior of neutrinos and 
antineutrinos traversing matter will offer insight into the dominance of matter over 
antimatter in our universe and, therefore, the very structure of our universe. The only 
other source of the matter-antimatter asymmetry, in the quark sector, is too small to 
account for the observed matter dominance.  A popular hypothesis asserts that the 
asymmetry arises from neutrino interactions and is the subject of intense research. 

 
The Office of High Energy Physics proposes construction of an experiment comprised of 
a large detector illuminated by a distant, intense neutrino source and a much smaller 
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detector located close to the source. The far detector must be at a long distance from the 
neutrino source to increase sensitivity to neutrino oscillations and have sufficient 
sensitivity (through increased size and technological innovation or both) to improve 
neutrino detection.  A new intense neutrino source, pointing towards the detector, is also 
needed along with a nearby detector to measure the initial composition of the neutrino 
beam.  The increased research capabilities afforded by a long baseline (distance between 
the detector and the neutrino source) neutrino experiment will enable a world-class 
program in neutrino physics that can measure fundamental physical parameters, explore 
physics beyond the Standard Model, and better elucidate the nature of matter and 
antimatter. 

 

B.  Analysis in Support of Mission Need 
 

The U.S. today enjoys a leadership role in exploration of the neutrino properties. The 
currently operating Main Injector Neutrino Oscillation Search (MINOS) experiment is 
designed to observe neutrino oscillations using two detectors, one located at Fermi 
National Accelerator Laboratory (Fermilab) and the other located 730 km away in 
northern Minnesota in the Soudan Mine. The neutrino source or beam, called Neutrinos 
at the Main Injector (NuMD), originates at Fermilab. 

 
The neutrino beam is produced by directing a proton beam onto a target where it interacts 
and produces large numbers of pions. The pions are focused by a magnet into a decay 
pipe, wherein their decays produce neutrinos. There is a direct relationship between the 
power of the proton source and the intensity of the neutrino beam. The proton beam and 
decay pipe must point towards the neutrino detectors.  For detectors that are hundreds of 
kilometers away, the decay pipe actually points down, at an angle, into the Earth. 

 
The fourteen kiloton NuMI Off-axis Neutrino Appearance (NOvA) experiment, under 
construction approximately 800 km from Fermilab, will succeed MINOS and has been 
optimized to directly detect oscillations of the electron neutrinos in the NuMI beam. 
NOvA will provide initial information on the unknown mixing angle and matter- 
antimatter asymmetries. 

 
Current results and the future promise of new knowledge and discovery indicate that a 
larger, longer baseline neutrino detector illuminated by a high intensity neutrino beam will 
be an important and unmatched facility for the US physics program.  All three mixing 
angles could be measured to unprecedented precision and thus guide theorists with 
improved experimental results. Because the neutrino beam passes through the Earth, the 
long baseline would enhance matter effects, which, in turn, would improve sensitivity to 
both the mass ordering and origins of the matter-antimatter asymmetry.  Such a facility 
would require a detector with sensitivity surpassing that of NOvA and be located 1000- 
1500 km from the neutrino beam source. 

 
A large, long baseline detector and neutrino beam facility can serve a broad, multipurpose 
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Injector beamline completed at Fermi National Accelerator Laboratory in 2005.  The civil 
construction took place from 2000 to 2005. The actual cost of that work, excluding project 
management, was used as the basis of the cost estimate of the LBNE beamline.  

 
Neutrino Detectors:  The cost of the LBNE detector is determined largely by size.  The 
NOvA detector currently under construction will have a volume of 14-15 kilotons.  To 
supersede past results and those anticipated from NOvA, a next-generation detector must 
be roughly an order of magnitude larger, which is about 100 kilotons of fiducial volume. 
The more conventional of the proposed technologies is a water Cerenkov detector.   

 
Caverns for the Large Detectors:  The cavern cost estimate is based on an extrapolation 
from the experience on the MINOS detector.  

 
Infrastructure for Underground Detector Operations: The estimate for the 
infrastructure needed to construct and operate the large detectors was derived from the 
DUSEL conceptual design report developed for the NSF.   

 
E.  Applicable Conditions and Interfaces 

 
An appropriate US laboratory will be selected for managing and coordinating the DOE 
project.  Other US laboratories will work with the lead laboratory to establish individual 
deliverables for the project.  Significant contributions from university groups, other 
agencies, and foreign institutions are also anticipated, and the lead laboratory will 
establish management structures to facilitate participation and communication. 

 
The HEPAP P5 report recommends that DOE collaborate with NSF to establish an 
experimental neutrino program.  Any DOE contributions to such a  collaboration would 
be subject to established procedures. 

 

F.  Resource Requirements and Schedule 
 

The following profile has been estimated only for planning purposes. Neither the profile 
nor the schedule has been approved.  The estimated cost of the project can be expected to 
change when the size and site of the detector and the power of the beam are fully 
determined.  Changes in any proposed scope and schedule will impact the cost profile.  
The table below shows the preliminary schedule for Critical Decisions for the 
experiment. 

 
Preliminary Critical Decisions 

CD-0 Approve Mission Need 1st quarter FY 2010 
CD-1 Approve Alternative and Cost Range 1st quarter FY 2011 
CD-2 Approve Performance Baseline 3rd quarter FY 2012 
CD-3 Approve Start of Construction 1st quarter FY 2014 
CD-4 Approve Start of Operations 2nd quarter FY 2020 

January 2010 -> Mission Need

Even, not knowing the value of q13,
the community and DOE were ready
to explore the unknown



q13 is large and we PROCEED
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Critical Decision 1 
Approve Alternative Selection and Cost Range 

of the 
Long Baseline Neutrino Experiment (LBNE) Project 

(Line Item Project 11-SC-40) 
at the 

Fermi National Accelerator Laboratory and  
Sanford Underground Research Facility 

Office of High Energy Physics 
Office of Science 

 
Purpose 
 
The purpose of this paper is to document the review and approval by the DOE Office of Science 
Energy Systems Acquisition Advisory Board-equivalent for Critical Decision 1 (CD-1) 
“Approve Alternative Selection and Cost Range” for the Long Baseline Neutrino Experiment 
(LBNE) Project at the Fermi National Accelerator Laboratory (Fermilab) and Homestake Mine 
site in Lead, South Dakota. 
 
Project Overview 
 
The purpose of the LBNE Project is to design, construct and install an intense neutrino beam at 
Fermilab in Batavia, IL and a large neutrino detector located at the Homestake Mine site 1,300 
kilometers away in Lead, SD. The neutrino beam is directed toward the detector, which is used 
to measure and study neutrino behavior over the long distance of travel, to yield fundamental 
knowledge about neutrino properties. 
 
The High Energy Physics (HEP) program of the DOE Office of Science (SC) conducts basic 
research into the nature and interactions of the fundamental constituents of matter.  As the only 
US Laboratory fully dedicated to particle physics, Fermilab is a major component of the US HEP 
Program.  The LBNE experiment will use the accelerator facility at Fermilab to investigate 
neutrino oscillation, mass ordering and matter-antimatter asymmetry, which requires the 
combination of large detectors and more powerful beams capable of observing neutrino 
interactions where the beam and detector(s) are separated by 1000-1500 km. 

The LBNE Project will provide U.S. researchers the opportunity to maintain and enhance a 
world-leading program in neutrino physics and support DOE HEP's strategic plan to mount 
a balanced and vital U.S. program in particle physics in the next decade. Without the 
research capabilities implemented in this project, crucial information fully characterizing 
the neutrino sector such as the degree of Charge-Parity (CP) violation and the ordering of 
the neutrino mass states, would not be obtained, compromising the ability to understand the 
matter-antimatter asymmetry and resulting dominance of matter in the universe. 
 
To meet the scientific and technical objectives for the LBNE experiment, the following draft key 
performance parameters have been developed. 
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Description of Scope Threshold Key Performance Parameter (KPP) Objective KPP 
Primary Beam Power to 
produce neutrinos directed to 
the far detector site  

Capable of delivering 700 kiloWatts , with 
beamline hardware commissioning complete. 

 

Long-Baseline Distance 
between neutrino source and far 
detector 

1,000-1,500 kilometers 
 

Liquid Argon Far Detector   Operational capability installed for a 10 kiloton 
detector and demonstration of threshold 

performance by observation of cosmic ray 
interactions. 

Additional detector mass 
and/or underground siting, 
facilitated by non-DOE in-

kind contributions 

Near Detector Tertiary Muon Detector components tested in 
NUMI beam. 

Near Detector facilitated by 
non-DOE in-kind 

contributions 
 
 
Alternative Selection 
 
In March 2012, the Director of the DOE Office of Science asked Fermilab to lead development 
of an affordable and phased approach to LBNE, including alternate configurations that will 
enable important science results. Various options were assessed and three viable configuration 
alternatives were identified that could establish the LBNE Project within the requirements, i.e. to 
enable important science consistent with mission need and within target cost range. The three 
primary alternatives considered were: 
 

1. Construct a new low energy LBNE beamline with a 10 kton liquid argon time projection 
chamber (LAr-TPC) surface detector at the Homestake site in South Dakota, 1,300 km 
distant from Fermilab. 

2. Use the existing Fermilab NuMI beamline in the low energy configuration with a 30 kton 
LAr-TPC surface detector 14 mrad off-axis at Ash River in Minnesota, 810 km baseline 
distance from Fermilab.  

3. Use the existing Fermilab NuMI beamline in the low energy configuration with a 15 kton 
LAr-TPC underground (at the 2,340 ft level) detector on-axis at the Soudan Lab in 
Minnesota, 735 km baseline distance from Fermilab.  

 
The primary considerations in evaluating the alternatives were: ability to meet mission need; 
technical considerations; scientific capability; site conditions and location (e.g. longer distance 
baseline and proximity to deep underground location for possible future enhancements) and 
potential for attracting additional resources external to DOE to support possible future 
enhancements and a broader based physics program in support of mission need. 
 
Based on the above considerations, the alternative, Construct a new low energy neutrino 
beamline with a 10 kton liquid LAr-TPC surface detector at Homestake site in South Dakota, at 
a 1,300 km baseline distance from Fermilab, is the recommended alternative for LBNE. This 
preference is driven by the scientific advantages of a longer distance baseline between the 
neutrino source and detector afforded by siting the detector on the Homestake site. This 
alternative requires a new neutrino beamline to meet the necessary beam directional, energy and 
long-term operability requirements needed to initiate and sustain the LBNE program. This 
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Table 6.0 LBNE Planned Funding Profile ($ in Millions) 

Fiscal  
Year  

Prior 
Yrs 
 

FY 
12 

FY 
13 

FY 
14 

FY 
15 

FY 
16 

FY 
17 

FY 
18 

FY 
19 

FY 
20 

FY 
21 

FY 
22 

 
Total 

PED  4� 16� 33� 44 48   145
Construction     73 121 155 157 110� 32� 647
OPC 34� 17� 10�   14� 75
Total 34 21 26 33 44 48 73 121 155 157 110 46 867
 
Key Milestones and Events 
 
The following table shows the preliminary key milestones.  The CD-0 milestone date is an actual 
date, and the future dates are the estimates from the Integrated Project Team (IPT) of the planned 
schedule. 
 

Critical Decision Milestone  Schedule 
CD-0    Approve Mission Need 1/8/2010 (Actual) 
CD-1    Approve Alternative Selection and Cost Range 1st Quarter, FY2013 
CD-3a  Approve Long Lead Procurement 3rd  Quarter, FY2015 
CD-2    Approve Performance Baseline 3rd Quarter, FY2016 
CD-3b  Approve Start of Construction 3rd  Quarter, FY2017 
CD-4    Approve Project Completion 3rd    Quarter FY2025 

 
Tailoring 
 
A phased CD-3 approval is planned, consisting of CD-3a for long-lead procurement items to 
reduce schedule and cost risks, and CD-3b for construction start for the full project.  CD-3a is 
planned for approval prior to CD-2.  Planned long lead items include site preparation to place the 
near site beamline embankment at Fermilab to allow settlement time before start of beamline 
construction. 
 
Tailoring of the scope definition prior to CD-2 to enhance scientific capabilities may also be 
considered.  The physics opportunities offered by the beam from Fermilab and the long baseline 
may attract the support of other agencies both domestic and international. Contributions from 
such other agencies offer alternative funding scenarios that could enhance the science 
capabilities of the Project. If additional domestic or international funding commitments are 
secured sufficiently prior to CD-2, the DOE LBNE Project baseline scope could be refined 
before CD-2 to include scope opportunities such as a Near Neutrino Detector complex at 
Fermilab or an underground location at SURF for the far detector. 
 
DOE Review 
 
The DOE-SC OPA conducted an Independent Project Review on October 30-November 1, 2012 
to assess the LBNE Project’s readiness for CD-1 approval.  The review found that the LBNE 
Project has developed a credible conceptual design and associated cost and schedule ranges. The 
review did not find any significant technical issues with the proposed project plan, but made key 

CD-1 for LBNE



2014 P5 Report : 4 recommendations
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 Report of the Particle Physics Project Prioritization Panel (P5) May 2014

Building for Discovery
Strategic Plan for U.S. Particle Physics in the Global Context

Report of the Particle Physics Project Prioritization Panel 11

The interest expressed in Japan in hosting the International 
Linear Collider (ILC), a 500 GeV e+e– accelerator upgradable 
to 1 TeV, is an exciting development. Following substantial 
running of the HL-LHC, the cleanliness of the e+e– collisions 
and the nature of particle production at the ILC would result 
in significantly extended discovery potential as described in 
the Drivers sections, mainly through increased precision of 
measurements such as for Higgs boson properties. The ILC 
would then follow the HL-LHC as a complementary instrument 
for performing these studies in a global particle physics pro-
gram, providing a stream of results exploring three of our 
Drivers for many decades. 

The U.S. has played key roles in the design of the ILC acceler-
ator, including leadership in the Global Design Effort. Continued 
intellectual contributions to the accelerator and detector design 
are still necessary to enable a site-specific bid proposal, which 
would take advantage of unique U.S. accelerator physics exper-
tise such as positron source design, beam delivery, supercon-
ducting RF, and the accelerator-detector interface. Particle 
physics groups in the U.S. also led the design of one of the two 
ILC detector concepts. The required capabilities of the detectors 
to perform precision measurements are challenging and need 
continued technology development. Support for both the accel-
erator and advanced detector development efforts would 
enhance expertise and ensure a strong position for the U.S. 
within the ILC global project.

Participation by the U.S. in ILC project construction depends 
on a number of key factors, some of which are beyond the 
scope of P5 and some of which depend on budget Scenarios. 
As the physics case is extremely strong, we plan in all Scenarios 
for ILC support at some level through a decision point within 
the next five years. If the ILC proceeds, there is a high-priority 
option in Scenario C to enable the U.S. to play world-leading 
roles. Even if there are no additional funds available, some 
hardware contributions may be possible in Scenario B, depend-
ing on the status of international agreements at that time. If 
the ILC does not proceed, then ILC work would terminate and 
those resources could be applied to accelerator R&D and 
advanced detector technology R&D.

Recommendation 11: Motivated by the strong scientific 
importance of the ILC and the recent initiative in Japan to 
host it, the U.S. should engage in modest and appropriate 
levels of ILC accelerator and detector design in areas where 
the U.S. can contribute critical expertise. Consider higher 
levels of collaboration if ILC proceeds.

Neutrino Oscillation Experiments
Short- and long-baseline oscillation experiments directly probe 
three of the questions of the neutrino science Driver: How are 
the neutrino masses ordered? Do neutrinos and antineutrinos 
oscillate differently? Are there additional neutrino types and 
interactions? There is a vibrant international neutrino commu-
nity invested in pursuing the physics of neutrino oscillations. 
The U.S. has unique accelerator capabilities at Fermilab to 
provide neutrino beams for both short- and long-baseline 
experiments, with some experiments underway. A long-baseline 
site is also available at the Sanford Underground Research 
Facility in South Dakota. Many of these current and future 
experiments and projects share the same technical challenges. 
Interest and expertise in neutrino physics and detector devel-
opment of groups from around the world combined with the 
opportunities for experiments at Fermilab provide the essentials 
for an international neutrino program.

Recommendation 12: In collaboration with international 
partners, develop a coherent short- and long-baseline neu-
trino program hosted at Fermilab.

For a long-baseline oscillation experiment, based on the science 
Drivers and what is practically achievable in a major step for-
ward, we set as the goal a mean sensitivity to CP violation2 of 
better than 3ı (corresponding to 99.8% confidence level for a 
detected signal) over more than 75% of the range of possible 
values of the unknown CP-violating phase įCP. By current esti-
mates, this goal corresponds to an exposure of 600 kt*MW*yr 
assuming systematic uncertainties of 1% and 5% for the signal 
and background, respectively. With a wideband neutrino beam 
produced by a proton beam with power of 1.2 MW, this exposure 
implies a far detector with fiducal mass of more than 40 kilotons 
(kt) of liquid argon (LAr) and a suitable near detector. The 
minimum requirements to proceed are the identified capa-
bility to reach an exposure of at least 120 kt*MW*yr by the 

 2 Three of the most important symmetry operations in physics are charge conjugation, C, in which particles are replaced by their antiparticles; parity inversion, P, in 
which all three spatial co-ordinates are reversed; and time reversal, T.  CP violation, the lack of invariance under the combined operations of C and P, is involved in the 
dominance of matter over antimatter in the Universe. Why there is matter but very little antimatter is still a big mystery that likely requires physics beyond the Stan-
dard Model.
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2035 timeframe, the far detector situated underground with 
cavern space for expansion to at least 40 kt LAr fiducial vol-
ume, and 1.2 MW beam power upgradable to multi-megawatt 
power. The experiment should have the demonstrated capa-
bility to search for supernova (SN) bursts and for proton 
decay, providing a significant improvement in discovery 
sensitivity over current searches for the proton lifetime.

These 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 transforma-
tions 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 interna-
tional 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 even-
tually demands, the target requirements through the broadest 
possible international participation.

Key preparatory activities will converge over the next few years: 
in addition to the international reformulation described above, 
PIP-II design and project definition will be nearing completion, 
as will the necessary refurbishments to the Sanford Underground 
Research Facility. Together, these will set the stage for the facility 
to move from the preparatory to the construction phase around 
2018. The peak in LBNF construction will occur after HL-LHC 
peak construction.

Recommendation 13: Form a new international collaboration 
to design and execute a highly capable Long-Baseline 
Neutrino Facility (LBNF) hosted by the U.S. To proceed, a 
project plan and identified resources must exist to meet 

the minimum requirements in the text. LBNF is the highest- 
priority large project in its timeframe. 

The PIP-II project at Fermilab is a necessary investment in 
physics capability, enabling the world’s most intense neutrino 
beam, providing the wideband capability for LBNF, as well as 
high proton intensities for other opportunities, and it is also 
an investment in national accelerator laboratory infrastructure. 
The project has already attracted interest from several potential 
international partners.

Recommendation 14: Upgrade the Fermilab proton accel-
erator complex to produce higher intensity beams. R&D for 
the Proton Improvement Plan II (PIP-II) should proceed 
immediately, followed by construction, to provide proton 
beams of >1 MW by the time of first operation of the new 
long-baseline neutrino facility.

Hints from short-baseline experiments suggest possible new 
non-interacting neutrino types or non-standard interactions 
of ordinary neutrinos. These anomalies can be addressed by 
proposed experiments with neutrinos from radioactive sources, 
pion decay-at-rest beams, pion and kaon decay-in-flight beams, 
muon-decay beams, or nuclear reactors. A judiciously selected 
subset of experiments can definitively address the sterile-neu-
trino interpretation of the anomalies and potentially provide 
a platform for detector development and international coor-
dination toward LBNF. These small-scale experiments are in 
addition to the small projects portfolio described above, and 
therefore appear separately in Table 1. The short-term short-base-
line (SBL) science and detector development program and the 
long-term LBNF program should be made as coherent as possible 
in an optimized neutrino program.

Recommendation 15: Select and perform in the short term 
a set of small-scale short-baseline experiments that can 
conclusively address experimental hints of physics beyond 
the three-neutrino paradigm. Some of these experiments 
should use liquid argon to advance the technology and build 
the international community for LBNF at Fermilab. 

As discussed in Section 3.2, RADAR and CHIPS are both ideas 
for new detectors exploiting the existing NuMI beamline to 
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2035 timeframe, the far detector situated underground with 
cavern space for expansion to at least 40 kt LAr fiducial vol-
ume, and 1.2 MW beam power upgradable to multi-megawatt 
power. The experiment should have the demonstrated capa-
bility to search for supernova (SN) bursts and for proton 
decay, providing a significant improvement in discovery 
sensitivity over current searches for the proton lifetime.

These 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 transforma-
tions 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 interna-
tional 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 even-
tually demands, the target requirements through the broadest 
possible international participation.

Key preparatory activities will converge over the next few years: 
in addition to the international reformulation described above, 
PIP-II design and project definition will be nearing completion, 
as will the necessary refurbishments to the Sanford Underground 
Research Facility. Together, these will set the stage for the facility 
to move from the preparatory to the construction phase around 
2018. The peak in LBNF construction will occur after HL-LHC 
peak construction.

Recommendation 13: Form a new international collaboration 
to design and execute a highly capable Long-Baseline 
Neutrino Facility (LBNF) hosted by the U.S. To proceed, a 
project plan and identified resources must exist to meet 

the minimum requirements in the text. LBNF is the highest- 
priority large project in its timeframe. 

The PIP-II project at Fermilab is a necessary investment in 
physics capability, enabling the world’s most intense neutrino 
beam, providing the wideband capability for LBNF, as well as 
high proton intensities for other opportunities, and it is also 
an investment in national accelerator laboratory infrastructure. 
The project has already attracted interest from several potential 
international partners.

Recommendation 14: Upgrade the Fermilab proton accel-
erator complex to produce higher intensity beams. R&D for 
the Proton Improvement Plan II (PIP-II) should proceed 
immediately, followed by construction, to provide proton 
beams of >1 MW by the time of first operation of the new 
long-baseline neutrino facility.

Hints from short-baseline experiments suggest possible new 
non-interacting neutrino types or non-standard interactions 
of ordinary neutrinos. These anomalies can be addressed by 
proposed experiments with neutrinos from radioactive sources, 
pion decay-at-rest beams, pion and kaon decay-in-flight beams, 
muon-decay beams, or nuclear reactors. A judiciously selected 
subset of experiments can definitively address the sterile-neu-
trino interpretation of the anomalies and potentially provide 
a platform for detector development and international coor-
dination toward LBNF. These small-scale experiments are in 
addition to the small projects portfolio described above, and 
therefore appear separately in Table 1. The short-term short-base-
line (SBL) science and detector development program and the 
long-term LBNF program should be made as coherent as possible 
in an optimized neutrino program.

Recommendation 15: Select and perform in the short term 
a set of small-scale short-baseline experiments that can 
conclusively address experimental hints of physics beyond 
the three-neutrino paradigm. Some of these experiments 
should use liquid argon to advance the technology and build 
the international community for LBNF at Fermilab. 

As discussed in Section 3.2, RADAR and CHIPS are both ideas 
for new detectors exploiting the existing NuMI beamline to 
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Critical Decision 1, Approve Alternative Selection and Cost Range 
for the 

Long Baseline Neutrino Facility/Deep Underground Neutrino Experiment  
at  

Fermi National Accelerator Laboratory and  
Sanford Underground Research Facility 

 
Office of High Energy Physics 

Office of Science 
 
A. Purpose 
 

The purpose of this paper is to document the review and approval by the DOE Office of 
Science Energy Systems Acquisition Advisory Board-equivalent for Critical Decision 1    
(CD-1) “Approve Alternative Selection and Cost Range” for the Long Baseline Neutrino 
Facility/Deep Underground Neutrino Experiment (LBNF/DUNE) Project at the Fermi 
National Accelerator Laboratory (FNAL) and Sanford Underground Research Facility (SURF). 

 
B. Mission Need 

 
The U.S. Department of Energy (DOE) Office of High Energy Physics (HEP) mission is to 
understand how our universe works at its most fundamental level. HEP supports elementary 
particle physics research, which explores the fundamental constituents of matter and energy, 
revealing the profound connections underlying everything we see, including the smallest and 
the largest structures in the universe. Neutrinos are elementary particles that may hold the key 
to explaining the existence of matter in the universe and could unveil new, exotic physical 
processes currently beyond reach. 

On January 8, 2010, the Department of Energy Deputy Secretary approved CD-0, Mission 
Need, for a new long-baseline neutrino experiment that would enable a world-class 
program and firmly establish the U.S. as a leader in neutrino science. A facility to carry out 
this science requires a specialized detector of very large size with sensitivity surpassing 
that of current experiments, and that can be located 1000-1500 km from the neutrino beam 
source.  
 
The earlier Long-Baseline Neutrino Experiment (LBNE) project was formulated primarily as a 
domestically funded experiment, having a minimal CD-1 configuration of a 10 kiloton far 
detector on the surface, with an experiment baseline of 1300 km. LBNE’s CD-1, approved 
December 2012, was tailored to allow for enhancement of scientific capabilities and additional 
scope opportunities (such as a near neutrino detector, and far detector sited  underground with 
additional mass), should the opportunity attract the support of other funding agencies. This 
opportunity has now attracted increasing international support following a May 2014 report 
issued by the High Energy Physics Advisory Panel (HEPAP) Particle Physics Project 
Prioritization Panel (P5), Building for Discovery, Strategic Plan for U.S. Particle Physics in a 
Global Context. This report noted that a more ambitious long-baseline neutrino facility has 
been called for by the Snowmass particle physics community study and in expressions of 
interest from physicists in other regions of the world. Minimum requirements to meet 
scientific goals of this more ambitious program are not met by the prior LBNE project’s CD-1 
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accounting method.  This enables an initial allocation among partners by WBS items. Partner 
funding agencies and institutions will be responsible for providing assigned WBS deliverables, 
covering costs for escalation, contingency or institutional indirect charges in accordance with 
each agency’s own policies, and subject to the monitoring and coordination of international 
Resources Review Boards. 
 
The preliminary schedule is shown in Table 2.  
 

Table 2 -LBNF/DUNE Preliminary DOE Schedule 
 

Critical Decision Milestone  Schedule 
CD-0, Approve Mission Need 1/8/2010 (Actual) 
CD-1, Approve Alternative Selection and Cost Range 12/10/2012 (Actual) 
CD-1, Approve Alternative Selection and Cost Range (Update) 1st Quarter, FY2016 
CD-3a (1), Approve Initial Far Site Construction 2nd Quarter, FY2016 
CD-3b (2), Approve Near Site Preparation/Far Site Long Lead Procurement  2nd Quarter FY2019 
CD-2, Approve Performance Baseline 1st Quarter, FY2020 
CD-3(3),  Approve Start of Construction 1st Quarter, FY2020 
CD-4 , Approve Project Completion 4th Quarter FY2030 

       (1)CD-3a is for the critical path LBNF Far Site Conventional Facilities construction to mitigate risks and      
       minimize delay in providing a facility ready to accept detectors for installation. 
       (2)CD-3b is for critical path LBNF Near Site Site Preparation to build an embankment that requires  
       1 year of settling before beamline conventional facilities work proceeds; and for critical path LBNF Far Site    
       cryogenic infrastructure long lead procurement 
        (3)CD-2/3  is to baseline LBNF/DUNE and construction approval for balance of LBNF and full DUNE scope. 

 
Status of milestones for LBNF project and DOE contributions to the international DUNE 
project will be included in monthly project progress reports and EVMS updates. The 
international DUNE project will be responsible for monitoring and reporting status of all 
contributions to DUNE, independent of their funding source, and DOE will monitor 
international DUNE progress through those means. DOE LBNF/DUNE project milestones will 
include LBNF/DUNE interface milestones, and DUNE-US milestones which represent DOE 
deliverables to the international DUNE project. Milestones and dates are subject to further 
revision and refinement as the performance baseline schedule is prepared for CD-2. 

 
G. Tailoring Strategy 

 

Long lead approvals will be requested for activities at the far and near sites, prior to CD-2. 
This strategy reduces cost and schedule risk and will ensure optimum use of resources, while 
awaiting CD-2 and CD-3 authority. In addition, a combined CD-2/3 will be requested. 
 
The project will request a CD-3a: Approve Initial Far Site Construction for critical path far site 
conventional facilities construction. This scope includes excavation of caverns and spaces 
needed for the DUNE detector. Completing this long lead work enables start of the first DUNE 
10 kiloton detector module installation by 2021-22, in ~seven years, to meet the needs of the 
global neutrino community.  This action reduces project cost due to extended management and 
escalation and allows outfitting of caverns while excavation continues. It advances completion 
of the overall project and availability of first detector for science. The project will present a 

2015 CD-1R for LBNF/DUNE 
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Definition of Phases
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Note 1: requires upgrades to LBNF neutrino target and upgrades to Fermilab accelerator 
complex. The LBNF facility is built to support 2.4MW in Phase I.
Note 2: Near Detector Subproject threshold scope provides “day 1” requirements to start the 
DUNE experiment

Capability Description Phase I Phase II
Beamline

1.2MW (includes 2.4MW 
infrastructure)

X

2.4MW X1

Far Detectors
FD1 – 17 kton X
FD2 – 17 kton X
FD3 X
FD4 X

Near Detectors2

ND LAr X
TMS X
SAND X
MCND  (ND GAr) X

• Phase I:
- Accomplished with PIP-II, 

LBNF/DUNE-US, and DUNE 
International Partners

- Meets P5 minimum requirements to 
proceed by 2035 timeframe

- Same project scope as proposed at 
CD-1R in July 2015

• Phase II (future, not part of project)
- Increased mass at Far Detector
- More Capable Near Detector (MCND)
- Increased beam power by Booster 

replacement

LBNF/DUNE-US Project
+ DUNE Int’l Project



What and Why CD-1RR ?
• We are still working with the original 2010 CD-0 Mission Need
• At CD-1, an initial Total Project Cost (TPC), as well as an upper 

and lower cost range are set
• Deep in the details of the CD Guidance is the fact that if a 

Project TPC exceeds 1.5x the CD-1 the upper cost range, the 
CD-1 approval must be reaffirmed.

• By mid-2020, for a variety of reasons, it was realized that the 
LBNF/DUNE-US TPC would exceed $2.7B (1.5 x the 2015 
upper range of $1.8)

• The reaffirmation means setting a new cost range and a re-
affirmation of the CD-1 selected alternative; in our case this is 
the 2015 CD-1R alternative.   
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Outcome of July 11-15 IPR
• IPR = Independent Project Review
• A positive review outcome is required for DOE to request the actual 

Critical Decision approval
- Positive outcome generally requires an affirmative answer to all of the 

charge questions posed to the review team
- Additionally, any review recommendations that are pre-requisites to the 

recommendation to proceed to the ESAAB* approval would need to be 
addressed

• Last week’s review had 26 reviewers over 8 subcommittees 
• Almost all charge questions were reviewed in positive
• All recommendations were reasonable and supportive for moving 

forward towards project baselining

*ESAAB = Energy Systems Acquisition Advisory Board
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Project Management : 5 sub-projects
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Construction Project Organization
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CHARGE QUESTION 4c

Construction organization is 
deliverable-focused with:
- Clear lines of responsibility, 

authority, and accountability, 
aligned with subproject execution 
strategy, for all LBNF/DUNE scope

- DUNE Technical Coordinator’s for 
FD1, FD2, and ND provide tight 
linkage to collaboration and 
international partners in 
construction effort

- LBNF/DUNE Joint Project Office 
provides highly integrated 
functional support across all 
construction project activities
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Planned Subproject CD-2/CD-3 Critical Decision Timeline Summary
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Notes
- Quarters shown are calendar year; bolded dates are set
- NSCFB tailoring plan not updated in P6 yet
- ND plan is under development

07.11.22

Subproject CD Q3 2022 Q4 2022 Q1 2023 Q2 2023 Q3 2023 Q4 2023 Q1 2024 // Q3 2024 // Q2 2025 // Q4 2025

FSCF-EXC
$652M

CD-2/3 ESAAB
(Jul 22)

FSCF-BSI
$181M

CD-2/3 IPR 
(Nov 22)

ESAAB

CD-3a IPR 
(Nov 22) ESAAB

CD-2/3 IPR 
(Mar 23) ESAAB

CD-3a IPR 
(Nov 22) ESAAB

CD-2/3 IPR ESAAB

CD-2 IPR ESAAB

CD-3 IPR ESAAB

FDC
$1,059M

NSCFB
$1,037M

ND
$200M

• Have worked to 
simplify and minimize 
critical decision 
milestones:
- Maintaining a regular 

cadence or reviews and 
leverage parallel reviews 
as possible.

- NSCF-BSI SP CD-2/3 
review is next; date driven 
by contract approval 
timeline

- Have worked to minimize 
CD-3a requests; FDC and 
NSCFB requests are long-
lead procurements kept as 
small as possible to 
maintain schedule (~$13M 
and ~$5M respectively)

From Project Director Chris Mossey’s review presentation



Summary and Outlook
• The 2014 P5 model for an international effort to explore the neutrino 

sector and more, hosted in the United States, has found reality in the 
LBNF/DUNE enterprise. 

• The commitments of  international partners to the facilities of PIP-II 
and LBNF and the DUNE detectors are very significant; the 2nd
cryostat from CERN has enabled the realization of the Phase 1 
program with 2 far detector modules – each of which has ~50% 
contributions from non-DOE sources and a Near Detector complex 
with major contributions from international partners.

• The LBNF/DUNE-US Project has achieved a major milestone with a 
successful Independent Project Review in support of the CD-1RR 
Critical Decision. 

• The International DUNE Collaboration looks forward to working with 
the LBNF/DUNE-US project in moving through the remaining 
milestones which will lead to the commissioning of our physics 
program.

• Stay-tuned!
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