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Charge: We ask the committee to review the scope and impact 
of the physics program being developed for the Booster 
Replacement. 

Overview: a snapshot of Booster replacement activities.
• Premise for Booster Replacement 
• Recent activity

• Workshop (May 19)
• Community input (ongoing)
• Snapshot of output document

• Additional scope: “HE booster” and implications for DUNE 
physics and beyond.

Charge and Overview



    Preamble 
• P5 recommendation is for 2.4MW to DUNE
• 2.4 MW requires 1.5×1014 particles from MI @ 120 GeV
• Booster is not capable of accelerating 2.5×1013 no matter what the injection energy, or 

how it is upgraded: many issues
• Achieving 2+ MW will require replacement of the Booster and possible upgrades of the 

MI. 

Booster Replacement Mission: 
• Deliver 2.4 MW @ 60-120 GeV from the Main Injector to the LBNF beam line in support of 

the DUNE experiment
• Deliver up to 80 kW @ 8 GeV to support g-2, Mu2e, and short-baseline neutrinos
• Deliver ~100 kW CW @ 800 MeV (or more) to support a second generation Mu2e 
• Exploit the capabilities of CW SRF PIP-II linac to enable other physics opportunities 

Booster Replacement

[Excerpt from Nigel’s charge]
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Booster Replacement Possibilities:

4

Main Injector (60-120 GeV)

PIP II (800 MeV)

(under construction)

Two technologies: An extension of the Linac and/or a new                                            
Rapid Cycling Synchrotron (RCS).

The transition between these is a major design choice. 

Injection energy =?

Injection energy=? (≳ 8 GeV)



Physics Opportunities in the Gaps b/w Accelerators
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Main Injector (120 GeV)

PIP II (800 MeV)

(under construction)

What physics opportunities do these open?
• New dark sector searches?
• New precision tests?
• Acceleration of electron or other in the Linac?
• ...

excess protons

LBNF is just 5%

excess protons

electrons? others?

excess protons
excess protons?
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(under construction)

What physics opportunities do these open?
• New dark sector searches?
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• Acceleration of electron or other in the Linac?
• ...

excess protons
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electrons? others?
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excess protons?

electron 
injection?



• The goal of the physics working group is to inform the 
accelerator design about potential physics opportunities. 
Solicit input from the community (workshop). 

• We are interested in concrete ideas and near term 
opportunities, but also a long-term and inclusive approach:
• The Fermilab Booster was designed ~50 years ago. Its 

replacement will be with us for decades.  
• We cannot foresee what will be motivated decades ahead. 
• Best leave as many doors open to exciting physics.                   

Plan the accelerators as well as the gaps between them.

Physics Opportunities
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• The Accelerator and Physics Was began work in February.
• Fermilab hosted workshop was planned for May 18-19 and 

announced in early March. That plan changed.

• Workshop was replaced by a process:
• May 19th: All-day Zoom meeting with HEP and accelerator experts (over 

100 participants throughout the day).     https://indico.fnal.gov/event/23352/
• Scope broadened a bit at workshop (more later).
• Now: A period of input collection from the community.                                        

Leveraging LOI’s that are being written for snowmass.                            
Preliminary input passed on to Accelerator WG.

• Future zoom meeting. 
• A more polished version of a menu of physics opportunities planned for 

August/September (snowmass LOI’s are due in august).
• Like submitted as snowmass white paper (to the TBD Frontier).

Activity
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Kick-off Meeting: 
(May 19th)
https://indico.fnal.gov/event/23352/
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• We are collecting (and providing) input into a document. 
Written collectively on overleaf.

• For a snapshot see: https://www.overleaf.com/read/scgtzvbngfxr
• Some inputs are written by the working group while others are 

by community members.

• Document structure:
• Subsection 1: A free-form description of the physics 

experiment and its motivation. A snowmass LOI can be used.
• Subsection 2: A “form” on accelerator needs - particle, 

energy, intensity needs, time structure, target, etc.  

Community input
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Document Preview:
Physics Opportunities for the Fermilab Booster

Replacement

Physics task force

June 29, 2020

Abstract

This is a menu of physics opportunities a↵orded by the Fermilab
Booster Replacement and its various options . As in any self-respecting
fancy restaurant, there are no prices in the menu.

Contents

1 Introduction to this Template 2

2 Charged lepton flavor violation: muon to electron conversion 3

3 Charged lepton flavor violation with muon decays 5

4 Stopped Pion Source 6

5 Kaons Decay at Rest 8

6 DM searches with Intermediate Energy Protons 10

7 High Energy Proton Fixed Target 12

8 Electron missing momentum 14

9 Nucleon Electromagnetic Form Factors from Lepton Scattering 16

10 Electron beam dumps 19

11 Muon Missing Momentum 21

12 N-Nbar oscillations 24

13 Muon Collider R&D and Neutrino Factories 26

14 Tau Neutrinos 28
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15 Rare Decays of Light Mesons 30

16 Proton Irradiation Facility 33

17 Proton Storage Ring: EDM and Axion Searches 35

1 Introduction to this Template

This document is intended to inform accelerator scientists who will be designing
Fermilab’s Booster Replacement about physics opportunities that are a↵orded
by the various accelerator technology options. The goal is not to prioritize the
near term program. Rather it is to present possible physics experiments in
the near or far term so that when technology choices are made, a large set of
opportunities remain viable, and informed decisions can be made.

We are seeking community input regarding physics opportunities. The input
can be quite brief, but technical, with a focus on accelerator requirements.
To this end we have provided a template. Send an email to roni@fnal.gov
and I will send you a link to access the document with a template file called
your-name.tex. Work within this file to enter your input in the structure
provided.

The structure includes a “free-from” subsection to describe the physics and
its motivation and a subsection with more prescribed input or accelerator specs.
Please remove the blue text of instructions and replace with your content.

2
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dark 
sectors ν physics CLFV Precision 

tests R&D
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11/8/2019 Presenter I Presentation Title 5/11/20203

+

+

µ

-

+

µ

e

Positron (e+)

-

Capture

Pion (π0)

Photon (γ)

Photon (γ)

Low Energy O(1 GeV) Protons on Fixed Target + Absorber

PIP-II capable of supporting MW-class ~1 GeV proton fixed target 
program and supplying sufficient beam for DUNE to reach 2.4 MW

π decay to light DM.

π, K decay to mediators  
(e.g. axion-like particles, dark photons)

Sterile ν via oscillation.

Neutrino NSI.

CEvENS (requires low duty factor)

Highlights - Dark sectors

11/8/20195/11/2020

Physics Opportunities At Such a Facility Dedicated to HEP

• Light Dark Matter (LDM) Searches
- Decay and/or scattering signatures  

• Light Sterile Neutrino Searches
- Both appearance and disappearance possible  

• Coherent elastic neutrino-nucleus scattering (CEvNS)
- See next slide
- Provides new way to search for LDM and light sterile neutrinos
• CEvNS is neutrino flavor-agnostic —> definitive search for steriles via neutrino disappearance  

• Searches for Non-standard interactions (NSIs), tests of the Standard Model  

• Neutrino Cross Section Measurements 

• Additional topics:
- Searches for axion-like particles, CP violation, etc.
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see talk by M. Toups  at workshop.

~1 GeV Protons:

~10 GeV Protons:

(stopped pion source)

Dark matter searches

ν cross section and SN neutrinos 



Highlights - Dark sectors
see talk by Gori

~100 GeV Protons:
(“compact” beam dump)

The SeaQuest experiment     

~ 5% main
injector
120 GeV 
beam

             Dump            Decay 
volume 

S.Gori 2

Searches for 
displace decays. 

Mediators.

SeaQuest-like

01/17/2019

Beam Dump Technique

Incoming beams of ~single O(10) GeV electrons, positrons, muons  
Beam rates: to achieve thermal milestones, need ~ 1e22 EOT (electron)

�10

e/p

(or unstable decays)

Signal scales as production x detection =  (coupling)^4

see talk by Krnjaic

01/17/2019

Electron Missing Momentum

Incoming beams of ~single O(10) GeV electrons or muons  
Beam rates: to achieve thermal milestones, need rates at ~50 MHz scale

�20

Light Dark Matter with the Missing Momentum Technique — 6/12

Figure 3. Left: Electron missing momentum coverage of thermal DM targets in the dark photon mediator scenario from Eq. 1
(see [13] for more details). Here aDM = g2

DM/4p , the black curves represent early universe production targets for various DM
candidates, and the red dashed curve represents coverage for 1016 electrons on target impinging on a target of 0.1 electron
radiation lengths. Right: Muon missing momentum coverage of various DM candidates in the muon-philic mediator scenario
from Eq. 2 (see [18] for more details). Here the two red dashed curves labeled Phases 1 and 2 represent coverage for 1010 and
1013 muons on target, respectively, and both assume a target thickness of 50 electron radiation lengths. Unlike the electron
missing momentum curve on the left panel, here the projections flatten at low mediator masses because the radiated particle –
in this case a Z0 from Eq. 2 – is now lighter than the beam particle. Note that even a modest Phase 1 experiment with a muon
test beam could cover the green band for which a muon-philic mediator resolves the (g�2)µ anomaly. 25

HCAL

ECAL

Beam

χχ

E
recoil

 < ¼E
beam

(a) (b)

FIG. 15: Conceptual schematic of a signal process (a) and dominant background (b) processes.

final state. This occurs at a relative rate of ⇠ 10�3 per incident hard photo-nuclear reaction (on W),
but these usually have a hard charged pion or proton in the final state. Thus, the region of phase
space where the MIP is soft and invisible poses the largest threat of producing a background, and
this is expected at the ⇠ 4 ⇥ 10�4 per hard photo-nuclear interaction (on W). Per incident 4 GeV
electron on Tungsten absorber, this corresponds to ⇠ 10�8 in relative rate. For a benchmark of
1 ⇥ 1014 electrons on target, we would face up to ⇠ 106 events with a single hard forward neu-
tron and very little else in the ECAL (other than the recoil electron). This drives the performance
requirement of the hadronic veto – we require better than 10�6 neutron rejection inefficiency in
the few GeV energy range. In practice, an HCAL veto meeting this requirement is also suffi-
ciently sensitive to muons to veto the remainder of the photon conversions to muon pairs (and by
extension, pion pairs). Moreover, this level of inefficiency provides a great deal of redundancy
against potential failures of the ECAL veto with respect to photo-nuclear, electro-nuclear, or MIP
conversion events.

Figure 4. Experimental concept for missing momentum experiment where signal is produced via dark bremsstrahlung in the
target (left) and example background photonuclear and photon conversion processes are shown (right).

hard photon, in this case, could simply pass through the detector without being observed or could initiate secondary reactions in
which the photon converts to muon pairs or undergoes photo-nuclear scatters, which yield other undetected SM particles. We
note that even for the required statistics of the full experiment with 1016 EOT, irreducible backgrounds from neutrinos produced
in SM Møller and CCQE processes are negligible.

The detector concept is illustrated in Fig. 5. The tagging tracking system and the target are housed inside of a 1.5 T
dipole magnet while the recoil tracker is in the fringe magnetic field. These provide robust measurements of incoming and
outgoing electron momentum. The tracking systems not only enable missing momentum to be calculated, but allow for critical
handles, such as the angle of recoil electrons, that will be important for characterizing any potential signals. The ECal is
surrounded by the HCal to provide large angular coverage downstream of the target area to efficiently detect by products
of target interactions which are critical to discriminating signal from SM backgrounds. The overall cost of the project is
kept manageable by leveraging existing detector efforts and expertise. The total project cost with M&S and labor, including
contingency, is preliminarily estimated to be less than $10M US.

To achieve the performance required for the necessary statistics, the main detector elements are a tracking system with good
momentum resolution, a radiation-hard, high energy and position resolution electromagnetic calorimeter, and a high efficiency,
wide-angle hadronic veto system. The whole experiment needs to operate with a beam repetition rate of at least 50 MHz and
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Figure 2. Dark matter production in lepton-nucleus fixed-target interactions. Here a & 10 GeV beam electron (or muon)
scatters coherently off a stationary nucleus N and produces DM particles either from a contact interaction with virtual mediator
exchange (left) or in a cascade (right) where an on-shell mediator is radiated first and then decays to DM pairs. Unlike other
radiative reactions which produce SM particles, as long as the mediator is heavier than the beam particle, this process typically
imparts a large fraction of the incident beam momentum to the radiated DM system. In a missing momentum experiment, the
beam energy is measured both before and after interacting with the target material, so any large difference between these
quantities without any additional visible activity downstream constitutes a signal event.

scale dark photon, which couples equally to all lepton species, which could be responsible for the (g�2)µ anomaly [20, 21].
However, all such tests to date have been performed with electron or proton beams.

A muon beam, though, allows for a model-independent test of light new physics contributions to (g�2)µ . Specifically, if a
single new particle X with mX < mµ is responsible for the deviation in the measured value of (g�2)µ from the SM expectation,
it must couple directly to muons, and thus X can be radiated from a muon in a missing momentum experiment. This is to
be contrasted with the case of the dark photon, for which the assumption of equal couplings to leptons is model-dependent.
Furthermore, X must be either a scalar or a vector; fermions are forbidden from appearing in the (g�2)µ diagram at tree level
by angular momentum conservation, and UV completions of a theory of spin-2 or higher-spin particles with mX < mµ suffer
from extremely stringent experimental constraints.

As was shown in Ref. [18], a missing momentum experiment with a modest luminosity of 1010 muons on target can
decisively confirm or rule out a scalar contribution to (g�2)µ with mass less than 100 MeV, and a vector contribution with
mass less than 500 MeV. With the g�2 experiment at Fermilab expected to improve the experimental precision on (g�2)µ
significantly over the next few years, such a complementary experimental probe is timely. With a positive signal, it would
immediately point the way to MeV-scale new physics as the source of the longstanding (g�2)µ anomaly, and invite further
investigations of the connection to DM as described above.

3. Experimental Opportunities at Fermilab

In this section we present a concise version of the basic missing momentum experimental technique and a baseline detector
concept, focusing on a version of the experiment using electron beams called the Light Dark Matter eXperiment (LDMX).
The conceptual design for this experiment is described in much greater detail in the LDMX white paper [22]. The LDMX
collaboration, who have developed and matured this experimental concept, consist of scientists from the following institutions:
Caltech, Fermilab, Lund University, SLAC, Texas Tech University, University of Minnesota, University of California Santa
Cruz, University of California Santa Barbara.

In Sec. 4, we will discuss extensions of the experimental and detector concept for a muon missing momentum experiment
and the associated beamline configuration using the Fermilab accelerator complex which is also further detailed in [18].

3.1 Experimental requirements and LDMX

The missing momentum experimental concept relies on a low current, high repetition rate beam where single incoming particles
can be individually identified. The experiment focuses on a 4-16 GeV electron beam and considers potential continuous
wave (CW) beamlines at JLab (CEBAF), SLAC (S30XL), and CERN (SPS). To achieve sensitivity to the cross section lower
bounds motivated by direct annihilation models discussed in Section 2, an integrated luminosity of 4⇥1014 �1016 is needed,
depending on the mediator mass and the target thickness. Integrated luminosities of 4⇥1014 are achievable with ⇠ 50 Mhz
repetition rate of single electrons. Higher integrated luminosities can be achieved by exploiting events with multiple electrons
per beam crossing spread over a sufficiently large beam spot and increasing beam energy and target thickness. The experimental
signature is an incoming beam particle that loses a significant fraction (>75%) of its momentum in the target, due to dark
bremsstrahlung production of dark matter, and no other energy is found in the detector. This is illustrated in Fig. 4 (left). The
primary backgrounds to this process are rare SM processes involving hard bremsstrahlung photon which is not detected. The
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scale dark photon, which couples equally to all lepton species, which could be responsible for the (g�2)µ anomaly [20, 21].
However, all such tests to date have been performed with electron or proton beams.

A muon beam, though, allows for a model-independent test of light new physics contributions to (g�2)µ . Specifically, if a
single new particle X with mX < mµ is responsible for the deviation in the measured value of (g�2)µ from the SM expectation,
it must couple directly to muons, and thus X can be radiated from a muon in a missing momentum experiment. This is to
be contrasted with the case of the dark photon, for which the assumption of equal couplings to leptons is model-dependent.
Furthermore, X must be either a scalar or a vector; fermions are forbidden from appearing in the (g�2)µ diagram at tree level
by angular momentum conservation, and UV completions of a theory of spin-2 or higher-spin particles with mX < mµ suffer
from extremely stringent experimental constraints.

As was shown in Ref. [18], a missing momentum experiment with a modest luminosity of 1010 muons on target can
decisively confirm or rule out a scalar contribution to (g�2)µ with mass less than 100 MeV, and a vector contribution with
mass less than 500 MeV. With the g�2 experiment at Fermilab expected to improve the experimental precision on (g�2)µ
significantly over the next few years, such a complementary experimental probe is timely. With a positive signal, it would
immediately point the way to MeV-scale new physics as the source of the longstanding (g�2)µ anomaly, and invite further
investigations of the connection to DM as described above.

3. Experimental Opportunities at Fermilab

In this section we present a concise version of the basic missing momentum experimental technique and a baseline detector
concept, focusing on a version of the experiment using electron beams called the Light Dark Matter eXperiment (LDMX).
The conceptual design for this experiment is described in much greater detail in the LDMX white paper [22]. The LDMX
collaboration, who have developed and matured this experimental concept, consist of scientists from the following institutions:
Caltech, Fermilab, Lund University, SLAC, Texas Tech University, University of Minnesota, University of California Santa
Cruz, University of California Santa Barbara.

In Sec. 4, we will discuss extensions of the experimental and detector concept for a muon missing momentum experiment
and the associated beamline configuration using the Fermilab accelerator complex which is also further detailed in [18].

3.1 Experimental requirements and LDMX

The missing momentum experimental concept relies on a low current, high repetition rate beam where single incoming particles
can be individually identified. The experiment focuses on a 4-16 GeV electron beam and considers potential continuous
wave (CW) beamlines at JLab (CEBAF), SLAC (S30XL), and CERN (SPS). To achieve sensitivity to the cross section lower
bounds motivated by direct annihilation models discussed in Section 2, an integrated luminosity of 4⇥1014 �1016 is needed,
depending on the mediator mass and the target thickness. Integrated luminosities of 4⇥1014 are achievable with ⇠ 50 Mhz
repetition rate of single electrons. Higher integrated luminosities can be achieved by exploiting events with multiple electrons
per beam crossing spread over a sufficiently large beam spot and increasing beam energy and target thickness. The experimental
signature is an incoming beam particle that loses a significant fraction (>75%) of its momentum in the target, due to dark
bremsstrahlung production of dark matter, and no other energy is found in the detector. This is illustrated in Fig. 4 (left). The
primary backgrounds to this process are rare SM processes involving hard bremsstrahlung photon which is not detected. The

Signal scales as production only =  (coupling)^2

Best for invisible
Particles

~Electrons (few GeV):
electron missing momentum

electron beam dump

DM searches 

Dark sectors 

e-N scattering for ν 
cross sections

DM + mediator searches

say, 5% of LBNF flux



Muons

01/17/2019

Muon Missing Momentum

�23
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Figure 2. Experimental schematic. The incoming muon beam passes through a tagging tracker in the

magnetic field region before entering the tungsten target. Outgoing muons are detected with a recoil tracker,

with the magnet fringe field providing a momentum measurement. Electromagnetic and hadronic calorimeters

veto on photons and hadrons produced in hard interactions in the target which could lead to significant muon

energy loss.

interactions, and V is identified as the gauge boson of this new U(1). Such models are inaccessible
with both traditional WIMP searches [19–25] and to most of the emerging sub-GeV dark matter
search program, which consists of of new direct detection [26–39] and fixed target experiments
with electron [12, 13, 40–43] and proton beams [16, 44–51]; for a review and summary, see [3].

We emphasize that M3 Phase 1 can be completed with minimal modifications to the Fermilab
muon source and with only a few months of data-taking. A null result would decisively exclude any
new-physics explanation of the (g � 2)µ anomaly from invisibly-decaying muon-philic particles below
100 MeV. Phase 2 is comparable to the CERN SPS proposal, and in this paper we focus specifically on
the advantages of pairing such an experiment with the lower-energy Fermilab muon beam, highlighting
the relevance of this search to the thermal DM parameter space. Furthermore, both phases could be
implemented as muon-beam reconfigurations of the proposed LDMX experiment with few additional
modifications.

This paper is organized as follows. In section 2 we review the physics motivation for our benchmark
models; in section 3 we discuss the characteristics of signal production; in section 4 we describe the
basic experimental setup and relevant background processes; in section 5 we describe the necessary
detector and beam properties; in section 6 we describe the projected sensitivities of our Phase 1 and
Phase 2 proposals; finally, in section 7 we o�er some concluding remarks.

2 Physics Motivation

In this section we present the physics motivation for invisibly decaying muon-specific scalars S or
vectors V . We begin by reviewing the contributions of vector and scalar particles to (g � 2)µ, and
then present a concrete benchmark model with a muon-philic gauge interaction which can be coupled

– 4 –

Figure 6. Experimental concept for a missing momentum experiment with a muon beam.

The basic principle for a muon fixed target missing momentum experiment is similar to the electron beam concept. The
beam provides individually identifiable muons incident on a target. The muon has a measurable incoming momentum and loses
a significant amount (>40%) of its momentum leaving the target. There are three main differences in the detector concepts for
LDMX-M3:

• Due to its mass, the muon has a significantly smaller probability of interacting in the target, therefore, the target region
itself can be much thicker. A thicker target region leads to higher signal process rates with less overall statistics for
muons on target. The total signal cross-section is linearly proportional to both the number of incident particles on target
and the thickness of the target. For LDMX-M3, a 50 X0 target was proposed which is roughly 500 times thicker than for
an electron beam.

• The precision measurement of the muon comes purely from particle tracking and not from any calorimetric information.
To build a reasonably-sized detector similar to LDMX with an electron beam, the incoming muon beam energy should
be roughly 10s of GeV. This allows for a ⇠meter long tracking system with a long enough lever arm to reach a desired
precision while still allowing for large angle coverage of a hadronic veto system. The compactness of the detector is to be
contrasted to a proposal for a muon beam fixed target experiment at the CERN SPS [19, 23], which uses a higher-energy
muon beam and requires a correspondingly longer lever arm.

• To reach the full desired luminosity of 1013 muons on target, the experiment will require tracking information to be
included in the trigger system. This extra capability is not envisioned for the electron beam version of LDMX.

A detector concept which encapsulates the above considerations is illustrated in Fig. 6. The target area is envisioned to be
the same detector technology as the ECal which has high radiation tolerance and can track the muon through the target while
identifying deposits of energy from final state photon radiation or inelastic nuclear interactions. The dimensions of the detector
allow for sufficient measurement of the incoming and outgoing muon momenta. While there are some significant changes to the
LDMX detector for LDMX-M3, essentially all of the technology required is the same and could be developed simultaneously.

The other major component to LDMX-M3 is the muon beam itself. Through discussions with accelerator complex experts
(M. Rominsky, A. Watts, J. St. John) at Fermilab, we have identified a candidate for the muon beam which facilitates a staged
approach to understanding the muon beam performance. Muons are produced from 120 GeV protons delivered by the Main
Injector. Protons are extracted in 4.2s spills over a minute time span and are incident on a production target which produces a
mixture of pions, electrons, protons, and kaons. Muons ranging from 10-30 GeV of energy are produced from the decays of
32 GeV pions; the particle beam is >80% pions at that energy [24]. Controlling the pion contamination at the level which we
require is achievable with a hadronic absorber.

The portion of the Fermilab accelerator complex relevant for the muon beam is illustrated in Fig. 7. We consider a first phase
(Phase 1) of the experimental program which uses the test beam in muon mode and can optimistically deliver approximately

Muon is a MIP so thicker and active 
target can make up for lower 
number of particles on target

In high muon flux scenarios, a  
tracking trigger is likely needed
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Exploring opportunities to bring all world leading μ CLFV channels to FNAL

see talk by Krnjaic

see talk by Gaponenko
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• Going beyond 2.4 MW for DUNE is also desirable. MI may be next 
limitation.

• The beam energy at LBNF, 60-120 is optimized given MI capabilities. 
• Booster replacement planning should also consider the long term plan.  

• Questions for a beyond-MI era: 
• Can DUNE achieve its long base line physics goals at < 60 GeV?      

With other beam timing structures?

Thinking ahead: Beyond the Main injector (MI)

PIP II (800 MeV)

(under construction)
and/or to DUNE

• Does this provide a simpler path to beyond 2.4 MW? 
• What are possible accelerator technologies and time structures?
• What are target limitations?
• How would these affect other DUNE physics?

“HE Booster Replacement”

E=?
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This is an ongoing inquiry.  
We are in discussion with accelerator experts and with DUNE physics 

coordinators to understand what DUNE’s “green field” needs are, in order to 
inform accelerator planning.
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• Two working groups have begun considering Fermilab’s 
Booster Replacement.
• Accelerator: a set of options for booster replacement and MI 

upgrades are considered.
• Physics: A diverse menu of physics options is being drawn up 

to inform the accelerator design.
• Physics’: Set the boundary conditions for future planning. 

What are DUNE’s needs in a post MI era?                                        
(inquiry in progress)

                                            
• The choices made now will affect generations of HEP. We 

would like to make informed choices and maintain plenty of 
options for exciting physics. 

Conclusion
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