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Figure 1.1.1: Conceptual layout of the muon collider.
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Preface: Basis for Prioritization 4

 What is needed to:
« Bring each collider sub-system to a reasonable TRL

« Make the Muon Collider case to the community

Cooling performance
The impacts of off-site ionizing radiation

* Ensure that we understand the performance trade-offs required to build a
Muon Collider
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Preface: Comments &)

This presentation is inherently a very short high-level overview
focusing on the accelerator complex

Will try to highlight items that this panel should prioritize in its
requests for further information

Not meant to be truly comprehensive = rather to identify items that
should be US priorities
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Structure

« Scope for R&D (Facility, Sub-system, Technology, Beam
Physics,...)

« Description

 R&D Required

* Issues specific to potential Fermilab siting
« Potential Synergies

« Useful Materials

I(§ )
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Collaboration
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Proton Driver (1) A O

Scope for R&D: Proton Driver UGN Collder
. Provi_din%ha conceptual design for a proton driver bost.cooling

Collaboration US Muon Collider
PIPIII Collaboration

meeting the requirements for muon production — MAP  acceierator (22
parameters (nominal):
. H™ LINAC S
. 2-4 MW — (&
. 5-15 Hz (50-60 Hz for v Factory) L A S
. 6-8 GeV (5-15 GeV plausible) [IMCC focus on 5 and 10 GeV] =3 g TE 5 8K gg i
° ? e "] ﬁ ~&  Muon ARy
Accumulator/Compressor System H St & 8 ‘§ 2 s Collider
a = & g & g >
e 3« EF%3 w
£ ° g
. .
R&D ReqUIred ] ) Fig. 13. Layout of a muon-based multi-TeV MC.
. PIP-Il LINAC as presently implemented cannot achieve the
reqUIred MC parameters = upgrade Concept TABLE I. Proton-driver requirements. A proton kinetic energy
in the range 5 to 15 GeV has been shown to provide adequate
performance. The number of protons, beam radius, B*, and
geometric emittance correspond to the values for an 8 GeV
. . . roton beam.
. MAP chose to consider PIP-l1+ + PIP-Ill to provide a plausible 2
staging scenario (?roton u(%grades followe b?/ further Parameter Value
improvements mated to MC/NF front end implementation) —
inetic energy 5-15 GeV
Average beam power 4 MW
(3.125 X 10" protons/s)
«  Demonstration of a multi-GeV laser stripping system giﬂiﬁgfr;;fifdm 503HZ
. Design of fixed energY, large aperture, ~1-3x10% m circumference Total time for bunches 240 s
Buncher and Accumulator rings Bunch length (rms) 123 ns
~ oo More mature design of the “compressor” stage to deliver POT Beam radius 1.2 mm (rms)
k' BI‘DOkhaVEI'I Rms geometric emittance <5 pm 7
National Laboratory ,3* at target =30 cm
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UON Collider
Collaboration US Muon Collider
PIPIII Collaboration

Proton Driver (2) _ O

Issues specific to potential Fermilab siting
* Requires a rgbust analysis of the Fermilab

Accelerator Complex Evolution (ACE) options recetorator OB
* Needs significant focus to provide a plan to DOE
(upcoming review panel?) p—
+  Potential Synergies N

*  Would a ~2 GeV PIP-n implementation with space
for buncher and accumulator rings allow a staging
option for science:

Front-end

6D Cooling
Initial Cooling
Compressor  JJ))

Fig. 13. Layout of a muon-based multi-TeV MC.

; > TABLE I. Proton-driver requirements. A proton kinetic energy
‘ De“very Of ~5 Gev WOUld Support a range Of v in the range 5 to 15 GeV has been shown to provide adequate
faCtory pOSSIb”ItIeS performance. The number of protons, beam radius, B*, and
. geometric emittance correspond to the values for an 8 GeV
® USGfUl Materla|S proton beam.
 Project X Design Study Parameter Value
Presentation by S. Nagaitsev at ACE Science Workshop Kinetic energy 5-15 GeV
° MAP Concepts Average beam power 4 MW
(3.125 X 10" protons/s)
® IMCC Conce ptS: Repetition rate 50 Hz
Towards a Muon Collider ?”{“Tht‘?s pertran . 03
- otal time for bunches S
The Muon Collider — Supplementary report to the Bunch length (rms) Lk
European Strategy for Pariicle Physics - 2026 update Beam rad'b 12 (rms)
~ Kh ) fus . .2 mm (rms
kf BI'.DD aven Rms geometric emittance <5 pum 8
* National Laboratory B at target =30 cm
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https://arxiv.org/abs/1306.5022
https://arxiv.org/abs/1306.5022
https://indico.fnal.gov/event/59663/contributions/268296/attachments/168006/224826/SNagaitsev_MCProtonDriver.pdf
https://indico.fnal.gov/event/59663/contributions/268296/attachments/168006/224826/SNagaitsev_MCProtonDriver.pdf
https://arxiv.org/pdf/1808.01858
https://arxiv.org/pdf/1808.01858
https://doi.org/10.1140/epjc/s10052-023-11889-x
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1

Target Systems (&) O

k? Brool@i@tﬁgv for Particle Physics - 2026 update”

Scope for R&D: Target Solenoid and High-Power Target M

UON Collider

ollaboration US Muon Collider

Description: High field capture solenoid and multi-MW target options Collaboraton
R&D Required

‘ Magnet Design IIIII US-MAP LTS+resistive hybrid solenoid
. Proton beam delivery scheme i'

All-HTS solenoid

. Target Technologies i_

Helium cooling Muon/ Downstream
connections Inner vessel Outer vessel Beam window

Issues specific to potential Fermilab siting

. Can a relevant target demonstration be integrated with deployment
of a Cooling Demonstrator?

. Stronger engagement with the RADIATE collaboration is clearly

necessary to deliver target concepts s
Potential Synergies Target_

. Target development for an Advanced Muon Facility? pipe

Useful Materials
. HTS Target Solenoid and references therein
. “The Muon Collider — Supplementary report to the European

Target rod Target support structure

* National Laboratory 9
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https://arxiv.org/pdf/2410.16779
https://arxiv.org/pdf/2410.16779
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
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Initial Cooling and Charge Separator@

International

UON Collider

Col\aboratuon US Muon Collider
Collaboration

. Scope: Preparation of muon beams for the 6D cooling channel

. Description: Charge separation challenging given the large beam
sizes a Initial Cooling section needs to be retained at the start of the
cooling system

. R&D Required
. Dual-charge cooling can be provided by the MAP HFOFO snake

design
. Potential to do either gas-filled or discrete absorber scheme
. Issues specific to potential Fermilab siting
. Effective demonstration of a 6D cooling cell may require preliminary

beam preparation. A modest initial cooling stage to provide better
beam parameters and matching?

. Potential Synergies
. Improved beams for muon experiments

. Useful Materials
. HFOFO
. MAP Charge Separation Study

National Laboratory
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https://iopscience.iop.org/article/10.1088/1748-0221/13/08/P08013
https://iopscience.iop.org/article/10.1088/1748-0221/13/08/P08013
https://proceedings.jacow.org/PAC2013/papers/thpho19.pdf
https://proceedings.jacow.org/PAC2013/papers/thpho19.pdf

6D Cooling

Scope: 6D Cooling Channel Design and Demonstration
. Develop preliminary engineering designs for a 6D cooling cell and
. R&D Required

. Establish acceptable design parameters and operating limits

. Ensure that we can reliably evaluate the full physics performance of the
cooling channel

. Issues specific to potential Fermilab siting

. Proton-based beam testing of hardware in addition to demonstrator
testing with muons

. Opportunity to explore an alternative design strategy to the IMCC
proposal

. Potential Synergies
. Strong coupling to US MDP program
. Exploits US modeling capabilities for RF in magnetic fields
. Potential delivery of improved beams for a range of muon-based
experiments

. Useful Materials

. Rectilinear Cooling Channel
. Gas-filled Rectilinear Cooling
~ . IMCC 6D Cooling Concept (ESPPU Submission)
k' Brookhaven

Internat\ona\
UON Collider
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https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.18.031003
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.18.031003
https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09027
https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09027
https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09027
https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09027
https://edms.cern.ch/ui/
https://edms.cern.ch/ui/

Final Cooling

« Scope for R&D: Final Cooling and high field
solenoid demonstrations

» Description: Moderate aperture (r ~ 25 mm) very
high field solenoids i>40 T) of meter-scale length
represent the default design concept.

 R&D Required
« High field solenoid parameters
* Potential RF configurations
* Detailed design with full matching criteria to better
evaluate performance _ Matching coils
- Issues specific to potential Fermilab siting Longitudnal phase space A
«  Not significant in near term ASESISIBTaIEt

cavities
« Potential Synergies

« Strong coupling to high-field solenoid user magnet “‘

program at MagLab
Drift for developing energy-

e Useful Materials
¢ MAP Base“ne time correlations
« |MCC Final Cooling Concept (ESPPU Submission)
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https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.18.091001
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.18.091001
https://edms.cern.ch/ui/
https://edms.cern.ch/ui/

Acceleration ©

International
Scope: Accelerator Systems for the MC S

Collaboration

«  Description: Accelerator design studies, with an emphasis on
Fermilab siting

« R&D Required:

. Design issues:
. Injection/Extraction/Matching issues
«  Evaluate magnet designs — increasing the peak useful field has | |
tremendous leverage | I I T e T T
. Full accelerator system beam modeling s | | | | | | | | | | | | | | | | | | | | | | | | | e
«  Issues specific to potential Fermilab siting o
. Establishing a realistic collider CoM energy limit is critical ™
«  Potential Synergies )
. HTS-based fast ramping magnets at FNAL offer significant potential B i
. Evaluate implications for the fast-ramping power supply system )
*  Useful Materials \}
The Muon Collider — Supplementary report to the European Strateqgy for Particle ? 02
Physics - 2026 updaie 0 00
HTS Magnet Feasibility Tem
RCS2 in IMCC Baseline
k? Brookhaven
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https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://edms.cern.ch/document/3284682/1
https://arxiv.org/abs/2203.06253
https://arxiv.org/abs/2203.06253

Collider @Q

International
UON Collider
Collaboration

US Muon Collider
Collaboration

« Scope: Collider and Interaction Region
« Description: IR, BIB impacts, vs in straights
« R&D Required

« Interaction region design concepts
« Identify acceptable trade-offs for collider design

« Evaluate detector and physics performance

» Issues specific to potential Fermilab siting
« Evaluate site options for v exit locations

e
(1] \5/
. .
° Pote Nnti a| Syn e rg ies g e e e

« Can Fermilab become the world leader in
delivery of hlgh quality and high intensity muon
beams for a broad range of science?

o Useful Materials

« “The Muon Collider — Supplementary
report to the European Strateqy for
Particle Physics - 2026 update”

Mitigated Unmitigated
k? Brookhaven Collider Straight Section v-induced lonizing Radiation
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https://edms.cern.ch/document/3284682/1
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End-to-End Design and Beam Simulation 9

« Scope: Reference Design Report and End-to-End Simulation

« Description: Areliable end-to-end performance simulation based on an
approved baseline configuration is needed.

 R&D (and other) Required:

« Continued improvement to design tools
- Effort to address matching within and between all key systems

» Issues specific to potential Fermilab siting

«  Proton driver configuration and performance

« Establish an integrated design team that can interface closely with the IMCC effort and
provide site-specific options

Energy reach

Off-site radiation
Luminosity performance
Cost implications

* Potential Synergies
« Clarify options for future pn and v sources at various stages of the complex
« Create a full scientific basis for a US-based facility

k? Brookhaven
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Conclusion: Some Priorities O

International
UON Collider
Collaboration US Muon Collider

Collaboration

Fermilab Complex

a. Proton Driver parameters

b. Acceleration concepts and staging options

C. Synergies for staging

d. Evaluating the collider energy limits for the Fermilab site

Reference Design Development

a. Limits of acceleration stage energy reach at Fermilab
b. Site layout options to manage v radiation

C. Matching studies throughout complex

d. First end-to-end beam modeling

lonization Cooling

a. Engineering evaluation of a late-stage 6D cell
b. Technology evaluations and simulations
C. Continued effort on Initial through full 6D cooling design
d. Gas-filled channel option
. Interaction Region Design
a. Implications for physics
b. Implications for off-site impacts
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