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Outline

A USMCC Formation and Next steps

A Engagement with IMCC and ESPPU process

A Recap of challenges, R&D plan and US activities
A Upcoming meetings and outreach activities

A Summary
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Highlights of Muon Collider Physics
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Multi-Higgs Factory

ESPPU Muon Collider Report
Arxiv: 2504.21417
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Unprecedented reach for New
Physics due to combination of
energy+precision

ESPPU Muon Collider Report
Arxiv: 2504.21417
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Opens door for studies of
new SM phenomena such
EWK symmetry restoration

R.CapdevillaT. Han
Arxiv. 2412.12336
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Statements from the P5 and NAS panel reports

P5: Although we do not know if a muon collider is ultimately feasible , the road
toward it leads from current Fermilab strengths and capabilities to a series of

proton beam improvements and neutrino beam facilities , . ... At the end of the
path i s an unparal |l el e dhisgsloar maohshétaci | i t

NAS EPP Recommendation1: The United States shoul d
highest -energy elementary particle collider around the middle of the century.

This requires the immediate creation of a national muon collider research and
development program to enable the construction of a demonstrator of the key new

technologies and their integration.

2% Fermilab



The USMCC

Core Purposes

Define necessary work for rith panel
Design a US demonstrator
Ratified a charter

Engage with the international community on May 8, 2025

Create a longterm vision for Fermilab that lea Elegteldéfadership
to a muon collider on -ty

Build on a theordriven physics case

£ Fermilab



https://drive.google.com/file/d/1y5Z5OHoUTwrPT8yMk7YV4Ch98EswjqoJ/view

USMCC Demographics

A Currently have 244 members from 81 institutions USMCC
A Please join - email Sergo+Tova

Position Area

Theoretical Accelerator
0.8% 15.7%

Staff Scientist

0.4% Experimental
Undergraduate 4.1%

3.3% N Theoretical
Postdoc 17.8%

Lab Scientist
23.0% Graduate

Experimental
55.8%

£ Fermilab



USMCC Elected Leadership

Vice Chair Communications

USMCC

A Formation of a broader
Leadership Strategy Group
(LSG)

Tova HolmegUTK) Kiley KennedyPrinceton)

Experiment Theory

A Welcome feedback from the
collaboration about how we
can serve you better LINK

DiktysStratakiSFNAL) Simone PagaGriso(LBNL) Patrick Mead€SBU)
2= Fermilab


https://docs.google.com/document/d/1OapvCTy7CKIXcjGbt2PIkeqdlyDLWHBkZz1ZCvlQE8M/edit?usp=sharing

USMCC Communications Plans and Priorities

Broad Public Outreach l@) muoncolliderusve @ =

Active social media (follow N
Programs/curricula foQuarkNet AAPT you US Muon Collider Collaboration
Presentations/demos at schools, especially in local Fermilab area @ T W M
&
Governm ent Re'ations and Advocacy exploring the biggest mysteries of the universe at the
) smallest scales 2% &% A%
Develop and update advocacy materials @ muoncallider.us
Expand participation in the annual HEP DC Trip ( editprotie ) shareprotie (2]

Continued close collaboration with agencies

CrossDisciplinary Communication
Clear communication across technical areas (theory/accel/exp)
Strengthenpartnershipswith industry

Bolster physics case that appeals to rmntlider/non-HEP physicists

If you are interested in getting involved, please reach out to Kiley & Larry
(kileykennedy@princeton.eduLawrence.Lee.Jr@cern.ch

£ Fermilab


https://www.aapt.org/
mailto:kileykennedy@princeton.edu
mailto:Lawrence.Lee.Jr@cern.ch

Thank you!

A To everybody who helped us to guide the US effort from Snowmass/P5 to thi
stage:D. Acosta (Rice), @pollinari(Fermilab), A. Apresyan (Fermilab), S. BelomestnykhlSMCC
(Fermilab), M. Begel (BNL), S. Berg (BNL), P. Bhat (Fermilab), K. Black (Wisconsin), P. Chang
(Florida), CCesarott{MIT), N. Craig (UCSB), M. Convery (Fermilab), S. Cousineau (ORNL), A.
De Gouvea (NW), K. DiPetrillo (Chicago), J. Eldred (Fermil&e)r&cin(LBNL), M. Franklin
(Harvard), M. GarcigceiveregLBNL), S. Gessner (SLAC), S. Gourlay (Fermilab), T. Han
(Pittsburgh), Matheus Hostert (lowa), W. Hopkins (ANL), M. Kumar (BNL), L. Lee (UTK), Z. Liu
(Minnesota), T. Luo (LBNL), N. Mokhov (Fermilab), E. Nanni (Nb4&ijs&/(BNL), M.

Neubauer (UIUC), I. Ojalvo (Princeton), M. Palmer (BNL), K. Pedro (FerRel&mdine

(Fermilab), SPrestemofLBNL), E. Prebys (UC Davis), Ben Rosser (Chicago), {Kesaddn
(Fermilab), E. Snively (SLAC), Z. Tabrizi (Pittsburgh), C. Tully (Prin¥etem)(F&U), K.

Yoneharadd Fer mi Il ab), D. Wood (Northeastern), and

We look forward to continuing to work with you !

£ Fermilab



1<%, U.S. DEPARTMENT OF

C u rre nt Fu nd in g ALFRE§SLOAN %ZXgII#DATION ENERGY

FOUNDATION ‘ Office of Science
‘)

SIM NS X ‘
reseARCH cORPORATION €D N
3

FOUMNDATION for SCIENCE ADVANCEMENT

At the labs At the universities

4 Fermilab demonstrator (LDRD)\ 4 A

Princeton/Chicago/Tenness&ec+Expfor MuC
(Simons Foundation)

Fermilab future collider software
(LDRD)

Brookhaven collider R&ORCS Tennessee Fellowships (Cottrell x2, Sloan)

designand cooling cell (LDRD) UCSB/Princeton/Northeastern/UTK Interdisciplinjry

. Seminar Series (Kavli Foundation
LBNL future collider detectors ( )

(LDRD) + start-ups, internal funding, and fractions of bas
- rants/ECAs/CAREERs
SLAC higlfield RF test stand J

\¥ (GARD) ,/ \& \\_ also at labs 4/
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IMCC and US Engagement

A International Muon Collider R&D activities are led

and coordinated by IMCC
Very active community since 2020
Over 50 institutions signétbC

Funding in Europe comes from CERN + EU grant + ¥

smaller pots from member institutions

A us physicists have been actively engaged with

IMCC
US representatives in IMCC leadership
7 Universities signédoG more in the pipeline,
we encourage you to sign it!
DOEOS CERN collaborative agreement in
progress, that will enable labs to official join

A Will revisit IMCC organization in the future,
following ESPPU and USMCC ramp up

2025 IMCC Annual meeting
DESY

181 contributions showing new
results across accelerator,
experiment, theory

A 20% Us participants

2% Fermilab



IMCC Input to European Strategy Process
arxiv:2504.21417

0 The IMCC submitted input to the European Strategy Process
3 A comprehensive documémter 400 pagessummarizing technical progress - L.
made, future R&D plans, and timeline towards the collider realization ————
3 While IMCC is currently focusing on the giieeld design, both US and CERN
sites for the demonstrator and the final facility are mentioned and discussed Tt e of e dn i i

Abstract
Muons offer a unique oppertunity to build a compact high-energy electroweak

The Muon Collider

collider at the 10 TeV scale. A Muon Collider enables direct access to the un-

0 The US is heavily involved in this effort: _ _ ‘ _ ety et kg o
3 Core editorial team for IMCC: Federico Meloni (chair), Chris Rogers (deputy chair), — rh————"
Kevin BlagkChristian CarlSteve Gourlgysergo Jindariaftobertd_ositp Donatella e e e e

pe of particle colliders, engaging

LucchesPatrick MeadetliadVietral Simone Pag&risg Nadia PastroneDaniel
SchulteDiktysStratakisRebecca Taylor, Andrea Wulzer

nunity.

icle Physics Update and later the Particle
n Panel in the US requested a study of the
s being carried on by the International Muon Collider
comprel document we present the physics case,

3 Many additional chapter authors from US: Artur Apresyan, Sé&ejeynestnykiscott et e g o e
Berg, Nathaniel Craig, Andre deouvea KarriDiPetrillg Jeff Eldred, Spencer
Gessner, Elian@ianfelice Timon Heim, Tova Holmes, Walter Hopkins, Sergei
Nagaitsey Emilio Nanni, Mark Palmer, Kevin Pedro, Katéogahara @ JC -

aaaaaaaaaaa

2 Fermilab,
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US Muon Collider Submission to ESPPU

0 A short 16pager summarizing US plans and strategy

0
0

Over 300 signatories
arxiv: 2503.23695

0 Main messages:

]

W (W (W

(W

Close collaboration between the two regions regardless of where the machine is eventua
realized (no region can do it alone!)

Advocates for strong and sustained support for Muon Collider efforts in Europe
Expresses interest in hosting the demonstrator and potentially the collider in the US
Outlines goals for USMCC and how it interfaces with international efforts

Supports DOEERN collaborative agreement on Muon Collider R&D

0 The main messages were propagated to the DPF national input document

13
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https://arxiv.org/pdf/2503.23695
https://arxiv.org/pdf/2503.23695

The Machine Concept at ~10 TeV

A The goal is to get to 10 TeV center -of-mass energy with L ~ 1035 cm2s-1

A Staging in energy (e.g. 3A 10 TeV) or in luminosity (ala LHCA HL-LHC) are
possible and being studied

high-energy
acceleration

collider
ring

low-energy
acceleration

-

muons

ions

+

target

cooling channel
particle
detector

2% Fermilab
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MO'- o
Muon Accelerator Challenges €in Valdirnir’ Challenging magnets in many
S

laces
Dense neutrino flux needs to ta”f P

be mitigated

high-energy
acceleration

Many technical challenges in designing the
muon source (proton driver, target, cooling
channel, etc)

low-energy collider
muons acceleration / fing
protons plons __ant-muo’® ,
hannel
et cooling ¢ |
- particle

detector

High-gradient RF for
fast acceleration

Beam-
induced
background in
the detectors

15

These challenges should not be seen as show-stoppers but rather luminosity and cost risks |
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lonization Cooling Demonstrator

proton  Target & i
ng modul . .
source  capture Diagnostics Cooling module Diagnostics

|
> _ [ X X - }

o m

Ore in
Dify
Vs ’s ta
Ik

Demonstrator, example configuration'

Muon Total length, | Total # of 6D emm. Beam loss,
B_max, T
energy, MeV | m cells reduction

Full scale MC ~980 ~820 2-14  x1/105 ~70%
Demonstrator 200 48 24 0.5-7 12 4-6%

Potential sites ;F‘ermlla:.ﬂ
being explored: &

10 kW option

CERN

2% Fermilab
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Demonstrator Site exploration

Long Baseline Neutrino ggyoster Neutrino  NuMI-MINOS 1 0.8- 2GeV protons from the PIP-II linac

Facility \C Beam (8 GeV) ~ Beam (120 GeV) 2 8 GeV protons from the Booster

(60-120 GeV) w2a & Muon Campus

s¢1b,2b, 3a 3 120 GeV protons from the Main Injector

Booster (8 GeV)  +%3b

Main Injector
(120 GeV)

- :
~ Switchyard

PIP-lllinac %, (120GeY)
Recycler (0.8 GeV) \Q
(8 GeV) \
*3c ‘A

s GOAL: Explore candidate sites for a Muon lonization Cooling Technology Demonstrator within Fermilab.
Compare available beam parameters, location, existing and needed infrastructure for each site.

s Two-year Fermilab LDRD approved to do this work!
3% Fermilab
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. Ora ;
Demonstrator staging €in Diktye.
S's
— . RF studies in B -fields talk
% cavity I Material studies & cryogenics
~
E coil 600-800 MHz NC cavity, with coils
making 10-14 T on axis
_ — Cell integration studies
O ! |1 [ Cell resembles late 6D cooling
(2}
I i e
o : 0, = Reuse components from Phase |
profon  Target& Cooling module _ Full demonstrator with beam
— source capt‘ure [‘)|agn05t|c5 | Dlagr‘lostlcs Coil duci 2107 "
= oils producing 7- axia
¢ p-I | E— 0 fews
S T meeee=ao= Potential to achieve 50% 6D
= [E-'-'-'-'-a] otential to achieve 50%

cooling

A Parameters may need to be adjusted

A Needs design studies for HTS coils under extreme forces (BNL LDRD, M.Palmer et al)
A Design of specialized RF cavities for the cooling channel i more in talk by %Ilpenrmilab

18
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Testing RF Cauvities in B field at SLAC

(E° X«T 22 $72° | z|
capabilities to include external magnetic fields

« Z

Measurements of the

field emission and Drawing of 5T

solenoid from

channel

-G

Ore .
In Em'ha -
alf

K 3Unigu& RFPSKurce and Rower

Handling Requirements for MC

A Leverage SLAC expertise in design
and fabrication of a wide range of rf

associated damage will c ficst sources i vty A
be used to benchmark ryomagneucsto . 1 =EThhiT
. . be delivered to A Design and |
our simulated field : Muon o e
: ) . g SLAC by January production of rf Colider X F | [ e
emi ssion i n SES 2026 ties [f 2 o
ACE3P code stite. Zi\é' ?ib;nsgﬁﬁz =" s | Vo (i
Test cavity geometries leadin E’ a g soanc,
and materials relevant fe ng Hpto 3 i
to muon cooling uture 2 L
demonstrator =
Ob-]lum single bear l Conti uous:!
Frequency, GHz
Benchmark high gradient results for frequency scaling with| Additional beam dynamics expertis

measurements at-8and and tband available at NLCTA

could be engaged for Machine Design

2= Fermilab



(()\ Magnet Developments LM%' i tage
Ucy S by
Developing technology relevant to a future Muon Collider AMegy, ( L‘I’De) ang

S)

Combined function or
higher field dipole

@b ‘e
.8 6@
§§® @@%

|||||

Muon collider
territory!

Major breakthrough inreducing training in

Nb;Sn magnets

A Training & operating margin are major
cost drivers

A Particularly relevant for future colliders

£ Fermilab
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US MDP Program Structure New Area

v

Improve tos |t | S0 | T | | e, [ oo
Accelerator Solenoids for
integration for Magnats Hybrid magnet integration HEP Magnet Designs
hybrid magnets
~ Magnet Performance
. Modeng | CpesEne | Aoaret || Comicn
Strengthen S Improvements
linkage between o S
technologies and
mag n etS Higher T / All-HTS IR & Combined Interfacing with Collider
Sustainability Function Magnets Studies
Area IV:
Exploratory Studies

2% Fermilab
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Bunch Compression Studies at SNS Mor, ;

A ORNL SNS resembles proton feb g s
driver and could probe relevant
space charge regime. )
A Experiments will test hardware S I I Rl

. ) = ] l l l [ HEB(T".;“.
limits, explore modifications for [rEmer o e swsa- s = =

lon Source

bunch compression. s LY
A Initial experiment at low charge ’

+ simulation benchmark are

10.0 10.0 10.0 10.0
75 Turn 300 75 Turn 530 75 Turm 660 75 Turn 1000
5.0 5.0 5.0 5.0
shown on the slide
" N 0 0.0 0.0 0.0
3\.0 [Mevjs ‘ -2.5 -2.5 -2.5
-5.0 -5.0 -5.0 -5.0
=75 =75 -7.5 -7.5
10.0 10.0 10.0 10.0
.02 ).02 2.02

5 0.0
ara

2% Fermilab
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Fermilab Sited RCS Studies More in ¢
bykyle alk

A BNL LDRD Includes Two Muon Collider Thrusts:
A Rapid Cycling Synchrotron studies for the Fermilab siting option
A Cooling Demonstrator module design studies (mentioned earlier)

RCS design for FNAL site

Total Survival Rate vs. Parton Center of Momentum Energy :
Lo X RCS 1 (extraction
RCS 2 (
RCS 3 (extraction
(
(

Highest current E w/
FNAL site is 5.42 TeV

extraction
[ J

£ 0901
RCS 4 (extraction)

RCS 5 (extraction)

£ 0.85

0.65 - ®
T T
10° 10!
Parton Center of Momentum Energy, v/3 [TeV]

Smallest current max ring

size forl0 TeMs 21.9 km

2% Fermilab
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A Successful 3+ day Accelerator school this
week with 70+ students

A Training clusters of new students in muon
collider accelerator R&D, e.qg.:

A 6 students based @&NALfor the summer
(Princeton, U Chicago, Wisconsin,
Tennessee)

A 4 students incorporated inBNLLDRD
(Stony Brook, Princeton, Tennessee)

A Interested in expandingummeprogram in
future yearsl needs funding for student
and expert time!

Muon Collider is an excellent motivator attracting ¢

new generation to accelerator .
g 2% Fermilab

24



Experimental Challenge o P

0 Beamlinduced Backgrounddictate detector
design and technologies
Working closely with MDI
Major progress isuppressingthe designers to assess and
backgrounds: mitigate BIB
3 Improving the Interaction Region design |
3 Optimizing shielding nozzles in forward region
3 4D detector technologies and developing novel
algorithms

O«

(@]

Fundamentally reducibleunlikepp the
backgrounds are owdf-time and largely not from S T TR
the IP photons, electrons, positrons

3 Can be mitigated with precision spatial and timing (0.0003% of a BIB event)
detectors and advanced algorithms

aF Fermiiap
25
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Detector Development MALA P
[2502.00181] 4900

0 Two design concepts (MAIA and 3500
MUSIC) for a 10 TeV detector: -
3 Good physics performance 2000
achievable with both :zz
3 One (MAIA) primarily developed s00f
by US institutions 950&430&300&200&1500 S 20603060 4360 500
3 Modern and Flexible Software and:“
Computing is Crucial! L e T e e
6 DetectoiR&D needed m R

3 With investmerghould be ready to ™.

b ] charged pion
maximize physics potential by the ——— ] '
time accelerator technology is ready S R e e T
R POWGI’S Truthp (GeV)
G. Penn
3¢ Fermilab
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https://arxiv.org/abs/2502.00181

Detector Technologies

p ST S S 3 8

27

|dentify promising technologies
Silicon based Sensor Technologiesry rapidly

developing aread from LGADs to Quantum detectors

PF and Dual Readout Calorimetry
Novel DAQ architectures

Many opportunities for contributions:

ASIC and Magnet need long lead time
Power Distribution

Readout

Mechanics and Assembly

Forward detector, Luminosity, PID

o I I I I

o[ns]

Talks

FNAL 120 GeV proton beam
i S SRS WA mn

ylva

BNL stri sensor BNL 4x4 pixel sensor (cross) HPK strlﬁs i r' §£<.4x4
o\
- )

!rnmm ST

di

Pixel sensors
11

— 90 S il
[} I T
2 F Varying active thickness for different boards |
§ 8o FNAL board UCSC board E
S 70F | + 20um (PH1) 4 20 um (PH1)
@ L |t 30um (PH2) i 30um (PH2)
é 60 | t 50um (PH3) } 50 um (PH3) -
50 -
40~ 4 3
F H E
30 ¢ . ]
20 ° 8y 3
10f- =
PSP N U U EPU SN N B |
80 100 120 140 160 180 200

Bias voltage [V]

1]

0.16 @/ndf  35/6
0.14 Prob 074
12F _ 17ps 33ps S
00 i T8t = Egev) ‘/E[GeV U
i T = E[GeV ;®14ps
Centra| crys(al serles Iayer J 1 _;

0 5 1 15 2 2.5 3 3 5 4 45 5

Eqep [GEV]



Muon Accelerator Synergies

CLFV Program

Dump

b :
Muon Beam L Mathe Y Carj
y

Proton Beam Dump

muons
anti-muons

protort, g

target

cooling channel

Precision Meson

28

lows€nergy

\

Short- and long-
baseline neutrino

programs

collider
ring

particle

acceleration Othe rs o ang

Very high energy
neutrino physics

2% Fermilab




Upcoming Muon Collider Meetings

A International Muon Collider Demonstrator workshop:

University of Milan, Italy, Nov 5-7th 2025, Indico will be available soon
A 2026 IMCC Annual Meeting:

CERN, June 22-26% , 2026
A 2026 US MCC Meeting:

planned at SLAC, dates TBD

A 2026 Muon Collider Accelerator School just starting to discuss i lessons learned
from the school this week

A Will also plan detector and generator tutorials in 2026

2% Fermilab
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Summary

A Muon Collider complex offers amazing physics opportunities.

A Requires significant global R&D program i US community iS ramping up

A Big challenges to solve across accelerator/theory/experiment - need people,
resources, creative ideas i please join the effort

A Stay in touch:
A Self subscribe to the mailing list
A Join the SLACK channel

2% Fermilab
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https://listserv.fnal.gov/scripts/wa.exe?SUBED1=usmcc-info&A=1
https://join.slack.com/t/usmcc-slack/shared_invite/zt-3ata0vsty-olkOCOTa7IftItBewPdtyw

Backup

31
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Theory progress since last year

A Community focus was on the European Strategy Update
A Many US theory participants were editors, chapter authors, PPG response contributors
for IMCC submission
A Continued exploration of BSM models at energy frontier and precision EW
studiestiext ending to exploration of pheno
restorationo

A Exploration of new opportunities specific to muon collider

A Fl avor physics i ohilicoperatarssbut can beexgowerfal probe fmrn
generic flavor operators by combining energy with precision

A High energy neutrinos with forward experiments could provide exquisite sensitivity for
CKM elements (even compared to FCC-ee) and unparalleled PDF measurements at
moderate to large x

A Many studies in progress adding more detailed background studies that will
allow better benchmarking for detector development

£ Fermilab



MDI Challenges

A Very challe_nging lattice design: | | S .

A Key points: momentum acceptance, alignment requirements

for IR magnets, IR magnet apertures vs achievable field
strength

A Combined optimizatioof the interaction region, the
nozzles and the detector

A Design, assembly, support, integration and alignment of
thenozzles and central beam chamber

A Important to start withlobal MDI integration studids
order to define space requirements and interfaces

33
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Muon Collider Needs: Accelerator Technology

A Optimal performance of a Muon Collider requires significant development in
several areas of accelerator technology, including:

I High Power Targets and Capture systems

A Ability to withstand large thermal and structural shock

A Large B superconducting magnets in high radiation environment h e O oo
I RF cavities:

A High gradient NC cavities for cooling that have to operate in multi-T fields

A High gradient SC cavities for acceleration that tolerate muon decay products

I Avariety of different Magnets:

A High-field solenoids for the Cooling channel Shielding * | g >
A Fast ramping dipoles for the muon acceleration :{
A High-aperture and field dipoles and quadrupoles in the collider ring Coil = t 0

-30 -20 -10 0 10 20 30

34 X (cm)



Muon Collider Needs: Accelerator End -to-end Design

A Muon Collider accelerator complex includes ~10 different sub-systems that are
tightly interconnected due to non-stable nature of the colliding particles

A Designs for various sub-systems exist:
I Developed by Muon Accelerator Program

I Refined or revisited by IMCC, considering new ideas and evolution of accelerator
technologies

A A full end-to-end simulation framework which puts all the sub-systems together in
a coherent fashion I s necessary in th

I Pin down performance of the machine in simulation

I Study and compare various configurations and trade-offs for further developments

2% Fermilab
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Muon Collider Needs: lonization Cooling

V / ',‘ _." .‘3 ‘ 6509 Magnetic field

u+ - U U 8 Zrlat‘tttance . s Sy ,-Absorber BT 2 0 -

/AA—:J\ Py o s i '.'_ ". } ih.i:lfue_a \6" Cavities
L ;

@ .
|—\ T ‘:1 ”

lonization cooling .
channels s

o

s A
. Electric field \@ @9
2 0

SV 89

Need to cool muons to S —
achieve target luminosity!

Each cell reduces emittance by ~1®épeat O(100) times = cooling channel

Not all cells |dent|cal

2% Fermilab
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Fermilab Accelerator Complex Evolution (ACE)

A Fermilab accelerator provides a variety of different beams to the user experiments

A Modernization and upgrades of the complex are ongoing or planned (more in

Sashaodos tal k)

* PIP-II Project replaces Linac

Long Baseline Neutrino ~ NuMI-MINOS . . s
Facility v.,  BoosterNeutiino oo cn Modernization/upgrades of complex
(60-120 Gev) ., Beam(8GeV)
. Muon Campus
== Linac (400 MeV)
Booster (8 GeV) * Reliability upgrades ACE-MIRT
Upgrades to

Main Injector
(120 GeV)

~~ = » Main Injector capabilities (cycle time)

Seres v
PIP-lllinae © %, (120GeV) 3

» Target Systems capability improvements

existing machines

J

Recycler (0.8 GeV) \Q <
\
'I Tevﬁa:tmn(_lTeV)0 \ * Booster replacement
. Sz 2p1L ) « New physics capabilities

37
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Can ACE provide the Proton Source?

Beam creation and Acceleration ! Accumulation and Compression i Transport | Target

Increasing Charge Density =

A Proton beam ranges for optimal performance :
i 1-4 MW @ 5-20 GeV,

T Narrow bunches 1-3 ns

I 5-10 Hz frequency

A Requires work to study bunch accumulation, compression and collective effects
to convert ranges into specific set of parameters

2% Fermilab
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PIP-Il as part of the Muon Collider Proton Driver

PIP-1l Project provides

A New SRF linac for injection into Booster at 800 MeV (present 400 MeV)

A New Beam Transfer Line (BTL) from Linac to 8 GeV Booster,

A Booster cycle rate upgraded to 20 Hz from 15 Hz

A Increased proton beam intensity at 8 GeV for 1.2 MW beam power from Ml

A The present PIP-1I linac current appears
too low for the MC Proton Driver

A There are ideas on how to adopt/adjust the
PIP-II linac design, but requires a detailed

study

2% Fermilab
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New Booster as part of the Muon Collider Proton Driver

A Past Booster Replacement designs focused almost entirely on DUNE needs
A Muon Collider adds a new goal for the ACE-BR design choices

A Need to evaluate compatibility with potential modifications for the PIP-II linac

2GeV Linac + 2-8GeV RCS 8GeV Linac + 8GeVAR

=l I ~ ,/‘\\ :

A ‘ | . _
Sketches of potential configurations for ACE-BR | > Fermilab
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Potential US timeline shown to P5

The timeline is slightly shifted (but not inconsistent) with IMCC timeline due to
US specific budgetary and resource constraints
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Resource Requestto P5 1 R&D Phase (first 7 year)

ccelerator-Lab

FTE cou

0| H
20 - - .

(o}
10 1 H

Year:1234567|

r

M&S ramp up to at least ~5M/year for the
accelerator and ~1.5M/year for detector R&D

Assumed equal contribution from Europe
to maintain the current R&D plan

Physics and Detector LakorDetailed profile for the Demonstrator Phase

0

Year: 1 2 3 4 5 6 7

(2030+) was not provided, only top-down
estimates were made

Work is ongoing with IMCC to develop such
profile
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Acceleration of Muons
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/\ High Energy Orbit

Half
Quad

Cold g Wam Warm B Cold
Dipole &  Dipole Dipole B Dipole

Low Energy Orbit

A Rapid Cycling Synchrotron accelerators

DC field Pulsedfrom 0 to 0

A Fast ramping magnets (up to 1000 T/s) accompanied with 16 T DC magnet

A Design of efficient energy sources with good power management (10s of GW)

for pulsed magnets is the key
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Collider Ring Needs
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IR region (high-B quads)

bend region (high-B

e — High-energy rapid
. cycling synchotron
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dipoles)

Matching Sectio Arccell

cCs ‘

Collider ring
(~10-km circumference)
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tungsten shielding + cooling
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NEWS | 08 August 2022 | Cc tion 11 August 2022

Particle physicists want to build the
world’s first muon collider

The accelerator would smash together this heavier version of the electron and,
researchers hope, discover new particles.

By Elizabeth Gibney,

Aradical new
particle accelerator
concept emerges. Call it physicists'

symmetry

p.1405

‘Thisi M
iIsisourMuon ...
Shot’ il

2022,

BCG vaccinati Steps toward regulati
cattle pp indoor air quality p

MUON SHOT

€he New York Times

Particle Physicists Agree on a Road
Map for the Next Decade

A “muon shot” aims to study the basic forces of the cosmos. But
meager federal budgets could limit its ambitions.

Bswetiance A [] les

A tunnel of the Superconducting Super Collider project in 1993, which was abandoned

by Congress. Ran Heflin/Associated Pre

a 9 By Dennis Overbye and Katrina Miller
¢

Published Dec. 7,2023  Updated Dec. 8, 2023
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in target decay
pions
| |

protons

muons
| .

Target vessel

"
5-40 cm

[35 cm

Graphite target

Tungsten Water (few cm) +

| absorber Boron carbide (1 cm)

20 Tsolenoid Tungstenshielding
GraphiteTarget to guidepionsandmuons ~ Toprotect magnet

A Thermal and structural shock on the target due 2-4 MW and short proton bunches
A Study different materials, shapes, size optimization, advanced target concepts

A Focusing magnet is challenging due to field strength, size and radiation load
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Cooling Cells

Early celf]ZTpéaﬁleasyO) Late celill1l4{T pedkhlar d o)
0.4 HLIH wedge 650 MHz coils 90
1.0 - LH wedge 395 MHz co\ils 0.3 . cavities /
- cavities E - _‘\\ ‘ L [ 40
| | Sy
- =013 v | F30 =
— 02 £ \ §
é - -, 0.0 =
> 00 -0.11 E 20 <
' 029 {+] \
/ v (10
034, |+ - \
-0.4 T T T -0
A0+ 0.0 0.2 0.4 0.6 0.8
0.0 0.5 1.0 1.5 2.0 2.5 z(m)

z (m)

A Large bore solenoidal magnets: From 2 T (500 mm IR), to 14 T (50 mm IR)
A Normal conducting RF that can provide high-gradients within a multi-T fields
A Absorbers that can tolerate large muon intensities

A Need to further optimize the design considering engineering constraints

aF Fermiiap
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BIB Challenges

A Beam background is one of the unique features/challenges of Muon Colliders
A 108 muon decays per meter Simulating the BIB is a computational challenge

A Machine-Detector Interface requires careful design optimization and engineering
studies
A Next step in evolution of detectors, hybrid of LHC and Higgs Factory needs. Requires

novel detectors - opportunities for innovative detector designs and technology!
2% Fermilab
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BIB Suppression

A The BIB is mostly low energy, out of time and not pointing to the Interaction
Point
A Some similarities with LHC pileup - can build on that experience!

Longer
time of flight

BIB large A » SIGNAL

Interaction Point BIB particle

//_\ 0 (tight) ~
beamspot

Z
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Detector Design

50

I radiation environment
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