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u 1) Most promising option for lepton colliders especially at the
high-energy frontier => Unique opportunity to reach the highest energy

u 2) Challenging but no showstopper identified so far

u 3) A 3 TeV MC, as a first stage (offering already very good
physics possibilities), could be operational by 2045 => 10+ TeV
(reason to do muon collider) afterwards with more advanced technology

u 4) You are all welcome to participate to the promising and
challenging R&D about muon colliders within the frame of the new
forming International Muon Collider Collaboration (IMCC)!

=>	Go	to	https://e-groups.cern.ch/e-groups/ and	search	for	
groups	with	“muoncollider”	to	subscribe	to	the	mailing	lists!	
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u Muon colliders have a great potential for high-energy physics. They can
offer collisions of point-like particles at very high energies, since
muons can be accelerated in a ring without limitation from
synchrotron radiation

u However, the need for high luminosity faces technical challenges which
arise from the short muon lifetime at rest and the difficulty of
producing large numbers of muons in bunches with small emittance

u Addressing these challenges requires the development of innovative
concepts and demanding technologies
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recommended to integrate an international design study for a muon
collider in the European Roadmap for accelerator R&D
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u Many physics
studies

u A MC at 3
TeV offers
already very
good physics
possibilities
(compared to
CLIC)!
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u In time for the next ESPPU update, the study aims to establish whether
the investment into a full CDR and a demonstrator is scientifically
justified

u It will provide a baseline concept, well-supported performance
expectations and assess the associated key risks as well as cost and
power consumption drivers

u It will also identify an R&D path to demonstrate the feasibility of the
collider
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u MAP = Muon Accelerator Program (US)

u Led by Mark Palmer between 2010 and 2017

u MAP webpage: https://map.fnal.gov/ (not accessible anymore since few
months). See also JINST Special Issue on Muon Colliders in 2020
(https://iopscience.iop.org/journal/1748-0221/page/extraproc46)

=> The current muon collider baseline concept was developed by the
MAP collaboration, which conducted a focused program of technology
R&D to evaluate its feasibility

Introduction:
MAP
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u MICE = Muon Ionization Cooling Experiment collaboration (UK)

u MICE webpage: http://mice.iit.edu/

u MICE demonstrated the principle of ionization cooling that is
required to reach sufficient luminosity for a muon collider
=> M. Bogomilov et al. Demonstration of cooling by the muon ionization cooling experiment. Nature,
578, 2020
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u LEMMA = Low EMittance Muon Accelerator (INFN)

u The MAP scheme is based on the use of a proton beam and it is the
baseline for the collider concept being developed by the IMCC

u The LEMMA alternative approach uses positrons to produce muon
pairs at threshold => D. Alesini et al., Positron driven muon source for a muon collider, 2019

u Difficulty to achieve high muon beam current and hence competitive
luminosity => Novel ideas are required to overcome this limitation

Introduction:
LEMMA
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u Muon Beam Panel
§ Chair: Daniel Schulte (CERN)
§ Co-Chair: Mark Palmer (BNL)

=> See more info at https://muoncollider.web.cern.ch/organisation

u MBP works with collaboration and community meetings
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MAP collaboration

High (few MW) beam 
power, short (1-2 ns) 

bunch length, low (5 Hz) 
RepRate on a Target

Full chain and associated main challenges
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Final Cooling 
limited by highest achievable 

B for solenoids: 
30 T => ~ 50 T?
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=> RF gradient for 
muon survival in MV/m 
range with dB/dt of few 

kT/s
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MAP collaboration

Full chain and associated main challenges
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MAP collaboration

Full chain and associated main challenges



E. Métral, SUSY 2021 conference, online, 23/08/2021

Muon production and cooling

20

Nature Physics, 17, 
pages 289–292 (2021)



E. Métral, SUSY 2021 conference, online, 23/08/2021

Muon production and cooling

20

Nature Physics, 17, 
pages 289–292 (2021)



E. Métral, SUSY 2021 conference, online, 23/08/2021 21

Energy and luminosity goals for the IMCC 



E. Métral, SUSY 2021 conference, online, 23/08/2021 21

Energy and luminosity goals for the IMCC 
Tentative	target	parameters	
Scaled	from	MAP	parameters

Parameter Unit 3	TeV 10	TeV 14	TeV
L 1034 cm-2s-1 1.8 20 40

N 1012 2.2 1.8 1.8

fr Hz 5 5 5

Pbeam MW 5.3 14.4 20

C km 4.5 10 14

<B> T 7 10.5 10.5

εL MeV	m 7.5 7.5 7.5

σE /	E % 0.1 0.1 0.1

σz mm 5 1.5 1.07

β mm 5 1.5 1.07

ε μm 25 25 25

σx,y μm 3.0 0.9 0.63

Target	integrated	luminosities

Note:	currently	consider	3	TeV
and either	10	or	14	TeV

• Tentative	parameters	achieve	
goal	in	5	years	

• FCC-hh to	operate	for	25	years
• Might	integrate	some	margins
• Aim	to	have	two	detectors

Now	study	if	these	parameters	
lead	to	realistic	design	with	
acceptable	cost	and	power

Comparison:
CLIC	at	3	TeV:	28	MW
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• Might	integrate	some	margins
• Aim	to	have	two	detectors

Now	study	if	these	parameters	
lead	to	realistic	design	with	
acceptable	cost	and	power

Comparison:
CLIC	at	3	TeV:	28	MW

Muon lifetime [turn] 2078 3117 3117
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Timelines and milestones

u Interim report already sent to LDG, as foreseen

u 20-21/09/21: SPC / Council => LDG presents interim report to Council
(findings, complete R&D list, internal priorities, resource estimates)

u 06-08/10/21: 3rd and last muon community meeting of the year

u 06-07/12/21: SPC / Council => LDG provides final report (to be
finalised before) to Council (hoping to gain approval)

23
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A technically limited timeline 
for 3 TeV construction by 2045
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u The muon collider is based on novel concepts and is not as mature as
some other lepton collider options such as ILC and CLIC

u However, it promises a unique opportunity to deliver physics reach at
the highest energies on a cost, power consumption and time scale
that may improve significantly on other proposed colliders

u Previous studies, in particular the MAP study, have demonstrated
feasibility of the facility across the parameter range required

u A number of proof-of-principle experiments and component tests
have been carried out to practically demonstrate the underlying
technologies
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Conclusion and next steps

u The Muon Beam Panel has identified a viable baseline parameter set
and a development path that can address the major challenges and
deliver a 3 TeV muon collider by 2045

u Ongoing developments in underlying technologies will be exploited
as they arise in order to ensure the best possible performance

u This R&D effort will allow the next ESPPU to make fully informed
decisions

u Based on these decisions a significant ramp-up of resources could be
made to accomplish construction by 2045 and exploit the enormous
potential of the muon collider
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Thank you
for your attention
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Quite some challenging 
and interesting work ahead of us!

28


