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European Strategy Update – June 19, 2020:
[] an international design study for a muon collider, as it represents a unique
opportunity to achieve a multi-TeV energy domain beyond the reach of e + e –
colliders, and potentially within a more compact circular tunnel than for a hadron
collider. The biggest challenge remains to produce an intense beam of cooled
muons, but novel ideas are being explored

2021
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Padova July 2018

Partecipants number to Muon Collider meetings 
shows great and growing interest
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o pp machines no limitations from synchrotron radiation
o e+e- machines nominal Ecm entirely available 

arXiv:1901.06150

A Muon Collider is a unique possibility of combining high 
energy with very precise measurements  
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Discovery reach
14 TeV lepton collisions are comparable to 100-200 TeV proton 
collisions for production of heavy particle pairs



o pp machines no limitations from synchrotron radiation
o e+e- machines nominal Ecm entirely available 

arXiv:1901.06150

A Muon Collider is a unique possibility of combining high 
energy with very precise measurements  

Parameter Target value

Ecm 3 TeV 10 TeV 14 TeV

ℒ 1.8 1034 cm-2 s-1 20 1034 cm-2 s-1 40 1034 cm-2 s-1

N 2.2 1012 1.8 1012 1.8 1012

arXiv: 2203.08033

3



A Muon Collider is a unique possibility of combining high 
energy with very precise measurements  
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Already at 2TeV a muon collider is the most efficient
option. Moreover, the luminosity increases linearly with
the center-of-mass energy and this drives a broad physics
case.



A Muon Collider offers a novel unprecedented physics program

o Higgs physics

o Beyond Standard Model 

o Muon specific opportunities
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At 3 TeV and L = 1 ab-1 high production cross sect (500k single Higgs)
High rates are accessible for multi-Higgs processes (expected 30k HH at 10 TeV and 10 ab-1)



A Muon Collider offers a novel unprecedented physics program

o Higgs physics

o Beyond Standard Model 

o Muon specific opportunities
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☛ R. Torre, BSM perspective on a Future Muon Collider



LHC

FCC

CLIC

MC
10 TeV

MC 3 TeV

A Muon Collider has a technically limited timeline

A development path that can address the major challenges foresees the delivery of 
a 3 TeV muon collider by 2045; more advanced technology needed for 10+ TeV

6



Proton drive production as baseline
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Key challenge areas - beam quality

• High-energy systems after the cooling (acceleration, collision, ...) 
• High-quality muon beam production 

• Full accelerator chain

Cost and power consumption drivers, limit energy reach
e.g. 30 km accelerator for 10/14 TeV, 10/14 km collider ring
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The progress in other
accelerator facilities will

also benefit the design and 
construction of the muon

collider in the future.
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key challenge areas - Impact on the environment 

Machine Induced Background impacts 
the detector, and might limit physics 

Neutrino flux mitigation 
and its impact on the site
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key challenge areas - Physics potential evaluation

detector concept and 
technologies to design 
experiments
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The main challenge to operating a detector is the fact that muons decay

µ" ⟶ e" %ν' ν(
interaction with machine components

secondary particles:
o charged hadrons
o neutral hadrons
o Bethe-Heitler muons
o electrons
o photons

BIB may degrade detector performance:
o shielding nozzles
o proper detector design 2021 JINST 15 P11009
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BIB particles are characterized by extremely large number and low
momentum

arXiv: 2203.07964
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1204.6721 1905.03725 2105.09116



1 MeV neutron 
equivalent fluence
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Geometry based on CLIC detector + tracker arXiv:1202.5940 [physics.ins-det] 
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Tracker is the closest detector to the IP and the most affected by BIB

Double Layer filter
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Tracker is the closest detector to the IP and the most affected by BIB

Conformal Tracking 
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Combinatorial Kalman Filter algorithm seeded using hit triplets
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Jet reconstruction is one of the most difficult reconstruction tasks

1. tracks reconstructed with CKF and filtered
2. calorimeter hits selected with hit time and energy
3. particles reconstructed with PandoraPFA algorithm
4. Pandora clustered into jets with kt algorithm
5. fake jets removed
6. energy correction applied
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Relative width
o H-->bb: 27% 
o Z-->bb: 29% 

20



21



BIB occupancy in the muon system is very low
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A Muon Collider is a unique possibility
for the future of high energy physics

o The Muon Collider offers a novel unprecedented physics program
o The biggest challenges are related to the beam quality and the impact 

on the environment
o Beam-induced Background represents the main challenge in designing 

the detector
o Detector requirements, performance and the physics reach of a 3 TeV

and a 10 TeV muon collider are under study  
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A timeline for the muon collider R&D programme.





Short, intense proton bunch Ionisation cooling of muon
in matter

Acceleration to collision 
energy

Collision

Fully driven by muon lifetime, otherwise would be easy

Protons produce pions
which decay into muons
muons are captured



Typical proton source parameters

MICE: Nature vol. 578, p. 53-59 (2020)



Total ionising dose









Requirements on spatial (~100μm) and time (<1ns) resolutions



On going R&D on sub-ns timing with MicroMegas and  eco-friendly gas mixtures



LEMMA scheme (INFN) P. Raimondi et al.

45 GeV positrons to produce muon pairs; accumulate muons from several steps

Excellent idea, but nature is cruel
Detailed estimates of fundamental limits show that we require a very large positron bunch 
charge to reach the same luminosity as the proton-based scheme
Þ Need same game changing invention
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Goal is to reduce to negligible level, similar to LHC
• 3 TeV, 200 m deep tunnel is about OK


