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Overall goals and deliverables

LDG Roadmap deliverables (2026-2027):
• A Project Evaluation Report that assesses key issues to motivate investment into a CDR;
• An R&D Plan that describes a path towards the collider;
• An Interim Report by the end of 2023 that documents progress (done)

Will deliver a Project Evaluation Report and a tentative R&D Plan on March 31, 2025
Final versions at the end of MuCol February 2027

International Muon Collider Collaboration goal:
Develop high-energy muon collider as option for particle physics:
• Focus on 10 TeV feasibility
• Initial stage as option by ~2050 as strongly recommended by Steering Board and Advisory 

Committee, with required compromises
• Could later consider other energies
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European Strategy for Particle Physics 
Prepared set on inputs for ESPPU 
submission

• 10 pages main submission
• 350+ pages addendum

Sign-up if you support the project!

https://indico.cern.ch/event/1513450/ 

https://indico.cern.ch/event/1513450/
https://cernbox.cern.ch/s/q0VosgyWaxwyIBA


The physics 
programme
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Why are we excited?

The muon collider combines pp and ee advantages:
• High available energy for new heavy particles production
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Direct mass reach

SUSY and 
top partners

Scalar 
singlet

µµ annihilation
EW-charged particles up to Ecm/2

Vector Bosons Fusion
EW-neutral Higgs-Portal particles
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Minimal dark matter
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Amazing WIMP or minimal dark matter search programme

Only collider able to discover both 
Wino and Higgsino thermal targets

https://arxiv.org/abs/2102.11292
https://arxiv.org/abs/2405.08858
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Why are we excited?
2203.07256
2103.14043 

The muon collider combines pp and ee advantages:
• High available energy for new heavy particles production
• High available statistics for precise measurements (and no 

QCD background)
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https://arxiv.org/abs/2203.07256
https://arxiv.org/abs/2103.14043
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Exploring the Higgs potential
At 10 TeV, expect ~10x Higgses wrt e+e- Higgs factories, with nearly same S/B 
conditions

Total inclusive Higgs cross-section potentially accessible via Z-fusion processes



Page 10 | F. Meloni | The path to the muon collider | 14/3/2025

Why are we excited?
2203.07256
2103.14043 

The muon collider combines pp and ee advantages:
• High available energy for new heavy particles production
• High available statistics for precise measurements (and no 

QCD background)
• Can measure processes of very high energy
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https://arxiv.org/abs/2203.07256
https://arxiv.org/abs/2103.14043
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Why are we excited?
Energy helps accuracy 

Many discoveries came neither from new 
particle detection, nor from extreme 
precision, but needed energy

R. Hofstadter Nobel Lecture, 1961 

https://www.nobelprize.org/uploads/2018/06/hofstadter-lecture.pdf
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Heavy resonances
Reach on a new neutral current interaction mediated by a heavy Z′ 

• Discovery up to 100 TeV for SM-like EW gauge couplings 
• Exclusion up to 500 TeV for the maximal value of the gZ′ coupling
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EFT

Warsaw basis operators that grow with the energy and interfere with the SM in 
di-fermion and di-boson production
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Neutrinos!
2407.12450 

https://arxiv.org/abs/2407.12450


The R&D path
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Core muon collider technologies
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Technically limited timeline

“Don’t give us another collider in the 2070s”
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R&D key technical challenges
Challenges TRL today TRL goals 2036

Target solenoid (HTS) 5 6-7

Final cooling solenoid (HTS) 3 6

Cooling cell RF
Cooling cell solenoid (HTS)
Integrated in cell w/absorbers 

3
3 
4

6-7 for the three

Demonstrator To provide relevant conditions for cooling HW 
system tests, TDR by 2028-2030 

Pulsed magnets  (NC)
Integrated w/power converter
SC magnets (HTS)*

7 
4
3

7
6-7
5-6 

Collider ring NbTi
Collider ring Nb3Sn
Collider ring (HTS)*

7 
6 
3 

7
6-7
5

Acc. Design – S/E simulation, lattices**
Acc. Design – Imperfections, Collective 
effects**  

4
4

7-8***
7***

* Not needed for 3 TeV, ** To address performance (E/L), backgrounds, collective effects, ***After 5 years  

Slide from S. Stapnes
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Magnets

Main difference with other projects: solenoid R&D is relevant for society!
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Magnet R&D plans
Experimental programme is now 
essential 

Technology-driven R&D 
programme

• ReBCO tape identified as 
enabling technology

• Target solenoid - 20 T at 20 K 
model coil (20@20)

• 6D cooling - split solenoid 
integration demonstrator (SOLID)

• Final cooling - UHF solenoid 
demonstrator (UHF-Demo)

• Fast pulsed for RCS - magnet 
string and power systems 
(RCS-String)

• Nb3Sn dipole - wide-aperture, 
steady state Nb3Sn (MBHY)

• HTS dipole for accelerator - 
rectangular aperture (MBHTS)

• HTS dipole for collider - wide 
aperture (MBHTSY)

• HTS IR quadrupole - wide aperture 
(MQHTSY)

ReBCO tape tomography
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Muon beam cooling
Slide from D. Schulte
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Muon Cooling Demonstrator Programme

1. RF tests

2. One-cell 
module

4. Characterisation 
with beam

3. Five-cell 
module
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RF tests

Parameters defined (32 MV/m at 704 MHz)

• Started RF cavity designs
• Beam loading needs to be controlled

High-field RF gradients in solenoid field 
have been demonstrated at FNAL, test 
stand no longer exists

• Need new RF test stand urgently

Several hosts interested: CERN, INFN, 
Daresbury Laboratory, and SLAC

• INFN LASA started some funding
• SLAC is preparing test stand for 3 to 

1.3 GHz
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Cooling Cells

One-cell module

Test the operation of RF cavities in 
an operational magnetic environment

Five-cell module

Demonstrate integration of the 
solenoids, RF and other equipment

• Include weak dipoles to couple 
longitudinal and transverse 
emittances

• Thermal insulation
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Demonstrator with beams
Tests with beam in order to 
demonstrate commissioning and 
operation 

Demonstrator TDR for 2028-2030 
(Infrastructure TRL 7)

Add more modules to optimise 
technologies and performance 

CTF3 @ CERNTT7 @ CERN

BA1-TT10 @ CERN



Implementation
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Collider implementation

FNAL site also being investigated
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SPS and LHC tunnel re-use 

LHC could host up to 3.8 TeV beams, with hybrid RCS
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Summary

Why waiting for a muon collider?
We are not waiting, but working on it.

- F. Maltoni

The muon collider presents enormous potential 
for fundamental physics research at the 
energy frontier that justifies further investment

The road ahead is filled with challenging and 
interesting R&D, spanning across theory, 
accelerator and experiment!

Support the R&D programme in Venice!

Background image credit: L. Lee



Page 30 | F. Meloni | The path to the muon collider | 14/3/2025https://indico.desy.de/event/45968/ 

https://indico.desy.de/event/45968/


Background image credit: L. Lee

Thank you!

Contact

Federico Meloni 
DESY-FH 
federico.meloni@desy.de 
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TRL definitions

Below , the one the one proposed by the review 
committee - from NASA

On the right - also from NASA, more explanations, 
and includes SW

Next slide, DOE version, consulted
EU version (LINK), consulted 

Consistency good

Slide from S. Stapnes

https://en.wikipedia.org/wiki/Technology_readiness_level#European_Commission_definition
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TRL from DOE
Slide from S. Stapnes


