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Motivation for a muon collider

A muon collider is the most efficient and effective way of achieving leptonic collisions at multi-TeV center-of-mass 
energies in a relatively compact circular machine.

Multi-TeV μ+μ− collisions will open the door to a broad and novel physics program, allowing 
high-precision tests of the Standard Model in a previously unexplored energy regime 
and enabling both direct and indirect extensive searches for new physics.

In particular, a multi-TeV muon collider provides an ideal tool for probing 
the properties of the Higgs boson with unparalleled precision.

   R. Taylor, "Muon Colliders and their future R&D" on July 7 in T13 – Accelerators for HEP

a muon collider combines
precision physics and

high energy reach

https://indico.in2p3.fr/event/33627/contributions/156199/


Higgs physics at a 10 TeV Muon Collider - EPS-HEP2025  -  July 11, 2025M. Casarsa 3

Higgs physics at a muon collider

H.A. Ali et al., 2022 Rep. Prog. Phys. 85 084201
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High production rates of Higgs bosons allow precise measurements
in the Higgs sector:

Higgs boson couplings to fermions and bosons;

trilinear and possibly quartic self-couplings of the Higgs boson
(l3, l4)      determination of the Higgs potential shape    
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credits to R. Petrossian-Byrne

vector-boson fusion
s-channel μμ− annihilation

Higgs boson production cross sections in μ+μ− collisions

https://iopscience.iop.org/article/10.1088/1361-6633/ac6678
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Higgs studies with parametric simulation

plotted values from M. Forslund and P. Meade, JHEP 08 (2022) 185

The potential of a muon collider in probing the Higgs sector has been demonstrated through 
various phenomenological and parametric-simulation studies, with varying levels of sophistication.

The results above include the physics backgrounds and use a parametric simulation for the detector response. 
However, the machine-induced backgrounds are not taken into account.

estimated precision on Higgs couplings

C. Accettura et al., arXiv:2504.21417

estimated precision on trilinear Higgs self-coupling

M. Chiesa et al., JHEP 09 (2020) 098

at √s = 10 TeV with Lint = 20 ab−1,
assuming λ3 = λ3

−0.37 < δ κ4 < 0.54 @ 68% CL

quartic Higgs self-coupling

SM

2 ab−1

 √s = 3 TeV

  Lint = 1 ab−1

   1 experiment

 √s = 10 TeV

  Lint = 10 ab−1

   1 experiment

 experimental scenarios

https://link.springer.com/article/10.1007/JHEP08(2022)185
https://arxiv.org/abs/2504.21417
https://link.springer.com/article/10.1007/JHEP09(2020)098
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Challenging experimental conditions 

nozzle

GuineaPig generator

FLUKA

electron and positron energyarrival time of BIB particles at the detector energy of the BIB particles within [-1, 15] ns 

FLUKA

Sources of the dominant machine-induced background in the detector:

10 TeV BIB

particles entering the detector 
at each bunch crossing

IPP

background from muon decay (BIB) 
mitigation: tungsten shields (nozzles) inside the detector

bkg from incoherent e+e− pair production (IPP)
mitigation: strong detector solenoidal field

C. Accettura et al., arXiv:2504.21417

https://arxiv.org/abs/2504.21417
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Full-simulation studies at √s = 3 TeV
P. Andreetto et al., Eur. Phys. J. C 85 (2025) 85

√s = 3 TeV, 1 ab−1, 1 exp. full simulation 
with beam-induced bkg

parametric
simulation

σ(H  bb) 0.78% 0.76%

σ(H  WW*  qq'μνμ) 2.9% 1.7% *

σ(H  ZZ*  qqμ+μ−) 17% 11% *

σ(H  μ+μ−) 39% 40%

σ(H  γγ) 7.5% 6.1%

σ(HH  bbbb) 33% -

λ3/λ3 [0.81, 1.44] @ 68% C.L.**
[0.73, 1.35] U [1.85, 1.94] 

@ 68% C.L.**
SM

An initial campaign of Higgs studies at √s = 3 TeV with a detailed 
detector simulation was carried out for Snowmass 2021:

assuming 1 ab−1, collected by 1 experiment in 5 years;

background from muon decays included.

Confirmed results from parametric simulation with an ideal detector.

*  includes also the electron channel
** uses only the HH  bbbb channel 

cross sections from M. Forslund and P. Meade, JHEP 08 (2022) 185

trilinear self-coupling  from J. de Blas et al., arXiv:2203.07261

https://link.springer.com/article/10.1140/epjc/s10052-025-13923-6
https://link.springer.com/article/10.1007/JHEP08(2022)185
https://arxiv.org/abs/2203.07261
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New full-simulation studies at √s = 10 TeV
New set of full-simulation studies at √s = 10 TeV, targeted to the 2026 update of the European Strategy for Particle 
Physics:

the machine lattice at the interaction region, the nozzles, and the detector specifically designed for 10 TeV μ+μ− collisions:

Experimental scenario: 10 ab−1, expected to be collected by 1 experiment in 5 years.

Methodology:

signal and physics-background samples generated with WHIZARD + PYTHIA for parton hadronization;

detector response simulated with GEANT4: BIB + IPP overlaid to the physical processes event by event;

reconstruction algorithms for physics objects revised to account for the machine-induced backgrounds,
but still not fully optimized.

Estimated the statistical sensitivity on:

σ(H  XX) =            for H  bb, H  WW*, and HH  bbbb;

trilinear Higgs self-coupling l3.

N H

εH Lint

P. Andreetto et al., “Performance study of the MUSIC detector in √s = 10 TeV muon collisions”,Contribution #32 to the 2026 ESPP Update

P. Andreetto et al., “Sensitivity study on H  bb, H  WW*, and HH  bbbb cross sections and trilinear Higgs self-coupling with the MUSIC
detector in √s = 10 TeV muon collisions”, Contribution #184 to the 2026 ESPP Update

https://indico.cern.ch/event/1439855/contributions/6461432/
https://indico.cern.ch/event/1439855/contributions/6461432/
https://indico.cern.ch/event/1439855/contributions/6461583/
https://indico.cern.ch/event/1439855/contributions/6461583/
https://indico.cern.ch/event/1439855/contributions/6461583/
https://indico.cern.ch/event/1439855/contributions/6461583/
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The detector model: MUSIC
MUon System for Interesting Collisions

  details in "MUSIC: a detector concept for 10 TeV µ µ  collisions” on July 8 in T11 – Detectors⁺ ⁻

https://indico.in2p3.fr/event/33627/contributions/155269/
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H  bb

Δσ (H→b b̄)
σ (H→b b̄)

= 0.28%

_

H  bb event selection:

at least two reconstructed jets (kt algorithm with R = 0.5) 
satisfying:
● quality cuts to remove fake jets from machine bkg;

● pT > 40 GeV and 10° < θ < 170°;

● b-flavor tagged.

Statistical sensitivity estimated with a toy MC study built 
from signal and background’s di-jet invariant mass 
distributions:

10 ab-1, 1 experiment
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H  WW*  qq'μνμ
_

Semileptonic final state: H  WW*  qq'μνμ.

Event selection:

at least two reconstructed jets (kt algorithm with R = 0.5) 
and one isolated muon:
● quality cuts on jets to remove fakes from machine bkg;

● jets with pT > 20 GeV and 10° < θ < 170°;

● muon with pT > 10 GeV and 10° < θ < 170°.

Two BDTs trained to distinguish the signal from the bkgs qqX and HX.

10 ab-1, 1 experiment

Sensitivity estimated from a toy MC 
study that uses the 2D distributions 
BDT(HX) vs BDT(qqX):

_

_

Δσ (H→WW )
σ (H→WW )

= 0.58%

_
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HH  bbbb
_   _ 

Only all-hadronic final state: HH  bbbb.

Event selection:

at least four reconstructed jets (kt algorithm with R = 0.5):

● pT > 20 GeV and 10° < θ < 170°;

● H candidates built pairing jets that minimize
                                 ;

● b-tagging is required for at least one jet per pair.

MLP trained to separate signal from backgrounds.

Sensitivity estimated with a toy MC study built from signal 
and bkg distributions of the MLP output:

Δσ (HH→b b̄ b b̄)
σ (HH→b b̄ b b̄)

= 6%

√(mij−mH)2+(mkl−mH)2

10 ab-1, 1 experiment
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Trilinear Higgs self-coupling
The double-Higgs production cross section is sensitive to the trilinear Higgs self-coupling λ3:

Only all-hadronic final state HH  bbbb:

same selection as used in the cross section analysis;

two MLPs trained to distinguish HH signal from physics backgrounds 
and the production via H*  HH from the other modes.

λ3 is extracted from a maximum-likelihood template fit to the 2D distribution 
of the two MLP outputs:

λ3

0.94 <
λ3
λ3
SM < 1.08 @ 68% C . L .

10 ab-1, 1 experiment
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Summary

A 10 TeV muon collider is expected to yield abundant samples of single and double Higgs bosons, 
enabling studies of Higgs properties with unprecedented precision.

The presented full-simulation studies, which assume 10 ab−1 collected by 1 experiment in 5 years 
and take into account the dominant machine-induced backgrounds, demonstrate that:

the production cross sections for H  bb and H  WW* can be measured with permille-level
precision, and the trilinear Higgs self-coupling at the percent level using only the HH  bbbb 
channel, even with detector and reconstruction algorithms not yet fully optimized;

the machine-induced background effects can be effectively mitigated and the precision 
levels projected in parametric analyses are attainable.

Work is in progress to extend cross-section studies to all major Higgs boson channels and final
states, with the goal of enabling a global fit to assess sensitivity to the Higgs boson couplings.



Backup 
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Jet reconstruction performance
jet reconstruction efficiency vs true jet θ

jet pT resolution vs true jet pT

60° < θ < 120°

jet reconstruction efficiency vs true jet pT

30° < θ < 60° θ < 30° and θ < 150°
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Jet flavor identification

b tagging efficiency vs true quark pT b tagging efficiency vs true quark θ
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Muon reconstruction performance

pT > 1 GeV and |d0| < 0.1 mm

muon identification efficiency vs true muon pT muon fake rate vs true muon θ
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Comparison with parametric simulation

√s = 10 TeV, 10 ab−1, 1 exp. full simulation 
with BIB and IPP bkgs

parametric
simulation

σ(H  bb) 0.28% 0.21%

σ(H  WW*  qq'μνμ) 0.58% 0.45% *

σ(HH  bbbb) 6.0% -

λ3/λ3 [0.94, 1.08] @ 68% C.L.** [0.965, 1.037] @ 68% C.L.**SM

*  includes also the electron channel
** uses only the HH  bbbb channel 

cross sections from M. Forslund and P. Meade, JHEP 08 (2022) 185

trilinear self-coupling  from J. de Blas et al., arXiv:2203.07261

https://link.springer.com/article/10.1007/JHEP08(2022)185
https://arxiv.org/abs/2203.07261
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