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Higgs Physics at Future Colliders
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Energy [TeV] Luminosity [𝒂𝒃−𝟏] Number of Higgs

3 1 𝟓 ∙ 𝟏𝟎𝟓

10 10 𝟗. 𝟓 ∙ 𝟏𝟎𝟔

14 20 𝟐. 𝟐 ∙ 𝟏𝟎𝟕

▪ Several open question on the Higgs Boson

▪  Future Collider goals:

• Measuring Higgs coupling to fermions and boson 

at ~𝑂(1%) level

• Measure Higgs Potential

▪ The Muon Collider:

[1]
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The Muon Collider
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▪ Motivation

• Both a precision and high energy collider

• Luminosity scales with energy

• Cost effective and sustainable machine

▪ Challenges

• Muon beam production, cooling and 

acceleration

• Beam Induced Background

• Neutrino flux

[4]
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Beam Induced Background (BIB)
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▪ Muon decay products interact with the machine

▪ Intense flux of particle reaches the detector

▪ Mitigation strategies required:

• Tungsten nozzles mitigate the radiation coming to the 

detector

• Readout window removes BIB off-time w.r.t. bunch crossing

▪ 10 𝑇𝑒𝑉 and 3 𝑇𝑒𝑉 BIB after mitigation strategies applied

Tungsten Nozzle



Muon Collider Detector
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▪ 3 TeV detector based on CLIC studies [3]

• Modified to accommodate the nozzles

▪ Two different detector configuration are under study 

for 10 TeV [6, 7]

▪ For the results in this talk:

• Geant4-based simulation of the detector

• 1.5 TeV BIB produced with MARS [8] (valid 

approximation of 3 TeV [9]) included

• Reconstruction algorithms not optimized, i.e., 

performance are underestimated 



Higgs studies with detailed detector simulation
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▪ 3 TeV studies:

• Higgs cross-section (𝑏𝑏, 𝑊𝑊∗, 𝑍𝑍∗, 𝜇𝜇, 𝛾𝛾)

• Higgs width Γ

• Double Higgs cross-section

• Trilinear self- coupling 𝜆3

• Comparison with parametric studies

▪ Comparison between 3 and 10 TeV physics

• Objects are more boosted in the forward region

• Transversal momentum distributions are similar

▪ 3 TeV studies are proof-of-concept for 10 TeV

[10]

[11]
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▪ For each process signal and related background were 

simulated

▪ Precision on the cross-section:

▪  𝐻 → 𝑏𝑏, estimated by unbinned maximum-likelihood 

fit on the invariant mass distribution

▪ 𝐻 → 𝑊𝑊∗, 𝑍𝑍∗, 𝜇𝜇, 𝛾𝛾: statistical sensitivity of a 

counting experiment after BDT application for 

background rejection

[10]

[11]

Higgs cross-section
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▪ The full simulation results are 

compared with parametric studies 

(performed with Delphes card, without 

BIB [12])

▪ Results in very good agreement despite 

BIB being included in the full simulation

▪ We are confident to reach results 

obtained with the fast simulation at 10 

TeV

Comparison with parametric studies
Process Full Simulation Parametric Simulation

𝐻 → 𝑏𝑏 0.75% 0.76%

𝐻 → 𝑊𝑊∗ 2.9% 1.7%

𝐻 → 𝑍𝑍∗ 17% 11%

𝐻 → 𝜇𝜇 38% 40%

𝐻 → 𝛾𝛾 7.6% 6.1%

[13]
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▪ Signal: μμ → HH + X → 𝑏𝑏𝑏𝑏 + 𝑋

▪ More signals as HH → 𝑏𝑏𝑊𝑊 or HH → 𝑏𝑏𝛾𝛾 will be 

considered at 10 TeV

▪ Background: μμ → H → bb qq + X, μμ → qqqq + X 

▪ Event selection:

▪ 4 jets with 𝑝𝑇 > 20 GeV, η < 2.5

▪ At least 1 jet identified as b-jet 

▪ Background discrimination with Neural Network

▪ At 3 TeV, with 𝐿 = 1 𝑎𝑏−1/5 years 

Double Higgs cross-section

Δ𝜎

𝜎
= 33%
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▪ μμ → HH production cross-section is sensitive to 𝜆3 

▪ Samples of HH → 𝑏𝑏𝑏𝑏 simulated with different 

values of 𝜅𝜆 =
𝜆3

𝜆𝑆𝑀

▪  Generated pseudo-datasets for 𝜅𝜆 = 1 to performed 

a log-likelihood scan

▪ The 68% confidence interval is the interval around 𝜅𝜆 

= 1 where the fitted polynomial has a value below 0.5

▪ At 3 TeV, with 𝐿 = 1 𝑎𝑏−1/5 years: 

0.81 < 𝜅𝜆 < 1.44

▪ Compatible with the parametric simulation:

0.73 < 𝜅𝜆 < 1.35

Precision on trilinear self-coupling 𝝀𝟑 
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▪ Full simulation studies are comparable 

with parametric studies 

▪ Going to higher energies and 

luminosities, the Muon Collider can 

achieve the most precise results 

▪ Possible to measure the Higgs quartic 

self-coupling 𝜆4:

Higgs potential beyond 3 TeV

Experiment Luminosity COM Energy 𝜹𝝀𝟑

CLIC[14] 5 𝑎𝑏−1 3 TeV -7%, +11%

ILC[14] 8 𝑎𝑏−1 1 TeV 10% 

FCC-hh[15] 30 𝑎𝑏−1 100 TeV 3.2% 

Muon Collider [3] 2 𝑎𝑏−1 3 TeV 15% 

Muon Collider 10 𝑎𝑏−1 10 TeV 3.5%

Muon Collider 20 𝑎𝑏−1 14 TeV 2.5%

▪ 𝛿𝜆4 = 50%, at 𝑠 = 14 𝑇𝑒𝑉, 𝐿 = 20 𝑎𝑏−1(parametric studies only) [16]
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▪ 3 TeV full simulation results are compatible with 

parametric simulation despite including the Beam 

Induced Background. We can expect this to be the 

case for 10 TeV as well. 

▪ 10 TeV optimization is ongoing considering:

▪ Detector

▪ Machine-Detector Interface (nozzles, BIB shielding…)

▪ Reconstruction algorithm

▪ 10 TeV full simulation studies will be performed by 

the next European Strategy (March 2025)

Going to 10 TeV

[3]
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▪ Precision Higgs Physics will be the milestone for future colliders

▪ The Muon Collider is a unique machine with clear advantages…

▪ High energy stages ⇒ 10 TeV and beyond

▪ High statistics and access to multi-Higgs processes

▪ … and challenges:

▪ R&D necessary to satisfy machine requirements

▪ Mitigation strategy of the Beam Induced Background

▪ The Higgs physics at 10 TeV is similar to 3 TeV

▪ Detail detector simulation agrees with parametric studies

▪ The 10 TeV full detector simulation will be ready for the next 

ESPPU

Conclusion



Thank you for the attention
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Higgs Width 𝚪

▪ 𝑒+𝑒− colliders measure the Higgs width using ZH events and 

measuring the recoil mass

▪ At >3 TeV Muon Collider, the ZH cross section is rather small, ○ 

therefore, the “on-shell/off-shell” analysis is employed

▪ 𝜇+𝜇− → 𝜈𝜈𝑍𝑍 is considered as the process most sensitive to 𝜅

▪ A maximum likelihood template fit to 𝜅 is done to extract 

precision on 𝜅 

▪ Combination with expected precision on 𝜎(𝐻 → 𝑍𝑍∗) show a 

precision on 
Γ

Γ𝑆𝑀
= 1−88%

+71% 

▪ Results are comparable with expectations from parametric 

studies

▪ For 10 TeV: ΔΓ = 3.4%
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Muon Collider Parameters
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Detector performance
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BIB discrimination

▪ Energy deposit on calorimeters:
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BIB discrimination

▪ Jets reconstruction:
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Nozzle Optimization
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Forward Muons

Scoring plane

▪ Two main candidates:

▪ Nozzle: Small detector, high 
dose for BIB

▪ Cavern: Large detector, clean 
environment 

▪~50% of forward muon tagging 
in the nozzle

Cavern

Beam 
monitor?
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