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Outline

• Muon Collider (MuC)
• Motivation
• Higgs productions at TeV Muon Collider 
• Inclusive Higgs rate from ZZ fusion ( 𝑠𝑠 = 10 TeV)

• Motivation
• Signal vs. Background
• Cutflow analysis 

• Higgs coupling global fit combining with other 
studies



Why considering muon collider? 

• High energy (3,10 TeV):
• High mass (low synchrotron radiation)
• Fundamental particle: full energy collision

• Clean environment: 
• Known initial state
• Clean background

Expect to have great sensitivity on various studies.
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Motivation

• Previous Higgs studies at 
MuC do not have 
constraint on Higgs total 
width.

• Our study will be directly 
sensitive to 𝑔𝑔𝐻𝐻𝑍𝑍𝑍𝑍, which 
combining with other 
channel will be able to 
constraint on Γ𝐻𝐻
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[2209.01318] Muon Collider Forum Report

https://arxiv.org/abs/2209.01318


Higgs productions at Muon Collider

Matthew Forslund, Patrick 
Meade, [2203.09425]

Our study
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https://arxiv.org/abs/2203.09425


Inclusive Higgs rate from ZZ fusion ( 𝑠𝑠 = 10 TeV)
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𝑝𝑝ℎ = 𝑠𝑠, 0,0,0 − 𝑝𝑝𝜇𝜇+ − 𝑝𝑝𝜇𝜇−

𝑚𝑚ℎ
2 = 𝑠𝑠, 0,0,0 − 𝑝𝑝𝜇𝜇+ − 𝑝𝑝𝜇𝜇−

2

Recoil mass of dimuon

Forward muon detector:  2.5 < 𝜂𝜂 𝜇𝜇 < 4, 6, 8

Does not rely on the detection of Higgs decay product.
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Inclusive Higgs rate from ZZ fusion ( 𝑠𝑠 = 10 TeV)

Due to the uncertainty of high energy 
measurement, the smearing effect 
dominate the recoil mass distribution.

Fast detector simulation using Delphes.
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𝑠𝑠, 0,0,0 − 𝑝𝑝𝜇𝜇+ − 𝑝𝑝𝜇𝜇−
2 < 0



Signal vs. Background  ( 𝑠𝑠 = 10 TeV)

Only tag 2 forward muons Pre-selection at parton-level:
𝑝𝑝𝑇𝑇 𝑙𝑙, 𝑗𝑗 > 5 GeV,
𝑝𝑝𝑇𝑇 𝛾𝛾 > 1 GeV,

|𝜂𝜂 𝑙𝑙 | < 10,
Δ𝑅𝑅 𝑙𝑙𝑙𝑙, 𝑙𝑙𝑗𝑗, 𝑗𝑗𝑗𝑗 > 0.2
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3 types of background

• 𝜇𝜇𝜇𝜇 → 𝜇𝜇𝜇𝜇(𝛾𝛾)

• 𝜇𝜇𝜇𝜇 → 𝜇𝜇𝜇𝜇 + 𝑓𝑓𝑓𝑓

• 𝜇𝜇𝜇𝜇 → 𝜇𝜇𝜇𝜇 + 𝑊𝑊𝑊𝑊

Do not have any requirements on other stuff.



Signal vs. Background  ( 𝑠𝑠 = 10 TeV)
Require 𝑝𝑝𝑇𝑇 𝜇𝜇𝜇𝜇 > 50 GeV
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Merging 𝜇𝜇𝜇𝜇 → 𝜇𝜇𝜇𝜇 and 𝜇𝜇𝜇𝜇 → 𝜇𝜇𝜇𝜇𝛾𝛾



Cutflow analysis

Checking other kinematics 
and applying a few cuts. 
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Cutflow analysis

Checking other kinematics 
and applying a few cuts. 

Detector level pre-selection:
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Sensitivity

3 TeV

10 TeV
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• Kappa framework
• 𝜅𝜅𝑖𝑖 = 𝑔𝑔ℎ𝑖𝑖𝑖𝑖

𝑔𝑔ℎ𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆

• 𝜅𝜅Γ = ∑𝜅𝜅𝑖𝑖
2Γ𝑖𝑖

𝑆𝑆𝑆𝑆

Γ𝑆𝑆𝑆𝑆
+ Γ

𝐵𝐵𝑆𝑆𝑆𝑆

Γ𝑆𝑆𝑆𝑆

• Sensitivity under kappa framework

• 𝜇𝜇𝑊𝑊𝑊𝑊
𝑏𝑏𝑏𝑏 = 𝜅𝜅𝑊𝑊

2 𝜅𝜅𝑏𝑏
2

𝜅𝜅Γ

• 𝜇𝜇𝑍𝑍𝑍𝑍 = 𝜅𝜅𝑍𝑍2

Higgs coupling global fit
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Higgs coupling global fit

1. Matthew Forslund and Patrick 
Meade. [2203.09425] High 
Precision Higgs from High 
Energy Muon Colliders 
(arxiv.org)

2. M. Ruhdorfer, E. Salvioni, A. 
Wulzer. [2303.14202] Invisible 
Higgs from forward muons at 
a muon collider (arxiv.org) 

3. Zhen Liu, Kun-Feng Lyu, 
Ishmam Mahbub, Lian-Tao 
Wang. [2308.06323] Top 
Yukawa Coupling 
Determination at High Energy 
Muon Collider (arxiv.org)

4. Our inclusive Higgs rate result.
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𝜂𝜂 𝜇𝜇 < 6

https://arxiv.org/abs/2203.09425
https://arxiv.org/abs/2303.14202
https://arxiv.org/abs/2308.06323


Conclusion

• 𝑍𝑍𝑍𝑍 → ℎ inclusive rate channel only using forward muon 
detection.

• Only sensitive to 𝜅𝜅𝑍𝑍

• With forwarded detection 2.5 < 𝜂𝜂 𝜇𝜇 < 6, the cross-section 
precision is ~0.75%

• Combining with other studies, we can constraint on Γ𝐻𝐻~2%
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Back up



Merging 𝜇𝜇𝜇𝜇 → 𝜇𝜇𝜇𝜇 and 𝜇𝜇𝜇𝜇 → 𝜇𝜇𝜇𝜇𝛾𝛾



3/10 TeV muon collider

3 TeV 10 TeV

After 𝒑𝒑𝑻𝑻 𝝁𝝁𝝁𝝁 > 𝟓𝟓𝟓𝟓 𝐆𝐆𝐆𝐆𝐆𝐆 :



Our result vs. previous studies



[2207.00043] A portrait of the Higgs 
boson by the CMS experiment ten 
years after the discovery

[2207.00092] A detailed map of 
Higgs boson interactions by the 
ATLAS experiment ten years after the 
discovery

Global fit LHC run-2 result

MuC and other future collider performance

https://arxiv.org/abs/2207.00043
https://arxiv.org/abs/2207.00092


Our result comparing with the other group

Matthew Forslund, Patrick Meade 
[2308.02633] Precision Higgs Width 
and Couplings with a High Energy 
Muon Collider

https://arxiv.org/abs/2308.02633
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