
Precision measurements of W/Z 
boson exotic decays at LHC

Peiran Li (University of Minnesota)
In collaboration with: 

Yifan Fei, Peiran Li, Zhen Liu, Kunfeng Lyu and Maxim Pospelov

Aug 28th, 2025

1



Electroweak boson measurement
• Higgs Discovery: ℎ → 𝛾𝛾𝛾𝛾,ℎ → 𝑏𝑏�𝑏𝑏,

, ℎ → ℓℓℓℓ, …
• Precision measurement
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…

26 Higgs decay channels



Z boson also has been well studied from LEP, LHC, etc.
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…

68 Z boson decay channels has 
been studied.



W boson measurement
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11 channels…



Total cross section at 13 TeV pp collision

• Higgs boson: 55 pb for single Higgs production
• Number of single h boson for LHC run-2: ~8 millions

• Z boson: 58 nb for single Z boson production
• Number of single Z boson for LHC run-2: ~8 billions

• W boson: 190 nb for single W boson production
• Number of single W boson for LHC run-2: ~27 billions
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Maybe we can look into W boson more.
As a first example, we propose to study the W exotic decay into 3ℓ + 𝜈𝜈.
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Outline

• Searching 𝑊𝑊 → ℓℓℓ𝜈𝜈 exotic decay at LHC
• Motivation of measuring W boson exotic decay
• Signal/background consideration and estimated precision
• Further constraint on BSM model

• Searching 𝑍𝑍 → 𝜇𝜇𝜇𝜇𝜇𝜇 decay at LHC
• Why such an accessible branching ratio has not been measured at LHC
• Precision reach of this channel at LHC
• Constrain on new physics



𝑊𝑊 → ℓℓℓ𝜈𝜈 precision measurement at LHC
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On-shell Region (OR) defined as: 𝑚𝑚𝑊𝑊 ± 2Γ𝑊𝑊

With parton level pre-selection

Branching ratio𝑊𝑊



SM background
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Parton level pre-selection

Trilepton invariant mass

Detector level



Projective sensitivity
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The Br of 𝑊𝑊 → ℓℓℓ𝜈𝜈 is at 10−6 level.
Current LHC (with current trigger and selection)

𝜹𝜹𝜹𝜹𝜹𝜹
𝑩𝑩𝑩𝑩

𝑾𝑾 → 𝟑𝟑ℓ + 𝝂𝝂 = 𝟒𝟒.𝟒𝟒𝟒

HL-LHC (with improved trigger on multileptons)
𝜹𝜹𝜹𝜹𝜹𝜹
𝑩𝑩𝑩𝑩

𝑾𝑾 → 𝟑𝟑ℓ + 𝝂𝝂 = 𝟎𝟎.𝟔𝟔𝟔

Detector level cuts



Constrain on 𝐿𝐿𝜇𝜇 − 𝐿𝐿𝜏𝜏 model
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• ℒ ⊃ 𝑔𝑔′𝑍𝑍′ 𝜇𝜇𝛾𝛾𝛾𝛾 − 𝜏𝜏𝛾𝛾𝛾𝛾 + 𝜈𝜈𝜇𝜇𝛾𝛾𝑃𝑃𝐿𝐿𝜈𝜈𝜇𝜇 − 𝜈𝜈𝜏𝜏𝛾𝛾𝑃𝑃𝐿𝐿𝜈𝜈𝜏𝜏

𝑍𝑍 → 4𝜇𝜇



However, ATLAS just explored this BSM study a few months a head of us.
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• Our results are compatible
• But the SM value was not extracted.
• More new physics:

• Anomalous Z’
• EFT
• Flavor universality

ATLAS: 
2402.15212

https://arxiv.org/abs/2402.15212


Conclusion
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• There are still several W boson channels that we can but haven’t 
discovered at LHC.

• 𝑊𝑊 → 3ℓ + 𝜈𝜈 can be measured to a precision of 4%.

• Can further be exploited to search on BSM models.
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Searching 𝑍𝑍 → 𝜇𝜇𝜇𝜇𝜇𝜇 decay channel at LHC

Peiran Li (University of Minnesota)
In collaboration with

Yifan Fei (Fudan University), 
Zhen Liu, and Maxim Pospelov (University of Minnesota) 



Z boson also has been well studied from LEP, LHC, etc.
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…

68 Z boson decay channels has 
been studied.



It was measured at LEP
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Total cross section at 13 TeV pp collision
• Higgs boson: 55 pb for single Higgs production

• Number of single h boson for LHC run-2: ~8 millions
• Z boson: 58 nb for single Z boson production

• Number of single Z boson for LHC run-2: ~8 billions
• W boson: 190 nb for single W boson production

• Number of single W boson for LHC run-2: ~27 billions
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Why we measured Z boson four-body decay, 
but not 𝑍𝑍 → ℓℓ𝛾𝛾 at LHC?

• 𝑍𝑍 → ℓℓ𝛾𝛾 is used to study the photon performance: energy calibration, tagging 
efficiency, etc.

• But in general, there are many other processes that can be done for calibration.
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ATLAS: 1908.00005
CMS: 2012.06888

https://arxiv.org/pdf/1908.00005
https://arxiv.org/pdf/2012.06888


Projective sensitivity

18

The Br of 𝑍𝑍 → ℓℓ𝛾𝛾 is at 10−4 level.
Current Run-2 (with current trigger and selection)

𝜹𝜹𝜹𝜹𝜹𝜹
𝑩𝑩𝑩𝑩

𝒁𝒁 → ℓℓ + 𝜸𝜸 = 𝟎𝟎.𝟐𝟐𝟐𝟐𝟐

HL-LHC (with improved trigger on multileptons)
𝜹𝜹𝜹𝜹𝜹𝜹
𝑩𝑩𝑩𝑩

𝒁𝒁 → ℓℓ + 𝜸𝜸 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎𝟎

Detector level cuts



Constraint on axion-like particle
• Axion-like particle (ALP)
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ℓ = 𝜇𝜇



Conclusion
• At current LHC, there are still some “easy” SM processes 

that should be measured (W/Z boson rare decays).
• Two examples:

• 𝑊𝑊 → ℓℓℓ𝜈𝜈
• 𝑍𝑍 → ℓℓ𝛾𝛾

• Those channels do have potentials to discover/constrain 
new physics. 
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Thank you
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Backup
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𝑊𝑊 → ℓℓℓ𝜈𝜈 decay



Precision
• HL-LHC

• Extend rapidity coverage:  𝜂𝜂 𝑒𝑒, 𝑗𝑗 < 5, 𝜂𝜂 𝜇𝜇 < 2.8
• High luminosity:  𝐿𝐿 = 3000 fb−1
• Better resolution and reconstructed efficiency at low 𝑝𝑝𝑇𝑇

• Run-2
• Current status: 𝜂𝜂 ℓ, 𝑗𝑗 < 2.5
• 𝐿𝐿 = 140 fb−1
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How we extract the branching ratio from signal

• 𝑓𝑓𝑊𝑊 =
𝜎𝜎𝑝𝑝𝑝𝑝→𝑊𝑊+→𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝜎𝜎𝑝𝑝𝑝𝑝→𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

Signal: 𝑝𝑝𝑝𝑝 → 𝑙𝑙𝑙𝑙𝑙𝑙𝑣𝑣 𝑀𝑀𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ∈ 𝑀𝑀𝑊𝑊 ± 2Γ
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Constraint on dark gauge force
• Dark gauge force
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𝑍𝑍

𝛾𝛾

𝑍𝑍𝑍
𝜇𝜇

𝜇𝜇𝜇𝜇
𝜇𝜇

𝜇𝜇
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