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[2104.11488]

Future Improvements to Large Hadron Collider: 
- High-Luminosity LHC (HL-LHC) will improve 

luminosity by ~10x
- Future Circular Collider (FCC) will increase 

center of mass energy by ~10x
- Producing large samples of W, Z, and 

diboson (WW, WZ, ZZ) events

arXiv:2505.03535
CERN-ACC-2018-0056
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1. Aren’t Z processes just used as backgrounds to other processes and calibration 
tools because their production 𝝈 and lepton decay rates are well understood?

Z signals are ideal signals for BSM studies because Z is so well understood. 

Potentially the first place to see BSM physics in the EW sector is in anomalous Z 
couplings and rare decay modes.
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1. Aren’t Z processes just used as backgrounds to other processes and calibration 
tools because their production 𝝈 and lepton decay rates are well understood?

Z signals are ideal signals for BSM studies because Z is so well understood. 

Potentially the first place to see BSM physics in the EW sector is in anomalous Z 
couplings and rare decay modes.

2. Didn’t we already measure the W and Z at LEP?

Yes!..for on-shell Z couplings at rest (at LEP1). LEP never saw a Z with much 
boost (𝛾~1-1.2), LEP never probed the boosted kinematics of decays or the 
energy-dependent structure of the EW vertices.
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1. Aren’t Z processes just used as backgrounds to other processes and calibration 
tools because their production 𝝈 and lepton decay rates are well understood?

Z signals are ideal signals for BSM studies because Z is so well understood. 

Potentially the first place to see BSM physics in the EW sector is in anomalous Z 
couplings and rare decay modes.

2. Didn’t we already measure the W and Z at LEP?

Yes!..for on-shell Z couplings at rest (at LEP1). LEP never saw a Z with much 
boost (𝛾~1-1.2), LEP never probed the boosted kinematics of decays or the 
energy-dependent structure of the EW vertices.

3. How can we utilize the abundant number of Z bosons to probe new physics?
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Things appear “simpler” from a distance = We can 
reduce the dof of a system with increasing L 

(decreasing E ~ L-1)
Consider a QFT with 𝜙 → light, H → heavy particles:

Scale Separation: E⪡ 𝚲

“integrating out the UV 
degrees of freedom”
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Key Assumptions:
- New physics is heavy:
- SM symmetries (SU(3)×SU(2)×U(1)) preserved

Power Counting: Expected size of BSM effects ~ (4+n) 
operator contributes effects of order (E/Λ)ⁿ
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Bottom-Up Approach: SMEFT operators cause deviations from SM predictions.
Given how precisely HL-LHC can measure Z decays, what new physics scale Λ can 

dimension-6 SMEFT operators probe?
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What kinematic variables can we look at?
- Mainly invariant mass: 

- The two main leptons: e, 𝜇
- All outgoing particles:  e, 𝜇, 𝜈e, 𝜈𝜇
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generic 
observable 𝜎:
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The scale of new physics that can be probed 
using OeW is heavily constrained by lepton 

dipole moment or is otherwise dominated by 
SM background.

The overall goal is to survey dimension-6 
SMEFT vertices involving rare-Z decays in 

non-dipole operators.


