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Introduction
• The Higgs boson mass is one of the most important free parameters of the 

Standard Model.
• Its value should be measured precisely since it determines all other Higgs boson properties.

• The two mass peaks formed by 4ℓ and 𝛾𝛾 have good resolution. 
• Already ~0.1% precision by ATLAS Run1+Run2 combination.
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Introduction
• Before this measurement from CMS ~0.1% precision
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CMS m! measurement in 𝐻 → 𝑍𝑍 → 4ℓ 
• Run2 Ultra-Legacy data (138 𝑓𝑏!")

• Event selection Inherits from HIG-21-009
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CMS m! measurement in 𝐻 → 𝑍𝑍 → 4ℓ 
• Observables

• 4-lepton invariant mass (𝑚!")
• Kinematic discriminant (𝐷#$%$&' )

• Per-event mass uncertainty (𝐷()**)

• Signal line shape: double-side crystal ball
• Treat all parameters as function of m!
• 𝑘" = 𝑎 + 𝑏 ∗ (125 − m!)

• ZZ backgrounds: from simulations
• Z+X: data-driven
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CMS m! measurement in 𝐻 → 𝑍𝑍 → 4ℓ 
• Per-event mass uncertainty

• Lepton kinematics uncertainty is propagated 
to the 2/4-lepton event to predict the mass 
uncertainty on an event-by-event basis

• The per-lepton momentum uncertainties are 
corrected in data and simulation using Z 
boson events
• Asking 𝛿𝑚 = 𝜎 of the Z peak

• After corrections are derived, a closure test 
of the agreement between the predicted and 
fitted 4-lepton mass resolution is performed.
• Measured 𝜎 ∶ the 𝜎 from the fit function
• Predicted 𝜎 ∶ arithmetic mean of predicted per-

event mass error 
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CMS m! measurement in 𝐻 → 𝑍𝑍 → 4ℓ 
• New technique, beam-spot constraint for muon (new w.r.t HIG-16-041)

• Once the 4-lepton system selected, muons are constrained to beam spot
• This method improves Higgs boson mass resolution by roughly 5-8% (depending on year) in 

the 4𝜇 final state
• Smaller impact (<3%) in 2𝜇2𝑒 and 2𝑒2𝜇 final state 
• No improvement in 4e final state, because electron momentum measurement is dominated 

by ECAL system

• Z1 mass constraint 
• To improve the mass resolution, a kinematic fit is also performed using a mass constraint on 

the intermediate on-shell Z resonance
• The basic idea is to re-evaluate 𝑃+ of two leptons forming the Z1 boson of the Higgs 

candidate, with a constraint on the reconstructed Z mass to follow the Z boson true line 
shape
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CMS m! measurement in 𝐻 → 𝑍𝑍 → 4ℓ 
• Per-event mass uncertainty (new w.r.t HIG-16-041)

• In 2016, 3D likelihood ℒ(𝑚!", 𝐷()**, 𝐷#$%$&' ) 
• Currently, mass error for categorisation
• 𝒩×ℒ(𝑚!", 𝐷#$%$&' ) 
• Events are classified into 9 categories based on their 
𝜎(!"/ 𝑚!"

• Ranges are found by splitting ggH (at 125GeV) sample 
evenly

• The new approach deal with the correlation between 
𝜎(!" and 𝐷#$%$&'  

• Better systematic uncertainties treatment
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CMS m! measurement in 𝐻 → 𝑍𝑍 → 4ℓ 
• Full Run2 and Run1+Run2 results
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CMS 𝚪𝑯 measurement in 𝐻 → 𝑍𝑍 → 4ℓ 
• On-shell

• Same as the mass procedure, treat     
Γ, as POI, 1D model only 

• Bounded parameter, Feldman-Cousins 
algorithm
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Γ!  < 0.06 GeV
Can not constrain the lower bound 

• Off-shell
• Aim to measure width from the ratio of 

off-shell and on-shell yields
• Mass range > 220 GeV
• Categorisation based on MELA and jet 

info.

Γ!  = 2.9"#.%&'.( MeV 
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Summary
• 𝑚-  measurement using CMS full Run2 data in 4-lepton final state has 

been presented
• 𝑚-  from HZZ

• Γ-  from HZZ
• Off-shell, 
• On-shell, 

Run1 Run1 
(ATLAS+CMS)

2016 Run2 Run1+2

ATLAS 124.51 ± 0.52 125.15 ± 0.40 124.79 ± 0.37 124.99 ± 0.19 124.94 ± 0.18

CMS 125.59 ± 0.46 125.26 ± 0.21 125.04 ± 0.12
 

125.08 ± 0.12
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Γ% < 0.06 GeV 
Γ% = 2.9!".'().* MeV 



12



13



14


