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Physics motivation

Direct measurement Indirect measurement

W boson mass is one of a fundamental physical parameter in the Standard Model.

Measurement of the lepton transverse 

momentum at hadron collider

Global fitting from other electroweak 

parameters
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New physics beyond the Standard Model would be 

probed if the discrepancy is found

7𝜎 deviation between the world average and the 

latest measured W mass

CDF W mass result
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Jacobian peak in kinematic distribution of W production

Since the neutrino is not able to be detected, W boson mass is extracted from the Jacobian peak
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Jacobian peak:

𝜒2 −minimization

Binned likelihood vs 𝑀𝑊 CDF used 

A peak occurred around 
𝑀𝑊

2
 when 

the width of W boson Γ𝑊 ≠ 0,

or the transverse momentum of W 

boson 𝑝𝑇(𝑊) ≠ 0

➢ Lepton energy calibration and hadronic recoil calibration

➢ QCD resummation calculation
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Main uncertainty source:

Fitting 𝒑𝑻 𝒍 , 𝒑𝑻 𝝂 ,𝒎𝑻 𝑾  to extract the 𝑴𝑾
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Lepton energy calibration and hadronic recoil calibration

➢ Muon momentum calibration 

➢ Z mass measurement from 𝒁 → 𝝁𝝁

𝐽/𝜓 → 𝜇𝜇 and Υ(1𝑆) → 𝜇𝜇 events are used to 

calibrate the track momentum.

After track momentum calibration, Z-boson 

mass is measured using 𝑍 → 𝜇𝜇 events

Finally, 𝐽/𝜓 → 𝜇𝜇, Υ(1𝑆) → 𝜇𝜇, 𝑍 → 𝜇𝜇 events are 

used to calibrate the track momentum.

The mass of 𝐽/𝜓 and Υ(1𝑆) are well-known.
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Lepton energy calibration and hadronic recoil calibration

➢ Electron energy calibration 

➢ Z mass measurement from 𝒁 → 𝒆𝒆

Electron radiates bremsstrahlung photons which 

degrades its track momentum resolution.

After track momentum calibration, the peak of 𝐸/𝑝 

distribution is used to calibrate the electron energy.

After energy calibration, Z-boson mass is 

measured using 𝑍 → 𝑒𝑒 events

Final energy calibration is obtained by combining 

the 𝐸/𝑝 calibration and Z mass calibration



2023/6/27 Yao Fu 6

Lepton energy calibration and hadronic recoil calibration

➢ Hadronic recoil calibration 

There are no high-𝑝𝑇  neutrinos in Z-boson data.

➢ Missing transverse energy and 𝒑𝑻 𝑾 reconstruction 

The vector transverse momentum sum of all detectable collision products accompanying 

the W or Z boson is defined as the hadronic recoil.

The neutrino transverse momentum vector is inferred from 𝑝𝑇 conservation:

𝑝𝑇 𝜈 ≡ −𝑝𝑇 𝑙 − 𝑢 𝑝𝑇 𝑊 = −𝑢

𝑢 in 𝑍 → 𝑙𝑙 events is used to measure the calorimeter response.
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Resummation calculation and nonperturbative refitting

➢ Break down of fixed order calculation
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➢ CSS Resummation formalism

Fixed order calculation breaks down when 𝑞𝑇 → 0,

After 𝑞𝑇 resummation, the 𝑞𝑇 distribution can agree with data.
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Resummation calculation and nonperturbative refitting

➢ Nonperturbative function

When 𝑏 → ∞, 𝑞𝑇 → 0, the calculation is nonperturbative.

Final resummation formalism is

➢ Nonperturbative refitting

BLNY formalism:

In CDF experiment, 𝑔2, 𝛼𝑠 are refitted using the 𝑝𝑇(𝑍) data. Refitted ResBos

generator is used to generate the theory prediction and perform simulation.

The nonperturbative parameters 𝑔1, 𝑔2, 𝑔3 are obtained by a global fitting from the 

various fixed target and collider data.
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Data driven method to reduce the theoretical uncertainty

➢ Scale uncertainty of 𝒑𝑻 𝑾 /𝒑𝑻(𝒁)

Scale uncertainty should be included by varying the calculation scale:

Fixed order scale: 𝜇𝑅, 𝜇𝐹 Resummation scale: 𝐶1, 𝐶2, 𝐶3
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Data driven method to reduce the theoretical uncertainty

➢ Reduce the scale uncertainty of 𝒑𝑻 𝑾 /𝒑𝑻(𝒁)
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Background

QCD jet production with a hadron misidentified a lepton.

𝑍 → 𝑙𝑙 decays with only one reconstructed lepton 

𝑊 → 𝜏𝜈 → 𝑙𝜈 ҧ𝑣𝜈 

Pion and Kaon decays in flight to muon

Cosmic ray muons

➢ Estimated by data driven method

➢ Estimated by MC simulation
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Results

➢ W and Z data samples

𝑀𝑊 = 80433.5 ± 9.4 MeV

➢ 𝑴𝑾 result and uncertainties
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Discussions

➢ 𝟕𝝈 deviated from standard model global fitting

➢ Out-of-date low order ResBos generator is used to give prediction

Nonperturbative refitting reduces the higher order effect

Data driven method reduces the scale uncertainty

➢ New electroweak global fitting needs to be performed
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