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A brief dive into history
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The problem before unification
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• Weak and electromagnetic forces described by very different 
formalisms

• Weak interaction (β decay) modelled by a contact Fermi theory 
→ non-renormalisable, valid only at low energies

• QED (electromagnetism) was a successful renormalisable gauge 
theory

• Both act on the same fermions (electrons, quarks, neutrinos)
❖ weak force only couples to left-handed ones

• Physicists wanted a renormalisable theory for weak interactions, 
similar in spirit to QED
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The electroweak theory
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• Developed by Glashow, Weinberg, and Abdus Salam 
(1960s)

• Gauge symmetry: 𝑆𝑈 2 𝐿 × 𝑈 1 𝑌

• Predicted 4 gauge bosons: 𝑊+, 𝑊−, 𝑍0, and the photon 𝛾

• After spontaneous symmetry breaking:
❖ 𝑊±, 𝑍0 acquire mass
❖ 𝛾 remains massless

• Weak charged current interactions mediated by 𝑊±

• Achieved a unified, renormalisable theory of weak and 
electromagnetic forces!

• Nobel prize in Physics 1979

𝑚𝑊 =
𝑔𝑣

2

𝑚𝑍 =
𝑣 𝑔2 + 𝑔′2

2

𝑐𝑜𝑠𝜃𝑊 =
𝑔

𝑔2 + 𝑔′2
=

𝑚𝑊

𝑚𝑍

At tree level:
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The discovery of the W boson

13 November 2025 6

• The W boson decays predominantly (~70%) to 𝑞 ത𝑞 pairs
❖ difficult to measure this way

• UA1 and UA2 experiments chose to identify the W via 
its leptonic decays
❖ UA1: 𝑊± → 𝑒±𝜈𝑒( ҧ𝜈𝑒) and 𝑊± → 𝜇±𝜈𝜇( ҧ𝜈𝜇)

❖ UA2: 𝑊± → 𝑒±𝜈𝑒( ҧ𝜈𝑒) only

• Main features:
• High transverse momentum (𝑝𝑇) isolated lepton
• A peak in the lepton 𝑝𝑇 distribution at ~ 𝑚𝑊

2
 

(“Jacobian” peak)
• High missing transverse momentum from 

undetected neutrino

[arX
iv:2307.02921]

https://arxiv.org/abs/2307.02921
https://arxiv.org/abs/2307.02921
https://arxiv.org/abs/2307.02921
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The discovery of the W boson - continued

13 November 2025 7

[Phys.Lett.B 122 (1983) 476-485][Phys. Lett. B 122, 103 (1983)]

January 1983
42 years ago!

• Z boson was discovered later that same year
• Nobel prize in Physics 1984 (Carlo Rubbia and Simon van der Meer)

https://www.sciencedirect.com/science/article/abs/pii/0370269383916052?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269383916052?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269383916052?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269383916052?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269383916052?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269383916052?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269383916052?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0370269383911772
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Display of a 𝑊 → 𝑒𝜈 event at UA1
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Transverse mass plot

• All 𝑊 → 𝑒𝜈 events recorded by 
UA1 between 1982 and 1985

• Amounted to less than 300 
events
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Back to more recent times
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Electroweak precision measurements
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• At tree level, all electroweak (EW) observables can 
be predicted from just 3 input parameters (e.g. 
𝐺𝜇 , 𝑚𝑍, 𝑚𝑊)

• Radiative corrections connect EW observables to 
heavy particles like the top quark and Higgs boson

• The EW scale (~100 GeV) is the highest 
fundamental energy scale we know of that we can 
access at colliders

• High-precision measurements of EW observables 
provide stringent constraints to the SM and 
indirect sensitivity to new physics

[Phys. Rev. D
106, 033003]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.033003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.033003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.033003
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The LHCb detector (Run 2)
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[JINST 3 (2008) S08005]

e.g. 15 MeV

for cap J over psi

• Single-arm forward spectrometer 

• Designed for heavy flavour physics 
(b and c hadrons)

Key features:
➢ Forward geometry (covering 

pseudorapidity range 2 < 𝜂 < 5)
➢ Excellent vertex resolution and 

particle identification
➢ High-precision momentum 

measurement
➢ Great mass resolution: e.g. 15 MeV 

for 𝐽/𝜓 

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://arxiv.org/abs/1412.6352
https://arxiv.org/abs/1412.6352
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Electroweak physics at LHCb
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- Cannot measure missing energy
- Low luminosity with respect to ATLAS and CMS

+ Low pile-up environment
+ Low momentum triggers
+ Complementary coverage to ATLAS and CMS (with 

some overlapping at low pseudorapidity)
+ Focuses on muons with excellent tracking and 

detection

➢ Boson Production and asymmetries (e.g. W 
and Z cross-sections, charge asymmetry)

➢ Electroweak parameters (e.g. 𝑚𝑊, 𝑚𝑍, sin2 𝜃𝑒𝑓𝑓
𝑙𝑒𝑝𝑡)

➢ Having 3 experiments with complementary 
coverage has big implications on modelling – 
especially with PDFs

[Int. J. M
od. Phys. A 

30, 1530022 (2015)]
open bracket arXiv:1512.06666 close 
bracket
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
https://arxiv.org/abs/1512.06666
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Electroweak physics at LHCb
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here here here

• Measured 𝑚𝑊, 𝑚𝑍 and sin2 𝜃𝑒𝑓𝑓
𝑙𝑒𝑝𝑡at LHCb 

• First LHC experiment to do so!
• Want to measure 𝑚𝑊 and 𝑚𝑍 with full Run 2 data (instead of limited datasets)
• Target world's best measurement of sin2 𝜃𝑒𝑓𝑓

𝑙𝑒𝑝𝑡with Run 3!
• 𝑚𝑍,  sin2 𝜃𝑒𝑓𝑓

𝑙𝑒𝑝𝑡and 𝑚𝑊 presented at CERN seminars here, here and here

𝑚𝑊 [2021] 𝑚𝑍[2025]sin2 𝜃𝑒𝑓𝑓
𝑙𝑒𝑝𝑡[2024]

[JHEP 01 (2022) 036] [JHEP12(2024)026] [Phys. Rev. Lett. 135, 161802(2025)]

https://indico.cern.ch/event/1525997/
https://indico.cern.ch/event/1403080/
https://indico.cern.ch/event/1027304/
https://link.springer.com/article/10.1007/JHEP01(2022)036
https://link.springer.com/article/10.1007/JHEP12(2024)026
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
https://journals.aps.org/prl/abstract/10.1103/ydn7-qx1d
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Motivation for more precise 𝑚𝑊 measurements
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[arXiv:2412.13872]

Z mass

SM global EW fit

LHCb (2021) m sub cap W  measurement

CDF (2022) m sub cap W  measurement

CMS (2024) m sub cap W  measurement

• Z mass directly measured to 2 MeV; W mass less 
precise due to the challenges posed by the 
undetectable neutrino in the final state

• SM global EW fit predicts 6 MeV uncertainty for 
𝑚𝑊. Matching this would test the SM

• LHCb (2021) 𝑚𝑊 measurement uses only 2016 
data – want to use full Run 2 data (2016-2018)

• CDF (2022) 𝑚𝑊 measurement astonishing 
precision, hints at new physics?

• CMS (2024) 𝑚𝑊 measurement opposes CDF, also 
impressive precision

https://arxiv.org/abs/2412.13872
https://www.sciencedirect.com/science/article/abs/pii/0370269393902109
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001
https://arxiv.org/abs/2109.01113
https://www.science.org/doi/10.1126/science.abk1781
https://arxiv.org/abs/2412.13872
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Limitations of older 𝑚𝑊 measurements
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• W boson mass can be measured with fits to the 
charged-lepton transverse momentum (or 
transverse mass)

• Traditional approach of fitting 𝑚𝑊 in one step, 
with a model including backgrounds and the 
detector response

• Theoretical assumptions deeply baked into the 
experimental analysis

→ Extremely difficult to reinterpret and 
analyse later with different models 

[arXiv:2412.13872v1]

https://arxiv.org/abs/2412.13872v1
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Our goal is to perform the first 
determination of the W boson mass in 
2 steps at a hadron collider - using the 
measured 𝑑𝜎/𝑑𝑝𝑇 distribution for W 

production
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Limitations of older W cross-section measurements
[JH

EP 01 (2016) 155]

[JH
EP 12 (2014) 079]

• 𝑊+and 𝑊− differential cross-sections were previously measured in bins of 
muon pseudorapidity

• At LHCb, measurements of the W cross-section could not be split in bins of 𝑝𝑇 
because the shape of the 𝑝𝑇 distribution was used to subtract the background

https://link.springer.com/article/10.1007/JHEP01(2016)155
https://link.springer.com/article/10.1007/JHEP12(2014)079
https://link.springer.com/article/10.1007/JHEP12(2014)079
https://link.springer.com/article/10.1007/JHEP12(2014)079
https://link.springer.com/article/10.1007/JHEP12(2014)079
https://link.springer.com/article/10.1007/JHEP12(2014)079
https://link.springer.com/article/10.1007/JHEP12(2014)079
https://link.springer.com/article/10.1007/JHEP12(2014)079
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A new perspective
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Proposed methodology
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• Extract the differential cross-section of W boson decays as a function of the muon 𝑝𝑇 ( 𝑑𝜎

𝑑𝑝𝑇
)

➢ Correcting for migration/efficiencies (“unfolding”)

• Can later fit the W boson mass (model-independent way)

• Ensures long-term reusability of the cross-section measurement for evolving models 

• More power to the community (particularly theorists) ☺

• LHCb 𝑚𝑊 measurement can be a significant contribution towards an LHC-wide average, 
also, this method facilitates combinations with other experiments

• Proof-of-principle analysis
➢ Starting with the smaller 𝑠 = 5.02 TeV dataset (2017) → 100 pb−1 (limited precision)
➢ Plan to extend this to full Run 2 data at 𝑠 = 13 TeV → 5.4 fb−1 (> 50 × larger!) – 

analysis in preparation phase
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New variable of interest
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• Unlike previous LHCb analyses of 𝑊 production, we 
cannot assume a signal 𝑝𝑇

𝜇 shape for the background 
subtraction (template fit)

 → add the dimension of the muon isolation*

• Fit the 2D distribution of 𝑝𝑇
𝜇 and isolation to extract 

the number of muon decays coming from the W boson 
in each bin of 𝑝𝑇

𝜇

•  W signal fiducial region:
❖ 2.2 < 𝜂𝜇 < 4.4

❖ 28 < 𝑝𝑇
𝜇

< 52 GeV/c
❖ Isolation < 8 GeV/c

* sum of 𝑝𝑇 of neutral and charged particles within a cone of Δ𝜂 2 + 𝜙 2 < 0.4 around the signal (muon) [Δ𝑅 < 0.4]



Ahmed Abdelmotteleb | Measuring the W boson mass at LHCb | Warwick Seminar

Analysis steps (in a nutshell)
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1. Get data and MC tuples (corrected for momentum smearing, alignment, etc.)

2. Fit the 𝑝𝑇, isolation distribution to determine 𝑑𝜎/𝑑𝑝𝑇, correcting for 
backgrounds, migration and resolution (using response matrix)

3. Compare the integrated cross-section results to predictions with different 
PDFs

Bonus!

4. Fit 𝑑𝜎/𝑑𝑝𝑇 against theoretical models/predictions with 𝑚𝑊 as a free (floating) 
parameter*

*Last step could be replicated by any other person aiming at doing any meta-analysis
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Dataset
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luminosity

calibration

• Only 2017 data available at 𝑠 = 5.02 TeV

• #𝑊+ candidates: 27,586
• #𝑊− candidates: 21,678
• #Z  candidates: 3,495

• Data is filtered after applying luminosity 
calibration to retain events from “good runs”

 
 → 𝓛𝑖𝑛𝑡= 99.86 ± 2.00 𝑝𝑏−1

   (~0.1 ± 0.002 f𝑏−1)

Backgrounds: 
 hadronic (QCD), 𝒁 → 𝝁𝝁, 𝑊 → 𝜏𝜈𝜏, 𝑍 → 𝜏𝜏, DY,  𝑡 ҧ𝑡 𝑞, 𝑡 ҧ𝑡 𝑔, single-top, 𝑐 ҧ𝑐 , 𝑏ത𝑏

What 0.1/fb 
would look like

https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/LHCbLuminosity
https://twiki.cern.ch/twiki/bin/view/LHCbPhysics/LHCbLuminosity
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Z event display at LHCb
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Two high 𝑝𝑇 muons
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Simulation Samples
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• Generated with Pythia 8

• Includes LHCb detector 
simulation handled by 
GEANT4
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Calibrations and corrections
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Calibrations and corrections
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Corrections to data:
• Charge-dependent curvature bias (“pseudomass” correction)

Corrections to Simulation:
• Momentum smearing

• Isolation calibration (signal and hadronic background)

• Efficiency corrections (trigger/muid/trk)



Corrections to the data
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Charge-dependent curvature bias
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[JINST 19 (2024) P03010]

• High momentum charged particles are susceptible to charge-dependent 
curvature bias 
➢ Comes from residual misalignments of the tracking detectors

• Pseudomass; 𝑀± with 𝑍 → 𝜇𝜇:

𝑀± =
𝑝𝑇

±

𝑝𝑇
∓

𝑀 = 2𝑝±𝑝𝑇
± 𝑝∓

𝑝𝑇
∓

(1 − 𝑐𝑜𝑠𝜃)

where 
• M is the invariant mass of the dimuon system
• 𝜃 is the opening angle between the two muons

• Corrections applied to muon momenta in bins
     of 𝜂 and 𝜙 
 

𝑞

𝑝
→

𝑞

𝑝
+ 𝛿

https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010
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Charge-dependent curvature bias
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• Coarse binning in 𝜂 and 𝜙 needed due to limited 𝑍 → 𝜇+𝜇− candidates→ large uncertainties
• Resolution of 𝑍 → 𝜇+𝜇− peak is improved by 𝑂(10%)

[arXiv:2509.18817]

https://arxiv.org/abs/2509.18817


Corrections to the simulation
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Momentum smearing
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𝑝 → 𝑝′ = 1 + 𝛼 1 + 𝑓1 𝜂 𝑅1𝜎1 (1 + 𝑝𝑓2 𝜂 𝑅2𝜎2)

• 𝑅𝑖 are independent random numbers 
sampled from a Gaussian,

• 𝛼 is the momentum scale offset,
• 𝜎1 is the momentum smearing parameter 

(fixed to 2.0),
• 𝜎2 is the curvature smearing parameter,
• 𝑓1 𝜂 = 1 (1.5) for 𝜂 values below (above) 3.3,
• 𝑓2 𝜂 = 1/cosh(𝜂)

[arXiv:2509.18817]

https://arxiv.org/abs/2509.18817
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Signal isolation calibration
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• 𝑍 → 𝜇+𝜇− represents our signal

• Fit both muon charges simultaneously

• Calibration factor applied to Z MC 
isolation distribution to match Z data

• Fit gives a 𝜒2 = 16.3/13

• Best fit calibration factor is 0.926 ± 0.018

[arXiv:2509.18817]

https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
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Hadronic background modelling
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previous LHCb m sub cap W

measurement

• A major background arises from light 
hadrons (e.g. pions, kaons) misidentified as 
muons, either via decay-in-flight or 
punchthrough

• Due to the lack of a dedicated hadron 
trigger during in 5.02 TeV data taking, data-
driven corrections couldn’t be applied (what 
was done in previous LHCb 𝑚𝑊 
measurement)

• Instead, we apply corrections on simulation

• Hadronic background normalisation is also 
floated in the differential cross-section fit, 
allowing freedom in the 𝑝𝑇 shape

[arXiv:2509.18817]

Mis-ID probabilities

https://link.springer.com/article/10.1007/JHEP01(2022)036
https://link.springer.com/article/10.1007/JHEP01(2022)036
https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
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Hadronic background isolation calibration
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• Don’t have hadronic background proxy 
data for 5.02 TeV (NoMuID)
→Use 13 TeV hadronic background 
proxy data for calibration

• We use the 𝑍 → 𝜏+𝜏− MC as a constraint 
for the EW contribution at low isolation

• Compare uncalibrated hadronic MC 
(including 𝑍 → 𝜏+𝜏−) against hadronic data

• Fit gives a 𝜒2 = 6.12/10

• Best fit params:
➢ 𝐶′ = 0.83 ± 0.013
➢ 𝛿 = 0.048 ± 0.013

𝐶 = 𝐶′ + 𝑞𝛿

[arX
iv:2509.18817]

https://arxiv.org/abs/2509.18817
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𝑑𝜎/𝑑𝑝𝑇
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Differential cross-section fit
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• We aim to measure the true differential cross-section, Τ𝒅𝝈 𝒅𝒑𝑻, across 𝑛 
intervals of true transverse momentum (𝑝𝑇), accounting for:
➢ Background contamination (𝑓𝑏𝑔𝑑)
➢ Reconstruction efficiency (𝜖𝑖𝑗𝑘)
➢ 𝑝𝑇 resolution
➢ Integrated luminosity(𝓛𝑖𝑛𝑡)

• We define a negative log-likelihood (NLL) function (Beeston-Barlow Lite), 
with the fit parameters being the differential cross-sections (𝜎1, … , 𝜎𝑛) over 
𝑛 𝑝𝑇 bins

• In short, the likelihood relates the Τ𝒅𝝈 𝒅𝒑𝑻 values to the observed counts in 
reconstructed 𝑝𝑇 − isolation space, accounting for efficiency and resolution
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Signal model

13 November 2025 38

• 𝑑𝜎/𝑑𝑝𝑇 denotes the (true) differential cross-section values (fit parameters)
• ΔpT denotes 𝑝𝑇 bin widths → uniform; 2 GeV
• 𝑅, the response matrix, encodes the detector effects and maps the true 

(generator-level) distribution to the reconstructed (detector-level) distribution

Reco-level
Truth-level

true
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Response matrix
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[arX
iv:2509.18817]

𝜇+

• Isolation dimension is integrated over in this 
plot

• Minimal migration

• The efficiency in each true 𝑝𝑇 bin is obtained 
by summing the elements of all the rows

• The response matrix for the other charge is 
qualitatively similar

https://arxiv.org/abs/2509.18817
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Fit function minimisation
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• The negative log-likelihood is as setup as follows:

where 
• 𝑘𝑖 is the data
• 𝜆𝑖 are the model predictions (based on simulation),
• 𝛽𝑖 are nuisance parameters accounting for the finite sizes of MC samples,
• 𝐶 is the total (statistical) covariance matrix of the prediction

• Log-likelihood fit between the observed data and the signal + background model (at reco 
level) to get best values of 𝑑𝜎/𝑑𝑝𝑇 (at truth-level)
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Fit results
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• 8 bins of isolation, 12 bins of 𝑝𝑇 (fit of 2D distribution)

• (true) 𝑑𝜎/𝑑𝑝𝑇 are the fit parameters

• What you see here is the best fitting model (𝜆𝑖; at reco − level) to the data 

[arX
iv:2509.18817]

https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
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Systematic uncertainties
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• Experimental systematic uncertainties come from the detector 
response and calibration

• Systematic uncertainties are estimated by varying analysis settings 
and observing the effect on the differential cross-section

• Compute covariance matrices for each uncertainty source and 
propagate them to the 𝑚𝑊 measurement

• Covariances quantify correlations between 𝑊+ and 𝑊− and their 
effect on the final 𝑚𝑊 measurement

• Helps identify the largest uncertainty sources and focus on 
reducing them in future analyses
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Systematic uncertainties examples
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• Trigger, Tracking, Muon ID Efficiency

• Momentum smearing (charge 
independent)

• Pseudomass (charge dependent)

• Number of muon isolation bins

• Hadronic bkg/signal isolation calibration

• Hadronic bkg misid rate model

• Hadronic bkg proportions of pions, kaons 
and protons

• Number of reco 𝑝𝑇 bins
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Systematic uncertainties
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Relative systematic uncertainty (grouped) Total systematic correlation matrix

[arX
iv:2509.18817]

https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
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Results – 𝑑𝜎/𝑑𝑝𝑇 and covariance matrix
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HEPData Record

All a theorist needs to fit 𝒎𝑾 with a model of choice  
❖ HEPData Record

https://www.hepdata.net/record/165429
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Results – integrated cross-section
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• 𝜎𝑊+→𝜇+𝜈𝜇
= 300.9 ± 2.4 𝑠𝑡𝑎𝑡 ±

3.8 (𝑠𝑦𝑠𝑡) ± 6.0 𝑙𝑢𝑚𝑖  pb

• 𝜎𝑊−→𝜇−𝜈𝜇
= 236.9 ± 2.1 𝑠𝑡𝑎𝑡 ±

2.7 (𝑠𝑦𝑠𝑡) ± 4.7 (𝑙𝑢𝑚𝑖) pb

MCFM

Predictions using MCFM at 𝑶 𝜶𝒔
𝟐

❖ Integrated over the region 28 < 𝑝𝑇 < 52 GeV and 2.2 < 𝜂 < 4.4
❖ We apply QED corrections to the MCFM predictions (determined with Pythia)
❖ Predictions have uncertainties on varying PDF members and scale variations

[arX
iv:2509.18817]

https://link.springer.com/article/10.1007/JHEP12(2019)034
https://arxiv.org/abs/2509.18817
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𝑚𝑊
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Methodology
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Pythia8

DYTurbo

2021 LHCb m sub cap W ​ analysis

published Z cross-section at 5.02 TeV

• The template 𝑝𝑝 → 𝑊 → 𝜇𝜈 events are generated using Pythia8 with the 
same version and tune as the samples with full detector simulation

• Use DYTurbo to reweight templates for enhanced accuracy (unpolarised 
and angular components) – Similar to the 2021 LHCb 𝑚𝑊 analysis

• Implement a 5D weighting procedure to fit the model (predictions) to 
measured corrected data (𝑑𝜎/𝑑𝑝𝑇 results)

• We also default to fitting the Z boson cross-section to constrain QCD 
modelling (𝛼𝑠 and 𝑔 parameters)
➢ Use the published Z cross-section at 5.02 TeV

• 𝑚𝑊 results were blinded throughout all analysis stages

https://arxiv.org/abs/2203.11601
https://link.springer.com/article/10.1140/epjc/s10052-020-7757-5
https://link.springer.com/article/10.1007/JHEP01(2022)036
https://link.springer.com/article/10.1007/JHEP02(2024)070
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Z fit results
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• This fit gives us results for 𝛼𝑠 
and 𝑔 factor values that we 
can later utilise for the W 
boson mass fit

• We choose to float 𝒈 and fix 
𝜶𝒔 using the Z fit results by 
default when performing the 
W fit (recommended by 
theorists)

LHCb data from 
[JHEP02(2024)070] 

[arX
iv:2509.18817]

https://link.springer.com/article/10.1007/JHEP02(2024)070
https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
https://arxiv.org/abs/2509.18817
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W fit results
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𝑊+ 𝑊−
[arXiv:2509.18817]

https://arxiv.org/abs/2509.18817
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𝑚𝑊 = 80371 ± 130𝑠𝑡𝑎𝑡+𝑠𝑦𝑠𝑡 ± 32𝑡ℎ𝑒𝑜∗

(~100 MeV stat)

*The theory uncertainty is the combination of the PDF members uncertainty and other variations 
(namely, varying 𝛼𝑠+ QED FSR radiation + the 7-point variation of the DYTurbo QCD scale factors )

W mass results

• Submitted to JHEP
• Now onto full Run 2 analysis! 
    (at 𝒔 = 𝟏𝟑 TeV)

The final 𝑚𝑊 result is a simple average of the 
results from using the 3 PDF sets:
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Cross-checks
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Differential cross-section fit variations:
• Changing applied recalibrations of data concerning W 

cross-section model (unpolarized, angular, 𝑚𝑊 value)
• Fit with a simple 𝜒2 instead of Beeston-Barlow Lite method

DYTurbo variations:
• Trying a different PDF set
• Using higher order calculations for the unpolarised 

component
• Changing QCD scale scheme
• Changing the blim cut-off value
𝒎𝑾 fit variations
• Changing the Z/W fit strategies

All results are compatible.
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Analysis preservation
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Importance of analysis preservation
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Impossible or extremely difficult 
to re-run all parts of the analysis

• Theories are validated through experiments

• Similar experiments studying the same 
phenomena should yield compatible results

• Ideally, a researcher from the future should 
be able to repeat an analysis and get 
compatible results

• Very difficult to explain everything in a paper

• Data tuples need to be preserved somewhere

• Data analysis results depend on software 
versions, operating systems, and computing 
environments



Ahmed Abdelmotteleb | Measuring the W boson mass at LHCb | Warwick Seminar

ew-analyses (Gitlab)

13 November 2025 55

• Leverage ‘lb-conda’ (LHCb’s conda-based 
environment) to standardise the software stack 
and ensure compatibility across analyses

• Use containers for operating system 
environments

• Common Gitlab repository for EW analyses 
(cross-sections, masses, weak mixing, LFU, etc.)

• Analysis methodology is similar – lots of shared 
tools

• Sharing knowledge is easier

• Contributions are subject to constant review
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Regular testing
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Tags and protected branches

13 November 2025 57

• Scheduled pipelines to 
ensure reproducibility

• Once an analysis is 
finished, define an 
associated tag and make 
a dedicated directory 
for the tuples on CERN 
storage (EOS) (read-
only)

• Isolated publication 
branches
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What’s next?
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Future 𝑚𝑊 measurement at LHCb
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• Use same analysis techniques to 
measure 𝑚𝑊 with full Run 2 dataset 
(2016-2018) at 𝑠 = 13 TeV

• Expect to produce and rely on a 
double-differential cross-section 

measurement for the W ( 𝑑2𝜎

𝑑𝑝𝑇𝑑𝜂
)

• Currently, using the 2017+2018 data 
at 𝑠 = 13 TeV is currently giving a 
14 MeV statistical uncertainty

• Expect a measurement with close to 
20 MeV total uncertainty

blinded
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Summary
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• First W boson mass measurement using corrected 
𝑑𝜎/𝑑𝑝𝑇 (2-step analysis)

• Corrected production then used it to measure 𝑚𝑊 
(model-independent way)

• Proof-of-principle → used 𝑠 = 5.02 TeV sample
❖ Statistically limited

• Aim to repeat the analysis using the full Run 2 
dataset (> 50 × larger than the 5.02 TeV sample)
❖ Currently in preparation

Stay tuned!
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Selections W/Z
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Handling the signal
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• Start with a prediction of the true signal differential cross-section ( 𝑑𝜎

𝑑𝑝𝑇
𝑏𝑎𝑟𝑒) 

  →(floating fit params, including 2 fixed overflow bins – nuisance params)

• Convert to a true signal yields model (array of counts) (𝑝𝑇
𝑏𝑎𝑟𝑒)

         𝑝𝑇
𝑡𝑟𝑢𝑒 =

𝑑𝜎

𝑑𝑝𝑇
𝑡𝑟𝑢𝑒  × Δ𝑝𝑇

𝑡𝑟𝑢𝑒 ×  𝓛𝑖𝑛𝑡,                                           

where Δ𝑝𝑇
𝑏𝑎𝑟𝑒 is the bin width of the 𝑝𝑇

𝑏𝑎𝑟𝑒 distribution

• Multiply by the normalised response matrix (𝑅𝑖𝑗) to get a reco signal model (𝑝𝑇
𝑟𝑒𝑐𝑜)
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Hadronic background modelling
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Handling the hadronic background
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• As mentioned and seen earlier, our simulation of the hadronic bkg is not ideal

• Need to scale the 𝑝𝑇
𝑟𝑒𝑐𝑜 distribution:

 𝜆𝑖
ℎ𝑎𝑑 = 𝑛𝑜𝑏𝑠𝑓ℎ𝑎𝑑tℎ𝑎𝑑,𝑖

𝑟𝑒𝑐

where
❖ 𝑛𝑜𝑏𝑠 is the observed number of signal candidates (normalisation)
❖ 𝑓ℎ𝑎𝑑 is a freely-varying (floating) fit fraction
❖ tℎ𝑎𝑑,𝑖

𝑟𝑒𝑐  is the simulated, normalized hadronic distribution/template (with 
misID probability weights applied)

❖ This template represents the expected shape of the background across bins, 
with σ𝑖 tℎ𝑎𝑑,𝑖

𝑟𝑒𝑐 = 1
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Handling other backgrounds
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• The remaining backgrounds, 
          (𝑍 → 𝜇𝜇, 𝑊 → 𝜏𝜈𝜏, 𝑍 → 𝜏𝜏, DY,  𝑡 ҧ𝑡 𝑞, 𝑡 ҧ𝑡 𝑔, single-top, 𝑐 ҧ𝑐 , 𝑏 ത𝑏), 
are determined from simulation and scaled to the Z distribution using the known theory 
cross-sections

• The first factor is an estimate of the integrated luminosity based on the observed 
number of 𝑍 → 𝜇+𝜇− events, 𝑛𝑍

𝑜𝑏𝑠, the corresponding cross-section, 𝜎𝑍, and the 
simulated efficiency, 𝜖𝑍

• These are now fixed components of the fit

• They are also normalised to the data

Background process 
cross-section
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Results – example low vs high 𝑝𝑇 bin
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𝑊+, 𝑝𝑇 ∈ 30, 32  GeV, 𝜂 ∈ 2.2, 4.4 , 𝑝𝑇 bin index 1 𝑊+, 𝑝𝑇 ∈ 48, 50  GeV, 𝜂 ∈ 2.2, 4.4 , 𝑝𝑇 bin index 10
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Results – Integrated cross-section 1D
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𝑊+ 𝑊−
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Results – Systematics correlation matrix
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Pseudomass Momentum Smearing
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Pseudomass comparison
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13 TeV5.02 TeV [JINST 19 (2024) P03010]

https://iopscience.iop.org/article/10.1088/1748-0221/19/03/P03010
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Signal Isolation Calibration 13 TeV comp
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𝐶 = 𝐶′ + 𝑞𝛿

Ad hoc (one-off) cross-check

13 TeV

• Within 1.5 𝜎
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Validation of corrected simulation
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Validation of corrected simulation
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Validation of corrected simulation
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Validation of corrected simulation
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Validation of corrected simulation
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Results – reco yields/counts (stacked)
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𝑊+ 𝑊−
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Results – statistical covariance matrix
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𝑊+ 𝑊−
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Systematics
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Systematics
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Systematics
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Results – total systematic covariance matrix
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W mass fit - Systematics impact 
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W mass fit results – no systematics
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𝑚𝑊 = 80522 ± 103 𝑠𝑡𝑎𝑡  [unblinded]
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Cross-checks
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Cross-checks
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Cross-checks
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Cross-checks
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Cross-checks
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Cross-checks

13 November 2025 90



Ahmed Abdelmotteleb | Measuring the W boson mass at LHCb | Warwick Seminar

Cross-checks
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