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Introduction

• Will present first measurement of the W boson mass from LHCb.

• LHCb-PAPER-2021-024:
• Available here, with additional information here.
• Published (this week): JHEP 01 (2022) 036.

• Paper builds on a rich history of measurements with electroweak 
bosons at LHCb – more details here.

https://arxiv.org/abs/2109.01113
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-024.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_QEE.html
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W mass – status to date
• W mass is at heart of electroweak theory:
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Where Δ includes higher order effects…
…and potential new physics contributions.

• Global EW fit provides prediction of W mass 
with 7 MeV precision [EPJC 78 (2018) 675].

• Hadron Collider measurements already available from ATLAS, CDF and D0, and 
contribution from CMS expected.
• Precision of direct measurements limits interpretation of global EW fit in terms of 

new physics.

https://link.springer.com/article/10.1140/epjc/s10052-018-6131-3
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Why LHCb? – the detector

• Designed for flavour physics – but also able to act as general purpose forward detector. 
• Overlap with ATLAS/CMS precision coverage in 2.0< η<2.5; unique precision coverage in 

2.5<η<5.

• Single arm spectrometer, fully instrumented in the forward region.

JINST 3 (2008) S08005
and Int. J. Mod. Phys. A 30, 1530022 (2015)

(very rough guide!)

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227
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Why LHCb? – LHCb acceptance
• The complementary forward coverage at 

LHCb is a significant advantage.
• PDF uncertainties are expected to be 

anti-correlated in any W boson mass 
measurement between the central and 
forward regions [EPJC 75 (2015) 601].

• A measurement from LHCb has the potential 
to contribute significantly in any LHC-wide 
average.
• The overall average is ultimately the 

quantity that matters.
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EPJC 75 (2015) 601

https://link.springer.com/article/10.1140/epjc/s10052-015-3810-1
https://link.springer.com/article/10.1140/epjc/s10052-015-3810-1
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Analysis Strategy – Dataset
• Choose to analyse a fraction of our 

overall dataset for this first analysis.

• Analyse the dataset collected in 2016.
• Corresponds to an integrated 

luminosity of 1.7 fb-1.

• Initial proof of concept measurement, 
listen to community feedback while we 
continue to analyse full Run 2 dataset.
• Measurement presented here uses 

less than 30% of our Run 2 dataset.
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Analysis Strategy – Signal Selection
• Fiducial acceptance (2.2 < 𝜂 < 4.4)
• Signal muon candidate, responsible for event selection in trigger.
• Well reconstructed and isolated track associated with primary interaction. 
• Rejects heavy flavour decays and hadronic backgrounds

• No additional high pT muon measured in LHCb in the event.
• Reduces background from Z boson decays.

• No use of recoil information – LHCb does not have 4𝜋 coverage.

• Select ~2.4M events in the fit window 28 < pT < 52 GeV.
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Analysis Strategy – Fit
• Seek to measure the W boson mass by 

fitting the q/pT spectrum of muons 
produced in W boson decays.
• Simultaneously fit 𝜙∗ distribution in Z boson 

events
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• Determined solely from final state muon 
directions – no momentum information 
needed.
• Allows additional control of QCD effects.
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Modelling Electroweak boson physics
• Electroweak boson physics functional form (at Born level) can be written as:

• Model boson production using ME+PS simulation (central model used in analysis 
is POWHEG+Pythia8, as this provides best description of Z boson pT). 
• Parameters associated with QCD modelling are floated to ensure best 

description of the QCD physics, following arxiv:1907.09958.
• Model angular structure of boson decay using DYTurbo at 𝑂(𝛼/"). 

https://arxiv.org/abs/1907.09958
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Key Experimental Systematics

• Detector alignment and momentum scale 
calibration – determined using 𝐽/𝜓, Υ and 
Z boson data, following EPJC 81 (2021) 
251.
• Selection efficiencies – determined using 

simulation, with corrections applied based 
on Υ and Z boson data.
• Backgrounds – most significant is the 

hadronic decay-in-flight, which is 
determined using a dedicated hadronic 
data sample. 

https://link.springer.com/article/10.1140/epjc/s10052-021-09016-9
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Key Theoretical Systematics

• Parton Distribution Functions – measurement made independently for 3 global 
PDF sets. Central result is arithmetic average of these 3, and assumes 100% 
correlation of them.

• Boson Production Model – measurement repeated using different programs to 
model W and Z boson production. Envelope of final results sets the systematic 
uncertainty.

• Boson Decay – angular coefficients varied using uncorrelated scale variation 
following JHEP 11 (2017) 3. An additional parameter is floated associated with A3 
to compensate for global changes in A3 associated with scale variation that 
otherwise decrease the data/model agreement. 

https://link.springer.com/article/10.1007%2FJHEP11%282017%29003
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Crosschecks
1. Fits using pseudodata demonstrate that the ‘QCD parameters’ in our default model are sufficient to 

capture variations between different QCD modelling programs (POWHEG+HERWIG, HERWIG7, 
DYTURBO…etc) and do not introduce a significant bias in the W boson mass.

2. 50:50 orthogonal splits in the data (in 𝜂 region, in azimuthal angle, in magnet polarity, in q ×
magnet polarity,…) give consistent W mass results between the two orthogonal splits.

3. Changes in the fit range give consistent and stable results.

4. Changes in the model freedom give consistent and stable results. 
For example, determining the QCD parameters for the W only using the W boson data (ie not using 
Z boson data) induces a shift in the W mass below 1 MeV.

5. A W-like fit of the Z mass is consistent for the two muon charges, and is consistent with the PDG 
value.

6. Floating the W+ and W- mass difference yields a mass difference consistent with 0.

7. Additional tests including use of NNLO PDFs (instead of NLO) impact the W mass at the 1 MeV level.
8. …
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Fit Result
𝜒!/dof = 105/102

𝜎stat = 23 MeV 
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LHCb Result
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(Naïve) LHC average
A full combination may take many years, but can combine with ATLAS measurement using BLUE and 
simplest approach: experimental uncertainties uncorrelated, and consider different assumptions for 
the correlation of theoretical and PDF uncertainties.

Reminder: we expect a 
negative PDF correlation 
between ATLAS and LHCb

EPJC 75 (2015) 601

LHCb

https://link.springer.com/article/10.1140/epjc/s10052-015-3810-1
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Future Prospects @ LHCb
• An overall precision < 20 MeV looks 

achievable with existing LHCb data.
• Full Run 2 dataset will allow a 

statistical uncertainty of ~10 MeV.
• EPJC 79 (2019) 497 encourages a 

double differential fit in 𝜂 and q/pT to 
further constrain theory systematics.

• Run 3 dataset could allow further 
constraints on systematic effects, and a 
precision of 10-15 MeV.
• Major upgrade allows the proton 

collision rate to be increased by a 
factor 5.

LHCB-PUB-2018-009

https://epjc.epj.org/articles/epjc/abs/2019/06/10052_2019_Article_6997/10052_2019_Article_6997.html
https://arxiv.org/abs/1808.08865
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Conclusions
• First measurement of the W boson mass at LHCb.
• W mass measurements provide information on a fundamental parameter of 

nature AND provide a key test of the consistency of the Standard Model, 
indirectly probing new physics.
• LHCb acceptance complementary to that of ATLAS and CMS – reduced 

correlation of theoretical uncertainties, so significant impact expected on 
LHC-wide average.

• The overall precision achieved in the first LHCb measurement is ~32 MeV.
• Uses LHCb data collected in 2016, corresponding to roughly 1/3 of the LHCb 

Run 2 dataset.

• Improved modelling and larger datasets will allow < 20 MeV precision.
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Backup
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𝐴" 𝑝# , 𝑦,𝑀 → 𝑓$" × 𝐴" 𝑝# , 𝑦,𝑀
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Orthogonal datasets:
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Fit model freedom:
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ATLAS:

EPJC 78 (2018) 110

https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5475-4


William Barter (Imperial College London) Slide 35mW @ LHCb 12/01/22



William Barter (Imperial College London) Slide 36mW @ LHCb 12/01/22

New Physics Reach

B. C. Allenach et al., EPJC 81 (2021) 721

Δ𝜒"(SM, 𝑌G) = 6.5


