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Two analyses:

o Measurement of W-boson cross sections using low pileup data (on-shell)

→ Submitted to EPJC (arXiv:2502.09403)

o Measurement of charged-current Drell-Yan at high transverse masses (off-shell)

→ Submitted to JHEP (arXiv:2502.21088)

https://arxiv.org/abs/2502.09403
https://arxiv.org/abs/2502.21088
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o W-bosons are produced in 
abundance at the LHC

Measurements of W-boson Cross Sections in ATLAS

𝑢! =	%𝐸!

(sum of identified 
objects in event, 
excluding the 
charged lepton)

The neutrino is invisible to ATLAS, it can only be 
inferred by momentum conservation
Only the charged lepton 𝑙 and the hadronic recoil 
𝑢!  can be measured 

→

→

o But they are difficult to measure with high precision…

Measuring W-bosons
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o But they are difficult to measure with high precision…

Measuring W-bosons

Problem: 

o As the LHC continues to ramp up the 
luminosity, pileup (mu/𝝁) increases…

o 𝑢! 	resolution deteriorates with 
increased pileup!

o Accurately measuring the W cross 
section requires an accurate 
reconstruction of 𝑢!…of 𝑢!
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o Unique Run 2 low-pileup (low-mu) datasets at 5 TeV and 13 TeV

Measurements of W-boson Cross Sections in ATLAS
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o Precise W cross sections measurements!

• Single-differential cross-sections as a function of the charged 
lepton 𝑝!"  and pseudorapidity |𝜂"| 

• Double-differential cross-section as a function of both 𝑝!"  and |𝜂"| 

• W-boson charge asymmetry and PDF impact studies

→ Clean pileup environment allows for precise 
reconstruction of hadronic recoil 𝑢!  and 
reduced QCD backgrounds

→ Offer fantastic opportunity to study W-physics!

𝑠 5.02 TeV 13 TeV

Luminosity 255 pb-1 338 pb-1

W Candidate Events 1.45 M 4.36 M

Low-Pileup Runs
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o Event selection: 
• Single lepton triggers 
• Exactly one charged lepton with 𝑝!"  > 25 GeV, |𝜂"| < 2.4
• 𝐸!#$%%	> 25 GeV and 𝑚! 	> 50 GeV 

Measurements of W-boson Cross Sections in ATLAS

o Leptons: 
• Mostly calibrated using high-mu to low-mu extrapolation

→ Dilepton system can be accurately measured 
→	𝑝!& = 𝑝!""  measurement is used to calibrate 𝑢!
→ Calibration transferred to W →	𝑙𝜈 events

o Hadronic Recoil:
• Uses Particle Flow Objects (PFOs) for reconstruction 
 →	Combine track-based and calorimeter-based info in an optimal way
 → 5% improvement in resolution compared to previous methods

• Calibrated using 𝑍 →	𝑙𝑙 events

𝑚! = 2𝑝!" 𝐸!#$%%(1 − cos 𝜃"&) 

𝑚! = 𝑚"& (invariant mass) if 𝑙 and 𝜐 
have zero longitudinal momentum 

Selection + Calibration
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o Backgrounds with prompt leptons:
• 𝑊 → 𝜏𝜈, 𝑍 → 𝑙𝑙, diboson, and top processes
→	 Estimated using Monte-Carlo (MC)
 

Measurements of W-boson Cross Sections in ATLAS

o Backgrounds with non-prompt leptons:
• Multijet (MJ): jets misidentified + heavy flavour decays 
→  Estimated via data-driven method (ABCD method):

ü Data in good agreement with MC

o Template fit in C (FR) to extract mulFjet yield
o 	
o 𝑓 applied to multijet yield in C (FR) to give no. 

of multijet events in D (SR)

𝑓

Transfer factor 𝑓 derived from regions A and B

Background Estimation
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o Iterative Bayesian Unfolding → obtain measurement at truth-level (Born-level)

Purity correction:

𝑝$ =
𝑁$'()*&,'-,.

𝑁$'()*
(𝑖 = reco-level bin)

Efficiency correction:

𝜖/ =
𝑁/'()*&,'-,.

𝑁/'()*

(𝑗 = truth-level bin)

o Unfolding performed separately for 𝑒0, 𝑒1, 𝜇0, 𝜇1 channels, and for 5 TeV and 13 TeV data

o Truth-level 𝑒 and 𝜇 channels are combined to give 𝑊 → 𝑙𝜈 cross section:

     → Best Linear Unbiased Estimator (BLUE) method: estimator minimize variance subject to bias 𝑏 = 0

Unfolding + Combination
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o Born-level double-differential cross sections for 𝑊1 : 

o Comparison with predictions calculated at NNLO+NNLL QCD with various 
PDF sets: 

• Statistical, PDF, and QCD scale uncertainties are quoted for 
predictions 
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ü Good agreement between 
data and predictions

ü Total measurement 
uncertainty ≈ 2% 

Results
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o Charge asymmetry

→ Measurement precision is greater 
than prediction precision!

o PDF profiling → assess the impact of data on PDFs:

→ Significant improvements in uncertainties of 
valence-quark distributions!

Charge Asymmetry + PDF Profiling
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o We have seen what we can do with low-mu data… 

         →	What about high-mu data? 

o Measurements of W-production in extreme regions of phase space: high-mass!

         → Transverse mass 𝑚!: 200 GeV to 5 TeV → first time! 
→ Unique test of lepton flavour universality
→	Constrain PDFs (valence quarks at high momentum transfer 𝑥)
→	Sensitive to new physics effects (e.g. W’ boson)

o Cross section measurements performed for 𝑒0, 𝑒1, 𝜇0, 𝜇1:

• Single-differentially in 𝑚!
• Double-differentially in 𝑚!  and |𝜂"|
• Uses full Run 2 dataset: 140 fb−1 at 13 TeV

Measurements of W-boson Cross Sections in ATLAS

Charged-Current Drell-Yan (CCDY)

𝑚! = 2𝑝!" 𝐸!#$%%(1 − cos 𝜃"2)

Charged-Current Drell-Yan at High- 𝑚!
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o Event selection: 
• Single lepton triggers 
• Exactly one tight level lepton with 𝑝!"  > 65 GeV, |𝜂"| < 2.4
• Veto additional loose level leptons with 𝑝!"  > 20 GeV 
• 	

o Backgrounds: 
• 𝑊 → 𝜏𝜈, 𝑍 → 𝑙𝑙, diboson, + top processes 
 →	Estimated using MC

• Multijet Background
→	Estimated using data-driven method:

Matrix method: 𝑁01230
𝑁455678950801230

=
𝜖: 𝜖;

1 − 𝜖: 1 − 𝜖;
𝑁:45567

𝑁;45567

ü Good Data-MC 
agreement

𝐸!#$%%	> 85 GeV and 𝑚! 	> 200 GeV 

o Multijet yield (no. of fake leptons) is determined from no. of loose and tight 
events, using real/fake efficiencies (𝜖!/𝜖").

Selections + Backgrounds



Unfolded Results
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o Iterative Bayesian Unfolding:

Measurements of W-boson Cross Sections in ATLAS

𝑑𝜎
𝑑𝑥<

~
1
𝜖<
	-
1

𝑅1<8= 𝑝1	(𝑁1>?0? − 𝑁1
@>2>)

Purity (in-smearing) correction:

𝑝# =
𝑁#$%&'&)$*)+

𝑁#$%&'
(𝑖 = reco-level bin)

Efficiency correction:

𝜖, =
𝑁,$%&'&)$*)+

𝑁,
$%&'

(𝑗 = truth-level bin)

→

ü Agreement with 
Powheg+Pythia 
and Sherpa MC

Produces truth-level
(Born-level) cross sections

Unfolded Results
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o Charge asymmetry and lepton flavour universality (LFU) test at extreme mass scales:

Asymmetry increases with 𝑚!  due to increasing 
contribution of the 𝑢-valence PDF at large 𝑥-Bjorken

→ → LFU is consistent with SM within the uncertainties
→ Largest uncertainty at high 𝑚!  due to statistics

Charge Asymmetry + LFU
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o Comparisons to NNLO predictions from DYTurbo
→ PDF uncertainties larger than measurement for 𝑚!  < 1 TeV
→ Potential to constrain PDFs at high-𝑥

o Constrain new physics by constraining SMEFT (Standard 
Model Effective Field Theory):

→ World-leading constraints on 
four-fermion Wilson 
coefficient 𝑐"3

(5) 

→ No significant deviation from 
the Standard Model…

PDFs and EFT
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o Both low-mu and high-mu data are very important for studying W-physics!

o Measuring the W cross-section:

→ Important test of the electroweak sector of the Standard Model
→ Constrain PDFs
→ Sensitivity to new physics 

o LHC luminosity and centre-of-mass energies will continue to increase…

• More statistics!
 → Greatly beneficial for off-shell measurements (statistics is a strong limiting factor)
 → Multi-differential measurements → further PDF sensitivity

• Improving experimental methods to improve on-shell measurements:
 → Potential for bringing method of harmonic polynomials to W-production 
 → Accurately calibrating hadronic recoil at high-pileup

Conclusion



Backup

James Inglis (QMUL) 17Measurements of W-boson Cross Sections in ATLAS

Backup



Hadronic Recoil Calibration
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o Project the hadronic recoil 𝑢!  parallel (𝑢||) or 
perpendicular (𝑢8) to the dilepton 𝑝!""  :

o 𝑢8 defines the 𝑢!  resolution
o 𝑢|| defines a bias 𝑏 = 𝑝!"" + 𝑢8

o Good closure of the calibration is observed:

Hadronic Recoil Calibration
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o ABCD method is used: 

o Template fit in FR to extract no. of mulnjet events
o Transfer factor 𝑓 derived from CR1 + CR2
o 𝑓 applied to post-fit FR template to give no. of 

multijet events in SR 

o Transfer factor depends on isolation:

o Linear and quadratic extrapolation to signal region is 
performed → gives the MJ yield in signal region + 
uncertainty

Background Estimation


