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Introduction

W/ Z : Weak force carriers discovered 40 years ago — key tools in precision tests of
the Standard Model (SM)

* LHC: high energy + high luminosity — “IW and Z factory”

0(10°) W - lv,0(108) Z - Il foreachl = e,u, Tin Run 2 at 13 TeV

* negligible statistical uncertainty: differential cross-sections

SM precisely predicts production/decay rates and properties
 Stringent tests of QCD and electroweak (EW) calculations
 Sensitivity on Effective Field Theory (EFT)

* Constraint on Parton Distribution Functions (PDFs): a large number of inclusive and
differential cross sections measured by the ATLAS, CMS, and LHCb experiments have already
been used by different PDF groups to improve the precision on the PDFs
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Precision W differentials @ 5.02 TeV & 13 TeV

W - lv key challenge: the missing transverse momentum, pJ'5

« Dedicated low pileup (< u >~ 2) data: 255 pb~1! (5.02 TeV), 338 pb~1 (13 TeV)

* Excellent experimental conditions for a clean hadronic recoil energy measurement.
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« Phase space: plT/v > 25 GeV, |n'| < 2.5, m¥ > 50 GeV (m¥ = \/2p§p¥(1 — cos(Ag)))

« Signal process: pp > W* - ev/uv

e Use Z — ll for the recoil response calibration
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Precision W differentials @ 5.02 TeV & 13 TeV

* For each energy, do/d|n|, do/dps, and d%c/d|n|dpy
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Precision W differentials @ 5.02 TeV & 13 TeV

For each energy, do/d|n|, do/dpy, and d*c/d|n|dpy are measured for W+, W,
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Precision W differentials @ 5.02 TeV & 13 TeV

W-boson charge asymmetries are measured at both energies using the measured do/d|7|.

* experimental uncertainties cancel out

* more precise than the predictions (<1.8% @5.02 TeV, < 3% @13TeV)
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Precision W differentials @ 5.02 TeV & 13 TeV

PDF impact profiling

* Performed in the xFitter framework, minimizing:
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* Uncertainty reduced (~50% around x = 0.004)
 NNPDF4.0 (similar improvement is also observed for CT18, MSHT20 and ATLASpdf21)
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First measurement of W differentials @ High-m}’

Highm% : 200 GeV ~ 5000 GeV

Bjorken variable x: the fraction of the parton

* Full RunZ data: 140 fb_l @13 Tev momentum to the energy of the proton,
Motivation for high mass: Vs

* High-x region of the proton structure, where PDFs are less well constrained

x~10"%2uptox ~ 1

» Sensitive to new physics beyond the SM, which can be described in terms of EFT
(d)

Lsmerr = Lsm + Z LY = Lou+ Z = 401(00

d>4

First measurement of the cross-section for the process pp — lv + X above the W
resonance production region.
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First measurement of W differentials @ High-m}’

Phase space: ph > 65 GeV, p% (EF55)> 85 GeV, |n!| < 2.4, 200 GeV < m¥¥ < 5000 GeV
Signal process: pp > W* - ev/uv

Background:
e MC simulation: Z = ll, W — tv, diboson, top (validated in eu region with 94% Top events)

« data-driven: multijet (matrix method)
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First measurement of W differentials @ High-m}’

Control plots: data yields and spectra are well described by the simulation
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First measurement of W differentials @ High-m}’

do/dmY¥ and d®c6/d|n|dm} are measured for W+ and W~

« for e-channel and u-channel, and then combined (improving the statistical & systematic precision)

* no sign of lepton flavor universality deviation beyond SM
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First measurement of W differentials @ High-m}’

Acharge (mTW ) and Acharge(l"lr mTW) are measured

* asa function of m¥ for the first time

« grows with transverse mass:

mrt = x1 =

uv(x)
dy(x) f

 sensitive to the differences in u,, and d,, PDFs (PDF unc. < experimental unc. for most bins)
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First measurement of W differentials @ High-m}’

New physics: dimension-6 SMEFT operators grow with energy
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d>4
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Conclusion and Outlook

Two precision measurements:
* Low-pileup W differentials @ 5.02 TeV & 13 TeV

« First measurement of W differentials @ High-m~¥’

W /Z Differential cross-sections:
 Sensitivity to new physics via EFT

e Constraint on PDFs

Many other results with single W/Z at the LHC (Run2, Run3):
* Unprecedented precision (excellent performance, large statistics)

 various valuable inputs for tests and new physics
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