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A pair of new measurements at ATLAS

Analyses and their highlights:

+ Differential W-boson cross-sections at High transverse mass (2502.21088)
> first such measurement above W resonance

i ; . 2
> double differential cross-section measured y a Z’ ‘
mrain

% Differential W-boson cross-section using low pile-up data (2502.09403)

> |ow pile-up (<p> ~ 2) runs at /s = 5.02 TeV and 13 TeV (2017-2018)
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https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2502.09403

Charged-current Drell-Yan

Motivations:

« Differential cross-section in extreme phase space

% Stress test lepton flavor universality

% Complementary to neutral-current measurement by

cross-section

probing different flavor combinations —
g T

% High momentum transfer, constrain quark PDFs

% Probe new physics via Standard Model Effective Field

Theory (SMEFT) in the high mass tall 20 Gov 200GeV A1y



Selections

How do you select for this?




Selections

How do you select for this?

Exactly 1 isolated charged lepton (e/u)
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- single lepton trigger
- exactly one tight lepton
- veto events with additional lepton
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How do you select for this?

Exactly 1 isolated charged lepton (e/u)
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Selections

How do you select for this?
Exactly 1 isolated charged lepton (e/u)

my = [2pLERSS(1 - cos6,,)

7/
I == : m_ > 200 GeV




Background modeling

Estimated via simulation:
S Z->1I'Tr

® W-orv,Z—or1r1

< Di-boson

% ttbar and single-top

Multijet contribution estimated via Matrix method.



Background modeling

Estimated via simulation: 2
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Unfolding differential cross-section
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Born-level (“truth-level”) distribution

and “dressed” particle-level.
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Unfolding results

Truth-level
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Flavor universality results
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Charge asymmetry results
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Compare to PDF uncertainty

Theory/Data
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s Measurements have smaller uncertainty < 1 TeV

« Potential to be used to improved PDF predictions

oo

0.8

12

Unfolded distribution compare to
theoretical calculation
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EFT Interpretation

/
L. %4

/
L. %4

No significant deviation from Standard Model prediction

Sets world-leading constraints on the four-fermion Wilson coefficient c(3 :
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Low pile-up analysis

% Differential W-boson cross-section using low pile-up data (2502.09403)
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https://arxiv.org/abs/2502.09403

Low pile-up analysis

Why do we need dedicated low pile-up data?

Transverse mass is an important handle for selecting W boson events

S e E——

I'm, > 200 Gev
I
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Low pile-up analysis

The precision of recoil measurements decreases as pile-up increases:
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Date set

Dedicated runs in 2017 and 2018 with extremely low (~2)

average pile-up.

\/
L X4

\/
L X4

255 pb! @ 5.02 TeV, ~1.46M W after selection
338 pb' @ 13 TeV, ~4.4M W after selection

Recorded Luminosity [pb "/0.1]
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] 2016: <pu>=25.1
[ 2017:<p>=37.8
] 2018: <u> =36.1
[ Total: <u>=33.7
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Selection

% Single lepton triggers
< Exactly one “medium” lepton p_> 25 GeV, |5| < 2.4
< MET > 25 GeV and m, > 50 GeV

Reduce QCD multijet

Precision is the name of the game, dedicated calibration
(2404.06204) using Z — I*I'

% Hadronic recoil component of MET

s Dedicated lepton calibration

Recorded Luminosity [pb "70.1]
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- ATLAS Online, 13TeV  [Ldt=146.9fb "

2015: <u> =134
2016: <pu> = 25.1
2017: <u>=37.8
2018: <u> = 36.1
Total: <u> = 33.7
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https://arxiv.org/abs/2404.06204

Background modeling

Estimated via simulation:

X/
L X4
X/
L X4
X/
L X4

X/
L X4

Multijet estimated via ABCD method:

Z— '

W — tv

Di-boson

ttbar and single-top

leptor\ isolation

\

FR

derive transfer factors Control Regions (CR). CR1

fit in Fit Region (FR)

transfer template fit to Signal Region (SR)

MET > 25 and m7 > 50
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Background modeling

Estimated via simulation:
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Detector-level single-differential
cross-section data vs. simulation

22



Unfolding results

DS

*

7
%

7
%

Unfolded separately for e, e*, u, u™,
of 5 TeV and 13 TeV dataset
separately.

dPo/d Iidp_ [pb/GeV]

Total uncertainty ~2% for most bins.

Good agreement when compared to

DYTurbo calculation (NNLO + NNLL

in QCD) using recent NNLO PDF sets:

CT18, MSHT20, NNPDF3.1,
NNPDF4.0, ATLASpdf21).

Theory / Data
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Charge asymmetry results

Charge asymmetry measured as function of |z|.
Smaller uncertainty than theory uncertainty.
Potential constraints on the PDFs.
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PDF profiling results

Y/
L X4
7
L X

Y/
L X4

Assess the impact of this new data on PDFs
Sizeable improvements in the uncertainties in the quark distributions are observed.
The largest reduction of about a factor two is achieved around x = 0.004 for the valence quarks
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Summary

Charged-current Drell-Yan cross-sections at High transverse mass (2502.21088)

% first such measurement above W resonance
% single-differential in m_.

< double-differential in m_and |n|

% SMEFT interpretation

Differential W-boson cross-section using low pile-up data (2502.09403)
% low pile-up (<p> ~ 2) runs with 5.02 TeV and 13 TeV (2017-2018)

% single-differential cross-section in lepton pT or |n|

% double-differential cross-section in lepton pT and |n|

% estimated constraining power on set of quark PDFs
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https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2502.09403

Backup
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Background modeling

Estimated via simulation:

X/
L X4
X/
L X4
X/
L X4

X/
L X4

Multijet contribution estimated

Z— Il

W1, Z—>r11
Di-boson

ttbar and single-top

— NT L T
“Real” efficiency from MC

“Fake” efficiency from Data
ia Matrix method:

T: Tight

L: Loose-not-Tight Nt = e N = — (e (N + Ng) - Np]

R: Real (prompt) Ep SEf

F: Fake (jet or non-prompt) Invert to obtain multijet background
estimate
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