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® QCD describes the underlying physics of proton—proton collisions at the LHC:
o Jets arise from quark and gluon radiation followed by hadronization
— Involves both perturbative and non-perturbative regimes of QCD
o The non-perturbative aspects rely on phenomenological models implemented in
Monte Carlo generators, as they cannot be calculated from first principles.
o Jet substructure measurements:
m Provide insight into jet formation.
m Improve our understanding of energy distribution and correlations in
multi-hardons observables.
m Constrain the models used to describe non-perturbative QCD.

® To test SM predictions and assess the accuracy of pQCD modeling, measurements
of (V+) jets cross sections are essential:
o Sensitive to both NLO QCD and electroweak (EW) corrections.
o Probe the accuracy of QCD+EW modeling in Monte Carlo generators.
o Insight for generator tuning and the choice of merging techniques
m Test renormalization scale settings in multi-jet merged samples
m Validate and challenge new multi-jet merging predictions
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2D representation of the phase space of emissions within a jet.
Jets are re-clustered using the Cambridge—Aachen algorithm in reverse
— Each splitting is mapped onto the plane using the p_fraction of the

emission and the opening angle between the emitted particle and the jet core.
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e First measurement of the LJP for jets initiated by top quarks and W bosons.
® First time using of large-R=1.0 anti-kt jets in ATLAS for LJP measurement

2 01 1 =1 .
e Full Run 2 dataset: 140fb™ at sqrt(s) = 13 TeV. Eur. Phys. J. C 85 (2025) 416

1. Uses ttbar event events where one W boson decays eoru
hadronically, the other leptonically (e or i)

2. Anti-kt jets with large-R=1.0 / ’

3. One large-R jet J with p_ > 350 GeV separated from II
the lepton by AR(¢, J) > 2.3 \

AR(,J)>2.3
Event are separated into 2 categories:
1. Top jet:
a. Large R-jet mass: MJ > 140 GeV
b. AR(b-jet,J) <1.0
2. Wjet: i
a. Large R-jet mass: 60 < M, <100 GeV o/
b. AR(b-jet,J) >1.0 b J 9
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® The emission density in the LIP is unfolded using Iterative Bayesian Unfolding,
o  Signal: Powheg + Pythia8.
® Emissions at large angles and high p_ has highest densities.

e Top-initiated jets show higher emission density at wider angles due to larger mass.
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Top jets show reasonable agreement between data and MC, with some
discrepancies in smaller regions of the phase space

W jets show significant disagreement between data and MC across a larger portion
of the plane
Modeling uncertainties dominate the total uncertainty across most of the LJP
Top Jet W Jet Eur. Phys. J. C 85 (2025) 416
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® Track functions describe the energy distribution of charged hadrons from quark
and gluon fragmentation.
o Non-perturbative and must be measured using p. fractions of charged hadrons
o Higher moments r, = provide insight to correlations in hadronization, etc.

e Full Run 2 dataset at sqrt(s) = 13 TeV. (Dijets events). pcharged
re = ———
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® Track functions describe the energy distribution of charged hadrons from quark
and gluon fragmentation.
o Non-perturbative and must be measured using p. fractions of charged hadrons
o Higher moments r, = provide insight to correlations in hadronization, etc.
e Full Run 2 dataset at sqrt(s) = 13 TeV. (Dijets events).
The rq distribution is used to extract the moments, with OmniFold applied

as a data-driven correction to mitigate binning artifacts in the extraction.
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® Two sets of measured observables:
o H,=P_ +P_, :proxy sensitive to fixed-order QCD effects and energy scale of
the hard scattering interaction.
Py ijljz’ M e ijj’ . - sensitive to PDF, VBF/VBS modelling.
e \Very precise measurement dominated by jet uncertainty.

©)

e Theory uncertainties: Note the following plots f  _ Tsets
o Bl show cross-section ratio 02-jets
o  Scale Uncertainty (reduced at NNLO)
o Statistical Phys. Rev. D 110, 072019 (2024)
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® Two sets of measured observables:
o H_=P_ +P_ 12 - Proxy sensitive to fixed-order QCD effects and energy scale of
the hard scattering interaction.
Py ijljz’ M e ijj’ . - sensitive to PDF, VBF/VBS modelling.
e Comparison of dijet mass distributions between MC generators and the
high-energy jet (HEJ) framework:

o HEJ does not include parton-shower (Sudakov) resummation.
Phys. Rev. D 110, 072019 (2024)
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e Measurement of collinear W boson emission from high energy jets using
the 140 fb™* of Run 2 ATLAS data at \s = 13 TeV

® The measurement performed separately for electron and muon decay
channels of the W boson, then both channels is combined and compared
against available NLO-merged W+jet MCs and and fixed-order MCFM
W+1-jet @NNLO QCD predictions.

e Relevant analysis:

o Extends Run-1 (8 TeV, 20.3/fb) with:
m ~x7 more data
m Measure both (e, #) channels.
m Differential distributions in the collinear phase-space

o Complementary to the collinear Z+jets measurement (link)

15


https://link.springer.com/article/10.1007/JHEP06(2023)080

C\E/RW The Collinear Phase-Space ATLAS

NLS EXPERIMENT
® Require at least one jet with p_> 500 GeV
® The collinear phase-space is defined by the AR _ (¢,1.'%°) < 2.6
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“W-strahlung” (collinear emission) back-to-back
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e Data are unfolded using Iterative Bayesian Unfolding.

e Total cross-section for each measurement regions.
o Theoretical predictions in good agreement with data for all regions.
o Large scale uncertainties on Sherpa (0-2j@NLO+3-5@LO) since the leading order accurate legs
dominante our phase-space.
o  MCFM W+1-jet @NNLO with similar precision to measurement.
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e Differential cross-section: W pT in Collinear Phase- Space
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® Presented a set of jet cross-section and substructure measurements using ATLAS
Run 2 data
o  First Lund Jet Plane measurement in ATLAS using large-R jets from ttbar
events with W boson and top-quark initiated jets

o Jet track function measurement enables precision comparison between data
and theory for track-based substructure observables; higher moments offer
new insight into hadronization modeling

® Presented two Jet cross-section measurements:
o Jet cross-section ratio measurement provides sensitivity to fixed-order QCD
effects, hard-scatter energy scales, PDFs, and VBF/VBS modeling.

o Collinear W+jets measurement:
m Good agreement with theoretical predictions across all regions.
m Fixed-order NNLO calculation (MCFM, W+1 jet) achieves precision
comparable to data

19
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