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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

p+Pb collisions in ATLAS

q p+Pb data at
√

sNN = 8.16 TeV collected in 2016 by the ATLAS experiment.

q The luminosity of 165 nb-1, split into 57 nb-1 (p+Pb) and 108 nb-1 (Pb+p).

q Final luminosity calibration with a relative uncertainty of 2.4%.
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Measurement of the centrality dependence
of the dijet yield in p+Pb collisions

arxiv:2309.00033

https://arxiv.org/abs/2309.00033


Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Motivation

q Color transparency (PRD 98 (2018) 071502)
A p containing a high-x parton interacts with a nuclear
target with smaller than average cross section and size.

q RCP results (PLB 748 (2015) 392-413)
Suppression of the jet production in central events as a
function of jet pT and Ejet.

q RpPb results (PLB 748 (2015) 392-413)
No evidence for modification of the total jet yield relative
to the geometric expectation.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Jets in 2016 p+Pb collisions

q Dijets in p+Pb at 8.16 TeV allow to
provide input to color transparency
effects in p+A collisions.

q Anti-kt R = 0.4 calorimeter jets are
considered in the analysis.

q Centrality is determined using ΣET
in the Pb-going side of the Forward
Calorimeter (FCal).

q Two centrality classes are studied:
0-10% - central events,
60-90% - peripheral events.

q Jet energy scale (JES) and jet
energy resolution (JER) show no
significant centrality dependence.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Ratio central to peripheral

q Triple differential per-event dijet yield:
pT,Avg =

pT,1+pT,2
2 - average transverse momentum,

yb =
yCM

1 +yCM
2

2 - boost of dijet system,

y∗ =
|yCM

1 −yCM
2 |

2 - dijet half rapidity separation.

q Ratio central to peripheral RCP definition:
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q Nuclear overlap function TAB is estimated using Glauber Monte
Carlo techniques (SoftX 1-2 (2015) 13-18).

q 1D Bayesian unfolding is performed in pT,Avg to obtain centrality
dependent per-event dijet yields.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Kinematic domain
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q The measurement probes the structure of both p and Pb over four orders of magnitude.

q Parton momentum fractions: xp ≃ 2pT,Avg√
s eyb cosh y∗, xPb ≃ 2pT,Avg√

s e−yb cosh y∗.

q The analysis is not directly carried out in parton system kinematic variables.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Parton momentum fraction dependence
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xp dependence
q A log-linear scaling as a function of ⟨xp⟩.
q The strongest suppression in

the proton valence region.

q The log-linear scaling disappears in
the low-xp region.

xPb dependence
q A log-linear decreasing trend with increasing

suppression for each slice in yb.

q The strongest suppression at low-xPb.

q Values of RCP > 1 in the
10−2 < xPb < 2 · 10−1 range.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Feynman scaling variable xF

q The mapping of the RCP to
⟨xF ⟩ allows for factoring out
the beam energy.

q The approximated ⟨xF ⟩ is
computed in each kinematic
region as ⟨xF ⟩ = ⟨xp⟩ − ⟨xPb⟩.

q A single scaling, regardless of
yb or y∗, is observed for
positive xF (xp dominated).

q Separate trends are observed
in different yb ranges for
negative xF (xPb dominated).
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Comparison with 2013 data
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q ⟨xF ⟩ can also be constructed as a property of the final state xF = 2mT sinh yCM
√

sNN
≃ ± 2pT cosh yCM

√
sNN

.

q A striking agreement is observed in high-xp region (positive yCP).

q The agreement progressively worsens in high-xPb region (negative yCP).

q The results provide input to further parameterise color fluctuation effects in p+A collisions.
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Observation of t t̄ production in lepton+jets
and dilepton channels in p+Pb collisions

ATLAS-CONF-2023-063

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/


Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Motivation

q Top quarks provide novel probes
of nuclear modifications to parton
distribution functions (nPDF) in a poorly
constrained kinematic region
(PRD 93, 014026 (2016)).

q The t t̄ cross section is measured in the
combined ℓ+jets and dilepton channel
in p+Pb collisions.

q The measurement using the ℓ+jets
channel has been reported by CMS
(PRL 119, 242001 (2017)).

q The first measurement using the
dilepton channel in p+Pb collisions.

all jets
46%

e + e 1%
μ + μ 1%
τ + τ 1%

e + μ 2%

e + τ 2%

μ + τ 2%

τ + jets
15%

μ + jets
15%

e + jets
15%

ℓ+ jets : t t̄ → WbWb̄ → ℓνℓbqq̄′b̄

dilepton : t t̄ → WbWb̄ → ℓνℓbℓν̄ℓb̄
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Event selection

ℓ+jets
e+jets

• 1 electron,

• 0 muons,

• at least 4 jets.

µ+jets
• 1 muon,

• 0 electrons,

• at least 4 jets.

Dilepton
ee

• 2 electrons,

• 0 muons,

• opposite sign leptons,

• mℓℓ > 45 GeV and
mℓℓ /∈ (80−100) GeV,

• at least 2 jets.

µµ

• 2 muons,

• 0 electrons,

• opposite sign leptons,

• mℓℓ > 45 GeV and
mℓℓ /∈ (80−100) GeV,

• at least 2 jets.

eµ
• 1 electron,

• 1 muon,

• opposite sign leptons,

• mℓℓ > 15 GeV,

• at least 2 jets.

Background
q Single top,

q W+jets,
• W+b,
• W+c,
• W+light,

q Z+jets,
• Z+b,
• Z+c,
• Z+light,

q Diboson,

q Fake lepton.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Lepton reconstruction

q Electrons must have pT > 18 GeV
and |η| < 2.47, pass Medium
identification and be isolated.

q Muons must have pT > 18 GeV
and |η| < 2.5, pass Medium
requirements and be isolated.

q Low-pileup egamma calibration and
dedicated electron and muon scale
factors are applied (EGAM-2022-01).

q Fake lepton background is estimated
from data using the matrix-method
technique.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Jet reconstruction

q Jets are required to have pT > 20 GeV
and |η| < 2.5.

q Jets are reconstructed using the anti-kt
algorithm with jet radius of R = 0.4.

q Jet kinematics are corrected
event-by-event for the contribution from
the underlying event.

q Jets are calibrated using simulation and
in-situ measurements of the absolute
energy scale (JETM-2023-001).

q Jets with b-hadrons are tagged using
the 85% efficiency working point of the
DL1r algorithm (EPJ C 79 (2019) 970).
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Fitting procedure

q The signal strength
µt t̄ = σmeasured

t t̄ /σtheory
t t̄ is

determined by the fit to
Hℓ,j

T data distributions.

q Hℓ,j
T is the scalar sum of

all lepton and jet pT.

q Two b-jet categories:
• exactly 1 b-jet (1b),
• at least 2 b-jets (2bincl).

q Six signal regions:
• 4j1b1ℓ ejets,
• 4j2bincl1ℓ ejets,
• 4j1b1ℓ mujets,
• 4j2bincl1ℓ mujets,
• 2j1b2ℓ,
• 2j2bincl2ℓ.
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Systematic uncertainties
q Systematic uncertainties arise from the lepton and jet

reconstruction, b-tagging, fake-lepton background,
the signal and background modeling, and luminosity.

q The main systematic uncertainties include jet energy
scale and signal modelling.

q The total systematic uncertainty amounts to 9%.
Source unc. up unc. down
Jet energy scale +0.048 -0.044
t t̄ generator +0.048 -0.043
Fake-lepton background +0.030 -0.027
Background +0.030 -0.025
Luminosity +0.029 -0.025
Muon systs. +0.024 -0.021
W+jets +0.023 -0.020
b-tagging +0.022 -0.021
Electron systs. +0.018 -0.017
MC statistical uncertainties +0.011 -0.010
Jet energy resolution +0.005 -0.004
t t̄ PDF +0.001 -0.001

Total syst. +0.088 -0.081
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Centrality dependence of the dijet yield t t̄ production in lepton+jets and dilepton channels

Cross-section measurement

q The top-quark pair production cross section
(ATLAS-CONF-2023-063) is measured to be

σt t̄ = 57.9 ± 2.0 (stat.) +4.9
−4.5 (syst.) nb.

q The total uncertainty amounts to 9%, which makes it
the most precise t t̄ measurement in HI collisions.

q The significance is well over 5σ in the ℓ+jets and
dilepton channels separately.

q The cross section is compared to the CMS
measurement in the p+Pb system.

q The result is consistent with the scaled cross section
in pp collisions, extrapolated to

√
s = 8.16 TeV.

q A good agreement is found with NNLO calculation
based on several nPDF sets.
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Summary
1 Measurement of the centrality dependence of the dijet yield
• New input to understand the suppression of the

jet production in p+A collisions.

• Observed scaling is governed by physics effects
similar to those probed at 5.02 TeV.

• The results are compatible with an interpretation
in terms of color fluctuation effects.

arxiv:2309.00033
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2 Observation of t t̄ production in lepton+jets and dilepton channels
• The first t t̄ observation using the dilepton

channel in p+Pb collisions at the LHC.

• The t t̄ cross section is measured to be
σt t̄ = 57.9 ± 2.0 (stat.) +4.9

−4.5 (syst.) nb.

• The most precise t t̄ cross-section measurement
in HI collisions at the LHC.

ATLAS-CONF-2023-063
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