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Introduction p I.

Definition of tt̄ charge asymmetry

Att̄
C =

N (∆|y | > 0) − N (∆|y | < 0)
N (∆|y | > 0) + N (∆|y | < 0)

,

where ∆|y | = |yt | − |yt̄ | and yt (yt̄) is the rapidity of the top
(antitop) quark. (c) (d)
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Figure 1: Origin of the QCD charge asymmetry in hadroproduction of heavy quarks: interference of
final-state (a) with initial-state (b) gluon bremsstrahlung plus interference of the box (c) with the Born
diagram (d). Crossed diagrams are omitted.
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Figure 2: Cut diagrams.

Another QED term originates from the interference between the gluon-γ box with the QCD Born ampli-
tude. Since gluons and photon are distinct fields, two contributions as depicted in Fig. 4b and 4c arise†.
Each of these contributes with the factor given in Eq. (3). Intotal the relative factor between QCD and
QED asymmetries amounts to
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for one quark species. Let us, in a first step, assume identical functional dependence of the PDFs foru
andd valence quarks in the proton (modulo the obvious factor two)and similarly for antiquarks in the
antiproton. Assuming, furthermore, dominance of valence quark-antiquark annihilation intt̄ production,
the relative contributions of theuū versusdd̄ induced reactions to the cross section have to be weighted
with the ratio 4:1. The QED asymmetry has to be weighted, furthermore, with relative factorsfQED

u and

†These small terms had been neglected in [12], in [11] only oneof the two had been included. The present result is in
agreement with [35]
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• In the Standard Model (SM), non-zero asymmetry is predicted due to interference of higher order quark-antiquark
annihilation diagrams (main contribution from Box-Born diagram interference)

•Many theories beyond the Standard Model (BSM) predict an enhancement of the asymmetry
• Two measurements were performed by the ATLAS experiment at

√
s = 8 TeV using 20.3 fb−1 data in the lep-

ton+jets channel: in the so-called resolved topology [1] and with highly boosted tt̄ events [2]

Event Selection and Reconstruction p II.

Both Lepton+Jets Topologies
•Single lepton trigger requirements, 1 good lepton with pT > 25 GeV
• Emiss

T requirements, Emiss
T + mW

T > 60 GeV

Resolved
•At least 4 jets with pT > 25 GeV
•Events are separated into six signal regions based on the lepton charge
(+1,−1) and b-tag multiplicity (70% eff. working point)

•Kinematic Likelihood Fitter [3] is used to reconstruct tt̄ kinematics

Boosted
•At least one jet with pT > 25 GeV, close to lepton (∆R < 1.5)
•At least one top-tagged large jet (R = 1.0) with pT > 300 GeV, well separated
from the lepton (∆φ(`, jetR=1.0) > 2.3)

•Either the jet close to lepton or a jet matched to the large jet (∆R < 1.5) must
be b-tagged (70% eff. working point)
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Unfolding p III.

• Fully Bayesian Unfolding (FBU) [4] is used in both measurements
to unfold the reconstructed distributions to the parton level

• In the case of the boosted topology, measurement is performed in
a fiducial phase space (mtt̄ > 0.75 TeV and −2 < ∆|y | < 2) due
to small sensitivity outside this region

• For all systematic uncertainties corresponding nuisance parame-
ters are assigned. FBU enables to marginalize systematic uncer-
tainties and thus to reduce the total uncertainty

• In the resolved topology 0-b tag region is used for in-situ calibration
of the W+jets background:
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Results p IV.

• Inclusive asymmetry is measured to be AC = 0.009 ± 0.005 (stat.+syst.), compatible with the Standard Model prediction ASM
C = 0.0111 ± 0.0004 [5]

• Fiducial asymmetry (mtt̄ > 0.75 TeV and −2 < ∆|y | < 2) is measured to be AC = 0.042 ± 0.032, compatible with ASM
C = 0.0160 ± 0.0004 [6]

• Three measurements as a function of mass, βz and pT of the tt̄ system are shown for the resolved topology, mass dependency was estimated also in the boosted topology (right)
• Inclusive and differential measurements as a function of tt̄ mass are mostly limited by stat. uncertainties; measurements as a function of tt̄ βz and pT are mostly limited by modelling uncertainties
•No significant deviations from the SM predictions are observed
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•Measured AC and AFB (forward-backward asymmetry measured at Tevatron) values compared with
the SM predictions, as well as various BSM predictions; inclusive (left) and for mtt̄ > 1.3 TeV (right)

•ATLAS 8 TeV AC measurements allow for exclusion of a large phase-space of the parameters describ-
ing various BSM models

Lepton+jets AC Measurement at 13 TeV p VI.

• AC measurement in the lepton+jets channel at 13 TeV is ongoing
•Challenging due to larger fraction of symmetric gluon fusion in tt̄ produc-
tion but allowing to study higher tt̄ mass region with where a higher charge
asymmetry is expected

•Resolved and boosted topologies are selected to be orthogonal and are
combined at the level of FBU - combination helps to reduce the total un-
certainties in all regions
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