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Abstract

This paper reports inclusive andfigirential measurements of thtecharge asymmetrjc

in 20.3 fb~! of 4/s= 8 TeV pp collisions recorded by the ATLAS experiment at the Large
Hadron Collider at CERN. Threeftierential measurements are performed as a function of
the invariant mass, transverse momentum and longitudowstiof thett system. Thét pairs

are selected in the single-lepton channelsr(u) with at least four jets, and a likelihood fit

is used to reconstruct theevent kinematics. A Bayesian unfolding procedure is peréat

to infer the asymmetry at parton level from the observed dastgibution. The inclusivet
charge asymmetry is measured toAe = 0.009+ 0.005 (stat+syst.). The inclusive and
differential measurements are compatible with the valuesqiestiby the Standard Model.

© 2016 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as sfied in the CC-BY-3.0 license.
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1 Introduction

The 8 TeV proton—protonp(p) collision data delivered by the CERN Large Hadron ColligfiC) repres-
ents a unique laboratory for precision measurements obghvgtark properties. One interesting feature
of tt production is the dference in rapidity between top quarks and top antiquarkgploollisions, this
distinct behaviour of top quarks and antiquarks is calleddarge asymmetnAc (defined in Eq. 1)).
The Standard Model (SM) expectation computed at nextadiey order (NLO) in quantum chromody-
namics (QCD), including electroweak corrections, predigs to be at the one percent levéd] [ Previous
asymmetry measurements at the LHC by both the CMS and ATLAISbarations based on the 7 TeV
data, and by the CMS collaboration based on the 8 TeV datapde@port any significant deviation from
the SM predictionsd—7]. Charge asymmetry measurements are largely limited byiftecof the available
data sample, and therefore the larger dataset recordece ATIbPAS detector aty/'s = 8 TeV allows for
an improvement on the precision of the measurement from/tke7 TeV dataset.



At hadron colliderstt production is predicted to be symmetric under the excharigepoquark and
antiquark at leading order (LO). At NLO, the procegg— ttg develops an asymmetry in the top-quark
rapidity distributions, due to interference between psses with initial- and final-state gluon emission.
The interference between the Born and the NLO diagrams ofighe> tt process also produces an
asymmetry. They — ttg production process is also asymmetric, but its contriloutBomuch smaller
than that fromgg.

In gq scattering processes pp collisions at the Tevatron, the direction of the incomingudualmost al-
ways coincides with that of the proton, and this knowledgthefdirection of the incoming quarks allows
one to define a direct measurement of the forward-backwantragtry, Arg [8-11]. In pp collisions at
the LHC, since the colliding beams are symmetric, it is nasilde to use the direction of the incoming
quark to define an asymmetry. However, valence quarks cargverage a larger fraction of the proton
momentum than sea antiquarks, hence top quarks are morartbamd top antiquarks are more central.
Using this feature it is possible to define a forward—cerasgimmetry for thét production, referred to as
the charge asymmetnjc [8, 12, 13 :

_ N(Alyl > 0) - N(Aly| < 0)

A= N@wl > 0)+ N@ly < 0)

(1)

whereAly| = |yi| — |yt is the diference between the absolute value of the top-quark rapiglitsnd the
absolute value of the top-antiquark rapidigy. At the LHC, the dominant mechanism farproduction
is the gluon fusion process, while production via titeor the gg interactions is small. Sincgg — tt
processes are charge-symmetric, they only contributeaalémominator of Eq.1j, thus diluting the
asymmetry.

Several processes beyond the Standard Model (BSM) canfgjtgt2, 14-25], either with anomalous
vector or axial-vector couplings (e.g. axigluons) or vigeiference with SM processes. figrent models
also predict dferent asymmetries as a function of the invariant ntagsthe transverse momentum
prs and the longitudinal boogt, along thez-axis' of the tt system P6]. The interest in precisely
measuring charge asymmetries in top-quark pair produetidhe LHC has grown after the CDF and DO
collaborations reported measurementsAgg that were significantly larger than the SM predictions, in
both the inclusive and fierential case as a function wirand of the rapidity of thét systemy [10, 11,
27-30]. For the most general BSM scenari@q], the Ac measurements from the LHC are still compatible
with the Tevatron results. However, for specific simple nige0], tension still exists between the LHC
and Tevatron results. This motivates the interest in a mogeige measurement of theproduction
charge asymmetry at the LHC.

In this paper, a measurement of thieproduction charge asymmetry in the single-lepton finalesisit
reported. To allow for comparisons with theory calculasioa Bayesian unfolding procedure is applied
to account for distortions due to the acceptance and detef€ézts, leading to parton-levél: measure-
ments. The data sample at a centre-of-mass energy of 8 Te@ésponding to an integrated luminosity of
20.3 fb~1 [32], is used to measurlc inclusively and diferentially as a function afg, prandg.

This paper is organised as follows. The ATLAS detector isohiiced in Sect2, followed by the object
reconstruction in SecB and the event selection in Sedt. The signal and background modelling is

L ATLAS uses a right-handed coordinate system with its oragithe nominal interaction point (IP) in the centre of theedér
and thez-axis coinciding with the axis of the beam pipe. Thaxis points from the IP to the centre of the LHC ring, and the
y-axis points upward. Cylindrical coordinatasd#) are used in the transverse plapdyeing the azimuthal angle around the
beam pipe.



described in Secb and the procedure to measukg in Sect.6. Finally, the results are presented and
interpreted in Sect, followed by the conclusions in Se@.

2 ATLAS detector

The ATLAS detector33] consists of the following main subsystems: an inner tnagldystem immersed
in a 2 T magnetic field provided by a superconducting solenelectromagnetic (EM) and hadronic
calorimeters, and a muon spectrometer incorporating tlarge superconducting toroid magnets com-
posed of eight coils each. The inner detector (ID) is comgpagdhree subsystems: the pixel detector,
the semiconductor tracker and the transition radiatiockea The ID provides tracking information in
the pseudorapidifyrange|n| < 2.5, calorimeters measure energy deposits (clustersffor 4.9, and
the muon spectrometer records tracks withjnc 2.7. A three-level trigger systen34] is used to select
interesting events. It consists of a level-1 hardware &iggeducing the event rate to at most 75 kHz,
followed by two software-based trigger levels, collediveferred to as the high-level trigger, yielding a
recorded event rate of approximately 400 Hz on average ndiapg on the data-taking conditions.

3 Object reconstruction

This measurement makes use of reconstructed electrong)smjets, b-jets and missing transverse mo-
mentum. A brief summary of the main reconstruction and ifieation criteria applied for each of these
objects is given below.

Electron candidates are reconstructed from clusters igkhealorimeter that are matched to reconstruc-
ted tracks in the inner detector. They are required to havarsverse energ¥r, greater than 25 GeV
andinguser| < 2.47, wherepguger is the pseudorapidity of the electromagnetic energy dlustine calor-
imeter with respect to the geometric centre of the detec@andidates are required to satisfy ttight
quality requirements3p] and are excluded if reconstructed in the transition regietveen the barrel and
endcap sections of the EM calorimetel3d < |nqguser| < 1.52. They are also required to originate less
than 2 mm along the-axis (longitudinal impact parameter) from the selecteghéyprimary vertex (P\?)
and to satisfy two isolation criteria. The first one is caloeter-based and consists of a requirement on the
transverse energy sum of cells within a cone of giRe= 0.2 around the electron direction. The second
one is a track-based isolation requirement made on the trawkverse momentunp{) sum around the
electron in a cone of siz&R = 0.3. In both cases, the contribution from the electron itsekxcluded
and the isolation cuts are optimised to individually resulé 90% dficiency for prompt electrons from
Z — e*e decays.

Muon candidates3p, 37] are reconstructed using the combined information fronmtlien spectrometer
and the inner detector. They are required to satgfy> 25 GeV andly| < 2.5 and analogously to
electrons, the muon track longitudinal impact parametén véspect to the PV is required to be less than
2 mm. Muons are required to satisfypa-dependent track-based isolation: the scalar sum of thk pra
within a cone of variable size around the muaR = 10 Ge\//pf; (excluding the muon track itself) must

2 The pseudorapidity is defined in terms of the polar afgisy = —Intan@/2) and transverse momentum and energy are
defined relative to the beam line @ = psingd andEr = Esing. The angular distances are given in termsA& =

\/(An)? + (Ap)?2, whereg is the azimuthal angle around the beam pipe.
3 The method of selecting the PV is described in Séct.



be less than 5% of the muagy (p(;), corresponding to a 97% selectiofiieiency for prompt muons from
Z — u*u~ decays.

Jets are reconstructed with the atalgorithm [38-40] with a radius parametd® = 0.4 from calibrated
topological clusters33] built from energy deposits in the calorimeters. Prior tdfijeding, a local cluster
calibration schemed[l, 42] is applied to correct the topological cluster energiestfmr dfects of the
noncompensating response of the calorimeter, dead maadaut-of-cluster leakage. The corrections
are obtained from simulations of charged and neutral pestiand validated with data. After energy
calibration f3)], jets are required to haver > 25 GeV andp| < 2.5. Jets from additional simultaneous
pp interactions (pileup) are suppressed by requiring thatatbeolute value of the jet vertex fraction
(JVF)* for candidates wittpr < 50 GeV andp| < 2.4 is above 0.544]. All high- pr electrons are also
reconstructed as jets, so the closest jet witkith= 0.2 of a selected electron is discarded to avoid double
counting of electrons as jets. Finally, if selected elewror muons lie withimR = 0.4 of selected jets,
they are discarded.

Jets are identified as originating from the hadronisatioatefiuark p-tagged) via an algorithm that uses
multivariate techniques to combine information from theaut parameters of displaced tracks as well as
topological properties of secondary and tertiary decatiogs reconstructed within the jetd, 46]. The
algorithm’s operating point used for this measurementesmonds to 70%feciency to tagp-quark jets,

a rejection factor for light-quark and gluon jets-130 and a rejection factor 6f5 for c-quark jets, as
determined for jets witlpr > 20 GeV andp| < 2.5 in simulatedt events.

The missing transverse momentum (with magnitEf{é%) is constructed from the negative vector sum
of all calorimeter energy depositdq]. The ones contained in topological clusters are calilratethe
energy scale of the associated high-object (e.g. jet or electron). The topological cluster giesr are
corrected using the local cluster calibration scheme dis&ai in the jet reconstruction paragraph above.
The remaining contributions to ﬂ@piss are called unclustered energy. In addition, Eﬁléss calculation
includes contributions from the selected muons, and muerggrdeposits in the calorimeter are removed
to avoid double counting.

4 Event selection

Only events recorded with an isolated or non-isolated shedg:ctron or single-muon trigger under stable
beam conditions with all detector subsystems operatiaeat@nsidered.

The triggers have thresholds (prfl the transverse momentum (energy) of the muon (electrohpsd
thresholds are 24 GeV for isolated single-lepton triggas&0 (36) GeV for non-isolated single-electron
(single-muon) triggers. Events satisfying the triggeesebn are required to have at least one reconstruc-
ted vertex with at least five associated trackgpf- 400 MeV, consistent with originating from the beam
collision region in thex—y plane. If more than one vertex is found, the hard-scattersd?®ken to be the
one which has the largest sum of the squared transverse newofdts associated tracks.

Events are required to have exactly one candidate electramuon and at least four jets satisfying the
quality and kinematic criteria discussed in Sé&ctThe selected lepton is required to match, WAl <
0.15, the lepton reconstructed by the high-level trigger.riE&vgvith additional electrons satisfying a looser

4 The jet vertex fraction is defined as the fraction of the tosverse momentum of the jet’s associated tracks thanisio-
uted by tracks from the PV.



identification criteria based on a likelihood variab®8][ are rejected in order to suppress di-leptonic
backgroundst{ or Z+jets). At this point, the events are separated into thremasiggions defined by the
number ofb-tagged jets (zero, one and at least two).

In order to further suppress multijet aie-jets backgrounds in events with exactly zero or brtagged
jets, the following requirements dB"*> andm*> are applied:m}¥ + ET'S > 60 GeV for events with
exactly zero or oné»-tagged jets, an&"** > 40 (20) GeV for events with exactly zero (orteJagged
jets.

After the event selection, the main background is the pridoliof W+jets events. Small contributions
arise from multijet, single top quarkZ+jets and dibosonWW, WZ, ZZ) production. For events with
exactly one (at least twd)-tagged jet(s), 216465 (193418) data events are obserfyedhioh 68%
(89%) are expected to e

5 Signal and background modelling

Monte Carlo simulated samples are used to modettthignal and all backgrounds except for those from
multijet events, which are estimated from data. All simethsamples utilise#dros (version 2.15) 49]

to simulate photon radiation andwiorLa (version 1.20) $0] to simulater decays. They also include
simultaneouspp interactions (pile-up), generated usingria 8.1 [51], and reweighted to the number of
interactions per bunch crossing in data (on average 21 i@)2Mlost of them are processed through a
full Geant4 [52] simulation of the detector responsgd], and only the alternativét samples described
in Sect.5.1 are produced using the ATLAS fast simulation that employsupeterised showers in the
calorimeters $4]. Finally, the simulated events are reconstructed usiegsdime software as the data.
Further details on the modelling of the sighal and each ob#tkgrounds are provided below.

5.1 tt signal

The default simulatett events are generated with the NLO generatovi:c-Box (version 1, r2330)35-
57] using the CT10 PDF sebf] interfaced to Rtrra (version 6.427)%9] with the CTEQ6L1 PDF set and
the Perugia2011C set of tunable parameters (tuB@)f¢r the underlying event (UE). Thiegamp factor,
which is the model parameter that controls matrix elerpamton shower matching inoRuec-Box and
effectively regulates the higpy radiation, is set to the top-quark mass.

The alternative samples used to study the modellint arfe:

e Mc@n~ro (version 4.01)§1] using the CT10 PDF set and interfaced terkic (version 6.520)62]
and dumy (version 4.31) 63].

e Pownec-Box using the CT10 PDF and setting thgmp parameter to infinity, interfaced tovifhia
(version 6.426) with the CTEQG6L1 PDF set and the Perugia@01E tune.

e Pownec-Box using the CT10 PDF and setting thg,mp parameter to infinity, and interfaced to
Herwic with the CTEQ6L1 PDF set anamvby to simulate the UE.

Sm = \/Zpi ET”“55(1 — cosAg¢), wherep. is the transverse momentum (energy) of the muon (electrmh)é is the azimuthal
angle separation between the lepton and the direction ohtbging transverse momentum.



e AcerMC [64] using the CTEQ6L1 PDF set and interfaced taiRa (version 6.426).

All tt samples are generated assuming a top-quark mass & G&/ and are normalised to the theoret-
ical cross section af = 25332 pb calculated at next-to-next-to-leading order (NNLO) i@@includ-
ing resummation of next-to-next-to-leading logarithniWNLL) soft gluon terms with Bp++ v2.0 [65-
71].

5.2 W/Z+jets background

Samples of events with\ or Z boson produced in association with jef$/Z +jets) are generated with up
to five additional partons using the.#een (version 2.14) 72] LO generator and the CTEQ6L1 PDF set,
interfaced to FPrHia (vVersion 6.426) for parton showering and fragmentationavimd double counting of
partonic configurations generated by both the matrix-etgro@culation and the parton shower, a parton—
jet matching scheme (“MLM matching”y[] is employed. Thé&V+jets samples are generated separately
for W+light-jets, Wbb+jets, Wec+jets, andWc+jets. TheZ+jets samples are generated separately for
Z+light-jets, Zbb+jets, andZcc+jets. Overlap betweeW/ZQQ+jets (Q = b, c) events generated from
the matrix-element calculation and those generated fratopahower evolution in th#V/Z+light-jets
samples is avoided via an algorithm based on the angularat&pabetween the extra heavy quarks: if
AR(Q, Q) > 0.4, the matrix-element prediction is used, otherwise théopashower prediction is used.
The Z+jets background is normalised to its inclusive NNLO theigedtcross section7d], while data

is used to normalis&/+jets (see below for details). Further corrections are edpbZ+jets simulated
events in order to better describe data in the preselecteglsaA correction to the heavy-flavour fraction
was derived to reproduce the relative rateZ eR-jets events with zero and oibetagged jets observed

in data. In addition, th& bosonpr spectrum was compared between data and the simulatidn 2
jets events, and a reweighting function was derived in otdemprove the modelling as described in

Ref. [75].

The procedure to estimate the normalisation of\igjets background in data exploits thdtdrence in
production cross section at the LHC betw&ghandW-, where thaV* production cross section is higher
than W~ [76]. This is due to the higher density afquarks in protons with respect tbquarks, which
causes morad — W to be produced thadu — W~. TheW boson charge asymmetry is then defined as
the diference between the numbers of events with a single positivegative lepton divided by the sum.
The prediction for thaV boson charge asymmetry W+jets production is little fiected by theoretical
uncertainties and can be exploited, in combination withst@ints fromW* andW- data samples, to
derive the correct overall normalisation for the MC sampiedpction. TheW boson charge asymmetry
depends on the flavour composition of the sample, as the sidesign of the asymmetry varies for
Whb-+jets, Wec+jets, We+jets, andW-+light-jets production. The in situ calibration proceduretedded

in the unfolding and described in Seét4, uses dferent signal and control regions to determine the
normalisation of th&V+jets background.

5.3 Multijet background

Multijet events can enter the selected data sample throagéral production and misreconstruction
mechanisms. In the electron channel, the multijet backgiazonsists of non-prompt electrons from
heavy-flavour decays or photon conversion or jets with a figttion of their energy deposited in the
EM calorimeter. In the muon channel, the background cauiteith by multijet events is predominantly



due to final states with non-prompt muons, such as those feonilepptonicb- or c-hadron decays. The
multijet background normalisation and shape are estimiabaa data using the “Matrix Method” (MM)
technique.

The MM exploits diterences in the properties used for lepton identificatiomveenh prompt, isolated
leptons fromW andZ boson decays (referred to as “real leptons”) and those wherkeptons are either
non-isolated or result from the misidentification of phctan jets (referred to as “fake leptons”). For this
purpose, two samples are defined after imposing the evesttissl described in Seat, differing only in

the lepton identification criteria: a “tight” sample and adke” sample, the former being a subset of the
latter. The tight selection employs the final lepton idecdifiion criteria used in the analysis. For the loose
selection, the lepton isolation requirements are omitteddth the muon and electron channels, and the
quality requirements are also loosened for the electronrela The method assumes that the number of
selected events in each sampi#’pseandNt9") can be expressed as a linear combination of the numbers
of events with real and fake leptons, so that the number ofijgiubvents in the tight sample is given by

igh €Efaki i
Nrt:qg Itti' .= ake (EreaINloose— Ntlght) )
uttie €real — €fake

whereeeea (€ake) represents the probability for a real (fake) lepton théisBas the loose criteria to also
satisfy the tight. Both of these probabilities are measunedata control samples. To measutgy,
samples enriched in real leptons frihboson decays are selected by requiring Iﬁxjﬂ"?sor transverse
massm‘{". The averageeal is 0.75 (0.98) in the electron (muon) channel. To measiuke, samples
enriched in multijet background are selected by requiriitigee low ET'* (electron channel) or high
transverse impact parameter significance for the leptak {fmuon channel). The averaggye value is
0.35 (0.20) in the electron (muon) channel. Dependenciegfpandeike ON quantities such as leptqr
andn, AR between the lepton and the closest jet, or numbdrtaiyged jets, are parameterised in order
to obtain a more accurate estimate.

5.4 Other backgrounds

Samples of single-top-quark backgrounds correspondingettchannel,s-channel andVt production
mechanisms are generated wikhwRiec-Box (version 3.0) 77, 78] using the CT10 PDF set. All samples
are generated assuming a top-quark mass ab1@&V and are interfaced torRira (version 6.425) with
the CTEQ6L1 PDF set and the Perugia2011C UE tune. Overlapsbe thett andWt final states are
removed using the “diagram removal” scheni€][ The single-top-quark samples are normalised to the
approximate NNLO theoretical cross sectioB8482] using the MSTW 2008 NNLO PDF set.

Most of the dibosonWW/WZ/ZZ+jets samples are generated usingdkn (version 2.13), with up to
three additional partons, and using the CTEQ6L1 PDF setfaded to Hrwic and dvmy (version 4.31)
for parton showering, fragmentation and UE modelling. e’WW-+jets samples, it is required that at
least one of th&V bosons decays leptonically, while for théZ/ZZ+jets samples, it is demanded that
at least one of th& bosons decays leptonically. Additional sampledNi+jets, requiring theV and

Z bosons to decay leptonically and hadronically, respedgtiaee generated with up to three additional
partons, including massive andc-quarks, using fErrea v1.4.1 B3] and the CT10 PDF set. All diboson
samples are normalised to their NLO theoretical crossaes{84].



6 Charge asymmetry measurement

To measure the charge asymmetry in top-quark pair evertsuliit system is reconstructed (Se6tl)

and theAly| spectra are unfolded to measure parton-level charge asiyiasSect6.2) using the estima-

tion of the backgrounds and systematic uncertainties (863t Significant improvements to the analysis
method with respect to the 7 TeV measuremdhhfve been made, and these improvements are detailed
in the description of the measurement in Séct.

6.1 Reconstruction of thett kinematics

The reconstruction of thié system is achieved using a kinematic 8] that assesses the compatibility of
the observed event with the decays df pair based on a likelihood approach. The basic reconstructi
method is explained in Ref8f], but some modifications are introduced as discussed indlfming
paragraph.

In events with four or five jets, all jets are considered in fihe For events where more than five jets
are reconstructed, only the two jets with the highest lii@dd to beb-jets, according to the multivariate
selection (see SecB), and, of the remaining jets, the three with the highgstare considered in the
fit. This selection of input jets for the likelihood was chons® optimise the correct-sign fraction of
reconstructed\|y|. The average correct-sign fraction is estimated with sitiah studies and found to be
72% and 75% in events with exactly one and at leastli@gged jets, respectively. The most probable
combination out of all the possible jet permutations is emos Permutations with noagged jets
assigned ab-jets and vice versa have a reduced weight due to the taggatmalpility in the likelihood.
Finally, the lepton chargé, is used to determine if the reconstructed semileptoniaidiyaying quark is
atop quark Q; > 0) or an anti-top quark(, < 0). The distributions of reconstructed quantities;, pr
andg,are shown in Figl, with the binnings that are used in théfdrential measurements.

6.2 Unfolding

The reconstructed|y| distributions are distorted by acceptance and detectotutasn efects. An un-
folding procedure is used to estimate the thjgg spectrum, as defined by thendt after radiation and
before decay in Monte Carlo events, from the one measuredtan dhe observed spectrum is unfolded
using the fully Bayesian unfolding (FBU) techniqu].

The FBU method consists of the strict application of Bayesgiéerence to the problem of unfolding. This
application can be stated in the following terms: given aseoted spectrun with N, reconstructed
bins, and a response matihd with N; x N; bins giving the detector response to a true spectrum Mjith
bins, the posterior probability density of the true speatiiu(with N; bins) follows the probability density

p(TID) cc L(DIT) - 7 (T), ®3)

where £ (D|T) is the likelihood function oD givenT and M, andxn (T) is the prior probability density
for T. While the response matrix is estimated from the simulagedpde oftt events, a uniform prior
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Figure 1. Comparison between data and prediction foretfjets andu+jets channels combined for distributions
of kinematic quantities, in the sample with ohdagged jet (left) and in the sample with at least thx#agged

jets (right). From top to bottom: invariant masg; transverse momentuy ;; Z-component of the velocity of
thett systemg, . The total uncertainty, before the unfolding process, @nsilgnal and background estimation is
shown together with statistical uncertainty as a black éddfand, and the binnings are those that are used for the
differential measurements. The bottom part of each plot shavsatio of the data to the predicted value together
with combined statistical and systematic uncertainties.

probability density in all bins is chosen agT), such that equal probabilities to all spectra within a
wide range are assigned. The unfolded asymm&gris computed fronp(T|D) as

p(AcID) = f 5(Ac - Ac(T))p(TID) dT. @)
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The treatment of systematic uncertainties is consisténtiyded in the Bayesian inference approach by
extending the likelihood (D|T) with nuisance parameter terms. The marginal likelihoodefingd as

£(D[T) = f £(DIT.6) - N(6) d6, 5)

where#@ are the nuisance parameters, i) their prior probability densities, which are assumed to be
Normal distributions with mean = 0 and standard deviatian = 1. A nuisance parameter is associated
with each of the uncertainty sources (as explained below).

The marginalisation approach provides a natural frameworkeat simultaneously the unfolding and
background estimation using multiple data regions. GiendistributionsD; measured ifNg, inde-
pendent channels, the likelihood is extended to the praafuidtelihoods of each channel, so that

Neh

L({Dy -+ Dy, IT) = f [1£@iT.0)- N@) . ©)

i=1

where the nuisance parameters are common to all analysiselsa

6.3 Systematic uncertainties

Several sources of systematic uncertainty are considatddh can &ect the normalisation of signal and
background an@r the shape of the relevant distributions. Individual searof systematic uncertainty
are considered to be uncorrelated. Correlations of a giystesatic uncertainty with others are main-
tained across signal and background processes and chahhelfollowing sections describe each of the
systematic uncertainties considered in the analysis. firpatal uncertainties and background model-
ling uncertainties (Sect$.3.1and6.3.2 are marginalised during the unfolding procedure, whigmal
modelling uncertainties, uncertainties due to Monte Csalmple size, PDF uncertainties and unfolding
response uncertainties (Se@s3.3and6.3.4 are added in quadrature to the unfolded uncertainty.

6.3.1 Experimental uncertainties

Jet energy scale and resolution:The jet energy scale (JES) and its uncertainty have beewedeby
combining information from test-beam data, LHC collisiataland simulatiord[3]. The jet energy scale
uncertainty is split into 22 uncorrelated components wigigh have dferent jetpr andn dependencies
and are treated independently in this analysis. The jeggnesolution (JER) has been determined as
a function of jetpy and rapidity using dijet events from data and simulatione JER in data and in
simulation are found to agree within 10%, and the corresipgndncertainty is assessed by smearing
the jetpr in the simulation. The JES and JER uncertainties repreberieading sources of uncertainty
associated with reconstructed objects in this analysis.

Heavy- and light-flavour tagging: The dficiencies to tag jets frorb-quarks,c-quarks, and light quarks
are measured in data as a functionpaf (and n for light-quark jets), and thesefiencies are used
to adjust the simulation to match data. The uncertaintiehencalibration are propagated through this
analysis and represent a minor source of uncertainty.

Jet reconstruction and identification: The uncertainty associated with the jet reconstructidiciency
is assessed by randomly removing 0.2% of the jets witlbelow 30 GeV, to match the measured jet
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inefficiency in data for thigr range §3]. The uncertainty on thefiiciency that each jet satisfies the JVF
requirement is estimated by changing the JVF cut value ftemdminal value by-0.1, and repeating the
analysis using the modified cut value. Both uncertaintie® laanegligible impact on the measurement.

Leptons: Uncertainties associated with lepton$eat the reconstruction, identification and trigger ef-
ficiencies, as well as the lepton momentum scale and resolufThey are estimated from — ¢~

(¢ =ep), Iy —» ¢ andW — ev processes using techniques described in R8&.36, 88]. The
combined €éect of all these uncertainties results in an overall norsadibn uncertainty on the signal and
background of approximately 1.5%. Charge misidentificaionot considered as it is smalg] and has

a negligible impact on the measurement.

Missing transverse momentum: The ETT‘“iss reconstruction is fiected by uncertainties associated with
leptons, jet energy scales and resolutions which are pateddo theET"*® calculation. Additional small
uncertainties associated with the modelling of the undleglyevent, in particular its impact on the
scale and resolution of unclustered energy, are also taiteraccount. All uncertainties associated with
the EMS have a negligible féect.

Luminosity: The uncertainty on the integrated luminosity is 2.8%egeting the overall normalisation of
all processes estimated from MC simulation. Itis derivaélb¥zing the methodology detailed in ReB7).
The impact of this uncertainty is negligible in this measoeat.

6.3.2 Background modelling

W+jets: The predictions of normalisation and flavour compositiortief W+jets background are af-
fected by large uncertainties, but the in situ data-driveghhique described in Se&.2 reduces these
to a negligible level. All sources of uncertainty other th@rmalisation are propagated to té+jets
estimation.

Z+jets: Uncertainties fiecting the modelling of th&+jets background include a 5% normalisation
uncertainty from the theoretical NNLO cross sectigd][ as well as an additional 24% normalisation
uncertainty added in quadrature for each additional inatugt-multiplicity bin, based on a comparison
among diferent algorithms for merging LO matrix elements and partowers B9]. The normalisation
uncertainties foiZ+jets are described by three uncorrelated nuisance panenaigesponding to the
threeb-tag multiplicities considered in the analysis.

Multijet background: Uncertainties on the multijet background estimated viaMlagrix Method receive
contributions from the size of the data sample as well as tft@wuncertainty oRke, €stimated in dfer-
ent control regions. A normalisation uncertainty of 50% tluell these #ects is assigned independently
to the electron and muon channels and to datég multiplicity, leading to a total of six uncorrelated
uncertainties.

Other physics backgrounds: Uncertainties fiecting the normalisation of the single-top-quark back-
ground include a5%/—-4% uncertainty on the total cross section estimated as aweelg@verage of the
theoretical uncertainties dn Wt- ands-channel productiond0-82]. Including an additional uncertainty
in quadrature of 24% per additional jet has a negligible ichjmen the measurement. Uncertainties on
the diboson background normalisation include 5% from th@©Nlheoretical cross section84 added in
gquadrature to an uncertainty of 24% due to the extrapolatiahe high jet-multiplicity region, following
the procedure described fdr jets.
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6.3.3 Signal modelling

In order to investigate the impact of uncertainties onttiséggnal modelling, additional samples generated
with Pownec-Box interfaced to Hrwig, Mc@nLo interfaced to Hrwic and AcerMC interfaced to RPtaia

are considered (see Sebtl for more details). Ciferent predictions and response matrices built with
thosett samples are used to repeat the full analysis procedurdimplane éfect at the time. For each
case, the intrinsic asymmetry and the unfolded asymmegryrerasured. The intrinsic asymmetry is the
asymmetry generated in each Monte Carlo sample beforerthdation of the detector response. Double
differencees between the intrinsic (int) asymmetry and theldedo(unf) values of the nominal (nom)
and the alternative (alt) sample are considered as unatietaio account for the filerentAc predictions

of the diferent samples AC'™"OM — Acintalt) — (Acuntnom _ pcuntally - This s referred to as the double
difference.

NLO generator: The uncertainty associated with the choice of NLO genernat@stimated from the
double diference of the parton-levélc and unfoldedA: comparing Bwrec-Box interfaced to Hrwia
(nom) and M@xLo interfaced to Hrwia (alt).

Fragmentation model: The uncertainty associated with the fragmentation modestsnated from the
double diference of the parton-levélc and unfoldedAc comparing Bwaec-Box interfaced to RPraia
(nom) and Bwrec-Box interfaced to Hrwic (alt).

Initial- and final-state radiation (ISR /FSR): The uncertainty associated with the IE8R modelling is
estimated using the&rMC generator where the parameters of the generation weesiarbe compat-
ible with the results of a measurementtbproduction with a veto on additional central jet activig].

Two variations producing more and less J6BR are considered. The uncertainty is estimated from
half of the double dterence of the parton-levél- and unfoldedAc comparing Bwues-Box (hom) and
AcerMC (alt) interfaced to Prara producing more and less I3FSR.

6.3.4 Others

Monte Carlo sample size:To assess thdlect on the measurement of the limited number of Monte Carlo
events, an ensemble of 1 000 response matrices, each of th@mafed according to the raw number of
simulated events, is produced. Unfolding is repeated whighsame pseudo-dataset for each fluctuated
response matrix. The uncertainty is estimated as the sthcldaiation of the ensemble of the 1 08Q
values obtained. The estimated systematic uncertaintyceted with limited number of Monte Carlo
events is about ten times smaller than the data statisticartainty; this is consistent with the size of the
available Monte Carlo sample.

PDF uncertainties: The choice of PDF in simulation has a significant impact orctiegge asymmetry of
the simulatedV+jets background. Since this asymmetry is exploited to catiibtheW-+jets prediction,
the related uncertainty has to be estimated. The uncertaimthe PDFs is evaluated using threffatient
PDF sets: CT1048], MSTW 2008 P1] and NNPDF2.192]. For each set, the PDFs are varied based
on the uncertainties along each of the PDF eigenvectorsh #atation is applied by reweighting the
W-+jets sample event-by-event. TBe measurements are repeated for each valfegets template and
the uncertainty is estimated as half of the largeffedénce between any variation of CT10 and MSTW
2008, and the:1o variations for NNPDF2.1. The resulting uncertainties aral§ but non-negligible.
The impact of uncertainties related to PDFs are found to gégilele in tt modelling.
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Unfolding response: The response of the unfolding procedure, i.e. any nonlityear bias, is determ-
ined using a set of six pseudo-datasets, each of them beimgosed of the default signal reweighted to
simulate an asymmetry and the default MC simulation prefist The injected\c value ranges between
—0.2 and 0.2 depending on thefiirential variable and bin. The six reweighted pseudo-d&aase un-
folded using the default response matrix and the unceytaissociated with the unfolding response is
calculated asAT®S— (AT~ b)/a, with a andb the slope andftset of a linear fit of the generator-level
(intrinsic) Ac versus unfoldedic of the six reweighted pseudo-datasets previously defindd\@f>the
measured value in data.

6.4 Measurement

A fit is performed which maximises the extended likelihoodeaf ). In this fit, the events are further
separated based on the sign of the lepton ch&ge The measurements are then performed using a
combination of six channels based on the lepton cha@gex( 0 andQ, < 0) and theb-jet multiplicity
(zerob-jets, oneb-jet, at least twdb-jets). TheA|y| distribution is split into four bins in all the channels
except the zerb-jets channel, as no extra information #&¢ is expected. Four bins iftly| are considered

in each dfferential bin of all diferential measurements.

The W+jets in situ calibration procedure consists of fitting thébeation factorsKygz, Kc and Kjight

for scaling the flavor components of tNé+jets background with dierent charge asymmetries, assum-
ing uniform prior probabilitiesr during the posterior probability estimation defined in E). Theb-jet
multiplicity provides information about the heavy- andhigflavour compaosition of th&V+jets back-
ground, while the lepton charge asymmetry is used to deteritie normalisation of each component.
Figure2 shows the dferentW-+jets contributions for the €ierentb-jet multiplicities and lepton charges.
In addition to the expected numbertbfevents for each bin i, the W+jets calibration factors are free
parameters in the likelihood. The posterior probabilitpsity is thus

Neh

p(T|{D1-~DNch})=fl_[£(Di|Ri(T;0s), Bi(Kpbycs: Ke. Kight; 65, b)) @
i=1

N(0s) N (0p) m(T) m(Kpp)cz) m(Kc) m(Kiight) dfs dé,

whereB = B(Kyp e Ke, Kiight; 8s, ) is the total background prediction, the probability déasir are
uniform priors andR is the reconstructed signal prediction. Two categoriesuigance parameters are
considered: the normalisation of the background procd#gesand the uncertainties associated with the
object identification, reconstruction and calibrati@g) ( While the first ones onlyféect the background
predictions, the latter, referred to as object systemataertainties, fiect both the reconstructed distri-
bution fortt signal and the total background prediction. TWe-jets calibration factors are found to be
Kppyee = 1.50+ 0.11, K¢ = 1.07 + 0.27 andK|igt = 0.80+ 0.04, where the uncertainties include both the
statistical and systematic components.

The final numbers of expected and observed data events fadtéult event selection, marginalisation of
nuisance parameters awdkjets in situ calibration are listed in Tablewhile Fig.2 shows the good level

of agreement between the data and expectation before ardchadtginalisation for the six channels. In
both cases, the uncertainties that are marginalized averst®ince these uncertainties are correlated for
the background and signal components, the total combinedimadized uncertainty is smaller than the
sum of the constituent parts.
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Figure 2: Comparison between prediction and data for theid8 ised in the inclusivec measurement before
(top) and after (bottom) the simultaneous unfolding prace@nd//+jets in situ background calibration, including
only uncertainties that are marginalized. Thig| distribution in four bins is considered for theenriched event
samples with exactly one and at least twjets; a single bin is considered for the background-eeddample with
zerob-jets. After the calibration, the background componengssaaled to the measured values for the nuisance
parameters, and the prediction fbevents in each bin is estimated by folding the measuredpdeiel| parameters
through the response matrix. The bottom part of each platsitioe ratio of the data to the predicted value together
with combined statistical and systematic uncertainties.
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Table 1: Observed number of data events compared to the texpeember of signal events andidrent back-
ground contributions for dierentb-tagging multiplicities in the combined+jets ande+jets channels. These
yields are shown after marginalisation of the nuisancerpaters and the in situ calibration of thé+jets back-
ground, and the marginalized uncertainties are shown. Térgimalized uncertainties for each background and
signal component are correlated, and the correlation entakko account in their combination.

Channel ¢ + jets O-tag { + jets 1-tag { + jets 2-tag

Single top 3400 + 400 12100 + 1300 8700 =+ 900
W-+jets 173000 + 9000 45000 + 4000 8600 + 700
Z+jets 13000 + 6000 3900 + 2000 1900 + 900
Diboson 8000 + 4000 2000 = 900 400 + 200
Multijets 10800 + 3500 6300 + 2000 2200 + 700
Total background 208500+ 1300 69600 + 2600 21800 + 1300
tt 33900 + 1200 146900+ 2700 171600 + 1500
Total expected 242400+ 600 216500 + 500 193400 + 400
Observed 242420 216465 193418

7 Results

7.1 Inclusive measurement

The inclusivett production charge asymmetry is measured to be
Ac = 0.009+ 0.005 (stat+ syst.),

compatible with the SM predictioc = 0.0111+ 0.0004 [1].

Since the background estimation is part of the Bayesiaménta procedure described in Sexg, it is

not possible to study the impact of systematic uncertartie repeating unfolding on data with varied
templates, without using marginalisation. Instead, theeeted impact of systematic uncertainties is
studied with pseudo-data distributions correspondingesstim of the background and signal predictions.
For each source of uncertainty, thdo variations of the predictions are used to build the pseuala;d
and the unfolding procedure is repeated. The baseline bawkd templates and response matrices, as
in the actual measurements, are used. Tatdbows the average asymmetry variatioh: computed,
for each source of uncertainty, g (+10) — Ac(—10)|/2, but only the uncertainties having a variation
above 10% of the statistical uncertainty are reported itidhke. The total uncertainty associated with the
marginalised systematic uncertainties is estimated btracting in quadrature the statistical term from
the total marginalised uncertainty. It yield902 (category (a) in Tabl&). The total, non-marginalised
uncertainty associated with systematic uncertaintiestimmated by summing in quadrature sources from
category (b) in Tabl@.

The precision of the measurement is limited by the statistincertainty, and the main sources of sys-
tematic uncertainty are the signal modelling and the uaggiés with a large impact on the size of the
W-+jets background, such as the uncertainty on the jet eneedg aad resolution.
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Table 2: Impact of individual sources of uncertainty on theusiveAc measurement. All uncertainties described
in Sect.6.3are considered, but only the ones having a variation abo¥edf@he statistical uncertainty are reported
in the table. Systematic uncertainties in group (a) are maliged while systematic uncertainties in group (b) are
added in quadrature to the marginalised posterior.

Source of systematic uncertainty  6Ac

(@) Jetenergy scale and resolution  .0@L6

Multijet background normalisation .@005
(b) Initial-/final-state radiation 0009
Monte Carlo sample size .@010
PDF Q0007
Statistical uncertainty .0044
Total uncertainty 049

7.2 Differential measurements

The Ac differential spectra are compared in Figwith the theoretical SM predictions, as well as with
BSM predictions for right-handed colour octets with low dnigh massesJ3]. The BSM predictions are
not shown in the measurement as a functiorppf-as they are LO 2- 2 calculations. The results are
compatible with the SM, and it is not possible to distinguigtween the SM and BSM models at this level
of precision. The BSM models are tuned to be compatible vhighTievatron asymmetry measurements
and theAc measurements aff's = 7 TeV.

Table 3 shows the average asymmetry variati®: computed for each fferential measurement, for
each source of uncertainty, as explained in Sédt. The precision of the €lierential measurements is
limited by the same factors as the inclusive result. The oreasent versugr iis particularly @ected
by the parton-shower model.

The resulting charge asymmetty: is shown in Tablel for the diferential measurements as a function of
miBziandpr - The theoretical values are described in REf($M) and Ref. p3] (BSM), and they have
been provided for the chosen bins. The correlation mataceshown in Tabl® for the measurements
as a function ofng; B, and pr i

In regions with sensitivity to BSM (high values ofi-andp;), the uncertainty on the measurements is
largely dominated by the available statistics, while ineptregions the uncertainty on signal modeling
andor parton shower dominates.
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Figure 3: Measurefc values as a function of bin-averageg; 8, andpr; compared with predictions for SM]

and for right-handed colour octets with masses belowtitiiereshold and beyond the kinematic reach of current
LHC searchesd3]. The BSM predictions are shown only for the two top plotsefins are the same as the ones

reported in Tabl& and Tables.
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Table 3: Impact of individual sources of uncertainty on theasurement of¢ in bins of mg, B and pr: All
uncertainties described in Se6t3 are considered, but only the ones having at least one binanitiriation above
10% of the statistical uncertainty are reported in the tahlke others are quoted as™ Systematic uncertainties in
group (a) are marginalised while systematic uncertaimtiggoup (b) are added in quadrature to the marginalised

posterior.

SAc in mg[GeV]
Source of systematic uncertainty 0-420 420-500 500-600 —7A&&W 750-900 > 900

(@) Jetenergy scale and resolution 0.010 0.007 0.007 0.009 .0130 0.009
b-taggingmis-tag dficiencies 0.006 0.005 0.005 0.005 0.008 0.005
Missing transverse momentum - - 0.003 0.002 - -
Lepton reconstructigidentification  0.004 - - - - -
Other backgrounds normalisation 0.009 0.006 - 0.002 - -

(b) Signal modelling 0.030 0.005 0.004 0.009 - 0.007
Parton showéehadronisation - 0.005 - - 0.010 0.011
Initial-/final-state radiation 0.006 0.002 0.004 0.004 0.004 0.011
Monte Carlo sample size 0.006 0.004 0.004 0.005 0.010 0.009
PDF 0.004 0.002 0.002 0.004 0.005 0.007
Statistical uncertainty 0.025 0.017 0.018 0.023 0.042 0.03
Total 0.041 0.020 0.021 0.027 0.046 0.045

(SAc in ﬂLtF
Source of systematic uncertainty <03 03-06 06-10

(@) Jetenergy scale and resolution 0.009 0.013 0.003
b-taggingmis-tag dficiencies 0.003  0.003 0.001
Multijet background normalisation 0.003 - -

(b) Signal modelling 0.025 0.027 0.002
Parton showghadronisation 0.009 0.010 0.006
Initial-/final-state radiation 0.006 - -
Monte Carlo sample size 0.005 0.004 0.002
PDF 0.004  0.006 0.002
Statistical uncertainty 0.018 0.015 0.008
Total 0.034 0.038 0.011

SAc in pr[GeV]

Source of systematic uncertainty 0-25 25-60- 60

(@) Jetenergy scale and resolution 0.009 0.009 0.003
Lepton energy scale and resolution ~ 0.001 — 0.003
b-taggingmis-tag dficiencies 0.007 0.008 0.003
Missing transverse momentum 0.002 0.004 0.002
Multijet background normalisation ~ 0.005 0.003 -
Lepton reconstructigidentification 0.005 0.004 0.001
Other backgrounds normalisation - 0.003 0.002

(b) Signal modelling 0.067 0.017 0.057
Parton showeghadronisation 0.040 0.043 0.019
Initial-/final-state radiation 0.015 0.017 0.009
Monte Carlo sample size 0.006 0.008 0.003
PDF 0.009 0.009 0.004
Statistical uncertainty 0.017 0.028 0.014
Total 0.089 0.068 0.063
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Table 4: Measured charge

asymme#y, values for the electron and muon channels combined affeiding as

a function of thett invariant massmy (top), thett velocity along the z-axis3, (middle), and thet transverse

momentum,pr i (bottom).

SM and BSM predictions, for right-handed coloatets with masses below the

threshold (Light BSM) and beyond the kinematic reach of entriLHC searches (Heavy BSM®J], are also
reported. The quoted uncertainties include statisticdlsystematic components after the marginalisation.

mi [GeV]
Ac <420 420-500 500-600 600-750 750-900 > 900
Data 0.026+ 0.041  -0.005+0.020 0.026: 0.021 0.009: 0.027 -0.007+0.046 0.068 0.044
SM 0.008109%%2 00112+ 0.0005 0.0114%%  00134%0% 001670099  0.0210990%
Light BSM  0.0100+ 0.0004 0.0134-0.0006  0.013%%%0¢  0.015525%0° 0.0186350%7 0.0235550%¢
Heavy BSM 0.008% 0.0004 0.0132 0.0006  0.014§%% 00201004  (,0310%9%%  0,07889000
Bzt

Ac <03 0.3-06 0.6-10

Data -0.005+ 0.034 0.054+ 0.038 0.028+ 0.011

SM 0.0031+ 0.0003 0.00682:0552 0.0175+3955%

Light BSM  0.0037+ 0.0004 0.0075 0.0004  0.021199007

Heavy BSM  0.004& 0.0004 0.0103 0.0004  0.02423535%

pr.i [GeV]
Ac <25 25-60 > 60
Data 0.044+ 0.088 0.004+ 0.066 0.002+ 0.062
SM  0.0141+ 0.0007 -0.0051+ 0.0003 -0.0026+ 0.0002

Table 5: Correlation cdcientsp; j for the statistical and systematic uncertainties betweenth andj-th bin of
the diferentialAc measurement as a function of thénvariant massmg (top), thett velocity along the z-axi®,i
(bottom left), and the transverse momentyr (bottom right).

i mi [GeV]
mi[GeV] <420 420-500 500-600 600-750 750-906- 900
<420 1. -0.263 0.076 -0.034 -0.017 -0.001
420-500 1. -0.578 0.195 -0.035 -0.002
500-600 1. -0.591 0.160 -0.028
600-750 1. -0.573 0.132
750-900 1. -0.487
> 900 1.
Pij Bait Pij prai[GeV]
Bzt <03 03-06 06-10 pri[GeVv] <25 25-60 >60
<0.3 1. -0.262 0.095 <25 1. -0.812 0.431
0.3-06 1. -0.073 25-60 1. -0.722
0.6-10 1. > 60 1.
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7.3 Interpretation

Figure4 shows the inclusivéc measurement presented in S&cfThe measurement is compared totthe
forward—backward asymmefnArg measured at the Tevatron by CDF and DO experiments. Premukcti
given by several BSM models, the details of which can be faanridefs. R0, 94], are also displayed.
These BSM models include\&’ boson, a heavy axigluoigy,), a scalar isodouble, a colour-triplet
scalar (%), and a colour-sextet scala®{). For each model, the predictions &gz and Ac are derived
using the PROTOS generat@q with the constraints described in Re8¢]. The ranges of predicted
values forArg and A¢ for a given set of BSM model are also shown. The BSM physicdrittions
are computed using the tree-level SM amplitude plus thesdriefm the new particle(s), to account for
the interference between the two contributions. The pkpsee of the parameters describing the various
BSM models (such as the BSM particle masses and couplingjg)iied by the measurement presented
in this paper.

008 [ LI L G G5 St Ay R T T T T T T ] 004 r — T T 1.
| ATLAS preliminary ] - ATLAS preliminary. .-
0.061 4 o03f
0.04 ] 0.02
<O i ® | Loo1k SM- ATLAS |
0.021- o ATLAS ] AN |
A7 2 S R R ~ of oms ]
0 fs — | n
- CMS 4 L i
: N Models from : 'O-Olf Models from n
002 5B PRD 84, 115013; _| C 7 51 PRD 84, 115013; ]
Jer al o JHEP 1109, 097 | L a O JHEP 1109, 097 -
1 1 1 1 * 1 1 1 L ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ Il Il Il Il _0 0 1 1 1 l 1 1 1 A 1 1 1 1 1 l A 1 1 1 ]
0 0.1 0.2 0.3 0.4 0.5 ' &05 0.1 0.15 0.2 0.25
Arg Arg

Figure 4: Measured inclusive charge asymmetfigsat the LHC versus forward—backward asymmetdeg at
Tevatron, compared with the SM predictioris P] as well as predictions incorporating various potentiaMBS
contributions PO, 94]: a W’ boson, a heavy axigluoig(,), a scalar isodoublet], a colour-triplet scalar4*), and

a colour-sextet scalacX*). The horizontal bands and lines correspond to the ATLAS @NtE measurements,
while the vertical ones correspond to the CDF and DO measemeanThe uncertainty bands correspond to a 68%
confidence level interval. The figure on the right is a zoorimegkrsion of the figure on the left.

8 Conclusion

The top-quark pair production charge asymmetry was medswith pp collisions at the LHC using

an integrated luminosity of 20.3 b recorded by the ATLAS experiment at a centre-of-mass energy
of /s = 8 TeV intt events with a single lepton (electron or muon), at least fets and large miss-
ing transverse momentum. The reconstructioritavents was performed using a kinematic fit. The
reconstructed inclusive distribution afy| and the distributions as a function wf;; prandp.i were

N(Ay>0)—-N(Ay<0)

6 Thett asymmetry at the Tevatron is measured as a forward—-baclaggrdmetry and defined #gg = N(ay=0)N(8s=0)"
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unfolded to obtain results that can be directly comparedhdorietical computations. The measured in-
clusivett production charge asymmetry A& = 0.009+ 0.005 (stat+syst.), to be compared to the SM
predictionAc = 0.0111+ 0.0004 [1]. All measurements presented in this paper are statistitalited
and are found to be compatible with the SM prediction witlia tincertainties. The precision of the
measurements also allows for the exclusion of a large phaee of the parameters describing various
BSM models.
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