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Abstract

In the pp — tt process the angular distributions of top and anti-top cuiarle expected

to present a subtle fierence, which could be enhanced by processes not includie in
Standard Model. This Letter presents a measurement of twgelasymmetry in events
where the top-quark pair is produced with a large invariaassn The analysis is performed
on 20.3 fbo! of pp collision data aty's = 8 TeV collected by the ATLAS experiment at the
LHC, using reconstruction techniques specifically designethe decay topology of highly

boosted top quarks. The charge asymmetry in a fiducial regitnlarge invariant mass of

the top-quark pairmie > 0.75 TeV) and an absolute rapidityfidirence of the top and anti-
top quark candidates within2 < |y — |yit < 2 is measured to be 423.2%, in agreement

with the Standard Model prediction at next-to-leading ordedifferential measurement in

threett mass bins is also presented.
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1 Introduction

The charge asymmetriL[2] in top-quark pair production at hadron colliders conséguone of the more
interesting developments in the last decade of top-quaykips. In the Standard Model (SM), a forward—
backward asymmetnyAgg), of orderas, is expected at a proton—antiprotqopj collider such as the Tev-
atron, with a much enhanced asymmetry in certain kinematggons. Early measurement f] found

a largerAgg than predicted by the SM. Later determinations confirmesldieiviation and measurements
in intervals of the invariant masey; of the system formed by the top-quark pd&9] found a stronger
dependence omg than anticipated. Recent calculations of electrowe@éces [LO] and the full next-
to-next-to-leading-order (NNLO) correction¥]] to the asymmetry have brought thefdrence between
the observed asymmetry at the Tevatron and the SM predidtam to the 1.5 level and reduced the
tension with the dferential measurementsing[12, 13].

At the Large Hadron Collider (LHC), the forward—backwargrasetry is not present due to the sym-
metric initial state, but a related charge asymmegy,is expected in the distribution of theffitirence of
absolute rapidities of the top and anti-top quarks,

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

A= NGy > 0)+ N@lyl <0)

(1)

whereA |yl = |yt| - lyit andy denotes the rapidity of the top and anti-top quark$or quark—antiquark
(go) initial states, the dference in the average momentum carried by valence and see deads to a
positive asymmetry. These quark-initiated processestamegly diluted by the charge-symmetric gluon-
initiated processes, yielding a SM expectation for the gh@symmetry of less than 1%. Many beyond-
the-Standard-Model (BSM) scenarios predict an alteratiahis asymmetry. Previous measurements at
7 TeV [14-17] and 8 TeV [L18-20] by ATLAS and CMS are consistent with the SM prediction.

With a centre-of-mass energy of 8 TeV and a top-quark pairpsaraf millions of events, the LHC
experiments can access the charge asymmetry in a kineragtiog not probed by previous experiments.
The development of new techniques involving Lorentz-bedstbjects and jet substructurl{24] and
their use in the analysis of LHC dat2d, 26] have enabled anficient selection of highly boosted objects
and an accurate reconstruction of their momentum.

This Letter presents a measurement of the rapidity-depgrate@rge asymmetry in top-quark pair pro-
duction that is based on techniques specifically designeldabwith the collimated decay topology of
boosted top quarks. Specifically, it is based on the teclesigiescribed in Refs27-30]. The analysis
focuses on the leptaijets (¢+jets) final state, where the hadronic top-quark decay isnscacted as a
single large-radius (largB) jet and tagged as such using jet substructure variables. lefitonic top-
quark decay is reconstructed from a single small-radiugi{sR) jet, a single charged lepton (muon or
electron), and missing transverse momentum, correspgnditne neutrino from th&/ boson decay. The
event selection and reconstruction follow the prescngtiof Ref. R7], where a detailed description and
discussion of their performance can be found.

L ATLAS uses a right-handed coordinate system with its oragithe nominal interaction point (IP) in the centre of theedr
and thez-axis coinciding with the axis of the beam pipe. Thexis points from the IP towards the centre of the LHC ring,
and they-axis points upward. Polar coordinates#) are used in the transverse plagdyeing the azimuthal angle around the
z-axis. The rapidity is given agy = —% In[(E + p,)/(E — p,)], while the pseudorapidity is defined in terms of the polzgla
0 asn = —In[tan (#/2)]. The distance inr(,¢) coordinatesAR = +/(A¢)? + (An)?, is used to define cone sizes and the distance
between reconstructed objects. Transverse momentum anglyeare defined agr = psing andEr = E sing, respectively.



Compared to previous analysds3] 20] based on the classicaksolvedtop-quark selection criteria and
reconstruction schemes, this approaffiers a more precise reconstruction of thaevariant mass and top-
quark direction for highly boosted top quarks. It is therefpossible to perform accurate measurements
of the charge asymmetry in events witkt &nvariant mass in the TeV range. This kinematic regime has a
higher sensitivity for the SM asymmetry due to a higher fracbf quark-initiated processes, as well as
for BSM models that introduce massive new states.

This Letter is structured as follows. The data sample amdlys presented in Sectidh along with a
description of the Monte Carlo (MC) simulation samples irct®am 3. A brief overview of the recon-
structed object definitions and of the event selection aodn&ruction is given in Sectiodsand5. The
observed yields and several kinematic distributions arepased to the SM expectations in Secti&n
The unfolding technique used to correct the reconstruatigtispectrum to the parton level is discussed
in Section7. The estimates of the systematic uncertainties tiiatbthe measurement are described and
estimated in SectioB. The results are presented in Sectihrand their impact on several BSM theories
is discussed in SectialD. Finally, the conclusions are presented in Seclitn

2 Data sample

The data for this analysis were collected by the ATLA3][experiment in the 8 TeV proton—protopf)
collisions at the CERN LHC in 2012. Collision events are sid using isolated or non-isolated single-
lepton triggers, where the isolated triggers have a thidsbfd24 GeV on the transverse momentupy)

of muons or on the transverse energy of electrons. The raatés! triggers have higher thresholds:
60 GeV for electrons and 36 GeV for muons. The contributimmfrevents with leptons passing only
the non-isolated triggers but havimg below these higher thresholds is negligible. The colledath
set is limited to periods with stable beam conditions whésuwd-systems were operational. The sample
corresponds to an integrated luminosity of 28.8.6 fo™L.

3 Monte Carlo simulation

Samples of MC simulated events are used to characteriseethetdr response andfieiency to recon-
structtt events, estimate systematic uncertainties, and predidiabkground contributions from various
physics processes. The response of the detector and tigygenulated 32] using a detailed model
implemented in GEANT433]. Simulated events are reconstructed with the same sadtasithe data.
Additional pp interactions, simultaneously present in the detectoe{pj), are generated usingifia

8.1 [34] with the MSTW2008 leading order PDF s&5 and the AUET2 set of tune parameters (tune).
The pile-up events are reweighted to the number of intemastper bunch crossing in data (on average 21
in 2012). For some samples used to evaluate systematictaimtiers, the detailed description of the calor-
imeter response is parameterised using the ATLFAST-II kitran [32]. For all samples the top-quark
mass is set toyp = 172.5 GeV.

The nominal signait sample is produced using theves-Box (version 1, r2330) generatadd], which

is based on next-to-leading-order (NLO) QCD matrix eleraefhe CT1037] set of parton distribution
functions (PDF) is used. THgampparameter, which controls the matrix element (ME) to pasioower
(PS) matching in Bwhaec-Box and dfectively regulates the higphr radiation, is set to the top-quark
mass. The parton shower, hadronisation, and the undentyiagt are simulated withyRuia 6.427 B8]



using the CTEQ6L1 PDF set and the Perugia 2039 fune. Electroweak corrections are applied to
this sample through a reweighting scheme; they are caéziiaith Harror 2.1-arpHa [40] implementing
the theoretical calculations of Refgll43]. Alternative samples are used to evaluate uncertainties i
modelling thett signal. These include samples produced with MC@NLO 44glixterfaced with Hr-
wiG 6.5205] and dJmmy 4.31 [46], as well as samples generated withwec-Box + Herwic/Jmmy and
PownEeG-Box + PyTtaia, both withhgamp = infinity. Samples are also produced wittffdring initial- and
final-state radiation (ISRESR), using the &rMC generator 47] interfaced with RTaia. All tt samples
are normalised to cross-section at NNkext-to-next-to-leading logarithmic (NNLL) accurgcj49-
54): o = 253'72 pb.

Leptonic decays of vector bosons produced in associatiinseiveral highgr jets, referred to ag/+jets
andZ+jets events, with up to five additional final-state partonth@aleading-order (LO) matrix-elements,
are produced with the &kGen generator 5] interfaced with Rtuia 6.426 for parton fragmentation using
the MLM matching schemebp]. Heavy-flavour quarks are included in the ME calculatiomsnbdel the
Whh, Wac, W¢ Zbb andZcc processes. Thé/+jets samples are normalised to the inclusiVeboson
NNLO cross-sectiond7, 58].

Single top-quark production is simulated usingwiec-Box interfaced with Rtaia 6.425 using the
CTEQG6L1 PDF set and the Perugia 2011 tune. The cross-seatiaitiplied by the sum of the branch-
ing ratios for the leptoniaV decay employed for these processes are 28-phgnnel) 9], 22 pb Wt
production) 0], and 1.8 pb ¢-channel) §1], obtained from NNLG-NNLL calculations.

Diboson production is modelled usingssra [62] with the CT10 PDF set, and the yields are normalised
to the NLO cross-sections: 23 ptWW — ¢vqqg), 0.7 pb £Z — ¢£qq), 6.0 pb WZ — ¢vqq) and 4.6 pb
(ZW — ¢tqo).

4 Object definitions

Electron candidates are reconstructed using chargeitiparacks in the inner detector associated with
energy deposits in the electromagnetic calorimeter. Muondidates are identified by matching track
segments in the muon spectrometer with tracks in the inrtectig. Lepton candidates are required to be
isolated using the “mini-isolation” criteria describedRef. [63].

Jets are reconstructed using the d&ntalgorithm B4] implemented in the kstJer package §5 with
radius parametdR = 0.4 (smallR) or R = 1.0 (largeR), using as input calibrated topological clustes§|[

of energy deposits in the calorimeters. The jet-trimmirgpathm [67] is applied to the larg® jets to
reduce the #ect of soft and dfuse radiation, such as that from pile-up, multiple partdgararctions and
initial-state radiation. Larg&jets are trimmed by reclustering the constituents withkttegorithm [68,

69] with a radius parametd®syp = 0.3 and retaining sub-jets that have a momentum exceedingf B9at

of the largeR jet (foyt = 0.05). For smalR jets, a pile-up correction based on the jet area, the number
of primary vertices, the bunch spacing, andsjes applied. Both jet collections are calibrated to the
stable-particle level as a function pf andn (and mass for larg& jets) [25]. The stable-particle level
refers to generator-level jets reconstructed from padielith a lifetime of at least 10 ps. Sm&lljets
areb-tagged using an algorithm that exploits the relativelgéadecay time ob-hadrons and their large
mass Y0, 71].

2 The top++2.0 [48] calculation includes the NNLO QCD corrections and resurhi Nsoft gluon terms. The quoted cross-
section corresponds to a top-quark mass of 172.5 GeV.



The missing transverse momentum (with magnitllﬁf{é“) is computed as the negative vector sum of
the energy of all calorimeter cells, taking into account ¢hébration of reconstructed objects, and the
presence of muons.

5 Event selection and reconstruction

Each event must have a reconstructed primary vertex withofiveore associated tracks pt > 400
MeV. The events are required to contain exactly one recoctsttl lepton candidate, which must then
be geometrically matched to the trigger object. To redueanhlti-jet background, the magnitude of the
missing transverse momentum and Weboson transverse maeﬁ’ must satisny$1iss > 20 GeVand
EMss + m¥ > 60 GeV, where

m¥ = \/prptO”E’T"iss(l — COSA9) )

andAg¢ is the azimuthal angle between the lepton and the missimguesise momentum. At least one
smallRjet (R = 0.4) must be found close to, but not coincident with, thedef\R(¢, jetg_g 4) < 1.5).

The leptonic top-quark candidate is reconstructed by agittia highestpr jet among those satisfying the

above criteria, the selected charged lepton and the reoectesi neutrino. The longitudinal component
of the neutrino momentum is calculated by constraining émpedn-plus-missing-momentum system to
have theW boson mass and solving the resulting quadratic equatiamwolfeal solutions are found, the

one that yields the smallest longitudinal momentum for tletrino is used. If no real solution exists, the
missing transverse momentum vector is varied by the minanmadunt required to produce exactly one
real solution.

The hadronically decaying top quark is reconstructed asgestrimmed jet withR = 1.0. The selected
jet must havepy > 300 GeV, must be well separated from both the charged lepipff (jetg_, o) > 2.3)
and the smalR jet associated with the leptonic top-quark candid#R(jetg_; o, j€tr_04) > 1.5). A
substructure analysis of the lar@get is used to tag the boosted top-quark candidate: theiimtamass
of the jetnﬁg{“ after calibration to the particle leve2] must be larger than 100 GeV and thesplitting

scalé ,/d"™ must exceed 40 GeV.

Finally, at least one of the highept- smallR jets associated with the decay of a top-quark candidates
(AR(¢, jetg_g4) < 1.5 or AR(jetr_1 o, j€tr04) < 1.0) must beb-tagged. Events with a reconstructtd
mass of less than 750 GeV are rejected, as the performanice mfdonstruction of boosted top quarks is
strongly degraded at low mass.

The selection and reconstruction schemes yield gdiciency andt mass determination for high-mass
pairs. Detailed MC studies presented in R&f7][show that the mass resolution is approximately 6%
for a large range oft mass, starting atg ~ 1 TeV. The measurement of the top and anti-top-quark
rapidities are nearly unambiguous. The quality of the toarlguapidity reconstruction can be expessed
in terms of the dilution factob = 2p — 1, wherep is the probability of a correct assignment of thig|

3 Thek, splitting scale 2] is obtained by reclustering the largjet components with thi algorithm with a radius parameter

R = 0.3. The first splitting scalg/dii™ corresponds to the scale at which the last two sub-jets argetiénto one:/diim =
min(pr.1, Pr2) X ARy 2, where 1 and 2 denote the two sub-jets merged in the last Ethp I algorithm.



sign. A dilution factorD = 1 indicates perfect charge assignment. The MC simulatiedipgts a value
of approximatelyD = 0.75 for the selected sample. The remaining dilution isdigrglue to events with
small values of the absolute rapidityidirence; if events with\|y|| < 0.5 are excluded, the MC simulation
predicts a dilution factor greater than 0.9.

6 Comparison of data to the SM template

A template for the expected yield of most SM processes iscbaséMonte Carlo simulation, where the
production rate is normalised using the prediction of thausive cross-section specified in Secti@n
Exceptions are th@/+jets background and the multi-jet background. Tejets background normalisa-
tion and heavy-flavour fractions are corrected with scatéofs derived from data, as in Re27], using
the observed asymmetry in the yields of positively and rieglgtcharged leptons. The multi-jet back-
ground estimate is fully data-driven, using the matrix rdthThis method uses the selectidficencies
of leptons from prompt and non-prompt sources to predichthmber of events with hon-prompt leptons
in the signal region. These methods and their results anendeisted in detail in Ref27].

The event yields are compared to the SM expectation in Tablde distributions of two key observables,
the invariant mass of thd system and the fierence of the absolute rapidities of the candidate top
and anti-top quarks are shown in Figurefor the combination of the+jets andu+jets channels. The
observed event yield is approximately 10% less than the M@iption, the result of the softer top-quark
pr spectrum in data, which is also reported in Ref${/5)].

Table 1: Observed and expected number of events in the siggiaih. The two columns correspond to tagets
andu+jets selected data samples. The systematic uncertaiffities 8M expectation include those from detector-
related uncertainties, uncertainties in the normalisative luminosity uncertainty and the uncertainty in thessro
section predictions used to normalise the expected yields.

etjets utjets
tt 4100+ 600 3600+ 500
W+jets 263+ 32 264+ 32
Singletop  14Q: 20 138+ 19
Multi-jet 44+ 8 4+1
Z+jets 40+ 27 16+ 11
Dibosons 20 7 18+ 7
ttV 37+ 19 33+ 17
Prediction 46006t 600 4100+ 500
Data 4141 3600

Since Ac is measured as a ratio, it is not sensitive to the absolutesesection. The impact of the
differences in the expected and observed shapes of the distgin Figurel on the measurement is
estimated by reweighting the simulatag| and top quarkpr distributions to match the data and found
to be negligible.
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Figure 1: Detector-level distributions of (a) the invatiarass of thét system and (b) the fierence of the absolute
rapiditiesAly| of top and anti-top-quark candidates, for the combinatibthe e+jets andu+jets channels. The
observed distributions are compared to the SM expectatieadon a mixture of data-driven techniques and Monte
Carlo simulation. The ratio of data to the SM expectatiorhisven in the lower plots. Error bars on the data points
indicate the statistical uncertainty. The hashed area stiog/uncertainty of the SM prediction. This includes the
statistical uncertainty, the theory uncertainties in tress-sections, thefiect of detector systematic uncertainties
on the expected yield, the luminosity uncertainty, the utagety in the normalisations, and the signal modelling
uncertainty.

7 Unfolding

An unfolding procedure transforms the observed charge amtny into a parton-level result in the phase
space covered by the measurement:

mg > 750GeV,- 2 < Aly| < 2. 3)

The corrected result can thus be compared directly to fixddracalculations that implement these con-
straints.

The unfolding procedure is identical to the one used in aippsvATLAS charge asymmetry meas-
urent RQ. Thee + jets andu + jets channels are combined to form a single set of events.dateare
corrected for migrations due to detector resolution usimgadrix unfolding method based on the open
sourcePyFBUimplementation of the fully Bayesian unfolding (FBU)X] algorithm. A bias in the charge
asymmetry introduced by the selection criteria is corgctging a bin-by-bin acceptance correction.

The asymmetry in the full region of Eg3)is obtained by correcting the content of fohly| bins with

the following boundaries: {2, -0.7, 0, 0.7, 2]. For simulated events with a reconstructy that
falls within =2 < Aly| < 2, but a trueAjy| outside this boundary (0.1% of events), the true value is
included in the outermost|y| bin. A differential result in threengintervals (0.75 Te mg < 0.9 TeV,

0.9 Tevx m¢ < 1.3 TeV, and 1.3 Te¥ my) is obtained using a (12) x 12 matrix that corrects for mass


https://pypi.python.org/pypi/fbu

andAly| migrations. The extranderflowbin keeps track of migrations of selected events from oatefd
the fiducial volumemg < 0.75 TeV. TheAly| binning in each mass bin is optimised to yield minimal bias
when non-SM asymmetries are injected.

Uncertainties due to limitations in the understanding geobreconstruction and in the calibration of
the experiment described in SectiBrare included as nuisance parameters in the unfolding puoeed
as well as the normalisation of the backgrounds. In thisystie data sample is too small for FBU to
significantly constrain any of the nuisance parameters tlamdfore the size of the detector-related and
normalisation uncertainties are not reduced by the unfglgirocess.

8 Systematic uncertainties

Systematic uncertainties are estimated as in R&fgnd propagated to thi- measurement following the
procedure of Ref.40]. The non-negligible uncertainties in the unfolded chaaggmmetry measurement
are presented in Tablk

The most important uncertainties among the detectore@lahd background normalisation uncertainties
are the scale and resolution of the jet energy (17 nuisaneengders for larg jets and 21 for smalR
jets) and thdo-tagging performance (10 nuisance paramet&®)7, 78. The impact of uncertainties in
the reconstruction of electrons and muons and the missamgterse momentum is negligible. Detector-
related uncertainties and background normalisation tsmiogies have a small impact on the analysis.

The uncertainty due to imperfections in the MC generatoretiing) is estimated using a number of altern-
ative generators. The most importaffieets are the choice of NLO ME and parton shoWwadronisation
model. Each alternative sample is unfolded using the ndrpimgedure. The ME modelling uncertainty
is taken as the flierence between the results favRiec-Box+Herwic/Jmmy and MC @NLOrHerwic/JMMY.
The P$hadronisation modelling uncertainty is evaluated as tfferdince betweend¥nec-Box+PyTHia
and Pwaec-Box+Herwic/Jmmy. The results are corrected for the smatteliences in the prediction of
the trueAc among the generators. The IS8R uncertainty is estimated as half th&efience between
two AcerRMC samples with radiation settings varied within the rantiensed by data. The uncertainty
associated with the choice of PDF is evaluated using the MC@MNHerwic/Jmmy sample, by compar-
ing the diferences when reweighting the sample to CT10, MSTW 2368 fnd NNPDF2.179] PDF
sets. The three contributions are assumed to be uncodeat are added in quadrature, forming the
dominant systematic uncertainty in the measurement.

The unfolding uncertainty includes two components. The fisnponent, the uncertainty due to the
limited number of events in the Monte Carlo samples usedn@cbthe data, is estimated by propagating
the statistical uncertainty of the elements of the respomasgix with pseudo-experiments. To evaluate
the second component due to the non-linearity of the unfglddiferent charge asymmetry values are
injected by reweighting thet Monte Carlo sample according to several functional fornise @incertainty

is taken as the bias estimated for the observed charge agyyrwatues. A number of stress tests are
performed, where the MC samples are reweighted to mimic lisereed dierences in thengandAly|
distributions. The impact on the results of the unfoldinggadure is found to be small compared to the
unfolding uncertainty and is not taken into account as arsépancertainty. In addition, the measurement
is performed in a more restrictédl|y|| region, excluding events withA|y|| < 0.5, where the dilution factor
D is smaller. The result is found to be consistent with the manineasurement, and no uncertainty is
assigned.



Table 2: The &ect on the corrected charge asymmetry, in e@aginterval, of systematic uncertainties on the signal
and background modelling and the description of the deteesponse. The uncertainties are given in absolute
percentages.

mginterval >0.75TeVv 0.75-09Tev 0.9-1.3TeV>1.3TeV
Breakdown of detector-related systematic uncertainties
Jet energy and resolutiorR= 0.4 jets 0.1% 0.4% 0.3% 0.4%
Jet energy and resolutiorR-= 1.0 jets 0.3% 1.6% 0.6% 1.0%
b-tagmis-tag dficiency 0.2% 0.2% 0.2% 0.7%
Lepton reconstructigidentificatioriscale 0.1% 0.2% 0.1% 0.1%
Missing transverse momenturﬁ%ﬂ‘sﬁ 0.1% <0.1% <0.1% 0.1%
Background normalization 0.1% 0.2% 0.3% 0.4%
Combined detector-related uncertainties and others
Statistical+ detector-related systematic 2.0% 6.0% 4.1% 11.6%
Signal modelling - matrix element 1.5% 2.4% 0.6% 5.3%
Signal modelling - parton shower 2.0% 3.2% 1.2% 6.2%
Signal modelling - ISRFSR 0.1% 0.3% 0.1% 3.0%
Signal modelling - PDF 0.4% 0.4% 0.3% 3.3%
Unfolding & MC statistics 0.5% 1.2% 0.8% 2.1%
Total 3.2% 7.3% 4.4% 15.0%
9 Results

The results for the charge asymmetry in the foyr intervals are presented in FiguBeand Table3.
The measurement fang > 0.75 TeV andAly|| < 2 yieldsAc = (4.2 = 3.2)%, where the uncertainty is
dominated by the modelling uncertainty, followed by thdist@al uncertainty of the data. The result is
within one standard deviation of the SM expectation. Aatential measurement is also presented, in
threemgbins: 0.75 - 0.9 TeV, 0.9 — 1.3 TeV amdy > 1.3 TeV (Alyl| < 2 for all measurements). The
largest diference with respect to the SM prediction is observed in thevith mi= 0.9 — 1.3 TeV, where

it reaches 1.6.

Table 3: The measured charge asymmetry after the unfoldipgrton level in four intervals of the invariant mass
of thett system. The result is compared to the SM prediction usind\ih® calculation in Ref. 13]. The phase
space is limited td(Aly|)| < 2. The uncertainties correspond to the sum in quadratureti$tical and systematic
uncertainties (for the data) or to the theory uncertairty {ffie SM prediction).

minterval > 0.75 TeV 0.75-09Tev 09-13Tev >13TeVv

Measurement (4.2 3.2)% (2.2 7.3)% (8.6+4.4)% (-2.9+15.0)%
SM prediction  (1.6Q: 0.04)% (1.42+ 0.04)% (1.75+ 0.05)% (2.55+ 0.18)%

10 Impact on BSM scenarios

Extensions of the SM with heavy particles can predict a figantly enhanced high-mass charge asym-
metry at the LHC. In Figur&, BSM predictions of the charge asymmetry in 8 Tp¥ collisions with
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Figure 2: A summary of the charge asymmetry measuremenéseifor bars on the data indicate the modelling and
unfolding systematic uncertainties, shown as the innerdrat the total uncertainty, which includes the statistical
uncertainty and the experimental systematic uncertainfiee SM prediction of the NLO calculation in Ret3

for the charge asymmetry of top-quark pairs withy|| < 2 is indicated as a shaded horizontal bar in eagtbin,
where the width of the bar indicates the uncertainty.

my¢ > 0.75 TeV andmg > 1.3 TeV are compared withrg integrated ovemgin pp collisions at+/s =
1.96 TeV. The measurements presented in this Letter areaitedi as horizontal bands. The measure-
ments ofArg integrated ovem in top-quark pair production at 1.96 TeV pp collisions by CDF 7]

and DO B] are shown as vertical bands.

The clouds of points in Figurg correspond to a number of models in Re&0),[81]: a heavyW’ boson
exchanged in thé-channel, a heavy axi-gluoB, exchanged in the-channel, and doublet], triplet
(w*) or sextet Q%) scalars. Each point corresponds to a choice of the newclestimass, in the range
between 100 GeV and 10 TeV, and of the couplings to SM pastigkbere all values allowed give a total
cross-section for top-quark pair production at the Tevatmmpatible with observations and a high-mass
tt production cross-sectiomi > 1 TeV) at the LHC that is at most three times the SM predictibhe
contribution from new physics to the Tevatrdag is moreover required to be positive. The predictions
of the Tevatron forward—backward asymmetry and the LHCmgiss charge asymmetry are calculated
using PROTOS{3], which includes the tree-level SM amplitude plus the opt(sn the new particle(s),
taking into account the interference between the two dominns. This measurement extends the reach
of previous ATLAS and CMS measurements to beyond 1 TeV(addibin withmg = 0.9 - 1.3 TeV).
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Figure 3: Predictions from a number of extensions of the SWhfRefs. B0, 81], for the forward—backward asym-
metry integrated ovamng at the Tevatron (on the-axis in both plots) and two high-mass charge asymmetry meas
urements at the LHC. Theaxis in both figures represents the measurement fan{a) 0.75 TeV and for (bjng >

1.3 TeV. The SM predictions of both the forward—backwardhasetry at the Tevatron and the charge asymmetry
at the LHC are also shown 1, 82].
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The BSM sensitivity of this measurement is also complemgntathat of the most recently published
ATLAS measurement0] and can be seen to disfavour thehanneMV’ boson model in the highest;
bin.

11 Conclusions

The charge asymmetry in the rapidity distribution of todupairs produced at largeinvariant mass
has been measured in a sample\® = 8 TeV pp collisions corresponding to an integrated luminosity
of 20.3 flo'l, collected with the ATLAS experiment at the LHC in 2012. Tleestion criteria and the
reconstruction algorithm designed forjets events with the decay topology of highly boosted topkgia
are found to give good control over the sign of the absoluy@ity difference of top and anti-top quarks,
with a dilution factor that reaches 0.75, significantly régkthan more traditional methods.

The observed asymmetry is corrected to the fiducial spgce 0.75 TeV and-2 < Aly| < 2. The result,
Ac = (4.2 + 3.2)%, is less than one standard deviation from the SM ptiediof 1.60+ 0.04 %. The
charge asymmetry is also determined in thitemass intervals. The most significant deviation from the
SM prediction, 1.6, is observed in the mass bin that ranges from 0.9 TeV to 1.3Ag\- (8.6 + 4.4)%.
The other two mass bins yield values compatible with the Sadligtion within 1. These measurements
provide a constraint on extensions of the SM, some of whieldipt a very sizeable charge asymmetry at
largett mass.
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