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1. Introduction

One of the most interesting leftovers from the decommisziofevatron collider at Fermilab
is the 2 sigma upwards-deviation of thecharge asymmetry from the standard model (SM) pre-
dictions, measured by the CDF and DO collaborations [1, 2]oRerview of the different theories
explaining this deviation with physics beyond the standaadlel (BSM) can be found in [3].

The SM predicts interference effects in the-g @t process at higher order between the am-
plitudes of the Born diagram and the box diagram and betwsasetof diagrams with initial-state
radiation (ISR) and final-state radiation (FSR). As a reshé direction of motion of the produced
top (anti)quark is correlated to the direction of motion ledé incoming initial (anti)quark. At the
LHC, the initial state is given by two colliding protons arsdtherefore charge symmetric. Quarks
exist in protons as valence quarks while antiquarks exist as sea quarks. With the valence
quarks having on average larger fractions of the proton'mer@um compared to the sea quarks,
this connection of the momenta of initial (anti)quarks aod {anti)quarks leads to an observ-
able effect in thettsystem: The top quarks tend to be produced more abundantbynward and
backward directions, while the top antiquarks are pretextiy produced in the central region. A
suitable observable to measure this effect is the differefiche absolute values of the rapidities of
the top quark and antiquar&]y|. Using this observable, thedharge asymmetry can be defined as

Nt —N—

NN &
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whereN™ andN~ represent the number of events with positive and negativesafA|y|.

As only q q initial states contribute to the charge asymmte prediction folAc at the LHC is
considerably smaller compared to the value at the Tevatvbare the fraction of g q initial states in
the top quark production is larger. The SM prediction foritheC is AT — 0.0115:+0.0006 [4].

Itis of special interest to measuke also as a function of kinematic variables that are suited to
enhance the charge asymmetry or that are sensitive to f@ssittributions from new physics. In
the analysis described in this article, three kinematicaldes have been chosen for this purpose.
As the charge symmetric gluon-gluon fusion is dominant i ¢entral region while g4 tt is
enhanced in the forward directions, the rapidity of theystem is sensitive to the fraction of g
initial states in the top quark pair production. And sincdyahe qq initial states contribute to
the asymmetry, the measured asymmetry dependsgzn The interference between Born and
box diagrams leads to a positive contribution to the chasgenanetry, while the interference terms
between ISR and FSR processes contribute negatively. Asiibent of ISR/FSR is closely related
to the transverse momentum of th_system,ptTt_, this variable is sensitive to the ratio of negative
and positive contributions. Similar as for the rapiditysathe invariant mass of thegystem is
sensitive to the fraction of q q initial states and thus kiz@ge asymmetry depends on this kinematic
variable. Furthermore, new heavy particles could be exgpbdibetween the initial quarks and these
contributions could interfere with the SM contributionsadling to an enhanced asymmetry — with
the enhancement depending on the mass of this potential awiel@ and thus depending om;.

This article summarizes the analysis and results as pexsént dedicated talk at the ICHEP
conference in Melbourne. A more detailed description ofahalysis itself can be found in [5].
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2. Event selection and background estimation

The data used for this analysis have been collected with M8 Getector at the LHC at a
centre-of-mass energy of 7TeV. A detailed description ef@MS detector can be found in [6].
The collected data correspond to an integrated lumino$iy0dfb .

Collision data as well as simulated events are subjecte@doirements tuned to select a
sample of events with a leptefjets signature, where “lepton” refers to either an electmommuon.

In tt events this corresponds to the decay channel where one girtiduced W bosons decays
leptonically into an electron or muon and the correspondiagtrino while the other W boson
decays hadronically into a pair of jets. Electron (muon)didates must havpr > 30(20) GeV/c?
and be within|n| < 2.5(2.1). Jets are required to hayg > 30GeV/c? and|n| < 2.4. At least
four jets are required, at least one of which must be idedtd®originating from a b quark.

After applying these selection criteria, 57697 events ranmaboth channels combined. For
the determination of the contributions from backgroundcpeses, a binned likelihood fit to the
distributions of two discriminating variables is perfordnd he missing transverse enef@%?issand
the M3 mass, defined as the invariant mass of the combinatithre® jets that yields the largest
pr value. The results of the background estimation can be faunable 1; Figure 1 shows the
observed distributions of the two variables used for thé&gpanind estimation and of the sensitive
variableAly| along with the simulated templates normalized to the reslitained by the fit.
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Figure 1: Comparison of the combined leptejets data with simulated contributions for the distribngo
in E}“iss(left), M3 (middle), and the sensitive varialigy| (right). The simulated signal and background
contributions are normalized to the results of the fits givetable 1.

Process Electropjets  Muontjets Total

Single top {( +twW)  1113+338 1418+ 505 2532+ 608
W+jets 1818+ 227 180A-290 3625+ 369
W~ +jets 1454+ 224 1320+ 275 2773+ 355
Z+jets 535+ 153 600+ 170 1135+ 229
Multijet 1142+ 227 863+ 209 2005+ 308
Total BG 6062+ 540 6008-698 12070t 882
tt 18634+-390 26976t468 45610t 609
Observed data 24705 32992 57697

Table 1: Results for the different contributions from fits to datayraj with their uncertainties.
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3. Measurement of thett charge asymmetry

For each selected event the four-momenta of the top quarlaatiguark are reconstructed
from the observed objects: The leptonically decaying W hdsaeconstructed from the observed
charged lepton and the missing transverse energy, and thsumeel jets are associated with the
quarks in thettdecay chain. The reconstructed top quark and antiquanknfmmenta are used
to obtain the inclusive and differential distributionsZdfy|. Before calculating the asymmetry ac-
cording to equation 1.1, the reconstructed distributiohthe sensitive variablé|y| and of the
three kinematic variableg;, ptTt_ andmg have to be corrected for background contributions, re-
construction effects, and selection efficiencies. Onlyitiee obtained results can be compared to
predictions from theory. After subtracting the backgrowaatributions, we apply a regularized
unfolding procedure to the data [7] through a generalizettiragaversion method. In this method,
the distorting effects are described by a smearing m&that translates the true spectr&imto
the measured spectrum= SX. As reconstruction and selection effects factorize, theaing
matrix S can be constructed as the product of a migration matrix andgodal matrix with the
efficiencies for each of the bins on the diagonal, and allrotfements set to zero. Figure 2 shows
the migration matrices for the inclusive measurement andhi® differential measurement ing;
as an example for the three migration matrices for the difféal measurements. The migration
matrices as well as the selection efficiencies are obtaised)samples of simulatetiévents.

While for the inclusive measurement the migration matrisaldes the migration of selected
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Figure 2: Migration matrix (upper row) between the generated and¢leenstructed values after the event
selection forA|y| (left) and for the measurement differentialrig (right). Selection efficiency (lower row)
as a function of generateyy|, defined with respect to inclusivegroduction (left) and for the measurement
differential inmg (right).
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events from true values df|y| to different reconstructed values, for the migration ntasi of
the differential measurements not only the migration betwiins ofA|y| has to be taken into ac-
count, but also the migration between bins of the kinematitable. The selection efficiencies as a
function ofAly| for the inclusive measurement and as a functioA|gf andmg for the differential
measurement img are depicted in Fig. 2.

Systematic uncertainties with an impact on the selectiGoiefcy, on the reconstructed top-
guark momenta, or on the background rates can bias thege$alevaluate each source of system-
atic uncertainty, we repeat the background estimation bhadrteasurement @c using modified
simulated samples. The expected systematic uncertaintgaich source is taken to be the shift
in the values of the corrected asymmetry between the defsdisurement and the one using the
modified templates. The systematic uncertainties can hdedivinto three different categories:
experimental sources, uncertainties in the modeling ostheal and background processes, and
uncertainties due to the applied unfolding procedure. ke systematic uncertainty for the in-
clusive measurement amounts4®.011, while for the differential measurements the systemati
uncertainties range betweer0.010 and+0.023, depending on the actual bin.

4. Results
The unfoldedA|y| distribution (Fig. 3) is used to calculate the correctedusize asymmetry:

Ac = 0.004+0.010 (stat) +0.011 (syst) . 4.1)

The results of the three differential measurements cant@dound in Fig. 3. The measured
values are compared to the SM predictions — based on thelai@bcuof Ref. [4] — and as an
illustrative example to the predictions from a BSM model tiidroduces an anomalous effective
axial-vector coupling to the gluon at the one-loop leveldB,Within the uncertainties the data do
not show any significant asymmetry and all measured valwesanrsistent with a null asymmetry
as well as with the SM predicted values.

5. Conclusion

Although the measured values constitute the most precisendimation of thettcharge asym-
metry at the LHC to date, the current precision does not yewalistinguishing a zero asymmetry
from the values predicted in the standard model or in BSMrikeoThe reported results nonethe-
less indicate that LHC data disfavor large deviations froen$M predictions.
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Figure 3: Unfolded inclusiveA|y| distribution (upper left), corrected asymmetry as a fuorctf |y (upper
right), pt* (lower left), andmg (lower right). The measured values are compared to NLO ttloas for

the SM — based on the calculations of Ref. [4] — and to the ptaxdis of a model featuring an effective
axial-vector coupling of the gluon (EAG) [9]. The error barsthe differential asymmetry values indicate the
statistical and total uncertainties, determined by addiatstical and systematic uncertainties in quadrature.
The shaded areas indicate the theoretical uncertaintigseddL O calculations.
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