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Measurement of differential cross sections for top quark pair production in proton-proton
collisions at a center of mass energy of 7 TeV at the Large Hadron Collider (LHC) is
studied in the full data sample with the integrated luminosity of 4.7 fb"' accumulated by
the ATLAS detector in 2011. Cross sections are measured as a function of the invariant
mass and the rapidity of the system of top and anti-top (L”Jz) pair. Events of top quark
pair productions with a single lepton (electron or muon) final state are used in this
analysis. The main purpose of the study is the verification of the Standard Model theory
by a precise measurement of the production cross section of the heaviest fermion pair in
the high center of mass energy collision at the LHC. New physics beyond the Standard
Model can also be explored by this siudy. In some models for new physics, couplings to
the third generation fermions are enhanced. These include Kaluza-Klein excitations of
graviton, the weak and the strong gauge bosons which couple to top quarks, Such
particles can appear as resonances of top and anti-top pair and not in other channels iike
di-jets or di-leptons due to their small couplings to light fermions. These resonances can
be seen as a deviation of measured cross sections as a function of the invariant mass of
the top and anti-top from the estimation of the Standard Model. We estimate the signal
strength and find that the new physics signal produced with the electro-weak coupling is
rather small in our analysis but that with the strong coupling might be feasible. Since
precise theoretical calculations in approximate NNLO order of the Standard Model for
production cross sections of top quarks are available, it is possible to compare measured
cross sections with these calculations to check the consistency of the Standard Model and
to observe possible evidence of new physics.

Differential cross section as a function of the mass of the [J7 system has already been
measured by experiments at Tevatron at Fermilab, and no evidence of new physics was
observed. Since the LHC can provide the highest center of mass energy of collisions and
also very high luminosities, the precise measurement of top quark production cross
sections and the searches for new physics up to higher mass region become possible.
The semi-leptonic decay channel of W bosons from top quark decays in the final state is
used in this study. This channel has a large branching fraction of about 30% with lepton
flavors of eleciron and muon, and good trigger efficiency due to the isolated lepton. In
this decay channel, one W boson decays into a charged lepton and a neuirino, and
therefore, one isolated high transverse momentum charged lepton and a large missing
transverse energy can be observed in the final state. That {eptonically decaying W boson
can be reconstructed from observed isolated lepton and missing transverse energy
without any combinatorial backgrounds. On the other hand, another W boson that decays
into a pair of quarks is suffered from additional QCD jet productions in the final states.
Furthermore, since we require only one tagged b-jet in the final state, possible fake b-jets
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from light quarks can also become a source of background for the reconstruction of
hadronically decaying W boson.

Backgrounds from other physics sources are estimated with various methods. Major
background sources are W boson production with additional jet productions, QCD
multi-jet events with fake leptons and top productions of other categories. In order to
avoid uncertainties in the QCD multi-jet productions, backgrounds from the W boson
productions and fake lepton events are estimated from real data by using background
enriched control samples. Other backgrounds from other top productions and Z boson
and di-boson productions are estimated based on the simulated events.

The full reconstruction of the 07 system is based on a likelihood approach fitting with
an emphasis on the non-Gaussian description of the energy resolution of the observed
objects (lepton, jets and missing transverse energy) in the final state. Also the
Breit-Wigner invariant mass distributions of reconstructed top and W bosons are take
into account in the likelihood fitting of the reconstruction. Due to limited detector
resolufions and their imperfect acceptance, physical quantities are usually observed as
smeared distributions. Their true distributions are obtained by an “Unfolding Method”
that corrects for the detector effects based on the estimation from fully simulated events.
During the Unfolding procedure statistical fluctuation of data and relative systematic
effects from some sources are also taken into account by repeating pseudo-experiments
based on the observed statistics. Thus, from the observed distributions differential cross
sections in terms of production variables are obtained.

We find that measured cross sections based on the full data sample of the integrated
luminosity of 4,7 fb”' accumulated in 2011 are consistent with the expectation of the
Standard Model and no evidence of new physics is observed in this study.
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