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The study of the top quark phenomena will be a fundamentaiet of the early physics pro-
gram at the Large Hadron Collider (LHC). The extremely higlemrgy of the LHC proton-proton
collisions and the large top quark production may providegproved reach in several top quark
measurements. We will show the expected performance of ThRedA8 and CMS experiments
focusing on the early measurements of the top pair and sioglproduction. The LHC prospects
for the measurement of thé, element of the Cabibbo-Kobayashi-Maskawa (CKM) from top
pairs and single top will be discussed. We will describe thCLpotential for the study of the top
quark properties and physics beyond the Standard Model (&t top quark sector. The sen-
sitivity of the ATLAS and CMS experiments will be analyzedden different scenarios of LHC
center of mass energy and integrated luminosity.
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1. Introduction

The determination of th& production cross section is one of the first SM measureméats t
will be performed once the Large Hadron Collider (LHC) withg collisions at the end of 2009.
At a luminosity of 162cm~2s~1 and a proton beam energy of 5 TeV, a few weeks will be sufficient
to collect a sample large enough to check the predictionseoM [1].

The interest for the top quark physics more than 10 years idteiscovery is due to various
reasons: its large Yukawa coupling with the Higgs field gsahta special role in New Physics
models; due to its abundant production at the LHC, it is watesl as a data-driven calibration tool;
top decays, characterized by undetected neutrinos egct@rdetector and by jets and leptons of
high transverse momentum are an important background isgheches for the Higgs boson and
physics beyond the SM. The determination of the top quarllysrtion rate and the detailed study
of its properties will be stringent tests of the validity b&tSM and will eventually reveal important
details of the Electro-weak symmetry breaking mechanism.

While finalizing the commissioning of the detector, the ATEA2] and CMS [3] collabora-
tions performed detailed studies of the various aspectgmwiquark physics using Monte Carlo
simulations. The analyses tested the existing methodsoyexghin TeVatron experiments and con-
sidered a large number of variants and extensions of thequevwdeas. This paper will present a
brief review of the top quark physics techniques and analgsedied by LHC experiments.

2. Top Quark Production Measurements

Fig. 1 shows the leading order diagrams of thproduction process: the production rate at
LHC will exceed the TeVatron rate by about two orders of magte [4], passing fronw (tt )2PProx NNLO_
7.5+0.5 pb at 1.96 TeV tay(tt )2PPox NNLO_ 4014 25 pb at 10 TeV andr(tt )aPPox NNLO—
883145 pb at 14 TeV. As the background will increase only by abdattor 10 from TeVatron to
LHC, ATLAS and CMS will have the opportunity to measure the properties with high statistics
and low background contamination. Fig. 2 shows the the tepdider diagrams of the single top
production diagrams, that will also be boosted at LHC frorawf8.5 pb to 320 pb (at 14 TeV).

Figure 1. Lowest level diagrams of the

tt production. Gluon scattering processa$,and Figure 2: Diagrams of single top production at
b) , are the dominant processes at LHC, while  the |owest levela) t-channelp) Wt associated
quark scattering, process) , is the dominant one productionc) s-channel.

at TeVatron energies.

ATLAS and CMS both plan to measure thieeross section with early LHC data.
One of the CMS studies investigated the feasibility of thesueement with 10 pit of data in the
di-lepton channel[5]. The event selection requires 2 teoldeptons (either muon or electron) and
2 jets plus missing transverse energy (MET). For a centeragsrenergy of 10 TeV a statistical
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uncertainty of 15% and a systematic uncertainty of 10% apeeted. The uncertainty on the lu-
minosity measurement is expected to be of 10%. Fig. 3 shosvexpected number of events as a
function of the number of jets. THesignal for Nets > 2 is clearly standing over a small remaining
background.

An ATLAS study investigated the expected accuracy ofttleoss-section measurement in the top
single lepton channel for an accumulated statistics of 208 pt 10 TeV of center of mass energy
[1]. One of the proposed analyses employs a robust seleriring an isolated tight lepton (ei-
ther muon or electron) and 4 jets in the final state. Fig. 4 sittw reconstructed hadronic top mass
fitted with a template distribution of the signal from Montar® (MC) simulation and a distribu-
tion of the main backgrounds obtained with data-drivennegples. The expected uncertainties are
6%(stat)- 150/‘{5yst) and 20°/gumi).
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Figure 3: CMS number of expected events Figuie 4: ATLAS reconstructed hadronic top mass in

as a function of the number of jets in tHelt the tt single muon channel. The distribution is fitted

with a MC template distribution of the signal shape,

while the W+jets and QCD background shapes are es-
tablished with a data driven technique.

muon-1 electron final state for 10 ph This
final state is characterized by very low back-
ground contamination from Drell-Yan pro-
cess.

ATLAS and CMS evaluated the prospects for the measuremehedingle top cross section,
a direct measurement of thg, element of the CKM matrix. At 10 TeV of center of mass energy
and with 200 pb? of integrated luminosity, CMS expects to measure the t-ebhoross section
with an uncertainty of [6]:

Ao
- = i35%(stat) + 14%(syst) + 10%(|umi)

The analysis relies on a template fit of the angle betweerotiweafd jet and the lepton in the center
of mass frame. This kinematic variable yields a good sigisdriinination and systematic checks
proved that the result is robust.

ATLAS studied the t-channel cross section measuremengid4hTeV scenario with an integrated
luminosity of 1 fo~. The analysis is based on a multivariate Boosted Decisies TBDT) tech-
nique. The expected accuracy is [7]:

Ao
? = iG%(stat) + 220/0(syst+lumi)
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3. Top Quark Properties

With LHC providing more luminosity after the initial periaaf data taking, it will be possible
to study the top quark properties with more precise measemésn One of the first measurements
to perform will be the determination of the— W b branching ratio, that is a measurement of the
Vip element of the CKM matrix. CMS [8] expects to measure the BR(W b) with 250 pb of
data at 10 TeV with a relative uncertainty of 10% dominatedhaysystematic contributions.

An interesting property that ATLAS expects to measure witlv1' of data is thet spin correla-
tion predicted by the SM, that becomes particularly relévarthe case that & resonant state is
discovered. The expected accuracy is of 1% and 9%sysy-

A 5 o sensitivity to flavour changing neutral current (FCNC) msses in the top decays has been
estimated by ATLAS and CMS collaborations [7] [9]. It is ©f10~2 for the BR(t — Zq) with 1
fb~! of data (ATLAS) and~ 1.5- 102 with 10 fb~1 (CMS). For the BR¢ — yq) it is ~ 10~2 with

1 fb~! of data (ATLAS) anc~ 102 with 10 fo~t (CMS).

4. Conclusions

A brief overview of the expectations of the top quark measwets at LHC was given. The
LHC will soon start the first proton-proton collisions at anter of mass energy never reached so
far. ATLAS and CMS have detailed plans for analyzing the Marge sample of top quarks that
will be produced. The MC studies carried-out by the two dmlations show that the top quark
production can be observed in the early stage of data takiddrat top quark properties sensitive
to new physics processes are also likely to be measured firshperiod of LHC collisions.
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