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Abstract.

The potential of the ATLAS and CMS experiments for studyiog guark physics at the LHC
is reviewed. The measurements of theroduction cross section and spin correlations, the top
guark mass, its electric charge, the structure offttbvertex and the measurement of iveboson
helicities, the sensitivity to anomalous couplings, topmurare decays through Flavour Changing
Neutral Currents and the single top quark production areudsed. The results shown use the full
Monte Carlo simulation of ATLAS and CMS and assume a centena$s energy of 14 TeV at
the LHC. Integrated luminosities in the range betwe#n0 pb 1) and (10 fb—1) are considered,
depending on the physics observables under study.
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ntroduction

The top quark was discovered at FERMILAB in 1995 by the CDRafid DO [2] experiments.
With the start of operation of the Large Hadron Collider (LH@p quark physics will enter a
new era of precision measurements. Within the Standard Mbdetop quark has spin/2,
is the weak isospin partner of tHequark and has charge2/3. Although theory cannot
predict the top quark mass, indirect evidence from eleaedprecision data pointed to a high
value fn = 179f$2 GeV [3]), well within the range of the world average directheasured
m = 1731+ 1.3 GeV [4]. The mass is the only property of the top quark measwith such
precision (0.8%). Due to a Cabibbo-Kobayashi-Maskawaimatement (CKM)V;, close to
one, the top quark decays dominantly tb-quark and &V boson. The on-shell decay width is
M(t — bW)/|Vip|? ~ 1.42 GeV atm = 175 GeV and is known from theory with a precision
better than 1% [5]. The large top quark width translates mtehort lifetimer; = 1/ ~
10-2° s, shorter than the typical hadronization time scalel(0—24 s). This implies that the
top quark decays before hadronization can take place argpiiisinformation is transferred
to the decay products. This allows the studytto§pin correlations at production. Top quarks
can be produced at the LHC via strong interactions in pairproduction) or singly through
electroweak processes. Both ATLAS [6] and CMS [7] have dgwedl research programs to
prepare for the measurements of top quark physics at the LiHtBis paper the prospects for
top quark physics at ATLAS and CMS are reviewed, assurpipgollisions at LHC at a center
of mass energy of 14 TeV and integrated luminosities ranfyomg ¢(10 pb?) to (10 fh™1).
The top quark production cross sections, the mass, theielelsarge, the decay vertex structure,
the anomalous couplings, the rare decays through Flavoangihg Neutral Currents (FCNC)
andtt resonances are discussed. The projections presentedmamckto the most up to date
studies available from ATLAS [8] and CMS [9, 10, 11, 12, 13].



Top quark measurementsat the LHC

tt production cross section.The tt production cross section is known from theory to
next-to-leading order (NLO) ims, including next-to-leading logarithmic (NLL) contribots
from soft gluon re-summation, and amounts to 83B00 pb [14, 5] form; = 175 GeV. Al-
though a complete next-to-next leading order (NNLO) id gtivailable [15], the complete re-
summation of next-to-next-to-leading logarithms (NNLlgdbeen performed [16]. Assuming a
top quark mass af = 175 GeV and using the CTEQ6.6 PDF parametrization, the éxgtc
cross section ay/s= 14 TeV (10 TeV) is 82727 pb (37435 pb) following the prescription used
in [16]. By using a simple counting experiment method, CM$8 mieasure thdt production
cross section by looking into the dileptonic final state logy tt — bW*bW — bbl™¢~v,v,
(¢ = e u), already at an early stage of data taking with only 107ptsee [10] for details).
In Fig. 1(a) the number of expected events is shown for akkplien channels combined (for
10 pb~Y) in bins of jet multiplicity. While the first two bins are uséalevaluate the background,
by selecting events witNjets > 2, a statistical uncertainty of 9% is achieved on the crosme
measurement with a signal to background ratio (S/B) of 7 tih Bhackgrounds prove difficult
to control, the analysis could be limited to only teg channel with larger uncertainty (13%)
but improved S/B (25 to 1). With increasing statistics, maaust event counting methods may
be applied [11]. For 100 pi4, a total of 160 dileptonic signal events are expected agains
residual background of 3 events. In Fig. 1(b), a very clegnalican be seen in the CI\/EST“SS
distribution for theeu channel [11]. For thdt semileptonic channel studies, ATLAS used a
commissioning analysis optimised for early data that daggely onb-tagging. Events were
selected by requiring one isolated lept@of 1) with pr > 20 GeV,E{"s*> 20 GeV and at
least four (and three) jets withr > 30 GeV (andpt > 40 GeV) [8]. In Fig. 1(c) the top quark
invariant mass distribution of all events that passed timeilsptonic selection (normalized to
100 pb 1) is shown. The precision for thié cross section measurement in the semileptonic
channel, taking also into account systematic uncertanteexpected to be better than 20% [8]
for 100 pb L.

Single top quark production cross sectiorSingle top quark production at the LHC
occurs through three different processes: tuhannel, the associated productiditf and
the s-channel. At NLO the cross section for thehannel, the dominant process at LHC, is
1559772 pb (for singlet production) and 9032 pb (for singlet production) [17]. For the
associated production arschannel processes, NNLO calculations are available [fb8]the
s-channel, the value for singte(t) production is 723335 pb (403"3-14 pb); for the associated
production, both singlé andt have equal cross sections which, at NNLO, are-4pb. All
cross sections assumg = 175 GeV and,/s= 14 TeV at the LHC.

Thet-channel process is most likely the best candidate to firsete single top produc-
tion at the LHC. As there are common features between allesitogp processes, a common
pre-selection was applied in ATLAS [8]. As in the analysis variable was found to reject
effectively the dominantt background, multivariate techniques, like Boosted Decisirees
(BDT), were applied. These techniques improved the S/B ratithe final selection to 1.31
[8] and establish an expected uncertainty onttohannel cross section measurement-28%
(including systematic uncertainties), for I fb The estimated precision on the measured value
of iy is 12%. In Fig. 2(a) the top quark invariant mass distribufior thet-channel is shown,
after the BDT cut. With increasing luminosity, thét ands-channels become within reach of
the LHC. For 10 fb'l, CMS estimates uncertainties of 10%, 27% and 36% fottttieannel,
associated production (semileptonic channel) stadannel respectively [9].
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FIGURE 1. Expected number of events for CMS (a) for 10 phin bins of jet multiplicity including

all dileptonicee eu andup channels, (b) for 100 pt} in bins of missing transverse momentum for the
dileptonic channegu only, and (c) for ATLAS and 100 pt# for the reconstructed top quark mass from
the commissioning analysis.
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FIGURE 2. (a) leptonic top quark mass distribution after a BDT cut fog single top quark-channel
analysis, (b) hadronic top quark mass reconstructed witlytometric method for semileptoricevents
and (c) expected 68% C.L. allowed regions for¥iebanomalous couplings (with and without using the
b-jets tagging in the analysis)

Top quark mass. The top quark mass is an important parameter of the Standad$IMA
precise determination of its value allows stringent linitee set on the Higgs boson mass (when
combined with precise measurements of Yeboson mass) and gives sensitivity to physics
beyond the Standard Model via their contributions to pieni®bservables. Several methods
to evaluate the top quark mass were studied at the LHC. ATL#®itt semileptonic events to
evaluate the precision for the mass measurement with agratesl luminosity of 1 fb! [8]. The
mass of th&V boson candidate which decayed hadronicatly)(is reconstructed using the two
closest light jets (geometric method). Tiet closest to thi¥V boson is used to reconstruct the
top quark. Its mass is shown in Fig. 2(b) (for details see [BjE statistical uncertainty of the top
quark mass will be overwhelmed by the systematic error witwafb—1, and is dominated by
the uncertainties on the jets energy scales. In partichégr-tjuark (light quark) jets contribute
0.7 (0.2) GeV to the mass measurement uncertainty per gestenergy scale miscalibration
[8]. If jet energies are calibrated within 1 to 5%, a preaisad the order of 1 to 3.5 GeV should
be achievable with 1 fbo!,

Top quark properties. The ATLAS analysis of the top quark charge [8] shows thatgisi
the weighting technique, is possible to establish withfd—1, if the top quark has the Standard
Model charge or if it is an exotic particle with chargd/3, with 50 significance. The top quark
spin correlations were studied by both ATLAS and CMS usingikptonictt events. Recon-
structed angular distributions were used to set the pmtisithe spin correlation parameteéxs



andAp [8] to 50% and 34%, respectively (ATLAS with 1f6). With increasing statistics the
precision of such measurements is improved and, with 1& @MS obtains a precision of 20%
on the measurement of tiheparameter. Care must be taken when comparing the ATLAS [8]
and CMS [9] expectations with the Standard Model predictionce in the ATLAS analysis a
cut is applied on thét mass distribution (to below 550 GeV) to enhance the spiretations.
The absolute uncertainty expected by ATLAS, with I ¥bfor the measurements of tNe bo-
son longitudinal o), left-handed ) and right-handedg) helicities is 0.045, 0.036 and 0.028
respectively. ATLAS has used tiW boson polarization ratiopk = Fr/Fo andp. = F_/Fo)
together with the angular asymmetrigs, (andA_) [19] to set limits on the anomalous cou-
plings @r, g. andVR). In Fig. 2(c) the ATLAS two-dimensional 68% C.L. allowedjyens for
gr Versusg, is shown, for 1 fiol,

Top quark rare decays through FCNC processes Z,qy,qg) are highly suppressed in
the Standard Model [20]. These processes were studied aA8Tdnd CMS usingt events.
Expected limits on the branching ratios were set by ATLASdB8P5% CL (in the absence of
signal) to 68 x 104, 2.8 x 1073 and 12 x 102 for thet — qy, t — gZ andt — qg channels
respectively. CMS has studied these branching ratios ®c#se in which new physics appear
with a 50 significance [9]. The values obtained for the» gy andt — qZ branching ratios
are 84 x 1074 and 149 x 104, respectively (10 fbl). The discovery potential of the ATLAS
experiment for thét resonances decaying in the semileptonic channel, wasstadia function
of the resonance mass. ATLAS may be able to discoveresonance witmi= 700 GeV, with
1 fb~1, if the product of the production cross section and the bemgratio to at semileptonic
final state is higher than 11 pb [8].

Conclusions

The prospects for top quark physics at the LHC, assumingt@ceftmass energy of 14 TeV
and integrated luminosities in the range between 10 @imd 10 fbo L, were reviewed using the
most up to date projections from the ATLAS and CMS experirmeWith the start up of the
LHC, a precision era will begin for top quark physics.
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