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Early physics w ith top quarks at the LH C
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The ATLAS and CM S experin ents are now in their nal installation phase and w ill be soon
ready to study the physics of proton-proton collisions at the Large Hadron Collider. The
LHC, by producing 2 tt events per second, will provide m ore than 8 m illion top events a
year at startup. In this paper, particular em phasis is given to the tt physics studies that
can be perform ed at the beginning of the LHC running, w ith a lin ited am ount of integrated
um dnosity (10 b ).

1 Introduction

In theearly daysofdata taking at the LH C , top physicsw illhave a role of prin ary im portance for
several reasons. First of all, since top physics allow s for precise studies of the Standard M odel
(SM ) and since the determ ination of the top m ass constraints the H iggs m ass via radiative
corrections. At start-up, already w ith the st faw fo ! of integrated lum inosity and w ith a non
perfectly calibrated detector, a top signal can be clearly separated from the background and
the top pair production crosssection can be extracted at better than 20% accuracy and w ith
negligible statistical error. The rstm easuram ent of the top m ass w ill provide feedback on the
detector perform ance and top events can be used to understand and calbbrate the detector light
Bt energy scale and the b-tagging. A dditionally in scenarios beyond the SM , new particlesm ay
decay Into top quarks, therefore a detailed study of the top quark propertiesm ay provide a hint
on new physics. A good understanding of top physics is also essential since top events are a
background form any new physics searches.
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Figure 1: Expected distribution of the three—ft Invariant m ass after a cut on the di—gt system ( left plot) and a
t ( right plot) in a 100 pb ! event sam rl.

2  Early selection of top events in the leptons+ Jts channel

Since top events are so crucial for the initial phase of data taking, it is in portant to understand
how much integrated lum inosity is needed to observe the top signal over the background at
startup and the e ects of a non-perfectly calbrated detector on its observability.

A study that uses a very sim ple selection In the leptons + Pts channel,wherett! W *Wi b
with a W decaying hadronically and the other leptonically W ! e o( ), has been perform ed
by the ATLA S collaboration U, The selection requires 3 pts w ith transverse m om entum pr >
40 G&V /c and one wih pr > 20 G &V /¢, one isolted lepton with pr > 20G &V /c and m issing
transverse energy E1 > 20 Ge&V /c?. In this selection the b+agging inform ation is delberately
not used since it m ight not be optim ized and calibrated in the Initialphase ofdata taking. T he
hadronic top is selected as the 3=kt com bination w ith the highest transverse m om entum : 2 out
of the 3—gts would be resulting from a W decay, therefore only the com binations w ith a di-gt
Invariantmass ;n 5y my j< 10 Gev /& are kept. Figure 1 show s the expected distribution of
the 3—ft invariant m ass in a 100 pb ! integrated lum inosity sam ple. T he dom inant background
is the W + Jts production giving a contribution of the sam e order as w rongly reconstructed tt
events. T he signal over background ratio is about 0.7 and the relative statistical error is about
10% . O verall the top cross—section could be detem Ined w ith a total uncertainty of about 20%
with faw hundred pb ! of ntegrated lum inosity.

3 Top cross—section evaluation

In the leptons + pts channel, a better accuracy on the cross—section can be obtained by re ning
the selection and in particular by requiring 2 b-tagged Fgts. To further reduce the background
and com binatorics, a converging kinem atic ttom y can beapplied. W ith 5 £b ! of Integrated
Jum inosity, a recent study by the CM S collaboration 2 has extracted the tt cross-section w ith
the follow Ing errors: = = 06% (statistical) 92% (systamatical) 5:0% (lum inosity).

W hile the leptonst+ Bt can be considered as the golden channel since the background can be
reduced by using sin ple cuts and the signalw ill be visble very soon after startup, prom ising
results have been obtained also in the dideptonic and fully hadronic channels, where both W ’s
decay either leptonically (e, ) or hadronically, respectively. A com parison of the perform ances
In the di erent search channels, as from recent studies by the CM S collaboration 2’3, can be
read from Table[3.



Table 1: Breakdow n of statistical, system aticaland lum inosity errors,m ain background sources, e ciency and sig—
nalover background ratio S/B , for the cross-section studies in the lepton+ Fts, dideptonic and hadronic channels.
The S/B ratio for the lepton+ ets channel doesn’t take Into account the background from tt.

syst (%) | stat (% ) | um i (%) main syst. (%) main bkg | e S/B
b-tag 7 ool
10fb * 9.7 04 3 PDF 34 W+ 63| 26.7
lepton+ Fts P ileup 32
PDF 5 ttwith
10fb * 11 09 3 b-tag 4 w ! 5 55
dideptonic Jet E Scale (JES) 4 and 1)1l
1o ! JES 11
hadronic 20 3 5 PilelUp 10 QCD 161 1/9

4 The top m assm easurem ent

In the lepton + FEtschannel, afteran event selection optin ised not to biasthem assm easuram ent,
di erent m ethods have been exploited to extract the top mass (m ). T he sin plest is to perform
a tto the nvariant m ass of the 3 Fts arising from the hadronic top decay, but this su ers of
the in pact of poorly reconstructed fts due to e ects of FSR and to the sem iHeptonic decay of
b-quarks. Another m ethod, less a ected by system atic errors, reconstructs event by event the
entire tt nalstate via a 2 m inin isation based on kinem atic constraints: the energies of the
leptons and Fts, the Ft directions and the 3 com ponents of the reconstructed neutrino’s are
free to vary w ithin their resolutions;m ¢ is then tted in slices of 2 and is extrapolated from a
linear tto them  value correspondingto 2= 0 4.a ITrematively, an eventdy-event likelihood
m ethod which convolutes the resolution function of the event, or the so called ideogram , w ith
the expected theoretical tem plate can be used 2. A method which is appealing since it has
Independent system atic errors, is to select high pr top pairsw ith pr > 200 G &V /c: In this case
the 2 top quarks tend to be back to back and this can be used to reduce the backgrounds. Since
the 3 Jts on one hem isphere tend to overlap, the energy In a cone around the candidate top
quark has to be collected m aking the m easurem ent less sensitive to the gt energy calbration.
A summ ary of the di erent contributions to the error on m + for the di erent m ethods described
above can be found 1 tabk[d, as from an ATLA S study'®.

A s for the cross—section, m + can also be extracted from thedideptonic and the hadronic channels.
T he diHdepton channelhas a clean signature, but 2 neutrino’s need to be reconstructed, this can
be done by applying a constrained t assum ing the W mass and two equalm asses for the 2
reconstructed top3. W ith an integrated um inosity of 1 £b !, the statistical error on m ¢ would
be of about 1.5 G&V /c? and the system atical about 42 G&V /¢? . In the hadronic channel a
kinem atic t can be used to reconstruct both top quarks, but the m easuram ent is a ected by
large QCD bad<grounds3. W ith an integrated lum inosity of 1 fb ! the statistical error would
be of about 0.6 G &V /¢ and the system atical about 4.2 G &V /.

5 Searches for new physics

By reconstructing the top m ass spectrum In tt leptons+ pts events, resonances originated by
the decay processpp ! X ! ttcan be observed. From prelim inary studiesby ATLAS a 1(2)
TeV=c® mass Z ? boson produced with a cross—section of 4(3) pb can be observed at about 3
signi cance w ith an integrated lum iosity of about 5 fb *.



Table 2: Expected system atical and statistical error contributions to the top m ass m easurem ent expressed is
m ¢ (G eV=c’) for the 3 m ethods described in the text: the hadronic m ass t, the kinem atic t and the high pr

selection.
had. top | kin. t | high pr
Iight Bt E scale (1% ) 02 0.2 -
b—ptE scale (1%) 0.7 0.7 -
b-quark fragm entation 0.1 01 03
ISR 0.1 01 0.1
FSR 10 0.5 0.1
com binatorial bkg 01 01 -
m ass rescaling - - 09
U nderlying event (10% ) - - 13
total syst. 13 09 16
stat. err. @ 10fb ! 0.05 01 02

Already with 10 fb ! of data, avour changihg neutral currents, which are not allowed at
tree level in the SM , can be observed with a sensitivity 2 orders of m agnitude better than
at Tevatron Finally by studying the double di erential angular distribution of tt decay
products and by com paring the observed values of the spin correlation observables and the SM

expectations, the presence of anom alous couplings, Technicolor, spin 0/2 heavy resonances can
be observed. W ith an integrated lum inosity of 10 fb !, the spin correlation observables can be
extracted with a 3% and 5% statistical and system atical uncertainty, respectively g

6 Conclusions

Top physics provides an excellent environm ent for calbrating the detector and for testing the
SM predictions aswellas new physics starting from the early days ofdata taking at the LHC . A
large e ort hasbeen made by the ATLA S and CM S C ollaborations to be ready to analyse the
top events from day one, by searching for better selection cuts, In proving the generators and
system atic errors understanding and exploring altemative analysism ethods and decay channels.
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