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1. Introduction

Various proposed models of new physics include yet undiscoveréidlpawhich have decay
modes that lead to jets in their final state. While jet final states are likely to stdfarhigh QCD
induced backgrounds, they also typically have higher branching fresctitan possible leptonic
decays. Particles that decay to jet final states are also likely to interacevisrting nuclear force
and can be pair-produced in gluon-gluon fusion, a process that msrhigh production cross
sections at hadron colliders such as the LHC. For these reasons @rggpemising to search for
new particles at the LHC. The ATLAJ][1] and CM§ [2] experiments ardi@aarly suitable for
such searches as they were designed for the highest possible aceegtd a wide variety of final
states.

2. Expected Limits and Discovery Reach

The following examples show an overview of possible new physics deteatéh the ATLAS
and CMS detector during early data taking at the LHC.

2.1 Generic High Mass Dijet Resonances

A variety of models predict resonances decaying into two color-chgrggtles, leading to
a two-jet final state. The resonance itself can be a heavy gauge tjsamah excited quark [4].
A direct search for such a resonance, however, is plagued by @ leckground due the large
dijet cross section from ordinary QCD processes. A promising methodnanee the sensitivity
of a search in view of this large background has been studied by the ©NéBaration [b]. This
study exploits the different angular distributions expected from a resendecay (resulting jets
are mostly central, details depending on the resonance spin) and stamadetd QCD processes
(cross section steeply rising in the forward direction). Assuming a beamgemat the LHC of
7 TeV, 100 pb! of integrated luminosity give the CMS experiment a discovery reach fdteeikc
quarks of~2 TeV/c?.

2.2 Leptoquarks

Leptoquarks arise in various Grand Unified Theories, Technicolorcangosite model{][6]
and carry non-zero baryon and lepton numbers simultaneously. Theyredicted to occur in
three generations, corresponding to the three lepton and quark tiene@f the standard model.
Intergenerational coupling of leptoquarks is highly constrained by therarental limits on flavor-
changing neutral currents and proton de¢ay][6, 7].

At the LHC, leptoquarks are dominantly produced as pairs in gluon-glusiori and quark
anti-quark annihilation processes. The final state is thus expected tancomtaleptons of the
same flavor and opposite charge as well as two jets.

The ATLAS and CMS experiments have prepared searches for lepiagimathese final
states [[B[]9[ 0], concentrating on 1st and 2nd generation leptoquaitksugh these analysis
differ in some details, they all proceed with the same strategy: leptons andgeatieatified and
events matching the expected final state selected. The backgroundésdadmuimposing qual-
ity and isolation criteria on the reconstructed jets and leptons as well as thieeragnt that the
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total transverse energy of the final state must reach a certain threslegthns and jets are then
combined to pairs to obtain an invariant mass spectrum of the potential legtequa

The resulting sensitivity of the experiments depends crucially on the brapfilaction 3 of
the leptoquark into the lepton and quark final state (as opposed to the peyudrk final state).
Assuming a value g8 = 1 the ATLAS experiment at 7 TeV beam energy is expected to be sensitive
to first and second generation leptoquarks up to 600 B&Yhass with an integrated luminosity
of 123 pb ! and 103 pb?, respectively. With an integrated luminosity of 100 ppdiscovery of
a first generation leptoquark at CMS should be possible up to a leptomaak of about 505, 370
and 270 Geyc? assuming, respectivelg=1, 0.5, and 0.3. Under the same conditions, discovery
of a second generation leptoquark at CMS should be possible up to a lagkagass of about 470
and 250 GeYc? assuming, respectivel=1 and 0.3. Figurg] 1 shows a more detailed view of the
possible discoveries.

2.3 4th Generation Quarks

The production of 4th generation quarks at the LHC is expected to be dmdibg gluon-
gluon fusion processes. Thelike quark ¢') is expected to be the lighter of the possible 4th
generation quarks and thus more likely to be accessible at the LHC. thesdor such & quark,
it is useful to distinguish between ligbt quarks (decay’ — tW kinematically forbidden) and a
heavyb' (decayb’ — tW allowed). The CMS experiment has prepared searches for both ef thes
scenarios[[31], 32].

Alight b’ is expected at tree-level to decayths— cW, a decay channel that is experimentally
very challenging due to the large expected backgrounds. HowevéredSKM elemendy. is
not known and may be small, it is possible that penguin decays suich-a$Z have a sizable
branching fraction. The presented seaich [11] focuses on evémievat least one member of
the b’ pair decays through this channel, selecting events that contain at leasaodidate for a
leptonicZ decay plus a candidate for a leptoiicdecay (from the other member of the pair) and at
least two jets of transverse momentum above 30 &eWhis selection effectively removes most
backgrounds and it is expected that a lightan be excluded at 95% confidence level at 5 TeV
beam energy using an integrated luminosity of 200’pdt a mass below 190 Gg\#? assuming a
branching fraction of th&’ — bZ decay vs thé — tW decay of 10% vs 90%

A heavyb' is expected to dominantly decay to a top quark¥Ahdoson, where the top quarks
in turn decay tdb quarks andV bosons. The high multiplicity of these final states pose several
challenges: The acceptance for the complete final state in the detectores Ioath leading to
low event yields even at high production cross sections. Additionally, tiz $tate particles are
expected to have a low transverse momentum compared to the mass of thqimdya kinematic
domain prone to standard model background. The analysis presenfigl] reduires at least two
well identified and isolated leptons of the same charge, thus selecting everitemat least two
of the four expecteV bosons decay leptonically. The di-lepton mass is required to differ from the
Z mass by at least 10 Gg'\? to veto background from charge-misidentification. Additionally, at
least 4 jets are required with a transverse momentum above 33dG&\sample of 200(60) pb*
of integrated luminosity at 5 TeV beam energy is expected to exdiludearks of a mass up to
485(405) GeVc? at 95% confidence level. Additionally the CMS experiment has preparegrals
for an exotict’ quark of charge A3, degenerate in mass with the correspondinif3,[14]. The
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Figure 1. 5 o discovery potential for first and second generation lepaokgiat the ATLAS (top) and CMS
(bottom) experiments assuming an integrated luminosify06fpb 1. The bottom left plot shows results for
the first generation leptoquark while the bottom right plegents these results for the second generation.
The discovery reach is shown as a function of the mass andtirapfraction into the lepton final stafe,

analysis proceeds analogous to the hea\gnalysis described above, leading to an expected 95%
exclusion limit of 400 GeYC? at 5 TeV beam energy using an integrated luminosity of 100 pb

3. Conclusion

Various models of new physics predict new particles with sizable branftaiagons into fully
hadronic or semi-leptonic final states. The ATLAS and CMS experimentsedtH#€C with their
general-purpose design and large acceptance are well suited th Beatese new particles. Itis
expected that even at a reduced beam energy of 5 TeV exclusion limgsi¢brparticles can be
pushed beyond the ones reached at the Tevatron even at modesttaddgminosities.
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