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Abstract. This article describes a search for leptoquark pair prado@nd a right-handed’ in the
cascade decadk — IN; — Iglqg in final states containing two leptons, additional jets andissing
transverse energy. Both final states with two electrons andtuons are studied. With a center of
mass energy of/s= 14 TeV leptoguarks with masses up to 500-600 GeV and thesstusdienarios

of left-right symmetric models (LRSM) withi\k masses up to 1800 GeV can be discovered with
about 100pb? [1]
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INTRODUCTION

Final states containing two leptons, additional jets andmssing transverse energy
offer a great potential for early discoveries at the LHC. Tleay be produced by the
decay of leptoquark pairs or the cascade of a right-hamilad left-right symmetric
models.

L eptoquarks

FIGURE 1. Leptoquark pair production via the strong interaction

Leptoquarks are particles with both lepton and quark quantumbers. They appear
naturally in GUT’s. Leptoquark pairs could be produced & tHHC via the strong
interaction (see Fig. 1) resulting in large production srggections (e.go = 2.24pb
for a 400 GeV scalar leptoquark [2]). Limits on lepton flavanservation and FCNC
require that a leptoquark which would be observable at thé S@le only couples to
one quark and one lepton generation. Leptoquarks will dedaya lepton and a quark.
The lepton can either be charged or a neutrino. The branchimminto charged leptons
is commonly denoted a8 = Br(LQ — gl*). The number of events in the final state
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with two charged leptons is therefore reduceddsyfrom the total number of produced
leptoquark pairs.

L eft-right symmetric models

FIGURE 2. Wk decay

In left-right symmetric models (LRSM) a right-handed W) can be produced via
a Drell-Yan process similar to a Standard Model W. It can glenot a charged lepton
and a Majorana neutrind®\() which in turn will decay into a charged lepton and two jets
(see Fig. 2). The kinematic properties of the leptons arsvjgt depend on the masses
of Wk andN,. For strongly boostedy, its decay products will be close together making
the electron jet separation especially challenging. Twangxde mass points have been
studiedLRSM 18 3 withm(\Wg) = 1800 GeV andan(N;) = 300 GeV @ = 24.8pb) and
LRSM 15_5 withm(WR) = 1500 GeV andn(N,) = 500 GeV @ = 47.0pb).

EVENT SELECTION

The following basic selections were applied: two isolatéecieons or two isolated
muons withpr > 20 GeV andn| < 2.5; an invariant lepton pair mass above 70 GeV,
and two jets withpr > 20 GeV andn| < 4.5. Individual cuts where then applied for the
different analyses in order to optimize the 5 sigma discpymtential of the analysis.
The major backgrounds are due to leptottidecays and Drell-Yan events with two or
more jets. Additional background sources are vector bosarppoduction and multijet
events with fake leptons.

L eptoquarks

In order to separate signal from background, cuts on the sutineojet and lepton
transverse moment&r = pJT1+ pJT2+ Pt + pi?, the invariant lepton pair mass and
the invariant lepton-jet mass were applied. There are tvssipdities to combine two
leptons and two jets into two lepton-jet pairs. The combarator which the difference
between the invariant masses of the two lepton-jet pairsnallest was selected. A
sliding mass window on the lepton-jet mass was applied asetitin of the tested
leptoquark mass. For 400 GeV, the optimal cuts for the dimecanalysis werér >

490 GeVMee > 120 GeV and 320 Ge¥ My, < 480 GeV. For the the dimuon analysis,



cuts of pr(u) > 60 GeV andpr(jet) > 25 GeV were applied in addition to the cuts

Sr > 600 GeV and 300 GeV Mk < 500 GeV. Figure 3 shows the invariant lepton-jet
mass after cuts o8r andM, for the dielectron and dimuon channel.
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FIGURE 3. Invariant lepton-jet mass after cuts 8pandMy

L eft-right symmetric models

In the search for the decay Wk, much harder cuts o&r > 700 GeV andV;, >
300 GeV were applied. In addition, a cut on the invariant nedgbe two jets and two
leptons ofM;;j; > 1000 GeV was applied. Figure 4 shows ¥Mg;; after the cuts orgr
and M.
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FIGURE 4. Invariantlljj mass after cuts 08r andM;,

RESULTS

In order to calculate the expected discovery significanggesnatic uncertainties on the
expected number of signal and background events have takbe tato account. The
sources of systematic uncertainties considered were tegrated luminosity, lepton
trigger and selection efficiencies, jet energy scale andluéen, lepton energy scale
and resolution, background and signal cross section, theugtion of additional jets in
Drell-Yan events (by comparing predictions from ALPGEN &asn Matrix-Element to



PYTHIA based on parton shower), PDF uncertainties and firta# uncertainty due to
limited Monte Carlo statistics. This results in uncertastof 30-50% on the number
of expected events. Figure 5 shows theo5discovery potential for the leptoquark
searches. The left plot shows the mininf for a 40 GeV leptoquark as a function
of the integrated luminosity and the right plot shows theimal 32 for an integrated
luminosity of 100pb* as a function of the leptoquark mass. Figure 6 shows the rainim
WR production cross section needed for @ Sliscovery as a function of the integrated
luminosity. The two curves correspond to the two setdielandN, masses which were
considered. Also shown are the corresponding predictess@ections.
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FIGURE 5. Integrated luminosity needed for arsiscovery of a 400 GeV leptoquark (left) andr 5
discovery reach for 100 pi3 right
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FIGURE 6. Integrated luminosity needed for @liscovery.

CONCLUSION

Final states with two high pt leptons and two highly eneggdis look very promising
for early data searches. Both leptoquarks with masses up@e580 GeV and LRSM
with Wk — IN; — Iglq could be discovered with about 100piof integrated luminosity.
For 10 TeV signal and background cross sections are a fac3sraller.
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