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1. Search for leptoquark production

Numerous extensions of the standard model (SM) predict the existereptofuarks, i.e.
colored bosons which carry both lepton and quark quantum numberthasallow lepton-quark
transitions [[1]. At hadron colliders, leptoquarks are predominantlygeed in pairs via the strong
coupling. Single leptoquarks can be producedtwidannel leptoquark exchange, which depends
on the unknown leptoquark-lepton-quark coupling

The pair-production of scalar leptoquarks is a pure QCD processn(wéglecting the contri-
bution fromt-channel lepton exchange whichlisA?) and has been calculated to NL[p [2]. Thus
its cross-section depends on no additional model parameter excepstiraaakleptoquark mass
Myo. In case of vector leptoquarks, the pair-production cross sectiomiergky much larger and
additionally depends on unknown anomalous couplings. Furthermorerdbg section has only
been calculated at LO.

Leptoquarks could, in principle, decay into any combination of a quarkeaatepton, but
leptoquarks with masses as low @$100Ge\j are only allowed to couple to one generation of
guarks and leptons, since they otherwise would generate lepton numiagiori@and sizable flavor-
changing neutral currents. The branching fractions of the leptogierciys into a charged lepton
and a quark or a neutrino and a quark are determined by the respe@i¥ey coupling. Thus,
leptoquark pair-production can produce three characteristic finalsstdth rates determined by
the branching fractiofs = 2(LQ — ¢*q): £*q¢~q, *qvq, andvqvq.

1.1 Leptoquarksin the acoplanar jet topology

Both the DO and CDF collaborations searched for pair production of istegéoquarks in
event topologies with two acoplanar jets and missing transverse moméstusing data sets cor-
responding to an integrated luminosity of 2.5fmnd 2fb !, respectively [B[J4]. To discriminate
the leptoquark signal from the background, consisting mainlg(ef vv)+ jets andW(— ¢v)+
jets productionfzr and the scalar sum of the jet transverse mometas 3 jes P, Were used as
selection variables. Upper limits on the cross section times branching raticobti@ed, defined
at 95% C.L., and compared to the NLO prediction reduced by its uncertaingriteedower limits
on the leptoquark mass.

Assumingf = 0, the CDF and DO searches exclude scalar leptoquarks of the firseandd
generation below 190 GeV and 205 GeV, respectively.

1.2 First generation leptoquarks

The DO collaboration recently updated their search for the pair producfiirst generation
leptoquarks irejejandejFr | final states using the Run lla data set with an integrated luminosity
of 1fb! [B]. For both channels, the main background contributions are asstgiegduction of
vector bosons with jets arttl production. In thee je j channel, the signal was discriminated using
the dielectron invariant maddee, the scalar sum of the final state objects’ transverse mong&nta
and the average electron-jet invariant mass, whilst inetji& j channel the selection is based on
Sr and the final state objectgr.
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Figure 1. The observed 95% C.L. exclusion regions in kg, versusB plane for first generation (left) and
second generation (right) scalar leptoquafkg](5, 6].

These two channels were combined with the search in the acoplanar jetgppolderive an
exclusion region for scalar first generation leptoquarks inNte versusp plane (Fig.[lL, left).
Limits on vector leptoquarks were obtained as well, which generally reduigbér mass scales.

1.3 Second generation leptoquarks

The search for the pair production of second generation scalar lepksqwas also recently
published by the DO collaboration using their Itbdata set[[6]. A multivariate discrimination
based on th&-Nearest-Neighboralgorithm was employed: For both thguj andujErj chan-
nels six kinematic input variables were used each (combinatioSg,dfansverseu-jet andv-jet
masses, anil,;;). The main systematic uncertainties were found to be due to the modeling of the
vector boson background, the jet energy scale, and the mpuoasolution. The exclusion limit on
MLq, as function of (Fig.[d, right) reaches up to 316 GeVft= 1.

1.4 Third generation leptoquarks

Searches for the pair-production of third generation leptoquarks penfermed in therbrb
andvbvb final states.

DO’s search fol.QsLQ; — tbtb is based on the Runlla data set of 1¥{ff]. One of the
taus was required to decay into a muap)(and the other tau needed to decay hadronicaly. (
Hadronict decays were reconstructed from calorimeter clusters and tracks arcemarated into
three types based on their decay. TTheandidates as well as thequark jets were identified using
neural networks.

Lower limits on the scalar leptoquark mass were derived from the combinditiire cingle-
tag and double-tag subsamples. Assuming the hypothetical leptoquarkdrgs-@3, which im-
plies a branching fractiom8(LQz — tb) = 1, a lower mass limiM o, > 210GeV was set. For
charge-23 leptoquarks, decays intet are allowed as well, albeit those are kinematically sup-
pressed. Assuming equal leptoquark couplingsd@andvt, the mass limit only slightly decreases
to 207 GeV. Based on the same final state, the CDF collaboration previauslghed a search for
the pair-production of third generation vector leptoquafks [8].
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For the searchQ3LQ; — vbvb the DO collaboration presented a preliminary update based on
4fb~1 [B]. The analysis required two or three reconstructed jets with one loubere tightb-tag
and the final signal selection was basedignand the scalar sum of the jet transverse momenta.
Assuming that the leptoquarks have charge-1/3 and that they decagiegbjun a neutrino and a
b quark, a mass limit on third generation scalar leptoquarkd,ef, > 252 GeV was derived.

2. Search for quark compositenessin dijet angular distributions

The angular distribution of dijets with respect to the beam direction directlipggahe dy-
namics of the underlying process. In the SM, the dijet cross section haaladependence on the
variablexgiet = exp(|y1 — 2| ), with y; » being the jet rapidities. Quark compositeness (and numer-
ous other new phenomena) would lead to an increased jet productiort satekhygie: for large
dijet massed/;;. The DO collaboration recently published a measurement ofdle distribution
over a range oM;j;, from 0.25TeV to 1.1 TeV, based on a data set corresponding to anateegr
luminosity of 0.7 fo'! [LQ, £1]. Composite quarks up to a scale of about 2.9 TeV were excluded
improving previous preliminary limits obtained by the CDF collaborat[oh [12].ddiion, bounds
on the energy scale in various models with extra spatial dimensions wevedieri

3. Conclusions

The DO and CDF experiments at the Tevatron collider searched for legnfogroduction in a
multitude of final states and for quark compositeness in dijet final states daiagets with 0.7 to
4fo~1. The derived limits on leptoquark masses and compositeness scales impigviéidantly
compared to previous measurements. About®fbf integrated luminosity has been recorded by
both experiments and they are expected to collect much larger data set tharifull period of
Runll.
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