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In this paper searches are presented for direppoduction of first and second generation
scalar leptoquarks and limits are given on the kyleggiton compositeness scalefrom proton-
antiproton collision data at a center-of-mass enérg6 TeV, collected with Run Il DO Detector
in 2002-2004.

No evidence for a leptoquark signal has bebserved in the topologies arising from
LQ:1LQ, ejej and LQLQ, ejnj, using an integrated luminosity of 252 hkand in the
LQ,LQ, njnj channel, using a data sample corresponding taqpP34From the upper bounds
on the product of cross section times branchirig tsBr(LQ lj), a lower mass limits of My,
> 241 GeV and My, > 247 GeV for the first and second LQ generatienset forb=1. These
results, combined with those obtained by DO in R a center-of-mass energy of 1.8 TeV,
allow to exclude scalar LQ masses up to 256 GeV 2B GeV (forb=1) for the first and
second generation, respectively. These limits fle@enost stringent up-to-date constraints on the
first and second generation LQ masses, which atependent of the strength of the lepton-
quark-leptoquark 1( o) Yukawa coupling.

The dilepton mass spectra in pp'l+X interactions are studied using dielectron (dimuo
data samples, corresponding to an integrated Iwsitinof 271 pB' (406 pb"). The mass spectra
being a probe for new physics are examined for ime@ractions of quarks and leptons from a
common composite structure. No excess of everftsuisd over the expectation from Standard
Model processes. The current experimental loweitdion the compositeness scdle vary, for
different chirality channels, from 3.6 to 9.1 Tedt the (eeqq) and from 4.2 to 9.8 TeV for the
(mrgg) contact interaction. The DO Run Il limits amrfiq) are currently the most stringent
bounds for the quark-muon compositeness scale.
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1. Scalar Leptoquark Phenomenology

Leptoquarks (LQ) are color-triplet bosons, carryibgth baryon and lepton quantum
numbers and fractional electric charge. They appeanany extensions beyond the standard
model (SM) such as composite models with quark &puton substructure, extended
technicolor, SUSY with R-parity violations and gdannified theories (GUT), based on gauge
groups SU(5), SO(10) with Pati-Salam SU(4) colansyetry, SU(15) and superstring-inspired
E6 models [1]. The general classification of |leptark states, proposed by Buchmuller, Ruckl
and Wyler, contains 7 scalar and 7 vector leptdcuf?]. At the Tevatron, scalar leptoquarks
would be pair produced dominantly through quarkeprsirk annihilation (for M,>100 GeV)
and gluon fusion [3]. Since the gluon-leptoquattietiactions are determined by the non-Abelian
SU(3)x gauge symmetry of scalar QCD, the cross sectionséalar LQ pair production is
essentially independent of the lepton-quark-LQ & couplingl(,q), which contributes only
~ 1% (forl .o~ em) Of the total cross section in t-channel leptonhenge of gg-annihillation.
The cross section coincides with those of squarkjm@duction in the limit of large gluino
masses [3]. While the scalar LQ pair productiontte Tevatron does not depend on its
electroweak properties, leptoquarks are generayirmed to have a family diagonal coupling
(LQ couples to a single lepton/quark generatiory erflo avoid flavor-changing neutral currents
(FCNC) or lepton flavor violation) and chiral couqg (to obey bounds arising from atomic
parity violation and to avoid anomalously large trdoutions top en decays). Finally, LQ
couplings to fermions are assumed to be baryonleggidn number conserving, to avoid rapid
proton decays.

2. First and Second Generation Scalar Leptoquarkkimits

The experimental signatures for the LQ pair produnctat the Tevatron are two jets
accompanied by either two leptons (ljlj), leptordanissing transverse energy™® (Injj), or
E;:™* (nnjj), with each pair of jet +lepton invariant mas$esng equal to the leptoquark mass.

DO has searched for the first generatialas leptoquarks in the LQQ; ejej and &jj
channels based on Run Il integrated luminosity 52 pb". The (ejej) analysis requires two
electrons with transverse energy#25 GeV and at least two jets with-220 GeV. The (&jj)
data sample is selected with one electrdh># GeV), more than two jets witH;E25 GeV,
and E™>30 GeV. The major background that mimic (ejej)ajeof LQ pair are Zf+2 jets, tt
production and misidentified multi-jet events, vehihe primary backgrounds to thej{efinal
state are W+2 jets, multijet and tt production. igndicant discrimination between the LQ
signal and the major gHjets and W+jets backgrounds is achieved by aautthe scalar
transverse energy surBi=E{’+E/*+E;"+E;** > 450 GeV for the (ejej) and+SE/"+E/*+
E:*+E;™°> 330 GeV for the (ee]) final state. As no excess of data above backgtds found
after the final $ cut, a 95% C.L. limit on the first-generation LCass is set at M,> 241 GeV
(M 1> 218 GeV) fob=Br(LQ lj)=1 (b=1/2), based on Run Il combination of (ejej) andijje
channels, using a Bayesian likelihood technique T4l DO Run Il and combined Run I+l
lower limits, on the first-generation leptoquarkgsas a function ddf, are shown in Fig.1 [5].
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DO has also performed a similar searctsémond generation scalar L @ecaying through

LQ,LQ, njnj. The Run Il integrated luminosity of the data dise this analysis is 294 pb
After the initial event selection, which requirée tpresence of two muons witfbi5 GeV and
two jets with Ex>25 GeV, the background is dominated by thg-7éts and tt production. The
LQ.LQ. njnj events are expected to have both high di-muorsesag\,) and large values of
Sr=EM+E2+p™+pr™. Therefore, the sensitivity to LQ decays is stddiesing the two-
dimensional distribution (Sversus M) divided into four signal bins, in order of incegag
signal over background ratio (S/B). No excess ¢& @wer SM background was found. The DO
Run Il lower limit at the 95% C.L., calculated nedting the four signal bins as individual
channels and combining them using the modifieduestjst approach [6], on the mass of the
second generation scalar leptoquark isoM247 GeV (Mq2>182 GeV) forb=1 (p=1/2),
respectively. The combined DO Run I+l lower lifar a combination of channelsj@)) and
(njm) (njm) was analyzed only at Run I) for the second-geimrascalar LQ is Vy2>251 GeV
(M g2>204 GeV) forb=1(b=1/2). The excluded parameter regions, which adependent from

| Lo, are shown in Fig.1 (right).
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Fig. 1 The DO Run Il and combined Run I+1l excludedions (filled/shaded area) in theBr (LQ j)
versus LQ mass plane for the first-generation)(fitd second-generation (right) scalar leptoquarks.

3. Contact Interactions and Compositeness Limits

A general framework to assess new physigpearing from the interference of any new
particle field, associated to a characteristic gnescale I >>>s), with theg and Z fields of the
SM, is a concept of four-fermion point-like (ff){ficontact interactions (CI) [7]. The most
general Lagrangian for Cl between leptons and gueak be written in the form:

L = S Sae hae®(IaGla)(0e00s);  has® = ens(g/L ABq)2

whereh,g describes the chiral structure of the interactig/B=L,R), and theS, extends over
all up-type and down-type quarks and antiquarks,ig/an effective coupling over the scéle
eap=-1(+1) defines constructive (destructive) integfese of the CI with the SM. Any new
phenomena, such as compositenéss gcale of composite objects), or the exchangesaim
leptoquarks (d/~ .o/M.g), can be described by an appropriate choicksgf Compositeness
models postulate common constituents of the SM iferenand a new strong dynamics
(‘metacolor’) that bind these constituents. Experitally, quark compositeness is the most
sensitive to the deviation in production of highrsverse momentum jets relative to SM
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predictions. Quark-lepton compositeness would nyottie SM Drell-Yan cross section for

lepton pair production in the high mass region &hbitve Z peak.

The Z#* ee (Z& mm)invariant mass spectra from 271'ppt06 pb') of collisions,
taken by the DO detector in Run Il, are used tosueathe shape of the cross sections and to
search for continuum anomalies with respect to 3 predictions. To avoid biases from
backgrounds, the data selection is optimized faityguby requiring two electrons of»25
GeV in the dielectron, and two isolated muons with >15 GeV and M,> 50 GeV in the
dimuon analysis. The major backgrounds fay*Z/ee - QCD multijet ands+jet events, where
both objects fake electrons, are determined dirdeim the data. No evidence for physics
beyond the SM is observed both ifeeand minmi data. The lower limits on the quark-lepton
compositeness scale are set independently foraaclity channel of the Cl Lagrangian, using
a Bayesian analysis of the shape of thg Mass distributions of events or from the two-
dimensional distributions (M,vs. cosg*). The DO Run Il lower bounds on the quark-eleotro
and quark-muon compositeness sdaleange from 3.6 to 9.1 TeV for (eeqq) and from .2
9.8 TeV for (hmq) ClI (see Fig. 2). The current summary of 95%. Miver limits on the CI
energy scalé from LEP, HERA and Tevatron collider experimerstgliso shown in Fig.2.

Fig. 2. (Left) The 95% C.L. DO Run Il lower limits1 the quark-electron and quark-muon compositeness
scale for constructivel () and destructivel(") Cl interference with the SM Lagrangian. (Rightingnary

of the 95% C.L. lower limits on the electron (eeep)ark (qqqq) and quark-lepton (llgg) compositenes
scaleL of contact interactions from LEP [8], HERA [9] aR@rmilab (CDF[10], DO) Experiments. The
lower and upper values &f range among the different chirality channels, are sho(i#or LEP, (eeqq)

Cl are assumed to couple to all quark flavors witjual strength. The CDF Run | (llgq) limits assume
that leptons couple symmetrically to u-type (u,@itd d-type (d,s,b) quarks. All quarks families are
assumed to be composite for (qqqq) ClI).
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