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1. Introduction

Many extensions of the Standard Model (SM) predict the eris of particles carrying both
baryon and lepton number, such as leptoquarks (LQs) [1Epnollisions at HERA, such states
could have been produced directly through electrquark fusion if their massed), o, were lower
than the HERA centre-of-mass energys. The leptoquarks would have decayed into an elec-
tron and quark or an electron neutrino and quark, yieldingkpan the spectra of the final-state
lepton-jets invariant massM;js. Leptoquarks withM_ g > /S could not have been produced as
resonances, but they would still have caused deviatioma fte SM prediction in the observed
Mjs spectrum due to virtual LQ exchange. This paper presentsalysas of theM,js spectrum
searching for evidence for leptoquarks.

The prediction for theMjs spectrum is given by SM neutral current (NC) and charged cur-
rent (CC) deep inelastic scattering (DIS). Any leptoquagdnal would have to be identified as a
deviation from this SM prediction.

Leptoquarks have been searched for previouskpeollisions [2, 3, 4, 5] and ie"e™ [6, 7],
pp[8, 9] andpp[10, 11, 12] collisions. Usingpcollisions, the Yukawa coupling\, of possible
LQ states to electron and electron neutrino is probedodrand pp collisions, the LQ production
proceeds via the strong interaction and is independerit. oThus the experimental approaches
are complementary anelp collisions provide a unique testing ground. In the analysesented
here [13], no evidence for any leptoquark signal was founkerg&fore limits omA were derived
as a function oM g for the different leptoquark states described by the Budlenr&uckl-Wyler
model) [1].

2. Experimental set-up

HERA was the world’s only high-energyp collider, with an electron beam of Z/GeV and
a proton beam of 920GeV (820 GeV until 1997).

The analysis is based on the data collected by the ZEUS exgetiin the period 2003—-2007,
corresponding to an integrated luminosity of 366pb During this period, HERA was operated
with a polarised lepton beam. For the limit settirgg,p collision data collected with the ZEUS
detector between 1994 and 2007, amounting to 498 pintegrated luminosity, have been used.

The ZEUS detector is a standard multi-purpose high-enelygips detector. A detailed de-
scription of the ZEUS detector can be found elsewhere [14].

3. Monte Carlo simulations

Monte Carlo techniques were used to determine the SM DISgraokd and thé/js resolu-
tion of a possible signal.

Standard Model NC and CC DIS events were simulated using #rAHLES 4.6.6 [15] pro-
gram with the DANGOH 1.6 [16] interfaces to the hadronisation programs and uSIREQS5D [17]

lUnless otherwise specified, ‘electron’ refers to both posiand electron and ‘neutrino’ refers to both neutrino
and antineutrino.
2There can be more than one jet in the final state due to QCRllindti final-state radiation.
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PDFs. Radiative corrections for initial- and final-stateatloweak radiation, vertex and propaga-
tor corrections, and two-boson exchange were included. cbhaur-dipole model of &RIADNE
4.12 [18] was used to simulat€(as) plus leading-logarithmic corrections to the result of the
qguark-parton model. AIADNE uses the Lund string model oEJsSeT 7.4.1 [19] for the hadroni-
sation.

The production and decay of resonances were simulated BMAgHIA 6.1 [20], which takes
into account the finite width of the resonant state, but idetionly thes-channel diagrams. It
also takes into account initial- and final-state QCD radrafrom the quark and the effect of LQ
hadronisation before decay [21] as well as the initialesQED radiation from the electron.

The generated MC events were passed through the ZEUS detactdrigger simulation pro-
grams based on GEANT 3.13 [22]. They were reconstructed nalysed by the same programs
as the data.

The Buchmiiller-RUckl-Wyler (BRW) model [1] was used to cddde the cross sections in LO
using the CTEQ5D PDFs for 14 LQ states. All limits presentethis paper are for LQ production
in this model.

4. Signal search

Events from a hypothetical resonance decaying &tf¢vq) have a topology identical to DIS
NC (CC) events. Hence the final state from a high-mass resenarexpected to have at least one
jet and either an identified final-state electron or largesingg transverse momentum.

4.1 Neutral current, ep— eX, topology

The double-angle (DA) method [23] was used to reconstruekithematic variables. Events
with the topologye p— eX, whereX denotes one or more jets, were selected using the standard NC
DIS criteria [13]. It included a requirement of well reconstted electron and at least one hadronic
jet with transverse momentupﬂr > 15 GeV and its pseudorapidity | < 3, obtained using thler
cluster algorithm [24] in its longitudinally invariant ihesive mode [25].

The measurement was restricted to the region most relewaifiet LQ search, cut®3, >
2500GeV andxpa > 0.1 were applied.

After the selection, 9 369 events were found in the data fré®822007, compared to 9 465
+ 494 expected from the NC MC. The measured distributionsefts spectra foe™ p data with
a left-handed and a right-handed lepton beam are in goo@mgm with the SM NC prediction.
Figure 1 shows the™ p data for the left-handed electron beam together with thdigtiens for a
% LQ state with a mass of 210 GeV and a couplhgf 0.3, as well as a mass of 400 GeV and a
couplingA of 1.

4.2 Charged current, ep— vX, topology

The kinematic variables in the events with the topolegy— vX, whereX denotes one or
more jets, were reconstructed using the Jacquet-Blondi#iadd26].

The events were selected using the standard CC criteria \M8¢h include a missing trans-
verse momentunpy > 22 GeV and at least one hadronic jet with transverse momerpﬂpm
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Figure 1. Comparison of the reconstructed invariant mads;s, distribution in thee™ p — e~ X topology

for the left-hande@™ p sample (dots) to the NC SM expectation (solid histogram)tarttie predictions of

the model including zS,'g LQ state with a mass of 210 GeV and a couplihgf 0.3 (dashed histogram) as

well as a mass of 400 GeV and a couplingf 1 (dotted histogram).
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10 GeV and|n| < 3, obtained using th&r cluster algorithm [24] in its longitudinally invariant
inclusive mode [25].

After the selection, 8 990 events were found in the data fr66822007, compared to 9 068
501 expected from the CC MC. The measured distributionseffys spectra for the left-handed
and right-hande@* p data are in good agreement with the SM CC prediction.

5. Limitson leptoquarks

Since no evidence for the LQs was seen, the limits were atledlincluding the results of the
search presented here and the data recorded with the ZEE&alein the years 1994—2000 [4].
They were set using a binned likelihood technique in Mgs( cosf*) plane, wheré* is the lepton
scattering angle in the lepton-jets centre-of-mass fraiffitee region 150< Mjs < 320 GeV was
used. The fitting procedure took into account different be&iarges and polarisation. The upper
limit on the coupling strengthimit, as a function oM, g, was obtained. The coupling limits for
the 14 BRW LQs were calculated for masses up to 1 TeV.

Figure 2 shows an example of the coupling limits on the sch@s with F = 0, where
F =3B+ L is the fermion number of the LQ a8 and L are the baryon and lepton numbers,
respectively. The limits were also calculated for the vetQs with F = 2. The limits range from
0.004-0.017 foM_q = 150 GeV, and from 0.43-3.24 fdl_ o = 1 TeV. The lowest masses for
which LQs withA = 0.1 and withA = 0.3 are not excluded range from 274 to 300 GeVAoet 0.1
and from 290 to 699 GeV fok = 0.3.

Figure 3 shows the limits on tI”féI/2 LQ compared to the limits from ATLAS [10], H1 [5]
L3 [6] and OPAL [7]. In general, the limits from this analysige significantly better than the LEP
limits for Mg < /s, and comparable favl o > \/s. The limits obtained by ZEUS are similar to
those obtained by H1.
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Figure 2: Coupling limits,Ajimit, @s a function of LQ mass for scalar F=0 BRW LQs.
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Figure 3: Coupling limits as a function of LQ mass for tlﬁ/2 LQ from ATLAS, L3, H1 and ZEUS.

6. Conclusions

Data recorded by the ZEUS experiment at HERA were used talséarthe presence of first-
generation scalar and vector leptoquarks. The data sanmaolesle 185pb? of e pand 181 pb*
of e p collisions with polarised electrons and positrons. No n@swes or other deviations from
the Standard Model were found. The inclusion of data withalsmised beams yields a total set of
data corresponding to 498 ph which was used to set upper limits on the Yukawa couphrfor
the 14 Buchmudller-Ruickl-Wyler leptoquark states as a fiomcof the leptoquark mass. Assuming
A = 0.3, the mass limits range from 290 to 699 GeV.
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