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We have searched for first generation scalar leptoquark (LQ) pairs iathe jets channel using
pp collider data( [ L dt = 115 pb™!) collected by the DO experiment at the Fermilab Tevatron during
1992-1996. The analysis yields no candidate events. We combine the results with those from the
ee + jets andvy + jets channels to obtain 95% confidence level (C.L.) upper limits on the LQ pair
production cross section as a function of mass ang ofthe branching fraction to a charged lepton.
Comparing with the next-to-leading order theory, we set 95% C.L. lower limits on the LQ mass of 225,
204, and79 GeV/c? for g =1, % and 0, respectively. [S0031-9007(98)05381-2]

PACS numbers: 14.80.—j, 12.60.—i, 13.85.Rm
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One of the remarkable features of the standard modeheasurements, we require tifg¢ vector to be separated
(SM) is the symmetry between quarks and leptons tharom the jets byA¢ > 0.25 radians if fr < 120 GeV.
leads to cancellation of chiral anomalies and renders th&o suppress background from heavy quark events, we re-
SM renormalizable. This symmetry might be explainedject events that contain muons. These selection criteria
by a more fundamental theory that relates quarks andefine our base sample.
leptons. Several extensions [1] of the SM include lep- An electron is identified by its pattern of energy
toquarks (LQ), color-triplet bosons which carry both lep-deposition in the calorimeter, the presence of a matching
ton (€) and quarkig) quantum numbers. The masses andrack in the central tracking detectors, and ionization
coupling strengths of leptoquarks that couple to all threeén the central detectors. The efficiency for finding an
fermion generations are severely constrained by low erelectron is calculated to Hé1 *+ 4)%, usingZ(— ee) +
ergy experiments [2] and by HERA [3]. Therefore, in jets events which are similar in topology to the signal. All
this Letter we consider only LQ that couple to the firstkinematic quantities in the event are calculated using the
generation. The excess of events at higthin e p col-  event vertex determined by the electron.
lisions reported [4] by the H1 and ZEUS experiments at We use thasaJET [12] Monte Carlo (MC) event gen-
HERA, and its possible interpretation [5] as evidence forerator to simulate LQ signal events for mass#f )
production of first generation scalar leptoquarks with abetween 80 an@20 GeV/c? in 20 GeV/c? steps. The
mass nea200 GeV/c?, have stimulated much interest in PYTHIA [13] MC program is used to simulate signal events
these particles. with Mg = 200 GeV/c? to study systematic errors aris-

Leptoquarks would be dominantly pair produced viaing from differences in modeling of the gluon radia-
strong interactions ipp collisions, independently of the tion and parton fragmentation. The leptoquark production
unknown LQ¢-g Yukawa coupling. Each leptoquark cross sections used are from recent next-to-leading order
would subsequently decay into a lepton and a quark. FoNLO) calculations [14]. The dominari¥ + jets back-
first generation leptoquarks, this leads to three possiblground is simulated using theecBOS [15] event genera-
final states:ee + jets, ev + jets, andvv + jets, with  tor (with the HERWIG [16] program used for fragmenting
rates proportional tg3%, 28(1 — B), and(1 — B)?, re- the partons). The background from multijet events con-
spectively, whereB denotes the branching fraction of a taining a jet which is misidentified as an electron, and
leptoquark to an electron and a quark (jet). The CDFwith £ arising from the mismeasurement of jet energies,
[6,7] and DO [8,9] Collaborations have both searched folis modeled using multijet data. The probability for a jet to
first generation scalar leptoquarks. The recent analysd®e misidentified as an electron (the fake probability) is es-
[9,7] of the ee + jets decay channel yielded 95% confi- timated [9] to bg(3.50 X 0.35) X 107*. The background
dence level (C.L.) lower limits on the leptoquark mass offrom ¢z decays into one or two electrons plus two or more
225 GeV/c? (DO) and213 GeV/c? (CDF). In this Letter jets, and is simulated using thERWIG MC program with
we present an analysis of tke: + jets final state (which a top quark mass df70 GeV/c?. All MC event samples
has maximum sensitivity g8 = %), usingl15 = 6 pb~!  are processed through the DO detector simulation based
of collider data collected at the Fermilab Tevatron aton theGEANT [17] package.

Js = 1.8 TeV during 1992-1996. We also present a In the base sample of 1094 events, we estimate the
reinterpretation of our search [10] for top squark pairsnumber of¢7 events to bel2 * 4 using the measured
as a search for leptoquarks in the + jets decay chan- ¢ production cross section ¢f.5 = 1.8 pb [18]. The

nel. We combine the results from all three decay channelmultijet background is estimated to & + 15 events,

to obtain lower limits on the leptoquark mass as a funcusing a sample of events with three or more jets with
tion of B. Er > 30 GeV. This is done by multiplying the fake prob-

The DO detector [11] consists of a central trackingability by the number of ways the events satisfy the se-
system including a transition radiation detector, a urailection criteria with one of the jets passing the electron
nium/liquid-argon calorimeter, and a muon spectrome£; and n requirements. After the estimated numbers
ter. The data used in this analysis were collected wittof 7 and multijet background events are subtracted, the
triggers which required the presence of an electromagaumber of events with transverse mass of the electron
netic object, with or without jets and missing transverseand neutrinaM;”) below 110 GeV/c? is used to obtain
energy (Er). The combined efficiency of the triggers an absolute normalization for th& + jets background.
is greater than 98% for LQ masses ab®®eGeV/c?.  This background is then largely eliminated by requiring
Off-line event selection requires one electron with transA§” > 110 GeV/c2. After this cut, 14 events remain
verse energ¥s > 20 GeV and pseudorapidityy| < 1.1  in the final data sample. The estimated background is
or 1.5 <|n| <25, £r > 30 GeV as the signature for 17.8 = 2.1 events, of whichl1.7 = 1.8, 4.1 + 0.9, and
a neutrino, and two or more jets reconstructed using 2.0 = 0.7 events are fronW + jets, multijets, and? pro-
cone algorithm (cone radiuR = /(A¢)?> + (An)? =  duction, respectively. Leptoquark pair production would
0.7, where is the azimuthal angle) witlt; > 20 GeV  yield 24 events in this sample, Lo = 120 GeV/c?
and|n| < 2.5. To reduce the effects of jet energy mis- and B = % Assuming all 14 events to be signal, LQ
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production for masses belol20 GeV/c? can be excluded To demonstrate that the backgrounds are reliably mod-

at the 95% C.L. foB = % with no further optimization.  eled, comparisons of the data and combined background
We have identified two additional variables that pro-in the variables\/7” and Dy (180) are shown in Fig. 1

vide significant discrimination between signal and thefor the base sample.

remaining background. They are the scalar transverse Figures 2(a)—2(c) show the two-dimensional distribu-

energy sumSr = E% + EJ + Ef + Er, where E#«Z tions of dﬁM(lSO) vs Sy for simulated LQ signal events
are the transverse energies of 'fhe two |Ielading jelts, andith Mo = 180 GeV/c?, the combined background,
. .M, —M, M,,—M ) i _
a mass variablég (My.q) = min( i Mol We—Mioly and data. The contours corresponding to constant val
whereM,  is an assumed LQ mass anf; , are the in- ues of DNN(18O) demonstrate the separation achleved
variant masses of the electron with the first and secon§€Ween signal and background. The distribution of
leading jets. DNN(_180) for data is compared_wnh Fhe predlcted dI_S-
To find the optimal selection cuts, we adopt the cri-tributions for background a_nd signal in Fig. 2(d). It is
clear that the data are described well by background alone.

terion [9] of maximizing the MC signal efficiency for a ! ) i
fixed expected background of approximately 0.4 events! "€ highestDxn(180) observed in the final data sample

In the low mass rangéM; o = 120 GeV/c?), where LQ 'S 0.79. . - _
production rates are high, requirisg > 400 GeV is suf- Using Bayesian statistics, we obtain a 95% C.L. upper

ficient. ForMyq > 120 GeV/c?, we use neural networks limit an the Ieptoguark pair production cross section for
(NN) since they provide higher efficiency than Spcut 8 = 7 as a function of leptoquark mass. The results are
alone. At each mass¥f;, where we have generated Shown in Table |. The statistical and systematic uncer-
MC events, we use a three layer feed-forward neural nef@inties in the efficiency, the integrated luminosity, and
work [19] with two inputs Fr and dﬁM (Mvo)], five hid- the b_ackg_round est_lmatlo_n are mcIy_d_ed in the limit cal-
den nodes, and one outgyx (M )], We train each culation with Gaussw?\n prior prqbqbllltles. The.measured
NN using simulated LQ events as the signal [with desired?®% C.L. cross section upper limits for LQ pair produc-
Dan(Mig) = 1] and a mixture of W + jets, multijet, tlon_, corrected for the branchlng_ratp with = 5, for .
and7 events as background [with desir@y(M o) =  Various LQ masses are plotted in Fig. 3 together with
0]. Cuts onDyn(Myq) that yield background estimates the NLO_ calculations [14]. The intersection of the limit
closest to the desired background are obtained by varyingurve with the lower edge of the theory band (renormal-
Dxn(Mig) in steps of 0.05. The background after theization scaleu = 2Myq) is at 0.19 pb, leading to a 95%
cut ranges betweef29 = 0.25 and0.61 = 0.27 events  C-L. lower limit on the LQ mass of75 GeV/c”.

as shown in Table I. The errors in the background es- An analysis of thevy + jets channel is accomplished
timates include the effects of uncertainties in jet energypy making use of our published search (wifh. dr ~
scale, fake probability, andf production cross section. /-4 pb~') for the supersymmetric partner of the top
The signal detection efficiencies calculated using simuguark [10]. Three events survive the selection criteria
lated LQ events passing the selection requirements af@r > 40 GeV, two jets with Ej > 30 GeV, and no
also shown in Table . The errors on the signal effi-isolated electrons or muons) consistent with the estimated
ciencies include uncertainties in trigger and particle idenbackground of3.5 = 1.2 events, mainly fromw/Z +
tification efficiencies, jet energy scale, effects of gluonjets production. The efficiencies of the event selection
radiation and parton fragmentation in the signal modelingfor Mo = 60, 80, and 100 GeV/c? are calculated to
and finite MC statistics. No data events pass the cuts. be 1.1%, 2.2%, and 3.9%, respectively, using signal MC

TABLE I. Signal detection efficiencies, estimated backgrounds, and measured 95% C.L. upper limits on the production cross
section from ther + jets channel analysis. The NLO cross sections (with= 2M\ o) from Ref. [14] times2B(1 — B) = % for

B = ; are also shown.

Leptoquark Signal Estimated 95% C.L. NLO
mass efficiency background upper limit theory
(GeV/c?) (%) (events) (pb) (pb)
80 03 = 0.1 0.60 = 0.27 10.88 17.98
100 1.2 £02 0.60 = 0.27 2.59 5.34
120 25 *03 0.60 = 0.27 1.15 1.90
140 6.7 1.0 0.54 = 0.25 0.43 0.77
160 109 * 1.2 0.61 = 0.27 0.25 0.34
180 147 £ 1.2 0.29 = 0.25 0.18 0.16
200 194 * 1.7 043 = 0.27 0.14 0.08
220 215 £ 1.7 0.41 = 0.27 0.13 0.04
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>
§ @ evijets channel only
< 10 5 10 A All three channels
£ 2
2 ;] = = NLO Theory (1997)
Me'> 110 GeV/czl m S
o vl .'ﬂ". | 1
0 20 40 60 80 100 120 140 160 180 200 7 1 4
M (GeV/c?) o
&
2 ©
S
g 107 Mio>
§ 3 175 GeV/c? MLQ >
] ] 204 GeV/c?
80 100 120 140 160 180 200 220
M, (GeVich)
0 01 02 03 04 05 06 07 08 09 1 .
Dy(180) FIG. 3. Measured 95% C.L. upper limits on the leptoquark
pair production cross section (see text) in the + jets channel
FIG. 1. (a) M§" and (b) Dxn(180) distributions for data (circles) and all three channels combined (triangles)dor L.

(points) and background (histograms), after all cuts except omiso shown are the NLO calculations of Ref. [14] where the
M7" andDxn(180). The arrow in plot (a) shows a cut ai;”,  central line corresponds t@ = M, and the lower and upper

as described in the text. lines top = 2M1q andu = ; Myq, respectively.

events generated with theaJET generator and processed S In Ref. [10]. This analysis yields the limit;q >
through the detector simulation based GEANT. The 79 GeV/c® atthe 95% C.L. fors = 0.

systematic errors in the signal acceptance are calculated COmbining theee + jets, ev + jets, andvw + jets
channels, we calculate 95% C.L. upper limits on the LQ

pair production cross section as a function of LQ mass for

s 1 Background (a) | = 1 10 x Signal  (p) various values oB. These cross section limits f@ = %
28] .=-17.8events £0.54 27.1 events (shown in Fig. 3), when compared with NLO theory, yield
§ siemii’ § 1 a 95% C.L. lower limit on the LQ mass @04 GeV/c>.
=06 =067 The lower limits on the LQ mass derived as a function of
0.4-] 04  Ltinietto: B, from all three channels combined, as well as from the
0.2 = 02 3+ 1
0 | ] : 0- sop 2s0- e E
D) 200 400 600 800 O 200 400 600 800 0.9
Sy (GeV) Sy (GeV) T 5
1 4 < 0.8 :
s | Data © | (d) = :
go‘s_ 14 events ; N 2 iﬁl 0.7_; &
1 R 2 S o ] =-
206] ° g 06y §
.. 2 2] £ EY:
0.4 0o ’s 0.5—E S'
02 * rﬂs\ o 0.4 :
f“ogs\ ]
0 T T T 0- 0.3
0 200 400 600 800 O 02 04 06 08 1 ]
S; (GeV) Dy(180) 0.2
FIG. 2. Distributions of % (180) vs Sr for (a) predicted 0.1—2
background, (b) simulated LQ eventsf,q = 180 GeV/c?), 01— L : : :
and (c) data, after all cuts except that @n(180). The 0 50 100 150 200 250
contours correspond t®yn(180) = 0.75, 0.85, and 0.95. The M, (GeV/c)

box area is proportional to the number of events in the bin,
with the total number of events normalized td5 pb™'. FIG. 4. Lower limits on the first generation scalar leptoquark
Plot (d) shows distributions ofDyn(180) for data (solid mass as a function g8, based on searches in all three possible
circles), background (open histogram), and expected LQ signalecay channels for LQ pairs. Limits from CERN Large
for Mo = 180 GeV/c? (hatched histogram). The arrow in Electron-Positron Collider (LEP) [20] and from our previous
plot (d) shows the chosen cut dbxn(180), as described in analysis [8] of 1992-1993 data are also shown. The shaded

the text. area is excluded at 95% C.L.
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channel. Combining the results with those from #ae+ 5709 (1997), and references therein.

jets andvy + jets channels, we exclude leptoquarks with 161 cpr Collaboration, F. Abet al., Phys. Rev. D48, 3939
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