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LEPTOQUARKS SEARCHES AT HERA�Jolanta SztukOn behalf of the H1 and ZEUS CollaborationInstitute of Physi
s, University of �ód¹Pomorska 149/153, 90-236 �ód¹, Poland(Re
eived July 1, 2002)Results from the leptoquark sear
hes at HERA using the rea
tione�p ! e�(�)X , are reported. The data was 
olle
ted by the H1 andZEUS experiments from 1994 to 2000, at 
.m. energies of 300 and 318 GeVand 
orrespond to a total integrated luminosity � 120 pb�1 for ea
h ex-periment. No signal was seen and limits were set on leptoquark Yukawa
ouplings for leptoquark masses both above and below ps. The resultsare 
ompared to those obtained in dire
t and indire
t sear
hes at other
olliders.PACS numbers: 14.80.�j 1. Introdu
tionThe ep 
ollider HERA is an unique pla
e to sear
h for new parti
les 
ou-pling to a lepton�quark pair. Su
h parti
les, 
alled leptoquarks (LQ), appearin many extensions of the Standard Model (SM). They 
arry both 
olourand a fra
tional ele
tri
 
harge as well as a lepton and baryon number. Thegeneral 
lassi�
ation of leptoquark states proposed by Bu
hmüller, Rü
kland Wyler (BRW) [1℄ is used. There are 7 s
alar and 7 ve
tor leptoquarksstates. All of them 
an 
ouple to an eq pair and 
an 
ontribute to NC DISevents. In addition 4 states 
ouple to both eq and �q and so 
an 
ontributeto CC DIS.This note reviews results for the leptoquarks sear
hes at HERA basedon the data 
olle
ted by H1 and ZEUS from 1994 to 2000.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3893)



3894 J. Sztuk2. Leptoquark produ
tionAt HERA, LQ may be produ
ed dire
tly from s-
hannel e��quark fusionwith subsequent de
ay into e��quark, or �(��)�quark yielding peaks in thelepton-jet invariant mass spe
trum for the e�p ! e�(�)X rea
tions. LQmay also be ex
hanged in the u-
hannel, whi
h e�e
ts the high Q2 
ross se
-tion for NC (CC) DIS, mainly due to the interferen
e with the SM t-
hannelex
hange of Z0=
 (W�). The diagrams are shown in Fig. 1. Resonant LQ
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Fig. 1. Pro
esses with e� -jet �nal states in e�p 
ollisions. A s
alar (S) or ve
tor(V) intermediate state 
an 
ontribute to su
h �nal states via (a) s-
hannel or(b) u-
hannel ex
hange. DIS pro
esses (
) form the primary ba
kground to thesepro
esses.produ
tion for masses up to ps dominates the 
ross se
tion if the LQ isprodu
ed from a valen
e quark (produ
tion of F = 2 leptoquarks in e�ps
attering and F = 0 in the e+p 
ase). In the narrow-width approximation,whi
h is valid for small Yukawa 
oupling �, the LQ produ
tion 
ross se
tionis given by [1℄: �NWA = (J + 1) �4s�2q(x0; �) ; (1)where J represents the spin of the LQ, q(x0; �) is the quark density evaluatedat x0 = m2LQ=s and with the s
ale set to � = m2LQ.The u-
hannel ex
hange and interferen
e terms be
ome important forlarge leptoquark masses, mLQ > ps, and result in deviation of high-x NCand CC DIS 
ross se
tion from the SM predi
tions. Either, in
rease orde
rease of the 
ross se
tion is possible, depending on the sign of the inter-feren
e term.



Leptoquarks Sear
hes at HERA 38953. Event re
onstru
tionAssuming no QED or QCD radiation, the invariant mass M of the s
at-tered lepton�quark pair and the s
attering angle in the lepton�quark 
enter-of-mass system �? 
an be 
al
ulated from the kinemati
s of DIS events, as:M2 = Q2eye ; ye = 0:5 (1 � 
os �?) ; (2)where, the kinemati
 variables are obtained using the ele
tron information.This method is used by H1 [2℄. In the ZEUS analysis the invariant massis 
al
ulated from the measured four-momenta of the outgoing lepton andof the hadroni
 �nal state [3℄. In 
ase of CC DIS events, the energy andangle of the s
attered � is re
onstru
ted assuming energy-momentum 
on-servation [4℄. The mass distributions for NC and CC DIS events measuredby H1 and ZEUS, respe
tively, are shown in Fig. 2. The more details hasbeen reported in [5, 6℄ The data are in good agreement with the StandardModel predi
tions.
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tation (histograms) and the ratio of the number of events observed to thenumber expe
ted, Nobs=N exp for ZEUS.



3896 J. Sztuk4. ResultsSin
e there is no eviden
e for a resonant produ
tion, or 
ross se
tiondeviations at high masses, limits on LQ 
ouplings were derived for di�erentBRW LQs. Both 
ollaborations extra
t the limits on the Yukawa 
oupling �as a fun
tion of the LQ mass using the two-dimensional distribution in theplane MLQ � 
os �? of the NC and CC events. The limit setting pro
edurehas been des
ribed in [5, 6℄.Fig. 3 shows for a s
alar and ve
tor LQ spe
ies with fermion numberF = 0, the 95% CL ex
lusion limits in the mass-
oupling plane as obtainedby H1 and ZEUS. The areas above the 
urves are ex
luded.
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Fig. 3. Coupling limit as a fun
tion of LQs mass for F = 0 BRW LQ. The limitson s
alar LQs are shown in the upper plot while the limits on ve
tor LQs in thelower one.



Leptoquarks Sear
hes at HERA 3897Fig. 4 
ompares the H1 and ZEUS results for two sele
ted s
alar lep-toquarks (SL0 and SR1=2), with limits from other experiments. The 
ouplingindependent limits 
ome from p�p 
ollision at the Tevatron [8℄, where lep-toquark pairs 
an be produ
ed via the standard gauge 
ouplings (p�p !LQ �LQX). The SL0 (SR1=2) s
alar leptoquarks with masses 213 (245) GeVare ex
luded at 95% 
on�den
e level. Indire
t limits on leptoquarks fromLEP [7℄ have been obtained by t-
hannel and u-
hannel 
ontribution toquark-pair produ
tion (e+e� ! q�q). The leptoquark limits at HERA are
omplementary to Tevatron limits and better than LEP limits.
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TEVATRON lim.Fig. 4. Comparison of ex
luded regions in the mass-
oupling plane for the SL0 andSR1=2 leptoquarks from HERA, Tevatron and LEP. Constraints on LQs with massesabove ps obtained from H1 Conta
t Intera
tion analysis, are shown as a dashedline in the rightmost part of ea
h plot.5. Con
lusionResults for the leptoquark sear
hes at HERA, with the ZEUS and H1experiment, from the rea
tion e� ! e�(�)X, are reported. The data 
orre-spond to a total integrated luminosity � 120 pb�1 for ea
h experiment. Noeviden
e for a signal was found. Limits were set on leptoquark Yukawa 
ou-plings for leptoquark masses below and above ps. The results are 
omparedto those obtained in dire
t and indire
t sear
hes at other 
olliders.None of the resear
h reported here would have been possible without thededi
ated e�orts of the HERA 
rew, and of all those who 
ontributed todesign, 
onstru
tion, maintenan
e and operation of the dete
tors. I wouldlike to thank my 
olleagues of the working groups for parti
le sear
hes in H1and ZEUS.
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