
Pro
eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaSEARCHES FOR LFV AND FCNC AT HERAL. BELLAGAMBAON BEHALF OF THE ZEUS COLLABORATIONIstituto Nazionale di Fisi
a Nu
leareVia Irnerio 46, I-40126 Bologna, ItalyE-mail: lorenzo.bellagamba�bo.infn.itThis report presents a sear
h in ep 
ollisions at HERA for events with isolatedleptons and large missing pT . The rate of su
h events 
ould be enhan
ed, respe
tto the Standard Model expe
tations, by new intera
tions involving 
avor 
hangingneutral 
urrent or lepton-
avor violation. The results have been obtained usingdata 
olle
ted by the ZEUS dete
tor at ps � 300 GeV during 1994-2000 and
orresponding to an integrated luminosity of � 130 pb�1.1 Introdu
tionThe study of pro
esses indu
ed by 
avor 
hanging neutral 
urrent (FCNC) orlepton-
avor violation (LFV) is one of the fundamental tools to investigate pos-sible e�e
ts due to physi
s beyond the Standard Model (SM). Su
h pro
esses arestrongly suppressed in the SM pi
ture (stri
tly forbidden at the tree level and onlyallowed via loops) and 
an produ
e spe
ta
ular �nal states with high-pT leptonsand large missing pT .This report will review the sear
hes for these pro
esses [1,2,3,4,5,6,7℄ performedby the ZEUS Collaboration at the HERA ep 
ollider (
enter of mass energy,ps � 300 GeV) using the data 
olle
ted in 1994-2000 and 
orresponding to anintegrated luminosity L � 130 pb�1.2 Flavor 
hanging neutral 
urrentFCNC in the quark se
tor 
ould lead to single-top produ
tion at HERA via anup-top transition mediated by a 
 or a Z via an anomalous FCNC 
oupling. Thesubsequent de
ay t! bW leads, via the leptoni
 de
ay of theW , to �nal states witha high-pT isolated lepton, large missing pT (due to �s) and large pT of the hadroni
state (P hadT ). The event sele
tion required an isolated tra
k with transverse momen-tum pT > 5 GeV identi�ed either as ele
tron, muon or tau (see below for a des
rip-tion of the tau �nder); a 
alorimeter transverse momentum PCALT > 20 GeV; atleast one jet with transverse energy ET > 5 GeV within the range �1:0 < � < 2:5.Events with identi�ed ele
trons and a topology 
hara
teristi
 of neutral 
urrent(NC) DIS events were reje
ted.Table 1 summarizes the ZEUS results for all the leptoni
 
hannels and for di�erentP hadT 
ut. The ele
tron and muon 
hannel [1,2℄ exhibit a good agreement withthe SM predi
tions while for the tau [3℄ a slight ex
ess has been found. The H1Collaboration reported an ex
ess of events in the ele
tron and muon 
hannel with
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2 L. BellagambaZEUS Ele
tron Muon Tau1994-2000 e�p obs./exp. obs./exp. obs./exp.L = 130:1 pb�1 (W� 
ontribution) (W� 
ontribution) (W� 
ontribution)P hadT > 25 GeV 2 / 2:90 +0:59�0:32 (45%) 5 / 2.75 +0:21�0:21 (50%) 2 / 0.20 +0:05�0:05 (49%)P hadT > 40 GeV 0 / 0:94 +0:11�0:10 (61%) 0 / 0:95 +0:14�0:10 (61%) 1 / 0.07 +0:02�0:02 (71%)Table 1. Summary of the results of sear
hes for events with isolated leptons, missing transversemomentum and large PhadT . The number of observed events is 
ompared to the SM predi
tion. TheW� 
omponent is given in parentheses in per
ent. The statisti
al and systemati
 un
ertaintiesadded in quadrature are also indi
ated.respe
t to SM expe
tation [8,9℄. A re
ent review of the high-pT leptons sear
hesat HERA 
an be found in [11℄. The results of the ele
tron and muon 
hannel havebeen 
onverted to limits on the anomalous 
oupling mediating single top produ
tion(also the hadroni
W de
ay was 
onsidered in the limit setting). Figure 1 shows the95% 
on�den
e level limits from HERA, LEP and TEVATRON experiments, in thek
 �VZ plane, where k
 and VZ are the FCNC anomalous 
ouplings at the photonvertex and the ve
tor 
oupling at the Z vertex, respe
tively. HERA experimentshave larger sensitivity to k
 ; for low values of VZ HERA results improve on LEPand TEVATRON limits.

Figure 1. Limits at 95% 
on�den
e in the k
 � VZ plane. The LEP and TEVATRON resultsare also shown. The H1 limit was obtained assuming a vanishing VZ , the result is in any 
ase
onservative for VZ > 0.The sear
h for � leptons is based on their hadroni
 de
ays, with one 
hargedparti
le dete
ted in the 
entral tra
king dete
tor. In order to distinguish the narrow� jets with low 
harged-multipli
ity from quark- and gluon-indu
ed jets, the internaljet stru
ture was parameterized using variables related to the jet shape [10℄. The



Sear
hes for LFV and FCNC at HERA 3separation between signal and ba
kground was studied using Monte Carlo (MC)events, W ! ��� for the signal and 
harged 
urrent (CC) DIS for the ba
kground.In order to separate signal from ba
kground the jet-shape variables were 
ombinedto form a dis
riminant D used to sele
t � -
andidates (see [3℄ for details). Threeevents full�lled the � -
andidate 
riteria while 0:40�0:13 are expe
ted from the SM.Figure 2 shows the hadroni
 transverse momentum (P hadT ) distributions of the dataand MC events that survived the � sele
tions. The �nal 
uts were designed using
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Figure 2. Distribution of the hadroni
 transverse momentum, PhadT . The data (points) are 
om-pared to the SM expe
tations (shaded histogram). The dashed histogram represents the 
ontri-bution from W produ
tion. The dashed line represents the single-top signal MC normalized toan integral of one event.the single-top MC as a template. A 
ut at P hadT > 25 GeV gave the best expe
tedupper limit assuming no signal. Two events remained in the data, while 0:20�0:05are expe
ted from the SM, mainly from dire
t W produ
tion. The observed ex
ess
annot be explained by single-top produ
tion, sin
e this pro
ess is already strongly
onstrained by the ele
tron and the muon 
hannel results whi
h have a mu
h highersensitivity.3 Lepton-
avor violationThe re
ent experimental results on neutrino os
illation suggest that lepton-
avorviolation does o

ur. Minimal modi�
ation to the SM to a

omodate neutrinoos
illations and masses predi
t no dete
table rate, in 
ollider experiments, for LFVin the 
harged lepton se
tor. However, many extension of the SM involve LFV ata fundamental level. In this se
tion ZEUS sear
hes for the pro
ess ep! `X , where` is a � or a � and X the hadroni
 �nal state, are presented. Su
h pro
ess 
an bemediated by leptoquarks (LQ), bosons whi
h 
arry both lepton (L) and baryon (B)numbers and have lepton-quark Yukawa 
oupling. Both s- and u-
hannel rea
tions
ontribute to the pro
ess. Here we 
onsider only LQ whi
h have two di�erent
ouplings �eq� to an ele
tron and a quark q� and �`q� to a � or a � and a quarkq� (� and � are generation indi
es).Indire
t sear
hes for su
h rea
tions have yielded strong 
onstraints when q� andq� are light quarks. When heavy quarks are involved and espe
ially for ` = � ,HERA sensitivity, in some 
ases, extends beyond existing limits.The Bu
hm�uller R�u
kl Weyler (BRW) model [12℄, whi
h assumes the most gen-eral Lagrangian with SU(3)C � SU(2)L � U(1)Y invariant 
ouplings of a LQ toa lepton and a quark is used to 
lassify LQ spe
ies. In addition we also assumed



4 L. Bellagambathat members of ea
h SU(2) multiplet are degenerate in mass, that LQs 
ouple toeither left-handed and right-handed leptons, but not both and that one LQ spe
iesdominates the produ
tion. There are 14 LQs spe
ies under this assumptions whi
hare 
hara
terized by the spin (J = 0; 1), the weak isospin (T = 0; 1=2; 1) and thefermion number (F = L+ 3B = 0;�2, L and B being lepton and baryon number,respe
tively). Following the Aa
hen notation [13℄ s
alar (ve
tor) LQs are namedS�T (V �T ) where � = L;R denotes the 
hirality of the leptons whi
h 
ouple to theLQ. When two di�erent hyper
harge states are allowed one is distinguished witha~. In SUSY models with R parity violation, LFV pro
esses 
an be mediated bysquarks (~u, ~d).The distin
tive signature of LFV pro
esses mediated by LQs or squarks is a highpT � or � balan
ed by a jet in the transverse plane. The sele
tion 
riteria requireda missing pT 
ut in the range 12� 20 GeV (depending on the de
ay 
hannel) andthe requirement that the �nal state lepton be isolated and aligned with the missingpT . The � was sear
hed for both in its leptoni
 and hadroni
 de
ay 
hannels; forthe hadroni
 
hannel the method des
ribed in the Se
tion 2 was used. ZEUS limitsin some 
ases improve on low energy 
onstraints, espe
ially for the � -
hannel whenhigher generation quarks are involved. Table 2 [7℄ shows the limits for F = 0LQs with masses larger than ps 
oupling to e and � , obtained using the e+p data
olle
ted in 1999-2000 and 
orresponding to L = 65:5pb�1. The limits from lowenergy experiments are also reported. In many 
ases, 
agged by boxes, ZEUS
onstraints are the most stringent to date. The H1 
ollaboration published similarresults [14℄.4 Con
lusionsA review was presented of the sear
hes for high-pt isolated leptons with the ZEUSdete
tor at HERA. The results have been used to improve the 
onstraints on single-top produ
tion and lepton-
avor violation. The observations are in good agreementwith the SM expe
tations ex
ept for a slight ex
ess of 2 � events while only 0:2are expe
ted. The next years of data taking allowing a signi�
ant in
rease of theintegrated luminosity, will 
larify the pi
ture.Referen
es1. ZEUS Coll., Phys. Lett. B 559, 153 (2003).2. ZEUS Coll., DESY-03-012 (2003).3. ZEUS Coll., Phys. Lett. B 583, 41 (2004).4. ZEUS Coll., Phys. Rev. D 65, 092004 (2001).5. ZEUS Coll., paper 605, EPS01, Budapest, Hungary, July 12-18, 2001.6. ZEUS Coll., paper 906, ICHEP02, Amsterdam, The Netherlands, July 24-31,2002.7. ZEUS Coll., paper 498, EPS03, Aa
hen, Germany, July 17-23, 2003.8. H1 Coll., Eur. Phys. J. C 33, 9 (2004).9. H1 Coll., Phys. Lett. B 561, 241 (2003).



Sear
hes for LFV and FCNC at HERA 5e! � HERA I (prel.) e+p (1999-2000 65 pb�1) F = 0ij SL1=2 SR1=2 ~SL1=2 V L0 V R0 ~V R0 V L1e��u e�(�u+ �d) e� �d e� �d e� �d e��u e�(p2�u+ �d)e+u e+(u+ d) e+d e+d e+d e+u e+(p2u+ d)� ! �e � ! �e � ! �e � ! �e � ! �e � ! �e � ! �e1 1 0:4 0:2 0:4 0:2 0:2 0:2 0:062:2 1:8 3:2 2:3 2:3 1:7 0:8� ! Ke K ! ���� � ! Ke � ! Ke K ! ����1 2 6:3 5:8� 10�4 3:2 3:2 1:5� 10�42:2 1:9 3:4 2:6 2:6 1:9 0:9B ! ��e B ! ��e B ! ��e B ! ��e B ! ��e1 3 � 0:6 0:6 0:3 0:3 � 0:33:8 3:8 3:2 3:2 3:2� ! Ke K ! ���� � ! Ke � ! Ke K ! ����2 1 6:3 5:8� 10�4 3:2 3:2 1:5� 10�411 6:4 7:8 3:5 3:5 4:6 1:9� ! 3e � ! 3e � ! 3e � ! 3e � ! 3e � ! 3e � ! 3e2 2 5 8 17 9 9 3 1:613 7:3 8:9 4:4 4:4 7:1 2:7B ! ��eX B ! ��eX B ! ��eX B ! ��eX B ! ��eX2 3 � 14 14 7:2 7:2 � 7:211 11 6:8 6:8 6:8B ! ��e B ! ��e Vub B ! ��e Vub3 1 � 0:6 0:6 0:12 0:3 � 0:1211 11 4:0 4:0 4:0B ! ��eX B ! ��eX B ! ��eX B ! ��eX B ! ��eX3 2 � 14 14 7:2 7:2 � 7:214 14 5:2 5:2 5:2� ! 3e � ! 3e � ! 3e � ! 3e � ! 3e3 3 � 8 17 9 9 � 1:619 19 10 10 10Table 2. Reje
tion limits at 95% C.L. on �1i�3jM2LQ for F = 0 LQs, in units of TeV�2. The �rst
olumn indi
ates the quark generations 
oupling to LQ� e and LQ� � , respe
tively. The HERApreliminary results are reported in the third line (bold) of ea
h 
ell. The low energy pro
essproviding the most stringent 
onstraint and the 
orresponding limit are shown in the �rst andse
ond lines. The HERA limits are en
losed in a box if better than the low energy 
onstraints (orif no 
onstraint is available). In 
ases marked with * only a top quark would have been involved.Only part of the HERA I data set was used for these results. The most stringent limits reportedin this table 
ome from the 99-00 e+p data set (integrated luminosity 65 pb�1).10. C. N. Nguyen, Diploma Thesis, Hamburg University, Hamburg (Germany),DESY-THESIS-2002-024, 2002.11. T. Carli, D. Dannheim, L. Bellagamba, Mod. Phys. Lett. A 19, 1881 (2004).12. W. Bu
hm�uller, R. R�u
kl and D. Wyler, Phys. Lett. B 191, 442 (1987),Erratum in Phys. Lett. B 448, 320 (1999).13. A. Djouadi etal., Z. Phys. C 46, 679 (1990).14. H1 Coll., Eur. Phys. J. C 11, 447 (1999).


