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LEPTON FLAVOUR VIOLATION AT HERA�Chiara GentaFor the H1 and ZEUS CollaborationsIstituto Nazionale di Fisi
a Nu
leare (INFN)andUniversity of Floren
e, Sansone 1, 50019 Sesto Fiorentino (FI), Italy(Re
eived June 27, 2002)Results obtained by the H1 and ZEUS 
ollaborations on sear
hes forLepton Flavour Violation (LFV) are reported. No eviden
e was found forlepton��avour violations and 
onstraints were derived on the produ
tion ofleptoquarks whi
h 
ould mediate su
h intera
tions. New limits in the muon
hannel obtained by ZEUS using 1999 and 2000 data, 
orresponding to anintegrated luminosity of 66 pb�1, have been 
ombined with previous ZEUSresults, thus using the whole 1994�2000 statisti
s (130 pb�1). All limitshave been then 
ompared to those obtained by low energy experiments.PACS numbers: 12.60.�i 1. Introdu
tionIn the Standard Model (SM) lepton �avour is 
onserved. While the re-ported observation of neutrino os
illations [1, 2℄ implies that lepton��avourviolation does o

ur, minimal extensions of the SM [3℄ that allow for �niteneutrino masses and thereby a

ount for neutrino os
illations do not predi
tdete
table rates of LFV at 
urrent 
ollider experiments. However, manyextensions of the SM, su
h as grand uni�ed theories [4℄, models based onsupersymmetry [5℄, 
ompositeness [6℄ or te
hni
olor [7℄, involve LFV inter-a
tions at fundamental level. At HERA, H1 and ZEUS sear
hed for thepro
ess: ep! `X ; (1)� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3905)



3906 C. Gentawhere ` is either a � or a � and X is the hadroni
 �nal state. Su
h pro
esses
an be mediated by leptoquarks (LQ), bosons 
arrying both lepton (L) andbaryon (B) number, 
oupling with di�erent lepton and quark generations.On LFV intera
tions there are already strong 
onstraints from low energyexperiments [8℄. 2. Leptoquark modelIn this paper the Bu
hmüller�Rü
kl�Wyler (BRW) model [9℄ has beenadopted to give a quantitative des
ription of LFV. This model requiresSU(3)

 SU(2)L
U(1)Y invariant leptoquark 
ouplings. In addition it as-sumes that members of the same isospin multiplet SU(2)L are degeneratein mass and that leptoquarks 
an have left-handed or right handed 
ou-plings, but not both. With these assumptions fourteen leptoquark types areallowed, 7 s
alars and 7 ve
tors, with fermion number F = L+ 3B = 0; 2.A

ording to the Aa
hen notation [10℄, s
alar (ve
tor) leptoquarks are namedS�T (V �T ) where � = L; R is the 
hirality of the lepton and T = 0; 1=2; 1 is theweak isospin. If the leptoquark has a mass below the 
enter mass energy ofHERA (300 GeV for 1994�97 data and 318 GeV for 1998�2000 data), it 
anbe produ
ed as a narrow resonan
e, with the s 
hannel (Fig. 1(left)) givingthe dominant 
ontribution. Leptoquarks 
oupling with a valen
e quark havea mu
h higher 
ross se
tion than those 
oupling with sea quarks, therefore,for a positron beam, only limits for F = 0 leptoquarks are 
onsidered (theopposite holds for an ele
tron beam). If the leptoquark mass is mu
h greaterthan the 
enter mass energy of HERA both the s and u 
hannel give a 
on-tribution (Fig. 1); the 
ross se
tion 
an be approximated with a 
onta
t-likeintera
tion formula and it is proportional to the fa
tor (�eqi�`qj=M2LQ)2.
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esses mediated by leptoquarks: s-
hannel (left) and u-
hannel(right).



Lepton Flavour Violation at HERA 39073. Experimental signatureAt HERA the experimental signature of a LFV pro
ess is a high trans-verse momentum lepton (� or �) and a jet, 
oming from the stru
k quark,with an opposite azimuthal angle respe
t to the lepton. In the � 
hannelonly the � de
ay produ
ts 
an be dete
ted. The signature is hen
e a hightransverse momentum pt lepton or a narrow jet with a low tra
k multipli
-ity 
oming from the hadroni
 � de
ay. In all de
ay 
hannels the presen
e ofthe � and/or the neutrinos leads to a missing transverse momentum in thelepton dire
tion. Su
h pro
esses have a low standard model ba
kground andthey 
an be dete
ted with a very high e�
ien
y (up to 40%�60% for the �
hannel, 25%�30% for the � 
hannel). No 
andidate was observed by thetwo experiments H1 and ZEUS, in the HERA I data analysed up to now.Therefore, limits were set on the produ
tion of leptoquarks that mediateLFV intera
tions. 4. Results4.1. Low mass leptoquarks limitsFig. 2 (left) shows H1 95% CL limits in the � 
hannel on the 
oupling
onstant versus the leptoquark mass for SL1=2 for di�erent bran
hing ra-

10
-2

10
-1

1

80 100 120 140 160 180 200 220 240 260

EXCLUDED

MLQ (GeV)

λ  1
1

βe =1.

βe = 0.1, β τ = 0.9
βe = β τ = 0.5

βe = 0.1,
NC data only

Scalar LQ coupling to e+ + u

H1

ZEUS

10
-3

10
-2

10
-1

1

140 160 180 200 220 240 260 280 300
MLQ (GeV)

λ eq
1

S
∼

1/2

L

λeq1=λµqj

ZEUS (prel.) 94-00 e+p

(1,1) µ N → e N
(1,2) K → µ e

(1,3) B → µ e

Fig. 2. Left side: H1 95% CL upper limit for the SL1=2 on the ele
tron�valen
e quark
oupling for di�erent bran
hing ratios of the leptoquark in e and � as a fun
tionof the leptoquark mass. Right side: ZEUS 95% CL limits (solid line) for eSL1=2leptoquark de
aying into �qi (the subs
ript i denotes any generation of quarks),
ompared to the low energy experiments limits (dotted lines).



3908 C. Gentatios �` (` = e; �) of the leptoquark in e and � . These results [11℄ areobtained analysing 1994�1997 data 
orresponding to an integrated luminos-ity of 37 pb�1. Assuming an ele
tromagneti
 like 
oupling 
onstant and�e = 0:1, �� = 0:9, a limit of 250 GeV on the leptoquark mass has been set.Similar results in the � 
hannel have been obtained by ZEUS [12℄, with a lu-minosity of 47.7 pb�1. Fig. 2 (right) shows the ZEUS 95% CL upper limitversus the leptoquark mass for eSL1=2 on the 
oupling 
onstant (� 
hannel),obtained 
ombining all e+p statisti
s (113 pb�1). The results (solid line) are
ompared to those from low energy experiments (dotted lines). When heavyquarks are involved HERA limits are 
ompetitive with those from mesonsrare de
ays. If we assume �eq1 = 0:3 � p4�� and �� = 0:5 (or �� = 0:25 if� de
ays are allowed), leptoquarks with masses up to 301 GeV (very 
loseto the HERA kinemati
 limit) 
an be ex
luded at 95% CL.4.2. High mass leptoquarks limitsZEUS 95% CL limits on the fa
tor �eqi��qj=M2LQ for the � 
hannel,obtained 
ombining the whole 1994�2000 statisti
s (130 pb�1) are reportedin Table I. When se
ond generation of quarks are involved ZEUS limitssupersede limits from D mesons rare de
ays.5. Con
lusionsA review on LFV sear
hes at HERA has been presented. The 1994�1997 data have been already analysed by H1 and ZEUS both in the � andin the � 
hannel. New ZEUS preliminary results for the whole HERA Istatisti
s in the � 
hannel have been reported in this paper. No eviden
e oflepton �avour violating intera
tion has been found up to now, thus limitson the leptoquarks Yukawa 
ouplings have been set. The presented resultsare 
ompetitive with bounds from low energy experiments, espe
ially whenthe se
ond or the third generation of quarks are involved.



Lepton Flavour Violation at HERA 3909TABLE I95% CL upper limits on (�eqi��qj )=M2LQ for F = 0 leptoquarks (in units of TeV�2).The �rst 
olumn indi
ates the quark generations qi and qj 
oupling to LQ�e andLQ��, respe
tively. The se
ond row indi
ates the F = 0 leptoquarks and their
ouplings. The ZEUS results are shown in the third row of ea
h 
ell, while inthe �rst and in the se
ond row are reported respe
tively the low energy pro
essproviding the most stringent limit and its value. ZEUS limits whi
h are betterthan the low energy 
onstraints are en
losed in a box. The * indi
ates the 
aseswhere a top quark would have to be involved.F = 0 Zeus preliminary (94�00 
ombined limits) (�eqi��qj )=M2LQ (TeV�2)qiqj 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)�N ! eN �N ! eN �N ! eN �N ! eN �N ! eN �N ! eN �N ! eN1 1 7:6 � 10�5 2:6 � 10�5 7:6 � 10�5 2:6 � 10�5 2:6 � 10�5 2:6 � 10�5 1:1� 10�51:1 0:9 1:6 1:0 1:0 0:8 0:4D ! ��e K ! ��e K ! ��e K ! ��e K ! ��e D ! ��e K ! ��e1 2 4 2:7 � 10�5 2:7 � 10�5 1:3 � 10�5 :3� 10�5 2 1:3� 10�51:2 1:0 1:7 1:2 1:2 1:0 0:5B ! ��e B ! ��e Vub B ! ��e Vub1 3 � 0:8 0:8 0:2 0:4 � 0:21:8 1:8 1:5 1:5 1:5D ! ��e K ! ��e K ! ��e K ! ��e K ! ��e D ! ��e K ! ��e2 1 4 2:7 � 10�5 2:7 � 10�5 1:3 � 10�5 1:3 � 10�5 2 1:3� 10�53:6 2:4 3:2 1:3 1:3 1:3 0:6�! 3e �! 3e � ! 3e �! 3e �! 3e �! 3e �! 3e2 2 5 � 10�3 7:3 � 10�3 1:6 � 10�2 8 � 10�3 8 � 10�3 2:5 � 10�3 1:5� 10�35:8 3:1 3:8 1:9 1:9 2:9 1:2B ! ��eK B ! ��eK B ! ��eK B ! ��eK B ! ��eK2 3 � 0:6 0:6 0:3 0:3 � 0:34:4 4:4 2:9 2:9 2:9B ! ��e B ! ��e Vub B ! ��e Vub3 1 � 0:8 0:8 0:2 0:4 � 0:24:3 4:3 1:4 1:4 1:4B ! ��eK B ! ��eK B ! ��eK B ! ��eK B ! ��eK3 2 � 0:6 0:6 0:3 0:3 � 0:35:8 5:8 2:2 2:2 2:2�! 3e � ! 3e �! 3e �! 3e �! 3e3 3 � 7:3 � 10�3 1:6 � 10�2 8 � 10�3 8 � 10�3 � 1:5� 10�37:7 7:7 3:9 3:9 3:9
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