
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
SEARCH FOR EXCITED FERMIONSIN ep COLLISIONS AT HERA�Ainas WeberPhysikalis
hes Institut der Universität BonnNussallee 12, 53115 Bonn, Germany(Re
eived June 24, 2002)Heavy ex
ited ele
trons and neutrinos have been sought by the H1 andZEUS experiments at HERA. For the e� (��) sear
hes, 120 pb�1 (16 pb�1)of ep 
ollision data have been analysed. No eviden
e for any ex
ited lep-ton has been found, and limits on the 
hara
teristi
 
ouplings have beenderived.PACS numbers: 14.80.�j 1. Introdu
tionThe observation of heavy ex
ited states of fermions would indi
ate thatthese parti
les are 
omposite rather than elementary. In high-energy ep
ollisions, su
h ex
ited states 
ould be produ
ed dire
tly, with masses up tothe 
entre-of-mass energy of the 
ollider.The re
ent ex
ited-fermion sear
hes performed by the H1 and ZEUSexperiments have fo
used on e� and �� [1�4℄. Ex
ited states of ele
tronswere sought using the following data sets, where the 
entre-of-mass ener-gies and the approximate integrated luminosities per experiment are givenin bra
kets: 1994�1997 e+p (300GeV, 40 pb�1), 1998�1999 e�p (318GeV,16 pb�1), 1999�2000 (318GeV, 66 pb�1). The de
ay 
hannels 
onsidered aree� ! e
, e� ! �W ! �q�q0 and e� ! eZ ! eq�q.Ex
ited states of neutrinos were sought in the e�p data sets only, sin
ethe �� produ
tion 
ross se
tion for masses beyond 200GeV in e�p 
ollisionsis two orders of magnitude higher than that in e+p. The de
ay 
hannelsanalysed are �� ! �
, �� ! eW ! eq�q0 and �� ! �Z ! �q�q.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3899)



3900 A. WeberThe simulation of e� and �� signal events was based on the phenomeno-logi
al 
ompositeness model by Hagiwara et al., [5℄. For estimating theba
kgrounds from Standard Model pro
esses, Monte Carlo samples of NCand CC DIS as well as of photoprodu
tion (PHP) and QED-Compton eventswere employed. 2. Sear
hes for ex
ited ele
trons2.1. e� ! e
Among the e� 
hannels 
onsidered, the photoni
 de
ay mode, e� ! e
,provides the most striking experimental signature, featuring two isolatedele
tromagneti
 
lusters with large transverse energies. Typi
ally, no furthera
tivity is observed in the dete
tor, ex
ept for possible energy deposits bythe proton remnant around the forward beam-pipe. As for the ba
kgrounds,NC DIS and QED-Compton events 
ontribute with similar magnitudes.2.2. e� ! �W ! �q�q0This �nal state is 
hara
terised by a large amount of missing transversemomentum, PT, due to the neutrino es
aping undete
ted as well as by twohadroni
 jets from the W de
ay. The relevant ba
kground pro
esses arepredominantly multi-jet CC DIS and, less pronoun
ed, PHP. The H1 sear
hrequired the identi�
ation of two jets, whereas ZEUS employed 
uts on globalevent variables like transverse hadroni
 energy and hadroni
 mass. Bothexperiments applied an ele
tron veto.2.3. e� ! eZ ! eq�qDue to the hadroni
 Z de
ay, this �nal state features two jets with hightransverse energy. In addition, there is a forward-going high-energy ele
tron.The only relevant sour
e of ba
kground is 
onstituted by NC DIS. Again,the two experiments used di�erent approa
hes in treating the hadroni
 �nalstate, namely on the basis of jets (H1) and global event variables (ZEUS),respe
tively. 3. Sear
hes for ex
ited neutrinos3.1. �� ! �
The photoni
 �� de
ay gives rise to a parti
ularly rare experimentalsignature: one isolated, high-energy ele
tromagneti
 
luster in the forwarddire
tion plus a large amount of PT. Ba
kground arises predominantly fromCC DIS.
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ited Fermions in ep Collisions at HERA 39013.2. �� ! eW ! eq�q0 and �� ! �Z ! �q�qThe topologies of the eq�q0 and �q�q0 �nal states originating from �� de
aysare similar to the ones of the 
orresponding e� �nal states. Thus, similarsele
tion 
riteria as in the 
orresponding e� 
hannels were employed by thetwo experiments. 4. ResultsThe numbers of 
andidate and ba
kground events obtained by the sear-
hes are summarised in Table I. No ex
ess of data events over the expe
tedba
kground has been observed in either of the de
ay 
hannels analysed.Thus, upper limits at 95% 
on�den
e level have been set on the 
ross se
tiontimes the bran
hing ratio, � � BR, and on the 
oupling over the 
ompos-iteness s
ale, f=�. The latter limits require as input bran
hing ratios and
ross se
tions from the spe
i�
 model used. TABLE INumbers of observed events and expe
ted ba
kgrounds in the six de
ay 
hannels,given separately for the di�erent data samples analysed by the two experiments.The errors stated are statisti
al and systemati
 for H1, and statisti
al for ZEUS.de
ay data H1 ZEUS
hannel sample events ba
kground events ba
kground94�97 8 7:2� 1:0� 0:1 18 20:1� 1:2e� ! e
 98�99 4 4:0� 0:7� 0:2 10 8.799�00 12 15:6� 1:7� 0:4 22 30.894�97 2 2:4� 0:2� 0:7 13 13:9� 1:1e� ! �q�q0 98�99 5 3:9� 0:2� 0:799�00 8 6:1� 0:4� 1:594�97 6 7:1� 2:1� 2:8 32 32:9� 1:1e� ! eq�q 98�99 4 5:6� 0:4� 1:299�00 31 25:3� 1:9� 5:5�� ! �
 98�99 2 3:0� 0:2� 1:2 2 1:5� 0:2�� ! eq�q0 98�99 6 7:0� 0:6� 1:4 20 15:0� 1:3�� ! �q�q 98�99 1 3:7� 0:2� 0:9 16 13:5� 0:6
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Fig. 1. (a) Upper limits at 95% 
on�den
e level on � � BR as a fun
tion of the�� mass [3℄. (b) Upper limits on f=� for e�. The H1 (ZEUS) limits are based on120 pb�1 (82 pb�1) of ep data. For 
omparison, the 
orresponding limits by theLEP experiments are shown [7℄.In Fig. 1 (a), the ZEUS upper limits on � � BR for ex
ited neutri-nos are displayed. In Fig. 1 (b), f=� limits for ex
ited ele
trons are shown.In all limit plots, the areas above the 
urves are ex
luded. The H1 
urve inFig. 1 (b) has been derived from 
ombining the three de
ay 
hannels 
onsid-ered, using the 
onventional assumption f = f 0 for the 
oupling 
onstants inthe Hagiwara model; the ZEUS 
urve is from e� ! e
 only. In the �� 
ase,f=� limits are usually derived for both assumptions f = f 0 and f = �f 0.The H1 limits for the latter assumption, allowing for photoni
 �� de
ays,are shown in Fig. 2 (a).In addition, H1 has derived less model-dependent f=� limits for ��. Atea
h mass point, the ratio of the 
oupling 
onstants was varied in the range�5 < f 0=f < 5, the 
orresponding f=� limit was 
al
ulated, and the worst ofthese limit values was 
hosen. The resulting 
urve is displayed in Fig. 2 (b).In 
omparison with existing limits by H1 and ZEUS, the new � � BRand f=� limits for e� and �� are more stringent and extend towards highermasses. For ��, with no indire
t limits available from the LEP experiments,H1 and ZEUS set the most stringent limits in the high-mass region.
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(b)Fig. 2. (a) Upper limits on f=� for �� assuming f = �f 0. The e+p [6℄ and e�p [1℄limits are based on integrated luminosities of 37 pb�1 and 16 pb�1, respe
tively.The e�p limits are more stringent, though, due to the higher �� produ
tion 
ross-se
tion 
ompared to e+p 
ollisions. (b) Upper limits on f=� for ��, not dependingon the ratio f=f 0 [1℄. REFERENCES[1℄ H1 Collaboration, C. Adlo� et al., Phys. Lett. B525, 9 (2002).[2℄ H1 Collaboration, H1-prelim-02-061, Feb. 2002.[3℄ ZEUS Collaboration, S. Chekanov et al., Preprint DESY 01-132, 2001.[4℄ ZEUS Collaboration, Abstra
t 607, EPS01, Budapest, 2001.[5℄ K. Hagiwara, S. Komamiya, D. Zeppenfeld, Z. Phys. C29, 115 (1985);U. Baur, M. Spira, P.M. Zerwas, Phys. Rev. D42, 815 (1990); F. Boudjema,A. Djouadi, J.L. Kneur, Z. Phys. C57, 425 (1993).[6℄ H1 Collaboration, C. Adlo� et al., Eur. Phys. J. C17, 567 (2000).[7℄ LEP Exoti
a Working Group, Contributions to EPS01 and LP01,http://lepexoti
a.web.
ern.
h/LEPEXOTICA.


