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SEARCHES FOR CONTACT INTERACTIONSAT HERA�Stefan S
hmittDESY, Notkestr. 85, 22607 Hamburg, Germany(Re
eived June 27, 2002)During the years 1994�2000 the HERA ep 
ollider has been runningwith ele
trons and positrons at 
enter-of-mass energies ps = 300�320 GeV.The rea
tion ep! eX is sensitive to new physi
s at mass s
ales in the TeVrange. Conta
t intera
tion analyses of the data at high momentum transferQ2 = 200�50000GeV2 performed by the H1 and ZEUS 
ollaborations arepresented here, investigating 
ompositeness models, leptoquarks, quarks of�nite size and large extra dimensions.PACS numbers: 13.60.Hb, 13.90.+i1. Introdu
tionAt very high momentum transfer Q2 the pro
ess of deep inelasti
 s
at-tering ep! eX is probing ele
tron-quark rea
tions at very short distan
es.This has been utilised to look for sub-stru
tures of these parti
les and othere�e
ts from physi
s beyond the standard model with the ZEUS and H1 ex-periments at the HERA 
ollider [1, 2℄. Here updates of these analyses willbe presented, making use of all data available at present.The HERA ep storage ring has been running at two di�erent 
entre-of-mass energies and with di�erent polarities of the lepton beam. The two
ollider experiments H1 and ZEUS have both 
olle
ted about 100 pb�1 ine+p 
ollisions and 16 pb�1 in e�p 
ollisions. The e+p data was re
orded attwo di�erent 
entre-of-mass energies, 300 and 320 GeV, where the major partof the data was 
olle
ted at the higher energy. The 
entre-of-mass energy ofthe e�p data is 320 GeV.To study 
onta
t intera
tion type models the pro
ess e�p ! e�X isinvestigated at high momentum transfer Q2. Both ZEUS and H1 
omparesingle di�erential 
ross-se
tion measurements d�dQ2 to the standard model� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3923)



3924 S. S
hmittpredi
tion. No signi�
ant deviation from the standard model is found andthe data are further 
ompared to 
onta
t intera
tion s
enarios. Limits onthe relevant parameters of these models are derived on 95% 
on�den
e level.2. Conta
t intera
tionsConta
t intera
tions between ele
trons and quarks 
an be introdu
ed byadding four-fermion intera
tions to the Standard Model Lagrangian LSML = LSM + LCI; LCI =Xq Xa;b=L;R �qab(�ea
�ea)(�qb
�qb)with model-dependent 
oupling 
onstants �qab [3℄.2.1. Compositeness s
aleTo investigate general models with fermion substru
ture it is 
onvenientto introdu
e a dimensionless 
oupling g2 = 4� and a universal 
ompositenesss
ale �. The 
onta
t intera
tion 
ouplings then take the form �qab = "qab 4���2 ,with "qab = �1; 0 �xing the 
hiral stru
ture of the new intera
tion. Severalmodels have been 
onsidered by H1 and ZEUS. Limits �+ and �� are de-rived for ea
h model, re�e
ting the two 
hoi
es ��2 (positive or negativeinterferen
e with the Standard Model). Fig. 1 shows the H1 data normalisedto the Standard Model expe
tation and the 
urves ex
luded at 95% 
on�-den
e level for the VV model (all 
oe�
ients "qab = +1). The data is shownseparately for e�p and e+p s
attering. The limits on �+ and �� obtained bythe H1 and ZEUS 
ollaborations for various models are depi
ted in Fig. 2.
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Fig. 1. H1 data points and ex
luded 
urves for a VV type 
onta
t intera
tion.
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tiveFig. 2. Limits on the 
ompositeness s
ale � obtained by ZEUS and H12.2. LeptoquarksLeptoquarks appear in some extensions of the Standard Model. They
ouple to lepton-quark pairs. For high leptoquark masses MLQ they showup as a 
onta
t intera
tion with 
oupling 
oe�
ients �qab = "qab(�2=M2LQ).Within the generi
 model des
ribed in [4℄ there exist 14 di�erent types ofleptoquarks, with �xed relations "qab [5℄ and a 
oupling 
onstant �. Ea
h lep-toquark is either a s
alar or a ve
tor parti
le and has a well-de�ned fermionnumber F = 3B + L, where B and L are the usual baryon and leptonnumber. The 95% 
on�den
e level limits found for the quantity MLQ=� aresummarised in Table I for the 14 possible leptoquark types, valid for massesMLQ � 300GeV. TABLE ILimits on MLQ=� for 
onta
t intera
tions mediated by leptoquarks.Prel. limits on M� [GeV℄ Prel. limits on M� [GeV℄Leptoquark type F ZEUS H1 Leptoquark type F ZEUS H1SL0 2 750 720 V L0 0 690 770SR0 2 690 670 V R0 0 580 640~SR0 2 310 330 ~V R0 0 1030 1000SL1 2 550 480 V L1 0 1420 1380SL1=2 0 910 870 V L1=2 2 490 420SR1=2 0 690 370 V R1=2 2 1150 940~SL1=2 0 500 430 ~V L1=2 2 1260 1020



3926 S. S
hmitt2.3. Squarks in Rp violating supersymmetryIn Rp violating supersymmetri
 models squarks 
an 
ouple to a lepton-quark pair. There are two possible types of 
ouplings, ed! ~u with 
oupling�01j1 and eu ! ~d with 
oupling �011k. Here ~u stands for an up-type squarkof generation j and ~d for a down-type squark of generation k. The squark
ouplings are identi
al to those obtained for the leptoquark types ~SL1=2 andSL0 , respe
tively. If the �avour-diagonal R-parity violating de
ay dominatesover other de
ay 
hannels, the 
orresponding limits on mass over 
ouplingfor squark mediated 
onta
t intera
tions 
an thus be inferred from Table I.2.4. Quark radiusSubstru
ture of quarks or ele
trons may be introdu
ed by assigning a�nite size to the ele
troweak 
harge distributions. The di�erential 
ross-se
tion is modi�ed by introdu
ing ele
tron and quark form fa
tors [6℄d�dQ2 = d�SMdQ2 f2e (Q2)f2q (Q2); f(Q2) = 1� hr2i6 Q2:Two types of models are often 
onsidered: point-like ele
trons (fe � 1) or
ommon form fa
tors of quarks and ele
trons fe � fq. Results are expressedin terms of a parti
le size R = phr2i. Figure 3 shows the ZEUS datanormalised to the Standard model predi
tion and the 
urve expe
ted for amodel with Rq = 0:73� 10�3 fm. The limits obtained by the H1 and ZEUS
ollaborations are summarised in Table II.
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Fig. 3. ZEUS data and ex
luded 
urves for quarks with �nite size.
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tions at HERA 3927TABLE IILimits on the fermion radius R.ZEUS prel. (fe � 1) H1 prel. (fe � 1) H1 prel. (fe � fq)Rq < 0:73� 10�3 fm Rq < 0:82� 10�3 fm Re;q < 0:57� 10�3 fm3. Large extra dimensionsIn 4 + n dimensional string theories the gravitational s
ale MS 
an beof order TeV. MS is related to the size R of the 
ompa
ti�ed extra di-mensions and the Plan
k s
ale MP, M2P = RnM2+nS . For some modelsthe spin 2 graviton 
an propagate into the extra dimensions, visible in the4-dimensional world as a tower of massive Kaluza�Klein states with level-spa
ing �m = 1=R. These 
an 
ause sizeable 
onta
t-type intera
tions witha 
oupling �G = �=M4S [7℄, where � is a 
onstant of order unity. For theZEUS and H1 analyses the two 
ases � = �1 are investigated. The 95%
on�den
e limits on MS set by H1 and ZEUS are shown in Table III.TABLE IIILimits on the gravitational s
ale MS.ZEUS prel. H1 prel.� = +1 MS > 0:81TeV MS > 0:83TeV� = �1 MS > 0:82TeV MS > 0:79TeV4. Summary and 
on
lusionsThe HERA data 
olle
ted from 1994 to 2000 has been sear
hed for ev-iden
e of 
onta
t intera
tions, showing up in the single-di�erential 
ross-se
tion d�dQ2 . No sign of new physi
s has been found and limits are derivedon the 
ompositeness s
ale � (up to 7TeV) and on leptoquark masses (for
oupling � = 1 up to 1:4TeV). For squarks in some R-parity violatingSUSY models with 
oupling �0 = 1 masses up to 0:75TeV are ex
luded.The quark radius is probed down to distan
es of 0:7 � 10�3 fm and largeextra dimensions are ex
luded up to gravitational s
ales MS < 0:8TeV.



3928 S. S
hmittREFERENCES[1℄ C. Adlo� et. al. [H1 Collaboration℄, Phys. Lett. B479, 358 (2000).[2℄ J. Breitweg et al. [ZEUS Collaboration℄, Eur. Phys. J. C14, 239 (2000).[3℄ P. Haberl, F. S
hrempp, H.-U. Martyn, Pro
. Workshop `Physi
s at HERA',vol. 2, eds. W. Bu
hmüller, G. Ingelman, DESY Hamburg 1991, p. 1133.[4℄ W. Bu
hmüller, R. Rü
kl, D. Wyler, Phys. Lett. B191, 422 (1987); Erratum,Phys. Lett. B448, 320 (1999).[5℄ K. Kalinowski et. al., Z. Phys. C74, 595 (1997).[6℄ G. Köpp el. al., Z. Phys. C65, 545 (1995).[7℄ G.F. Giudi
e, R. Rattazzi, J.D. Wells, Nul
. Phys. B544, 3 (1999), 
orre
tionsin hep-ph/9811291 v2.


