
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
PHYSICS AT LARGE p2T AND Q2: SUMMARY�Gudrid Moortgat-PikyII Institute for Theoretial Physis, University of Hamburg22761 Hamburg, GermanyandDESY, 22607 Hamburg, GermanySimona RolliTUFTS University, Department of Physis & AstronomyMedford, MA 02155, USAand Aleksander Filip �arnekizInst. of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warszawa, Poland(Reeived August 5, 2002)We summarize the results presented in the �Physis at large p2T and Q2 �working group at the DIS'2002 Workshop. Higgs searhes, preision mea-surements as well as searhes for physis beyond the Standard Model aturrent and future experiments are reviewed.PACS numbers: 11.10.Kk, 11.30.Pb, 12.20.Fv, 13.85.Rm1. IntrodutionOver the past three deades the Standard Model (SM) of partile physishas been surprisingly suessful. Although the preision of the experimentaltests improved by orders of magnitude no signi�ant deviation from the SMpreditions has been observed besides the ompelling evidene for non-zeroneutrino masses. Still, there are many questions whih the Standard Modeldoes not answer and problems it an not solve. Among the most important� Plenary presentation at the X International Workshop on Deep Inelasti Sattering(DIS2002) Craow, Poland, 30 April�4 May, 2002.y Partially supported by the Graduiertenkolleg Zukünftige Entwiklungen in derTeilhenphysik of the University of Hamburg, Projet No. GRK 602/1.z Partially supported by the Polish State Committee for Sienti� Researh (KBN)grant No. 2 P03B 070 22. (3955)



3956 G. Moortgat-Pik, S. Rolli, A.F. �arnekiones are the origin of the eletro-weak symmetry breaking, hierarhy ofsales, uni�ation of fundamental fores and the nature of gravity. Preisemeasurements of physis at highest p2T andQ2 values should �nally help us tosolve the puzzles of the Standard Model. The disovery of the Higgs partileand the measurement of its properties is the most important hallenge offuture experiments. However, the signs of �new physis� an be also lookedfor in many other hannels.In this paper we will report on the status of the experimental StandardModel tests, inluding searhes for top physis and searhes for the SM Higgsboson. Searhes for supersymmetry, low-sale gravity, leptoquarks and othernew phenomena beyond the Standard Model, are reviewed. Finally, theprospets for disovering �new physis� at existing and future olliders aredisussed. 2. Preision tests of the Standard ModelOver the last deade the eletro-weak physis has entered the era ofpreision measurements, resulting in experimental auraies better thanthe per mille level [1℄: examples are the W -boson mass, measured at LEPand the TeVatron, and the e�etive weak mixing angle at the Z resonane,measured by SLD and at LEP.The omparison of eletro-weak preision measurements with auratetheory preditions allows to test the eletro-weak theory at the quantumlevel, where all parameters of the model enter. In this way it has beenpossible to obtain indiret onstraints on the top-quark mass prior to thetop-quark disovery, whih turned out to be in remarkable agreement withthe diret observation arried out at the TeVatron. With the knowledgeof the top-quark mass and further improved experimental and theoretialpreisions, it is now possible to obtain onstraints on the Higgs boson masswithin the Standard Model, whih enters the preision observables in leadingorder only logarithmially in ontrast to the quadrati dependene on thetop quark mass.As an example for the omparison between theory and experiment, Fig. 1shows the urrently most aurate predition for the W -boson mass withinthe Standard Model [2℄, derived from the predition for muon deay, in om-parison with the urrent experimental value for MW and the experimentalexlusion limit on the Higgs boson mass, MH > 114:4GeV at 95% C.L.The theory unertainty is dominated by the experimental error of the top-quark mass, whih enters the theory predition as input parameter, whilethe present unertainty from unknown higher-order orretions is smallerby about a fator 5 [2℄. The �gure learly shows the preferene for a lightHiggs boson within the Standard Model; at the 1� level there is no overlapbetween the allowed regions of experimental result and theory predition forMH > 114:4GeV.
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Fig. 1. Comparison of the theory predition forMW as funtion of the Higgs bosonmass with the urrent experimental value. The experimental exlusion limit on theHiggs boson mass is also indiated (from Ref. [2℄).Fig. 2 displays the experimental values from LEP and the TeVatron andthe world average obtained from ombining these two measurements, as wellas indiret preditions from a Standard Model �t to the LEP1+SLD dataand the LEP1+SLD data supplemented by the mt measurement. Further-more, shown is the predition within the Standard Model orresponding tothe measurement from the NuTeV ollaboration, whih has reently pub-lished its �nal result on the ratio of neutral urrent to harged urrent rea-tions in neutrino�nuleon sattering. This measurement, when interpretedas a measurement of the mass of the W boson, shows an interesting devia-tion, at the level of three standard deviations, from the diret measurement.The NuTeV experiment has extrated the eletro-weak parameter, sin2 �W ,from the high preision measurement of the ratio of neutral-urrent toharged-urrent ross setions in deep-inelasti neutrino and anti-neutrinosattering o� a steel target. Their measurement, sin2 �on�shellW = 0:2277 �00013(stat) � 0:0009(syst), is 3� above the Standard Model predition.
W-Boson Mass  [GeV]

mW  [GeV]
80 80.2 80.4 80.6

χ2/DoF: 0.0 / 1

pp
−
-colliders 80.454 ± 0.060

LEP2 80.450 ± 0.039

Average 80.451 ± 0.033

NuTeV 80.136 ± 0.084

LEP1/SLD 80.372 ± 0.033

LEP1/SLD/mt 80.379 ± 0.023Fig. 2. The world average of the diret mW measurements from p�p olliders andLEP2. Also shown are indiret mW determinations within the Standard Model byNuTeV, LEP1+SLD and LEP1+SLD with mt measurement.



3958 G. Moortgat-Pik, S. Rolli, A.F. �arnekiThe plausibility of the hypothesis that this disrepany is due to unaountedQCD e�ets, espeially a strange and anti-strange sea asymmetry has beenevaluated by taking into aount results from NuTeV, CCFR, and harged-lepton deep-inelasti ross setion measurements. The NuTeV ollaborationdoes not �nd support for this hypothesis [3℄.The urrent result of the global �t to all data in the Standard Model isshown in Fig. 3, where the ��2 urve is given as a funtion of the Higgsboson mass. The blue band indiates the theory unertainty from unknownhigher-order orretions. The preferred value for the Higgs boson masswithin the Standard Model, orresponding to the minimum of the urve, isaround 81GeV, while the 95% C.L. upper limit (one-sided, orresponding to��2 = 2:7) obtained from the �t is about 193GeV. It should be noted thatthe result for the Higgs boson mass from the �t is strongly orrelated to thevalue of mt. Changing mt by 5GeV, orresponding to the present 1� error,gives rise to a shift in the upper bound for MH of about 35%.
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Fig. 3. Indiret Higgs mass onstraints from a global �t to all data in the SM.In the above �t results it has been assumed that the Standard Modelprovides the orret desription of the data. A measure of how well theStandard Model desribes the data is given by the �t probability. Thisprobability is presently only 1.3%. It should be noted that the preferenefor a light Higgs boson within the Standard Model is not indued by thoseobservables whih signi�antly deviate from the Standard Model predition.Omitting the NuTeV measurement from the �t leads to almost unhangedresults for the �tted parameters, while the �t probability is improved to11.4%. Enlarging the errors of di�erent measurements entering the e�etiveweak mixing angle at the Z resonane in order to take into aount theirspread by almost 3� leads to a further signi�antly improved �t probabilityand a more pronouned tendeny towards a light Higgs boson.



Physis at Large p2T and Q2: Summary 3959QCD is in a very good shape within the framework of the SM. Jetprodution has been measured at HERA for 0 < Q2 < 104GeV2 and4 < ET < 100GeV [4℄ The jet data have then been used at HERA-I totest QCD and make preise measurements of the gluons and �s. The dete-tor and theory systemati errors have been well understood showing that jetmeasurements an be made to better than 10% level if the ET is high enough(high Q2 is needed also). Low Q2 regime is rih but require more preisetheoretial alulations. HERA II will start soon, and one an expet a largeinrease of the high ET high Q2 samples whih will enable to measure theproton PDFs at higher x, measure �s with better preision, BFKL and ofourse searh for new physis.The TeVatron hadron ollider provides as well a unique opportunity tostudy QCD at the highest energies [5℄. The results on jet prodution are usedextensively to derive new parton distribution funtions and photon data areused to disriminate between di�erent approahes for understanding theirdisagreement of the theory with data relative to photon prodution at smalltransverse momentum, Fig. 4.
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Fig. 4. Left: CDF inlusive jet ross setion from Run1B data (1994�1995) om-pared to QCD predition and to the published Run1A results. Right: Comparisonof CDF and D0 data to D0 smooth urve.3. Top physisThe top quark was predited in the Standard Model of eletro-weak in-terations as a partner of the b-quark in a SU(2) doublet of the weak isospin,in the third family of quarks [6℄. The top quark was observed at the TeVatronby the CDF and D0 ollaboration during the Run I data taking (1992�1996).The CDF and D0 top mass averages, obtained from measurements in severalhannels and based upon 100 pb�1 of data from p�p ollisions at ps = 1.8TeV



3960 G. Moortgat-Pik, S. Rolli, A.F. �arnekiolleted by eah experiment in Run I. The ombined TeVatron measure-ment of the top quark mass is Mtop = 174.3 �3:2 (stat)�4:0 (sys)GeV/2.The CDF measurement of the t�t ross setion (assumingMtop = 175GeV/2)is �t�t = 6.5�1:61:4 pb and the D0 value (assuming Mtop = 172.1GeV/2) is�t�t = 5.9�1:7pb.All mass measurement tehniques assume that eah seleted event on-tains a pair of massive objets of the same mass (top and anti-top quarks)whih subsequently deay as predited in the SM. A variety of �tting teh-niques use information about the event kinematis. A one-to-one mappingbetween the observed leptons and jets and the �tted partons is assumed [6℄.Of ourse, it is assumed that the seleted sample of events ontains just thet�t events and the SM bakground. This is the simplest and the most naturalhypothesis sine top quark is expeted in the SM. On the other hand, thesamples of t�t and single top andidates are among the best plaes to lookfor new physis. Beause of the top quark mass being large, event sele-tion uts in top analyses are pratially idential to those applied in manyanalyses looking for physis beyond the SM (Supersymmetry, Tehniolor,Leptoquarks, et). Both CDF and D0 made numerous omparisons betweenvarious distributions of the reonstruted top quarks, and espeially those ofthe t�t-system, with the SM preditions. No signi�ant disagreements werefound.The inreased integrated luminosity expeted at the TeVatron Run II(about a fator of 20 in respet to Run I), ombined with improvementsto CDF and D0 detetors and larger t�t ross setion, will allow the exper-iments to ollet a number of reonstruted top events 20�70 times largerthan in Run I, depending on the �nal state and tagging requirements. Thesystemati e�ets will dominate unertainties in the measurements of �ttand mt. Both experiments estimate that the error on mt will reah �Mtop=2�3GeV/2 (ompared with 7GeV/2 in Run I). The t�t ross setion shouldbe measured with an error of about 8% (about 30% in Run I). Analysisof single top prodution o�ers a diret aess to the Wtb vertex and shouldallow the measurement of the jVtbj element of Cabibbo�Kobayashi�Maskawamatrix. Anomalous ouplings would lead to anomalous angular distributionsand larger prodution rates. The expeted SM ross setions are of the orderof 1�2 pb. Of ourse the inreased statistis will allow the TeVatron experi-ments to �nally test the underlying hypothesis that the top andidate eventsare just the t�t events and not events from new physis [7℄.4. The quest for the Higgs bosonThe Higgs mehanism is one of the basi ingredients of the SM theoryof fundamental interations, allowing the introdution of masses for the ob-served partiles, without violating the loal gauge invariane. Still the Higgs



Physis at Large p2T and Q2: Summary 3961boson is probably the most elusive partile to be found. Within the SMa single neutral salar is predited, whose mass is an arbitrary parameter,although unitarity of the model imposes an upper limit of about 1TeV.Preision eletro-weak measurement indiate that the mass of the StandardModel Higgs boson should be around 81GeV/2 and the 95%CL upper limitis set at 193GeV/2. The Higgs boson has still to be found. It has beensearhed for extensively at LEP. In partiular, in the years 1998�2000 thefour LEP ollaborations have olleted 2465 pb of data from e+e� olli-sions at ps between 189 and 209GeV. The SM Higgs boson is produedvia Higgs-strahlung or vetor boson fusion and deays mainly into b�b. Thesearhes at LEP are based on the following topologies: fully hadroni deay( H ! b�bZ ! q�q), deay of the Z into ��� and deays of the Z into l�l or � �� .The fully hadroni hannel has the largest ross setion and the possibilityof detetion is dominated by the b-tagging apabilities of the detetors.The Higgs searh at the highest .m. energies at LEP resulted in an ex-ess of signal-like events above the bakground expetations with a statisti-al signi�ane of about 1:7�, ompatible with the prodution of a StandardModel Higgs of about MH = 116GeV. The exlusion bound on the Stan-dard Model Higgs obtained by ombining all LEP data is MH > 114:4GeVat 95% C.L. [8℄.The quest for Higgs will now move to the TeVatron, where a new datataking phase started in Marh 2001 (Run II) [9℄ At the TeVatron Run IIthe gg ! H prodution mode dominates over all mass ranges, but the hugeirreduible QCD bakground makes it impossible to use this produtionhannel for a measurement. So, for low Higgs mass (MH < 130GeV/2) theassoiated prodution with a vetor boson (W or Z) and the subsequentdeay into b�b is the most promising hannel, with an estimated ross se-tion prodution of order 0.1 pb. The double b-tagging of the 2 jets omingfrom the Higgs deay, together with the signature of the additional bosonhelps to disriminate from the bakground. From the trigger point of view,hannels with one high pT lepton oming from the vetor boson deay arenot a onern, sine the rate an be easily ontrolled. On the other handhannel where the vetor boson deays into quarks (W=Z) or neutrinos (Z)have an higher branhing ratios and trigger strategies need to be devisedto ontrol data taking rates. It has been shown in preliminary studies [10℄that a trigger strategy based on the use of SVT traks is ruial in seletinga sample enrihed in heavy �avors, keeping the rate at a reasonable level.Improved o�ine b-tagging e�ieny (a fator 1.3 is already ahieved onlydue to the inreased geometrial overage of the silion detetor) will thenhelp in disriminating signal from bakground.



3962 G. Moortgat-Pik, S. Rolli, A.F. �arnekiIn Fig. 5 the expeted disovery reah in Run II for the Standard ModelHiggs boson from the study arried out during the Run II workshop atFermilab [11℄. Based on a simple detetor simulation, the integrated lumi-nosity neessary to disover the SM Higgs in the mass range 100�190GeVwas estimated. The �rst phase of the Run II Higgs searh, with a totalintegrated luminosity of 2 fb�1 per detetor, will provide a 95% C.L. exlu-sion sensitivity omparable to the one obtained at LEP. With 10 fb�1 perdetetor, this exlusion will extend up to Higgs masses of 180GeV, and a tan-talizing 3 sigma e�et will be visible if the Higgs mass lies below 125GeV.With 25 fb�1 of integrated luminosity per detetor, evidene for SM Higgsprodution at the 3 sigma level is possible for Higgs masses up to 180GeV.However, the disovery reah is muh less impressive for ahieving a 5 sigmaHiggs boson signal. Even with 30 fb�1 per detetor, only Higgs bosons withmasses up to about 130GeV an be deteted with 5 sigma signi�ane.

Fig. 5. Projeted disovery/exlusion regions for SM Higgs as funtion of luminosityat Run II. 5. Beyond the Standard ModelAlthough the Standard Model is remarkably suessful in desribing allexperimental results, there are theoretial arguments to believe that it isonly a low-energy e�etive theory. Searhes for �new physis�, whih ouldreveal the true fundamental theory of partiles and interations are amongmost interesting subjets in present and future olliders. Large variety ofresults was presented at this onferene.5.1. SUSYSupersymmetry (SUSY) is believed to be the best motivated andidatefor a theory beyond the Standard Model. It solves the hierarhy problem andprovides a framework for onsistent gauge uni�ation [12℄. Supersymmetry



Physis at Large p2T and Q2: Summary 3963predits that for eah fermion and gauge boson of the SM a supersymmetripartner with spin di�erent by 1/2 unit exists. This opens a wide �eld fordisoveries at present and future olliders.The Minimal Supersymmetri extension of the Standard Model (MSSM)requires two Higgs doublets, giving rise to �ve physial Higgs bosons, h,H, A, H�. In ontrast to the Standard Model, the mass of the lightestCP-even Higgs boson in the MSSM is not a free parameter, but an bepredited within the model. This leads to the tree-level upper bound ofmh < mZ , whih however is a�eted by large radiative orretions. Takinginto aount orretions up to the two-loop level, an upper bound of aboutmh < 135GeV an be established [2℄. This bound is valid for mt = 175GeVand is shifted upwards by about 5GeV if mt is shifted by +5GeV. Theexlusion limits obtained from the Higgs searh at LEP are shown in theplane of mh and tan �, the ratio of the vauum expetation values of thetwo Higgs doublets, for two MSSM benhmark senarios [2℄ in Fig. 6 [13℄.Note that in these benhmark senarios mt = 174:3GeV is used. A shift inmt would signi�antly a�et the upper bound on mh as funtion of tan�(the �theoretially inaessible� region for high mh values in the plots). TheHiggs searhes at the TeVatron an probe a signi�ant part of the MSSM pa-rameter spae. In fat, the disovery of a Higgs boson with non-SM ouplingsould be a �rst sign of supersymmetry. While the upper bound on mh anbe somewhat relaxed in non-minimal SUSY models (up to about 200GeV),the predition of a light Higgs boson is generi to all SUSY models whihstay in the perturbative regime up to the GUT sale.
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3964 G. Moortgat-Pik, S. Rolli, A.F. �arnekiLEP overed most of the MSSM parameter spae, but the Higgs bosonwas not found.LEP searhes for other supersymmetri partiles have shown no evidenefor a signal. Therefore exlusion bounds under ertain model assumptionsan be derived and e.g. stop, seletron and hargino masses are exluded upto 96, 99.4 and 103.5GeV, respetively [15℄. The lower 95% C.L. limit onthe neutralino LSP mass is about 45GeV. The LEP squark mass limits areompared with new CDF squark and gluino searh results in Fig. 7 (left).New analysis of CDF data exlude gluino masses below about 180GeV [16℄.Complementary results are obtained by LEP and TeVatron as for the searhfor stop deaying to sneutrino (~t ! bl~�), as shown in Fig. 7 (right). Stopmasses up to about 140GeV are exluded by CDF under this assumption,whereas LEP experiments give limits for models with low stop-sneutrinomass di�erene.

40

50

60

70

80

90

100

110

60 80 100 120 140
Mstop (GeV/c2)

M
ν 

(G
eV

/c
2 )

∼

ALO Preliminary

D0

θ=0o

θ=56o

M
st

op
 <

 M
ν
 +

 m
b

∼

Fig. 7. Comparison of gluino and squark mass limits (left) and stop and sneutrinomass limits (right) from TeVatron and LEP.In the SUSY models with RP -violation resonant squark prodution ispossible at HERA. Both HERA ollaborations searhed for squark produ-tion and investigated di�erent possible deay hannels [17℄. Resulting limitson the RP -violating oupling �01j1 as a funtion of the squark mass are shownin Fig. 8. For oupling of eletro-magneti strength (�01j1=0.3) squark massesup to 260GeV are ruled out.
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Fig. 8. ZEUS and H1 limits on the oupling �01j1 as a funtion of the squark massin the RP -violating SUSY. Coupling values above the upper urve are exluded on95% CL for all values of � and M2, whereas those above lower line are exludedonly in the part of parameter spae.5.2. Large extra dimensionsAnother possibility of solving the hierarhy problem of the StandardModel has been proposed reently. The problem is avoided if additionalompati�ed spaial dimensions are introdued. If the extra dimensions arelarge the e�etive Plank sale MS an be in the TeV range [18℄.The propagation of graviton in extra dimensions n an lead to e�ets ob-servable at high energy olliders. The signature for real graviton produtionis single vetor boson or monojet with large transverse momentum and largemissing transverse momentum due to esaping graviton. For n = 2 limitson MS between 1 and 1.4 TeV are set by LEP experiments from searh fore+e� ! G events [19℄. For n � 5 best limits on MS of the order of 600�650GeV (slowly dereasing with n) are obtained from monojet events at theTeVatron [20℄.Virtual graviton exhange ould also ontribute to fermion-pair andboson-pair prodution at LEP and TeVatron, as well as to NC DIS at HERA.Fig. 9 (left) shows the ross setion for Bhabha sattering e+e� ! e+e�measured by L3, ompared with the SM preditions and preditions of theADD (Arkani�Hamed, Dimopoulos, Dvali) model [21℄. From analysis ofe+e� and  events ombined LEP limit on MS is 1.13 (1.39) TeV, for pos-itive (negative) oupling [19℄. Similar analysis of e+e� and  events atthe TeVatron resulted in the 95% CL limit on MS of 1.1 (1.0) TeV [20℄.A ombined analysis of the e+p and e�p data at HERA resulted in MS lim-its of about 0.8 TeV from H1 and ZEUS. H1 e�p data ompared with 95%exlusion limits for MS is shown in Fig. 9 (right).
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3968 G. Moortgat-Pik, S. Rolli, A.F. �arnekiThe observation of heavy exited fermions would be a lear evidenefor fermion substruture. H1 and ZEUS experiments reported results fromexited eletron and exited neutrino searhes at HERA [29℄. Deay hannelsinvolving , Z and W boson emission were onsidered. No exess of dataevents over the expeted bakground has been observed. Limits on theexited eletron oupling over the ompositeness sale ratio, f=� are shownin Fig. 11 (right). Combined LEP limits from diret prodution e+e� ! e?eand from indiret searhes in e+e� !  (virtual e? exhange) are inludedfor omparison.
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Fig. 11. Left: ZEUS 95% CL upper limit on the LFV leptoquark Yukawa oupling,for SL1=2 leptoquark deaying into �q. Right: H1, ZEUS and LEP ombined upperlimits on f=� for e?.First measurement of the high-pT multi-eletron prodution at HERAwas reported by the H1 Collaboration [30℄. The dominant Standard Modelontribution is the interation of two photons radiated from the inidenteletron and proton. The observed events are in general agreement withMonte Carlo preditions. However, for highest pT and eletron pair invariantmasses above 100GeV three events lassi�ed as di-eletrons, and three tri-eletrons are observed, where from the SM only 0.25�0.05 and 0.23�0.04 areexpeted, respetively. The distributions of the massM12 of the two highestpT eletrons for di-eletron and tri-eletron events are shown in Fig. 12.This observation, whih ould be the hint of �new physis� beyond SM,needs on�rmation with independent data samples1.1 ZEUS Collaboration presented results on multi-eletron prodution at HERA in July2002 [31℄. In the ombined 1994�2000 data sample two di-eletron and no tri-eletronevents are observed, ompared to SM expetations of 0:77 � 0:08 and 0:37 � 0:04,respetively.
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Fig. 12. Distribution of the invariant mass M12 of the two highest pT eletrons, forH1 events lassi�ed as di-eletrons (left) and tri-eletrons (right).6. Future prospetsBoth the TeVatron and HERA underwent major upgrades of the ma-hines in the last several years, and are urrently oming online with a newphase of data taking. At HERA it is now also possible to arry on exper-iments with polarized lepton beams. In Setions 6.1 and 6.2 the physispotential of these two upgrades is disussed.In addition we have an outlook on future mahines, the LHC and a futureLC. LHC is sheduled to have its �rst run in 2007, and physis resultswill follow within a year or two as the energy frontier will be extendedin the following years. In partiular for searhes for physis beyond theStandard Model the LHC will have great impat mainly in searhes forsalar quarks and gluinos in SUSY. As for salar leptons as well as thegaugino/higgsino setor additional help ould be provided by a future LinearCollider (LC) with its �rst phase in the energy range of ps = 500GeVand upgrade possibilities to about 1 TeV. Due to the lean environment,the LC will provide measurements with unpreedented preision so thatthe underlying struture of the physis an be unambigously revealed. Wesummerize in Setions 6.3 and 6.4 some highlights about the expeted physispotential of these future mahines.6.1. HERA upgradeThe luminosity system of H1 and ZEUS as well as the detetors itselfhave been deisively improved [32℄. The expeted integrated luminosity ofHERA II will be 1000 pb�1. Moreover, new spin rotators and polarime-ters have been installed at Zeus and H1 so that also olliding experiments



3970 G. Moortgat-Pik, S. Rolli, A.F. �arnekiwith longitudinally polarized e� beams will be done. The luminosity willbe equally shared between e+p and e�p and L and R polarizations. Thedetetors have both been improved, e.g. by introduing new or upgradedmiro-vertex detetor and improved triggering. In addition for both experi-ments the traking in forward diretion has been upgraded.Within the SM the NC and CC ross setions are a�eted by the hargeand by the longitudinal polarization of the inoming lepton. Therefore theuse of polarized leptons is very promising. With di�erent hoies of thelepton harge as well as the polarization one an get omplementary infor-mation about PDFs as well as the eletro-weak ouplings in NC in partiularat high Q2GeV2, see also Fig. 13.
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Fig. 13. Left: Sensitivity at high Q2 on eletro-weak e�ets due to di�erene ofross setion for di�erent lepton harges and di�erent polarizations. Right: CCross setion for e�p sattering as a funtion of polarization; P = 0: measuredpoint (inl. 4.2 systematis). Errors due to polarization given by solid (dashed)line orresponding due to 0.2 % (2 %) polarization unertainty.For the measurements of the Z0 boson ouplings to light quarks u; d thebeam polarization improves signi�antly the auray. A run with 250 pb�1will lead to Æ(au) = 0:04; Æ(ad) = 0:10 and with an e� polarization of � 50%a preise extration of the vetor ouplings with Æ(vu) = 0:015 and Æ(vd) =0:04 will be reahable. The measurements of HERA are omplementary tothose of LEP where -quark ouplings were probed.Furthermore, also for the analysis of the left-handed harged urrentsthe use of polarized beams will be deisive. Cross setions of harged ur-rents depend linearly on the beam polarization and any deviation from thisbehavior would be a sign for physis beyond the SM, Fig. 13 (right).



Physis at Large p2T and Q2: Summary 39716.1.1. Polarization at HERAThe HERMES �xed gas target experiment used suessfully polarizedbeams sine 1994. In a storage ring the e� beams beome �naturally� po-larized via the Sokolov�Ternov e�et. In an exatly planar ring, e.g., the(time-dependent) polarization is vertial orientated. Spin rotators beforeand after the intersetion region turn the polarization in the longitudinaldiretion. Sine the storage ring is not only planar at high energies depo-larization e�ets our and turn the natural polarization of about 90% into50�70% degree whih is expeted to be reahed at HERA. For the HERAupgrade there are two more regions with spin rotators at H1 and ZEUS areforeseen where a stable running of the ring and the luminosity has to be pro-vided and the mahine ommissioning is still very hallenging. For furtherdetails see [33℄.As mentioned before not only the degree of polarization is deisive butalso the auray with whih this polarization an be measured at the exper-iments. For this purpose signi�ant improvements of the Longitudinal Po-larimeter (LPOL) as well as the Transversal Compton Polarimeter (TPOL)have been made. The LPOL needs only an energy measurement of theCompton sattered photon, whereas the TPOL measures the up-down asym-metry.At the HERA II upgrade the LPOL is improved by a very e�ient Fabry�Perot avity in order to run in a few photon mode whih leads to a highstatistis. The TPOL on the other hand is upgraded in a two-fold way. Inorder to improve the angular resolution a silion strip detetor has been in-stalled in front of the alorimeter whih allows a ontinuous position alibra-tion during the measurement. Furthermore, due to a new data aquisition abunh to bunh measurement will be possible so that altogether an aurayof ÆP=P � 1% an be reahed. Further details an be found in [34℄.6.1.2. Searhes at HERA IIFor an integrated luminosity of more than 500 pb�1 the upgraded HERAII experiment ould make a disovery if the H1 e�ets for the isolated leptonswith pmissT persists in W prodution.Also other regions of physis beyond the Standard Model, omparableto the reahable regions at TeVatron II, are open at the run HERA II. Inpartiular for the searh for salar leptoquarks the searh an be inreased upto a mass sale of aboutMLQ � 300 GeV. But also in the searh for R-parityviolating mSUGRA the limits for large tan � parameters are ompetitive tothe other experiments.



3972 G. Moortgat-Pik, S. Rolli, A.F. �arnekiVery interesting hannels are those of exited leptons, in partiular neu-trinos. For low masses M�� � 200GeV HERA II will be unique to disoverthis physis beyond the Standard Model. For higher masses the DELPHIresults will overtake.Conluding, one an state that after the detetor ommissioning theHERA II upgrade is omplete and has real hane of disovering new physisbeyond the Standard Model. The use of polarized beams will provide animportant tool. 6.2. TeVatron upgradesThe Run I data taking period at the TeVatron ended in February 1996.Sine then the ollider and both the detetors (CDF and D0) underwentsubstantial upgrades.The energy of the beams has been inreased from 900 to 980GeV. A newsynhrotron (�main injetor�) has been built in a new tunnel. The main inje-tor together with a debunher-aumulator-reyler omplex allows for fasterprodution of antiprotons and the possibility of reusing them after they areresued in the reyler. In Run I the luminosity reahed 1.5�1031m�2se�1and was obtained with a 6 on 6 proton�antiproton bunhes in the olliderwith an interbunh time of 3.5� se. The luminosity ultimately planned forRun II is 2.0�1032m�2se�1 and it will be obtained with 36 on 36 proton�antiproton bunhes with interbunh time of 396 ns. Eventually, in order toderease the number of average interations per bunh rossing below 2, thenumber of bunhes in the antiproton beam will be inreased to 108 with 140bunhes in the proton beam and a redued interbunh time of 132 ns.We have already mention that the quest for Higgs will be the main topiof researh at the TeVatron in the next several years.For top physis an extra 30�35% in the ross setion is gained (1.8 to2 TeV). There will also be a gain from aeptane and e�ieny: 100 pb�1in Run II is equivalent to 150�300 pb�1 in Run I). At this time work is stillongoing to �nalize b-tagging software algorithms and the omplete under-standing of assoiated bakground. Top mass and W mass measurementswill be updated from Run I results in winter 2003. The preision expetedon the W mass is of order 20�30 GeV/2. The top mass measurement willbe improved to a level of 2�3GeV/2. Indiret onstraints on the Higgs masswill be of ourse derived. In addition one of the goals of Run II is to searhfor t�t resonanes, rare deays and deviations from the expeted patterns oftop deays. The deay mode where both the W 's from top deay leptoni-ally will be the �rst to be looked at: in fat a moderate exess of eventsin Run I, espeially at large missing energy is driving the investigation withan eye to signal for new physis [35℄.



Physis at Large p2T and Q2: Summary 3973Beauty and harm physis will also reeive speial attention at the TeVa-tron, sine the new apabilities of the detetors (possibility of triggering ondisplaed vertex traks) are making the TeVatron omparable to a dediatedb= fatory. CP violation in the b setor is of partiular interest as evideneof physis beyond the SM. In the framework of the Standard Model, thesoure of CP violation and B mixing are the transitions between quarksdesribed by the Cabibbo�Kobayashi�Maskawa matrix. In this model CPviolation arises due to the irreduible phases in the CKM matrix. A prei-sion measurement of the B0s �avor osillations is very important for testingthe unitarity of the CKM matrix [36℄.The measurement of sin 2�, one ofthe angles of the unitarity triangle, is obtained by extrating the amplitudeof the CP asymmetry in the deay B0= �B0 ! J= K0s . CDF has measuredsin 2� with a preision omparable to that of dediated B-fatories and theTeVatron Run II will provide the onditions to perform this measurementwith better preision [37℄. The Standard Model favors a value of the pa-rameter xs between 22.55 and 34.11 at 95% C.L. CDF plans to use thefully reonstruted hadroni B0s deays ( B0s ! D�s �+���+ with D�s re-onstruted as ���, K0�;K� and K�s ;K�). These signals will ome fromdata taken with the triggers based on displaed-vertex traks. CDF expets75000 reonstruted B0s deays in 2 fb�1 using the above deay modes for anestimated signal-to-bakground ratio in the range 1:2 to 2:1. In Fig. 14 theexpetations for an integrated luminosity of order 50pb�1 are shown. Theproper time resolution is expeted to be in the range 45�60 fs and the �avortag e�etiveness ("D2) around 11%. This value inludes same-side tagging,soft lepton tagging and opposite-side jet tagging, as well as kaon taggingnow made possible by the use of the TOF detetor.The expeted total integrated luminosity for Run II will allow to searhmore e�iently for physis beyond the Standard Model. CDF will searh forSUSY partiles in �rst plae. Assuming that SUSY breaking results in uni-
s mixing parameter, xsB
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Fig. 14. Left: xs reahes as funtion of number of events expeted in Run IIa andwith 50 pb�1. Right: xs reahes as funtion of time resolution.



3974 G. Moortgat-Pik, S. Rolli, A.F. �arnekiversal soft breaking parameters at the grand uni�ation sale, and that thelightest supersymmetri partile is stable and neutral, with 30 fb�1 luminos-ity and one detetor, harginos and neutralinos, as well as third generationsquarks, an be seen if their masses are not larger than 200�250GeV, while�rst and seond generation squarks and gluinos an be disovered if theirmasses do not signi�antly exeed 400GeV [38℄.Models where SUSY is broken at low sale inluding gauge-mediatedsupersymmetry breaking are generally distinguished by the presene of a nea-rly massless Goldstino as the lightest supersymmetri partile. The next-lightest supersymmetri partile(s) (NLSP) deays to its partner and theGoldstino. Depending on the supersymmetry breaking sale, these deaysan our promptly or on a sale omparable to or larger than the size ofa detetor. A systemati analysis based on a lassi�ation in terms of theidentity of the NLSP and its deay length has been presented for examplein [39℄. The various senarios have been disussed in terms of signatures andpossible event seletion riteria. Analysis are starting in CDF with the aim ofunderstanding the datasets in terms of bakground ontribution and possibledeviation from it as a sign of new physis. Signatures involving photonsare of partiular interest to look for deviations from the SM preditionsin the ontext of GMSB models. CDF is also using photon signatures asa �rst follow-up and hek of strange events seen in Run I: in Fig. 15 thespetra of single photons andidate is reported using approximately 8 pb�1 ofRun II data.
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Physis at Large p2T and Q2: Summary 39756.3. LHCThe LHC will o�er a large range of physis opportunities due to the highenergy, ps = 14TeV, and a high luminosity, up to L = 1034 m2s�1. The�rst physis run is foreseen to start in 2007. The ross setions and expetedprodution rates of many relevant physis proesses are large, as an be seenin Fig. 16. Event samples, whih will be olleted at the LHC, will allow toperform many preision measurements of the Standard Model and possiblebeyond-SM senarios [40℄.Large t�t samples will allow to measure the top quark mass up to 1�2GeVand the prodution ross setion of about 5% and also the detailed studyof branhing ratios, ouplings and rare deays suh as the �avor-hangingneutral urrent reations down to branhing ratios of about 10�4. The SMHiggs boson prodution ross setion is larger than 100 fb up to 1TeV, andthe disovery is possible over the full mass range from the LEP2 lower limitup to the TeV range, already with 10 fb�1. After few years of LHC runningwith high luminosity ATLAS+CMS would measure the Higgs boson massand width, as well as prodution rates (with a preision of �10%), andmoderate measurements of some ouplings with ertain model-assumptions(�10�25%).
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3976 G. Moortgat-Pik, S. Rolli, A.F. �arnekiSearhes beyond the Standard Model are among the important goals ofthe ATLAS and CMS experiments. LHC has a large disovery potential forHiggs bosons in the MSSM Higgs setor, two or more Higgs bosons should beobservable over large portions of parameter spae. However, there remainsa region at mA > 200GeV and 4 � tan� � 10 where only the h0 would beseen and it would be indistinguishable from a SM Higgs.Exited quarks and leptons should be observable in di�erent hannels upto masses of about 7TeV. New gauge bosons an be disovered up to massesof 5TeV. The existene of right-handed W or heavy Majorana neutrinos anbe assessed up to a few TeV, and harged heavy leptons an be disoveredup to masses of about 1.1TeV.In theories of large extra dimensions the fundamental Plank sale anbe of the order of TeV. Large e�ets from real graviton prodution or virtualgraviton exhange are expeted at LHC. Jets or photons in onjuntion withmissing transverse energy are onsidered as a signature for graviton emission.A signal will be observable at LHC if the Plank sale in 4+ Æ dimensions isbelow 9TeV, for Æ = 2, or 6TeV if Æ = 4. The deay mode G ! l+l� givesa good signal of narrow graviton resonanes up to 2.1TeV, if the Randall�Sundrum senario is used. The presene of the virtual graviton exhangeontribution to Drell�Yan proesses an lead to a signi�ant exess in theprodution of dilepton and diphoton events, if the fundamental Plank saleis below 8TeV.If the fundamental Plank sale is below few TeV, LHC ould then turninto a blak hole fatory. The non-perturbative proess of blak hole forma-tion and deay by Hawking evaporation gives rise to spetaular events withup to many dozens of relatively hard jets and leptons [18,41℄. For produtionof blak holes more massive than 5TeV at the LHC, with Mp = 1TeV andÆ = 10, the integrated ross setion funtion would be of the order of 105 fb,orresponding to a prodution rate of a few Hz. Even for blak holes moremassive than 10TeV a prodution rate of a few per day might be expeted.With TeV sale gravity, blak hole prodution ould beome the dominantproess at hadron olliders beyond the LHC.6.4. Linear olliderAn e+e� Linear Collider with ps = 500 : : : 1000GeV has been reog-nized to be the next major mahine to be built for high energy physis re-searh. It o�ers the possibility of a very preise analysis of the physis at theTeV sale. In this ontext the reently formed LHC/LC Study Group [42℄,whih works out the optimal path for a hand-in-hand researh of the hadronmahines and the LC, has already revealed a large number of topis whereusing the results of one mahine as input for the analysis at the other ma-hine an be very fruitful.



Physis at Large p2T and Q2: Summary 3977The use of polarized beams [43℄, tunable enter of mass energy as wellas the di�erent options e+e�, e�e�, e�,  [44℄ o�ers a high degree of�exibility.6.4.1. Top physisDue to the high preision reahable at the LC, the mass and ouplings ofthe top quark will be improved by at least one order of magnitude w.r.t. theLHC. At a threshold san with an integrated luminosity of about 100 fb�1and both beams polarized (jPe� j = 80%, jPe+ j = 60%) the mass willbe measured with an auray of about Æ(mt) = 100 MeV, Fig. 17, andÆ(�t)=�t = 0:05. The vetor oupling to a relative preision of 2% (or even0.8% with 300 fb�1) [44℄ will beome sensitive to quantum orretions.
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346 348 350 352 354Fig. 17. Exitation urve of t�t (inluding errors bars for 100 fb�1). The dottedurves indiate shifts of the top mass by �100MeV.6.4.2. Higgs physisThe properties of the Higgs bosons an be determined with high prei-sion and all essential elements of the mehanism of eletro-weak symmetrybreaking an be established. The model independent determination of themass, Fig. 18, and total width and the measurement of all relevant ou-plings to bosons and fermions an be performed at the per ent level. Thequantum numbers (JCP) an be uniquely determined. Even all self-ouplingof the Higgs boson, whih proves the shape of the Higgs potential, an bemeasured.A very interesting option is the use of the e� and the  beams at aLC where in partiular the prodution of the Higgs bosons in the s-hannelis possible, Fig. 20.
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Physis at Large p2T and Q2: Summary 3979Sine SUSY is not an exat symmetry, but has to be broken at low-energy, there are about 105 new SUSY parameters in addition to the free19 SM parameters. Therefore the LC is a unique tool for revealing theunderlying struture of the model and has the hallenging task of the preisedetermination of the parameters. Experimental and theoretial strategieshave been worked out to determine preisely the low-energy eletro weakparameters and after determining these free parameters powerful onsistenytests are possible in order to understand the SUSY breaking sheme.A lot of studies for other kinds of physis beyond the SM as phenomena ofR-parity violating SUSY, large extra dimension, extended gauge boson se-tors have been made and demonstrate the rih physis program of a LC [44℄.
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