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SELECTED TOPICS ON HERA PHYSICS �L. LabargaUniversidad Autónoma de Madrid, Canto Blano, Madrid34, Spain(Reeived April 29, 1999)In this talk I present some of the most relevant results obtained by theHERA experiments up to now.PACS numbers: 12.38.�t, 12.38.Qk, 13.65.+i, 13.85.Hd1. IntrodutionI would like �rst to sketh the outline of the talk following a very basiintrodution to HERA physis.HERA ollides 27 GeV positrons (e+) with protons (p). The e+ is be-lieved to be an elementary partile whereas the p is known not to be elemen-tary and it is believed to be formed by 3 valene u; u; d quarks inside a loudof many interating gluons and sea quarks. Therefore, if we assume that theabove piture is orret, in HERA the e+ is probing the p this allowing us tolearn about the omposition of the latter. This will be the topi of Setion 3where the measurement of the proton struture funtion, F2(x;Q2), will beextensively disussed.For the same reason, HERA also allows us to learn about the fundamen-tal interations, i.e. those between the partiles believed to be elementary.First, we an learn about the interations between the quarks and gluonswithin the proton from a study of the behavior of our measured F2(x;Q2)(Setion 3). Seond, we will ontrast with the data the de�nite preditionsthat the Eletroweak (EW) theory has for the interations between the in-oming lepton and the partons within the proton (Setion 4).QCD predits important orretions to the above proesses. They will beontrasted in several analyses of multijet prodution (Setion 5) and harmprodution (Setion 6).� Presented at the XXVII International Meeting on Fundamental Physis, SierraNevada, Granada, Spain, February 1�5, 1999.(2399)



2400 L. LabargaBut before starting with the physis program I would like to introduebrie�y the kinematis at HERA and the experimental apparatus: the dete-tors H1 and ZEUS. Most of the results I will present in this talk are fromthe ZEUS experiment.2. The HERA kinematis and experimental apparatusAt the Born level lepton�proton sattering is understood to proeed viathe exhange of a virtual gauge boson whih interats with one of the partonswithin the proton (see Fig. 1-left).
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A.Q.Fig. 1.There are several variables whih an be used to desribe the kinematisof the reation: Q2 is the square of the four-momentum transferred at thelepton vertex (with a minus sign). x is the Bjorken variable; in the naiveQuark Parton Model (QPM) it would be the frational momentum of theproton arried out by the struk quark. y is the frational energy transferbetween the e+ and the p in the p rest frame. W is the virtual boson�protoninvariant mass; it is also the invariant mass of the �nal state hadroni system.One �xed the initial state, the kinematis of the reation is fully deter-mined with only two �nal state variables. Therefore, only two of the above(or others) are independent, the rest an be alulated out of them (see forexample [1℄).Depending upon the eletri harge of the exhanged boson we lassifythe reations as Neutral Current (NC) or Charged Current (CC).Depending on the virtuality of the exhanged boson, we onsider twokinematial regimes: Deep Inelasti Sattering (DIS), when Q2 is largerthan a few GeV2 or Photoprodution (Q2 � 0). In the latter ase, as thephoton is almost real, the e+p reation an be viewed as a p sattering.



Seleted Topis on HERA Physis 2401The energies of the HERA beams allow for a kinematial overage ex-tending by far those from previous �xed-target experiments. The range inQ2, x, W overed by HERA is 0! 45000 GeV2, 2 � 10�6 ! 1, ! 300 GeV;i.e. approximately 2, 3, 1 orders of magnitude beyond previous experiments.The HERA detetors measure both the sattered e+ (its energy, Ee0 , ansattering angle, �e0) and the �nal state hadroni system (whih we ouldharaterize by its �nal energy EH and angle �H , whih, in the QPM wouldorrespond with the sattering angle of the struk quark, see [1℄ for details).I.e. we measure 4 �nal state variables when only two of them are inde-pendent. We therefore have an over onstrained system whih will help usgreatly in the study of the systematis of our measurements1.Respeting what we see in the detetor, one important example is therelationship between the virtuality of the reation and the sattered leptonvariables, Q2 = 2EeEe0(1� os �e0), where Ee is the e+ beam energy. Otherrelationships an be found in [1℄. From the previous equation we see thatfor low Q2 the diretion of the sattered e+ will be very lose to that of theinoming e+ (i.e. it will esape down the beam pipe), whereas for large Q2the e+ will be sattered o� at large angles.In the H1 NC andidate event display shown in Fig. 2-left we an see thekey omponents of the H1 detetor for these analyses, namely the trakingsystem and the alorimeter. The H1 alorimeter is of the liquid argon typewith lead plates as passive material in the eletromagneti setion and steelin the hadroni setion. The H1 alorimeter is haraterized by a very �negranularity and by an exellent energy resolution in the eletromagnetisetion (�(E)=E ' 12%=pE=GeV) .In ontrast, the ZEUS alorimeter, whih with the entral traker arethe key omponents for the ZEUS analyses (see the ZEUS CC andidateevent display shown in Fig. 2-right), is a uranium-sintillator sandwih typealorimeter with photomultiplier readout. It has a overage of 99.7% of thesolid angle and a superb hadroni energy resolution of ' 35%=pE=GeV.Last but not least both detetors measure the Luminosity delivered byHERA in the orresponding interation regions by the rate of bremsstrahlungof high energy photons in the proess ep ! ep using lead-sintillatoralorimeters loated at approximately 100 meters downstream from theirinteration points.The alorimeters of both detetors measure the energy deposited in theirdi�erent ells. As the spatial loation of those ells are known, one an derivethe orresponding 4-momentum for every ell. From those measurementsand using ompliated algorithms whih are based on the pattern of energydeposition in the alorimeter one an identify the sattered positron to a1 Obviously this does not hold for CC reations where we only measure the hadronivariables.



2402 L. Labarga
Q2 = 16950 GeV2; y = 0:44; M = 196 GeV
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Fig. 2.high degree of purity and reonstrut E0e and �0e. The algorithms also usethe information of the entral traker if available.With the information from the alorimeter ells not assigned to the sat-tered positron one an measure several hadroni quantities like transversemomentum and in partiular the energy and angle of the hadroni system(EH , �H) mentioned previously.3. The proton struture funtion F2(x;Q2).The double di�erential ross setion for e+p NC DIS an be fatorized,on the basis of general onsiderations, into a 2 ! 2 ross setion and a(x;Q2) dependent term whih aounts for the proton having substruture.In the kinematial range where eletro-weak orretions are negligible,d2�dxdQ2 = 4��2xQ4 �y22 2xF1(x;Q2) + (1� y)F2(x;Q2)� : (1)In the QPM, i.e. with the proton onsisting of non interating partons,the two funtions F1 and F2 sale, that is, they are independent of the 4-momentum transfer of the reation and they are related between them andto the parton densities in the proton as F2(x) = 2xF1(x) =Pi e2i xqi(x):Due to gluon bremsstrahlung from the quark lines and gluon splitting,QCD introdues important modi�ations to this piture, the proton beom-ing a very omplex loud of quarks and self-interating gluons. As a on-sequene, the above properties are broken. In partiular saling is brokenand some logarithmi Q2 dependene is expeted in F2(x;Q2). In additionthe above relationship between F2(x) and F1(x) doesn't hold any more. In



Seleted Topis on HERA Physis 2403QCD, F2(x;Q2) � 2xF1(x;Q2) = FL(x;Q2) > 0. However, the expetedorretions are very small in the kinematial region mapped by our analysis(FL(x;Q2) is only appreiable at large values of y). Also, perturbative QCDpredits that F2(x;Q2) should grow faster that any power of ln(1=x) whenx approahes 0 [2℄.The proton struture funtion F2(x;Q2) reeives ontributions from thevalene quarks, the quarks from the sea and the gluons. These ontributionsare parametrized in terms of partoni densities: qV (x;Q2), qS(x;Q2) andg(x;Q2) respetively. The ultimate goal of any experiment would be toextrat preise (x;Q2) maps for these densities. This is di�ult and, for thetime being, only in partiular reations we an diretly probe one of thesetypes of densities (see, for example, later in this talk). Instead, what wedo is to measure as preisely as feasible the (x;Q2) map of F2, and from it,try to extrat the di�erent type of partoni distributions based on the QCDexpetations for their behavior. Therefore we are doing two things at thesame time: testing QCD and measuring the proton ontent.As mentioned before, one relevant expetation from QCD is that F2should rise strongly when dereasing x for intermediate Q2. This rise omesfrom the orresponding rise of the gluon density whih should have a fun-tional x dependene as a power, xg(x;Q2) � x��, of a negative value loseto 0.5 [3℄, � � (�s=�) � 12 ln 2 � 0:5.Finally and to omplete the previous arguments I should reall thatHERA is extending the x;Q2 proton mapping by two orders of magnitudetowards both low x and high Q2. This allows a detailed investigation of theabove QCD predited features.The double di�erential ross setion for e+p NC DIS of Eq. 1 an berewritten (in the region where EW orretions are negligible) asd2�dxdQ2 = 2��2xQ4 �1 + (1� y)2�F2(x;Q2)� y2FL(x;Q2)): (2)The experimental proedure (see for example [5℄) starts by ounting thereonstruted number of NC DIS �nal states lying in the di�erent (x;Q2)bins. The obtained numbers are orreted for detetor aeptanes andsmearing, and for QED initial state radiation. Dividing by the luminositywe arrive to d2�=dxdQ2orr. From it, F2(x;Q2) is extrated by putting in FLusing the presription by QCD (its ontribution is at the 1% level).For the estimation of the orretion fators, Monte Carlo models havebeen used. They inorporate EW radiative orretions at �rst order, QCDorretions at LO+PS, fragmentation, our best knowledge of the proton'spartoni density and a detailed detetor simulation. Their desription of themeasured �nal states is exellent (see for example Fig. 5 in [5℄).



2404 L. LabargaFig. 1-right shows the (x;Q2) regions overed by the di�erent F2(x;Q2)measurements up to now, inluding those from �xed target experiments.I am going to disuss �rst the results by ZEUS with the 1993 and 1994HERA data [4, 5℄. They over Q2 values from � 2 up to � 5000 GeV2 withx extending down to almost 10�5 (see Fig. 1-right).
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xFig. 3.Fig. 3 shows the measured F2(x;Q2) as a funtion of x for Q2 intervalsentered at values between 1.5 and 350 GeV2. For the sake of brevity theorresponding results at higher Q2 are not shown. For 27 < Q2 < 350 GeV2(Fig. 3-right), the QCD predited raise of F2 with dereasing x (down to10�3) is apparent. Results from �xed target experiments overing the highx region are also shown (for their referenes see [5℄), they link well with thehigh x HERA data.Both, �xed target and HERA results are well desribed by the QCDbased parametrizations shown in Fig. 3. They are alulations by Martin,Roberts and Stirling (MRSA0, [6℄), by Glük, Reya and Vogt (GRV94, [7℄)and by the CTEQ Collaboration (CTEQ3, [8℄). They are based on theonventional NLO QCD evolution equations. They assume a ertain shapeof the x behavior at a starting Q20 value and use the DGLAP [9℄ equationsto get preditions at any Q2.



Seleted Topis on HERA Physis 2405CTEQ3 and MRSA0 assume an x�� behavior when x ! 0, Q20 � 3 � 4GeV2 (the idea is to keep Q20 � �, being their methods not valid for lowerQ20), and their parameters were determined from �ts to �xed target andHERA-1993 (Q2 > 7 GeV2) results.In ontrast, GRV assumes that all quark and gluon distributions have avalene like shape (i.e. vanish for x! 0) at a very low Q20 = 0:34 GeV2. Byusing DGLAP to evolve from Q20 to any Q2, they predit that F2 should risetowards low x even at very low Q2 � 1 GeV2. The parameters in GRV weredetermined using only �xed target data (i.e. high x values). As a result,little freedom was left for further adjustment with HERA data.The ZEUS 1994 lowest Q2 results on F2 are shown in Fig. 3-right. TheQ2 range overed is from 22 GeV2 down to 1.5 GeV2. The lowest x valuereahed is � 5� 10�5. Even at the lowest Q2 interval F2 is still rising withdereasing x, although less strongly than at higher Q2. The MRSA0 andCTEQ3 parametrizations give a reasonable desription of the data in theQ2 range where they are supposed to be valid. GRV94 is able to provide areasonable desription of the data even at the lowest Q2 bin, in whih thedata shows the raise predited by them. From this analysis it seems thatthe low Q2 limit down to whih perturbative QCD is able to desribe thedata is indeed very low.But there is experimental evidene for suh a limit: at a given Q2 theraise of F2 with dereasing x is equivalent to the orresponding raise ofthe total p ross setion (��ptot ) with W . On the other hand, at very lowQ2 (Q2 � 0) the raise of ��ptot with W is measured to be very small andonsistent with the orresponding behavior of �pptot, being both (��ptot and�pptot) well desribed in terms of the Regge theory by the model of Donahieand Landsho� [10℄. Therefore there must be a low Q2 value, not muh lowerthan the range overed by the HERA 94 data, at whih a �transition region�ours in whih F2 �attens down and reahes the Regge behavior.To study these important issues, the two HERA experiments revisedslightly their physis program and built little ad-ho detetors to investi-gate the very low Q2 region. ZEUS built two beam pipe eletromagnetialorimeter modules and plaed them on two sides of the beam pipe at 2937mm from the interation point in the rear (positron) diretion. With thissubdetetor (named Beam Pipe Calorimeter, BPC), ZEUS ould measuree+ sattered o� at very small sattering angles (see Se. 2) and extrat F2in the very low Q2 range 0:11 � Q2 � 0:65 GeV2 [11℄ (see Fig. 1-right).In addition, and in order to �ll the gap in Q2 between the BPC dataand the HERA 1994 results, a dediated HERA run with the ollision pointshifted 700 mm w.r.t. nominal in the proton diretion was arried out (SVTXor SVX). In this ase, the main alorimeter ould itself measure very lowsattering angles. The Q2 range overed was 0:6 � Q2 � 17 GeV2 [12℄ (seeFig. 1-right).
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Seleted Topis on HERA Physis 2407The results are shown in Fig. 4 where the vertial sale for the di�erentQ2 intervals is either kept onstant for a good overview of the behavior of F2with Q2 (Fig. 4-up) or it has been enlarged properly to allow a detailed om-parison with models (Fig. 4-down). Results from �xed target experimentshave been inluded in Fig. 4 when available.It is apparent in Fig. 4-up how the strong x dependene observed at thehigher Q2 intervals �attens out when dereasing Q2 and reahes the Reggebehavior at Q2 � 0:5 GeV2. Looking now to Fig. 4-down we see how GRV94gives a reasonable desription of the data for Q2 values down to � 1:5 GeV2but fails more and more when further dereasing Q2. On the ontrary, theRegge based model by Donahie and Landsho� (DL) whih fails at high Q2,approahes reasonably well the data at the lowest Q2 intervals. It seemstherefore that the transition between the perturbative QCD and the softphotoprodution regime ours at around Q2 � 0:5 GeV2.
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xFig. 5.To �nalize this disussion I �nd worth mentioning that the NLO QCDalulation by Adel, Barreiro and Ynduráin (ABY, [13℄), featuring a some-how saturating �s, is able to desribe the low x data along the whole Q2range overed.I now turn to a quik study on the QCD-expeted saling violation inthe F2 data. Fig. 5-left shows the 1994 and shifted vertex ZEUS F2(x;Q2)data as a funtion of Q2 for di�erent x ranges. Results from �xed target



2408 L. Labargaexperiments are also shown. Clear saling violations are apparent. Theybeome stronger with dereasing x as predited by QCD. The line is theresult of a NLO QCD �t by ZEUS (see [5℄). From this �t we an extratthe gluon density within the proton. The result is shown in Fig. 5-rightfor three di�erent Q2 intervals entered at 20, 7 and 1 GeV2 respetively.The gluon density (xg) is small at low Q2 but raises rapidly (at low x) withinreasing Q2. 4. Study of eletroweak reationsHERA, in addition of being a unique faility for probing the proton downto very small distanes, allows stringent test of the eletroweak theory in akinematial regime omplementary to that o�ered by the LEP ollider. The�rst important result by HERA in this ontext was the �rst experimentalobservation of the e�ets of the W� propagator [14℄. HERA is also a uniquefaility to searh for s-hannel resonant prodution of new partiles possess-ing oupling to lepton-quark pairs with masses up to M � 300 GeV. Inthis talk I will not go through the di�erent partile searhes arried out bythe HERA Collaborations, instead I will onentrate in what is its omple-mentary, namely the aord or disagreement of the Standard Model (SM)preditions with the measured prodution ross setions in a kinemati re-gion orresponding to the largest values of the ahievable M 0s (i.e. verylarge Q2 and/or very large values of x).In this kinemati regime the Standard Model Born ross setion for theDIS NC (Eq. 1) has to be generalized to aount properly for eletroweake�ets d2�dxdQ2 = 2��2xQ4 �Y+F2(x;Q2) + Y�xF3(x;Q2)� ; (3)where Y� = 1 � (1 � y)2. The parity violating term xF3 redues substan-tially the e+p ross setion. The ontribution from FL is expeted to bevery small and has been negleted. The dependene on the partoni stru-ture of the proton, and on the Z0 propagator is absorbed in the positivegeneralized struture funtions F2 and F3 (see [15℄ for details on both, theSM preditions and the measurements).The SM predition depends on one hand on well measured eletroweakparameters as �, the weak mixing angle and MZ . The errors on their mea-sured values give a negligible unertainty (at the 0.25% level). The predi-tions depend also on the quark struture funtion used. The ZEUS Collab-oration uses that from a NLO evolution of parton densities at higher x andlower Q2. As a result the u quark dominates the ross setion at high xand Q2. The unertainty on the predited ross setion due to the partonidensities is estimated to be at the 6% level.



Seleted Topis on HERA Physis 2409An example of a very high Q2 NC andidate an be seen in Fig. 2-leftwith the e+ sattered o� at large angles. Fig. 6-left-top shows the most upto date ZEUS result for d�NC=dQ2 at high Q2 (Q2 > 400 GeV2). We ansee how at Q2 values in the viinity of MZ0 the 1=Q4 dependene of theross setions is modi�ed as expeted from the presene of the Z0. The SMpredition follows the data for almost 7 orders of magnitude. For a betteromparison, the bottom plot in Fig. 6-left shows the ratio measured/SMexpetations for the same Q2 range. The band shows the unertainty in theSM predition oming from the parton density in the proton. There is alittle exess at very large Q2 but its statistial signi�ane is marginal.
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Fig. 6.In ontrast to NC proess with the  and Z0 as gauge bosons, ChargedCurrent (CC) reations proeed, within the SM, via the exhange of onlythe massive W� and therefore their ross setions will be very di�erent. Fore+p sattering (e+p! ��X) it is at lowest orderd2�e+p!��XdxdQ2 = G2F2�x � M2WM2W +Q2�2 2Xi=1 ��ui(x;Q2) + (1� y)2di(x;Q2)� ;(4)



2410 L. Labargawhere the eletroweak part is learly separated from the dependene onthe partoni densities. As the Q2 dependene of the latter is very mild(of logarithmi type), then, when integrated in x, the Q2 prodution rosssetion will be essentially onstant for Q2 values well below MW . For Q2values of the order of MW , the W+ propagator starts ating modifying theQ2 dependene of the ross setion up to the 1=Q4 behavior in the limit ofvery large Q2.One DIS CC andidate an be seen in Fig. 2-right. Its main signa-ture is the large missing transverse momentum. Fig. 6-right-top shows theQ2 di�erential ross setion for CC DIS measured by ZEUS. The mild Q2dependene at low Q2 is altered in the viinity of M2W due to the pres-ene of the W+ propagator. The predition by the SM follows the mea-surements for the almost 5 orders of magnitude hange in the produtionross setion. From a �t to the Q2 dependene of the data a W mass ofMW = 78:6+2:5�2:4(stat)+3:3�3:0(syst) GeV is extrated, in good aord with theresults from the Tevatron and LEP.For the sake of a better data-theory omparison the bottom plot in Fig. 6-right shows the ratio between the ross setion measured, and that preditedby the Standard Model. As in the NC ase, the data is slightly above theSM predition at very high Q2, although the statistial signi�ane of thedisrepany is even more marginal.5. Multi jet prodution at HERAMulti jet prodution in HERA �nal states is a rih �eld in whih thetesting of QCD is partiularly well suited for. In this talk I will present thelatest results by ZEUS on the subjet [16℄.In the lowest order, two jets in NC DIS are produed via two mehanisms,the so alled QCD-ompton in whih a gluon is radiated from the quarklines, and via the boson gluon fusion (BGF) mehanism whih, as its nameindiates, an be seen as a �g sattering (see (a) diagram in Fig. 7). The2-jet ross setion at low Q2 is dominated by BGF.If we go further down in Q2 and the exhanged  is almost real, inaddition to the above reations, the fat that the hadroni omponent ofthe  beomes relevant indues the appearane of new mehanisms, with aparton �within� the photon interating with a parton in the proton. Thoseare named as resolved photon reations. The dominant subproesses aret-hannel gluon exhange diagrams as the one shown by the (b) diagram inFig. 7. One should notie that in this kind of reations the lowest order isalready at order �2s.The fat that at very low Q2 sattering (i.e. photoprodution) there o-ur diret and resolved photon reations an be investigated �almost diretly�
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()Fig. 7.by looking at the fration of the original 's momentum whih is arried outby the hard interating initial state parton. This fration is alled x . Obvi-ously for diret reations x = 1 whereas for resolved reations x is smallerthan 1. In 2-jet events, x an be determined with the energy and diretionof the jets by xobs = (PjetsEjetT e��jet)=(2E). The resulting distribution isshown in Fig. 7. The data peaks near x = 1, indiating the predominane ofdiret reations, but it shows a large tail extending down to almost x = 0.This is what one would expet from a substantial resolved omponent. Infat, if we take a photoprodution Monte Carlo model (MC) with all the LOdiagrams, we see in Fig. 7 that it provides a reasonable desription of thedata. The shadowed histogram is the predition of this MC for the diretontribution, the rest is resolved.We may think that this aspet of photoprodution makes life di�ult,but as it is a matter of mixing several di�erent 2 to 2 reations, in realityit is a big advantage if we really want to test QCD. Another big advantageof studying multi jet prodution at very low Q2 is that the statistis is



2412 L. Labargamuh larger than in the DIS regime. The aveat is that for the preditions,in addition to having to know reasonably well the parton ontent of theproton we have to know also reasonably well that of the photon. As a resultthis is not a big problem, sine our urrent limited knowledge indues onlysmall theoretial unertainties on the preditions for the relevant di�erentialross setions. QCD alulations at NLO for jet photoprodution have beenperformed by two groups: Klasen, Kleinwort and Kramer [17℄ and Harrisand Owens [18℄.There are several jet searh algorithms, the ones used here are the iter-ative one and the inlusive kT. In both ases the searh is performed inthe pseudorapidity (� = � ln(tan(�=2))) azimuth (�) plane in the laboratoryframe and using the transverse energy �ow of the event (see [16℄ for details).

Fig. 8.Fig. 8-left shows the jet transverse energy di�erential ross setion forinlusive jet prodution. The data reahes transverse jet energies up to 70GeV. The band is the unertainty from the alorimeter energy sale alibra-tion. The NLO alulations, showed for three di�erent parametrizations ofthe photon's struture funtion, desribe well the data along the 4 orders ofmagnitude spanned by the ross setion.Fig. 8-right shows the jet�jet invariant mass di�erential ross setionin 2-jet �nal states. This distribution, in addition to be another test of theQCD preditions, it is sensitive to the presene of new partiles or resonanesdeaying into two jets. The ross setion shows an exponential fall o� whihis in good aord with the NLO alulation exluding the presene of anyresonane up to masses of about 150 GeV.
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Fig. 9.Fig. 9-left shows the 2-jet di�erential ross setion as a funtion ofj os(��)j. �� is the angle between the jet�jet axis and the beam dire-tion in the dijet enter-of-mass system. The measured ross setion is alsowell reprodued by NLO QCD. This distribution is sensitive to the photonstruture funtion. The reason for that is its strong dependene on the spinof the propagator (quarks or gluons), whih in turn depends on the typeof initial state partons in the reation. Among them, the type of partonoming from the photon depends on partoni ontent of the latter, i.e. thephoton struture funtion.To end with, Fig. 9-right shows the 3-jet prodution di�erential rosssetion as a funtion of the invariant mass of the 3-jet system. The NLOalulation gives a satisfatory desription of the data. One should notiethat this distribution is very sensitive to higher order orretions (at LOthere are no 3-jet �nal states).6. Charm prodution at HERAThe main mehanism for harm prodution at HERA is (at LO) bosongluon fusion in whih a harm anti-harm pair is produed in the �nal state(see Fig. 10-left). Therefore, further testing of QCD an be arried out byontrasting the measured harm prodution with the reent alulations atNLO by Harris and Smith [19℄.In addition, sine in the BGF the exhanged  interats with a gluonfrom the proton, we are also probing the gluon ontent of the latter. Thiswill be an independent measurement to that out of the measurement of theproton's F2. I onentrate on harm prodution in the DIS regime [20℄.
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Fig. 10. Preliminary ZEUS 96-97 resultAs we, obviously, an not see the harm quark, we instead reonstruta suited meson ontaining it. This is the D��. The reonstrution is in itsdeay mode D�+ ! D0�+s ! (K��+)�+s (+ ..). It has a low branhingratio (2.5%) but produes a very lean D� signal due to the tight kinemationstraint on the D�+ ! D0�+s deay, whih translates into a prominentsignal in the distribution of the mass di�erene between the reonstrutedD� and the reonstruted D0.Traks from the Central Traking Detetor are assigned to be the K, �and �s and ombined to form the D� and the D0. After applying suited utsto redue the ombinatorial bakground the resulting M(K�) and �M =M(K��s)�M(K�) distributions are shown in Fig. 10-right where lear D0and D� peaks are apparent.The fully orreted di�erential ross setion for D�� prodution in thekinemati region 1 < Q2 < 600 GeV2, 0:02 < y < 0:7, 1:5 < pT(D��) < 15GeV, j�(D��)j < 1:5 (the restrition in �(D��) orresponds to the ativeregion of the ZEUS entral traking detetor) are shown in Fig. 11 as afuntion of Q2, x, W , pT(D�), �(D�) and x(D�) = 2~p�(D�)=W . The pre-ditions from NLO QCD are shown as bands whih aount for our un-ertainty in the mass of the harmed quark. They are obtained from thealulated harm prodution ross setions after proper weighting by thebranhing ratios and by applying the Peterson fragmentation sheme. Thetotal D� prodution ross setion measured in the above kinematial re-gion is � = 8:31 � 0:31(stat)+0:30�0:50(syst) nb to be ompared with the NLOpredition of 8:44 � 0:55 (the unertainty omes from that in m).It is interesting to notie the very low values of x in the events. This isexpeted sine the gluons in the proton populate its low x region. Overall,NLO gives a reasonable desription of the data. There are though, somedisrepanies whih are at the edge of being signi�ant. They our in the
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Fig. 11. Preliminary ZEUS 96�97 resultshape of both, the �(D�) and the x(D�) (the D� frational momentum)distributions. These e�ets, seen also by the H1 Coll. [21℄, have been un-derstood in terms of the fragmentation of the  quark, whih in the HERAenvironment seem to be by far more ompliated that the simple Petersonapproah.We an extrapolate our measured ross setions in the restrited �(D�),pT(D�) region to the full region and, by studying the double di�erential rosssetion in Q2 and x, extrat the open harm ontribution to the proton stru-ture funtion F2. Notie that this would be part of the gluon ontribution tothe F2 sine the harm is produed, under our approah, by the satteringbetween the exhanged photon and a gluon within the proton. The result isshown in Fig. 12 where F �2 has been displayed as a funtion of x for di�erentQ2 ranges (left) and as a funtion of Q2 for di�erent x ranges (right). Itshows similar features to those of the full F2 (see Fig. 3), namely a strong risewith dereasing x whih gets milder as we go down in Q2 and strong salingviolations. The QCD NLO preditions for two NLO proton parametriza-tions are shown as well in the plots. The agreement theory-measurements issatisfatory.In order to quantify the open harm ontribution to the proton struturefuntion, we show in Fig. 13-left the ratio F �2 over F2 as a funtion of x forthe di�erent Q2 intervals. It ranges from 10% at low Q2 values, up to 30%at intermediate Q2. It is ertainly a sizable ontribution but well aountedfor by QCD.
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Fig. 12. Preliminary ZEUS 96-97 result
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Seleted Topis on HERA Physis 2417Finally I would like to show an independent measurement of the gluondensity in the proton extrated by H1 from the measured kinematis of thesattered e+ and the D� (i.e. the harm) in the �nal state. The methodis based in the fat that at LO the 2 to 2 proess g ! � is ompletelydetermined if the momenta of one inoming and one outgoing partile (herethe  and the  or �) are known (see diagram in Fig. 10). The result is shownin Fig. 13-right. The dots are from the analysis of the D� prodution. Theband is from the H1 analysis on the F2 data orresponding to that we haveshown from ZEUS. There is a wonderful agreement between both results.EpilogueAfter the analyses presented in this talk I would like to �nalize by em-phasizing that with HERA our knowledge of the proton is inreasing enor-mously and the strong interation is being tested exhaustively. Respetingeletroweak physis, from the quality and importane of the present results,still low statistis, we foresee a very exiting future with the forthomingHERA luminosity upgrade.I would like to warmly thank F. del Aguila and F. Cornet for a superblyorganized meeting and for making our stay in Granada so very pleasant.I am indebeted to G. Garia for a areful reading of the manusript.REFERENCES[1℄ G. Wolf, HERA Physis, DESY 94-022 (1994).[2℄ A. de Rujula et al., Phys. Rev. D10, 1649 (1974).[3℄ L.N. Lipatov, Sov. J. Nul. Phys. 23, 338 (1976).[4℄ ZEUS Coll., M. Derrik et al., Z. Phys. C65, 379 (1995).[5℄ ZEUS Coll., M. Derrik et al., Z. Phys. C72, 399 (1996).[6℄ A.D. Martin, W.J. Stirling, R.G. Roberts, Phys. Rev. D50, 6734 (1994); Phys.Rev. D51, 4756 (1995).[7℄ M. Glük, E. Reya, A. Vogt, Z. Phys. C53, 127 (1992); Phys. Lett. B306, 391(1993); Z. Phys. C67, 433 (1995).[8℄ R. Brok et al., Rev. Mod. Phys. 67, 157 (1995).[9℄ V.N. Gribov, L.N. Lipatov, Sov. J. Nul. Phys. 15, 438 675 (1972);L.N. Lipatov, Sov. J. Nul. Phys. 20, 95 (1975); Yu.L. Dokshitzer, Sov. Phys.JETP 46, 641 (1977); G. Altarelli, G. Parisi, Nul. Phys. B126, 298 (1977).[10℄ A. Donahie, P.V. Landsho�, Phys. Lett. B296, 227 (1992); Z. Phys. C61,139 (1994).[11℄ ZEUS Coll., J.Breitweg et al., Phys. Lett. B407, 432 (1997).
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