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SUMMARY TALKA. BialasM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, Polande-mail: bialas�th.if.uj.edu.plandH. Niewodniza«ski Institute of Nulear Physis, Kraków, Poland(Reeived May 16, 2002)Closing remarks at the X International Workshop on Deep InelastiSattering (DIS2002); Craow, 30 April�4 May 2002.PACS numbers: 01.30.C, 13.60.�rFollowing the obvious (although not expliit) intention of the organizers,I shall not present a real SUMMARY of the workshop. This would be im-possible, anyway, given the fat that I am an amateur rather than an expertin the �eld. Moreover, we have heard already 15 summary reports from theworking groups (not ounting the exellent summary of QCD alulationsby Dik Roberts), so that one more summary would be rather pretentiousand ertainly super�uous. Therefore I am restriting myself to just someomments whih ame to my mind while sitting here and listening to manyexellent ontributions. Needless to say, this seletion re�ets my personalinterests and should not be interpreted otherwise.1. �Geometrial� salingIt was proposed by Gole-Biernat, Kwieinski and Stasto [1℄ who realizedthat it is a feature of the Gole-Biernat and Wuestho� model [2℄ whih maybe more general than the model itself. It states that the virtual photon totalross-setion, generally a funtion of two variables, is atually a funtion ofonly one saling variable � . In the original version (suggested by [2℄)� � Q2R2 ; R2 = R2(x) = Q�20 � xx0�� ; � = 0:29 (1)(3983)
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Fig. 1. Saling from [1℄.
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Piecewise linear parameterizationFig. 2. Geometrial saling from [4℄.



Summary Talk 3985(Q0 = 1 GeV) and saling works pretty well, as seen in Fig. 1. This neednot be, however, a best hoie: one may seek other saling variables. Suhan attempt was indeed undertaken [3℄ and presented during this meeting [4℄.These authors propose the saling variable of the form (1) but with R2 whihis a funtion of the total energy rather than x. The result is exellent, as isseen in Fig. 2.The property of saling is important beause it indiates that � at leastat small x� only one sale (�saturation sale� [2℄) plays a role in the proess.Therefore some e�ort was undertaken to justify it on theoretial grounds.Two of these attempts were presented during the meeting [5,6℄, both startingfrom the non-linear QCD evolution equations disussed reently by manyauthors [7℄.
l=0.29

Fig. 3. E�etive slope measured by H1 and ZEUS ollaborations. Open irles:ZEUS, full irles: H1. Dashed line: The original Gole-Biernat and Wuestho�model [2℄. Full line: Improved model [13℄.A loser inspetion shows, however, that saling is not an exat propertyof the ross-setion, at least not in the form proposed in [1℄ and disussedin [5, 6℄. This follows from the analysis of the �e�etive� slopes in log(1=x),measured reently at HERA [8℄ and shown in Fig. 3. Indeed, if the ross-setion is a funtion of � only, then the e�etive slope an be expressedas �e� � �d log[�(�)℄d log x = ��d log[�(�)℄d log � : (2)



3986 A. BialasAs seen from Fig. 1, the derivative d log[�(�)℄=d log � is negative (guarantee-ing positive �e�) but its absolute value never exeeds one. This informationand Eq. (2) imply that �e� � � =0.29. One sees from Fig. 3 that thisondition is badly violated by the data. We thus onlude that the geomet-rial saling in the form proposed in [1℄ is only approximate. It would beinteresting to perform an analogous test for the saling proposed in [3℄.At this point one may observe that the (almost) linear inrease of �e�with logQ2 suggests that the ross-setion an be represented in the form(x =x0 )�a log (Q2 =Q20 ), i.e. that the saling variable may be lose tolog(x=x0) log(Q2=Q20). In fat, it was already suessfully tried some timeago [9℄. Also, one �t presented at this meeting [10℄ is not far from this.Another variable was advoated in [11℄. Anyway, it seems that the hunt forthe best saling variable shall ontinue.The fat that the geometrial saling is violated was realized already bythe authors of the original paper and all of them ontributed to this meetingthe papers on the subjet. Kwieinski and Stasto disussed violation ofsaling indued by the DGLAP evolution [12℄, while Bartels, Gole-Biernatand Kowalski proposed an improvement to the original Gole-Biernat andWuestho� model [13℄. This last paper is disussed in the next setion.2. SaturationThe Gole-Biernat and Wuestho� dipole model, postulating a simpleformula for the ross-setion of the dipole of the (transverse) size r�d(r) = �0 �1� e�r2=4R2� ; (3)where R2 = R2(x) is given by (1), was the �rst largely suessful attemptto inorporate the idea of saturation in the phenomenology of the small-xphysis. However, as we have seen, it annot explain the reent data on�e� . The authors of [13℄ proposed to improve the model by exploiting therelation [14℄ �0 14R2 = �23 �sxg(x) ; (4)where xg(x) is the gluon density in the proton1. The obvious onsequeneof this formula is that R annot depend solely on x, sine both �s and xg(x)depend on Q2. In the dipole model this means that R2 must depend ona sale �2 whih is taken in the form �2 = =r2 [14℄. The resulting ross-setion was then alulated using the leading order DGLAP evolution2. A1 This formula is derived by onsidering the limit r2 ! 0.2 Clearly, it would be interesting to investigate in this ontext also the BFKL formula.



Summary Talk 3987reasonable �t was obtained and, as seen in Fig. 3, the e�etive slopes arenow muh better desribed than in the original model.It follows from (3) and (4) that the dipole-nuleon ross-setion in theGole-Biernat and Wuestho� model an be rewritten as (f. [15℄)�̂(r=R) = �0�1� exp ����s3 �r2�0 xg(x)��=�0 �1� exp h���s3 hng(r)ii� ;(5)where hng(r)i is the average number of gluons seen by the dipole of size r.This observation invites a natural generalization of the model [16℄ where theaverage hng(r)i is replaed by the atual number of gluons enountered bythe dipole: �̂ = �0Xng P (ng; r)�1� exp h���s3 ngi� ; (6)where P (ng; r) is the probability that a dipole of size r enounters ng gluonsin the proton.One important onsequene of (6) is that the e�ets of saturation shouldbe more visible at large gluon multipliity and thus � most likely � also atlarge observed hadron multipliity. In other words, high multipliity eventsprovide a trigger for saturation. It would be interesting, I think, to investi-gate this feature experimentally.Dependene of saturation on impat parameter, whih is entirely ne-gleted in the original version of the Gole-Biernat and Wuestho� model,was studied in [17℄ and reported by Munier at this meeting. They looked atthe elasti prodution of � mesons and found a fairly large degree of satura-tion at small impat parameters. The e�et inreases with dereasing Q2, asexpeted. These results show, in my opinion, that there is still muh roomfor improvements of the model.3. Impat parameter vs k? fatorizationOne of the general features of high-energy sattering, ruial for the va-lidity of the dipole model, is the onservation of the impat parameter duringthe ollision. This follows diretly from angular momentum onservation ifthe transverse momenta involved in the proess are small ompared to thetotal energy of the ollision. Sine this seems to be the ase in the region ofsmall x, one would expet that it should hold in general. It is therefore notsurprising to see that the k? fatorization [18℄, an approah derived diretlyfrom QCD, is equivalent to the dipole model at the leading order [14℄.



3988 A. BialasHowever, when the k? fatorization formula is supplemented by the exatgluon kinematis (as is usually done when data are analyzed [19℄) the resultviolates the priniple of impat parameter onservation [20℄. Obviously,introduing the exat kinematis into the leading order formula means takinginto aount only some part of the higher order orretions. It remains forthe moment an open question whether the result of [20℄ implies that athigher orders very large transverse momenta enter the game (invalidatingthe priniple of impat parameter onservation and thus also the dipolemodel), or that inlusion of exat gluon kinematis is not the orret wayto implement higher order orretions to k? fatorization formula. Thisquestion an only be resolved by ompleting the alulation of the next-to-leading order orretions to the k? fatorization formula. Suh alulationsare under way [21℄ and were reported at this meeting by Gieseke. Althoughthe �nal results are not yet ready, one may speulate that they should restoreonservation of the impat parameter but � at the same time � will providea generalization of the dipole model to the �multipole model� in whih thefull olor-harge distribution in the inident photon is expliitly taken intoaount [22℄. Indeed, one of the ontributions in the next order involves�utuation of the virtual photon into q�qg whih obviously orresponds to amore ompliated struture than just a simple q�q dipole.These remarks emphasize the importane of higher order QCD alula-tions. They not only provide a neessary preision in quantitative estimatesof the measurable QCD e�ets [23℄, of whih numerous examples were shownduring this meeting [24℄ but, as we have just seen, are also often neessaryto understand the qualitative features of the problem.4. The � puzzleIt is now well-known that the energy dependene of the inlusive di�ra-tion dissoiation ross-setion of virtual photons measured at HERA [25℄ isthe same as that of the total ross-setion, as seen in Fig. 4(a). It was re-ported at this meeting [26℄ that the same happens for the elasti produtionof light vetor mesons (�; ! and �) by the virtual photons. Figure 4(b)shows the reent data.I would like to stress the point that this simple property of the data doesnot �nd a natural explanation in the present phenomenology of di�rativeproesses. First, it simply ontradits the preditions from the Regge ap-proah (unless, perhaps, some very ompliated ombination of exhangedtrajetories is invoked). Although it an be aommodated in the standardanalysis of struture funtions [27℄, and in the dipole model [2℄ the obtainedresult is, in my opinion, far from satisfatory: it is a onsequene of someaidental anellations (�onspiray� [28℄). This is well illustrated by the
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 (a)  (b)Fig. 4. (a) Ratio of the di�rative to total photon ross-setions plotted versus theenergy of the ollision [24℄; (b) ratio of the ross-setion for the elasti � produtionto the total ross-setion, for various virtualities of the inident photon [25℄.following formulae whih desribe the proesses in question in the dipolemodel: �dif�tot � R d2rj	(rQ)j2�2d(r=R)R d2rj	(rQ)j2�d(r=R) = onst(R) (7)and ���tot � ��R d2r	�� (r)	(rQ)�2d(r=R)��2R d2rj	(rQ)j2�d(r=R) = onst(R) ; (8)where �d(r=R) denotes the dipole�proton ross-setion, R = R(x) is thesaturation radius [2℄, 	(rQ) the virtual photon wave funtion desribing the�utuation into the q�q dipole and 	�(r) is the wave funtion of the �. Onesees that, indeed, it requires a mirale to obtain R-independene of theseratios.Therefore, aepting the fat that there is no obvious ontradition be-tween the data and the aepted phenomenology, I would like to all at-tention to the fat that this simple feature of the data is still not reallyunderstood. It is not exluded, of ourse, that this energy independeneof the ratios �dif=�tot and ��=�tot is indeed an aident. I prefer to think,however, that simple fats demand simple explanations.



3990 A. Bialas5. Exlusive hard di�rationWe all know from the high shool that absorption of the inident waveimplies its di�ration i.e. elasti sattering. It was �rst pointed out by Goodand Walker [29℄ that to obtain inelasti di�ration it is neessary to onsiderquantum �utuations. If the �utuations are small, one obtains an intuitiveformula for the transition a ! a� [30℄:ha�jT jai = "(a! a�)[ha�jT ja�i � hajT jai℄ ; (9)where T is the sattering matrix and "(a! a�) is the probability amplitudefor the quantum �utuation.When applied to some spei� proesses this formula gives:(a) Vetor dominane model [31℄:h�jT ji = "( ! �)h�jT j�i : (10)(b) Dipole model [32℄:hJETSjT j�i = "(� ! dipole)hdipolejT jdipolei= "(� ! JETS)hJETSjT jJETSi : (11)() Di�rative Jet prodution in hadroni ollisions:hP 0 + JETSjT jP i = "(P ! P 0 + JETS)hJETSjT jJETSi(1 � hP jT jP i): (12)The formulae (10) and (11) are widely used, as we have seen alreadyin this report. One omment, however, is in order: Although Eq. (11)seems to orrespond exatly to that of the Gole-Biernat dipole model, oneshould keep in mind that (11) an only be justi�ed in the impat parameterrepresentation. This emphasizes again the neessity of introduing impatparameters into the analysis of the saturation phenomena [17℄.The formula (12), exploited for the �rst time in this ontext [33℄, explainsbreaking of Regge fatorization between (b) and (), observed reently in thedata from HERA and from FERMILAB [34℄.It thus seems that the old Good and Walker idea, expressed in the formof Eq. (9), is a right tool for desription of di�rative dissoiation in thisentirely new domain.



Summary Talk 39916. Higgs produtionDuring the meeting some attention was devoted to the possibility ofHiggs prodution by the �Double Pomeron Exhange�, two versions of whihare illustrated in �gure 5. The point is that, if its mass is indeed lose to120 GeV, the Higgs boson may be di�ult to see at LHC beause of a verylarge bakground. It is thus interesting to investigate the hannels where thebakground is minimized. The proess depited in Fig. 5 beomes an idealandidate, provided ... it exists, i.e., that the ross-setion is large enoughto be observed with the expeted LHC luminosity.
Fig. 5. Two models of the Higgs boson prodution by the �double Pomeron ex-hange�: (a) fatorized Pomeron; (b) two-gluon exhange.Several estimates of this ross-setion are now available [35, 37�41℄ but,unfortunately, there is still no onsensus: di�erent alulations give the re-sults whih are widely di�erent, as was niely presented by De Roek at thismeeting [42℄. Three general ideas are pursued in these alulations.The �rst one, applied in [41℄ (see also [37℄), uses a �lassi� piture ofthe fatorized Pomeron [43℄ (Fig. 5(a)). The ross-setion alulated inthe two-gluon exhange approximation for the Pomeron struture is thenorreted for the �gap survival probability� alulated in [38℄. The resultingross-setion is very small. In view of what was said in the previous setion,however, it is not entirely lear if this orretion is adequate. It would thusbe interesting to look if and how the Eqs (9) and (12) an be applied to thisase.Other alulations do not assume fatorization but use the two-gluonexhange model (Fig. 5(b)) where the produed Higgs boson ouples to oneof the gluons [44℄. The problem here is again the alulation of the �gapsurvival probability� whih orrets the original ross-setion for a possibleexhange of �soft� gluons whih � by arrying olor � destroy the rapiditygap and thus imply emission of many additional hadrons. There is, however,no unique presription how to take into aount this e�et, and thereforetwo groups whih looked into this problem obtained rather di�erent results[38,39℄. Nevertheless, they both agree that the ross-setion is rather small,ertainly not observable at the Tevatron and perhaps marginally at LHC.



3992 A. BialasIn the original alulation in the model depited in Fig. 5(b) [35℄, thegluon radiation was taken are of by introduing the onept of a �nonper-turbative gluon� [45℄ whose propagation is restrited to small distanes (lessthan � 0:2 fm). In this way the exhanged gluon remains all the time in theon�nement region and does not radiate soft quanta. The prize one paysin this approah is that the �nonperturbative� oupling annot be easily de-termined, thus leaving a substantial unertainty in the estimated value ofthe ross-setion [46℄. This problem was partly removed in [40℄ where the�inlusive� ross-setion, i.e. ross-setion for prodution of the Higgs bosontogether with any number of hadrons in the entral vertex (keeping the tworapidity gaps), was onsidered. In this ase the result an be normalized tothe existing data on prodution of two jets (reently measured by the CDFollaboration [47℄). The ross-setion for suh �inlusive� Higgs produtionturns out rather substantial. Although the estimated bakground also in-reases, the net result is suh that the prospet of �nding the Higgs bosonremains promising.The most reasonable onlusion from all these onsiderations is thatthe present theoretial estimates of Higgs boson prodution with two largerapidity gaps are unertain. To improve the situation, it will be neessaryto normalize the alulations to the data on the �elasti� two-jet produtionat the Tevatron, one they are available3.7. FratalsIn an interesting ontribution, Lastovika suggested that the power-law�ts to the struture funtion (in x and Q2) may be a signal for the fratalnature of the proess [10℄. Obviously, I ould not resist to omment on thisproblem.The �rst remark is that fratal distributions are natural in the BFKLregion. Indeed, when onsidered from the s-hannel point of view [48℄ theBFKL behavior arises from a asade of (soft) gluons. And asades areknown to be the generi soures of the fratal distributions.My seond remark is that suh fratal distributions (alled �intermit-teny� [49℄) are observed in e+e� annihilation [50℄ and in hadron�hadronproesses [51℄. It should thus not be too surprising if they are also observedin deep inelasti sattering. One they are seen in partile spetra, it wouldbe interesting to hek if their fratal dimensions agree with the ones deter-mined in [10℄.3 At the moment only the upper limit exists [47℄.



Summary Talk 3993The �nal remark is that, as the gluon asade is expeted to stop inthe saturation region, one may also expet the fratal behavior to disappearwhen the gluon density reahes very high values (i.e. at extremely small xand/or in the high multipliity events)4.I think it may be useful to pay more attention to these problems.8. Nulear targetsMy last omment onerns nulear targets5. It was repeatedly empha-sized during this meeting that leptoprodution on nulear targets an pro-vide important information about the nature of strong fores whih is dif-�ult, if not impossible, to obtain otherwise (as was already proven in thepast [52, 53℄).Right now the emphasis is on studies of the exiting region of saturationwhih should be muh easier to reah in ollisions with heavy nulei [5, 6℄.It is also lear that the interations with nulei ould provide a deisive testof the dipole model. Today, however, I would like to talk about other typesof measurements, related to the problem of the formation time of hadrons6.

Fig. 6. A shemati piture of hadron formation in lepton�nuleus ollisions.A typial experiment of this kind is the measurement of the �ux of theleading (i.e. z � 0:2) hadrons and ompare the yields from the nuleontarget with that from heavier nuleus. The idea is illustrated in Fig. 6.After the �rst interation of the virtual photon, an intermediate stronglyinterating system traverses the nuleus. Depending on x and Q2, it may bea urrent quark, a dipole, or � perhaps � some more ompliated animal.In the vauum this system would simply hange into observed hadrons with4 This observation is onsistent with the fat that �intermitteny� signal was not ob-served in heavy ion ollisions.5 This is the subjet I have loved for many years. This setion is, therefore, even morethan the others, biased by my own prejudies.6 For a review of the physis of lepton�nuleus interations, see [54℄.



3994 A. Bialasa harateristi time �h for eah hadron. In the nuleus, however, both theintermediate system and the �nal hadrons an interat inelastially with thenulear matter. Eah suh inelasti interation implies an energy loss andthus eliminates the given hadron from the spetrum at large z 7. Thus,the ratio of the hadron yield from nulear target to that from the nuleonmeasures, to a good approximation, the probability P0 that no inelastiinteration of either the intermediate system or the �nal hadron took plaeinside the nuleus.As seen in Fig. 6, P0 obviously depends on three essential parameters8,namely the inelasti ross-setion of the intermediate system ��, the inelastiross-setion of the �nal hadron �h, and the formation time of the hadron �h:P0 = P0(��; �h; �h) : (13)Thus by measuring P0 one may obtain information about �� and about theformation time �h.It is important to realize that suh measurements do not require a veryhigh energy beam: the formation time is boosted by Lorentz transformationand thus at very high energy hadrons are reated well outside the nuleus.Consequently, in this ase one an only measure �� and not �h. Takingthis into aount, one onludes that the HERMES experiment seems to bealmost the ideal plae to perform suh measurements. In fat, the �rst datawere reently analyzed [56℄. The formation time of pions and protons wasmeasured. The auray is not very high yet, but one important result ameout already. It turns out that�proton > �pion (14)in ontradition with the early estimates based on unertainty priniple [57℄whih suggested inverse proportionality of �h to the hadron mass9. Theimportant onsequene of this observation of the HERMES ollaboration isthat the formation time depends in an essential way on the hadron stru-ture. This learly opens the way to a new, very interesting area of hadroniphysis. I feel that it is most worthwhile to put more emphasis on this kindof measurements. Now10.7 Sine the spetra of fast hadrons fall very steep at large z, this mehanism is rathere�etive.8 This is admittedly a rather simpli�ed piture but it grasps the most essential featuresof the problem. For more sophistiated desriptions, taking into aount, e.g. time-evolution of the intermediate system, its �utuations and fragmentation funtions,see [54, 55℄.9 Also the estimate based on the Lund model [58℄ does not satisfy (14).10 Although I have no illusions: the DESY management always fully agrees that it is avery exiting possibility and ... that's it.



Summary Talk 3995I greatly pro�ted from the disussions with H. Abramowiz, J. Bar-tels, W. Czy», E. De Wolf, K. Gole-Biernat, K. Goulianos, L. MLerran,R. Peshanski, M. Praszaªowiz, and A. Sta±to. This investigation was sup-ported in part by the Subsydium of Foundation for Polish Siene NP 1/99and by the Polish State Committee for Sienti� Researh (KBN) grant No2 P03 B 09322. REFERENCES[1℄ A. Stasto, K. Gole-Biernat, J. Kwieinski, Phys. Rev. Lett. 86, 56 (2001).[2℄ K. Gole-Biernat, M. Wuestho�, Phys. Rev. D59, 014017 (1999).[3℄ G. Cweti, D. Shildkneht, B. Surrow, M. Tentyukov, Eur. Phys. J. C20,77 (2001); D. Shildkneht, B. Surrow, M. Tentyukov, Mod. Phys. Lett. A16,1829 (2001).[4℄ D. Shildkneht, Ata Phys. Pol. B32, 3745 (2001); D. Shildkneht, M. Pen-tyukov, M. Kuroda, B. Surrow, B33, 3431 (2002), these proeedings.[5℄ E. Ianu, K. Itakura, L. MLerran, hep-ph/0202270; L. MLerran, Ata Phys.Pol. B33, 2859 (2002), these proeedings.[6℄ A. Freund, Ata Phys. Pol. B33, 3057 (2002), these proeedings.[7℄ For a review, see: E. Ianu, A. Leonidov, L. MLerran, Nul. Phys. A692,583 (2001).[8℄ H1 Collab., C. Adlo� et al., Phys. Lett. B520, 183 (2001); ZEUS Collabora-tion, paper submitted to EPS 2001, Budapest.[9℄ W. Buhmueller, D. Haidt, hep-ph/9605428.[10℄ T. Lastovika, Eur. Phys. J. C24, 529 (2002); Ata Phys. Pol. B33, 2867(2002), these proeedings part I.[11℄ R.B. Ball, S. Forte, Phys. Lett. B335, 77 (1994).[12℄ J. Kwieinski, A. Stasto, Phys. Rev. D66, 014013 (2002); A. Stasto, AtaPhys. Pol. 33, 3039 (2002), these proeedings part I.[13℄ J. Bartels, K. Gole-Biernat, H. Kowalski, Phys. Rev. D66, 014001 (2002);K. Gole-Biernat, Ata Phys. Pol. B33, 2771 (2002), these proeedings part I.[14℄ L. Frankfurt, A. Radyushkin, M. Strikman, Phys. Rev. D55, 98 (1997).[15℄ B. Blaettel, G. Baym, L.L. Frankfurt, M. Strikman, Phys. Rev. Lett. 70, 896(1993).[16℄ E. De Wolf, J. Phys. G 28, 1023 (2002) and private ommuniation. See alsoA. De Roek, E. De Wolf, Phys. Lett. B388, 843 (1996).[17℄ S. Munier, A. Stasto, A.H. Mueller, Nul. Phys. B603, 427 (2001);S. Munier, Ata Phys. Pol. B33, 3573 (2002), these proeedings.[18℄ S. Catani, M. Ciafaloni, F. Hautmann, Phys. Lett. B307, 147 (1993).[19℄ J. Kwieinski, A.D. Martin, A. Stasto, Phys. Rev. D56, 3991 (1997).
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