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DISCUSSION SESSIONON DIFFRACTIVE HIGGS PRODUCTION�A. De RoekCERN, 1211 Geneva 23, Switzerlandand C. RoyonCEA, SPP, DAPNIA, CE-Salay, 91191 Gif-sur-Yvette Cedex, FraneSPP and University of Texas at Arlington, Arlington, USA(Reeived August 19, 2002)This note summarizes the disussion session on di�rative Higgs pro-dution at the DIS2002 workshop.PACS numbers: 13.85.Hd, 14.80.Bn, 14.80.Cp1. IntrodutionOne of the main goals of the Large Hadron Collider (LHC) under on-strution at CERN is the searh for, disovery and measurement of the Higgsboson, the partile assoiated with the �eld that an provide a mehanismfor eletroweak symmetry breaking in the Standard Model. The mass of theHiggs boson is unknown but preise measurements of eletroweak proesseshint towards a value below 196 GeV (95% C.L.). Diret searhes exludea Higgs with a mass smaller than 114.1 GeV (95% C.L.). If Supersymmetrywill turn out to be the mehanism that stabilizes the Standard Model athigh energies, then the theoretially preferred region for the (lightest) Higgsmass is below 135 GeV.Measuring a light Higgs at the LHC will not be an easy task [1℄, butrather a deliate trade-o� between signal and bakground. E.g. inlusiveHiggs prodution with the Higgs deaying into its most favorable mode, bb,annot be used to disover the Higgs due to the too high bakground of bbprodution. It, is therefore, important to explore more, in partiular lean,proesses whih would allow to disover the Higgs boson.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3491)



3492 A. De Roek, C. RoyonReently, renewed attention has been drawn to di�rative Higgs produ-tion [2℄, being �rst disussed in [3℄. Sine then, several groups have studiedthe proesses but there are substantial di�erenes in the approahes usedand results obtained. At the DIS02 meeting the most reent approaheswere onfronted in a disussion session. For simpliity we will distinguishhere only two main ategories: exlusive and inlusive prodution, see Fig. 1.For eah of these there are several di�erent models disussed. Furthermore,we will only disuss those di�rative hannels where the inident protonssurvive the interation and an be deteted in e.g. Roman pot detetors, asthese onstitute the most interesting event lasses. But all these proessesdo have ontributions from hannels where the protons dissoiate, and whihan be used in ase one is only interested in the presene of a gap and notin measuring the sattered proton.
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(a) (b)Fig. 1. Diagrams for (a) exlusive and (b) inlusive di�rative Higgs prodution.2. Exlusive produtionIn the ase of exlusive prodution (Fig. 1(a)), the �nal state is simplepp!p+H+p. In suh a on�guration one an bene�t from strong spin JZ=0seletion rules whih essentially swithes o� the LO order QCD bakgroundprodution suh as bb prodution, and thus redue the bakground by severalorders of magnitude.The light Higgs prodution ross setions for exlusive prodution bythe di�erent alulations range from approximately 100 fb [3, 4℄ to 3 fb [5℄.Muh of the di�erene between the results omes from whether and how a soalled gap survival probability is inluded in the alulation. The Tevatrondi�rative data imposes the need of a gap survival probability of order 0.1for most alulations of di�rative hard sattering proesses.The most detailed reent analysis of the exlusive hannels is performedin [5℄ and they �nd a ross setion of the order of 3 fb. They also estimate,within their approah, an unertainty of a fator of two on this result [1℄.In other words the exlusive Higgs prodution ross setion ould well berather small, but still detetable at the LHC.



Disussion Session on Di�rative Higgs Prodution 34933. Inlusive proessesSeveral groups have also studied the inlusive prodution ross setion(Fig. 1(b)). Here we distinguish a so alled fatorizable, non-fatorizable andsoft olor interation model. A ompilation of di�erent reent alulationsfor the ross setions is given in Table I. TABLE ICross setions for inlusive Higgs prodution.�H (fb) Normalization Ref.320 �3:8 [8℄260�390 no resaling [6℄0.19�0.16 [9℄In the fatorizable model [6℄, two pomerons are emitted with a struturefuntion and �ux fator as measured in deep inelasti data at HERA. Theross setions for both di�rative dijet and Higgs prodution are alulatedfor Tevatron and LHC energies. Di�rative dijets have been measured atCDF, so the predition an be ompared to the data. The authors �nd thispredition a fator 10 too large, and resale the Higgs ross setion withthis gap survival probability aordingly. The ross setions for LHC intheir paper are not resaled. In [5℄ similar ross setions are alulated, andresults similar results obtained, be it using atually di�erent diagrams asexplained in [1℄In the non-fatorizable model [7, 8℄, two pomerons are emitted witha struture funtion as measured in deep inelasti data at HERA, but a soft�ux fator (" = 0:08 instead of � 0:2) is used, meant to absorb the fa-torization breaking seen between HERA and Tevatron hard di�rative mea-surements. Similarly the ross setions for both di�rative dijet and Higgsprodution are alulated for Tevatron and LHC energies. The dijet rosssetion is a found to be a fator 3.8 too small at the Tevatron, and the Higgsross setion is resaled aordingly, also for the LHC results. The resultingnumbers are similar to [6℄, but for the latter no gap suppression fator hasbeen applied for the LHC preditions. If this is applied the result in [6℄would be a fator 10�20 smaller than these results.In [9℄ the authors use the soft olor interation (and also the generalarea law) model to predit Higgs prodution ross setions. This model andesribe a variety of di�rative data at the Tevatron and HERA. It preditsa small ross setion for di�rative Higgs prodution at the Tevatron.
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0 0.2 0.4 0.6 0.8 1Fig. 2. Dijet quantities DPE events as measured by CDF. The bottom-right plotshows the dijet mass fration. 4. DisussionThe following disussion developed at the meeting.� Comparison between the di�erent alulations, espeially the exlusivehannels: what is the origin of the di�erenes in the models? How anwe ontrol the all important gap survival probability experimentally?For the pomeron proesses, the di�erene in preditions is a fator 10for those models that �use� emission of pomerons. It appears that thisfator an be mostly explained by the di�erent value " used for the�ux [10℄.



Disussion Session on Di�rative Higgs Prodution 3495� What are the unertainties on the alulations? By varying the param-eters in the models for the ross setion alulations (input struturefuntions et.) one ould get a handle on the spread within a givenmodel. One author of [3℄ reported that the unertainty an be easilyas large as a fator 10. Reently in [1℄ the unertainty was evaluatedto be a fator two only for the alulations �rst presented in [5℄.� How an one test these models? While now generally aepted that thedi�rative Higgs prodution rates for the Tevatron are probably toosmall to be of use, there are several proesses whih an be exploited atthis ollider in the next years, e.g. di�rative dijet, di-photon, � andpossibly �b prodution. Di-photon prodution should be measurable inRun-II aording to the preditions in [6℄. Perhaps also vetor mesonprodution at HERA an play a role in disriminating the models.In partiular di�rative dijet prodution is very interesting. CDF [11℄has already measured double pomeron exhange (DPE) dijet produ-tion. Fig. 2 shows � among other distributions � the fration of theenergy of the dijets ompared to the total energy in the entral system.Clearly every inlusive model for Higgs prodution, when applied topredit Higgs and dijet prodution rates should desribe the shape andnormalization of this distribution. Note, however, that the CDF dataare not orreted for detetor smearing, and thus to reprodue thesesignals one needs an event generator and detetor simulation whihhas the proper energy smearing.CDF also sets a limit on the ross setion for exlusive dijet produtioni.e. where all visible energy enters in the two jets. They �nd thata most 5.1 events ( 3.7 nb) are ompatible with this hypothesis. E.g.any model prediting a LARGER ross setion than this an alreadybe exluded.� Conerning the debate of exlusive and inlusive prodution: Whatan one �nally gain from the inlusive di�rative Higgs produtionwith respet to inlusive Higgs prodution? In this ase there will beno JZ seletion rule to suppress the bakground and one annot use therelation Mpp = MH , sine there are always remnants around. Someinitial ideas have been proposed in [8℄, but need to be substantiatedwith real hadronization and detetor simulation. In partiular inlu-sive prodution studies should make a full bakground alulations toshow that the signal will be visible at the end.There were onerns expressed whether exlusive events at suh largesales really happen in nature. Will there not always be some softgluons around whih spoil the exlusiveness? Di-photon produtionat the Tevatron would be a good testing ground to on�rm that theseevents are produed at high energies.



3496 A. De Roek, C. Royon5. Suggested homework� The new Tevatron Run-II data will be of pivotal importane to set-tle some of these questions. We suggest that the following data beolleted.Measure the DPE dijet spetra, preferably with double proton taggingto really onstrain the Mdijet, and measure it for di�erent ET sales(suh that one an test the " value of the �ux).Try to measure the exlusive di-photon or a � states. These have theadvantage over the dijets that it is easier to determine their �exlusive-ness�. The ross setions are, however, muh lower, so here the Run-IIluminosity will be needed.� For the di�erent models it would be useful to have the omparisons ofthe preditions with Fig. 2. Preditions for higher jet ET uts, suh as10 and 15 GeV would be useful for future omparisons with data andto demonstrate the ross setion behavior with the sale in the model.� For the di�erent models it would be useful to have preditions for di-photon prodution rates, e.g. for photons with ET > 7 GeV, as in [6℄.� A Monte Carlo generator for all these proesses would be useful, toompare with experimental data, e.g. the dijet mass fration.The goal is to have these model numbers available by the Low-x meetingin September 2002 (Antwerpen/Belgium).We thank all ontributers to this session for their presentation and a livelydisussion. REFERENCES[1℄ A. De Roek et al., hep-ph/0207042.[2℄ M.G. Albrow, A. Rostovtsev, hep-ph/0009336.[3℄ A. Bialas, P.V. Landsho�, Phys. Lett. B256, 540 (1990); A. Bialas, W. Szer-emeta, Phys. Lett. B296, 191 (1992); A. Bialas, R. Janik, Zeit. Phys. C62,487 (1994).[4℄ A. Shafer, O. Nahtmann, R. Shöpf, Phys. Lett. B249, 331 (1990);J.D. Bjorken, Phys. Rev.D47, 101 (1993); J-R. Cudell, O.F. Hernandez, Nul.Phys. B471, 471 (1996); H.J. Lu, J. Milana Phys. Rev. D51, 6107 (1995);D. Graudenz, G. Veneziano Phys. Lett. B365, 302 (1996); M. Heyssler,Z. Kunszt, W.J. Stirling, Phys. Lett. B406, 95 (1997); E.M. Levin,hep-ph/9912403 and referenes therein.
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