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DIFFRACTION AND LOW-x AT THE LHC�A. De RoekCERN 1211, Geneva 23, Switzerland(Reeived August 19, 2002)Opportunities for hard di�ration and low-x studies at the LHC arerealled. Suh studies will need a entral detetor suh as ATLAS or CMS,but equipped with forward detetors.PACS numbers: 13.85.Hd 1. IntrodutionThe LHC � expeted to start in 2007 � will ollide protons with atotal Centre of Mass (CM) energy of 14 TeV, and will open up a new highenergy frontier. Partiular hallenges are the high luminosity of the mahineof 1033m�2s�1 at the start-up, to 1034m�2s�1 for the nominal high lumi-nosity mode, leading to event samples of 10�100 fb�1/year. For the highestluminosity, it is expeted that one bunh rossing will ontain on average 23(mostly soft) hadroni events overlaid.Due to the high CM energy, parton distributions an in priniple beexplored for saled parton momentum values x down to 10�7. For di�rativeevents, e.g. events in whih the proton beam loses 10% of the energy or less,the equivalent �Pomeron beams� have an energy of about 500 GeV. Suhollisions allow to probe the struture of the Pomeron down to frationalmomentum values, �, of less than 10�3.CMS [1℄ and ATLAS [2℄ are general purpose experiments with an a-eptane of roughly j�j < 3 for traking and j�j < 5 for alorimetry. TheTOTEM [3℄ experiment will use the same interation point (IP) as CMS andis designed to measure the total and elasti pp ross setion at the highestenergies and will use roman pots detetors to measure the low-t satteredprotons, and detetor for tagging inelasti events in the regions 3 < j�j < 5(T1) and 5 < j�j < 7 (T2), as shown in Fig. 1. Both these TOTEM detetorsaround CMS o�er an exellent opportunity for having an experiment whih� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3591)



3592 A. De Roekhas almost full overage of both the entral and forward region, Reentlya new study group was installed [4℄ that will analyse the physis ase ofombining the data of CMS and TOTEM, and try to optimise the detetorsin the forward region.

Fig. 1. Position of the inelasti event tagging detetors of TOTEM, T1 and T2,integrated with CMS. 2. Di�rationDi�rative events an be seleted by rapidity gap tehniques or by detet-ing and measuring the non-dissoiated proton. Overlap events will prevent touse the rapidity gap tehnique at the highest luminosities, but for a start-upluminosity of 1033m�2s�1 still in about 22% of the ases the bunh ross-ing will ontain only one interation. With good tagging of bunh rossingswith a single ollisions one ould use these events for di�rative studies. Athigher luminosities roman pots or mirostations [5℄ will be imperative.In its proposal, TOTEM plans to install three stations of roman pots oneah beam side. Preliminary studies suggest additional loations, namelybetween 210 and 420 m from the IP. These are important for di�rative hardsattering studies, two-photon physis and for the detetion of di�rativeHiggs prodution. Combining CMS and TOTEM detetors will allow tostudy hard di�ration proesses suh as Single Pomeron Exhange (SPE)and Double Pomeron Exhange (DPE).To demonstrate the sensitivity to the Pomeron struture the programPOMWIG [6℄ was used to study di-jets in DPE events. The uts appliedare 0:001 < � < 0:1 and jtj < 1 GeV2, and P jetT > 100 GeV, with � =EPomeron=Ebeam, inspired on preliminary alulations [7℄. Both jets must be



Di�ration and Low-x at the LHC 3593within the aeptane of j�j < 5. Cross setions and di�erential distributionsfor several di�erent input parton distributions are alulated as funtion �,the frational momentum of partons in the Pomeron, in Fig. 2. Di�erentdistributions for the partons in the Pomeron were used suh as di�erent �tsfrom H1 (in LO: �ts 4, 5 and 6; �t 4 has enfored no gluons at the startingsale of 4 GeV2; �ts 5 and 6 are di�erent solutions with a rather large gluonontent) and a simple soft ( (1�x)5) and hard (x(1�x)) parton distributionspetrum. For the alulations no fatorisation breaking has been assumed.The kinematis is reonstruted from the jets and the sattered protons.Clearly prominent di�erenes in shape are expeted to be observed for thedi�erent parton distributions.

Fig. 2. � distributions alulated from di-jet events in DPE, for jets with P jetT > 100GeV/.A reent development in the study of di�rative phenomena is the revivalfor the searh of the Higgs partile in di�rative events. Most interestinglyare the exlusive proesses [8℄ pp ! p + H + p whih give a ross setionabout 3 fb. More details are given elsewhere in these proeedings [9℄.3. Low-xOne of the most important results from HERA is the observed rise ofthe parton densities at small Bjorken-x. Have these data reahed the regionof parton saturation? In suh a region one would expet to see a reduedgrowth of the partons due to parton reombination and shadowing meha-nisms. A saturation region will be a new regime to study QCD where theparton densities are large but �s is still small enough to perform perturbativealulations.



3594 A. De RoekTo establish unambiguously saturation smaller x values, beyond thereah of HERA, will be needed. The LHC kinematis (see [10, 11℄) showsthat values of x = 10�7 an be reahed. Information from pp ollisions onparton distributions at the lowest possible x values an be provided via lowmass Drell�Yan prodution, diret photon prodution and jet prodution.In ase of hotspot formation, the e�ets should already beome visible atlarger x values.Shadowing orretions have been estimated with GLR type of orretionsto the standard parton evolution equations, using the results of from triplePomeron vertex alulations [12℄. These results are shown in Fig. 3, fordi�erent values of the saturation radius. Hene the e�ets ould be verylarge: at x = 10�6, and Q2 = 4 GeV2, the e�et of shadowing is as largeas a fator 2. For larger Q2 values it is redued to a 20�30% e�et. Otherestimates reah similar onlusions [13�15℄.
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Fig. 3. Predition for the gluon distribution at several sales, with and withoutsaturation e�ets.The Drell�Yan proess qq ! �+�� or qq ! e+e� has a simple experi-mental harateristi. The x1;2 values of the two inoming quarks relate tothe invariant mass of the two muon system M�� as x1 x2 s ' M2��, henewhen one of the x1;2 is large (x > 0:1), low-x an be probed with low massDrell�Yan pairs. In order to reah small masses (small sales) and low-x,this will require to probe large values of pseudorapidity �. Hene the result-ing muons will dominantly go in the very forward diretion as illustratedin Fig. 4, made with the PYTHIA event generator [16℄, using MRST-LOparton distributions. Drell�Yan events were generated with a mass largerthan 2 GeV.
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Fig. 4. Distribution of ln10(x) for Drell�Yan prodution of muons forM�� > 4GeV2for di�erent � regions of the two muons: (a) 0 < j�j < 5, (b) 5 < j�j < 7,() 7 < j�j < 9, (d) 5:5 < j�j < 7:8.CMS and TOTEM are studying upgrades in the forward region to be ableto measure high pT leptons, photons and jets, by redesigning T2 mentionedabove. 4. Other topisTagging two-photon prodution events o�ers a signi�ant extension ofthe LHC physis programme. The e�etive luminosity of high-energy ollisions reahes 1% of the proton-proton luminosity and roman pots usedfor measuring very forward proton sattering should allow for a reliableextration of interesting two-photon interations. Partiularly exiting isthe possibility of deteting two-photon exlusive Higgs boson prodution atthe LHC [17℄.The physis program for two-photon physis at the LHC ontains topissuh as the two-photon total ross setion, QCD in two photon physis,exlusive Higgs prodution, WW prodution and Susy partile prodution.



3596 A. De RoekFinally, the LHC also o�ers the possibility to study proesses at a lowerentre of mass energy. Possible options [18℄ for lower energy runs at the LHCinlude running at 2 TeV with a maximum luminosity of 2 � 1032m�2s�1and 8 TeV with 3:3 � 1033m�2s�1. Topis to be studied [19℄ inlude toremeasure the total ross setion at a CM energy of 2 TeV, to measure theprodution of Z bosons at 2 TeV and ompare the pp and pp produtionrates (whih are sensitive to the quark and anti-quark distributions in theproton), BFKL studies with dijets, the energy dependene of gap survivalprobabilities, inlusive jets et.5. ConlusionsElasti, total and soft di�rative ross setions an be measured withTOTEM in low luminosity runs. Using the ombination of CMS+TOTEMallows to study hard di�ration at the highest energies. Questions on thePomeron struture and gap survival dynamis an be addressed. The LHChas the potential to reah the region in x = 10�6�10�7, but the CMS dete-tor would need to be upgraded in the region 5 < j�j < 7�8. A potentiallyinteresting program for two-photon beomes aessible to the LHC, if pro-ton taggers are available in the right loation. It is possible to run the LHCat smaller energies, in the range of 2�14 TeV. This would allow for manystudies related to QCD. REFERENCES[1℄ CMS Collab., Tehnial Design Report (1997).[2℄ ATLAS Collab., Tehnial Design Report (1997).[3℄ TOTEM Collab., Tehnial Design Report, preprint CERN/LHCC 99-7.[4℄ Forward physis study group for CMS and TOTEM (A. De Roek andK. Eggert onvenors).[5℄ V.P. Nomokov, Helsinki Workshop on Forward Physis, November 2000.[6℄ B. Cox, J. Forshaw, Comput. Phys. Commun. 144, 104 (2002).[7℄ R. Orava, Di�ration at the LHC, LISHEP 2002, Rio de Janeiro.[8℄ V.A. Khoze, A.D. Martin, M.G. Ryskin, Eur. Phys. J. C14, 525 (2000), C19,477 (2001), hep-ph/0006005; V.A. Khoze, hep-ph/0105224.[9℄ Session on Di�rative Higgs at this onferene.[10℄ A.D. Martin, R.G. Roberts, W.J. Stirling, R.S. Thorne, Eur. Phys. J. C14,133 (2000).[11℄ A. De Roek, Helsinki Workshop on Forward Physis, November 2000.[12℄ M. Kimber, J. Kwieinski, A.D. Martin, Phys. Lett. B508, 58 (2001).
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