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HARD DIFFRACTION IN CDF�Koji Terashifor the CDF CollaborationThe Rokefeller University, 1230 York Avenue, New York, NY 10021, USA(Reeived July 1, 2002)We present Run I results on hard di�ration obtained by the CDF Col-laboration in proton-antiproton ollisions at the Fermilab Tevatron. Theyare ompared with results from the DESY ep ollider HERA and/or theo-retial preditions to test fatorization in hard di�ration. In addition, theCDF program for di�rative studies in Run II is presented brie�y.PACS numbers: 13.87.Ce, 12.38.Qk, 12.40.Nn1. IntrodutionDi�rative events in �pp ollisions are haraterized by a leading pro-ton or antiproton whih remains intat and/or a rapidity gap, de�ned asa pseudo-rapidity1 region devoid of partiles. Di�rative events with hardproesses (�hard di�ration�), suh as prodution of high PT jets in di�ra-tive interations (see Fig 1), have been studied to understand the natureof the exhanged �Pomeron�, whih is a olor singlet objet with vauumquantum numbers. One of the most interesting questions in hard di�rative
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p p pFig. 1. Diagrams and event topologies of dijet prodution in single di�ration (left),double di�ration (middle) and double Pomeron exhange (right).� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.1 The pseudo-rapidity � is de�ned as � � � ln (tan �=2), where � is the polar angle ofa partile with respet to the proton beam diretion.(3461)



3462 K. Terashiproesses is whether they obey QCD fatorization, in other words, whetherthe Pomeron has a universal (proess independent) struture funtion. Var-ious hard di�rative proesses have been studied in CDF by measuringthe di�rative prodution rates and/or di�rative struture funtion of the(anti)proton, and results will be presented below.2. Hard di�ration with rapidity gapsUsing forward rapidity gaps to tag single di�rative events, we havemeasured the ratio of Single Di�rative (SD) to inlusive rates for W bo-son [1℄, dijet [2℄, b-quark [3℄ and J= [4℄ prodution at ps = 1800 GeV. Wehave also measured the rates for events with Double Di�rative (DD) dijet(entral rapidity gap between jets) at ps = 1800 GeV [5℄ and 630 GeV [6℄.The measured SD rates were orreted for �rapidity gap aeptane�, de-�ned as the ratio of events with a rapidity gap in the forward detetors toall di�rative events with � (momentum fration of the (anti)proton arriedby the Pomeron) less than 0.1. The measured di�rative to inlusive ratesfor � < 0:1 are listed in Table I. Sine the measured SD proesses have dif-ferent sensitivity to the quark and gluon ontent of the Pomeron, the gluonfration in the Pomeron fg an be determined by omparing the ratio D ofmeasured to predited SD rates for di�erent proesses with varying fg from0 to 1. By using the POMPYT simulation [7℄, fg was determined to be0:54+0:16�0:14 and D was found to be 0:19 � 0:04. The disrepany of D fromunity indiates a breakdown of fatorization. The value of D is approxi-mately the same as that observed in the soft SD ross setion, as preditedin the Ref. [8℄. TABLE IMeasured ratio of di�rative (� < 0:1) to inlusive prodution rates.Hard proess ps RDIFFALL (%) Kinematial regionW (! e��e) + G 1800 1.15� 0.55 EeT, =ET > 20 GeV, j�ej < 1:1Jet + Jet + G 1800 0.75� 0.10 E1;2T > 20 GeV, 1:8 < j�1;2j < 3:5b(! eX) + G 1800 0.62� 0.25 peT > 9:5 GeV/, j�ej < 1:1J= (! �+��) + G 1800 1.45� 0.25 p�T > 2:0 GeV/, j��j < 1:0Jet + G + Jet 1800 1.13� 0.16 E1;2T > 20 GeV, 1:8 < j�1;2j < 3:5Jet + G + Jet 630 2.7� 0.9 E1;2T > 8 GeV, 1:8 < j�1;2j < 3:5



Hard Di�ration in CDF 34633. Hard di�ration with a leading antiprotonDeteting a leading antiproton with the Roman Pot spetrometer, CDFhas studied single di�rative dijet prodution at ps = 1800 GeV [9℄ and630GeV [10℄. In leading order QCD, the ratio RSDND of SD to Non-Di�rative(ND) dijet prodution rates is equal to the ratio of di�rative to ND stru-ture funtions of the antiproton. The di�rative struture funtion in termsof dijet prodution, FDjj(x;Q2; �), integrated over four momentum transfersquared t, is given by FDjj(x;Q2; �) = x[gD(x;Q2; �)+ 49qD(x;Q2; �)℄, where xis the momentum fration of the struk parton in the antiproton and gD(qD)the di�rative gluon (quark) density funtion. The qD is multiplied by 4=9to aount for olor fators. FDjj was obtained by multiplying the measuredRSDND by the known ND struture funtion of the antiproton Fjj(x;Q2). Thedi�rative struture funtion was then expressed as a funtion of � (inte-grated over Q2 and �) by using x = ��, where � is interpreted as the mo-mentum fration of the Pomeron arried by the struk parton. Fig. 2 showsthe measured di�rative struture funtion FDjj(�) for the kinemati regionjtj < 1 GeV2, 0:035 < � < 0:095 and Ejet1;2T > 7 GeV. Comparison betweenthe measured FDjj and expetations from the parton densities of the protonextrated from di�rative DIS shows a disrepany in both normalizationand shape of � dependene of the di�rative struture funtion, whih in-
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Fig. 2. Data � distribution (points) ompared with expetations from di�rativeDIS by the H1 Collaboration (dashed and dotted lines). The straight line is a �t tothe data of the form ��n. The lower (upper) boundary of the �lled band representsthe data distribution obtained by using only the two leading jets (up to four jetsof ET > 5 GeV) in evaluating �. The systemati unertainty in the normalizationof the data is �25%.



3464 K. Terashidiates a breakdown of fatorization. The � dependene of the di�rativestruture funtion has also been studied. The results (Fig. 3) show thatthe measured FDjj is well represented by the form FDjj = C (1=�n) (1=�m)for � < 0:5, where the powers n and m are given by n = 1:0 � 0:1 andm = 0:9 � 0:1, respetively. The observed � dependene of FDjj is muhsteeper than that of the dN=d� distribution of the inlusive SD sample, in-diating that the di�rative dijet sample in our analysis is dominated byPomeron exhange.
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Fig. 3. (a) � dependene of the parameter n (irles) of a �t to the FDjj of the formC��n at �xed � for � < 0:5 with a one parameter straight line �t (dashed line);(b) � dependene of FDjj (irle points) at � = 0:1 �tted to the form C��m (urve),and the inlusive SD distribution (triangles). The errors shown are statistial only.The di�rative struture funtion has also been measured atps=630GeVand ompared with that at ps = 1800 GeV [10℄. In the kinemati regionjtj < 0:2 GeV2, 0:035 < � < 0:095 and 0:1 < � < 0:5, the ratio of the630 to 1800GeV di�rative struture funtions was found to be R6301800 =1:3 � 0:2(stat)+0:4�0:3(syst). The ratio R6301800 is onsistent with fatorization(R6301800 = 1), but also onsistent with the value of 1.55 predited by therenormalized Pomeron �ux model [8℄ and with the value of 1.8 of the rapiditygap survival model of Ref [11℄.4. Hard double Pomeron exhange with a leading antiprotonCDF has studied events with a double Pomeron exhange (DPE) topol-ogy (Fig. 1) using a data sample with a leading antiproton atps = 1800 GeVand reported the �rst onlusive observation of dijet prodution in DPE [12℄.The di�rative struture funtion of the antiproton was evaluated from the



Hard Di�ration in CDF 3465ratio RSDND of SD to ND dijet rates as a funtion of x�p (Bjorken-x of the partonin the antiproton). Similarly, the di�rative struture funtion of the protonan be obtained from the ratio RDPESD of DPE to SD dijet rates as a funtionof xp (Bjorken-x of the parton in the proton). In leading order QCD, fa-torization demands that the two ratios RSDND and RDPESD be equal at �xed xand �. Therefore, omparing the two ratios provides another fatorizationtest at the Tevatron. Fig. 4 shows RDPESD (xp) and RSDND(x�p) (normalized perunit �) at xp = x�p = x as a funtion of x for the kinemati region denoted inthe �gure. The weighted average of the RDPESD (RSDND) data points in the range10�2:8 < x < 0:01 (within dashed lines) at � = 0:02 is ~RDPESD = 0:80 � 0:26(~RSDND = 0:15 � 0:02, evaluated from a straight line �t to the ~RSDND pointsshown in the inset), whih yields the ratio D � ~RSDND=~RDPESD = 0:19 � 0:07.The disrepany of D from unity represents a breakdown of fatorization.
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Fig. 4. Ratios of DPE to SD (SD to ND) dijet event rates per unit �p (��p), shownas open (�lled) irles, as a funtion of xp (x�p). The errors are statistial only. Theinset shows ~R(x) per unit � versus �, where ~R is the weighted average of the R(x)points within the vertial dashed lines, whih mark the DPE kinemati boundary(left) and the value of x = �minp (right) in the main �gure.The absolute DPE dijet ross setion was measured to be �DPEjj = 43:6�4:4 (stat) � 21:6 (syst) [3:4 � 1:0 (stat) � 2:0 (syst)℄nb for the regionjt�pj < 1 GeV2, 0:035 < ��p < 0:095, 0:01 < �p < 0:03 and jets of ET > 7[ET > 10℄ GeV on�ned within �4:2 < � < 2:4. We also measured the95% C.L. upper bound for events in whih the dijet energies ould aountfor the total energy of the entral system (�p + p ! �p0 + jet1 + jet2 + p0)to be 3.7 nb for 0:035 < ��p < 0:095 and Ejet1;2T > 7 GeV on�ned within�4:2 < � < 2:4.



3466 K. Terashi5. Run II di�ration in CDFIn Run II being urrently under way, CDF is planning to study varioustopis on di�ration. These inlude detailed studies of FD, as proess de-pendene of FD and Q2 dependene of FDjj in SD, and dependene of FDjjon the gap width in DPE. In addition, the prodution of exlusive dijets,b�b and low mass state in DPE will be studied. With two reently installed�Miniplug� alorimeters overing the region 3:5 < j�j < 5:5, we will alsostudy events with a large rapidity gap in-between jets in DD to test theBFKL model. REFERENCES[1℄ F. Abe et al., Phys. Rev. Lett. 78, 2698 (1997).[2℄ F. Abe et al., Phys. Rev. Lett. 79, 2636 (1997).[3℄ T. A�older et al., Phys. Rev. Lett. 84, 232 (2000).[4℄ T. A�older et al., Phys. Rev. Lett. 87, 241802 (2001).[5℄ F. Abe et al., Phys. Rev. Lett. 74, 855 (1995); Phys. Rev. Lett. 80, 1156(1998).[6℄ F. Abe et al., Phys. Rev. Lett. 81, 5278 (1998).[7℄ P. Bruni, A. Edin, G. Ingelman, Report No. DESY-95, ISSN 0418-9833.[8℄ K. Goulianos, Phys. Lett. B358, 379 (1995); B363, 268 (1995).[9℄ T. A�older et al., Phys. Rev. Lett. 84, 5043 (2000).[10℄ T. Aosta et al., Phys. Rev. Lett. 88, 151802 (2002).[11℄ A.B. Kaidalov, V.A. Khoze, A.D. Martin, M.G. Ryskin, Eur. Phys. J. C21,521 (2001).[12℄ T. A�older et al., Phys. Rev. Lett. 85, 4215 (2000).


