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DOUBLE-GAP SOFT DIFFRACTION RESULTSFROM CDF�Konstantin GoulianosFor the CDF CollaborationThe Rokefeller University1230 York Avenue, New York, NY 10021, USA(Reeived June 26, 2002)We present a study of �pp ollisions with a leading antiproton and arapidity gap in addition to that assoiated with the antiproton. The seondgap is either within the region available to the proton dissoiation produts,�p + p ! (�p + gap) + X + gap + Y , or adjaent to the outgoing proton�p + p ! (�p + gap) + X + (gap + p). Results are reported for two-gap toone-gap event ratios and ompared with one-gap to no-gap ratios and withtheoretial expetations.PACS numbers: 13.85.Ni, 11.55.Jy, 12.40.Nn1. IntrodutionDi�rative �pp interations are haraterized by a leading (high longitudi-nal momentum) outgoing proton or antiproton and/or a large rapidity gap,de�ned as a region of pseudorapidity, � � � ln tan �2 , devoid of partiles.The large rapidity gap is presumed to be due to the exhange of a Pomeron,whih arries the internal quantum numbers of the vauum. Rapidity gapsformed by multipliity �utuations in Non-Di�rative (ND) events are ex-ponentially suppressed with ��, so that gaps of �� > 3 are almost purelydi�rative. At high energies, where the available rapidity spae is large,di�rative events may have more than one large gap. Using the ColliderDetetor at Fermilab (CDF), we have studied two types of events with twodi�rative rapidity gaps in an event, shown shematially in Figs. 1 and 2 [1℄.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3467)
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_ ηpFig. 2. DPE.2. MotivationThe motivation for this study is its potential for providing further un-derstanding of the underlying mehanism responsible for the suppression ofdi�rative ross setions at high energies relative to Regge theory predi-tions. As shown in Fig. 3, suh a suppression has been observed for bothsingle di�ration (SD), �p(p) + p! [�p(p) + gap℄ +X, and double di�ration(DD), �p(p) + p! X1 + gap +X2.Naively, the suppression relative to Regge based preditions is attributedto the spoiling of the di�rative rapidity gap by olor exhanges in addition
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Fig. 3. (Left) The �pp total SD ross setion exhibits an s-dependene onsistent withthe renormalization proedure of Ref. [2℄, ontrary to the s2� behaviour expetedfrom Regge theory (�gure from Ref. [2℄). (Right) The �pp total DD (entral gap)ross setion agrees with the predition of the renormalized rapidity gap model [3℄,ontrary to the s2� expetation from Regge theory (�gure from Ref. [4℄).



Double-Gap Soft Di�ration Results from CDF 3469to Pomeron exhange. In an event with two rapidity gaps, additional olorexhanges would generally spoil both gaps. Hene, ratios of two-gap toone-gap rates should be unsuppressed. Measurements of suh ratios ouldtherefore be used to test the QCD aspets of gap formation without theompliations arising from the rapidity gap survival probability.3. Data and resultsThe data used for this study are inlusive SD event samples atps = 1800and 630 GeV olleted by triggering on a leading antiproton deteted in aRoman Pot Spetrometer (RPS) [5, 6℄. Below, we list the number of eventsused in eah analysis within the indiated regions of antiproton frationalmomentum loss ��p and 4-momentum transfer squared t, after applying thevertex uts jzvtxj < 60 m and Nvtx � 1 and a 4-momentum squared ut ofjtj < 0:02 GeV2 (exept for DPE at 1800 GeV for whih jtj < 1:0 GeV2):Proess � Events at 1800 GeV Events at 630 GeVSDD 0:06 < � < 0:09 412K 162 KDPE 0:035 < � < 0:095 746K 136 KIn the SDD analysis, the mean value of � = 0:07 orresponds to a di�ra-tive mass of � 480 (170) GeV at ps = 1800 (630) GeV. The di�rativeluster X in suh events overs almost the entire CDF alorimetry, whihextends through the region j�j < 4:2. Therefore, we use the same methodof analysis as that used to extrat the gap fration in the ase of DD [4℄.We searh for experimental gaps overlapping � = 0, de�ned as regions of �with no traks or alorimeter towers above thresholds hosen to minimizealorimeter noise ontributions. The results, orreted for triggering e�-ieny of BBCp (the beam ounter array on the proton side) and onvertedto nominal gaps de�ned by �� = ln sM21M22 , are shown in Fig. 4.The SDD Monte Carlo simulation is based on Regge theory Pomeronexhange with the normalization left free to be determined from the data.The di�erential dN=d��0 shape agrees with the theory (Fig. 4(left)), butthe two-gap to one-gap ratio is suppressed (Fig. 4(right)). However, thesuppression is not as large as that in the one-gap to no-gap ratio. The bandsthrough the data points represent preditions of the renormalized multigapparton model approah to di�ration [7℄, whih is a generalization of therenormalization models used for single [2℄ and double [3℄ di�ration.In the DPE analysis, the �p is measured from alorimeter and beamounter information using the formula below and summing over all partiles,
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10Fig. 4. (Left) The number of events as a funtion of ��0exp = �max � �min for dataat ps = 1800 GeV (points), for SDD Monte Carlo generated events (solid line),and for only SD Monte Carlo events (dashed line). (Right) Ratios of SDD to SDrates (points) and DD to total (no-gap) rates (open irles) as a funtion of ps0 ofthe sub-proess Pp and of �pp, respetively. The unertainties are highly orrelatedamong all data points.de�ned experimentally as beam-beam ounter (BBC) hits or alorimetertowers above �-dependent thresholds hosen to minimize noise ontributions.�Xp = M2X��p � s = PiEiT exp(+�i)ps :For BBC hits we use the average value of � of the BBC segment of the hitand an ET value randomly hosen from the expeted ET distribution. The�X obtained by this method was alibrated by omparing �X�p , obtained byusing exp(��i) in the above equation, with the value of �RPS�p measured bythe Roman Pot Spetrometer.Figure 5(left) shows the �X�p distribution for ps = 1800 GeV. The bumpat �X�p � 10�3 is attributed to entral alorimeter noise and is reproduedin Monte Carlo simulations. The variation of tower ET threshold arossthe various omponents of the CDF alorimetry does not a�et appreiablythe slope of the �X�p distribution. The solid line represents the distributionmeasured in SD [8℄. The shapes of the DPE and SD distributions are in goodagreement all the way down to the lowest values kinematially allowed.The ratio of DPE to inlusive SD events was evaluated for �Xp < 0:02.The results for ps =1800 and 630 GeV are presented in the Table below



Double-Gap Soft Di�ration Results from CDF 3471and in Fig. 5(right). Also presented are the expetations from gap proba-bility renormalization [7℄, Regge theory and fatorization, and Pomeron �uxrenormalization for both exhanged Pomerons [2℄. The quoted unertaintiesare largely systemati for both data and theory; the theoretial unertaintiesof 10% are due to the unertainty in the ratio of the triple-Pomeron to thePomeron�nuleon ouplings [9℄.
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Fig. 5. (Left) �X�p distribution at ps =1800 GeV for events with a �p of 0:035 <�RPS�p < 0:095. The solid line is the distribution obtained in single di�rationdissoiation. The bump at �X�p � 10�3 is due to entral alorimeter noise and isreprodued in Monte Carlo simulations. (Right) Measured ratios of DPE to SDrates (points) ompared with preditions based on Regge theory(dashed), Pomeron�ux renormalization for both exhanged Pomerons (dotted) and gap probabilityrenormalization (solid line).The data are in exellent agreement with the preditions of the gaprenormalization approah.Soure RDPESD (1800 GeV) RDPESD (630 GeV)Data 0:197� 0:010 0:168� 0:018Pgap renormalization 0:21 � 0:02 0:17 � 0:02Regge � fatorization 0:36 � 0:04 0:25 � 0:03P-�ux renormalization 0:041� 0:004 0:041� 0:004
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