A Search for Jet Events with Rapidity Gaps in pp̄ collisions at ps = 1.8 TeV

S. Abachi^{(9)}, B. Abbott^{(27)}, M. Abolins^{(19)}, B.S. Acharya^{(33)}, I. Adam^{(8)}, D.L. Adams^{(28)}, M. Adams^{(13)}, S. Ahn^{(9)}, H. Aihara^{(16)}, G. Alvarez^{(14)}, G.A. Alves^{(6)}, N. Amos^{(18)}, E.W. Anderson^{(15)}, Yu. Antipov^{(26)}, S.H. Aronson^{(3)}, R. Astur^{(31)}, R.E. Avery^{(23)}, A. Baden^{(17)}, V. Balamurali^{(24)}, J. Balderston^{(12)}, B. Baldin^{(9)}, J. Bantly^{(4)}, J.F. Bartlett^{(9)} , K. Bazizi^{(5)}, T. Behnke^{(31)}, J. Bendich^{(16)}, S.B. Beri^{(25)}, V. Bezzubov^{(26)}, P.C. Bhat^{(9)}, V. Bhatnagar^{(25)}, N. Biswas^{(24)}, G. Blazey^{(29)}, S. Blessing^{(23)} , A. Boehnlein^{(35)} , F. Borcherding^{(9)} , J. Borders^{(29)}, N. Bozko^{(26)}, A. Brandt^{(9)}, R. Brock^{(19)}, A. Bross^{(9)}, D. Buchholz^{(23)}, V. Burtovoi^{(26)}, J.M. Butler^{(9)}, O. H. Callot^{(31)}, H. Castilla-Valdez^{(7)} , D. Chakraborty^{(31)}, S. Chekulaev^{(26)}, J. Chen^{(2)}, L.-P. Chen^{(16)}, W. Chen^{(31)}, L. Chevalier^{(30)}, S. Chopra^{(25)}, B.C. Choudhary^{(5)}, J. H. Christenson^{(9)}, M. Chung^{(13)}, D. Claes^{(31)}, A.R. Clark^{(16)}, W.G. Cobau^{(17)}, J. Cochran^{(31)}, W.E. Cooper^{(9)}, C. Cretsinger^{(29)} , D. Cullen-Vidal^{(4)} , M. Cummings^{(12)}, J.P. Cussonneau^{(30)}, D. Cutts^{(4)}, O.I. Dahl^{(16)}, K. De^{(34)}, M. Demarteau^{(9)}, R. Demina^{(21)}, K. Denisenko^{(9)}, N. Denisenko^{(9)}, D. Denisov^{(32)}, S. Denisov^{(26)}, W. Dharmaratna^{(11)}, H.T. Diehl^{(9)}, M. Diesburg^{(9)}, R. Dixon^{(9)}, P. Draper^{(34)}, Y. Ducros^{(30)}, S. Durston-Johnson^{(29)}, D. Eartly^{(9)}, D. Edmunds^{(19)}, A. Efimov^{(26)}, J. Ellison^{(5)} , V.D. Elvira^{(9)}, R. Engelmann^{(31)}, G. Eppley^{(28)}, O. Eroshin^{(26)}, V. Evdokimov^{(26)}, S. Fahey^{(19)}, G. Fanourakis^{(29)}, M. Fatyga^{(3)}, M.K. Fatyga^{(29)}, J. Featherly^{(3)}, S. Feher^{(31)}, D. Fein^{(2)}, T. Ferbel^{(29)}, G. Finocchiaro^{(31)}, H.E. Fisk^{(9)}, E. Flattum^{(19)}, G.E. Forden^{(2)}, M. Fortner^{(22)}, P. Franzini^{(8)}, S. Fuess^{(9)}, C.S. Gao^{(9)}, T.L. Geld^{(32)}, K. Genser^{(9)}, C.E. Gerber^{(9)}, B. Gibbard^{(3)}, V. Glebov^{(32)}, J.F. Glicenstein^{(30)} , B. Gobbi^{(23)}, M. Goforth^{(11)}, A. Goldschmidt^{(16)}, B. Gomez^{(1)}, M.L. Good^{(31)}, H. Gordon^{(3)}, N. Graf^{(3)}, P.D. Grannis^{(31)}, D.R. Green^{(9)}, J. Green^{(22)}, H. Greenlee^{(9)} , N. Grossman^{(19)}, P. Grudberg^{(16)}, S. Grünendahl^{(29)}, J.A. Guida^{(31)}, J.M. Guida^{(3)}, W. Guryn^{(3)}, N.J. Hadley^{(17)}, H. Haggerty^{(9)}, S. Hagopian^{(11)}, V. Hagopian^{(11)}, R.E. Hall^{(5)}, S. Hansen^{(9)}, J.M. Hauptman^{(15)}, D. Hedin^{(22)}, A.P. Heinson^{(5)}, U. Heintz^{(8)}, G. Herrera-Corral^{(7)}, T. Heuring^{(11)}, R. Hirosky^{(29)}, B. Hoeneisen^{(1)} , J.S. Hoftun^{(4)}, T. Hu^{(31)}, J.R. Hubbard^{(30)}, T. Huehn^{(5)}, S. Igarashi^{(9)}, A.S. Ito^{(9)}, E. James^{(2)}, J. Jaques^{(24)}, J.Z.-Y. Jiang^{(31)}, T. Joffe-Minor^{(23)}, K. Johns^{(2)}, M. Johnson^{(9)}, A. Jonckheere^{(9)}, M. Jones^{(12)}, H. Jöstlein^{(9)} , C.K. Jung^{(31)}, S. Kahn^{(3)}, R. Kehoe^{(24)}, M. Kelly^{(24)}, A. Kernan^{(5)}, L. Kerth^{(16)}, A. Kholodenko^{(26)}, A. Kiryunin^{(26)}, E. Kistenev^{(26)}, A. Klatchko^{(11)}, B. Klima^{(9)}, B. Klochkov^{(26)}, C. Klopfenstein^{(31)}, V. Klyukhin^{(26)}, V. Kochetkov^{(26)}, J.M. Kohli^{(25)}, D. Koltick^{(27)}, J. Kotcher^{(32)}, I. Kotov^{(26)}, J. Kourlas^{(20)}, A. Kozelov^{(26)}, E. Kozlovsky^{(26)}, M.R. Krishnaswamy^{(33)}, S. Krzywdzinski^{(9)} , S. Kunori^{(17)}, S. Lami^{(31)}, G. Landsberg^{(31)}, R.E. Lanou^{(4)}, J. Lee-Franzini^{(31)} , H. Li^{(31)}, J. Li^{(34)}, R.B. Li^{(9)}, Q.Z. Li-Demarteau^{(9)}, J.G.R. Lima^{(6)}, S.L. Linn^{(11)}, J. Linnemann^{(19)}, R. Lipton^{(9)}, Y.C. Liu^{(23)}, F. Lobkowicz^{(29)}, P. Loch^{(2)}, S.C. Loken^{(16)}, S. Lokos^{(31)}, L. Lueking^{(9)}, A.K.A. Maciel^{(6)} , R.J. Madaras^{(16)}, R. Madden^{(11)}, Ph. Mangeot^{(30)}, I. Manning^{(9)}, B. Mansoulié^{(30)}, H.S. Mao^{(9)}, S. Margulies^{(13)}, R. Markeloff^{(22)}, L. Markosky^{(2)}, T. Marshall^{(14)}, H.J. Martin^{(14)}, M.I. Martin^{(9)}, P.S. Martin^{(9)}, M. Marx^{(31)}, B. May^{(2)}, A. Mayorov^{(26)}, R. McCarthy^{(31)}, T. McKibben^{(13)}, J. McKinley^{(19)}, X.C. Meng^{(9)}, K.W. Merritt^{(9)}, H. Miettinen^{(28)}, A. Milder^{(2)} , A. Mincer^{(20)}, N.K. Mondal^{(33)}, H.E. Montgomery^{(9)}, P. Mooney^{(19)}, M. Mudan^{(20)}, C. Murphy^{(14)}, C.T. Murphy^{(9)}, F. Nang^{(4)}, M. Narain^{(9)}, V.S. Narasimham^{(33)}, H.A. Neal^{(18)}, J.P. Negret^{(1)}, P. Nemethy^{(20)}, D. Nešić^{(4)}, D. Norman^{(17)}, L. Oesch^{(18)}, V. Oguri^{(6)}, E. Oltman^{(16)}, N. Oshima^{(9)}, D. Owen^{(19)}, M. Pang^{(15)}, A. Para^{(9)}, C.H. Park^{(9)}, R. Partridge^{(4)}, M. Paterno^{(31)}, A. Peryshkin^{(9)}, M. Peters^{(12)}, B. Pi^{(19)}, H. Piekarz^{(11)}, Yu. Pischalnikov^{(26)}, D. Pizzuto^{(31)}, A. Pluquet^{(30)}, V. Podstavkov^{(26)}, B.G. Pope^{(19)}, H.B. Prosper^{(11)}, S. Protopopescu^{(3)} , Y.K. Que^{(9)}, P.Z. Quintas^{(9)}, G. Rahal-Callot^{(31)}, R. Raja^{(9)}, S. Rajagopalan^{(31)}, M.V.S. Rao^{(33)}, L. Rasmussen^{(31)}, A.L. Read^{(9)}, S. Repond^{(22)}, S. Reucroft^{(21)}, V. Riadovikov^{(26)}, M. Rijssenbeek^{(31)}, N.A. Roe^{(16)}, P. Rubinov^{(31)}, R. Ruchti^{(24)}, J. Rutherfoord^{(2)}, A. Santoro^{(6)}, L. Sawyer^{(34)}, R.D. Schamberger^{(31)}, D. Schmid^{(32)}, J. Sculli^{(20)}, A. Shkurenkov^{(26)}, M. Shupe^{(2)}, J.B. Singh^{(25)}, V. Sirotenko^{(22)}, J. Skeens^{(28)}, W. Smart^{(9)}, A. Smith^{(2)}, D. Smith^{(5)}, R.P. Smith^{(9)}, G.R. Snow^{(18)}, S. Snyder^{(31)}, J. Solomon^{(13)}, P.M. Sood^{(25)}, M. Sosebee^{(34)}, M. Souza^{(6)}, A.L. Spadafora^{(32)}, R. Stephens^{(10)}, M.L. Stevenson^{(16)}, D. Stewart^{(18)}, F. Stocker^{(32)}, D. Stoyanova^{(26)}, K. Streets^{(17)}, M. Strovink^{(16)}, A. Suhanov^{(26)}, A. Taketani^{(9)}, M. Tartaglia^{(9)}, J. Teiger^{(30)}, J. Thompson^{(31)}, T.G. Trippe^{(16)}, P.M. Tuts^{(8)}, P.R. Vishwanath^{(33)}, A. Volkov^{(26)}, A. Vorobiev^{(26)}, H.D. Wahl^{(11)}, D.C. Wang^{(9)}, L.Z. Wang^{(9)}, J. Warchol^{(24)}, M. Wayne^{(24)}, H. Weerts^{(19)}, W.A. Wenzel^{(16)}, A. White^{(34)}, J.T. White^{(35)}, J.A. Wightman^{(35)}, J. Wilcox^{(21)}, S. Willis^{(22)}, S.J. Wimpenny^{(5)}, Z. Wolf^{(10)} J. Womersley^{(32)}, D.R. Wood^{(9)}, Y. Xia^{(19)}, D. Xiao^{(11)}, P.P. Xie^{(9)}, H. Xu^{(4)}, R. Yamada^{(9)}, P. Yamin^{(3)}, C. Yanagisawa^{(31)}, J. Yang^{(20)}, M.-J. Yang^{(9)}, T. Yasuda^{(21)}, C. Yoshikawa^{(12)}, S. Youssef^{(11)}, J. Yu^{(31)}, C. Zeitnitz^{(2)} , S. Zhang^{(18)}, Y.H. Zhou^{(9)}, Q. Zhu^{(20)}, Y.S. Zhu^{(9)}, D. Zieminska^{(14)}, A. Zieminski^{(14)} , A. Zinchenko^{(15)}, A. Zylberstejn^{(30)}

The DØ Collaboration

(1)Universidad de los Andes, Bogota, Colombia (2)University of Arizona, Tucson, Arizona 85721 (3)Brookhaven National Laboratory, Upton, New York 11973 (4)Brown University, Providence, Rhode Island 02912 (5)University of California, Riverside, California 92521 (6)LAFEX, Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro, Brazil (7)CINVESTAV, Mexico City, Mexico (8)Columbia University, New York, New York 10027 (9)Fermi National Accelerator Laboratory, Batavia, Illinois 60510

(10)University of Florida, Gainesville Florida 32611 (11)Florida State University, Tallahassee, Florida 32306 (12)University of Hawaii, Honolulu, Hawaii 96822 (13)University of Illinois, Chicago, Illinois 60680 (14)Indiana University, Bloomington, Indiana 47405 (15)Iowa State University, Ames, Iowa 50011 (16)Lawrence Berkeley Laboratory, Berkeley, California 94720 (17)University of Maryland, College Park, Maryland 20742 (18)University of Michigan, Ann Arbor, Michigan 48109 (19)Michigan State University, East Lansing, Michigan 48824 (20)New York University, New York, New York 10003 (21)Northeastern University, Boston, Massachusetts 02115 (22)Northern Illinois University, DeKalb, Illinois 60115 (23)Northwestern University, Evanston, Illinois 60208 (24)University of Notre Dame, Notre Dame, Indiana 46556 (25)University of Panjab, Chandigarh 16-00-14, India (26)Institute for High Energy Physics, 142-284 Protvino, Russia (27)Purdue University, West Lafayette, Indiana 47907 (28)Rice University, Houston, Texas 77251 (29)University of Rochester, Rochester, New York 14627 (30) DAPNIA-CE Saclay, F-91191 Gif-sur-Yvette, France (31)State University of New York, Stony Brook, New York 11794 (32)SSC Laboratory, Dallas, Texas 75237 (33)Tata Institute of Fundamental Research, Colaba, Bombay 400-005, India (34)University of Texas, Arlington, Texas 76019 (35)Texas A&M University, College Station, Texas 77843

(December 2, 1993) First experimental results from a search for events with a rapidity gap between jets are presented.

These events were produced in the Fermilab Tevatron pp̄ collider at √ s = 1.8 TeV and measured with the DØ detector. The fraction of events with a rapidity gap between jets is measured as a function of the pseudo-rapidity separation of the leading two jet cone edges (Δηc). An upper limit at the 95% confidence level of 1.1×10�^2on the fraction of events with no particles between the jets is obtained for events with Δηc >3 and jet transverse energies greater than 30 GeV.

PACS numbers: 13.87.-a, 12.38.Qk, 13.85.-t, 13.90.+i

Rapidity gaps, which are regions of rapidity containing no particles, have typically been associated with low transverse momentum processes such as elastic and diffractive scattering. However, rapidity gaps are also expected to occur in high transverse momentum processes when a color singlet is exchanged between interacting partons [1,2]. These gaps occur between the final state jets due to the absence of radiation from the color singlet and the resulting destructive interference between initial and final state radiation [3]. Hadrons are produced only between the outgoing jets and spectator partons, resulting in an empty region of phase space between the jets.

The particle lego plot of Fig. 1 shows an example of a two-jet event with a rapidity gap of size Δη_c, where Δη_c is the pseudo-rapidity separation between the jet cone edges. The exchange of a photon, W, or Z is expected to give such a rapidity gap topology. In addition, a hard Pomeron, which has been shown to be associated with jet production [4], is also a color singlet which is expected to produce rapidity gaps. Although standard QCD interactions do not typically produce rapidity gaps due to the exchange of color via a quark or gluon, some portion of these events also contain a rapidity gap due to fluctuations in the particle multiplicity between the jets.

FIG. 1. The distribution of particles in a typical two-jet event with a rapidity gap is shown in an η-ϕ lego plot. The pseudo-rapidity region between the jet cone edges, Δηc =|η1 − η2| − 2R, contains no particles.

The absence of particles in the Δη_c region due to the hard scattering subprocess is not enough to insure a rapidity gap, however, since interactions between the spectator partons frequently produce particles between the jets. The probability of having no spectator interactions is called the survival probability of the gap < |S|^2 > [2]. While both the cross section for producing a rapidity gap from the hard scattering (σ_{gap}) and the survival probability are of theoretical interest, experiments are only directly sensitive to the product of these factors. An experimentally accessible quantity is the fraction of events with a rapidity gap between the leading two jets, defined as f(Δη_c) = σ_{gap}(Δη_c) · < |S|^2 > σ(Δη_c) (1) where σ(Δη_c) is the cross section for producing jets with

Δη_c separation between the jet cone edges.

A crude estimate for the range of the rapidity gap fraction from color singlet exchange is 10�^4 < f < 3×10�^2. The lower bound assumes electroweak exchange [5] and a conservative value for the survival probability of < |S|^2 > = 0.1 [2,5,6], while the upper bound assumes Pomeron exchange [2] with the largest predicted value of < |S|^2 > = 0.3 [6]. These values are expected to have little dependence on Δη_c [2,5–7]. In contrast, the rapidity gap fraction from standard QCD (color octet exchange) is expected to have a strong dependence on Δη_c. For Δη_c ∼ 0 a large fraction of events have a rapidity gap, but this fraction decreases sharply with increasing Δη_c, assuming that the average particle multiplicity between jets increases with Δη_c. The degree of suppression depends on the actual multiplicity distribution between jets, which is not well-known, but a PYTHIA Monte Carlo study indicates that f(Δη_c > 2) ∼ 10�^5 [5].

The DØ detector [8] is used to provide the first experimental information on the rapidity gap fraction. This analysis utilizes the uranium-liquid argon calorimeters which have full coverage for a pseudo-rapidity range of |η| < 4.1. The calorimeters are azimuthally symmetric and have electromagnetic (EM) and hadronic resolutions of 15%/ √ E and 50%/ √ E, respectively. The electromagnetic section averages 21 radiation lengths and the hadronic section contains 9 nuclear interaction lengths. The transverse segmentation of the projective calorimeter towers is typically Δη × Δϕ = 0.1 × 0.1.

The response of the electromagnetic section to low energy particles is of particular interest for this analysis. Test beam studies indicate that 96%(100%) of 2(10) GeV electrons deposit more than 200 MeV in an EM tower, while this threshold is 40%(62%) efficient for detecting 2(10) GeV charged pions. The electromagnetic section is also sensitive to minimum ionizing particles, which deposit about 200 MeV in an electromagnetic tower.

During the 1992-1993 run, the DØ triggering system consisted of hardware and software components. The first hardware level required a coincidence of scintillator hodoscopes to insure an inelastic collision. The calorimeter hardware trigger was based on trigger towers of size Δη × Δϕ = 0.2 × 0.2 and was instrumented for |η| ≤ 3.2. The number of towers above a transverse energy (E_T ) threshold and the position of the towers could be specified at this level. The software jet filter was applied to events passing the hardware trigger by invoking a jet cone algorithm to find jets with cone size R = pΔη^2 +Δϕ^2 = 0.7. Additional topology cuts could be applied in the filter to select certain jet pseudo-rapidity configurations.

Data used for this analysis is derived from two triggers: an inclusive jet trigger for small values of Δη_c and a high- Δη_c trigger implemented in order to increase the statistics for this analysis. The inclusive jet trigger required at least one jet with E_T > 30 GeV while the high-Δη_c trigger required Δη_c > 2.6 for any two jets with E_T > 25 GeV and |η| > 2. Figure 2 shows the number of events in bins of Δη_c for the two triggers after the offline cuts described below. The more restrictive high-Δη_c trigger allowed a larger fraction of triggered events to be recorded, enhancing the statistics for Δη_c ≥ 2.7. The high-Δη_c trigger has a clearly observable acceptance loss near the Δη_c = 2.6 threshold caused by trigger requirements on the jet pseudo-rapidities. These requirements result in an acceptance only for events with η_{boost} =^1_2 (η_1 + η_2) near zero, but the rapidity gap fraction is expected to have little dependence on this variable [2,7]. The number of events from the inclusive trigger is 500,000 based on an integrated luminosity of 120 nb�^1, while the high- Δη_c trigger has 77,000 events from 5.4 pb�^1. The triggers do not include requirements on the multiplicity or energy between the jets, as this would cause a bias on the measured fraction of events with a rapidity gap.

FIG. 2. The number of events after the offline cuts described in the text is plotted in bins of Δηc, the separation in pseudo-rapidity between the cone edges of the leading two jets. The solid line represents the inclusive trigger and the dashed line is used for the high-Δηc trigger.

In the offline analysis, events with more than one interaction in a proton-antiproton bunch crossing are removed since they include a source of particles not associated with the triggered event. The width of the time distribution of hits in the luminosity counters is used to determine whether events have single or multiple interactions. This method is 75% efficient at finding single interactions, while misidentifying less than 5% of multiple interaction events as single interactions.

Jets are reconstructed using an iterative jet cone algorithm with a radius of 0.7 [9]. Events with spurious jets due to detector effects are removed with a series of cuts that are more than 95% efficient at rejecting fake jets while removing only 4% of real jets. These cuts also remove events in which electrons or direct photons are misidentified as jets, which should not be included in the rapidity gap fraction measurement. The transverse energy of the jets in the remaining events is corrected for detector response, out-of-cone showering effects, and underlying event.

Fiducial cuts are imposed on the remaining events in order to obtain the final data sample. Events are required to have a measured vertex within 2σ (50 cm) of the average since the detector is optimized for interactions near z = 0. Events are also required to have |η_{boost}| < 0.8. This cut does not affect the high-Δη_c events which already are constrained towards small |η_{boost}| as discussed earlier, but insures for lower Δη_c that the jets are centered about the central calorimeter where the particle detection efficiency is highest. A cut of Δη_c > 0 is also imposed to remove events in which the pseudo-rapidity of the jet cones overlap. Finally, the leading two jets are each required to have E_T > 30 GeV and |η| < 3.2 in order to minimize differences between the two triggers. The final data sample contains 27,500 events with Δη_c < 2.7 from the inclusive trigger and 15,200 events with Δη_c ≥ 2.7 from the high-Δη_c trigger (see Fig. 2).

This data sample is used to measure the fraction of jet events with a rapidity gap as a function of Δη_c. For an ideal detector, Eq. 1 can be rewritten in the following form

f(Δη_c) =

N_{n=0}(Δη_c)

N (Δη_c) (2) where N is the number of events with the leading two jet cones separated by Δη_c, and the subscript n = 0 refers to the subset of the sample with no particles between the jets. This definition has the advantage that luminosity uncertainties and trigger efficiencies do not enter into the calculation.

A direct measurement of f(Δη_c) is experimentally unattainable since tracking chambers are only sensitive to charged particles and calorimeters only measure energy flow, while both types of detectors have inherent inefficiencies. It is possible to place an upper limit on f(Δη_c), however, given a reasonable detector and a suitable experimental gap definition. The particle detection inefficiencies associated with an experimental gap definition imply that f(Δη_c)^{exp} > f(Δη_c), because events with undetected particles add a background contribution which increases the measured gap fraction. Since a measurement of the gap fraction will contain contributions from color singlet and octet exchange as well as background due to inefficiencies, an upper limit on the gap fraction provides a conservative upper limit on the amount of color singlet exchange.

For this analysis, a rapidity gap event is required to have no electromagnetic (EM) towers above a transverse energy threshold of 200 MeV between the jets. The ideal definition of Eq. 2 is replaced by the experimental definition of the rapidity gap fraction,

f(Δη_c)^{exp} =

N_{#EM=0}(Δη_c) N (Δη_c) (3) where N_{#EM=0} is the number of events with no EM towers above threshold between the jet cones.

In order to utilize this rapidity gap definition it is necessary to remove noisy calorimeter cells which have spurious energy due to instrumental effects since they artificially contaminate rapidity gap events. Towers which have E_T > 200 MeV significantly more often (3σ) than their neighbors are suppressed. This cut reduces the contamination to less than 5% and results in an acceptance loss for detecting particles of less than 1%.

FIG. 3. The fraction of events with no electromagnetic towers above 200 MeV between the leading two jets (each with ET >30 GeV) is plotted for the data sample described in the text. The error bars show the statistical uncertainty only.

Figure 3 shows f(Δη_c)^{exp} for the final data sample. Data from the high-Δη_c trigger has been corrected for the acceptance loss observed in Fig. 2, and the two triggers have been determined to be consistent within statistical errors in the region of overlap. The gap fraction is observed to have the expected qualitative behavior: for Δη_c < 2 it falls off steeply with increasing Δη_c due to the decrease in gap events from fluctuations, while for larger Δη_c the fraction is relatively flat, which is consistent with the naive expectations from color singlet exchange. It is not possible to definitively associate this flat region with color singlet exchange due to theoretical uncertainties and detector inefficiencies.

The rapidity gap fraction of Eq. 3 is measured to be f(Δη_c > 3)^{exp} = (5.3 ± 0.7^{(stat)} ± 0.6^{(sys)}) × 10�^3 where only events with Δη_c > 3 are used in the calculation so that the contribution from color octet exchange is largely suppressed. The systematic error term includes a 7% uncertainty from varying the jet energy scale corrections, 5% from noisy cells which have eluded the spurious cell cuts–estimated from data taken with no pp̄ interactions, 5% from trigger acceptance effects, as well as 5% each from the fake jet cuts and from the single interaction requirement discussed earlier.

Before placing an upper limit on f(Δη_c > 3), the gap fraction must be corrected for out-of-cone effects which introduce hit towers between the jets that erroneously reduce the measured gap fraction and upper limit. Outof-cone effects include particles which fall outside a fixed jet cone due to fragmentation and particles within the jet cone which deposit energy outside the cone due to calorimeter shower broadening. The out-of-cone effects are determined by first measuring the multiplicity distribution of electromagnetic towers in the portion of the Δη_c region that is subtended by the annulus formed by the standard 0.7 cone and a larger cone of radius 1.5. This multiplicity distribution is then corrected for the underlying event by subtracting the multiplicity in a similar area 180ffi away from the jet in ϕ. The corrected multiplicity distribution is used to calculate that approximately 35 ± 5% of the events with Δη_c > 3 are contaminated by out-of-cone effects.

Applying this correction to the fraction of events with no EM towers between the jets, an upper limit on the fraction of events with no particles between the jets is obtained. The upper limit on the rapidity gap fraction is calculated to be

f(Δη_c > 3) < 1.1×10�^2 (4)

at the 95% confidence level. This limit constrains the product of the survival probability and the cross section for color singlet exchange regardless of the contributions from color octet exchange and the background from particle detection inefficiencies. Fig. 4 shows how the constraint on σ_{gap}/σ and < |S|^2 > imposed by the upper limit compares with existing theoretical predictions.

FIG. 4. A plot of σgap/σ versus <|S|^2 > for Δηc >3 shows the values excluded by the measured upper limit (shaded region). The vertical lines show the predicted range of <|S|^2 > [6], while the horizontal line shows the estimated value of σgap/σ assuming Pomeron exchange [2].

We would like to thank J. D. Bjorken for encouraging us to pursue this analysis and for many helpful discussions. We would also like to thank V. Del Duca, R. Fletcher, J. Pumplin, I. Sarcevic, W. Tang, and D. Zeppenfeld for their suggestions and comments. We thank the Fermilab Accelerator, Computing and Research Divisions, and the support staff at each of the collaborating institutions. Financial support has been provided by the U.S. Department of Energy, the U.S. National Science Foundation, the Commissariat à L’Energie Atomique in France, the Ministry for Atomic Energy in Russia, CNPQ in Brazil, the Department of Atomic Energy in India, Colciencias in Colombia, and CONACyT in Mexico.

[1] Y. Dokshitzer, V. Khoze and S. Troyan, Proceedings of the 6th International Conference on Physics in Collisions (1986), ed. M. Derrick (World Scientific, Singapore, 1987).

[2] J. D. Bjorken, Phys. Rev. D47, 101 (1992). [3] R.S. Fletcher and T. Stelzer, Phys. Rev. D48, (1993). [4] A. Brandt et al. (UA8 Collaboration), Phys. Lett. B297, 417 (1992).

[5] H. Chehime et al., Phys. Lett. B286 (1992) 397. [6] E. Gotsman, E. M. Levin and U. Maor, Phys. Lett. B309 (1993) 199.

[7] V. Del Duca and W. K. Tang, Phys. Lett. B312, 225 (1993).

[8] S. Abachi et al. (DØ Collaboration), Nucl. Instr. and Meth. in Phys. Res. A.

[9] For a detailed explanation of jet measurement in DØ see A. Milder, Ph.D. Thesis, University of Arizona (1993).