LU5225 RU-94-52 CDF/PUB/JET/CDFR/2639 Draft Version 3.3, October 24, 1994

Observation of Rapidity Gaps in pp Collisions at 1.8 TeV

F. Abe,^{12} M. Albrow,^6 D. Amidei,^{15} C. Anway-Wiese,^3 G. Apollinari,^{23} M. Atac,^6 P. Auchincloss,^{22} P. Azzi,^{17} N. Bacchetta,^{16} A. R. Baden,^8 W. Badgett,^{15} M. W. Bailey,^{21} A. Bamberger,^{6,a} P. de Barbaro,^{22} A. Barbaro-Galtieri,^{13} V. E. Barnes,^{21} B. A. Barnett,^{11} P. Bartalini,^{20} G. Bauer,^{14} T. Baumann,^8 F. Bedeschi,^{20} S. Behrends,^2 S. Belforte,^{20} G. Bellettini,^{20} J. Bellinger,^{28} D. Benjamin,^{27} J. Benlloch,^{14} J. Bensinger,^2 A. Beretvas,^6 J. P. Berge,^6 S. Bertolucci,^7 K. Biery,^{10} S. Bhadra,^9 M. Binkley,^6 D. Bisello,^{17} R. Blair,^1 C. Blocker,^2 A. Bodek,^{22} V. Bolognesi,^{20} A. W. Booth,^6 C. Boswell,^{11} G. Brandenburg,^8 D. Brown,^8 E. Buckley-Geer,^6 H. S. Budd,^{22} G. Busetto,^{17} A. Byon-Wagner,^6 K. L. Byrum,^1 C. Campagnari,^6 M. Campbell,^{15} A. Caner,^6 R. Carey,^8 W. Carithers,^{13} D. Carlsmith,^{28} J. T. Carroll,^6 R. Cashmore,^{6,a} A. Castro,^{17} Y. Cen,^{18} F. Cervelli,^{20} K. Chadwick,^6 J. Chapman,^{15} G. Chiarelli,^7 W. Chinowsky,^{13} S. Cihangir,^6 A. G. Clark,^6 M. Cobal,^{20} D. Connor,^{18} M. Contreras,^4 J. Cooper,^6 M. Cordelli,^7 D. Crane,^6 J. D. Cunningham,^2 C. Day,^6 F. DeJongh,^6 S. Dell’Agnello,^{20} M. Dell’Orso,^{20} L. Demortier,^{23} B. Denby,^6 P. F. Derwent,^{15} T. Devlin,^{24} M. Dickson,^{22} S. Donati,^{20} R. B. Drucker,^{13} A. Dunn,^{15} K. Einsweiler,^{13} J. E. Elias,^6 R. Ely,^{13} S. Eno,^4 S. Errede,^9 A. Etchegoyen,^{6,a} B. Farhat,^{14} G. J. Feldman,^8 B. Flaugher,^6 G. W. Foster,^6 M. Franklin,^8 M. Frautschi,^{16} J. Freeman,^6 H. Frisch,^4 T. Fuess,^6 Y. Fukui,^{12} G. Gagliardi,^{20} A. F. Garfinkel,^{21} A. Gauthier,^9 S. Geer,^6 D. W. Gerdes,^{15} P. Giannetti,^{20} N. Giokaris,^{23} L. Gladney,^{18} M. Gold,^{16} J. Gonzalez,^{18}

A. Goshaw,^5 K. Goulianos,^{23} H. Grassmann,^{17} G. M. Grieco,^{20} R. Grindley,^{10} C. Grosso- Pilcher,^4 C. Haber,^{13} S. R. Hahn,^6 R. Handler,^{28} K. Hara,^{26} B. Harral,^{18} R. M. Harris,^6 S. A. Hauger,^5 J. Hauser,^3 C. Hawk,^{24} T. Hessing,^{25} R. Hollebeek,^{18} L. Holloway,^9 A. Hölscher,^{10} S. Hong,^{15} G. Houk,^{18} P. Hu,^{19} B. Hubbard,^{13} B. T. Huffman,^{19} R. Hughes,^{22} P. Hurst,^8 J. Huth,^6 J. Hylen,^6 M. Incagli,^{20} T. Ino,^{26} H. Iso,^{26} H. Jensen,^6 C. P. Jessop,^8 R. P. Johnson,^6 U. Joshi,^6 R. W. Kadel,^{13} T. Kamon,^{25} S. Kanda,^{26} D. A. Kardelis,^9 I. Karliner,^9 E. Kearns,^8 L. Keeble,^{25} R. Kephart,^6 P. Kesten,^2 R. M. Keup,^9 H. Keutelian,^6 D. Kim,^6 S. B. Kim,^{15} S. H. Kim,^{26} Y. K. Kim,^{13} L. Kirsch,^2 K. Kondo,^{26} J. Konigsberg,^8 K. Kordas,^{10} E. Kovacs,^6 M. Krasberg,^{15} S. E. Kuhlmann,^1 E. Kuns,^{24} A. T. Laasanen,^{21} S. Lammel,^3 J. I. Lamoureux,^{28} S. Leone,^{20} J. D. Lewis,^6 W. Li,^1 P. Limon,^6 M. Lindgren,^3 T. M. Liss,^9 N. Lockyer,^{18} M. Loreti,^{17} E. H. Low,^{18} D. Lucchesi,^{20} C. B. Luchini,^9 P. Lukens,^6 P. Maas,^{28} K. Maeshima,^6 M. Mangano,^{20} J. P. Marriner,^6 M. Mariotti,^{20} R. Markeloff,^{28} L. A. Markosky,^{28} J. A. J. Matthews,^{16} R. Mattingly,^2 P. McIntyre,^{25} A. Menzione,^{20} E. Meschi,^{20} T. Meyer,^{25} S. Mikamo,^{12} M. Miller,^4 T. Mimashi,^{26} S. Miscetti,^7 M. Mishina,^{12} S. Miyashita,^{26} Y. Morita,^{26} S. Moulding,^{23} J. Mueller,^{24} A. Mukherjee,^6 T. Muller,^3 L. F. Nakae,^2 I. Nakano,^{26} C. Nelson,^6 D. Neuberger,^3 C. Newman-Holmes,^6 J. S. T. Ng,^8 M. Ninomiya,^{26} L. Nodulman,^1 S. Ogawa,^{26} C. Pagliarone,^{20} R. Paoletti,^{20} V. Papadimitriou,^6 A. Para,^6 E. Pare,^8 S. Park,^6 J. Patrick,^6 G. Pauletta,^{20} L. Pescara,^{17} T. J. Phillips,^5 A. G. Piacentino,^{20} R. Plunkett,^6 L. Pondrom,^{28} J. Proudfoot,^1 F. Ptohos,^8 G. Punzi,^{20} D. Quarrie,^6 K. Ragan,^{10} G. Redlinger,^4 J. Rhoades,^{28} M. Roach,^{27} F. Rimondi,^{6,a} L. Ristori,^{20} W. J. Robertson,^5 T. Rodrigo,^6 T. Rohaly,^{18} A. Roodman,^4 W. K. Sakumoto,^{22} A. Sansoni,^7 R. D. Sard,^9 A. Savoy-Navarro,^6 V. Scarpine,^9 P. Schlabach,^8, E. E. Schmidt,^6 O. Schneider,^{13} M. H. Schub,^{21} R. Schwitters,^8 G. Sciacca,^{20} A. Scribano,^{20} S. Segler,^6

S. Seidel,^{16} Y. Seiya,^{26} G. Sganos,^{10} M. Shapiro,^{13} N. M. Shaw,^{21} M. Sheaff,^{28} M. Shochet,^4 J. Siegrist,^{13} A. Sill,^{22} P. Sinervo,^{10} J. Skarha,^{11} K. Sliwa,^{27} D. A. Smith,^{20} F. D. Snider,^{11} L. Song,^6 T. Song,^{15} M. Spahn,^{13} P. Sphicas,^{14} A. Spies,^{11} R. St. Denis,^8 L. Stanco,^{17} A. Stefanini,^{20} G. Sullivan,^4 K. Sumorok,^{14} R. L. Swartz, Jr.,^9 M. Takano,^{26} K. Takikawa,^{26} S. Tarem,^2 F. Tartarelli,^{20} S. Tether,^{14} D. Theriot,^6 M. Timko,^{27} P. Tipton,^{22} S. Tkaczyk,^6 A. Tollestrup,^6 J. Tonnison,^{21} W. Trischuk,^8 Y. Tsay,^4 J. Tseng,^{11} N. Turini,^{20} F. Ukegawa,^{26} D. Underwood,^1 S. Vejcik, III,^{15} R. Vidal,^6 R. G. Wagner,^1 R. L. Wagner,^6 N. Wainer,^6 R. C. Walker,^{22} J. Walsh,^{18} A. Warburton,^{10} G. Watts,^{22} T. Watts,^{24} R. Webb,^{25} C. Wendt,^{28} H. Wenzel,^{20} W. C. Wester, III,^{13} T. Westhusing,^9 S. N. White,^{23} A. B. Wicklund,^1 E. Wicklund,^6 H. H. Williams,^{18} B. L. Winer,^{22} J. Wolinski,^{25} D. Y. Wu,^{15} X. Wu,^{20} J. Wyss,^{17} A. Yagil,^6 W. Yao,^{13} K. Yasuoka,^{26} Y. Ye,^{10} G. P. Yeh,^6 J. Yoh,^6 M. Yokoyama,^{26} J. C. Yun,^6 A. Zanetti,^{20} F. Zetti,^{20} S. Zhang,^{15} W. Zhang,^{18} S. Zucchelli,^{6,a}

The CDF Collaboration

1 Argonne National Laboratory, Argonne, Illinois 60439

2 Brandeis University, Waltham, Massachusetts 02254

3 University of California at Los Angeles, Los Angeles, California 90024

4 University of Chicago, Chicago, Illinois 60637

5 Duke University, Durham, North Carolina 27706

6 Fermi National Accelerator Laboratory, Batavia, Illinois 60510

7 Laboratori Nazionali di Frascati, Istituto Nazionale di Fisica Nucleare, Frascati, Italy

8 Harvard University, Cambridge, Massachusetts 02138

9 University of Illinois, Urbana, Illinois 61801

10 Institute of Particle Physics, McGill University, Montreal, and University of Toronto, Toronto, Canada

11 The Johns Hopkins University, Baltimore, Maryland 21218

12 National Laboratory for High Energy Physics (KEK), Japan

13 Lawrence Berkeley Laboratory, Berkeley, California 94720

14 Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

15 University of Michigan, Ann Arbor, Michigan 48109

16 University of New Mexico, Albuquerque, New Mexico 87131

17 Universita di Padova, Instituto Nazionale di Fisica Nucleare, Sezione di Padova, I-35131 Padova, Italy

18 University of Pennsylvania, Philadelphia, Pennsylvania 19104

19 University of Pittsburgh, Pittsburgh, Pennsylvania 15260

20 Istituto Nazionale di Fisica Nucleare, University and Scuola Normale Superiore of Pisa, I-56100 Pisa, Italy

21 Purdue University, West Lafayette, Indiana 47907

22 University of Rochester, Rochester, New York 15627

23 Rockefeller University, New York, New York 10021

24 Rutgers University, Piscataway, New Jersey 08854

25 Texas A&M University, College Station, Texas 77843

26 University of Tsukuba, Tsukuba, Ibaraki 305, Japan

27 Tufts University, Medford, Massachusetts 02155

28 University of Wisconsin, Madison, Wisconsin 53706

(submitted to Physical Review Letters)

Abstract

In pp collisions at √ s = 1.8 TeV we find jet events with a rapidity gap topology.

The number of hadrons in the rapidity interval, Δη_D, between leading-jet cones was sampled by charged tracks with P_T > 400 MeV/c. We find excess trackless events beyond that expected in a smooth multiplicity distribution. In a control region outside Δη_D we see no excess. For Δη_D > 0.8, the fraction of excess trackless events, consistent with estimates based on exchange of color-singlet di-gluons, is

R(gap) = σ_{jet}(gap)

σ_{jet}

= 0.0085 ± 0.0012(stat.)^{+0.0024}�_{0.0012}(syst.).

PACS numbers: 13.87.-a, 12.38.Qk, 13.85.-t, 12.40.Nm

In 1958, investigators on three continents^1 studied cosmic rays in emulsions and reported the existence of regions of rapidity space nearly devoid of particles between jets. Over the next two decades, clustering of particles into jets separated by sparsely populated rapidity intervals was the subject of theoretical and experimental^{2-4} studies. Early experiments had few events and low transverse momentum. The idea of diffractive dissociation of projectile and target^5 offers a natural explaination for these events.^6

In Regge theory, diffraction occurs through pomeron exchange. Connections between the pomeron and perturbative QCD were explored theoretically by Lipatov and collaborators.^{7-9} The availability of large numbers of high-transverse-momentum (P_T) events at colliders extended these ideas to a region not traditionally considered diffractive. Ingelman and Schlein^{10} suggested that high-P_T jets may emerge from diffractively produced high-mass states via pomeron exchange and that this might probe the parton structure of the pomeron. Support for this came from a study of jets with P_T > 8 GeV/c.^{11}

The exchange of a color-singlet QCD object should yield events free of soft hadrons in the rapidity interval between the resulting jets but not outside that interval.^{12-14} In a lowest-order QCD calculation, Bjorken^{13} estimates the ratio of “gap” events to conventional gluon-exchange events with the same jet kinematics:. R(gap) = σ_{jet}(gap) σ_{jet}

≈ 0.1 < |S|^2 >, (1) where < |S|^2 > is the “survival probability” for the gap, i. e. the probability that no interactions occur other than the hard collision of interest. Estimates are 3% < |S|^2 < 30%^{12, 14} or 0.003 < R(gap) < 0.03.

Rapidity gaps have been reported in deep inelastic scattering at HERA^{15} as an anomolously high number of Q^2 > 10 GeV^2 events where > 99% of the energy is well separated from the forward proton direction. The D0 collaboration placed a limit R(gap) < 1.1% (95% C.L.),^{16} where a gap was defined as the absence between jet cones of any electromagnetic calorimeter tower with transverse energy E_T > 200 MeV.

We report the observation of rapidity gaps between jets in events collected by the CDF detector in the 1988-89 run of the Tevatron Collider. The detector is described elsewhere.^{17} We use coordinates with z along the proton beam, azimuthal angle ϕ, polar angle θ, and pseudorapidity η = − ln tan(θ/2). (We use “rapidity” to refer to η.) Detector components crucial to this study are: the calorimeter system, which covered −4 < η < +4; the Level 2 trigger, and the central tracking chamber (CTC) and time projection chamber (VTPC), which allowed 3-D reconstruction of tracks for −2.1 < η < +2.1.

The data are from 3.93 pb�^1 of integrated luminosity with 304,346 events from a Level-2 trigger requiring a single calorimeter cluster with uncorrected E_T> 60 GeV. After offline re-clustering, use of true event vertex and energy corrections a loose threshold of 40 GeV was required of the leading (highest E_T) jet. We cut events with an interaction vertex > 60 cm from the detector center, those with > 1 vertex, and those with E_T/ > 5 √ ΣE_T (in GeV), where E_T/ is the missing transverse energy and ΣE_T is the total E_T. We placed no constraint on the number of calorimeter clusters. We used a jet-cone radius of 0.7 in η − ϕ and Δη_C is the η–distance between tangents to the two leading jets cones (Fig. 1). The overlap between Δη_C and our track detectors is Δη_D. A cut requiring Δη_D > 0 yielded 94,639 events.

Any realistic search for rapidity gaps must rely on sampling hadrons which populate Δη_D. Only ∼ 50% of all tracks are above our 400 MeV/c P_T threshold.^{18} Neutral particles are not detected by tracking systems. For sampling we used charged tracks from the primary event vertex within 0.6 cm transverse to the beam direction and 18 cm along the beam.

For each event we counted tracks in the interval Δη_D (the G region of Fig. 1) and formed a two-dimensional distribution of the number of events n( M, Δη_D) vs. Δη_D (from 0.0 to 4.0 in 20 bins of varying width) and the track multiplicity M (from 0 to 49). A similar distribution was formed for the N region, a “control region” outside Δη_D and excluding the two leading jets.

The simplest adequate description of our multiplicity distributions includes: (1) colorlessexchange (gap) events with M=0 and (2) color-exchange events with a range of multiplicities in which n( M, Δη_D) rises to a maximum at M_{max} (roughly proportional to Δη_D) and falls thereafter. For color exchange, the fraction of zero-multiplicity events should drop as M_{max}, i.e. Δη_D, increases. Gap events should contribute only to the M=0 bin and, if Eq. 1 is correct, should be a fixed fraction of the total number of events if |S|^2 is constant. R(Δη_D) = n(0, Δη_D)/n(all M, Δη_D) should fall with increasing Δη_D (similar to Ref. 16) and it should flatten when gap events dominate the M=0 bin. By definition R(0) = 1.0. In our data, it falls to R(0.8) = 0.05 and flattens at ∼ 0.01 for Δη_D> 2.0. We use only data with Δη_D> 0.8 to search for a signal. For the G (N) region, this is a further cut to 37,598 (94,227) events.

A method is needed to estimate the “background” of normal color-exchange events in the M=0 bin. For each Δη_D bin, these should be part of a smooth distribution including other low values of the multiplicity. To determine this background we fit the multiplicity distribution in each Δη_D bin to a negative-binomial (NBI) distribution.^{19} As an alternate, we used a KNO scaling function^{20} for the entire 16 units of η and folded it with a Poisson distribution to account for the average number of tracks in Δη_D. Both NBI and KNO functions are parametrized by normalization, mean and width. They give similar results. Both have a finite contribution at M=0, rise to a maximum and fall thereafter. We fit the full multiplicity distribution and just the rising portion. We fit with independent parameters in each Δη_D bin and with the means and widths as linear functions of Δη_D.

An additional parameter, n_x(Δη_D), was included in the fitting function to represent an excess population at M=0 for each Δη_D interval. When they were allowed to vary freely, the M=0 bin was removed as a constraint on the fit.

With the NBI function fit only to the rising portion of the distributions for the G region, we obtained a reasonable fit χ^2/d.f. = 79.1/69, with the values n_x(Δη_D) allowed to vary, and an extremely poor fit, χ^2/d.f. = 207.6/81, when they were fixed at zero. The change is 128.5/12 = 10.7 per d.f. Results from other procedures were similar. All fits required significant positive values of n_x(Δη_D), totalling 319 “signal” events above the estimated gluon-exchange “background” of 752 events. Summed over 0.8 < Δη_D < 4.0, R(gap) = n_x/n(all M) varies from 0.0073 to 0.0105 (≥ 7 standard deviations above zero) depending on the fitting procedure. Fits which allowed excesses in both the M=0 and M=1 bins produced no further improvement in χ^2/d.f.

Identical procedures applied to the N-region yielded quite different results: χ^2/d.f. = 169.7/112 with the values n_x(Δη_D) allowed to vary, and χ^2/d.f. = 199.3/131 when they were fixed at zero. The change is 29.6/19 = 1.6 per d.f. The values of n_x(Δη_D) were positive for some fits and negative for others with a net 113 “signal” events above the estimated 679 “background” events. Summed over 0.8 < Δη_D < 4.0, n_x/n(all M) varies from -0.0014 to 0.026, depending on the fitting procedure. Figs. 2 shows a sample of fits for the G and N regions.

The results of the G-region fits are shown in Fig. 3(a). Averaged over 0.8 < Δη_D < 4.0, R(gap) = 0.0085 ± 0.0012. If we interpret n_x(Δη_D) as the population of true rapidity gap events, this ratio is directly comparable to Eq. 1. The corresponding N-region fits are in Fig. 3(b). They show a ratio consistent with zero within systematic uncertainties of the fitting procedure.

The data were divided into two samples at a boundary of 65 GeV for the average E_T of the two leading jets, E_{T12}= [E_T(jet-1) + E_T(jet-2)]/2. The higher sample, <E_{T12}>= 83.2 GeV, yielded R(gap) = 0.0089 ± 0.0016. The lower sample, <E_{T12}>= 55.2 GeV, yielded R(gap) = 0.0075 ± 0.0019. At <E_{T12}>= 73.5 GeV we find (1/R)(dR/dE_T ) = 0.006 ± 0.010 GeV�^1.

The N-region analysis shows that the M=0 excess is not an artifact of the analysis. For another check, we formed hybrid events from our leading jet coordinates in η − ϕ with tracks in events from a minimum-bias trigger which should have no gap signal. Resulting values of n_x(Δη_D) were consistent with zero. (Fig. 3(a).)

All events came from the same trigger and the same offline analysis and jet cuts. Therefore, all systematic uncertainties arising from luminosity and online/offline jet acceptance and efficiency are independent of M and cancel in the ratio, n(0, Δη_D)/n(all M, Δη_D). The shape (mean and width) of the multiplicity distribution depends only on Δη_D and, within our precision, not on the z-position of the event vertex, the E_T of the leading jets or the position of the G-region in the central four units of η.

R(gap) is increased by 0.0014 if we exclude tracks between 0.7 and 1.0 units in η − ϕ from leading jet centroids and correct for the density of tracks from the underlying event. We treat this as a systematic uncertainty. The major source of systematic uncertainty is the fitting procedure described earlier. R(gap) for the G- and N-regions varied with high positive correlation as the fitting procedure was changed, indicating that the variations are an artifact of the procedure. We adopt this an estimate of systematic uncertainty:

0.0073 < R(gap) < 0.0105. With these two sources of systematic uncertainty combined, our final result is:

R(gap) = σ_{jet}(gap) σ_{jet}

= 0.0085 ± 0.0012(stat.)^{+0.0024}�_{0.0012}(syst.). (2)

The number of excess trackless events in the G region and their absence in the N region are consistent with the Bjorken’s color-singlet calculation.^{13} Regge theory predicts that amplitudes for meson exchange over large Δη should be negligible at 1.8 TeV. Contributions from exchange of other colorless objects such as electroweak bosons are too small to explain our result. In Ref. 13, R(gap) is independent of Δη_D and E_{T12} if |S|^2 is constant. This agrees with our result. These observations suggest, but do not prove, a connection between our results and Bjorken’s model.

We thank the Fermilab staff and the technical staffs of the participating institutions for their vital contributions. This work was supported by the U.S. Department of Energy and National Science Foundation; the Italian Istituto Nazionale di Fisica Nucleare; the Ministry of Science, Culture, and Education of Japan; the Natural Sciences and Engineering Research Council of Canada; the A. P. Sloan Foundation; and the Alexander von Humboldt-Stiftung.

References

[1] P. Ciok et al., Nuovo Cim. 8, 166 (1958). K. Niu, Nuovo Cim. 10, 994 (1958). G.

Cocconi, Phys. Rev. 111, 1699 (1958).

[2] A. Krzywicki, C. Quigg and G. H. Thomas, Phys. Lett. 57B, 369 (1975). [3] S. Roy, et al., Phys. Rev. D21, 2497 (1980).

[4] S. Ahmad, H. Ahrar, M. Zafar and M. Shafi, Can. J. Phys. 63, 466 (1985). [5] M. L. Good and W. D. Walker, Phys. Rev. 120, 1857 (1960). [6] For a review, see K. Goulianos, Phys. Rep. 101, 169 (1983). [7] E. Kuraev, L. Lipatov and V. Fadin, Sov. Phys. JETP 45, 199 (1977). [8] Ya. Balitsky and L. Lipatov, Sov. J. Nucl. Phys. 28, 822 (1978). [9] L. Lipatov, Sov. Phys. JETP 63, 905 (1986).

[10] G. Ingelman and P. E. Schlein, Phys. Lett. 152B, 256 (1985). [11] A. Brandt et al. (UA8 Collaboration), Phys. Lett. B297, 417 (1992). [12] J. D. Bjorken, S. J. Brodsky and H. J. Lu, Phys. Lett. B286, 153 (1992). [13] J. D. Bjorken, Phys. Rev. D47, 101 (1993).

[14] H. Chehime, M. B. Gay Ducati, A. Duff, F. Halzen, A. A. Natale, Phys. Lett. B286, 397 (1992).

[15] M. Derrick et al. (The ZEUS Collaboration), Phys. Lett. B315, 481 (1993). [16] S. Abachi et al., Phys. Rev. Lett. 72, 2332 (1994). [17] F. Abe et al., Nucl. Inst. and Meth. A271, 387 (1988).

[18] The efficiency is based on fits similar to those in F. Abe et al. (The CDF Collaboration), Phys. Rev. Letters 61, 1819 (1988).

[19] G. J. Alner et al. (The UA5 Collaboration), Phys. Rev. B160, 193 (1985). [20] P. Slattery, Phys. Rev. Lett. 29, 1624 (1972).

List of Figures

1 Regions in η − ϕ. Circles define the 0.7-unit-cones around leading jets. Solid vertical lines are tangent to the leading jet cones at η_{CB} and η_{CF} , and Δη_C is the interval between them. “F” (“B”) is toward the proton (p) beam. Vertical dashed lines are tracking limits, η_{DB} and η_{DF} . Here, Δη_D, the width of the G region, is bounded by the forward cone and the backward tracking boundary. The “N” region is the remainder of the η-region covered by tracking but excludes the ϕ-band(s) within 45ffi of jet centroid(s). Depending on jet locations, events can have zero, one (shown here) or two “N” regions. . . . . 15 2 Multiplicity fits to G and N regions. Crosses represent data. Solid histograms are fits with the M=0 bin excluded. Dashed histograms are fits with n_x ≡ 0. Only data to the left of the vertical line were used. The Δη_D range is indicated in each plot. The three highest bins in Δη_D are combined in (g). Side-by-side plots compare similar shapes with and without an M=0 excess. . . . . . . . 16 3 The ratio of background-subtracted population of M=0 events to total events vs. Δη_D for (a) the G-region and (b) the N-region. Theory predicts a signal in G but not in N. The average is indicated by the solid horizontal line and dashed error corridor. The two points in (a) indicated by squares are from the minimum-bias tracks (see text). . . . . . . . . . . . . . . . . . . . . . . 17

Figure 1: Regions in η − ϕ. Circles define the 0.7-unit-cones around leading jets. Solid vertical lines are tangent to the leading jet cones at η_{CB} and η_{CF} , and Δη_C is the interval between them. “F” (“B”) is toward the proton (p) beam. Vertical dashed lines are tracking limits, η_{DB} and η_{DF} . Here, Δη_D, the width of the G region, is bounded by the forward cone and the backward tracking boundary. The “N” region is the remainder of the η-region covered by tracking but excludes the ϕ-band(s) within 45ffi of jet centroid(s). Depending on jet locations, events can have zero, one (shown here) or two “N” regions.

Figure 2: Multiplicity fits to G and N regions. Crosses represent data. Solid histograms are fits with the M=0 bin excluded. Dashed histograms are fits with n_x ≡ 0. Only data to the left of the vertical line were used. The Δη_D range is indicated in each plot. The three highest bins in Δη_D are combined in (g). Side-by-side plots compare similar shapes with and without an M=0 excess.

Figure 3: The ratio of background-subtracted population of M=0 events to total events vs. Δη_D for (a) the G-region and (b) the N-region. Theory predicts a signal in G but not in N. The average is indicated by the solid horizontal line and dashed error corridor. The two points in (a) indicated by squares are from the minimum-bias tracks (see text).