hep-ex/9908063 27 Aug 1999

Search for R-parity Violating Supersymmetry using Like-Sign Dielectrons in pp Collisions at ps = 1.8 TeV

F. Abe,^{17} H. Akimoto,^{39} A. Akopian,^{31} M. G. Albrow,^7 A. Amadon,^5 S. R. Amendolia,^{27} D. Amidei,^{20} J. Antos,^{33} S. Aota,^{37} G. Apollinari,^{31} T. Arisawa,^{39} T. Asakawa,^{37} W. Ashmanskas,^{18} M. Atac,^7 P. Azzi-Bacchetta,^{25} N. Bacchetta,^{25} S. Bagdasarov,^{31} M. W. Bailey,^{22} P. de Barbaro,^{30} A. Barbaro-Galtieri,^{18} V. E. Barnes,^{29} B. A. Barnett,^{15} M. Barone,^9 G. Bauer,^{19} T. Baumann,^{11} F. Bedeschi,^{27} S. Behrends,^3 S. Belforte,^{27} G. Bellettini,^{27} J. Bellinger,^{40} D. Benjamin,^{35} J. Bensinger,^3 A. Beretvas,^7 J. P. Berge,^7 J. Berryhill,^5 S. Bertolucci,^9 S. Bettelli,^{27} B. Bevensee,^{26} A. Bhatti,^{31} K. Biery,^7 C. Bigongiari,^{27} M. Binkley,^7 D. Bisello,^{25} R. E. Blair,^1 C. Blocker,^3 K. Bloom,^{20} S. Blusk,^{30} A. Bodek,^{30} W. Bokhari,^{26} G. Bolla,^{29} Y. Bonushkin,^4 D. Bortoletto,^{29} J. Boudreau,^{28} L. Breccia,^2 C. Bromberg,^{21} N. Bruner,^{22} R. Brunetti,^2 E. Buckley-Geer,^7 H. S. Budd,^{30} K. Burkett,^{11} G. Busetto,^{25} A. Byon-Wagner,^7 K. L. Byrum,^1 M. Campbell,^{20} A. Caner,^{27} W. Carithers,^{18} D. Carlsmith,^{40} J. Cassada,^{30} A. Castro,^{25} D. Cauz,^{36} A. Cerri,^{27} P. S. Chang,^{33} P. T. Chang,^{33} H. Y. Chao,^{33} J. Chapman,^{20} M. -T. Cheng,^{33} M. Chertok,^{34} G. Chiarelli,^{27} C. N. Chiou,^{33} F. Chlebana,^7 L. Christofek,^{13} R. Cropp,^{14} M. L. Chu,^{33} S. Cihangir,^7 A. G. Clark,^{10} M. Cobal,^{27} E. Cocca,^{27} M. Contreras,^5 J. Conway,^{32} J. Cooper,^7 M. Cordelli,^9 D. Costanzo,^{27} C. Couyoumtzelis,^{10} D. Cronin-Hennessy,^6 R. Culbertson,^5 D. Dagenhart,^{38} T. Daniels,^{19} F. DeJongh,^7 S. Dell’Agnello,^9 M. Dell’Orso,^{27} R. Demina,^7 L. Demortier,^{31} M. Deninno,^2 P. F. Derwent,^7 T. Devlin,^{32} J. R. Dittmann,^6 S. Donati,^{27} J. Done,^{34} T. Dorigo,^{25} N. Eddy,^{13} K. Einsweiler,^{18} J. E. Elias,^7 R. Ely,^{18} E. Engels, Jr.,^{28} W. Erdmann,^7 D. Errede,^{13} S. Errede,^{13} Q. Fan,^{30} R. G. Feild,^{41} Z. Feng,^{15} C. Ferretti,^{27} I. Fiori,^2 B. Flaugher,^7 G. W. Foster,^7 M. Franklin,^{11} J. Freeman,^7 J. Friedman,^{19} H. Frisch,^5 Y. Fukui,^{17} S. Gadomski,^{14} S. Galeotti,^{27} M. Gallinaro,^{26} O. Ganel,^{35} M. Garcia- Sciveres,^{18} A. F. Garfinkel,^{29} C. Gay,^{41} S. Geer,^7 D. W. Gerdes,^{20} P. Giannetti,^{27} N. Giokaris,^{31} P. Giromini,^9 G. Giusti,^{27} M. Gold,^{22} A. Gordon,^{11} A. T. Goshaw,^6 Y. Gotra,^{28} K. Goulianos,^{31} H. Grassmann,^{36} C. Green,^{29} L. Groer,^{32} C. Grosso- Pilcher,^5 G. Guillian,^{20} J. Guimaraes da Costa,^{15} R. S. Guo,^{33} C. Haber,^{18} E. Hafen,^{19} S. R. Hahn,^7 R. Hamilton,^{11} T. Handa,^{12} R. Handler,^{40} W. Hao,^{35} F. Happacher,^9 K. Hara,^{37} A. D. Hardman,^{29} R. M. Harris,^7 F. Hartmann,^{16} J. Hauser,^4 E. Hayashi,^{37} J. Heinrich,^{26} A. Heiss,^{16} B. Hinrichsen,^{14} K. D. Hoffman,^{29} M. Hohlmann,^5 C. Holck,^{26} R. Hollebeek,^{26} L. Holloway,^{13} Z. Huang,^{20} B. T. Huffman,^{28} R. Hughes,^{23} J. Huston,^{21} J. Huth,^{11} H. Ikeda,^{37} M. Incagli,^{27} J. Incandela,^7 G. Introzzi,^{27} J. Iwai,^{39} Y. Iwata,^{12} E. James,^{20} H. Jensen,^7 U. Joshi,^7 E. Kajfasz,^{25} H. Kambara,^{10} T. Kamon,^{34} T. Kaneko,^{37} K. Karr,^{38} H. Kasha,^{41} Y. Kato,^{24} T. A. Keaffaber,^{29} K. Kelley,^{19} R. D. Kennedy,^7 R. Kephart,^7 D. Kestenbaum,^{11} D. Khazins,^6 T. Kikuchi,^{37} B. J. Kim,^{27} H. S. Kim,^{14} S. H. Kim,^{37} Y. K. Kim,^{18} L. Kirsch,^3 S. Klimenko,^8 D. Knoblauch,^{16} P. Koehn,^{23} A. Köngeter,^{16} K. Kondo,^{37} J. Konigsberg,^8 K. Kordas,^{14} A. Korytov,^8 E. Kovacs,^1 W. Kowald,^6 J. Kroll,^{26} M. Kruse,^{30} S. E. Kuhlmann,^1 E. Kuns,^{32} K. Kurino,^{12} T. Kuwabara,^{37} A. T. Laasanen,^{29} S. Lami,^{27} S. Lammel,^7 J. I. Lamoureux,^3 M. Lancaster,^{18} M. Lanzoni,^{27} G. Latino,^{27} T. LeCompte,^1 S. Leone,^{27} J. D. Lewis,^7 M. Lindgren,^4 T. M. Liss,^{13} J. B. Liu,^{30} Y. C. Liu,^{33} N. Lockyer,^{26} O. Long,^{26} M. Loreti,^{25} D. Lucchesi,^{27} P. Lukens,^7 S. Lusin,^{40} J. Lys,^{18} K. Maeshima,^7 P. Maksimovic,^{11} M. Mangano,^{27} M. Mariotti,^{25} J. P. Marriner,^7

G. Martignon,^{25} A. Martin,^{41} J. A. J. Matthews,^{22} P. Mazzanti,^2 K. McFarland,^{30} P. McIntyre,^{34} P. Melese,^{31} M. Menguzzato,^{25} A. Menzione,^{27} E. Meschi,^{27} S. Metzler,^{26} C. Miao,^{20} T. Miao,^7 G. Michail,^{11} R. Miller,^{21} H. Minato,^{37} S. Miscetti,^9 M. Mishina,^{17} S. Miyashita,^{37} N. Moggi,^{27} E. Moore,^{22} Y. Morita,^{17} A. Mukherjee,^7 T. Muller,^{16} P. Murat,^{27} S. Murgia,^{21} M. Musy,^{36} H. Nakada,^{37} T. Nakaya,^5 I. Nakano,^{12} C. Nelson,^7 D. Neuberger,^{16} C. Newman-Holmes,^7 C.-Y. P. Ngan,^{19} L. Nodulman,^1 A. Nomerotski,^8 S. H. Oh,^6 T. Ohmoto,^{12} T. Ohsugi,^{12} R. Oishi,^{37} M. Okabe,^{37} T. Okusawa,^{24} J. Olsen,^{40} C. Pagliarone,^{27} R. Paoletti,^{27} V. Papadimitriou,^{35} S. P. Pappas,^{41} N. Parashar,^{27} A. Parri,^9 J. Patrick,^7 G. Pauletta,^{36} M. Paulini,^{18} A. Perazzo,^{27} L. Pescara,^{25} M. D. Peters,^{18} T. J. Phillips,^6 G. Piacentino,^{27} M. Pillai,^{30} K. T. Pitts,^7 R. Plunkett,^7 A. Pompos,^{29} L. Pondrom,^{40} J. Proudfoot,^1 F. Ptohos,^{11} G. Punzi,^{27} K. Ragan,^{14} D. Reher,^{18} M. Reischl,^{16} A. Ribon,^{25} F. Rimondi,^2 L. Ristori,^{27} W. J. Robertson,^6 A. Robinson,^{14} T. Rodrigo,^{27} S. Rolli,^{38} L. Rosenson,^{19} R. Roser,^{13} T. Saab,^{14} W. K. Sakumoto,^{30} D. Saltzberg,^4 A. Sansoni,^9 L. Santi,^{36} H. Sato,^{37} P. Schlabach,^7 E. E. Schmidt,^7 M. P. Schmidt,^{41} A. Scott,^4 A. Scribano,^{27} S. Segler,^7 S. Seidel,^{22} Y. Seiya,^{37} F. Semeria,^2 T. Shah,^{19} M. D. Shapiro,^{18} N. M. Shaw,^{29} P. F. Shepard,^{28} T. Shibayama,^{37} M. Shimojima,^{37} M. Shochet,^5 J. Siegrist,^{18} A. Sill,^{35} P. Sinervo,^{14} P. Singh,^{13} K. Sliwa,^{38} C. Smith,^{15} F. D. Snider,^{15} J. Spalding,^7 T. Speer,^{10} P. Sphicas,^{19} F. Spinella,^{27} M. Spiropulu,^{11} L. Spiegel,^7 L. Stanco,^{25} J. Steele,^{40} A. Stefanini,^{27} R. Ströhmer,^{7a} J. Strologas,^{13} F. Strumia,^{10} D. Stuart,^7 K. Sumorok,^{19} J. Suzuki,^{37} T. Suzuki,^{37} T. Takahashi,^{24} T. Takano,^{24} R. Takashima,^{12} K. Takikawa,^{37} M. Tanaka,^{37} B. Tannenbaum,^4 F. Tartarelli,^{27} W. Taylor,^{14} M. Tecchio,^{20} P. K. Teng,^{33} Y. Teramoto,^{24} K. Terashi,^{37} S. Tether,^{19} D. Theriot,^7 T. L. Thomas,^{22} R. Thurman- Keup,^1 M. Timko,^{38} P. Tipton,^{30} A. Titov,^{31} S. Tkaczyk,^7 D. Toback,^5 K. Tollefson,^{30} A. Tollestrup,^7 H. Toyoda,^{24} W. Trischuk,^{14} J. F. de Troconiz,^{11} S. Truitt,^{20} J. Tseng,^{19} N. Turini,^{27} T. Uchida,^{37} F. Ukegawa,^{26} J. Valls,^{32} S. C. van den Brink,^{15} S. Vejcik, III,^{20} G. Velev,^{27} I. Volobouev,^{18} R. Vidal,^7 R. Vilar,^{7a} D. Vucinic,^{19} R. G. Wagner,^1 R. L. Wagner,^7 J. Wahl,^5 N. B. Wallace,^{27} A. M. Walsh,^{32} C. Wang,^6 C. H. Wang,^{33} M. J. Wang,^{33} A. Warburton,^{14} T. Watanabe,^{37} T. Watts,^{32} R. Webb,^{34} C. Wei,^6 H. Wenzel,^{16} W. C. Wester, III,^7 A. B. Wicklund,^1 E. Wicklund,^7 R. Wilkinson,^{26} H. H. Williams,^{26} P. Wilson,^7 B. L. Winer,^{23} D. Winn,^{20} D. Wolinski,^{20} J. Wolinski,^{21} S. Worm,^{22} X. Wu,^{10} J. Wyss,^{27} A. Yagil,^7 W. Yao,^{18} K. Yasuoka,^{37} G. P. Yeh,^7 P. Yeh,^{33} J. Yoh,^7 C. Yosef,^{21} T. Yoshida,^{24} I. Yu,^7 A. Zanetti,^{36} F. Zetti,^{27} and S. Zucchelli^2

(CDF Collaboration)

1 Argonne National Laboratory, Argonne, Illinois 60439

2 Istituto Nazionale di Fisica Nucleare, University of Bologna, I-40127 Bologna, Italy

3 Brandeis University, Waltham, Massachusetts 02254

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

5 University of Chicago, Chicago, Illinois 60637

6 Duke University, Durham, North Carolina 27708

7 Fermi National Accelerator Laboratory, Batavia, Illinois 60510

8 University of Florida, Gainesville, Florida 32611

9 Laboratori Nazionali di Frascati, Istituto Nazionale di Fisica Nucleare, I-00044 Frascati, Italy

10 University of Geneva, CH-1211 Geneva 4, Switzerland 11 Harvard University, Cambridge, Massachusetts 02138 12 Hiroshima University, Higashi-Hiroshima 724, Japan 13 University of Illinois, Urbana, Illinois 61801 14 Institute of Particle Physics, McGill University, Montreal H3A 2T8, and University of Toronto, Toronto M5S 1A7, Canada 15 The Johns Hopkins University, Baltimore, Maryland 21218 16 Institut für Experimentelle Kernphysik, Universität Karlsruhe, 76128 Karlsruhe, Germany 17 National Laboratory for High Energy Physics (KEK), Tsukuba, Ibaraki 305, Japan 18 Ernest Orlando Lawrence Berkeley National Laboratory, Berkeley, California 94720 19 Massachusetts Institute of Technology, Cambridge, Massachusetts 02139 20 University of Michigan, Ann Arbor, Michigan 48109 21 Michigan State University, East Lansing, Michigan 48824 22 University of New Mexico, Albuquerque, New Mexico 87131 23 The Ohio State University, Columbus, Ohio 43210 24 Osaka City University, Osaka 588, Japan 25 Universita di Padova, Istituto Nazionale di Fisica Nucleare, Sezione di Padova, I-35131 Padova, Italy 26 University of Pennsylvania, Philadelphia, Pennsylvania 19104 27 Istituto Nazionale di Fisica Nucleare, University and Scuola Normale Superiore of Pisa, I-56100 Pisa, Italy 28 University of Pittsburgh, Pittsburgh, Pennsylvania 15260 29 Purdue University, West Lafayette, Indiana 47907 30 University of Rochester, Rochester, New York 14627 31 Rockefeller University, New York, New York 10021 32 Rutgers University, Piscataway, New Jersey 08855 33 Academia Sinica, Taipei, Taiwan 11530, Republic of China 34 Texas A&M University, College Station, Texas 77843 35 Texas Tech University, Lubbock, Texas 79409 36 Istituto Nazionale di Fisica Nucleare, University of Trieste/ Udine, Italy 37 University of Tsukuba, Tsukuba, Ibaraki 315, Japan 38 Tufts University, Medford, Massachusetts 02155 39 Waseda University, Tokyo 169, Japan 40 University of Wisconsin, Madison, Wisconsin 53706 41 Yale University, New Haven, Connecticut 06520

Abstract

We present a search for like-sign dielectron plus multijet events using 107 pb^{−1} of data in pp collisions at ps = 1.8 TeV collected in 1992-95 by the CDF experiment. Finding no events that pass our selection, we set σ � Br limits on two SUSY processes that can produce this experimental signature: gluino-gluino or squark-antisquark production with R-parity violating decays of the charm squark or lightest neutralino via a non-zero λ^′_{121} coupling. We compare our results to NLO calculations for gluino and squark production cross sections and set lower limits on M(g̃), M(t̃_1), and M(q̃).

The minimal supersymmetric standard model (MSSM) [1] is an extension of the standard model (SM) that adds a supersymmetric (SUSY) partner for each SM particle and is constructed to conserve baryon number (B) and lepton number (L). The requirement of Rparity (R_p) [2] conservation is imposed on the couplings: for a particle of spin S, the multiplicative quantum number R_p ≡ (−1)^{3B+L+2S} distinguishes SM particles (R_p = +1) from SUSY particles (R_p = −1). If R_p is conserved, SUSY particles can only be produced in pairs and the lightest supersymmetric particle (LSP) is stable. The assumption of R_p conservation thus leads to experimental signatures with appreciable missing transverse energy (E/_T ), provided that the LSP is electrically neutral and colorless [3]. R_p conservation, however, is not required by SUSY theories in general and viable R_p violating (R/_p) models can be built by adding explicitly B or L violating couplings to the SUSY Lagrangian [4]. Since the LSP can be unstable in this case, the standard E/_T signature is diluted.

The results at high Q^2 from the HERA experiments [5] have sparked interest in R/_p SUSY, since the excess of events observed at high Q^2 could be explained by the production and decay of a single squark: e^+ + d → q̃ → e^+ + d, where R_p is violated at both vertices [6–9]. In this scenario, c̃_L (the SUSY partner of the left-handed charm quark) with mass M(c̃_L) ≃ 200 GeV/c^2 is the preferred squark flavor because its associated R/_p Yukawa coupling λ^′_{121} is less constrained by experiment than the other couplings [10]. Another possibility to explain the excess is the production and decay of a first-generation leptoquark; DØ and CDF have ruled out this explanation [11].

In this Letter, we examine two R/_p processes in an MSSM framework that involve the same λ^′_{121} coupling: (1) pp → g̃g̃ → (c c̃_L) (c c̃_L) → c (e^±d) c (e^±d) “charm squark analysis”; and (2) pp → q̃q̃ → (qχ̃^0_1) (q̄χ̃^0_1) → q (dce^±) q̄ (dce^±) “neutralino analysis”. For process (1) we assume M(q̃) > M(g̃) > M(c̃_L) = 200 GeV/c^2, where M(q̃) denotes the degenerate mass for all up-type (except for c̃_L) and all right-handed down-type squarks. The masses of the lefthanded down-type squarks are calculated using the relations given in Reference [6]. These assumptions are motivated by the HERA results. Process (2) is a complementary search also based on λ^′_{121} ≠ 0. It is favored if the size of the R/_p coupling is small compared to the SM gauge couplings. We separately consider q̃q̃ production (5 degenerate squark flavors) and t̃_1t̃_1 production, and make the mass assumptions: M(χ̃^±_1 ), M(χ̃^0_2) > M(q̃) > M(χ̃^0_1), where q̃ refers here to either the degenerate squark or t̃_1, and M(χ̃^±_1 ) ≈ 2 M(χ̃^0_1). The first relation suppresses q̃ → χ̃^±_1 + X and the second approximation is generally true for most combinations of SUSY parameters, particularly when assumptions leading to gaugino mass unification are made. For the case of t̃_1t̃_1 production, we further assume M(χ̃^±_1 ) > M(t̃_1) − M(b) to ensure that Br(t̃_1 → cχ̃^0_1) = 100% for the relevant case: M(t̃_1) < M(t). For these two searches, we make the conservative and simplifying assumption that there is only one non-zero R/_p coupling. Given the Majorana nature of the gluino and neutralino, reactions (1) and (2) each yield like-sign (LS) and opposite-sign (OS) dielectrons with equal probability. Since LS dilepton events have the benefit of small SM backgrounds, we search for events with LS dielectrons and two or more jets.

We present results of a search for pp → e^±e^±+ ≥ 2 jet events using 107 pb^{−1} of data from pp collisions at a center of mass energy of √ s = 1.8 TeV. The data were collected by the Collider Detector at Fermilab (CDF) [12] during the 1992-93 and 1994-95 runs of the Fermilab Tevatron. At CDF the location of the pp collision event vertex (z_{vertex}) is measured along the beam direction with a time projection chamber. The transverse momenta (p_T ) of charged particles are measured in the pseudorapidity region |η| < 1.1 with a drift chamber, which is located in a 1.4 T solenoidal magnetic field. Here p_T = p sin θ and η = − ln tan(θ/2), where θ is the polar angle with respect to the proton beam direction. The electromagnetic (EM) and hadronic calorimeters are segmented in a projective tower geometry surrounding the solenoid and cover the central (|η| < 1.1) and plug (1.1 < |η| < 2.4) regions. A gas proportional chamber located at shower maximum in the central EM calorimeter provides shower position and profile measurements in both the z and r − ϕ directions.

Dielectron plus multijet candidates are selected from events that pass the central electron triggers with E_T (e) > 9.2 GeV in the 1992-93 run, while for the 1994-95 run there are two such triggers, with thresholds of 8 and 16 GeV. The 8 GeV trigger imposes additional requirements on the development of the EM shower. In our analysis, we require two electrons with E_T > 15 GeV. Each electron candidate must exhibit a lateral shower profile consistent with that which is expected for electrons, be well matched to a track [13] with p_T ≥ E_T /2, and pass a sliding cut on the ratio of energy in the hadron calorimeter to the energy in the EM calorimeter (hadronic energy fraction) [14]. At least one electron candidate must also pass more stringent identification requirements on its shower profile and hadronic energy fraction [15]. Each electron must pass an isolation cut in which the total calorimeter E_T in an η − ϕ cone of radius R ≡ √ (Δϕ)^2 + (Δη)^2 = 0.4 around the electron, excluding the electron E_T , is less than 4 GeV. This helps to remove the background from bb and cc production (bb/cc) while retaining much of the sensitivity to the SUSY signal. The η − ϕ distance ΔR_{ee} ≡ √ (Δϕ_{ee})^2 + (Δη_{ee})^2 between the two electrons must be greater than 0.4 to avoid shower overlap in the calorimeter. The event |z_{vertex}| must be less than 60 cm to restrict the analysis to the region of the detector that retains the projective nature of the calorimeter towers, and both electrons must be consistent with originating from the same vertex. Jets are identified in the calorimeter using a fixed cone clustering algorithm [16] with cone size R = 0.7. We require at least two jets with E_T > 15 GeV and |η_j | < 2.4, separated by ΔR_{jj} > 0.7, and ΔR_{ej} > 0.7. Finally, there must be no significant E/_T in the event: E/_T / √∑ E_T < 5 GeV^{1/2}, where ∑ E_T is the scalar sum of transverse energy in the calorimeter for the two electrons and two leading jets. These selection requirements are effective in removing the bb/cc and tt backgrounds while retaining the signal. No LS candidate events survive this selection, while 165 OS events are retained.

We calculate the event acceptance using Monte Carlo samples generated with ISAJET 7.20 [17], CTEQ3L parton distribution functions [18], and passed through the CDF detector simulation program. For the charm squark analysis, we examine four values of the gluino mass: 210, 250, 300, and 400 GeV/c^2 while the charm squark mass, M(c̃_L), is fixed at 200 GeV/c^2. For the neutralino analysis, we create Monte Carlo samples with M(q̃) in the range 100 − 350 GeV/c^2. For each M(q̃), we generate samples for two extremes of the neutralino mass: M(χ̃^0_1) = M(q̃)/2, which corresponds to M(χ̃^±_1 ) ≃ M(q̃), and M(χ̃^0_1) = M(q̃) − M(q), the kinematic limit for the decay.

The dominant SM backgrounds for this search are tt and bb/cc production, where both can give rise to LS ee events. We use ISAJET 7.20 [17] Monte Carlo samples to estimate the sizes of these backgrounds. For tt production and decay, we analyze 25K events (corresponding to ∫ L dt = 3.3 fb^{−1}) with M(t) = 175 GeV/c^2 and σtt = 7.6 pb [19] and find zero accepted LS ee events. Top dilepton events typically have appreciable E/_T and are rejected by the E/_T significance cut. We study Monte Carlo samples of bb/cc events for two different processes: direct production and final state gluon splitting, and expect a contribution of 0.3 ± 0.3 LS events from this source in 107 pb^{−1}. The isolation cut on the electrons is efficient in removing this background as semileptonic b quark decays yield poorly isolated leptons. The total expected background is therefore consistent with zero events, so we forego background subtraction in setting limits. The remaining 165 OS events are consistent with the expected contribution of 153.0 ± 14.5 events from SM backgrounds. Drell-Yan production of dielectron pairs accounts for 150.1 ± 14.1 of these events, where we analyze Drell-Yan samples generated with p_T (Z^0/γ^∗) > 5 GeV/c [20] and normalize this production to CDF data [21] before applying the two jet requirement. There is also good agreement in the ∑ E_T distributions for the remaining OS events and for the expected OS background (Figure 1).

The sources of systematic uncertainty on the kinematic acceptances for these analyses include initial and final state gluon radiation (ISR and FSR) (4% for the charm squark analysis, 4−14% for the neutralino analysis), uncertainty on the integrated luminosity (7%), electron identification (3%), structure functions (3%), Monte Carlo statistics (1 − 5%), jet energy scale (1%), and uncertainty on the trigger efficiency (1%). The total systematic uncertainty on the kinematic acceptance is 10% for the charm squark analysis, while for the neutralino analysis it ranges from 10% to 16%.

We set limits on the cross section times branching ratio for the two processes under study. In each case we exclude σ · Br ≥ N_{95%}/(A · ϵ_{trig} · ∫ L dt), where N_{95%} is the Poisson 95% confidence level (C.L.) upper limit for observing zero events combined with a Gaussian distribution for the systematic uncertainty. For both analyses, N_{95%} = 3.1 events. The acceptance, A, is the product of the kinematic and geometric acceptance and the efficiency of identifying two electrons and two jets, and ϵ_{trig} is the trigger efficiency for dielectrons. The integrated luminosity is ∫ L dt = 107 ± 7 pb^{−1}.

For the charm squark analysis, A is a very weak function of M(g̃) and ranges from 16.0% to 16.6%. For dielectrons with E_T (e) > 15 GeV, ϵ_{trig} = 98.4% ± 1.3%. We exclude σ · Br ≥ 0.18 pb independently of M(g̃). Figure 2 shows the results for the charm squark analysis in the gluino-squark mass plane. Exclusion contours at the 95% C.L. are shown for two values of the branching ratio Br(c̃_L → ed), where we compare our results to the next-to-leading order (NLO) g̃g̃ production cross section [22] multiplied by the branching ratio to LS ee from Reference [7]. Our sensitivity vanishes for M(q̃) <∼ 260 GeV/c^2. In this region b̃_L is lighter than 200 GeV/c^2 (and thus lighter than c̃_L) due to the large top quark mass [7], so the decay of g̃ → b̄b̃_L dominates and g̃ → c̄c̃_L is suppressed. Since our analysis assumes a non-zero R/_p coupling only for c̃_L, the signal of LS electrons with no E/_T disappears in this region of parameter space.

For the neutralino analysis, A is determined for each squark and neutralino mass pair and ranges from 3.7% to 15.2%. In this case, ϵ_{trig} = 96.5% ± 1.9%, which is slightly lower than for the charm squark analysis because the E_T spectrum of the second electron in the neutralino analysis is softer. We calculate the upper limit on the cross section times branching ratio to LS ee for each squark and neutralino mass combination, and obtain σ · Br limits which range as a function of the squark mass from 0.81 pb to 0.26 pb for a light neutralino, and from 0.35 pb to 0.20 pb for a heavy neutralino. Figure 3 shows the results for the neutralino analysis for the case of t̃_1t̃_1 production. Plotted are our 95% C.L. upper limits along with the NLO cross section [23] multiplied by the branching ratio to LS ee. The branching ratio Br(t̃_1 → c χ̃^0_1) is taken to be 1.0 [24]. We also assume Br(χ̃^0_1 → qq^′e) = Br(χ̃^0_1 → qq^′ν) = 1/2, although the actual branching ratios are a function of the SUSY parameters [25]. Since each neutralino decays to e^+ or e^− with equal probability, the branching ratio to LS ee is 1/8. The limit is shown for two extremes of the neutralino mass, and excludes M(t̃_1) below 120 (135) GeV/c^2 for a light (heavy) neutralino. Similarly, the results for the case of five degenerate q̃q̃ production are displayed in Figure 3. In this case, the NLO cross section [26] includes a gluino mass dependent t-channel contribution, and we assume the branching ratio Br(q̃ → q χ̃^0_1) = 1.0. Thus, we set gluino and neutralino massdependent lower limits on the degenerate squark mass in the range from 200 to 260 GeV/c^2. The neutralino analysis presented here assumes that the only non-zero R/_p coupling is λ^′_{121}. Since our analysis does not distinguish the quark flavors in jet reconstruction, however, the results are equally valid for any λ^′_{1jk} coupling, for which j is 1 or 2 and k is 1, 2 or 3.

We note that our limit for the neutralino decay analysis with 5 degenerate squark flavors assumes the branching ratio Br(q̃ → q χ̃^0_1) = 1.0, whereas the branching ratio Br(c̃_L → e d) must be appreciable to explain the HERA results. However, even allowing for Br(q̃ → q χ̃^0_1) < 1, our analysis is sensitive to the interesting region of 200 GeV, depending on M(g̃): for example, we can exclude the R/_p scenario with Br(q̃ → q χ̃^0_1) > 0.43 for M(g̃) = 200 GeV. For heavier gluino mass, the exclusion becomes weaker.

In conclusion, we find no evidence for LS dielectron plus multijet events in 1.8 TeV pp collisions and set σ·Br limits on two R/_p SUSY processes that could lead to this signature. In the charm squark analysis we exclude the scenario of M(c̃_L) = 200 GeV/c^2 as a function of M(g̃) and M(q̃). In the neutralino analysis we set mass limits of M(t̃_1) > 135 GeV/c^2 for a heavy neutralino (M(χ̃^0_1) = M(t̃_1) − M(c)) and, for the degenerate squark, M(q̃) > 260 GeV/c^2 for a heavy neutralino (M(χ̃^0_1) = M(q̃) − M(q)) and a light gluino (M(g̃)=200 GeV/c^2).

We thank the Fermilab staff and the technical staffs of the participating institutions for their vital contributions. We also thank Debajyoti Choudhury, Sreerup Raychaudhuri, and Herbi Dreiner for stimulating discussions. 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 Education, Science and Culture of Japan; the Natural Sciences and Engineering Research Council of Canada; the National Science Council of the Republic of China; the Swiss National Science Foundation; and the A. P. Sloan Foundation.

REFERENCES

[1] For reviews of SUSY and the MSSM, see H.P. Nilles, Phys. Rep. 110, 1 (1984), and H.E. Haber and G.L. Kane, Phys. Rep. 117, 75 (1995).

[2] A. Salam and J. Strathdee, Nucl. Phys. B 87, 85 (1975); P. Fayet, Nucl. Phys. B 90, 104 (1975); G. Farrar and P. Fayet, Phys. Lett. B 76, 575 (1978).

[3] J. Ellis et al., Nucl. Phys. B 238, 453 (1984).

[4] S. Weinberg, Phys. Rev. D 26, 287 (1982); G. Farrar and S. Weinberg, Phys. Rev. D 27, 2732 (1983); S. Dawson, Nucl. Phys. B 261, 297 (1985). For a recent review on R/_p, see H. Dreiner, “An Introduction to Explicit R-parity violation”, hep-ph/9707435 v2. Published in “Perspectives on Supersymmetry”, G. L. Kane, editor, World Scientific (1998).

[5] C. Adloff et al., Z. Phys. C 74, 191 (1997); J. Breitweg et al., Z. Phys. C 74, 207 (1997). [6] D. Choudhury and S. Raychaudhuri, Phys. Lett. B 401, 54 (1997). [7] D. Choudhury and S. Raychaudhuri, Phys. Rev. D 56, 1778 (1997). [8] H. Dreiner and P. Morawitz, Nucl. Phys. B 503, 55 (1997). [9] G. Altarelli et al., Nucl. Phys. B 506, 3 (1997).

[10] For discussion of experimental bounds on R/_p couplings see V. Barger, T. Han, and G.

F. Giudice, Phys. Rev. D 40, 2987 (1989).

[11] B. Abbott et al., Phys. Rev. Lett. 79, 4321 (1997); F. Abe et al., Phys. Rev. Lett. 79, 4327 (1997). The combined DØ and CDF limit is available as Report No. Fermilab- Pub-98-312-E and hep-ex/9810015.

[12] F. Abe et al., Nucl. Instrum. Methods A 271, 387 (1988). [13] F. Abe et al., Phys. Rev. D 52, 4784 (1995). [14] F. Abe et al., Phys. Rev. D 50, 2966 (1994). [15] F. Abe et al., Phys. Rev. Lett. 76, 4307 (1996).

[16] F. Abe et al., Phys. Rev. D 45, 1448 (1992); Phys. Rev. D 47, 4857 (1993). [17] H. Baer, F.E. Paige, S.D. Protopopescu, and X. Tata, “Simulating Supersymmetry with ISAJET 7.0/ISASUSY 1.0,” FSU-HEP-930329 and UH-511-764-93, Proceedings of Workshop on Physics at Current Accelerators and the Supercollider, eds. J. Hewett, A. White and D. Zeppenfeld (Argonne National Laboratory, 1993).

[18] H. L. Lai et al., Phys. Rev. D 51, 4763 (1995). [19] F. Abe et al., Phys. Rev. Lett. 80, 2773 (1998).

[20] We use Monte Carlo samples generated in this transverse momentum range because they reproduce better the jet multiplicities seen in our data.

[21] F. Abe et al., Phys. Rev. D 59, 052002 (1999). [22] W. Beenakker et al., Z. Phys. C 69, 163 (1995). [23] W. Beenakker et al., Nucl. Phys. B 515, 3 (1998).

[24] K. Hikasa and M. Kobayashi, Phys. Rev. D 36, 724 (1987), H. Baer et al., Phys. Rev.

D 44, 725 (1991).

[25] H. Dreiner and P. Morawitz, Nucl. Phys. B 428, 31 (1994), and references therein. [26] W. Beenakker et al., Phys. Rev. Lett. 74, 2905 (1995).

FIGURES

FIG. 1. Scalar sum of transverse energy for the two electrons and two leading jets for the remaining 165 OS events after all selection (points) and expected background from SM processes (histogram). These events are dominated by Drell-Yan e^+e^− pairs plus two or more jets.

FIG. 2. Exclusion region in the g̃ - q̃ mass plane for the charm squark analysis. The branching ratio to LS ee is calculated using the scenario in Reference [7], which requires M(g̃) > M(c̃_L).

FIG. 3. Top: upper limits on the cross section times branching ratio for t̃_1t̃_1 production decaying to electrons and jets via neutralinos (solid lines). The dashed curve is the theoretical prediction for σ � Br. Bottom: upper limits on the cross section times branching ratio for the production of 5 degenerate squark flavors decaying to electrons and jets via neutralinos (solid lines). Also shown is the theoretical prediction for σ � Br for three values of the gluino mass: 200 GeV/c^2 (dotted line), 500 GeV/c^2 (dot-dashed line), and 1 TeV/c^2 (dashed line).