Inclusive μ and b-Quark Production Cross Sections in pp̄ Collisions at ps = 1.8 TeV

S. Abachi,^{12} B. Abbott,^{32} M. Abolins,^{22} B.S. Acharya,^{38} I. Adam,^{10} D.L. Adams,^{33} M. Adams,^{15} S. Ahn,^{12} H. Aihara,^{19} G. Álvarez,^{16} G.A. Alves,^8 E. Amidi,^{26} N. Amos,^{21} E.W. Anderson,^{17} S.H. Aronson,^3 R. Astur,^{36} R.E. Avery,^{28} A. Baden,^{20} V. Balamurali,^{29} J. Balderston,^{14} B. Baldin,^{12} J. Bantly,^4 J.F. Bartlett,^{12} K. Bazizi,^7 T. Behnke,^{36} J. Bendich,^{19} S.B. Beri,^{30} I. Bertram,^{33} V.A. Bezzubov,^{31} P.C. Bhat,^{12} V. Bhatnagar,^{30} M. Bhattacharjee,^{11} A. Bischoff,^7 N. Biswas,^{29} G. Blazey,^{12} S. Blessing,^{13} A. Boehnlein,^{12} N.I. Bojko,^{31} F. Borcherding,^{12} J. Borders,^{34} C. Boswell,^7 A. Brandt,^{12} R. Brock,^{22} A. Bross,^{12} D. Buchholz,^{28} V.S. Burtovoi,^{31} J.M. Butler,^{12} O. Callot,^{36,†} D. Casey,^{34} H. Castilla-Valdez,^9 D. Chakraborty,^{36} S.-M. Chang,^{26} S.V. Chekulaev,^{31} L.-P. Chen,^{19} W. Chen,^{36} L. Chevalier,^{35} S. Chopra,^{30} B.C. Choudhary,^7 J.H. Christenson,^{12} M. Chung,^{15} D. Claes,^{36} A.R. Clark,^{19} W.G. Cobau,^{20} J. Cochran,^7 W.E. Cooper,^{12} C. Cretsinger,^{34} D. Cullen-Vidal,^4 M. Cummings,^{14} J.P. Cussonneau,^{35} D. Cutts,^4 O.I. Dahl,^{19} K. De,^{39} M. Demarteau,^{12} R. Demina,^{26} K. Denisenko,^{12} N. Denisenko,^{12} D. Denisov,^{12} S.P. Denisov,^{31} W. Dharmaratna,^{13} H.T. Diehl,^{12} M. Diesburg,^{12} R. Dixon,^{12} P. Draper,^{39} J. Drinkard,^6 Y. Ducros,^{35} S. Durston-Johnson,^{34} D. Eartly,^{12} D. Edmunds,^{22} A.O. Efimov,^{31} J. Ellison,^7 V.D. Elvira,^{12,‡} R. Engelmann,^{36} S. Eno,^{20} G. Eppley,^{33} P. Ermolov,^{23} O.V. Eroshin,^{31} V.N. Evdokimov,^{31} S. Fahey,^{22} T. Fahland,^4 M. Fatyga,^3 M.K. Fatyga,^{34} J. Featherly,^3 S. Feher,^{36} D. Fein,^2 T. Ferbel,^{34} G. Finocchiaro,^{36} H.E. Fisk,^{12} Yu. Fisyak,^{23} E. Flattum,^{22} G.E. Forden,^2 M. Fortner,^{27} K.C. Frame,^{22} P. Franzini,^{10} S. Fredriksen,^{37} S. Fuess,^{12} E. Gallas,^{39} C.S. Gao,^{12,∗} T.L. Geld,^{22} R.J. Genik II,^{22} K. Genser,^{12} C.E. Gerber,^{12,§} B. Gibbard,^3 V. Glebov,^{34} S. Glenn,^5 J.F. Glicenstein,^{35} B. Gobbi,^{28} M. Goforth,^{13} A. Goldschmidt,^{19} B. Gomez,^1 M.L. Good,^{36} H. Gordon,^3 N. Graf,^3 P.D. Grannis,^{36} D.R. Green,^{12} J. Green,^{27} H. Greenlee,^{12} N. Grossman,^{12} P. Grudberg,^{19} S. Grünendahl,^{34} J.A. Guida,^{36} J.M. Guida,^3 W. Guryn,^3 N.J. Hadley,^{20} H. Haggerty,^{12} S. Hagopian,^{13} V. Hagopian,^{13} K.S. Hahn,^{34} R.E. Hall,^6 S. Hansen,^{12} J.M. Hauptman,^{17} D. Hedin,^{27} A.P. Heinson,^7 U. Heintz,^{10} T. Heuring,^{13} R. Hirosky,^{13} J.D. Hobbs,^{12} B. Hoeneisen,^{1,¶} J.S. Hoftun,^4 Ting Hu,^{36} Tong Hu,^{16} J.R. Hubbard,^{35} T. Huehn,^7 S. Igarashi,^{12} A.S. Ito,^{12} E. James,^2 J. Jaques,^{29} S.A. Jerger,^{22} J.Z.-Y. Jiang,^{36} T. Joffe-Minor,^{28} H. Johari,^{26} K. Johns,^2 M. Johnson,^{12} H. Johnstad,^{37} A. Jonckheere,^{12} M. Jones,^{14} H. Jöstlein,^{12} S.Y. Jun,^{28} C.K. Jung,^{36} S. Kahn,^3 J.S. Kang,^{18} R. Kehoe,^{29} M. Kelly,^{29} A. Kernan,^7 L. Kerth,^{19} C.L. Kim,^{18} A. Klatchko,^{13} B. Klima,^{12} B.I. Klochkov,^{31} C. Klopfenstein,^{36} V.I. Klyukhin,^{31} V.I. Kochetkov,^{31} J.M. Kohli,^{30} D. Koltick,^{32} J. Kotcher,^3 J. Kourlas,^{25} A.V. Kozelov,^{31} E.A. Kozlovski,^{31} M.R. Krishnaswamy,^{38} S. Krzywdzinski,^{12} S. Kunori,^{20} S. Lami,^{36} G. Landsberg,^{36} R.E. Lanou,^4 J-F. Lebrat,^{35} J. Lee-Franzini,^{36} A. Leflat,^{23} H. Li,^{36} J. Li,^{39} R.B. Li,^{12,∗} Y.K. Li,^{28} Q.Z. Li-Demarteau,^{12} J.G.R. Lima,^8 S.L. Linn ,^{13} J. Linnemann,^{22} R. Lipton,^{12} Y.C. Liu,^{28} F. Lobkowicz,^{34} P. Loch,^2 S.C. Loken,^{19} S. Lökös,^{36} L. Lueking,^{12} A.L. Lyon,^{20} A.K.A. Maciel,^8 R.J. Madaras,^{19} R. Madden,^{13} Ph. Mangeot,^{35} S. Mani,^5 I. Manning,^{12} B. Mansoulié,^{35} H.S. Mao,^{12,∗} S. Margulies,^{15} R. Markeloff,^{27} L. Markosky,^2 T. Marshall,^{16} M.I. Martin,^{12} M. Marx,^{36} B. May,^{28} A.A. Mayorov,^{31} R. McCarthy,^{36} T. McKibben,^{15} J. McKinley,^{22} J.R.T. de Mello Neto,^8 X.C. Meng,^{12,∗} K.W. Merritt,^{12} H. Miettinen,^{33} A. Milder,^2 C. Milner,^{37} A. Mincer,^{25} J.M. de Miranda,^8 N. Mokhov,^{12} N.K. Mondal,^{38} H.E. Montgomery,^{12} P. Mooney,^1 M. Mudan,^{25} C. Murphy,^{16} C.T. Murphy,^{12} F. Nang,^4 M. Narain,^{12} V.S. Narasimham,^{38} H.A. Neal,^{21} J.P. Negret,^1 P. Nemethy,^{25} D. Nešić,^4 D. Norman,^{40} L. Oesch,^{21} V. Oguri,^8 E. Oltman,^{19} N. Oshima,^{12} D. Owen,^{22} P. Padley,^{33} M. Pang,^{17} A. Para,^{12} C.H. Park,^{12} R. Partridge,^4 M. Paterno,^{34} A. Peryshkin,^{12} M. Peters,^{14} B. Pi,^{22} H. Piekarz,^{13} D. Pizzuto,^{36} A. Pluquet,^{35} V.M. Podstavkov,^{31} B.G. Pope,^{22} H.B. Prosper,^{13} S. Protopopescu,^3 D. Pušeljić,^{19} J. Qian,^{21} Y.-K. Que,^{12,∗} P.Z. Quintas,^{12} G. Rahal-Callot,^{36} R. Raja,^{12} S. Rajagopalan,^{36} O. Ramirez,^1 M.V.S. Rao,^{38} L. Rasmussen,^{36} A.L. Read,^{12} S. Reucroft,^{26} M. Rijssenbeek,^{36} N.A. Roe,^{19} J.M.R. Roldan,^1 P. Rubinov,^{36} R. Ruchti,^{29} S. Rusin,^{23} J. Rutherfoord,^2 A. Santoro,^8 L. Sawyer,^{39} R.D. Schamberger,^{36} H. Schellman,^{28} D. Schmid,^{37} J. Sculli,^{25} A. Serna,^1 E. Shabalina,^{23} C. Shaffer,^{13} H.C. Shankar,^{38} Y. Shao,^{12,∗} R.K. Shivpuri,^{11} M. Shupe,^2 J.B. Singh,^{30} V. Sirotenko,^{27} J. Skeens,^{33} W. Smart,^{12} A. Smith,^2 R.P. Smith,^{12} R. Snihur,^{28} G.R. Snow,^{24} S. Snyder,^{36} J. Solomon,^{15} P.M. Sood,^{30} M. Sosebee,^{39} M. Souza,^8 A.L. Spadafora,^{19} R.W. Stephens,^{39} M.L. Stevenson,^{19} D. Stewart,^{21} F. Stocker,^{37} D.A. Stoianova,^{31} D. Stoker,^6 K. Streets,^{25} M. Strovink,^{19} A. Taketani,^{12} P. Tamburello,^{20} M. Tartaglia,^{12} T.L. Taylor,^{28} J. Teiger,^{35} J. Thompson,^{20} T.G. Trippe,^{19} P.M. Tuts,^{10} E.W. Varnes,^{19} P.R.G. Virador,^{19} A.A. Volkov,^{31} A.P. Vorobiev,^{31} H.D. Wahl,^{13} D.C. Wang,^{12,∗} L.Z. Wang,^{12,∗} J. Warchol,^{29} M. Wayne,^{29} H. Weerts,^{22} W.A. Wenzel,^{19} A. White,^{39} J.T. White,^{40} J.A. Wightman,^{17} J. Wilcox,^{26} S. Willis,^{27} S.J. Wimpenny,^7 Z. Wolf,^{37} J. Womersley,^{12} E. Won,^{34} D.R. Wood,^{12} Y. Xia,^{22} D. Xiao,^{13} R.P. Xie,^{12,∗} H. Xu,^4 R. Yamada,^{12} P. Yamin,^3 C. Yanagisawa,^{36} J. Yang,^{25} M.-J. Yang,^{12} T. Yasuda,^{26} C. Yoshikawa,^{14} S. Youssef,^{13} J. Yu,^{34} C. Zeitnitz,^2 D. Zhang,^{12,∗} Y. Zhang,^{12,∗} Z. Zhang,^{36} Y.H. Zhou,^{12,∗} Q. Zhu,^{25} Y.S. Zhu,^{12,∗} D. Zieminska,^{16} A. Zieminski,^{16} A. Zinchenko,^{17} and A. Zylberstejn^{35}

(DØ Collaboration)

1Universidad de los Andes, Bogota, Colombia 2University of Arizona, Tucson, Arizona 85721 3Brookhaven National Laboratory, Upton, New York 11973 4Brown University, Providence, Rhode Island 02912 5University of California, Davis, California 95616 6University of California, Irvine, California 92717 7University of California, Riverside, California 92521 8LAFEX, Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro, Brazil 9CINVESTAV, Mexico City, Mexico 10Columbia University, New York, New York 10027 11Delhi University, Delhi, India 110007 12Fermi National Accelerator Laboratory, Batavia, Illinois 60510 13Florida State University, Tallahassee, Florida 32306 14University of Hawaii, Honolulu, Hawaii 96822 15University of Illinois, Chicago, Illinois 60680 16Indiana University, Bloomington, Indiana 47405 17Iowa State University, Ames, Iowa 50011 18Korea University, Seoul, Korea 19Lawrence Berkeley Laboratory, Berkeley, California 94720 20University of Maryland, College Park, Maryland 20742 21University of Michigan, Ann Arbor, Michigan 48109 22Michigan State University, East Lansing, Michigan 48824 23Moscow State University, Moscow, Russia 24University of Nebraska, Lincoln, Nebraska 68588 25New York University, New York, New York 10003 26Northeastern University, Boston, Massachusetts 02115 27Northern Illinois University, DeKalb, Illinois 60115 28Northwestern University, Evanston, Illinois 60208 29University of Notre Dame, Notre Dame, Indiana 46556 30University of Panjab, Chandigarh 16-00-14, India 31Institute for High Energy Physics, 142-284 Protvino, Russia 32Purdue University, West Lafayette, Indiana 47907 33Rice University, Houston, Texas 77251 34University of Rochester, Rochester, New York 14627 35CEA, DAPNIA/Service de Physique des Particules, CE-SACLAY, France 36State University of New York, Stony Brook, New York 11794 37SSC Laboratory, Dallas, Texas 75237 38Tata Institute of Fundamental Research, Colaba, Bombay 400005, India 39University of Texas, Arlington, Texas 76019 40Texas A&M University, College Station, Texas 77843 (February 7, 1995)

We report a measurement of the inclusive muon and b-quark production cross sections in pp̄ collisions at ps = 1.8 TeV using the DØ detector at the Fermilab Tevatron collider. The inclusive muon spectrum extends over the kinematic range jy^μj < 0.8 and 3.5 < p^μ_T < 60 GeV/c, and is well described by the expected contributions from various known sources. The b-quark production cross section for jy^bj < 1.0 and p^b_T > 6 GeV/c is extracted, and agrees with next-to-leading order QCD predictions within the experimental and theoretical uncertainties.

PACS numbers 14.65.Hq, 13.85.Qk, 13.85.Rm

The study of b-quark production in high energy hadronic collisions is important for testing the perturbative QCD description of heavy quark production [1,2]. The cross section for b-quark production measured at √ s = 0.63 TeV by UA1 [3] is in agreement with the NLO theoretical predictions [1]. However, the CDF [4] published data at √ s = 1.8 TeV are generally higher than these predictions.

We have measured the inclusive muon and b-quark production cross sections in pp collisions at √ s = 1.8 TeV, using the DØ detector [5]. The data correspond to an integrated luminosity ∫ L dt = 73.3±8.8 nb^{−1} taken during the 1992-93 Tevatron collider run.

The DØ central muon system consists of 10 planes of proportional drift tubes arranged in three layers outside the calorimeter, of respectively 4, 3, and 3 planes. Magnetized steel toroids between the first and second layer provide additional hadron filtering and muon momentum measurement. Typical drift tube resolution in the bend plane is 0.8 mm. The muon momentum resolution was measured using J/ψ → μμ and Z → μμ data and parametrized as σ(1/p)/(1/p) = 0.18 (p − 2)/p ⊕ 0.008p, with p in GeV/c and the 2 terms added in quadrature.

The data sample was obtained by filtering the interactions through a multi-level trigger. The hardware muon trigger [6] required hits in the muon chambers to lie within 60 cm wide roads in the bend plane pointing to the interaction region. A subsequent software trigger required at least one reconstructed muon track with transverse momentum p^μ_T > 3 GeV/c. Events were fully reconstructed off-line and retained for further analysis if they contained at least one muon track with rapidity |y^μ| < 0.8 and p^μ_T > 3.5 GeV/c. Candidate muons had to deposit > 1 GeV of energy in the calorimeter; the mean energy loss for a single muon is about 2.5 GeV. A match was required with a good track in the central tracking detector pointing back to the primary interaction vertex. To ensure the best possible muon momentum measurement, only tracks with hits in all three muon layers were selected, with a traversed field integral in the toroids ≥ 2 Tesla-m, reducing hadronic punchthrough to less than 0.5%. To minimize cosmic ray background, the reconstructed time of passage (t_0) through the muon chambers had to be within 100 ns of the beam crossing. A total of 15,995 muons passed all selections.

Possible sources of backgrounds to muons from heavy flavor decays consist of cosmic rays, muons from Drell- Yan and prompt J/ψ decays, and from π/K and W/Z decays. The residual cosmic ray contamination was estimated from the observed t_0 distribution to be (9 ± 3)%, almost independent of p^μ_T , and was subtracted from the data. Muons from Drell-Yan and J/ψ decays were estimated to contribute less than 2% of the data.

The efficiency for the trigger and muon reconstruction, including the geometrical acceptance, was determined with simulated events, and was found to agree closely with an analysis of cosmic ray muons. The trigger and reconstruction efficiency was 0.56 ± 0.05 for p^μ_T ≥ 6 GeV/c. The efficiency for a triggered and reconstructed track to pass each off-line selection criterion was measured using J/ψ → μμ data. Using one muon to tag the presence of the other, the total off-line selection efficiency was found to be 0.50 ± 0.03 per muon, independent of p_T . The overall detection efficiency (ϵ) was averaged over y^μ and parametrized as a function of p^μ_T ; it rises from 0.06 ± 0.01 at p^μ_T = 3.5 GeV/c to 0.28 ± 0.03 for p^μ_T ≥ 6 GeV/c. The error is dominated by the uncertainty in the muon chamber efficiency.

For the simulation of the b/c-quark, π/K, and W/Z decays into muons, we used the ISAJET [7] Monte Carlo. A sample of about 33,000 muon events was generated within the acceptance, and processed with a complete simulation of detector [8], trigger, and off-line selections.

The inclusive muon differential cross section, summing over both charges, and averaged over the muon rapidity range Δy, was calculated as follows:

FIG. 1. Comparison of the measured inclusive muon cross section with the expected contributions from π/K and W/Z decays. The excess is attributed to b/c-quark decays.

dσ^μ dp^μ_T = 1 Δy ∫_{+Δy/2} −Δy/2 dy^μ d^2σ dp^μ_T dy^μ = 1 Δy N^μ ∫ L dt · ϵ , (1)

where N^μ is the number of muons per GeV/c passing all off-line selection cuts, with the cosmic ray background subtracted. The cross section, per unit of y, is shown in Fig. 1 as a function of the measured p^μ_T . The curves are the expected contributions from π/K and W/Z decays, folded with the muon momentum resolution. The excess is to be attributed to heavy flavor decays. The observed distribution is consistent with a large contribution from π/K decays at the lowest p_T and dominance by W/Z decays at high p_T . This consistency is an important cross-check on the absolute normalization of the data.

The π/K decay spectrum was estimated using ISAJET di-jet events, with E^{jet}_T > 3 GeV. The charged-hadron p_T distribution from ISAJET was checked against the measured inclusive spectrum [9], and a 15% systematic uncertainty was assigned to the calculated muon spectrum from π/K decays. The p^μ_T distributions from W/Z decays were simulated with ISAJET, with cross sections and systematic errors determined from our data [10]. The estimated contribution from W decays is in agreement with the result of a missing transverse energy analysis.

In obtaining the b-quark cross section we restricted our analysis to muons in the p^μ_T range 4–30 GeV/c. We estimated and subtracted the expected W/Z background (N^μ_{W/Z} ) as indicated above. The remainder is expected to come mainly from b and c-quark decays, with a significant background (∼ 25%) from π/K decays only at low p^μ_T . To determine the fraction of muons from bquark decays, f_b, we used the transverse momentum of the muon with respect to the associated jet axis (p^{rel}_T ).

FIG. 2. a) p^{rel}_T distribution for the subset of muons associated with jets in the p^μ_T range 8–30 GeV/c and for jy^μj < 0.8; b) fb as a function of p^μ_T : the solid points are from the p^{rel}_T fitting technique and the open circles are from the c/b ratio method.

Jets are reconstructed for E^{jet}_T > 8 GeV, using a cone algorithm with radius R = 0.7 in pseudorapidity–azimuthal angle space. Because the accompanying jets tend to have low E_T , only 60% of the muons have a reconstructed jet nearby (ΔR^{μ,jet} < 1). We have verified that this fraction is consistent with the reconstructed jet fraction in simulated events, and that all kinematic distributions for muons with and without jets are similar. The fraction f_b subsequently extracted from the subset of muons with jets was assumed to hold for the full sample.

The p^{rel}_T distributions for b-quark, c-quark, and π/K decays were modeled with ISAJET. The distribution for b-quark decays includes both direct (b → μ) and sequential (b → c → μ) decays, with the appropriate branching fractions [11], and closely agrees in shape with the lepton spectrum measured by the OPAL collaboration [12] at LEP. f_b was determined by fitting the b-quark, c-quark, and π/K p^{rel}_T distributions to the data in bins of p^μ_T . For illustration, Fig. 2a shows the p^{rel}_T distribution for the p^μ_T range 8–30 GeV/c. The errors on f_b (≃ 12%) were estimated by varying the fitted distributions within their errors, and repeating the fits. We cross-checked this determination of f_b by subtracting the estimated W/Z and π/K decay contributions from our data, and using the expected ratio of the contributions from charm to bottom decays. We used the c/b ratio from ISAJET and estimated the error on f_b from this method by varying this input c/b ratio by 50%.

The muon cross section for inclusive b-quark decays was calculated as follows: dσ^μ_b dp^μ_T = 1 Δy ( N^μ − N^μ_{W/Z} ) · f_b · f_p ∫ L dt · ϵ , (2)

where f_b was determined from the p^{rel}_T technique, and f_p is a correction factor that accounts for the smearing due to the muon momentum resolution. To determine f_p as a function of p^μ_T an unfolding technique [13] was applied: f_p varies from 1 at low p^μ_T to ≃ 0.7 at p^μ_T = 20 GeV/c. The uncertainty on f_p (≃ 6%) was estimated by varying the resolution function within its errors.

The spectrum shown in Fig. 3a, with systematic errors of ≃ 21%, is extracted without assumptions concerning heavy flavor production cross sections, and represents our experimental result. The theoretical expectation was calculated using ISAJET for b-quark production, fragmentation and decay, with the cross section normalized to the NLO QCD calculation [1]. The predicted b-quark production cross section from ISAJET, including higher-order processes, and using CTEQ2L parton distributions [14], has a p_T shape similar to the NLO calculation with MRSD0 parton distributions [15], but is larger by almost a factor 2. We used the Peterson fragmentation function with ϵ_b = 0.006±0.003 [16] and the average LEP inclusive branching ratio Br(B → μ) = 0.110±0.005 [17].

To extract a b-quark cross section from the muon spectrum we followed the method used by UA1 [3] and CDF [4]. The relation between the b-quark cross section and the experimental muon spectrum is given by:

σ^b(p^b_T > p^{min}_T ) =^1_2 σ^μ_b(p^{μ1}_T , p^{μ2}_T ) σ^b_{MC} σ^μ_{MC} , (3)

where σ^μ_b (p^{μ1}_T , p^{μ2}_T ) is the muon cross section of Eq. (2) integrated over the interval p^{μ1}_T < p^μ_T < p^{μ2}_T . For each consecutive p^μ_T -interval, p^{min}_T was determined (using Monte Carlo), such that 90% of the muons in the interval originated from b-quarks with p^b_T > p^{min}_T , σ^b_{MC} is the total inclusive b-quark cross section for p^b_T > p^{min}_T , and σ^μ_{MC}

FIG. 3. a) The unfolded muon spectrum for inclusive b-quark decays compared to the expected spectrum (see text). b) b-quark production cross section compared to NLO QCD predictions (see text). Inner error bars indicate statistical uncertainties.

is the cross section for production of b-quarks that decay to muons within the p^μ_T -interval, both evaluated with ISAJET. The factor^1_2 yields the cross section average for b and b production from our measurement of μ^+ and μ^− data. The ratio of the Monte Carlo cross sections depends on the shape of the p_T spectrum of the b-quark, but not on its absolute normalization. The uncertainty due to the assumed p_T shape (≃ 12%) was estimated by replacing the MRSD0 parton distributions by MRSD- [15], which have a more singular gluon distribution. The error on ϵ_b, together with 1σ variations in B-hadron leptonic branching and decay parameters, lead to an additional 13% uncertainty. Together with the error on the muon cross section, we obtained a systematic uncertainty of ≃ 27% on the b-quark cross section.

The resulting cross section for b-quark production as a function of p^{min}_T , for |y^b| < 1.0, is shown in Fig. 3b, where similar CDF [4] measurements using inclusive leptons are shown for comparison. The curves represent the NLO QCD predictions [1] using MRSD0 parton distribution functions. The QCD mass scale Λ^{(5)}_{MS} = 140 MeV and the renormalization and factorization scale μ = μ_0 (with μ^2_0 = m^2_b + (p^b_T )^2, and m_b = 4.75 GeV/c^2) were used for the solid curve, and customary variations of these parameters for the dashed curves: 187 MeV and μ_0/2 (upper), and 100 MeV and 2μ_0 (lower).

In conclusion, we have presented a measurement of the inclusive muon and b-quark production cross sections. The inclusive muon cross section is well described by the expected contributions from various known sources. Within errors, our b-quark cross section agrees with that of CDF [4] for inclusive leptons. Other measurements of σ^b by CDF [4] are made at low p^b_T and use different final states such as J/ψ or semi-exclusive b → c decays, which are thus not directly comparable due to theoretical uncertainties in the fraction of J/ψ due to b production. Our measurement indicates that, within theoretical uncertainties, the NLO QCD description [1] of heavy flavor production in pp at √ s = 1.8 TeV is adequate for the kinematic range |y^b| < 1.0 and p^b_T > 6 GeV/c.

We thank the Fermilab Accelerator, Computing and Research Divisions, the Physics and Technical Support Sections, and the support staffs at the collaborating institutions for their contributions to the success of this work. We also acknowledge the support of 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 Departments of Atomic Energy and Science and Education in India, Colciencias in Colombia, CONACyT in Mexico, and the Ministry of Education, Research Foundation and KOSEF in Korea.

∗ Visitor from IHEP, Beijing, China. † Visitor from LAL, Orsay, France. ‡ Visitor from CONICET, Argentina.

§ Visitor from Universidad de Buenos Aires, Argentina. ¶ Visitor from Univ. San Francisco de Quito, Ecuador.

[1] P. Nason, S. Dawson and R.K. Ellis, Nucl. Phys. B327, 49 (1989).

[2] W. Beenakker, W.L. van Neerven, R. Meng, G.A. Schuler and J. Smith, Nucl. Phys. B351, 507 (1991).

[3] UA1 Collaboration, C. Albajar et. al., Phys. Lett. B213, 405 (1988); B256, 121 (1991).

[4] CDF Collaboration, F. Abe et. al. , Phys. Rev. Lett. 68, 3403 (1992); 69, 3704 (1992); 71, 500, 2396, 2537 (1993);

Phys. Rev. D 50, 4252 (1994).

[5] DØ Collaboration, S. Abachi et. al., Nucl. Instr. Meth.

A338, 185 (1994).

[6] DØ Collaboration, M. Fortner et al., IEEE Trans. on Nucl. Science 38, 480 (1991).

[7] F. Paige and S. Protopopescu, BNL Report no. BNL- 38034, 1986 (unpublished), release v 7.0.

[8] F. Carminati et al., “GEANT Users Guide,” vs. 3.15, CERN Program Library, December 1991 (unpublished).

[9] CDF Collaboration, F. Abe et. al., Phys. Rev. Lett. 61, 1819 (1988).

[10] DØ Collaboration, P. Quintas, “Measurement of W and Z Production Cross-Sections in pp̄ Collisions at ps = 1.8 TeV,” Proceedings of DPF 1994, and FNAL-Conf- 94/341-E.

[11] Particle Data Group, L. Montanet et al., “Review of Particle Properties,” Phys. Rev. D 50, 1173 (1994).

[12] OPAL Collaboration, R. Akers et al., Z. Phys. C 60, 199 (1993).

[13] G. D’Agostini, “A Multidimensional Unfolding Method Based on Bayes’ Theorem,” DESY 94-099, June 1994.

[14] CTEQ Collaboration, J. Botts et. al., Phys. Lett. B304, 159 (1993).

[15] A. Martin, R. Roberts, J.W. Stirling, Phys. Rev. D 47, 867 (1993).

[16] C. Peterson et al., Phys. Rev. D 27, 105 (1983); J. Chrin, Z. Phys. C 36, 163 (1987).

[17] S. Squarcia, “Heavy Flavor Physics at LEP,” CERN- PPE/94-69 (1994).