ICHEP94 Ref. GLS0382 CLEO CONF 94-27 Submitted to PA 2 Pl 19 July 19, 1994

Measurement of the branching ratio for Υ(1S) ! ø^+ø^−

D. Cinabro,^1 T. Liu,^1 M. Saulnier,^1 R. Wilson,^1 H. Yamamoto,^1 T. Bergfeld,^2 B.I. Eisenstein,^2 G. Gollin,^2 B. Ong,^2 M. Palmer,^2 M. Selen,^2 J. J. Thaler,^2 K.W. Edwards,^3 M. Ogg,^3 A. Bellerive,^4 D.I. Britton,^4 E.R.F. Hyatt,^4 D.B. MacFarlane,^4 P.M. Patel,^4 B. Spaan,^4 A.J. Sadoff,^5 R. Ammar,^6 P. Baringer,^6 A. Bean,^6 D. Besson,^6 D. Coppage,^6 N. Copty,^6 R. Davis,^6 N. Hancock,^6 M. Kelly,^6 S. Kotov,^6 I. Kravchenko,^6 N. Kwak,^6 H. Lam,^6 Y. Kubota,^7 M. Lattery,^7 M. Momayezi,^7 J.K. Nelson,^7 S. Patton,^7 R. Poling,^7 V. Savinov,^7 S. Schrenk,^7 R. Wang,^7 M.S. Alam,^8 I.J. Kim,^8 Z. Ling,^8 A.H. Mahmood,^8 J.J. O’Neill,^8 H. Severini,^8 C.R. Sun,^8 F. Wappler,^8 G. Crawford,^9 C. M. Daubenmier,^9 R. Fulton,^9 D. Fujino,^9 K.K. Gan,^9 K. Honscheid,^9 H. Kagan,^9 R. Kass,^9 J. Lee,^9 R. Malchow,^9 Y. Skovpen,^{9∗} M. Sung,^9 C. White,^9 M.M. Zoeller,^9 F. Butler,^{10} X. Fu,^{10} B. Nemati,^{10} W.R. Ross,^{10} P. Skubic,^{10} M. Wood,^{10} M. Bishai,^{11} J. Fast,^{11} E. Gerndt,^{11} R.L. McIlwain,^{11} T. Miao,^{11} D.H. Miller,^{11} M. Modesitt,^{11} D. Payne,^{11} E.I. Shibata,^{11} I.P.J. Shipsey,^{11} P.N. Wang,^{11} M. Battle,^{12} J. Ernst,^{12} L. Gibbons,^{12} Y. Kwon,^{12} S. Roberts,^{12} E.H. Thorndike,^{12} C.H. Wang,^{12} J. Dominick,^{13} M. Lambrecht,^{13} S. Sanghera,^{13} V. Shelkov,^{13} T. Skwarnicki,^{13} R. Stroynowski,^{13} I. Volobouev,^{13} G. Wei,^{13} P. Zadorozhny,^{13} M. Artuso,^{14} M. Gao,^{14} M. Goldberg,^{14} D. He,^{14} N. Horwitz,^{14} R. Kennett,^{14} G.C. Moneti,^{14} R. Mountain,^{14} F. Muheim,^{14} Y. Mukhin,^{14} S. Playfer,^{14} Y. Rozen,^{14} S. Stone,^{14} X. Xing,^{14} G. Zhu,^{14} J. Bartelt,^{15} S.E. Csorna,^{15} Z. Egyed,^{15} V. Jain,^{15} D. Gibaut,^{16} K. Kinoshita,^{16} P. Pomianowski,^{16} B. Barish,^{17} M. Chadha,^{17} S. Chan,^{17} D.F. Cowen,^{17} G. Eigen,^{17} J.S. Miller,^{17} C. O’Grady,^{17} J. Urheim,^{17} A.J. Weinstein,^{17} M. Athanas,^{18} W. Brower,^{18} G. Masek,^{18} H.P. Paar,^{18} M. Sivertz,^{18} J. Gronberg,^{19} R. Kutschke,^{19} S. Menary,^{19} R.J. Morrison,^{19} S. Nakanishi,^{19} H.N. Nelson,^{19} T.K. Nelson,^{19} C. Qiao,^{19} J.D. Richman,^{19} A. Ryd,^{19} H. Tajima,^{19} D. Sperka,^{19} M.S. Witherell,^{19} R. Balest,^{20} K. Cho,^{20} W.T. Ford,^{20} D.R. Johnson,^{20} K. Lingel,^{20} M. Lohner,^{20} P. Rankin,^{20} J.G. Smith,^{20} J.P. Alexander,^{21} C. Bebek,^{21} K. Berkelman,^{21} K. Bloom,^{21} T.E. Browder,^{21†} D.G. Cassel,^{21} H.A. Cho,^{21} D.M. Coffman,^{21} D.S. Crowcroft,^{21} P.S. Drell,^{21} D. Dumas,^{21} R. Ehrlich,^{21} P. Gaidarev,^{21} R.S. Galik,^{21} M. Garcia-Sciveres,^{21} B. Geiser,^{21} B. Gittelman,^{21} S.W. Gray,^{21} D.L. Hartill,^{21} B.K. Heltsley,^{21} S. Henderson,^{21} C.D. Jones,^{21} S.L. Jones,^{21} J. Kandaswamy,^{21} N. Katayama,^{21} P.C. Kim,^{21} D.L. Kreinick,^{21} G.S. Ludwig,^{21} J. Masui,^{21} J. Mevissen,^{21} N.B. Mistry,^{21} C.R. Ng,^{21} E. Nordberg,^{21} J.R. Patterson,^{21} D. Peterson,^{21} D. Riley,^{21} S. Salman,^{21} M. Sapper,^{21} F. Würthwein,^{21} P. Avery,^{22} A. Freyberger,^{22} J. Rodriguez,^{22} S. Yang,^{22} and J. Yelton^{22}

(CLEO Collaboration)

1Harvard University, Cambridge, Massachusetts 02138 2University of Illinois, Champaign-Urbana, Illinois, 61801 3Carleton University, Ottawa, Ontario K1S 5B6 and the Institute of Particle Physics, Canada 4McGill University, Montréal, Québec H3A 2T8 and the Institute of Particle Physics, Canada 5Ithaca College, Ithaca, New York 14850 6University of Kansas, Lawrence, Kansas 66045 7University of Minnesota, Minneapolis, Minnesota 55455 8State University of New York at Albany, Albany, New York 12222 9Ohio State University, Columbus, Ohio, 43210 10University of Oklahoma, Norman, Oklahoma 73019 11Purdue University, West Lafayette, Indiana 47907 12University of Rochester, Rochester, New York 14627 13Southern Methodist University, Dallas, Texas 75275 14Syracuse University, Syracuse, New York 13244 15Vanderbilt University, Nashville, Tennessee 37235 16Virginia Polytechnic Institute and State University, Blacksburg, Virginia, 24061 17California Institute of Technology, Pasadena, California 91125 18University of California, San Diego, La Jolla, California 92093 19University of California, Santa Barbara, California 93106 20University of Colorado, Boulder, Colorado 80309-0390 21Cornell University, Ithaca, New York 14853 22University of Florida, Gainesville, Florida 32611

Abstract

We have measured the branching ratio B(Υ(1S) ! τ^+τ^−) using the CLEO II detector. A clean sample of tau pair events is identified via events containing two charged particles where exactly one of the particles is an identified electron. We find B(Υ(1S) ! τ^+τ^−) = (2.59 � 0.12^{+0.13}_{−0.16} )%. The result is consistent with expectations from lepton universality.

∗Permanent address: INP, Novosibirsk, Russia

†Permanent address: University of Hawaii at Manoa

One of the interesting aspects of heavy quarkonia is that in the lower energy states the electromagnetic decays compete with the strong decays due to OZI suppression. In the bb̄ system, the first three Υ resonances all lie below the threshold for strong decay into pairs of B mesons, and the measured leptonic decays are of the order of a few percent. For the Υ(1S), the world average of the branching ratio into tau pairs is (2.97 ± 0.35)% [1] based on two measurements, one from CLEO [2] and one from ARGUS [3] . Comparing the tauonic decay rate to the e^+e^− and μ^+μ^− rates is an interesting test of lepton universality. The e^+e^− and μ^+μ^− branching ratios have been measured and lie about one standard deviation lower than the tau pair branching ratio [1].

We describe here a new measurement of the tauonic branching ratio of the Υ(1S) [4] which is significantly more precise than the two previous determinations. The analysis method also differs significantly from the previous two analyses. The previous CLEO measurement identified taus in their 1-vs.-3 topology^1 and the ARGUS measurement was based upon Υ(1S) mesons produced via Υ(2S) decays. Here we use data taken on the Υ(1S) resonance and look for tau pair events where one tau has decayed into eνν̄ and the other has decayed into a final state having one charged particle which is not an electron (we use the notation /e below to denote this track, which is a muon, pion, or kaon). This allows us to select a very pure sample of tau pair events and avoid uncertainties associated with the hadronic background. The presence of the electron also improves our understanding of the trigger efficiency of the detector.

The data were recorded with the CLEO II detector which operates at the Cornell Electron Storage Ring (CESR). The CLEO II detector is described in detail elsewhere [5] . Excellent electron identification is provided by the charged particle tracking system and the electromagnetic calorimeter which are inside the solenoidal magnet with its 1.5 T field. The calorimeter consists of 7800 CsI(Tl) crystals providing excellent energy resolution and fine segmentation.

The data sample used in this analysis corresponds to an integrated luminosity of 49 pb^{−1} at the energy of the Υ(1S) resonance. In addition, a 101 pb^{−1} data sample taken in the continuum between the Υ(3S) and Υ(4S) resonances is used for background subtraction. The trigger conditions were the same for the two datasets.

In measuring the branching ratio we must make a large subtraction to remove the contribution from the non-resonant process e^+e^− → τ^+τ^− from the e^+e^− → Υ → τ^+τ^− contribution. Because the background continuum process is measured at a different energy from the signal process (E_{beam} of 5.263 GeV vs. 4.730 GeV for the Υ(1S)), we try to choose cuts for which the energy dependence of the efficiency is well simulated by our Monte Carlo. Determination of the trigger efficiency is critical, so we insist that each event must fire a specific set of well-understood hardware trigger elements. The set of elements we use combines information from the calorimeter and the central drift chamber to identify events with an electron candidate and at least one other charged track.

There are two aspects to selecting events: electron ID cuts and tau topology cuts. For electron identification, we match the charged track with energy deposited in the CsI calorime-

1The terminology a-vs.-b topology refers to a tau-pair event in which the final decay products of one tau includes a charged particles and the final state of the other tau includes b charged particles.

ter and insist that this energy be consistent with the measured momentum of the track. In particular, if p is the momentum of the charged track and E is the associated energy in the calorimeter, we require 0.85 ≤^E_p ≤ 1.1. Further, we require that there be at most one nearby photon which could overlap with the electron shower and that there be no associated signal in the muon chambers. Tracks that fail any of these criteria are classified as “/e ”.

The tau event selection cuts are designed to accept two track tau pair events while minimizing the contribution from other processes. Mu pair and Bhabha events can be eliminated by the particle identification criteria (one e, one /e ) and by insisting that there be missing energy in the event. Some additional cuts are implemented to reduce the contamination from radiative Bhabhas (such as (d) and (j) below), hadronic events (cut (h) below), and two-photon processes (cut (g) below). The polar angles of the calorimeter shower and the missing momentum in the event are denoted θ_E, and θ_{miss}, respectively. E_{vis} is the total visible energy in the event. ΣE is the summed energy of all the calorimeter showers. The event topology cuts applied are:

(a) Exactly two good charged tracks with a net charge of zero.

(b) Both tracks have good, unique matches to calorimeter showers.

(c) One track must be called “e” and the other “/e” by the electron identification criteria.

(d) At most one track with p ≥ 0.85E_{beam}.

(e) Both tracks satisfy p ≥ 0.65 GeV.

(f) cos(θ_E) ≤ 0.707 for the showers matched to charged particle tracks.

(g) | cos(θ_{miss})| < 0.98.

(h) At most 10 isolated showers in the calorimeter.

(i) 20% <^{Evis}_{Ecm} < 90%. (j)^{ΣE}_{Ecm} < −0.36^{|⃗p(e̸)|}_{Ebeam} + 0.78. (k) |⃗p(e)| < 90% E_{beam}; |⃗p(/e)| < 96% E_{beam}. These cuts select 4899 events in the Υ(1S) data sample, and 5824 events in the continuum sample. Figure 1 shows the momentum distribution of the electron candidate in our continuum events. Normalized τ → eν̄_eν_τ Monte Carlo events agree well with the data. Figure 2 shows the momentum distribution of the /e track for the same data.

A number of background sources were studied. Cosmic rays, μ pairs, beam-wall and beam-gas interactions were investigated using muon chamber, timing, and vertex information. All of these backgrounds were determined to be negligible. Similarly, no radiative Bhabha events passed our cuts when Monte Carlo events were examined. Potentially, the most significant backgrounds come from hadronic and two-photon processes. No hadronic continuum Monte Carlo events (e^+e^− → qq̄) passed our cuts when a fully simulated sample corresponding to an integrated luminosity of 230 pb^{−1} was examined. In addition, over one million Υ(1S) → ggg Monte Carlo events were studied and only one event passed our cuts. Thus we find our hadronic background to be less than 0.02% in our tau samples. Two-photon Monte Carlo data corresponding to 1299 pb^{−1} with the final state e^+e^−τ^+τ^− were examined. Assuming other two-photon processes produce a negligible background, we found 28.3 ± 1.4 two-photon events in our continuum data, and 13.8 ± 0.7 events in the Υ(1S) data. After the continuum subtraction, this background is therefore also negligible. (The 28.3 events scale to 16.1 in the subtraction.)

There is also a “background” from real tau events. We take as the fraction of tau events in our signal process B(τ^+τ^− → e/e) = 2B_e(B_1 − B_e), where B_1 is the one prong topological branching fraction and B_e is the electronic branching ratio. (We use values for these branching ratios taken from the Particle Data Group. [1] ) Thus any 1-vs.-3 (or 1-vs.-5) tau-pair event, or a 1-vs.-1 tau event where the e or /e has been misidentified is treated as background. The background is most easily expressed as a fraction of the tau-pair events which are “fakes.” Using about 100,000 generic Monte Carlo tau-pair events, we found a fake rate of (6.1 ± 3.0)% for the Υ(1S) → τ^+τ^− events. This fake rate remains the same for continuum tau production at the beam energies of our two data samples.

In calculating this fake rate we used data to determine the fraction of hadrons passing the critical cut, 0.85 <^E_p < 1.1. Muons are very unlikely to deposit this fraction of their energy in the electromagnetic calorimeter, but hadrons occasionally do. We selected a pure sample of pions from the data by looking at tracks from K^0_s decays, and measured as a function of momentum the fraction of pions which satisfy our^E_p cut. The π^+ and π^− have differing fractions and were treated separately in our analysis. (We assume that any differences between kaons and pions are negligible for this purpose since there are far more pions than kaons in our tau events.) A very clean sample of K^0_s → π^+π^− candidates was selected by taking oppositely charged tracks from a secondary vertex and requiring that the K^0_s momentum vector point back to the primary vertex. Pion candidates were chosen from those K^0_s candidates with an invariant mass between 0.48 and 0.51 GeV/c^2. Three different sets of cuts were used in the K^0_s selection (one set included dE/dx identification of the pions) and the results of the three analyses were compared. The error on the fake rate comes from the spread in the values obtained via the three analyses and from uncertainties in the shower energy determination. Statistics were limited at high momentum and the fake rate was assumed flat above p = 1.65 GeV/c. The calculated event selection efficiency, (26.46 ± 0.26)% for tau-pair events from Υ(1S) decay, also depends upon these fake rates.

Trigger efficiencies were determined from the data. The CLEO II trigger has been described in detail elsewhere [6] . There are three levels to the hardware trigger and each level has several elements associated with different subsystems of the CLEO II detector. We required in our event selection a specific set of four elements, each coming from a different detector subsystem: time-of-flight, barrel calorimeter, central drift chamber, and vertex detector. All trigger element efficiencies were studied using radiative Bhabha events except for the time-of-flight efficiency which was studied in the tau events themselves. Radiative Bhabha events were selected from the same Υ(1S) dataset. The strategy was to look at events which fired a different trigger line which does not involve the detector subsystem under study and measure the fraction of those events that fire the given element. The efficiencies of all but the calorimeter element are found to be independent of momentum in the momentum region of interest (that is, the region p > 0.60 GeV/c). The efficiency of the calorimeter element is 100% when the momentum of the electron is greater than 0.95

GeV/c, but decreases with decreasing momentum below that value, down to a value of 86% at p = 0.65 GeV/c, the lowest momentum allowed by our selection criteria. We obtained a function giving the trigger efficiency versus momentum by fitting our data. Then taking the fitted function and a Monte Carlo generated momentum distribution for the electrons in our tau events, we calculated a momentum integrated trigger efficiency. Momentum distributions were generated for continuum produced taus at beam energies of 5.263 GeV and 4.730 GeV and for Υ(1S) → τ^+τ^−. The three momentum distributions are slightly different and give slightly different efficiencies. For Υ(1S) → τ^+τ^−, the trigger efficiency is (95.1 ± 1.2)%. The error was determined from the statistical errors on the measurements and the spread in values obtained by using different fitting functions. The ratio of the continuum trigger efficiencies at the two beam energies (ϵ^{4.730}/ϵ^{5.263}) was seen to be quite insensitive to the method of integration over momentum, and is found to be 0.998 ± 0.002.

To calculate the number of tau pair events from Υ(1S) decays, N_τ , we subtract fakes from the raw tau event yields, scale the continuum value (by relative luminosities, cross sections, and efficiencies), subtract it from the Υ(1S) value, and divide by the efficiencies and B(τ^+τ^− → e/e). We obtain: N_τ = 24900 ± 1300 ± 1300. The quoted systematic error comes from the uncertainties in the trigger efficiencies and fake rates discussed previously, the uncertainties in B_1 and B_e, a 0.5% error in the ratio of luminosities [8], and uncertainties in the ratio of continuum tau-pair cross sections at the two beam energies. The cross sections were calculated from α^3 QED. We found ratio of the cross-sections to be independent of the cutoff energy of the photon.

We normalize the number of tau events to the number of hadronic events from the Υ(1S). Hadronic events were selected by requiring three or more charged tracks, E_{vis} ≥ 0.30E_{cm}, and ΣE ≥ 0.12E_{cm}. The primary event vertex was also required to be consistent with the beam position. ¿From Monte Carlo, we find the efficiency for hadrons from the Υ(1S) resonance is 98.8% with these cuts. The efficiency for continuum hadronic events is 94.0% at the Υ(1S) energy and 94.4% at E_{beam} = 5.263. The continuum subtracted hadronic event yield is found to be N_{hadron} = 886, 600 ± 1100 events where the error is statistical only. A Monte Carlo calculated tau background of 7300 events was subtracted to arrive at this number. The dominant systematic error comes from the determination of the 98.8% efficiency number. We examined the agreement between the Monte Carlo simulation and the continuum subtracted hadronic data. The data show an excess at low multiplicity, leading to a possible overestimation of the efficiency. Roughly a third of this excess can be accounted for by the tau contamination in the data. Because the discrepancy tends to produce a lower efficiency and because one cannot have an efficiency in excess of 100%, we assign an asymmetric systematic error of^{+11,200}_{−36,000} events to the number of hadrons.

In obtaining our branching ratio, we first define B̄ as the ratio of N_τ to N_{hadron}. Then, assuming lepton universality: B(Υ(1S) → τ^+τ^−) =^{B̄}_{1+3B̄} . Our previous numbers of taus and hadrons gives: B̄ = 0.0281 ± 0.0014^{+0.0015}_{−0.0019} , which yields:

B(Υ(1S) → τ^+τ^−) = (2.59 ± 0.12

+0.13 −0.16 )%. We can test lepton universality by comparing this number to previous measurements of the mu-pair and electron-pair branching ratios. These values are [1]: B(Υ(1S) → μ^+μ^−) = (2.48 ± 0.06)%, and B(Υ(1S) → e^+e^−) = (2.52 ± 0.17)%. We see that our measurement is in closer agreement with lepton universality than the previous world average.

In conclusion, we have measured the tauonic branching ratio of the Υ(1S) resonance. The value we obtain is more precise than previous measurements and is consistent with expectations from lepton universality.

We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. J.P.A. and P.S.D. thank the PYI program of the NSF, I.P.J.S. thanks the YI program of the NSF, G.E. thanks the Heisenberg Foundation, K.K.G., I.P.J.S., and T.S. thank the TNRLC, K.K.G., H.N.N., J.D.R., T.S. and H.Y. thank the OJI program of DOE and P.R. thanks the A.P. Sloan Foundation for support. This work was supported by the National Science Foundation and the U.S. Dept. of Energy.

REFERENCES

[1] Particle Data Group, Phys. Rev. D45 (1992) 1. [2] CLEO Collab., R. Giles et al., Phys. Rev. Lett. 50 (1983) 877. [3] ARGUS Collab., H. Albrecht et al., Phys. Lett. 154B (1985) 452. [4] Ha Lam, Ph. D. thesis, University of Kansas (1994), unpublished. [5] CLEO Collab., Y. Kubota et al., Nucl. Instr. and Meth. A320 (1992) 66. [6] C. Bebek et al., Nucl. Instr. Meth. A302 (1991) 261. [7] Alan Weinstein, private communication.

[8] G. Crawford, et al., Nucl. Instr. and Meth. A345 (1994) 429

FIG. 1. Momentum distribution of the electron candidate. The data are shown by the solid circles and the histogram is from a Monte Carlo simulation of τ ! eν̄_eν_τ .

FIG. 2. Momentum distribution of the track which has been identified as not an electron. The data are shown by the solid circles and the histogram is from a Monte Carlo simulation of τ decays.