CLNS 01/1744 CLEO 01-14

Search for the Decay Υ(1S) → γη^′

CLEO Collaboration

(10 July 2001)

Abstract

We report on a search for the radiative decay Υ(1S) → γη^′ in 61.3 pb^{−1} of data taken with the CLEO II detector at the Cornell Electron Storage Ring. Three decay chains were investigated, all involving η^′ → π^+π^−η, followed by η → γγ, η → π^0π^0π^0, or η → π^+π^−π^0. We find no candidate events in any of the three cases and set a combined upper limit 1.6 × 10^{−5} at 90% C.L., significantly smaller than the previous limit. We compare our result to other radiative Υ decays, to radiative J/ψ decays, and to theoretical predictions.

S. J. Richichi,^1 H. Severini,^1 P. Skubic,^1 S.A. Dytman,^2 V. Savinov,^2 S. Chen,^3 J. W. Hinson,^3 J. Lee,^3 D. H. Miller,^3 E. I. Shibata,^3 I. P. J. Shipsey,^3 V. Pavlunin,^3 D. Cronin-Hennessy,^4 A.L. Lyon,^4 W. Park,^4 E. H. Thorndike,^4 T. E. Coan,^5 Y. S. Gao,^5 F. Liu,^5 Y. Maravin,^5 I. Narsky,^5 R. Stroynowski,^5 J. Ye,^5 M. Artuso,^6 C. Boulahouache,^6 K. Bukin,^6 E. Dambasuren,^6 G. Majumder,^6 R. Mountain,^6 T. Skwarnicki,^6 S. Stone,^6 J.C. Wang,^6 H. Zhao,^6 S. Kopp,^7 M. Kostin,^7 A. H. Mahmood,^8 S. E. Csorna,^9 I. Danko,^9 K. W. McLean,^9 Z. Xu,^9 R. Godang,^{10} G. Bonvicini,^{11} D. Cinabro,^{11} M. Dubrovin,^{11} S. McGee,^{11} A. Bornheim,^{12} E. Lipeles,^{12} S. P. Pappas,^{12} A. Shapiro,^{12} W. M. Sun,^{12} A. J. Weinstein,^{12} D. E. Jaffe,^{13} R. Mahapatra,^{13} G. Masek,^{13} H. P. Paar,^{13} R. J. Morrison,^{14} R. A. Briere,^{15} G. P. Chen,^{15} T. Ferguson,^{15} H. Vogel,^{15} J. P. Alexander,^{16} C. Bebek,^{16} K. Berkelman,^{16} F. Blanc,^{16} V. Boisvert,^{16} D. G. Cassel,^{16} P. S. Drell,^{16} J. E. Duboscq,^{16} K. M. Ecklund,^{16} R. Ehrlich,^{16} R. S. Galik,^{16} L. Gibbons,^{16} B. Gittelman,^{16} S. W. Gray,^{16} D. L. Hartill,^{16} B. K. Heltsley,^{16} L. Hsu,^{16} C. D. Jones,^{16} J. Kandaswamy,^{16} D. L. Kreinick,^{16} M. Lohner,^{16} A. Magerkurth,^{16} H. Mahlke-Krüger,^{16} T. O. Meyer,^{16} N. B. Mistry,^{16} E. Nordberg,^{16} M. Palmer,^{16} J. R. Patterson,^{16} D. Peterson,^{16} J. Pivarski,^{16} D. Riley,^{16} H. Schwarthoff,^{16} J. G. Thayer,^{16} D. Urner,^{16} B. Valant-Spaight,^{16} G. Viehhauser,^{16} A. Warburton,^{16} M. Weinberger,^{16} S. B. Athar,^{17} P. Avery,^{17} C. Prescott,^{17} H. Stoeck,^{17} J. Yelton,^{17} G. Brandenburg,^{18} A. Ershov,^{18} D. Y.-J. Kim,^{18} R. Wilson,^{18} K. Benslama,^{19} B. I. Eisenstein,^{19} J. Ernst,^{19} G. E. Gladding,^{19} G. D. Gollin,^{19} R. M. Hans,^{19} I. Karliner,^{19} N. A. Lowrey,^{19} M. A. Marsh,^{19} C. Plager,^{19} C. Sedlack,^{19} M. Selen,^{19} J. J. Thaler,^{19} J. Williams,^{19} K. W. Edwards,^{20} A. J. Sadoff,^{21} R. Ammar,^{22} A. Bean,^{22} D. Besson,^{22} X. Zhao,^{22} S. Anderson,^{23} V. V. Frolov,^{23} Y. Kubota,^{23} S. J. Lee,^{23} R. Poling,^{23} A. Smith,^{23} C. J. Stepaniak,^{23} J. Urheim,^{23} S. Ahmed,^{24} M. S. Alam,^{24} L. Jian,^{24} L. Ling,^{24} M. Saleem,^{24} S. Timm,^{24} F. Wappler,^{24} A. Anastassov,^{25} E. Eckhart,^{25} K. K. Gan,^{25} C. Gwon,^{25} T. Hart,^{25} K. Honscheid,^{25} D. Hufnagel,^{25} H. Kagan,^{25} R. Kass,^{25} T. K. Pedlar,^{25} J. B. Thayer,^{25} E. von Toerne,^{25} and M. M. Zoeller^{25}

1University of Oklahoma, Norman, Oklahoma 73019 2University of Pittsburgh, Pittsburgh, Pennsylvania 15260 3Purdue University, West Lafayette, Indiana 47907 4University of Rochester, Rochester, New York 14627 5Southern Methodist University, Dallas, Texas 75275 6Syracuse University, Syracuse, New York 13244 7University of Texas, Austin, Texas 78712 8University of Texas - Pan American, Edinburg, Texas 78539 9Vanderbilt University, Nashville, Tennessee 37235 10Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061 11Wayne State University, Detroit, Michigan 48202 12California Institute of Technology, Pasadena, California 91125 13University of California, San Diego, La Jolla, California 92093 14University of California, Santa Barbara, California 93106 15Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 16Cornell University, Ithaca, New York 14853 17University of Florida, Gainesville, Florida 32611

18Harvard University, Cambridge, Massachusetts 02138 19University of Illinois, Urbana-Champaign, Illinois 61801 20Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 21Ithaca College, Ithaca, New York 14850 22University of Kansas, Lawrence, Kansas 66045 23University of Minnesota, Minneapolis, Minnesota 55455 24State University of New York at Albany, Albany, New York 12222 25Ohio State University, Columbus, Ohio 43210

The only measurement of a two-body radiative Υ(1S) decay is the CLEO analysis [1] of Υ → γππ, which was consistent with radiative f_2(1270) production. In contrast, many such radiative decays have been measured for the J/ψ system [2], including the decay to γη^′ at three times the rate to γf_2(1270). Such radiative decays provide a “glue-rich” environment, which could mean a large valence gluonic component to the η^′ wave function. Unexpectedly large rates [3] are also observed in decays such as B → η^′K^{(∗)}.

In addition, there have been several theoretical predictions for the γη^′ final state that involve non-relativistic [4] or light-cone [5] approaches, with the η^′ produced by highly virtual gluons, or models [6] involving extended vector meson dominance. There has also been theoretical work on the related process Υ → γη [7] and comparisons of the γη and γη^′ final states in J/ψ decay [8]. Further, there have been suggestions [8,9] that the decay J/ψ → γη^{(′)} might be dominated by a strong anomaly, whereas this mechanism is suppressed for the radiative Υ decays because of the more massive constituent quarks.

In this Letter we report on a search for the decay Υ → γη^′ and we compare this decay mode to the f_2(1270) final state in Υ decay, to the η^′ radiative decay in J/ψ decay, and to the theoretical predictions.

Our analysis used 61.3 pb^{−1} of data recorded at the Υ(1S) resonance ( √ s = 9.46 GeV) with the CLEO II detector [10] operating at the Cornell Electron Storage Ring (CESR). This corresponds to the production of N_Υ = (1.45±0.03)×10^6 Υ(1S) mesons [1]. In addition, 189 pb^{−1} taken near in time to this Υ(1S) data but at energies just below the Υ(4S) were used for comparison to the four-quark continuum. The momenta and ionization loss (dE/dx) of charged tracks were measured in a six-layer straw-tube chamber, a ten-layer precision drift chamber, and a 51-layer main drift chamber, all operating in a 1.5 T solenoidal magnetic field. Photons were detected using the high-resolution electromagnetic calorimeter consisting of 7800 CsI crystals. The Monte Carlo simulation of the detector response was based upon GEANT [11], and simulation events were processed in an identical fashion to data.

Our search for Υ → γη^′ involved the decay η^′ → π^+π^−η, followed by η → γγ, η → π^0π^0π^0, or η → π^+π^−π^0. In order to maximize detection efficiency and minimize possible systematic biases, we employed a minimal number of selection criteria. Combinatoric background is largely suppressed by requiring reconstruction of the three mesons: η, η^′, and Υ.

Events were required to have the proper number of quality tracks of appropriate charges and at least three calorimeter energy clusters (which may or may not be associated with the tracks), of which one had to correspond to an energy of at least 4 GeV and be in the barrel fiducial volume (| cos θ| < 0.71). In addition, we required that the events pass trigger requirements [12] that were highly efficient and could be reliably simulated.

For reconstructing π^0 candidates, the photons had to have minimum depositions of 30 (50) MeV in the barrel (endcap) regions^1 and could not be associated with any charged track; in addition, at least one of the two photons had to be in the barrel region. The γγ invariant mass had to be within 50 MeV (∼ ±9σ_π) of the known π^0 mass [2]; such candidates were then kinematically constrained to that mass. The photon candidates used in reconstructing

1The endcap region is defined as 0.85<| cos θ|<0.95; the region between this and the barrel fiducial region is not used due to its poor resolution.

the η in γγ and the parent Υ in γη^′ had to deposit a minimum of 60 (100) MeV in the barrel (endcap) calorimeter regions, could not be identified as a fragment of a charged track deposition, and had to have a lateral profile consistent with that of a photon.

Next, η candidates were built from γγ, π^0π^0π^0, or π^+π^−π^0. Simulation events were used to determine the detector mass resolution for each of these modes: σ_η = 13.4, 9.4, and 8.2 MeV, respectively. This was confirmed by measurements of resolution functions using independent data samples. Candidates had to be within ±3σ_η of the known η mass. In the case of the π^0π^0π^0 final state, no photon could be common to more than one π^0 combination.

Two oppositely charged tracks were then added to the η candidate to form η^′ candidates that were required to have an invariant mass of 939<m_{ππη}<981 MeV; this corresponds to greater than 3σ_η′ for all three decay chains. In the case of η → γγ, a charged track was rejected if its momentum, p, from the drift chamber matched its energy, E, as measured in the calorimeter as 0.85 <E/p< 1.05; this further suppressed QED backgrounds in this mode.

Finally, Υ candidates were formed by adding the high energy photon (E>4 GeV) to the η^′ candidate, being sure that this photon was not already used in reconstructing the event. To be considered, such a candidate had to have an invariant mass within ±300 MeV of √ s = m_Υ, which is roughly three times the detector resolution as obtained from our simulations. Although, in general, multiple candidates per event were not restricted, there were two exceptions: (i) in the case of η → π^0π^0π^0, if two η candidates shared more than four photons, the candidate with the better combined χ^2 for mass fits to the three π^0 candidates was accepted; and (ii) in the case of η → π^+π^−π^0, if two candidates for the neutral pion shared a daughter photon, the one with the better fit to the π^0 mass was taken.

After these highly-efficient procedures were applied, we found no candidates in either the Υ or continuum data samples.

From Monte Carlo simulations, the overall efficiencies, ϵ_i, were determined to be (31.8 ± 1.8)%, (15.0 ± 1.6)%, and (21.1 ± 1.4)% for the decay chains ending in η → γγ, η → π^0π^0π^0, and η → π^+π^−π^0, respectively. The uncertainties here include the statistics of the Monte Carlo samples and our estimates on possible systematic biases, which we discuss below. Including the branching fractions for the η^′ and η decays [2] and their uncertainties gave B(η^′ → ηπ^+π^−) · ∑ [ϵ_iB_{η,i}] = (9.7 ± 0.5)%.

The major sources of possible systematic bias in our efficiency calculation from modeling are shown in Table I. The uniformity and definition of the fiducial volume of the barrel calorimeter (±2.2%) relates to our correctly modelling the detector response to the proper angular distribution for radiative Υ decay. Uncertainties in charged track reconstruction (±0.5% per track), reconstruction of π^0 and η mesons from photons [13] (±3% per meson), and trigger effects (±2.5%) were determined from previous detailed CLEO studies of low multiplicity τ-pair and γγ events. Our ability to model the E/p requirement in the γγ final state was assessed using charged pions from K_S decays and assigned a 2.1% uncertainty. Detector stability was monitored by comparing the reconstruction efficiencies for the η, η^′ and Υ as a function of time; only in the final state π^+π^−π^0 was any variation noted, for which we have assigned a 3% uncertainty. Shower leakage and other calorimeter effects make the mass distribution for Υ candidates asymmetric; based on CLEO experience with exclusive radiative B meson decays [14] we have assigned a 2% uncertainty regarding our ability to model these effects. These uncertainties were added in quadrature, along with the statistical uncertainty associated with the size of Monte Carlo samples, to obtain the overall systematic uncertainty in the efficiencies.

TABLE I. Systematic uncertainty contributions, as relative percentages, to the efficiency for the studied decay modes. The combined uncertainties were obtained using quadrature addition.

Uncertainty source γγ π^0π^0π^0 π^0π^+π^− Fiducial requirements 2.2 2.2 2.2 Track reconstruction 1 1 2 η, π^0 reconstruction from γγ 3 9 3 Trigger simulation 2.5 2.5 2.5 E/p criterion 2.1 - - Reconstruction stability - - 3 Υ mass distribution 2 2 2 Monte Carlo statistics 1.9 3.5 2.5 Combined uncertainty 5.8 10.4 6.7

Given that we found zero candidates we applied a frequentist approach [15], N_{true} = N_Υ · B(Υ → γη^′) · B(η^′ → ηπ^+π^−) · ∑ [ϵ_iB_{η,i}] , (1)

implying that the mean actual number of γη^′ events, N_{true}, is less than 2.3 at 90% C.L. To include systematic effects, we performed a large number of “toy” Monte Carlo experiments in which we used values of N_{true} distributed in accordance with Poisson statistics and used values of efficiencies, branching fractions, and N_Υ distributed as Gaussian functions with their associated uncertainties. From the resulting distributions we found 90% C.L. limits for B(Υ → γη^′) of 2.9 × 10^{−5}, 7.6 × 10^{−5}, and 7.5 × 10^{−5} for the final η states of γγ, π^0π^0π^0 and π^0π^+π^−, respectively. For the sum of the three modes we found

B(Υ → γη^′) < 1.6 × 10^{−5}, (2)

again at 90% C.L. Without systematic uncertainties the limit decreases by less than 1% of its value. Our result can be compared to the previous Crystal Ball limit [16] of 1.3 × 10^{−3}.

To show that we could use our data to observe known final states that have high energy photons and a small number of charged tracks, we first reproduced the γπ^+π^− spectrum previously reported by CLEO [1]. We observed the same features at similar magnitudes as that study, as demonstrated in Figure 1. We also applied our same selection criteria, with the exception of requiring a high energy photon, to data samples taken at the Υ and at or near the Υ(4S) and found π^0, η, and η^′ candidates at the expected rates [2]; an example of this is shown in Figure 2.

To compare our result to other radiative decays we use the established J/ψ branching fractions [2] and the prior CLEO work [1] for Υ → γπ^+π^−. For the latter, we assume the enhancement at 1270 MeV is all attributable to f_2 production and that B(f_2 → π^+π^−) is 2/3 of 84.7% to obtain B(Υ → γf_2) = (8.2 ± 3.6) × 10^{−5}. We then form the ratio R(V ) = B(V → γη^′)/B(V → γf_2) and calculate R(J/ψ) = 3.1 ± 0.4 whereas we obtain

FIG. 1. Mass spectrum for γπ^+π^− events for data collected at the Υ(1S) resonance from this analysis and the prior CLEO analysis, which has been scaled by 0.78 so that both represent the same integrated luminosity.

a 90% C.L. limit of R(Υ) < 0.26. Here we have made no attempt to consider possible correlations between the measurements forming the ratios. Clearly the situation is different for J/ψ and Υ(1S).

The models of Körner, Kühn, Krammer, and Schneider [4,5] use highly virtual gluons to form the final state mesons; these models predict B(Υ → γη^′) = 20 × 10^{−5}, but are sensitive to the running of α_s between the charm and bottom mass scales. The recent compilations [2] of α_s would tend to lower this prediction [17] to 5 − 10 × 10^{−5}, still significantly larger than our new limit. The Intemann model [6], using extended vector meson dominance, gives bounds of 5.3 × 10^{−7} ≤ B(Υ → γη^′) ≤ 2.5 × 10^{−6}, with the limits corresponding to the amplitudes from the virtual vector mesons interfering destructively or constructively. Although one of the inputs to the theory is outdated, it is clear that our experiment does not have the sensitivity to test this prediction. Using NRQCD matrix elements for the Υ and twist-2 and twist-3 amplitudes for the gluons, Ma [7] obtains the related branching fraction B(Υ → γη) ≈ 1.2 × 10^{−7}, again below our present sensitivity.

A more robust prediction of the model of Körner et al. is for the double ratio of rates,^2 which is independent of α_s:

2This ratio is constructed from Table IV of Ref. [4]

FIG. 2. The η → γγ and η^′ → π^+π^−η invariant mass distributions from data taken at or near the Υ(4S). The upper plots (a and b) give the invariant mass distributions (histograms), which are each fit with the sum (solid lines) of a polynomial background (dashed lines) and a Gaussian signal. The lower plots (c and d) show the distributions after subtraction of the polynomial background, along with the Gaussian fits. The scale on the right is for plots b and d.

R = B(Υ → γη^′) B(Υ → γf_2) × B(J/ψ → γf_2) B(J/ψ → γη^′) = 0.11 0.24

= 0.46.

Using our result, we obtain an upper limit of 0.09 for this double ratio at 90% C.L.; the probability that our result is consistent with 0.46 is 0.6%.

In summary, we have searched for the decay Υ → γη^′ with the decay mode η^′ → ηπ^+π^− and three decay modes of the η. Using simple, loose selection criteria, we found no candidates and set the 90% C.L. limit of B(Υ → γη^′) < 1.6 × 10^{−5}. This is significantly small when compared to other radiative decays of heavy vector mesons and smaller than theoretical predictions that use highly virtual gluons in forming final state mesons.

We gratefully acknowledge the effort of the CESR staff in providing us with excellent luminosity and running conditions. This work was supported by the National Science Foundation, the U.S. Department of Energy, the Research Corporation, the Natural Sciences and Engineering Research Council of Canada and the Texas Advanced Research Program.

REFERENCES

[1] A. Anastassov et al. (CLEO Collaboration), Phys. Rev. Lett. 82, 286 (1999). [2] D.E. Groom et al. (Particle Data Group), E. Phys. J. C 15, 1 (2000). [3] T. Browder et al. (CLEO Collaboration), Phys. Rev. Lett. 81, 1786 (1998). [4] J.G.Körner, J.H. Kühn, M. Krammer and H. Schneider, Nucl. Phys. B 229, 115 (1983). [5] J.H. Kühn, Phys. Lett. B 127, 257 (1983). [6] G.W. Intemann, Phys. Rev. D 27, 2755 (1983).

[7] J.P. Ma, Academia Sinica AS-ITP-2001-03, hep-ph/0103237 (accepted by Nucl. Phys. B. [8] P. Ball, J.-M. Frère and M. Tytgat, Phys. Lett. B 365, 367 (1996). [9] V.N. Baier and A.G. Grozin, Nucl. Phys. B 192, 476 (1981).

[10] Y. Kubota et al. (CLEO Collaboration), Nucl. Instrum. Methods A320, 66 (1992). [11] R. Brun et al., GEANT3.15, CERN Report DD/EE/84-1 (1987). [12] C. Bebek et al., Nucl. Instrum. Methods A302, 261 (1991).

[13] M. Procario et al. (CLEO Collaboration), Phys. Rev. Lett. 70, 1207 (1993); R. Balest et al. (CLEO Collaboration), Phys. Rev. Lett. 75, 3809 (1995).

[14] T.E. Coan et al. (CLEO Collaboration), Phys. Rev. Lett. 84, 5283 (2000). [15] G.J. Feldman and R.D. Cousins, Phys. Rev. D 57, 3873 (1998). [16] P. Schmitt et al. (Crystal Ball Collaboration), Z. Phys. C 40, 199 (1988). [17] J.H. Kühn, private communication, February 2001.