CLNS 98/1560 CLEO 98-08

FURTHER SEARCH FOR THE TWO-PHOTON

PRODUCTION OF THE GLUEBALL CANDIDATE f_J (2220)

CLEO Collaboration

(May 26, 1998)

Abstract

The CLEOII detector at the Cornell e^+e^− storage ring CESR has been used to search for the two-photon production of the f_J (2220) decaying into π^+π^−. No evidence for a signal is found in data corresponding to an integrated luminosity of 4.77 fb^{−1} and a 95% CL upper limit on [Γ_{γγ} B_π+_π− ]_{fJ (2220)} of 2.5 eV is set. If this result is combined with the BES Collaboration’s measurement of f_J (2220) → π^+π^− in radiative J/ψ decay, a 95% CL lower limit on the stickiness of the f_J (2220) of 73 is obtained. If the recent CLEO result for [Γ_{γγ} B_K∘_{S K}∘_S ]_{fJ (2220)} is combined with the present result, the stickiness of the f_J (2220) is found to be larger than 102 at the 95% CL. These results for the stickiness (the ratio of the probabilities for two-gluon coupling and two-photon coupling) provide further support for a substantial neutral parton content in the f_J (2220).

M. S. Alam,^1 S. B. Athar,^1 Z. Ling,^1 A. H. Mahmood,^1 S. Timm,^1 F. Wappler,^1 A. Anastassov,^2 J. E. Duboscq,^2 K. K. Gan,^2 T. Hart,^2 K. Honscheid,^2 H. Kagan,^2 R. Kass,^2 J. Lee,^2 H. Schwarthoff,^2 M. B. Spencer,^2 A. Wolf,^2 M. M. Zoeller,^2 S. J. Richichi,^3 H. Severini,^3 P. Skubic,^3 A. Undrus,^3 M. Bishai,^4 J. Fast,^4 J. W. Hinson,^4 N. Menon,^4 D. H. Miller,^4 E. I. Shibata,^4 I. P. J. Shipsey,^4 S. Glenn,^5 Y. Kwon,^{5,∗} A.L. Lyon,^5 S. Roberts,^5 E. H. Thorndike,^5 C. P. Jessop,^6 K. Lingel,^6 H. Marsiske,^6 M. L. Perl,^6 V. Savinov,^6 D. Ugolini,^6 X. Zhou,^6 T. E. Coan,^7 V. Fadeyev,^7 I. Korolkov,^7 Y. Maravin,^7 I. Narsky,^7 V. Shelkov,^7 J. Staeck,^7 R. Stroynowski,^7 I. Volobouev,^7 J. Ye,^7 M. Artuso,^8 E. Dambasuren,^8 A. Efimov,^8 S. Kopp,^8 G. C. Moneti,^8 R. Mountain,^8 S. Schuh,^8 T. Skwarnicki,^8 S. Stone,^8 A. Titov,^8 G. Viehhauser,^8 J.C. Wang,^8 J. Bartelt,^9 S. E. Csorna,^9 K. W. McLean,^9 S. Marka,^9 R. Godang,^{10} K. Kinoshita,^{10} I. C. Lai,^{10} P. Pomianowski,^{10} S. Schrenk,^{10} G. Bonvicini,^{11} D. Cinabro,^{11} R. Greene,^{11} L. P. Perera,^{11} G. J. Zhou,^{11} M. Chadha,^{12} S. Chan,^{12} G. Eigen,^{12} J. S. Miller,^{12} M. Schmidtler,^{12} J. Urheim,^{12} A. J. Weinstein,^{12} F. Würthwein,^{12} D. W. Bliss,^{13} D. E. Jaffe,^{13} G. Masek,^{13} H. P. Paar,^{13} E. M. Potter,^{13} S. Prell,^{13} M. Sivertz,^{13} V. Sharma,^{13} D. M. Asner,^{14} J. Gronberg,^{14} T. S. Hill,^{14} D. J. Lange,^{14} R. J. Morrison,^{14} H. N. Nelson,^{14} T. K. Nelson,^{14} D. Roberts,^{14} B. H. Behrens,^{15} W. T. Ford,^{15} A. Gritsan,^{15} J. Roy,^{15} J. G. Smith,^{15} J. P. Alexander,^{16} R. Baker,^{16} C. Bebek,^{16} B. E. Berger,^{16} K. Berkelman,^{16} V. Boisvert,^{16} D. G. Cassel,^{16} D. S. Crowcroft,^{16} M. Dickson,^{16} S. von Dombrowski,^{16} P. S. Drell,^{16} K. M. Ecklund,^{16} R. Ehrlich,^{16} A. D. Foland,^{16} P. Gaidarev,^{16} R. S. Galik,^{16} L. Gibbons,^{16} B. Gittelman,^{16} S. W. Gray,^{16} D. L. Hartill,^{16} B. K. Heltsley,^{16} P. I. Hopman,^{16} J. Kandaswamy,^{16} D. L. Kreinick,^{16} T. Lee,^{16} Y. Liu,^{16} N. B. Mistry,^{16} C. R. Ng,^{16} E. Nordberg,^{16} M. Ogg,^{16,†} J. R. Patterson,^{16} D. Peterson,^{16} D. Riley,^{16} A. Soffer,^{16} B. Valant-Spaight,^{16} C. Ward,^{16} M. Athanas,^{17} P. Avery,^{17} C. D. Jones,^{17} M. Lohner,^{17} S. Patton,^{17} C. Prescott,^{17} J. Yelton,^{17} J. Zheng,^{17} G. Brandenburg,^{18} R. A. Briere,^{18} A. Ershov,^{18} Y. S. Gao,^{18} D. Y.-J. Kim,^{18} R. Wilson,^{18} H. Yamamoto,^{18} T. E. Browder,^{19} Y. Li,^{19} J. L. Rodriguez,^{19} S. K. Sahu,^{19} T. Bergfeld,^{20} B. I. Eisenstein,^{20} J. Ernst,^{20} G. E. Gladding,^{20} G. D. Gollin,^{20} R. M. Hans,^{20} E. Johnson,^{20} I. Karliner,^{20} M. A. Marsh,^{20} M. Palmer,^{20} M. Selen,^{20} J. J. Thaler,^{20} K. W. Edwards,^{21} A. Bellerive,^{22} R. Janicek,^{22} P. M. Patel,^{22} A. J. Sadoff,^{23} R. Ammar,^{24} P. Baringer,^{24} A. Bean,^{24} D. Besson,^{24} D. Coppage,^{24} C. Darling,^{24} R. Davis,^{24} S. Kotov,^{24} I. Kravchenko,^{24} N. Kwak,^{24} L. Zhou,^{24} S. Anderson,^{25} Y. Kubota,^{25} S. J. Lee,^{25} J. J. O’Neill,^{25} R. Poling,^{25} T. Riehle,^{25} and A. Smith^{25}

1State University of New York at Albany, Albany, New York 12222 2Ohio State University, Columbus, Ohio 43210 3University of Oklahoma, Norman, Oklahoma 73019 4Purdue University, West Lafayette, Indiana 47907 5University of Rochester, Rochester, New York 14627 6Stanford Linear Accelerator Center, Stanford University, Stanford, California 94309

∗Permanent address: Yonsei University, Seoul 120-749, Korea.

†Permanent address: University of Texas, Austin TX 78712.

7Southern Methodist University, Dallas, Texas 75275 8Syracuse University, Syracuse, New York 13244 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 15University of Colorado, Boulder, Colorado 80309-0390 16Cornell University, Ithaca, New York 14853 17University of Florida, Gainesville, Florida 32611 18Harvard University, Cambridge, Massachusetts 02138 19University of Hawaii at Manoa, Honolulu, Hawaii 96822 20University of Illinois, Urbana-Champaign, Illinois 61801 21Carleton University, Ottawa, Ontario, Canada K1S 5B6 and the Institute of Particle Physics, Canada 22McGill University, Montréal, Québec, Canada H3A 2T8 and the Institute of Particle Physics, Canada 23Ithaca College, Ithaca, New York 14850 24University of Kansas, Lawrence, Kansas 66045 25University of Minnesota, Minneapolis, Minnesota 55455

In lowest order, the two-photon width of a resonance is proportional to the fourth power of the constituent parton charges, so a very small two-photon width is an indication of substantial neutral parton content. Within the framework of QCD, a small two-photon width implies that the resonance has substantial glueball content. A quantitative measure of the glueball content of a resonance is the ratio of the probabilities for two-gluon coupling and two-photon coupling for which the resonance’s two-gluon coupling is deduced from its production rate in radiative J/ψ decay.

The f_J (2220) is a glueball candidate owing to its observation in radiative J/ψ decay (a glue-rich environment) [1,2], its small two-photon width relative to its two-gluon width [3,4], its small total width [1,2], its similar branching fraction for non-strange and strange final states [2], and its proximity to the mass obtained in lattice calculations [5,6] for a tensor glueball. CLEO has recently [4] obtained a 95% CL upper limit on the product of the two-photon width and the K^∘_SK^∘_S branching fraction [Γ_{γγ} B_K∘_{S K}∘_S ]_{fJ (2220)} of 1.3 eV using the reaction e^+e^− → e^+e^−f_J (2220) → e^+e^−K^∘_S K^∘_S . Earlier, the ARGUS Collaboration [3] obtained a less restrictive limit based upon the K^+K^− decay mode. In the present paper we report on a search for the two-photon production of the f_J (2220) in the reaction e^+e^− → e^+e^−f_J (2220) → e^+e^−π^+π^−.

The CLEOII detector [7] is a general purpose detector operating at the Cornell Electron Storage Ring CESR [8]. It provides charged particle tracking, precision electromagnetic calorimetry, charged particle identification, and muon detection. Charged particle detection over 95% of the solid angle is provided by three concentric drift chambers in a magnetic field of 1.5 T giving a momentum resolution σ_p/p = 0.5% at p = 1 GeV. The drift chambers are surrounded by a time of flight system and a CsI electromagnetic calorimeter. A superconducting coil and muon detectors surround the calorimeter. Two-prong events are recorded with three redundant triggers. The results in this paper are based upon an integrated luminosity of 4.77 fb^{−1} with CESR operating at a center-of-mass energy of approximately 10.6 GeV.

The f_J (2220) is searched for in the two-photon reaction e^+e^− → e^+e^−f_J (2220) → e^+e^−π^+π^− in the untagged mode in which the outgoing e^+ and e^− are undetected. Events are selected that have exactly two tracks of opposite charge whose vector sum of momenta transverse to the beam has a magnitude less than 0.5 GeV. The total energy of the event is required to be less than 6.0 GeV and the energy in the calorimeter not associated with either track must be less than 0.5 GeV.

Two-photon produced final states of charged particle pairs are selected (and backgrounds from Bhabha scattering, muon pair production, and cosmic rays are suppressed) by requiring that the acolinearity of the two tracks is greater than 0.1. In addition, the acoplanarity is required to be less than 0.05. Here acolinearity is the deviation from colinearity in three dimensions while acoplanarity is the deviation from colinearity in the plane transverse to the beams. These last two requirements are effective because the two-photon center-of-mass generally moves rapidly and at a small angle with respect to the beams.

Events are vetoed if either track is identified as an electron or muon. If E/p, the ratio of a track’s energy deposition in the calorimeter and its momentum measured in the drift chambers, is in the range 0.85 − 1.10, the track is identified as an electron. Muons are identified by the muon detectors. Events must have satisfied at least one of the two-prong triggers.

The event simulation uses the BGMS [9] formalism with the transverse-transverse term (appropriate for untagged two-photon reactions) for the event generation and GEANT [10] for the detector simulation. Photon form-factors based upon vector-meson dominance with a mass m_V = 768.5 MeV are used. We take the spin of the f_J (2220) to be 2. The detection efficiencies for helicity 0 and 2 are found to be 13.1% and 26.9% respectively. We use a ratio [11] of helicity 0 and helicity 2 of 1:6, giving an efficiency of 24.9%. When the mass m_V in the photon form-factors is varied from 768.5 MeV to ∞ (corresponding to a form-factor equal to 1) the cross-section increased by 29.8% while the efficiency dropped by 18.9% and their product increased by 5.5%. A 2.8% systematic uncertainty is assigned to the product of the cross-section and efficiency.

The dominant source of systematic uncertainty is the trigger efficiency. It is estimated to be 13% from the observed variation of the event yield as a function of the azimuthal angle of each of the two tracks. Data and simulation are compared to determine smaller systematic uncertainties of 2% per track from track reconstruction efficiency, 3% from the requirement on the energy deposition in the calorimeter, 3% from the transverse momentum requirement, 2% each from the acolinearity and acoplanarity requirements, 5% from the E/p requirement, and 4% from the muon veto. The total systematic uncertainty is the sum in quadrature of the above sources and is 15%.

A pion-pair invariant mass distribution is constructed using all events that pass the selection criteria and assuming that both particles are pions. A plot of m_π+_π− in the mass region relevant for the f_J (2220) is shown as the data points with statistical error bars in Fig.1. There is no evidence of an enhancement near the mass of the f_J (2220). The mass distribution is fit with the sum of a signal and a background assuming that there is no interference between the two. The signal shape is represented by a Breit-Wigner with a mean of 2231 MeV [12] and a width of 23 MeV [12] convolved with the detector resolution of 12 MeV and is shown as the hatched histogram in Fig.1. The background is represented by a third order polynomial that is fit to the mass region 2000 − 2500 MeV excluding the region 2200 − 2268 MeV. The fit gives a signal of −103 ± 77 events with a χ^2 = 35.6 for 36 degrees of freedom.

An upper limit is obtained by only allowing for a positive number of signal events, N. Given that m_{fJ (2220)} = 2231.1 ± 2.5 MeV [12] and Γ_{fJ (2220)} = 23^{+8}_{−7} MeV [12], likelihood functions for N are obtained for a range of the resonance mass and width, spanning ±2.5σ in each. These functions are then weighted with Gaussian probabilities for the mass and width to obtain a final likelihood function L_N . The product of the two photon partial width and charged di-pion branching fraction, Γ_{γγ} B_π+_π− , is given by the product of N and P . Here P is the partial width used in the simulation divided by the product of luminosity, crosssection and efficiency; P is assumed to be Gaussian distributed. The likelihood function, L_{ΓB} is then obtained by numerical integration in the two-dimensional space of N and P . From L_{ΓB} a 95% CL upper limit of 2.5 eV for Γ_{γγ} B_π+_π− is obtained. The solid line in the main portion of Fig.1 is the sum of the fit to the background and a signal that corresponds to this upper limit. The mass region 2150 − 2310 MeV is shown enlarged in the inset in Fig.1 with the two curves representing the background fit with and without this level of signal added.

The upper limit can be specified without the assumption of a 1:6 ratio for helicity 0 and 2 as (0.53Γ^{2,0}_{γγ} + 1.08Γ^{2,2}_{γγ} )B_π+_π− < 2.5 eV at 95% CL. The superscripts indicate spin and

FIG. 1. The π^+π^− invariant mass distribution for the data in the region of the f_J (2220). The hatched histogram is the expected signal shape with arbitrary normalization. The solid curve is the sum of a fit to the background and a signal corresponding to the 95% CL upper limit on Γ_{γγ} B_π+_π− of 2.5 eV. In the insert the two curves are the background fit with and without this level of signal added.

helicity. The ratio of the coefficients is equal to the ratio of the efficiencies for helicity 0 and ±2 while the overall normalization is determined by the result given above.

The upper limit on Γ_{γγ} B_π+_π− can be interpreted in terms of the stickiness S [13]. Stickiness is the ratio of the probabilities for two-gluon and two-photon coupling of a resonance, which in the present case can be written as (f_J denotes f_J (2220)): S_{fJ} = |⟨f_J |gg⟩|^2 |⟨f_J |γγ⟩|^2 = C_ℓ ( m_{fJ} k_γ )_{2ℓ+1} Γ_{J/ψ}B(J/ψ → γf_J )B(f_J → π^+π^−) Γ(f_J → γγ)B(f_J → π^+π^−) (1) The parameter k_γ is the energy of the photon produced in the radiative J/ψ decay as calculated in the J/ψ rest frame, and Γ_{J/ψ} is the total width of the J/ψ. The factor with 2ℓ + 1 in the exponent removes the trivial phase space dependence of the stickiness upon the f_J mass. The quantum number ℓ is the relative angular momentum between the two gluons or photons, with ℓ = 0 for J = 2. C_0 = 20.5 is a normalization factor chosen such that the stickiness is normalized to unity for the f_2(1270). The BES result [2] and J/ψ properties from the Particle Data Group [12] are combined with our result to obtain a likelihood distribution for the stickiness of the f_J via a Monte Carlo technique. In this procedure the L_{ΓB} obtained previously was used and all other uncertainties were taken to be Gaussian distributed. A lower limit of S_{fJ} > 73 is found at 95% CL.

This lower limit and the one obtained in the K^∘_S K^∘_S channel [4] can be merged, again using a Monte Carlo procedure, to obtain a combined lower limit [14] on the stickiness of S_{fJ} > 102, also at 95% CL. This result can be compared with the stickiness of the f^′_2(1525), a resonance thought to be predominantly an ss bound state. Using the properties of the f^′_2(1525) from the Particle Data Group [12] a stickiness S_f ′_2 = 14.7 ± 3.9 is found, considerably smaller than the lower limit S_{fJ} > 102. A linear superposition of |qq > states can be constructed such that the two-photon width is negligible; the coefficients would have to take on very specific values so this possibility is considered unlikely. The large lower limits on the stickiness of the f_J (2220) are therefore an indication of substantial neutral parton or glueball content.

In this Letter a restrictive 95% CL upper limit [Γ_{γγ} B_π+_π− ]_{fJ (2220)} < 2.5 eV is presented. Using the BES Collaboration’s result for f_J (2220) → π^+π^− in radiative J/ψ decay, this upper limit leads to a lower limit on its stickiness S_{fJ (2220)} > 73 at 95% CL. When these results are combined with an earlier CLEO result [4], a lower limit on the stickiness of 102 at 95% CL is obtained. This large value is difficult to understand if the valence partons of the f_J (2220) are quarks and antiquarks only; therefore, the f_J (2220) is likely to have a substantial neutral parton or glueball content.

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, Research Corporation, the Natural Sciences and Engineering Research Council of Canada, the A.P. Sloan Foundation, the Swiss National Science Foundation, and the Alexander von Humboldt Stiftung.

REFERENCES

[1] Mark III Collaboration, R.Baltrusaitis et al., Phys. Rev. Lett. 56, 107 (1986). [2] BES Collaboration, J.Z. Bai et al., Phys. Rev. Lett. 76, 3502 (1996). [3] ARGUS Collaboration, H. Albrecht et al., Z. Phys. C 48, 183 (1990). [4] CLEO Collaboration, R. Godang et al., Phys. Rev. Lett. 79, 3829 (1997). [5] C. Morningstar and M. Peardon, Nucl. Phys. Proc. Suppl. 53, 917 (1990). [6] C. Michel, 10th Les Rencontres de Physique de la Vallée d’Aoste, p.489, ed. M.Greco (Frascati Physics Series, v.5, 1996) and hep-ph/9605243.

[7] CLEO Collaboration, Y. Kubota et al., Nucl. Instrum. Methods Phys. Res., Sec. A 320, 66 (1992).

[8] D.Rubin, Proc. 1995 Part. Accel. Conf. 1, 481 (1995). [9] V.M. Budnev et al. (BGMS), Phys. Rep. 15C, 181 (1975). [10] R.Brun et al., GEANT3 Users Guide, CERN DD/EE/84-1 (1987). [11] M. Poppe, Int. Jour. Mod. Phys. A1, 545 (1986).

[12] R.M. Barnett et al., Physical Review D54, 1 (1996) and 1997 off-year partial update for the 1998 edition available on the PDG WWW pages (URL: http://pdg.lbl.gov/).

[13] M.Chanowitz in VIth International Workshop on Photon-Photon Collisions, ed.

R.Lander (World Scientific, Singapore, 1984).

[14] In this report and in Ref. [4] the uncertainty on C_0 is not included because the stickiness could have been normalized to any J = 2 resonance that is thought to have light quarks as valence partons, leading to different values for the stickiness. If that uncertainty is included, the 95% CL lower limits on the stickiness of the f_J (2220) are 69 and 67 for the K^∘_S K^∘_S and π^+π^− channels respectively (instead of 76 and 73) while the combined 95% CL lower limit is 94 (instead of 102).