arXiv:0910.3165v1 [hep-ph] 16 Oct 2009

447^{th} Wilhelm and Else Heraeus Seminar:

Charmed Exotics

August 10–12, 2009, Bad Honnef, Germany

Editors: G. Bali (Regensburg), A. Denig (Mainz), S.I. Eidelman (Novosibirsk), C. Hanhart (Jülich), S. Krewald (Jülich), U.-G. Meißner (Bonn/Jülich), A. Sibirtsev (Bonn/JLab), and U. Wiedner (Bochum)

ABSTRACT

These are the mini-proceedings of the CHARMEX workshop. The meeting focused on recent developments in charm spectroscopy, especially on the possible role of the states that do not fit into the quark model classification — the so–called exotic states. The goal of this write-up is to provide the community with a short summary of the individual talks as well as a comprehensive, up–to–date list of relevant references.

Contents

1 Introduction 4 1.1 Scope of the workshop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 C. Hanhart

2 Short summary of the talks 5 2.1 Exotics at Belle and BaBar . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 S.L. Olsen 2.2 Exotic Charmonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 E. Braaten 2.3 Selected Topics in BES and Belle experiments . . . . . . . . . . . . . . . . . 11 C.Z. Yuan 2.4 Strong Decays on the Lattice . . . . . . . . . . . . . . . . . . . . . . . . . . 13 C. McNeile 2.5 Excited Charmonium and radiative transitions from lattice QCD . . . . . . . 14 J. Dudek 2.6 QCD Exotics at BNL and JLab . . . . . . . . . . . . . . . . . . . . . . . . . 15 C. Meyer 2.7 Recent Bottonomium results from BaBar . . . . . . . . . . . . . . . . . . . . 17 V. Ziegler 2.8 Unquenching, Requenching, and Renormalising the Quark Model . . . . . . 18 E. Swanson 2.9 Nature of X(3872) from data . . . . . . . . . . . . . . . . . . . . . . . . . . 20 A. V. Nefediev 2.10 X(3872) Decays to Quarkonia in XEFT . . . . . . . . . . . . . . . . . . . . 21 T. Mehen 2.11 Scattering properties of the X(3872) . . . . . . . . . . . . . . . . . . . . . . 23 H.-W. Hammer 2.12 Prominent candidates of hidden and open charm hadronic molecules . . . . . 24 F.-K. Guo 2.13 Radiative and isospin-violating decays of D_s-mesons in the hadrogenesis conjecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 M.F.M. Lutz and M. Soyeur 2.14 Exotic Multiplets from unitarized chiral amplitudes . . . . . . . . . . . . . . 26 E. Oset 2.15 Is the X(3872) Production Cross Section at Tevatron Compatible with a Hadron Molecule Interpretation? . . . . . . . . . . . . . . . . . . . . . . . . 27 A. Polosa 2.16 Impact of D meson loops on charmonium decays . . . . . . . . . . . . . . . . 28 Q. Zhao

2.17 Interplay of Quark and Meson Degrees of Freedom . . . . . . . . . . . . . . . 30 Yu. S. Kalashnikova 2.18 Standard charmonium vectors . . . . . . . . . . . . . . . . . . . . . . . . . . 31 G. Pakhlova 2.19 Double charmonium production in e^+e^−, new states and unexpectedly large cross sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 P. Pakhlov 2.20 Meson spectroscopy via ISR . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 S. Pacetti 2.21 Perspectives for spectroscopy at super-B factories . . . . . . . . . . . . . . . 39 C. Patrignani

3 Short summary of the posters 40 3.1 Franck-Condon principle for Heavy Quarkonium Decays and Heavy Quark Effective Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 F. J. Llanes-Estrada 3.2 Mixing of S-wave charmonia with DD̄ molecule states . . . . . . . . . . . . . 41 G. Bali, C. Ehmann 3.3 Spectra of low and high spin mesons with light quarks from lattice QCD . . 42 T. Burch et al.

3.4 Charmonium Hybrids at PANDA . . . . . . . . . . . . . . . . . . . . . . . . 43 J. Schulze and M. Pelizäus 3.5 The BES III Tau-Charm Factory . . . . . . . . . . . . . . . . . . . . . . . . 44 M. Pelizaeus and J. Zhong 3.6 The PANDA Electromagnetic Calorimeter . . . . . . . . . . . . . . . . . . . 45 J. Becker and T. Held

4 List of Participants 46

1 Introduction

1.1 Scope of the workshop

C. Hanhart

Institut für Kernphysik (Theorie) and Jülich Center for Hadron Physics, Forschungszentrum Jülich

Until the turn of the millennium there was a strong belief that hadrons containing the charm quark and among those especially the charmonia (states with a charm and an anticharm quark) can be largely understood on the basis of the non–relativistic quark model. Corrections were believed to be calculable within Heavy Quark Effective Field Theory (HQEFT). However, especially since BaBar and BELLE started to enter the field of charm spectroscopy, a large number of new states were discovered that because of their mass and/or their properties do not at all match the described picture. How can we understand their nature in terms of QCD? Can they be included in the quark model after some refinements or are they of completely different origin — options suggested in the literature range from glueballs over hybrids to molecules? How can one distinguish among those different scenarios? What are the proper theoretical tools for the analysis of these states?

To address these questions is especially important now, when the components of the FAIR projects are in their final phase of planning. Charm spectroscopy will be studied in the PANDA experiment at the High Energy Storage Ring. Insights on relevant observables and requests on the resolution or particle identification that might emerge from nowadays discussions can still influence some aspects of the detector. In this context it is very important to identify and further refine, on the basis of what can be expected in the near future from Belle, BaBar, BES-III, CLEO-c, D0, and CDF, the minimal requirements for the PANDA detector to make sure that the experiment will indeed improve our understanding of QCD.

The webpage of the conference, which contains all talks, can be found under

www.fz-juelich.de/ikp/charmex

The meeting would not have been possible without the support by the Wilhelm and Else Heraeus foundation. All participants especially appreciated the efficient and unbureaucratic style of the foundation. The Wilhelm and Else Heraeus foundation is the most important private foundation to support natural sciences. For more information see http://www.weheraeus-stiftung.de/ . We would also like to thank the staff of the Physikzentrum, in particular V. Gomer, for the efficient organization.

2 Short summary of the talks

2.1 Exotics at Belle and BaBar

Stephen L. Olsen

Seoul National University Seoul KOREA

A review of some of the recent experimental developments concerning the X, Y and Z charmoniumlike mesons states is presented. New mass measurements from Belle and CDF place the mass of the X(3872) at 0.35 ± 0.41 MeV below the m_D0 + m_D∗0 threshold. No strong evidence if seen for B → K^∗(890)X(3872) in contrast to all known charmonium states for which strong signals for B → K^∗(890)+charmonium are seen. Belle reports a new, near-threshold ωJ/ψmass peak in γγ → ωJ/ψdecays, with mass and width consistent with BaBar’s recent measured values for the Y (3940) from B → KωJ/ψdecays. A Belle search for Y (3940) → D^∗D̄ resulted in an upper limit that contradicts earlier measurements for the X(3940) (a D^∗D̄ peak seen in e^+e^− →J/ψD^∗D̄ annihilation), thereby establishing the Y (3940) and X(3940) as distinct states. No evidence is seen for the 1^{−−} Y states in any open charmed decay channels, including the D^{∗∗}D̄ channels favored by cc̄-gluon hybrid models. A Belle reanalysis of B → Kπ^+ψ^′ decays using Dalitz techniques confirms their earlier claims for a charged Z(4430)^+ → π^+ψ^′ resonance.

References

[1] Belle’s original Z(4430)^+ paper: S.-K. Choi et al. (Belle Collaboration), Phys. Rev.

Lett. 100, 142001 (2008).

[2] Belle’s paper on resonances in the π^+χ_{c1} channel: R. Mizuk et al. (Belle Collaboration), Phys. Rev. D 78, 072004 (2008).

[3] BaBar’s paper on their Z(4430)^+ search: B. Aubert et al. (BaBar Collaboration), arXiv:0811.0564, submitted to Phys. Rev. D.

[4] Belle’s original paper on X(3940) → D^∗D̄: K. Abe et al. (Belle Collaboration), Phys.

Rev. Lett. 98, 082001 (2007).

[5] Belle’s original paper on Y (3940) → ωJ/ψ: S.-K. Choi et al. (Belle Collaboration), Phys. Rev. Lett. 94, 182002 (2005).

[6] Belle’s original paper on Z(3930) → DD̄: S. Uehara et al. (Belle Collaboration), Phys.

Rev. Lett. 96 082003, (2006).

[7] Higher Charmonia: T. Barnes, S. Godfrey and E.S. Swanson, Phys. Rev. D 72 054026, (2005).

[8] Belle’s follow-up paper on X(3940) → D^∗D̄: P. Pakhlov et al. (Belle Collaboration), Phys. Rev. Lett. 100, 202001 (2008).

[9] Belle’s paer on X(3872) → D^{∗0}D̄^0 and limit on Y (3940) → D^∗D̄: N. Zwahlen et al.

(Belle Collaboration), arXiv:0810.0358.

[10] BaBar’s confirmation of Y (3940) → ωJ/ψ: B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 101, 082001 (2008).

[11] Belle’s new observation of X(3915) → ωJ/ψ: S. Uehara et al. (Belle Collaboration), in preparation.

[12] Belle’s original X(3872) paper: S.-K. Choi et al. (Belle Collaboration), Phys. Rev. Lett.

91, 262001 (2003).

[13] CDF’s confirmation of the X(3872): D. Acosta et al. (CDF Collaboration), Phys. Rev.

Lett. 93, 072001 (2004).

[14] D0’s confirmation of the X(3872): V.M. Abazov et al. (D0 Collaboration), Phys. Rev.

Lett. 93, i62002 (2004).

[15] BaBar’s confirmation of the X(3872): B. Aubert et al. (BaBar Collaboration), Phys.

Rev. D 71, 071103 (2005).

[16] CDF’s study of the π^+π^− system in X(3872) → π^+π^−J/ψdecays: A. Abulencia et al.

(CDF Collaboration), Phys. Rev. Lett. 96, 102001 (2006).

[17] CDF’s analysis of the J^{P C} of the X(3872): A. Abulencia et al. (CDF Collaboration), Phys. Rev. Lett. 98, 132002 (2007).

[18] BaBar’s measurements of X(3872) → γJ/ψand γψ^′: B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 102, 132001 (2009).

[19] Some papers that advocate a molecule interpretation for the X(3872): F.E. Close and P.R. Page, Phys. Lett. B578, 316 (2004), M.B. Voloshin, Phys. Lett. B579, 316 (2004), S. Pakvasa and M. Suzuki, Phys. Lett. B579, 67 (2004), E.S. Swanson, Phys. Lett. B588, 189 (2004), N. Tornqvist, Phys. Lett. B590, 209 (2004) and E. Braaten, M. Kusunoki and S. Nussinov, Phys. Rev. Lett. 93, 162001 (2004).

[20] Measurement of the X(3872) and study of B → KπX(3872): I. Adachi et al. (Belle Collaboration), arXiv:0809.1224.

[21] CDF measurement of the X(3872) mass: A. Abulencia et al. (CDF Collaboration), arXiv:0906.5218.

[22] C. Amsler et al. (Particle Data Group) Phys. Lett. B667, 1 (2008).

[23] Paper advocating a diquark interpretation of the X(3872): L. Maiani, F. Piccinini, A.D. Polosa and V. Riquer, Phys. Rev. D 71, 014028 (2005).

[24] Paper advocating a diquark interpretation of the X(3872): D. Ebert, R.N. Faustov and V.O. Galkin Phys. Lett. B634, 1 (2006).

[25] Babar’s search for X(3872)^+ → ρ^+J/ψ: B. Aubert et al. (BaBar Collaboration), Phys.

Rev. D 71, 031501 (2005).

[26] BaBar’s measurements of the X(3872) mass in B^0 and B^+ decays: B. Aubert et al.

(BaBar Collaboration), Phys. Rev. D 77, 111101 (2008).

[27] Belle’s observation of X(3872) → DD̄π: G. Gokhroo et al. (Belle Collaboration), Phys.

Rev. Lett. 97, 162002 (2006).

[28] BaBar’s observation of X(3872) → D^∗D̄: B. Aubert et al. (BaBar Collaboration), Phys. Rev. D 77, 011102 (2008).

[29] On the X(3872) → DD̄π line shape: E. Braaten and M. Lu, Phys. Rev. D 76, 094028 (2007).

[30] More on the X(3872) → DD̄π line shape: E. Braaten and J. Stapleton, arXiv:0907.3167 [31] Production characteristics of the X(3872) in high energy pp̄ collisions (from CDF):

G. Bauer, Int. J. Mod. Phys. A20, 3767 (2005).

[32] BaBar’s discovery of the Y (4260) → π^+π^−J/ψ: B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 95, 142001 (2005).

[33] CLEO’s confirmation of the Y (4260) → π^+π^−J/ψ: T. Coan et al. (CLEO Collaboration), Phys. Rev. Lett. 96, 162003 (2006).

[34] Belle’s confirmation of the Y (4260) → π^+π^−J/ψ: C.-Z. Yuan et al. (Belle Collaboration), Phys. Rev. Lett. 99, 182004 (2007).

[35] BaBar’s discovery of the Y (4360) → π^+π^−ψ^′: B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 98, 212001 (2007).

[36] Belle’s confirmation of Y (4360) → π^+π^−ψ^′ and discovery of Y (4660) → π^+π^−ψ^′: X.- L. Wang et al. (Belle Collaboration), Phys. Rev. Lett. 99, 142002 (2007).

[37] BES measurements of e^+e^− → hadrons total cross section: J.Z. Bai et al. (BES Collaboration), Phys. Rev. Lett. 88, 101802 (2002).

[38] Lower limit on the Y (4260) → π^+π^−J/ψpartial width: X.-L. Wang et al., Phys. Lett.

B640, 182 (2007).

[39] Measurements of exclusive e^+e^− → D^{(∗)}D̄^{(∗)} cross sections: G. Pakhlova et al. (Belle Collaboration), Phys. Rev. Lett. 98, 062001 (2007). Phys. Rev. D 77, 011103 (2007).

[40] Measurements of exclusive e^+e^− → Λ^+_c Λ^−_c cross sections: G. Pakhlova et al. (Belle Collaboration), Phys. Rev. Lett. 101, 172001 (2008).

[41] Papers advocating hybrid interpretations for the Y states: F.E. Close and F.E. Page, Phys. Lett. B628, 215 (2005) and E. Kou and O. Pene, Phys. Lett. B631, 164 (2005).

[42] Measurements of exclusive e^+e^− → DD̄π cross sections: G. Pakhlova et al. (Belle Collaboration), Phys. Rev. Lett. 100, 062001 (2008).

[43] Measurements of exclusive e^+e^− → D^∗D̄π cross sections: G. Pakhlova et al. (Belle Collaboration), arXiv: 0908.0231.

[44] Belle analysis of B → Kπ^+ψ^′ using Dalitz techniques: R. Mizuk et al. (Belle Collaboration), Phys. Rev. D 80, 031104 (2009).

[45] CDF’s evidence for a ϕJ/ψresonance in B → K^+ϕJ/ψ: A. Aaltonen et al. (CDF Collaboration), arXv:0903.2229.

[46] Lattice QCD study of cc̄-gluon hybrids: J.J. Dudek and E. Rrapaj, Phys. Rev. D 78, 094504 (2008).

[47] A f_0(980)ψ^′ bound state model for the Y (4660): F.-K. Guo, C. Hanhart and U.- G. Meissner Phys. Lett. B665, 26 (2008).

[48] A D^∗D̄^∗ & D^∗_sD̄^∗_s model for the X(3940), etc.: R. Molina and E. Oset, arXiv:0906.5333 [49] D. Gamermann and E. Oset, A D^∗D̄ model for Isospin violating X(3872) decays: Phys.

Rev. D 80, 14003 (2009).

[50] Hadrocharmonium: S. Dubynsky and M.B. Voloshin, Phys. Lett. B666, 344 (2008).

2.2 Exotic Charmonia

Eric Braaten

Department of Physics, The Ohio State University

In this talk, I discussed the cc̄ mesons above the DD̄ threshold that have been discovered in recent years. I summarized the various proposals for identifying some of these states as exotic cc̄ mesons. I then focused on a specific state that is definitely an exotic cc̄ meson: the X(3872). I explained how existing data implies unambiguously that this state is a looselybound charm-meson molecule. I also discussed various misconceptions that have preventing this identification from being universally accepted in the particle physics community.

In the references below, I list some review articles on cc̄ mesons above the DD̄ threshold [1, 2, 3, 4, 5]. I also list my papers on the X(3872) in which I have been developing the case for this state as a loosely-bound charm-meson molecule [6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16].

References

[1] E. S. Swanson, “The new heavy mesons: A status report,” Phys. Rept. 429, 243 (2006) [arXiv:hep-ph/0601110].

[2] E. Eichten, S. Godfrey, H. Mahlke and J. L. Rosner, “Quarkonia and their transitions,” Rev. Mod. Phys. 80, 1161 (2008) [arXiv:hep-ph/0701208].

[3] M. B. Voloshin, “Charmonium,” Prog. Part. Nucl. Phys. 61, 455 (2008) [arXiv:0711.4556 [hep-ph]].

[4] S. Godfrey and S. L. Olsen, “The Exotic XY Z Charmonium-like Mesons,” Ann. Rev.

Nucl. Part. Sci. 58, 51 (2008) [arXiv:0801.3867 [hep-ph]].

[5] E. Braaten, “Exotic cc̄ Mesons,” in Continuous Advances in QCD 2008, ed. M. Peloso (World Scientific, 2009) arXiv:0808.2948 [hep-ph].

[6] E. Braaten and M. Kusunoki, “Low-energy Universality and the New Charmonium Resonance at 3870 MeV,” Phys. Rev. D 69, 074005 (2004) [arXiv:hep-ph/0311147].

[7] E. Braaten, M. Kusunoki and S. Nussinov, “Production of the X(3872) in B Meson Decay by the Coalescence of Charm Mesons,” Phys. Rev. Lett. 93, 162001 (2004) [arXiv:hep-ph/0404161].

[8] E. Braaten, “Inclusive production of the X(3872),” Phys. Rev. D 73, 011501 (2006) [arXiv:hep-ph/0408230].

[9] E. Braaten and M. Kusunoki, “Exclusive Production of the X(3872) in B Meson Decay,” Phys. Rev. D 71, 074005 (2005) [arXiv:hep-ph/0412268].

[10] E. Braaten and M. Kusunoki, “Factorization in the Production and Decay of the X(3872),” Phys. Rev. D 72, 014012 (2005) [arXiv:hep-ph/0506087].

[11] E. Braaten and M. Kusunoki, “Decays of the X(3872) into J/ψ and Light Hadrons,” Phys. Rev. D 72, 054022 (2005) [arXiv:hep-ph/0507163].

[12] E. Braaten and M. Lu, “Operator product expansion in the production and decay of the X(3872),” Phys. Rev. D 74, 054020 (2006) [arXiv:hep-ph/0606115].

[13] E. Braaten and M. Lu, “Line Shapes of the X(3872),” Phys. Rev. D 76, 094028 (2007) [arXiv:0709.2697 [hep-ph]].

[14] E. Braaten and M. Lu, “The Effects of Charged Charm Mesons on the Line Shapes of the X(3872),” Phys. Rev. D 77, 014029 (2008) [arXiv:0710.5482 [hep-ph]].

[15] E. Braaten, “An Estimate of the Partial Width for X(3872) into pp̄,” Phys. Rev. D 77, 034019 (2008) [arXiv:0711.1854 [hep-ph]].

[16] E. Braaten and J. Stapleton, “Analysis of J/ψπ^+π^− and D^0D̄^0π^0 Decays of the X(3872),” arXiv:0907.3167 [hep-ph].

2.3 Selected Topics in BES and Belle experiments

Chang-Zheng Yuan

Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China

The following topics were discussed: (1) the Y (2175) signals observed in J/ψ → ϕf_0(980)η at BES [1] and in e^+e^− → ϕπ^+π^− [2] at Belle experiments; (2) the anomalous structure in the total cross section around 3.77 GeV [3] in the e^+e^− annihilation observed at BE- SII experiment; (3) the X(3915) particle observed in two-photon process γγ → ωJ/ψ [4]: Belle observed a resonance-like enhancement in γγ → ωJ/ψ process with a statistical significance of 7.7σ composed of 55 ± 14 events in the peak region. The mass and width are measured to be M = 3914 ± 3 ± 2 MeV/c^2, and Γ = 23 ± 10^{+3}_{−8} MeV, respectively. It is noted that these values are close to those of the Y (3940) from the BaBar measurent [5]. The total width from the same kind of the Belle result seems to be a little larger [6]. This state may be identical to either Y (3940) or Z(3930) [7] but not very conclusive; (4) the evidence for a new resonance X(4350) in two-photon process γγ → ϕJ/ψ [8] at Belle experiment: Evidence is reported for a narrow structure at 4.35 GeV/c^2 in the ϕJ/ψ mass spectrum in two-photon process γ^∗γ^∗ → ϕJ/ψ. The analysis is based on a data sample of 825 fb^{−1} collected on and off the Υ(nS) (n = 1, 3, 4, 5) resonances with the Belle detector. A signal of 8.8^{+4.2}_{−3.2} events, with statistical significance of 3.9 standard deviations, is observed. The mass and natural width of the structure (named as X(4350)) are measured to be 4350.6^{+4.6}_{−5.1}(stat) ± 0.7(syst) MeV/c^2 and 13.3^{+17.9}_{−9.1} (stat) ± 4.1(syst) MeV/c^2, respectively. The products of its two-photon decay width and branching fraction to ϕJ/ψ is measured to be Γ_{γγ} (X(4350))B(X(4350) → ϕJ/ψ) = 6.4^{+3.1}_{−2.3} ± 1.1 eV for J^P = 0^+, or 1.5^{+0.7}_{−0.5} ± 0.3 eV for J^P = 2^+. No Y (4143) signal [9] is observed, and Γ_{γγ} (Y (4143))B(Y (4143) → ϕJ/ψ) < 39 eV for J^P = 0^+ or < 5.7 eV for J^P = 2^+ is determined at the 90% C.L.; and (5) the status of the BESIII experiment at the BEPCII: BESIII started taking data for physics study since spring 2009. Up to now, 107 M ψ(2S) events and about 200 M J/ψ events have been accumulated. There is a rich physics program at BESIII experiment [10].

References

[1] M. Ablikim et al. [BES Collaboration], Phys. Rev. Lett. 100, 102003 (2008).

[2] C. P. Shen et al. [Belle Collaboration], Phys. Rev. D 80, 031101 (2009).

[3] M. Ablikim et al. [BES Collaboration], Phys. Rev. Lett. 101, 102004 (2008).

[4] Belle preliminary results, see my talk for details.

[5] B. Aubert et al. [BaBar Collaboration], Phys. Rev. Lett. 101, 082001 (2008).

[6] S.K. Choi et al. [Belle Collaboration], Phys. Rev. Lett. 94, 182002 (2005).

[7] S. Uehara et al. [Belle Collaboration], Phys. Rev. Lett. 96, 082003 (2006).

[8] Belle preliminary results, see my talk for details.

[9] T. Aaltonen et al. [CDF Collaboration], Phys. Rev. Lett. 102, 242002 (2009). [10] D. M. Asner et al., arXiv:0809.1869 [hep-ex].

2.4 Strong Decays on the Lattice

Craig McNeile

University of Wuppertal

I started the talk with a brief discussion of the status of lattice QCD [1]. I reported on precision results from lattice QCD calculations, such as the mass of the charm quark (m_c(m_c)=1.268(9)GeV) [2], and the strong coupling (α_{MS} (M_Z , n_f = 5)= 0.1183(8)) [2].

I reviewed lattice QCD calculations of: the ρ coupling to 2π [3], b_1 → πω [4], light 1^{−+} → πb_1 [4], and light 1^{−+} → πf_1 [4]. Other lattice calculations of strong decays were included in the summary tables [5]. I reviewed lattice QCD calculations of the g_{BB}⋆_π coupling [6]. I reported on a lattice QCD of the strong decay of the B^{⋆⋆} meson [7].

I ended the talk reviewing recent lattice QCD calculations that use Lüscher’s method [8] (and variants of) to study the properties of the ρ and Δ [9].

References

[1] K. Jansen, arXiv:0810.5634 [hep-lat].

[2] I. Allison et al. [HPQCD Collaboration], Phys. Rev. D 78 (2008) 054513 [arXiv:0805.2999 [hep-lat]]. C. T. H. Davies, K. Hornbostel, I. D. Kendall, G. P. Lepage, C. McNeile, J. Shigemitsu and H. Trottier [HPQCD Collaboration], Phys. Rev. D 78 (2008) 114507 [arXiv:0807.1687 [hep-lat]].

[3] C. McNeile and C. Michael [UKQCD Collaboration], Phys. Lett. B 556 (2003) 177 [arXiv:hep-lat/0212020].

[4] C. McNeile and C. Michael [UKQCD Collaboration], Phys. Rev. D 73 (2006) 074506 [arXiv:hep-lat/0603007].

[5] C. McNeile, C. Michael and P. Pennanen [UKQCD Collaboration], Phys. Rev. D 65 (2002) 094505 [arXiv:hep-lat/0201006]. M. S. Cook and H. R. Fiebig, Phys. Rev. D 74 (2006) 094501 [Erratum-ibid. D 74 (2006) 099901] [arXiv:hep-lat/0609010].

[6] A. Abada et al., Phys. Rev. D 66 (2002) 074504 [arXiv:hep-ph/0206237]. D. Becirevic, B. Blossier, E. Chang and B. Haas, arXiv:0905.3355 [hep-ph].

[7] C. McNeile, C. Michael and G. Thompson [UKQCD Collaboration], Phys. Rev. D 70 (2004) 054501 [arXiv:hep-lat/0404010].

[8] M. Luscher, Nucl. Phys. B 364 (1991) 237.

[9] S. Aoki et al. [CP-PACS Collaboration], Phys. Rev. D 76 (2007) 094506 [arXiv:0708.3705 [hep-lat]]. V. Bernard, M. Lage, U. G. Meissner and A. Rusetsky, JHEP 0808 (2008) 024 [arXiv:0806.4495 [hep-lat]].

2.5 Excited Charmonium and radiative transitions from lattice QCD Jozef J. Dudek

Jefferson Laboratory, 12000 Jefferson Avenue, Newport News, VA 23606, USA Department of Physics, Old Dominion University, Norfolk, VA 23529, USA

Using point-all technology on quenched lattices, the excited spectrum of charmonium [1] and radiative transition amplitudes between excited states [2, 3] are computed. That this is possible follows from application of a large basis of composite QCD interpolating fields. Highlights include the first extraction from QCD of a radiative transition featuring an exotic quantum numbered state. Phenomenological implications of these results are presented [4].

Preliminary results in the light meson spectrum are also presented. These follow from the use of distillation technology [5] on dynamical anisotropic lattices [6]. The extracted spectrum at the strange quark mass shows many of the systematics of the quark model with the addition of a number of exotic and non-exotic states which appear to have some properties expected of hybrid mesons [7].

References

[1] J. J. Dudek, R. G. Edwards, N. Mathur and D. G. Richards, Phys. Rev. D 77, 034501 (2008) [arXiv:0707.4162 [hep-lat]].

[2] J. J. Dudek, R. G. Edwards and D. G. Richards, Phys. Rev. D 73, 074507 (2006) [arXiv:hep-ph/0601137].

[3] J. J. Dudek, R. Edwards and C. E. Thomas, Phys. Rev. D 79, 094504 (2009) [arXiv:0902.2241 [hep-ph]].

[4] J. J. Dudek and E. Rrapaj, Phys. Rev. D 78, 094504 (2008) [arXiv:0809.2582 [hep-ph]].

[5] M. Peardon et al. [Hadron Spectrum Collaboration], arXiv:0905.2160 [hep-lat].

[6] H. W. Lin et al. [Hadron Spectrum Collaboration], Phys. Rev. D 79, 034502 (2009) [arXiv:0810.3588 [hep-lat]].

[7] J. J. Dudek, R. G. Edwards, D. G. Richards and C. E. Thomas, arXiv:0909.0200 [hepph].

2.6 QCD Exotics at BNL and JLab

Curtis A. Meyer

Carnegie Mellon University

Searches have been carried out at Brookhaven National Lab looking for light-quark mesons with non-quark-antiquark (qq̄) quantum numbers. Lattice calculations [2, 3, 4, 5, 6, 7] predict that several nonets of these mesons should exist, and phenomenology gives some guidance on how they should decay [1]. The first such state reported is an isospin 1 J^{P C} = 1^{−+} state (π_1(1400)) with a mass near 1.4 GeV and a width of around 0.3 GeV [13, 14]. This state was also observed in p̄n annihilation at rest by Crystal Barrel [15, 16]. An alternate analysis of more E852 data on both π^−p → nηπ^0 and pηπ^− found no evidence for the π_1 [20]. However, a later E852 analysis on π^−p → nηπ^0 confirmed their earlier result [17]. E852 also found evidence for a second π_1 state in several final states: π^−p → pπ^+π^−π^−[11, 12], π^−p → pη^′π^−[10], π^−p → pωπ^0π^−[8] and π^−p → pf_1(1285)π^−[9]. This new state appears to have a mass of about 1.6 GeV and a width ∼ 0.3 GeV. However, the observed production mechanism is not consistent over all the reported observations. Interestingly, an alternate analysis of a more extensive E852 data set seems to indicate that in the 3π final state, the observed exotic wave is actually leakage from well-known decays of the π_2(1670) [19]. The π_1(1600) was also looked for in photo production by CLAS in γp → nπ^+π^+π^− [18], but no evidence was found. Finally, in the f_1π and b_1π final states, E852 reports weak evidence for a 3’rd exotic state, the π_1(2000).

In the future, we anticipate exciting results from the GlueX [21] which will use 8.4−9 GeV linearly polarized photons incident on protons to photoproduce hydrid mesons. With GlueX, we hope to map out the three exotic meson nonets expected from theory. Construction of the energy doubling upgrade of Jefferson Lab as well as GlueX started late in 2008 and first beam is anticipated in GlueX in 2014.

References

[1] P. R. Page, E. S. Swanson and A. P. Szczepaniak, Phys. Rev. D59, 034016 (1999).

[2] P. Lacock et al., Phys. Lett. B401, 309, (1997).

[3] C. Bernard et al., Phys. Rev. D56, 7039, (1997).

[4] C. Bernard et al., Nucl. Phys. B(Proc. Suppl.) 73, 264, (1999).

[5] P. Lacock, K. Schilling (SESAM Collaboration), Nucl. Phys. Proc. Suppl. 73, 261, (1999).

[6] Zhong-Hao Mei and Xiang-Qian Luo, Nucl. Phys. Proc. Suppl. 119, 263, (2003).

[7] C. Bernard, T. Burch, C. DeTar, Steven Gottlieb, E.B. Gregory, U.M. Heller, J. Osborn, R. Sugar and D. Toussaint, Phys. Rev. D68, 074505, (2003).

[8] M. Lu et al. [E852 Collaboration], Phys. Rev. Lett. 94, 032002 (2005). [9] J. Kuhn et al. [E852 Collaboration], Phys. Lett. B 595, 109 (2004). [10] E. I. Ivanov et al. [E852 Collaboration], Phys. Rev. Lett. 86, 3977 (2001). [11] G. S. Adams et al. [E852 Collaboration], Phys. Rev. Lett. 81, 5760 (1998). [12] S. U. Chung et al., Phys. Rev. D 65, 072001 (2002).

[13] D. R. Thompson et al. [E852 Collaboration], Phys. Rev. Lett. 79, 1630 (1997). [14] S. U. Chung et al. [E852 Collaboration], Phys. Rev. D 60, 092001 (1999). [15] A. Abele et al. [Crystal Barrel Collaboration], Phys. Lett. B 423, 175 (1998). [16] A. Abele et al. [Crystal Barrel Collaboration], Phys. Lett. B 446, 349 (1999). [17] G. S. Adams et al. [E852 Collaboration], Phys. Lett. B 657, 27 (2007). [18] M. Nozar et al. [CLAS Collaboration], Phys. Rev. Lett. 102, 102002 (2009). [19] A. R. Dzierba et al., Phys. Rev. D 73, 072001 (2006).

[20] A. P. Szczepaniak, M. Swat, A. R. Dzierba and S. Teige, Phys. Rev. Lett. 91, 092002 (2003).

[21] www.gluex.org.

2.7 Recent Bottonomium results from BaBar

Veronique Ziegler

SLAC National Accelerator Laboratory

A search for the bottomonium ground state η_b(1S) in the photon energy spectrum was performed using a sample of (109 ± 1) million of Υ(3S) recorded at the Υ(3S) energy with the BaBar detector at the PEP-II B factory at SLAC [1]. We observe a peak in the photon energy spectrum at E_γ = 921.2^{+2.1}_{−2.8}(stat) ± 2.4(syst) MeV with a significance of 10 standard deviations. We interpret the observed peak as being due to monochromatic photons from the radiative transition Υ(3S) → γ η_b(1S). This photon energy corresponds to an η_b(1S) mass of 9388.9^{+3.1}_{−2.3}(stat) ± 2.7(syst) MeV/c^2. The hyperfine Υ(1S)-η_b(1S) mass splitting is 71.4^{+2.3}_{−3.1}(stat) ± 2.7(syst) MeV/c^2. The branching fraction for this radiative Υ(3S) decay is estimated to be (4.8 ± 0.5(stat) ± 1.2(syst)) × 10^{−4}. A similar strategy was utilized to search for the η_b(1S) meson in the radiative decay of the Υ(2S) resonance using a sample of 91.6 million Υ(2S) events [2]. A peak was observed in the photon energy spectrum at E_γ = 609.3^{+4.6}_{−4.5}(stat) ± 1.9(syst) MeV, corresponding to an η_b(1S) mass of 9394.2^{+4.8}_{−4.9}(stat)±2.0(syst) MeV/c^2. The branching fraction for the decay Υ(2S) → γη_b(1S) is determined to be (3.9±1.1(stat)^{+1.1}_{−0.9}(syst))×10^{−4}. We find the ratio of branching fractions B(Υ(2S) → γη_b(1S))/B(Υ(3S) → γη_b(1S)) = 0.82 ± 0.24(stat)^{+0.24}_{−0.20}(syst).

Between March 28 and April 7, 2008 the PEP-II e^+e^− delivered colliding beams at a center-of-mass energy ( √ s) in the range of 10.54 to 11.20 GeV. First, an energy scan over the whole range in 5 MeV steps, collecting approximately 25 pb^{−1} per step for a total of about 3.3 fb^{−1}, was performed [3]. It was then followed by a 600 pb^{−1} scan in the range of √ s=10.96 to 11.10 GeV, in 8 steps with non-regular energy spacing, performed in order to investigate the Υ(6S) region. This data set outclasses the previous scans [4, 5] by a factor > 30 in the luminosity and ∼ 4 in the size of the energy steps. For each step in √ s, e^+e^− → bb̄ cross section measurements were obtained. A total relative error of about 5% is reached in more than 300 center-of-mass energy steps, separated by about 5 MeV. These measurements can be used to derive precise information on the parameters of the Υ(5S) and Υ(6S) and have the potential to yield information on the bottomonium spectrum and possible exotic extensions.

References

[1] B. Aubert et al. [BaBar], Phys. Rev. Lett. 101, 071801 (2008); 102, 029901(E) (2009).

[2] B. Aubert et al. [BaBar], arXiv:0903.1124 (2009).

[3] B. Aubert et al. [BaBar], Phys. Rev. Lett. 102, 012001 (2009).

[4] D. Besson, et al. [CLEO], Phys. Rev. Lett. 54, 381 (1985).

[5] D.M.Lovelock, et al. [CUSB], Phys. Rev. Lett. 54, 377 (1985).

2.8 Unquenching, Requenching, and Renormalising the Quark Model

Eric S. Swanson

Department of Physics and Astronomy, University of Pittsburgh

The issue of incorporating virtual quark effects into the constituent quark model has become more germane with the recent charmonium discoveries in the continuum region. Nevertheless, the importance of this effect has been recognised for a long time[1]. This is a difficult problem that is probably not amenable to an effective field theory approach, and relies on guessing nonperturbative gluodynamics that drives quark pair production in the soft regime. One such guess is the^3P_0 model[2], but others based on one gluon exchange[3], or a relativistic kernel[4] exist.

Incorporating unquenching effects is not technically easy[5], but many computations have been made[6]. A recent advance is the establishment of theorems that guarantee that unquenching induced mass splittings will be identical for meson in degenerate SU(6) multiplets[7]. This lends support to the notion that the constituent quark model should be stable with respect to spin splitting effects, however direct computations indicate large residual shifts that cannot be absorbed in the model parameters.

An alternative approach is to incorporate unquenching effects in an effective interaction by implementing a similarity transformation in powers of the inverse quark mass[8]. This yields a spin-independent quark-quark effective interaction and a spin-orbit quark-antiquark interaction, with interesting implications for baryon spectroscopy.

Finally, unquenching quark models necessitates implementing (finite) renormalisation. This applies to typical quark model parameters, which now must be considered cut-off dependent, and to the quark charge.

References

[1] R.J. Oakes and C.N. Yang, Phys. Rev. Lett. 11 174 (1963); H.J. Lipkin, Nucl. Phys.

B244, 147 (1984).

[2] L. Micu, Nucl. Phys. B10, 521 (1969), A. Le Yaouanc, L. Oliver, O. Pène and J.- C. Raynal, Phys. Rev. D8, 2223 (1973), R. Kokoski and N. Isgur, Phys. Rev. D35, 907 (1987), E.S.Ackleh, T.Barnes and E.S. Swanson, Phys. Rev. D54, 6811 (1996), P. Geiger and E. S. Swanson, Phys. Rev. D50, 6855 (1994), W.Roberts and B.Silvestre- Brac, Phys. Rev. D57, 1694 (1998).

[3] J.W. Alcock, M.J. Burfitt, and W.N. Cottingham, Z. Phys. C25, 161 (1984).

[4] E. J. Eichten, K. Lane and C. Quigg, Phys. Rev. D 73, 014014 (2006) [Erratum-ibid.

D 73, 079903 (2006)]

[5] E. S. Swanson, J. Phys. G 31, 845 (2005).

[6] E. van Beveren, C. Dullemond and G. Rupp, Phys. Rev. D 21, 772 (1980) [Erratumibid. D 22, 787 (1980)], E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane and T. M. Yan, [Erratum-ibid. D 21, 313 (1980)], N. A. Tornqvist and P. Żenczykowski, Phys. Rev. D 29, 2139 (1984), N.A. Tornqvist, Ann. Phys. 123, 1 (1979); Acta. Phys. Polon. B16, 5 03 (1985), P. Żenczykowski, Annals Phys. 169, 453 (1986), P. Geiger and N. Isgur, Phys. Rev. D 55, 299 (1997), D. Morel and S. Capstick, arXiv:nucl-th/0204014, E. van Beveren and G. Rupp, Phys. Rev. Lett. 93, 202001 (2004), Yu. S. Kalashnikova, Phys. Rev. D 72, 034010 (2005), M. R. Pennington and D. J. Wilson, arXiv:0704.3384 [hep-ph],

[7] T. Barnes and E. S. Swanson, Phys. Rev. C 77, 055206 (2008), F. E. Close and C. E. Thomas, Phys. Rev. C 79, 045201 (2009).

[8] E.S. Swanson, unpublished.

2.9 Nature of X(3872) from data

Alexei V. Nefediev

Institute of Theoretical and Experimental Physics, 117218, B.Cheremushkinskaya 25, Moscow, Russia

The nature of the state X(3872) is discussed as based on the recent experimental data [1]. In particular, the data on the DD̄^∗ and π^+π^−J/ψ channels, as provided by the Belle Collaboration [2, 3] and by the BaBar Collaboration [4, 5], are analysed using the method suggested in [6] and based on the Flatté parametrisation of the DD̄^∗ amplitude. The method is generalised to include into consideration extra decay channels for the X, in particular, radiative decay channels [7]. In addition, the effect of the finite D^∗ width and the interference in the DD̄^∗ system is discussed. The conclusion is made that the X(3872) is generated dynamically by a strong coupling of the bare χ^′_{c1} charmonium to the DD̄^∗ hadronic channel, with a large admixture of the DD̄^∗ molecular component.

References

[1] Yu. S. Kalashnikova and A. V. Nefediev, arXiv:0907.4901[hep-ph].

[2] I. Adachi et al. [Belle Collaboration], arXiv:0810.0358[hep-ex].

[3] I. Adachi et al. [Belle Collaboration], arXiv:0809.1224[hep-ex].

[4] B. Aubert et al. [BaBar Collaboration], Phys. Rev. D 77, 111101 (2008).

[5] B. Aubert et al. [BaBar Collaboration], Phys. Rev. D 77, 011102 (2008).

[6] C. Hanhart, Yu. S. Kalashnikova, A. E. Kudryavtsev, and A. V. Nefediev, Phys. Rev.

D 76, 034007 (2007).

[7] B. Aubert et al. [BaBar Collaboration], arXiv:0809.0042[hep-ex].

2.10 X(3872) Decays to Quarkonia in XEFT

Thomas Mehen

Duke University, Durham, North Carolina, 27708, USA

There is strong experimental evidence that the X(3872) is a very weakly bound state of D^0D̄^{∗0} + D̄^0D^{∗0} mesons. XEFT [1], an effective theory of nonrelativistic D^0, D^{∗0} and π^0 mesons, can be used to systematically calculate properties of the X(3872). Power counting shows that pion exchanges can be treated perturbatively. Leading order calculations of X(3872) → D^0D̄^0π^0 in XEFT reproduce results obtained using effective range theory (ERT) [2]. XEFT can be used to systematically analyze corrections to ERT from higher dimension operators and π^0 exchange. Effects of π^0 exchange turn out to be quite small.

Many of the observed decays of the X(3872) are to final states with charmonium. These decays are sensitive to short distance aspects of the X(3872) and are therefore not completely calculable, but factorization theorems for these decays can be developed [3, 5]. These factorization theorems can be derived by matching Heavy Hadron Chiral Perturbation Theory (HHχPT) amplitudes onto XEFT operators [4]. Decays of X(3872) to χ_{cJ} plus pions are interesting because heavy quark symmetry (HQS) makes predictions for the relative rates for decays to states with different J. If measured the relative rates could be be used to test the molecular interpretation of the X(3872) [6]. In XEFT long distance contributions to these decays can significantly modify HQS predictions for the relative decay rates [4]. Another interesting decay is the recently observed radiative transition X(3872) → ψ(2S)γ [7]. The observed ratio for Γ[X(3872) → ψ(2S)γ]/Γ[X(3872) → J/ψγ] is a puzzle for molecular models of the X(3872). XEFT cannot address this problem because the photon in X(3872) → J/ψγ is too energetic for XEFT to be applicable. However, the polarization of ψ(2S) in X(3872) → ψ(2S)γ is calculable. Measurement of this polarization can be used to distinguish different mechanisms that contribute to the decay [8].

References

[1] S. Fleming, M. Kusunoki, T. Mehen and U. van Kolck, Phys. Rev. D 76, 034006 (2007) [arXiv:hep-ph/0703168].

[2] M. B. Voloshin, Phys. Lett. B 579, 316 (2004) [arXiv:hep-ph/0309307].

[3] E. Braaten and M. Kusunoki, Phys. Rev. D 72, 014012 (2005) [arXiv:hep-ph/0506087].

[4] S. Fleming and T. Mehen, Phys. Rev. D 78, 094019 (2008) [arXiv:0807.2674 [hep-ph]].

[5] E. Braaten and M. Lu, Phys. Rev. D 74, 054020 (2006) [arXiv:hep-ph/0606115].

[6] S. Dubynskiy and M. B. Voloshin, Phys. Rev. D 77, 014013 (2008) [arXiv:0709.4474 [hep-ph]].

[7] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 102, 132001 (2009) [arXiv:0809.0042 [hep-ex]].

[8] T. Mehen and R. Springer, work in progress.

2.11 Scattering properties of the X(3872)

Hans-Werner Hammer

Helmholtz-Institut für Strahlen- und Kernphysik (Theorie) and Bethe Center for Theoretical Physics, Universität Bonn, 53115 Bonn, Germany

Both the mass (just below the D^{∗0}D̄^0 threshold) and the likely quantum numbers (J^{P C} = 1^{++}) of the X(3872) suggest that it is either a weakly-bound hadronic “molecule” (X(3872) ∼ 1/ √ 2[D^{∗0}D̄^0 + D̄^{∗0}D^0]) or a virtual state of charmed mesons (See Ref. [1] and references therein). Assuming the X(3872) is a weakly-bound molecule, the scattering of neutral D and D^∗ mesons off the X(3872) can be predicted from the X(3872) binding energy. We calculate the phase shifts and cross section for scattering of D^0 and D^{∗0} mesons and their antiparticles off the X(3872) in an effective field theory for short-range interactions [2]. The total cross section is dominated by S-wave scattering of the X and the D^{(∗)0} mesons. For the central value E_X = 0.26 MeV of the X(3872) binding energy, the total cross section at threshold will be of the order 800 barns for D^0X scattering and 2600 barns for D^{∗0}X scattering. This provides another example of a three-body process, along with those in nuclear and atomic systems, that displays universal properties [3]. It may be possible to extract the scattering within the final state interactions of B_c decays and/or other LHC events.

This work was done in collaboration with David Canham and Roxanne Springer. It was supported in part by the DFG through SFB/TR 16 “Subnuclear structure of matter,” the BMBF under contract No. 06BN411.

References

[1] E. Braaten, “Exotic cc̄ Mesons,” arXiv:0808.2948 [hep-ph].

[2] D. L. Canham, H.-W. Hammer and R. P. Springer, Phys. Rev. D 80, 014009 (2009) [arXiv:0906.1263 [hep-ph]].

[3] E. Braaten and H.-W. Hammer, Phys. Rept. 428, 259 (2006) [arXiv:condmat/0410417].

2.12 Prominent candidates of hidden and open charm hadronic molecules

Feng-Kun Guo

Institut für Kernphysik and Jülich Center for Hadron Physics, Forschungszentrum Jülich, D–52425 Jülich, Germany

In this talk, I discussed how can we identify hadronic molecules and then apply the methods to specific examples. For an S-wave loosely bound state, the binding energy, and hence the scattering length, determines the coupling constant of the bound state to its constituents completely [1, 2]. While the coupling constant can be used to calculate the decay width and the line shape of the hadronic molecule, which can be measured experimentally, the scattering length can be simulated in lattice QCD. This method was used to show that the present data support the interpretation of the vector Y (4660) observed in the ψ^′π^+π^− mass distribution as a ψ^′f_0(980) bound state [3]. We also calculated the isospin-violating decay width of the D^∗_{s0}(2317) in the hadronic molecular picture [4]. As a result of the large coupling of the D^∗_{s0}(2317) to the constituents DK, the neutral and charged meson mass differences in loops play an important role, and the resulting value of the decay width Γ(D^∗_{s0}(2317) → D_sπ^0) = 180 ± 110 keV is much larger than that given in the cs̄ and tetraquark pictures. Furthermore, we show the predicted quark mass dependence of the scattering lengths between the charmed and light mesons agree well with the lattice simulations [5]. For heavy flavor hadronic molecules, heavy quark spin symmetry gives us a new approach to test the hadronic molecule assumptions of some newly observed open and hidden charm (and also bottom in the future) resonances [6]. As an application, we predicted that there should be an η^′_cf_0(980) bound state, were the Y (4660) a ψ^′f_0(980) bound state, with a mass of 4616^{+5}_{−6} MeV and the prominent decay mode η^′_cππ [6]. The width is predicted to be Γ(η^′_cππ) = 60 ± 30 MeV. We suggest to search it in the B^± → K^±η^′_cπ^+π^− decays.

References

[1] S. Weinberg, Phys. Rev. 130, 776 (1963); Phys. Rev. 131, 440 (1963); Phys. Rev. 137, B672 (1965).

[2] V. Baru, J. Haidenbauer, C. Hanhart, Yu. Kalashnikova and A. E. Kudryavtsev, Phys.

Lett. B 586, 53 (2004).

[3] F. K. Guo, C. Hanhart and U.-G. Meißner, Phys. Lett. B 665, 26 (2008).

[4] F. K. Guo, C. Hanhart, S. Krewald and U.-G. Meißner, Phys. Lett. B 666, 251 (2008).

[5] F. K. Guo, C. Hanhart and U.-G. Meißner, Eur. Phys. J. A 40, 171 (2009).

[6] F. K. Guo, C. Hanhart and U.-G. Meißner, Phys. Rev. Lett. 102, 242004 (2009).

2.13 Radiative and isospin-violating decays of D_s-mesons in the hadrogenesis conjecture

Matthias F.M. Lutz^1 and M. Soyeur^2

1Gesellschaft für Schwerionenforschung GSI, D-64220 Darmstadt, Germany 2Irfu/SPhN, CEA/Saclay, F-91191 Gif-sur-Yvette Cedex, France

The hadrogenesis conjecture was first formulated for the baryon spectrum in [1] and generalized to the meson spectrum in [2, 3]. In both cases the spectrum is conjectured to be the consequence of final state interactions of preselected hadronic degrees freedom with quantum numbers J^P = 0^−, 1^− and^1_2^−,^3_2^−.

In this talk we focus on the spectrum and isospin-violating strong decays of charmed mesons with strangeness. In the heavy-light sector of QCD besides the chiral symmetry of the light quark there are constraints from the heavy-quark symmetry. The latter symmetry groups the pseudoscalar and vector D mesons with J^P = 0^− and 1^− into a common multiplet. At leading order their masses are degenerate. Only after the demonstration that axialvector states are generated by chiral coupled-channel dynamics [4], the way was paved for an application of the hadrogenesis conjecture to heavy-light systems [5, 6]. A simultaneous study of scalar and axialvector states is mandatory if the heavy-quark symmetry of QCD is to be kept.

The scalar D^∗_{s0}(2317)^± and the axial vector D^∗_{s1}(2460)^± states are generated by coupledchannel dynamics based on the leading order chiral Lagrangian. The effect of chiral corrections is investigated. We show that taking into account large-N_c relations implies a measurable signal for an exotic axial vector state in the ηD^∗ invariant mass distribution. The hadronic decay widths of the scalar D^∗_{s0}(2317)^± and the axial vector D^∗_{s1}(2460)^± are predicted to be 140 keV [6].

References

[1] M.F.M. Lutz, E.E. Kolomeitsev, Nucl.Phys. A700 (2002) 193-308.

[2] M.F.M. Lutz, GSI-Habil-2002-1.

[3] M.F.M. Lutz, S. Leupold, Nucl. Phys. A813 (2008) 96-170.

[4] M.F.M. Lutz, E.E. Kolomeitsev, Nucl. Phys. A730 (2004) 392-416.

[5] E.E. Kolomeitsev, M.F.M. Lutz, Phys. Lett. B582 (2004) 39-48.

[6] M.F.M. Lutz, M. Soyeur, Nucl. Phys. A813 (2008) 14-95.

2.14 Exotic Multiplets from unitarized chiral amplitudes

Eulogio Oset

Departamento de Fisica Teorica and IFIC, University of Valencia, Spain.

Using the hidden gauge formalism for pseudoscalar and vector meson interactions [1] a study is made of the interaction of pseudoscalar mesons with or without charm, leading to scalar resonances with open and hidden charm [2]. Similarly, the interaction of vector mesons with pseudoscalars also leads to dynamically generated mesons, with open and hidden charm. The X(3872) resonance is one of those dynamically generated [3], but we obtain two resonances with different C-parity.

The interaction of vector mesons among themselves also leads to a new sort of states. Those with open charm can be identified with known resonances as the D^∗_2(2460) and the D^∗(2640) [4], the last one without experimental spin and parity assignment. In the hidden charm sector one finds several X,Y, Z resonances around 3960-4200 MeV [5].

Finally, a thorough study of the X(3872) is made taking into account DD̄^∗ + cc components neutral and charged, together with other coupled channels and paying special attention to the exact masses of the particles and the width of the D^∗ [6], making a comparison with the two recent experiments on J/ψ ππ and D^0D̄^{∗0} + cc decay from Babar and Belle.

References

[1] M. Bando, T. Kugo and K. Yamawaki, Phys. Rept. 164, 217 (1988).

[2] D. Gamermann, E. Oset, D. Strottman and M. J. Vicente Vacas, Phys. Rev. D 76, 074016 (2007) [arXiv:hep-ph/0612179].

[3] D. Gamermann and E. Oset, Eur. Phys. J. A 33, 119 (2007) [arXiv:0704.2314 [hep-ph]].

[4] R. Molina, H. Nagahiro, A. Hosaka and E. Oset, Phys. Rev. D 80, 014025 (2009) [arXiv:0903.3823 [hep-ph]].

[5] R. Molina and E. Oset, arXiv:0907.3043 [hep-ph].

[6] D. Gamermann and E. Oset, Phys. Rev. D 80, 014003 (2009) [arXiv:0905.0402 [hepph]].

2.15 Is the X(3872) Production Cross Section at Tevatron Compatible with a Hadron Molecule Interpretation?

AD Polosa

INFN Roma ‘La Sapienza’, Piazzale Aldo Moro 2, I-00185 Roma, Italy

The X(3872) is universally accepted to be an exotic hadron. In this letter we assume that the X(3872) is a D^0D̄^{∗0} molecule, as claimed by many authors, and attempt an estimate of its prompt production cross section at Tevatron. A comparison with CDF data allows to draw rather compelling quantitative conclusions about this statement [1]. I particular we have simulated the production of open charm mesons in high energy hadronic collisions at the Tevatron. The generated samples have been examined searching for D and D^∗ mesons being in the conditions to form, through resonant scattering, bound states with binding energy as small as ∼ 0.25 MeV. These X(3872) candidates have been required to pass the same kinematical selection cuts used in the CDF data analysis. This allows to estimate an upper bound for the theoretical prompt production cross section of X(3872) at CDF. Averaging the results obtained with Pythia and Herwig we find this to be approximately 0.085 nb in the most reasonable region of center of mass relative momenta [0, 35] MeV of the open charm meson pair constituting the molecule. This value has to be compared with the lower bound on the experimental cross section, namely 3.1 ± 0.7 nb, extracted from CDF data The intuitive expectation that S−wave resonant scattering is unlikely to allow the formation of a loosely bound D^0D̄^{∗0} molecule in high energy hadron collision is confirmed by this analysis.

References

[1] C. Bignamini, B. Grinstein, F. Piccinini, A. D. Polosa and C. Sabelli, arXiv:0906.0882 [hep-ph].

2.16 Impact of D meson loops on charmonium decays

Qiang Zhao

Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, P.R. China Theoretical Physics Center for Science Facilities, CAS, Beijing 100049, P.R. China

The obvious discrepancies between BES [1] and CLEO-c [2] on the measurement of the ψ(3770) non-DD̄ decay branching ratios bring the question of dynamics for gluon hadronizations in ψ(3770) → lighthadrons. Meanwhile, although NRQCD calculations for ψ(3770) → lighthadrons to next-to-leading order (NLO) indicate a non-negligible branching ratio for ψ(3770) non-DD̄ decays, it may suggest a possible failure of perturbation expansion due to large QCD corrections from NLO [3]. Since ψ(3770) is close to the DD̄ open channel, we expect that the open channel effects would be important. Thus, we propose a nonperturbative transition mechanism via intermediate D meson loops for ψ(3770) → V P [4]. By identifying the leading meson loop transitions and constraining the model parameters with the available experimental data for ψ(3770) → J/ψη, ϕη and ρπ, we succeed in making a quantitative prediction for all ψ(3770) → V P with BR_{V P} from 0.41% to 0.64%. It indicates that the OZI-rule-evading long-range interactions are playing a role in ψ(3770) strong decays, and could be a key towards a full understanding of the mysterious ψ(3770) non-DD̄ decay mechanism.

Such a mechanism may be useful for our understanding of the long-standing “ρπ puzzle” since ψ^′ is also close to the open DD̄ threshold. Based on a systematic investigation of J/ψ(ψ^′) → V P [5, 6], we identify the role played by the short-range cc̄ annihilation, electromagnetic (EM) transition and intermediate meson loop transitions, which are essential ingredients for understanding the J/ψ and ψ^′ couplings to V P . We show that on the one hand, the EM transitions have relatively larger interferences in ψ^′ → ρπ and K^∗K̄ + c.c. as explicitly shown by vector meson dominance (VMD). On the other hand, the strong decay of ψ^′ receives relatively larger destructive interferences from the intermediate meson loop transitions. By clarifying these mechanisms in an overall study of J/ψ(ψ^′) → V P , we provide a coherent prescription of the “ρπ puzzle”.

In brief, we present a coherent study of charmonium decays of J/ψ, ψ^′ and ψ(3770) → V P . It shows that the open channel effects could be a key for understanding some of those long-standing questions in charmonium decays. Further theoretical studies of charmonium radiative decays [7], and isospin-violating transitions, such as ψ^′ → J/ψπ^0 [8] and ψ^′ → h_cπ^0, would be useful for providing further evidence for such a mechanism. Experimental data from BESIII in the near future would be very helpful for justifying this idea.

References

[1] M. Ablikim et al., Phys. Rev. Lett. 97, 121801 (2006). M. Ablikim et al., Phys. Lett.

B 641, 145 (2006). M. Ablikim et al., Phys. Rev. D 76, 122002 (2007). M. Ablikim et al., Phys. Lett. B 659, 74 (2008). J. Z. Bai et al., Phys. Lett. B 605, 63 (2005).

[2] G. S. Huang et al.,Phys. Rev. Lett. 96, 032003 (2006). G. S. Adams et al.,Phys. Rev. D 73, 012002 (2006). D. Cronin-Hennessy et al.,Phys. Rev. D 74, 012005 (2006) [Erratumibid. D 75, 119903 (2007)]. N. E. Adam et al.,Phys. Rev. Lett. 96, 082004 (2006). T. E. Coan et al.,Phys. Rev. Lett. 96, 182002 (2006). R. A. Briere et al.,Phys. Rev. D 74, 031106 (2006).

[3] Z. G. He, Y. Fan and K. T. Chao, Phys. Rev. Lett. 101, 112001 (2008). [4] Y. J. Zhang, G. Li and Q. Zhao, Phys. Rev. Lett. 102, 172001 (2009) [arXiv:0902.1300 [hep-ph]].

[5] Q. Zhao, G. Li and C. H. Chang, arXiv:0812.4092 [hep-ph], Proceeding of ”The Conference on Interdisciplinary Fields of Particle Physics, Nuclear Physics and Cosmology”, Aug. 2-4, 2008, Yunnan, China.

[6] G. Li, Q. Zhao and C. H. Chang, J. Phys. G 35, 055002 (2008), hep-ph/0701020. [7] G. Li and Q. Zhao, Phys. Lett. B 670, 55 (2008) [arXiv:0709.4639 [hep-ph]]. [8] F. K. Guo, C. Hanhart and U. G. Meissner, Phys. Rev. Lett. 103, 082003 (2009) [arXiv:0907.0521 [hep-ph]].

[9] Q. He et al., Phys. Rev. Lett. 95, 121801 (2005) [Erratum-ibid. 96, 199903 (2006)]. [10] S. Dobbs et al., Phys. Rev. D 76, 112001 (2007).

[11] D. Besson et al., Phys. Rev. Lett. 96, 092002 (2006) [arXiv:hep-ex/0512038].

2.17 Interplay of Quark and Meson Degrees of Freedom

Yulia S. Kalashnikova

Institute of Theoretical and Experimental Physics, 117218, B.Cheremushkinskaya 25, Moscow, Russia

A method to identify hadronic molecules is discussed, based on model–independent analysis of S–wave low–energy hadronic observables, suggested in [1], [2], and generalized in [3] and [4]. The formalism is applied if the momenta involved are much smaller than the inverse range of force. In this case the parameters entering Flattè formula for the scattering amplitude contain information on the nature of the near–threshold resonance. In particular, it is shown that Weinberg–Flattè analysis of production differential rates provides a direct measure for the admixture of a bare qq̄ state in the resonance wavefunction.

References

[1] S. Weinberg, Phys. Rev. 137, B672, (1965).

[2] D. Morgan, Nucl. Phys. A543, 632 (1992).

[3] L. N. Bogdanova, G. M. Hale, and V. E. Markushin, Phys. Rev. C44, 1289 (1991).

[4] V. Baru et al, Phys. Lett. B586, 53 (2004).

2.18 Standard charmonium vectors

Galina Pakhlova

ITEP, Moscow, Russia

The first charmonium state J/ψ(1S), the bound system consisting of the charmed quark c and anti-quark c, was discovered in 1974. Nine more charmonium states, the η_c(1S), χ_{c0}(1P ), χ_{c1}(1P ), χ_{c2}(1P ), ψ(2S), ψ(3770), ψ(4040), ψ(4160) and ψ(4415) were observed shortly afterwards. Some of them, the so called ψ states with quantum numbers J^{P C} = 1^{−−}, were found in e^+e^− annihilation. Four observed ψ resonances have masses above open charm threshold. During the next two decades no other charmonium states were found. A new charmonium era started in 2002. During the past six years numerous charmoniumlike states were discovered. Among them, only the h_c(1P ), η_c(2S) and Z(3930) ≡ χ_{c2}(2P ) have been identified as candidates for conventional charmonium, while a number of other states with masses above open charm threshold have serious problems with a charmonium interpretation. In particular the nature of the whole family of charmonium-like states, found in e^+e^− → π^+π^−J/ψ(ψ(2S))γ_{ISR} processes, with quantum numbers J^{P C} = 1^{−−} remains unclear. Among them are the Y (4260) state observed by BaBar [1, 2], confirmed by CLEO [3, 4] and Belle [5]; the Y (4350) discovered by BaBar [6] and confirmed by Belle [7]; two structures, the Y (4008) and the Y (4660) seen by Belle [5, 7].

The observation of the Y family motivated numerous measurements of exclusive e^+e^− cross sections for charmed hadron final states near threshold. Most of them were performed at B-factories using initial-state radiation. Belle presented the first results on the e^+e^− cross sections to the DD, D^+D^{∗−}, D^{∗+}D^{∗−}, D^0D^−π^+ (including the first observation of ψ(4415) → DD^∗_2(2460) decays) [8, 9, 10] and Λ^+_c Λ^−_c final states [11]. BaBar measured e^+e^− cross sections to DD and recently to the DD^∗, D^∗D^∗ final states [12, 13]. CLEO-c performed a scan over the energy range from 3.97 to 4.26 GeV and measured exclusive cross sections for the DD, DD^∗, and D^∗D^∗ final states at thirteen points with high accuracy [14]. The measured open charm final states nearly saturate the total cross section for charm hadron production in e^+e^− annihilation in the √ s region up to ∼ 4.3 GeV.

No clear evidence for open charm production associated with any of Y states has been observed. In fact the Y (4260) peak position appears to be close to a local minimum of both the total hadronic cross section [15] and of the exclusive cross section for e^+e^− → D^∗D^∗ [9, 13]. The X(4630), recently found in the e^+e^− → Λ^+_c Λ^−_c cross section as a nearthreshold enhancement [11], has a mass and width (assuming the X(4630) to be a resonance) consistent within errors with those of the Y (4660). However, this coincidence does not exclude other interpretations of the X(4630), for example, as the conventional charmonium state [16, 17] or as a baryon-antibaryon threshold effect [18].

The absence of open charm decay channels for Y states, large partial widths for decay channels to charmonium plus light hadrons and the lack of available J^{P C} = 1^{−−} charmonium levels are inconsistent with the interpretation of the Y states as conventional charmonia. To explain the observed peaks, some models assign the 3^3D_1(4350), 5^3S_1(4660) with shifted masses [17], other explore coupled-channel effects and rescattering of charm mesons [19].

More exotic suggestions include hadro-charmonium [20]; multiquark states, such as a [cq][cq] tetraquark [21] and DD_1 or D^0D^{∗0} molecules [22]. One of the most popular exotic options for the Y states are the hybrids expected by LQCD in the mass range from 4.2 − 5.0 GeV [23]. In this context, some authors expect the dominant decay channels of the Y(4260) to be Y (4260) → D^{(∗)}D^{(∗)}π.

Recently Belle reported the first measurement of the e^+e^− → D^0D^{∗−}π^+ exclusive cross section at threshold [24]. The values of the amplitude of the Y (4260), Y (4350), Y (4660) and X(4630) signal function obtained in the fit to the M_D0_D∗−_π+ spectrum are found to be consistent with zero within errors. Belle found no evidence for Y (4260) → D^0D^{∗−}π^+ decays as predicted by hybrid models and obtained the upper limit on Br(Y (4260) → D^0D^{∗−}π^+)/Br(Y (4260) → π^+π^−J/ψ) < 9 at the 90% C.L.

References

[1] B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 95, 142001 (2005). [2] B. Aubert et al. (BaBar Collaboration), arXiv:0808.1543 [hep-ex], (2008). [3] T. E. Coan et al. (CLEO Collaboration), Phys. Rev. Lett. 96, 162003 (2006). [4] Q. He et al. (CLEO Collaboration), Phys. Rev. D 74, 091104 (2006). [5] C. Z. Yuan et al. (Belle Collaboration), Phys. Rev. Lett. 99, 182004 (2007). [6] B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 98, 212001 (2007). [7] X. L. Wang et al. (Belle Collaboration), Phys. Rev. Lett. 99, 142002 (2007). [8] G. Pakhlova et al. (Belle Collaboration), Phys. Rev. D 77, 011103 (2008). [9] G. Pakhlova et al. (Belle Collaboration), Phys. Rev. Lett. 98, 092001 (2007). [10] G. Pakhlova et al. (Belle Collaboration), Phys. Rev. Lett. 100, 062001 (2008). [11] G. Pakhlova et al. (Belle Collaboration), Phys. Rev. Lett. 101, 172001 (2008). [12] B. Aubert et al. (BaBar Collaboration), Phys.Rev. D 76, 111105 (2007). [13] B. Aubert et al. (BaBar Collaboration), Phys. Rev. D 79, 092001 (2009). [14] D. Cronin-Hennessy et al. (CLEO Collaboration), arXiv:0801.3418 [hep-ex] (2008). [15] J. Z. Bai et al. (BES Collaboration), Phys. Rev. Lett. 88, 101802 (2002). [16] J. Segovia, D. R. Entem, F. Fernandez, arXiv:0810.2875 [hep-ph](2008); B. Q. Li and K. T. Chao, Phys. Rev. D 79, 094004 (2009).

[17] G. J. Ding et al., Phys. Rev. D 77, 014033 (2008); A. M. Badalian, B. L. G. Bakker, I. V. Danilkin, Phys. Atom. Nucl. 72, 638 (2009).

[18] Eef van Beveren, X. Liu, R. Coimbra, G. Rupp, Europhys. Lett. 85, 61002 (2009);

Eef van Beveren, G. Rupp, arXiv:0908.0242 [hep-ph](2009). [19] M. V. Voloshin, arXiv:hep-ph/0602233 (2006). [20] S. Dubynskiy, M. B. Voloshin, Phys. Lett. B 666 344, (2008).

[21] For example: L. Maiani, V. Riquer, F. Piccinini, A. D. Polosa, Phys. Rev. D 72, 031502 (2005); D. Ebert, R. N. Faustov, V. O. Galkin, Eur. Phys. J. C 58, 399 (2008).

[22] X. Liu, X.-Q. Zeng, X.-Q. Li Phys.Rev. D 72, 054023 (2005); G.-J. Ding, Phys. Rev.

D 79, 014001 (2009).

[23] For example: S. L. Zhu, Phys. Lett. B 625, 212 (2005); F. E. Close, P. R. Page, Phys.

Lett. B 628, 215 (2005); E. Kou, O. Pene, Phys. Lett. B 631, 164 (2005). [24] G. Pakhlova et al. (Belle Collaboration), arXiv:0801.3418 [hep-ex] (2008).

2.19 Double charmonium production in e^+e^−, new states and unexpectedly large cross sections

Pasha Pakhlov

Institute for Theoretical and Experimental Physics, Moscow, Russia

Prompt charmonium production in e^+e^− annihilation is important for studying the interplay between perturbative QCD and non-perturbative effects. The production rate and kinematic characteristics of J/ψ mesons in e^+e^− annihilation are poorly described by theory, and even the production mechanisms are not well understood. An effective field theory, non-relativistic QCD (NRQCD), based on leading order perturbative QCD calculations, predicted that prompt J/ψ production at √ s ≈ 10.6 GeV is dominated by e^+e^− → J/ψ gg with a 1 pb cross section [1]; the e^+e^− → J/ψ g contribution may be of the same order, is uncertain due to poorly-constrained color-octet matrix elements [2]. The e^+e^− → J/ψ cc̄ cross section is predicted to be ∼0.05 − 0.1 pb [3].

≳ By contrast, in 2002 Belle observed the ratio of the J/ψ cc̄ and inclusive J/ψ production cross sections to be 0.59^{+0.15}_{−0.13} ± 0.12 [4], and thus found σ(e^+e^− → J/ψ cc̄)≳ σ(e^+e^− → J/ψ gg). In 2009, using an order of magnitude larger data sample Belle measured the cross sections for the processes e^+e^− → J/ψ cc̄ and J/ψ X_{non-cc̄} in a model independent way [5]. The measured cross sections are (0.74 ± 0.08^{+0.09}_{−0.08}) pb and (0.43 ± 0.09 ± 0.09) pb, respectively, thus the last measurements confirmed that e^+e^− → J/ψ cc̄ is the dominant mechanism for J/ψ production in e^+e^− annihilation, contrary to earlier NRQCD predictions. Recently, both e^+e^− → J/ψ gg and J/ψ cc̄ cross sections have been recalculated including NLO corrections and are in better agreement with the experimental data [6, 7]. However, the measured e^+e^− → J/ψ cc̄ cross section exceeds the perturbative QCD prediction σ(e^+e^− →cc̄cc̄)≈0.3 pb [8], which includes the case of fragmentation into four charmed hadrons, rather than J/ψcc̄.

The e^+e^− → J/ψ cc̄ process is dominated by cc̄ fragmentation to open charm, with a (16 ± 3)% contribution from double charmonium production, i.e. production of a second charmonium below the open charm threshold in the event with J/ψ. The large rate for processes of the type e^+e^− → J/ψ η_c reported by Belle (σ(e^+e^− → J/ψ η_c) = (25.6 ± 2.8 ± 3.4) fb) [4, 9], also remained a puzzle for many years. The first NRQCD calculations [10] gave at least an order of magnitude smaller value (∼ 2 fb) than those measured by Belle. The importance of relativistic corrections was realized in Ref. [11, 12]; the authors, using light cone approximation to take into account the relative momentum of heavy quarks in the charmonium, managed to calculate the cross section which is close to the experimental value. Alternatively, authors of Ref. [13] suggested to resolve the discrepancy within the NRQCD approach by the resummation of relativistic corrections, contribution from pure QED diagram, the corrections of next-to-leading order in α_s.

Double charmonium production ine^+e^− annihilation can be used to search for new charmonium states with charge conjugation C = +1, recoiling against known and easily reconstructed C =−1 charmonium mesons such as the J/ψ or ψ^′. Studies of various double charmonium final states have demonstrated that scalar and pseudoscalar charmonia are produced copiously recoiling against a J/ψ or ψ^′ and there is no significant suppression of the production of radially excited states. In 2008, Belle observed the processes e^+e^− →J/ψ DD (D^∗D, D^∗D^∗) and reported the observation of the clear enhancement with a significance of 5.1 σ in the invariant mass distribution of D^∗D^∗ combinations in the process e^+e^− → J/ψ D^∗D^∗, which was interpreted as a new charmonium-like state, the X(4160) [14]. The X(4160) parameters are M = (4156^{+ 25}_{− 20} ± 15) MeV/c^2 and Γ = (139^{+ 111}_{− 61} ± 21) MeV. Belle also confirmed the observation of the charmonium-like state, X(3940) → DD^∗, produced in the process e^+e^− → J/ψ X(3940) with a significance of 5.7 σ. The X(3940) mass and width are M = (3942^{+ 7}_{− 6} ± 6) MeV/c^2and Γ = (37^{+ 26}_{− 15} ± 8) MeV, consistent with the first Belle result [15].

If the X(3940) has J = 0 the absence of a DD decay mode strongly favors J^P = 0^{−+}, for which the most likely charmonium assignment is the η^{′′}_c . The fact that the lower mass η_c and η^′_c are also produced in double charm production supports this assignment. However, there is a problem that the measured mass of the X(3940) is below potential model estimates of ∼4050 MeV/c^2 or higher [16]. A further complication is the observation by Belle of X(4160), which could also be attributed to the 3^1S_0 state, using similar arguments. But the X(4160) mass is well above expectations for the 3^1S_0 and well below those for the 4^1S_0, which is predicted to be near 4400 MeV/c^2 [16]. Although either the X(3940) or the X(4160) might conceivably fit a charmonium assignment, it seems very unlikely that both of them could be accommodated as cc̄ states.

References

[1] P. Cho and A.K. Leibovich, Phys. Rev. D 53, 150 (1996); 53, 6203 (1996); S. Baek, P. Ko, J. Lee, and H.S. Song, J. Kor. Phys. Soc. 33, 97 (1998), hep-ph/9804455.

[2] F. Yuan, C.-F. Qiao, and K.-T. Chao, Phys. Rev. D 56, 321 (1997).

[3] V.V. Kiselev, A.K. Likhoded, and M.V. Shevlyagin, Phys. Lett. B 332, 411 (1994).

[4] K. Abe et al. (Belle Collab.) Phys. Rev. Lett. 89, 142001 (2002).

[5] P. Pakhlov et al. (Belle Collab.) Phys. Rev. D 79, 071101 (2009).

[6] Y.-Q. Ma, Y.-J. Zhang, and K.-T. Chao, Phys. Rev. Lett. 102, 162002 (2009);

B. Gong, J.-X. Wang, Phys. Rev. Lett. 102, 162003 (2009).

[7] B. Gong, J.-X. Wang, arXiv:0904.1103 (2009).

[8] A.V. Berezhnoy and A.K. Likhoded, Phys. Atom. Nucl. 70, 478 (2007).

[9] K. Abe et al. (Belle Collab.) Phys. Rev. D, 70 071102 (2004).

[10] E. Braaten and J. Lee, Phys. Rev. D 67, 054007 (2003).

[11] J.P. Ma and Z.G. Si, Phys. Rev. D 70, 074007 (2004).

[12] A.E. Bondar and V.L. Chernyak, Phys. Lett. B 612, 215 (2005).

[13] G. Bodwin, J. Lee, C. Yu, Phys. Rev. D 77, 094018 (2008). [14] P. Pakhlov et al. (Belle Collab.) Phys. Rev. Lett. 100, 202001 (2008). [15] K. Abe et al. (Belle Collab.) Phys. Rev. Lett. 98, 082001 (2007). [16] T. Barnes, S. Godfrey, E. Swanson, Phys. Rev. D 72, 054026 (2005).

2.20 Meson spectroscopy via ISR

Simone Pacetti

Enrico Fermi Center, Rome, Italy INFN, Laboratori Nazionali di Frascati, Frascati, Italy

The initial state radiation technique (ISR) allows to exploit flavor factories as usual e^+e^− experiments with energy scan in the center of mass. A generic hadronic state X_{had}, with mass lower than the fixed energy of the machine, can be studied through the process e^+e^− → X_{had}γ_{IS}, where the photon γ_{IS} is emitted by one the initial leptons. In Born approximation X_{had} has quantum numbers J^{P C} = 1^{−−}. Using the ISR technique BABAR discovered the first element of the charmonium-like Y family, i.e. the Y (4260) [1] in the channel e^+e^− → J/ψπ^+π^−γ_{IS}. This observation was confirmed by Belle [2], in the same J/ψπ^+π^− dominant decay channel, and by CLEO [3], not only in J/ψπ^+π^− but also in J/ψ2π^0 and J/ψK^+K^−. Looking for the Y (4260) Belle identified also another structure with lower mass in the same J/ψπ^+π^− channel, this additional state has been called Y (4008) [2]. In 2007 BABAR observed another Y state in the channel Ψ(2S)π^+π^− with Ψ(2S) → J/ψπ^+π^−. This structure, called Y (4325/4360) [4], emerged very close to the Ψ(2S)π^+π^− threshold, has been confirmed by Belle, in the same channel, but with a slightly different mass [5]. In the same investigation, thanks to a larger data sample, Belle discovered also another resonance decaying in Ψ(2S)π^+π^−, the Y (4660) [5].

The simplest interpretation of these resonances as the still missing states in the charmonium spectrum of the time-honored quark model [6] has been largely disfavored by their non-observation [7] in the charmonia dominant decay channels, i.e. decays in charmed hadrons. Nevertheless, the e^+e^− → Λ^+_c Λ^−_c cross section, recently measured by Belle [8], shows a clear near-threshold enhancement that has been identified as a further J^{P C} = 1^{−−} resonance, the X(4630), which is compatible with the Y (4660).

To summarize, two main classes of Y resonances have been identified: the lightest Y (4008) and Y (4260), which decay in J/ψππ, and the heaviest Y (4325/4360) and Y (4660) decaying only in Ψ(2S)ππ. No signals for those structures have been found in open charm final states. The X(4630) seems to escape this classification.

The possible interpretation, besides the disproved charmonium states, is based on three main ideas: hybrid charmonia [9], molecules and hadro-charmonia [10], and threshold effects [11]. The relatively small widths contrast the tetraquark hypothesis. However, all the attempted interpretations have the negative feature to consider only one Y state individually. It is, indeed, manifest that all these J^{P C} = 1^{−−} states show incredibly similar properties: they share the same decay channels, they have similar total widths, as well as similar Ψ(1S, 2S)ππ branching fractions. It follows that a more comprehensive description is needed. An attempt in this direction has been made in Ref. [12], where it is shown how the spectrum of higher charmonium, obtained using a screened cc̄-potential, describe quite well all the new Y states.

References

[1] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 95, 142001 (2005) [arXiv:hep-ex/0506081];

B. Aubert et al. [BaBar Collaboration], arXiv:0808.1543 [hep-ex].

[2] C. Z. Yuan et al. [Belle Collaboration], Phys. Rev. Lett. 99, 182004 (2007) [arXiv:0707.2541 [hep-ex]].

[3] T. E. Coan et al. [CLEO Collaboration], Phys. Rev. Lett. 96, 162003 (2006) [arXiv:hepex/0602034];

Q. He et al. [CLEO Collaboration], Phys. Rev. D 74, 091104 (2006) [arXiv:hepex/0611021].

[4] B. Aubert et al. [BABAR Collaboration], Phys. Rev. Lett. 98, 212001 (2007) [arXiv:hep-ex/0610057].

[5] X. L. Wang et al. [Belle Collaboration], Phys. Rev. Lett. 99, 142002 (2007) [arXiv:0707.3699 [hep-ex]].

[6] S. Godfrey and N. Isgur, Phys. Rev. D 32, 189 (1985).

[7] B. Aubert et al. [BABAR Collaboration], Phys. Rev. D 76, 111105 (2007) [arXiv:hepex/0607083];

B. Aubert et al. [BABAR Collaboration], arXiv:0903.1597 [hep-ex]; G. Pakhlova et al. [Belle Collaboration], Phys. Rev. D 77, 011103 (2008) [arXiv:0708.0082 [hep-ex]];

K. Abe et al. [Belle Collaboration], Phys. Rev. Lett. 98, 092001 (2007) [arXiv:hepex/0608018];

G. Pakhlova et al. [Belle Collaboration], Phys. Rev. Lett. 100, 062001 (2008) [arXiv:0708.3313 [hep-ex]];

D. Cronin-Hennessy et al. [CLEO Collaboration], arXiv:0801.3418 [hep-ex].

[8] G. Pakhlova et al. [Belle Collaboration], Phys. Rev. Lett. 101, 172001 (2008) [arXiv:0807.4458 [hep-ex]].

[9] For instance: S. L. Zhu, Phys. Lett. B 625, 212 (2005).

[10] For instance: F. K. Guo, C. Hanhart and U. G. Meissner, Phys. Lett. B 665, 26 (2008) [arXiv:0803.1392 [hep-ph]];

S. Dubynskiy and M. B. Voloshin, Phys. Lett. B 666, 344 (2008) [arXiv:0803.2224 [hep-ph]].

[11] E. van Beveren, X. Liu, R. Coimbra and G. Rupp, Europhys. Lett. 85, 61002 (2009) [arXiv:0809.1151 [hep-ph]].

[12] B. Q. Li and K. T. Chao, arXiv:0903.5506 [hep-ph].

2.21 Perspectives for spectroscopy at super-B factories

Claudia Patrignani

Università di Genova and INFN Genova

The B-factories observed a number of charmonium-like states which do not easily fit into the conventional charmonium picture [1], The present knowledge of the properties of these states is generally based on small samples of events.

The large samples that would be collected at either of the proposed super-B factories [2], [3], [4] would allow to understand the nature of these states, discriminating among the many different proposed interpretations.

References

[1] For recent reviews see E. Eichten, S. Godfrey, H. Mahlke and J. L. Rosner, Rev. Mod.

Phys. 80, 1161 (2008) [arXiv:hep-ph/0701208], S. Godfrey and S. L. Olsen, Ann. Rev. Nucl. Part. Sci. 58, 51 (2008) [arXiv:0801.3867 [hep-ph]] and references therein.

[2] S. Hashimoto et al., KEK-REPORT-2004-4

[3] M. Bona et al., arXiv:0709.0451 [hep-ex].

[4] D. G. Hitlin et al., arXiv:0810.1312 [hep-ph].

3 Short summary of the posters

3.1 Franck-Condon principle for Heavy Quarkonium Decays and Heavy Quark Effective Theory

Felipe J. Llanes-Estrada

Universidad Complutense de Madrid, Departamento de Física Teórica I.

In [1] we have proposed to adapt the Franck-Condon principle of molecular physics to ascertain the nature of Heavy Quarkonium above open flavor threshold in terms of its heavy quark constituents. Our current formulation presented at Charm-ex applies to Heavy Quarkonium decaying to heavy mesons carrying one heavy quark each plus any number of pions or perhaps other light degrees of freedom. The principle states that ”The velocity distribution of heavy mesons carrying one heavy quark each and following heavy quarkonium decay, coincides with the velocity distribution of those heavy quarks inside the heavy quarkonium”. Once such velocity distributions have been measured experimentally, they can provide invaluable insight into the structure of excited heavy quarkonium, whether to study valence or sea degrees of freedom. We have discussed possible applications with conference attendees. This principle we now understand to be a consequence of essentially all heavy quark effective theories proposed [2] to date, such as NRQCD or HQQET. Their Lagrangian densities describe the motion of heavy quarks whose velocity is not changed by QCD interactions in leading order of Λ_{QCD}/M_Q. We are trying to develop a way to estimate corrections at first order (work in progress in collaboration with Juan Torres Rincón and Ignazio Scimemi).

References

[1] F. J. Llanes-Estrada, S. R. Cotanch, I. G. General and P. Wang, arXiv:0803.0806 [hepph]; I. J. General, S. R. Cotanch and F. J. Llanes-Estrada, Eur. Phys. J. C 51 (2007) 347 [arXiv:hep-ph/0609115].

[2] N. Brambilla, A. Pineda, J. Soto and A. Vairo, Rev. Mod. Phys. 77 (2005) 1423 [arXiv:hep-ph/0410047].

3.2 Mixing of S-wave charmonia with DD̄ molecule states

Gunnar Bali, Christian Ehmann

University of Regensburg

One possible decay channel of charmonia is into DD̄ molecule states by creation of a light quark-/antiquark pair. The investigation of such decays sheds light on the higher fock state contributions to the charmonia wavefunction [1] and potential mass shifts. A variational approach is applied to a mixing matrix containig both charmonia and DD̄ molecule interpolating fields. The calculation of several diagramms appearing in this matrix requires all-to-all propagators, which are realised by sophisticated stochastic estimator techniques [2]. The runs are performed on N_f = 2 24^3 × 48 with M_π ≈ 380 MeV configurations using the non-perturbatively improved Clover-Wilson action, both for valence and sea quarks.

References

[1] C. Ehmann and G. Bali, PoS LAT2007, 094 (2007)

[2] C. Ehmann and G. S. Bali, arXiv:0903.2947

3.3 Spectra of low and high spin mesons with light quarks from lattice QCD

T. Burch, C. Hagen^∗, M. Hetzenegger, A. Schäfer

Universität Regensburg

We present results for excited meson spectra from N_f = 2 clover-Wilson configurations provided by the CP-PACS Collaboration. In our study we investigate both low and high spin mesons.

For spin-0 and spin-1 mesons, we are especially interested in the excited states. To access these states we construct several different interpolators from quark sources of different spatial smearings including ones which resemble p-waves and then calculate a matrix of correlators. We then apply the variational method [1] and solve a generalized eigenvalue problem for this matrix. For spin-2 and spin-3, we extract only the lowest lying states using interpolators which have been successful in spectroscopy calculations of charmonia [2]. We are able to successfully isolate excited states in the pseudoscalar and vector channel and obtain a number of high spin mesons up to J = 3.

First results have been published in Refs. [3]. Our final results can be found in Ref. [4].

References

[1] C. Michael, Nucl. Phys. B 259, 58 (1985). M. Lüscher and U. Wolff, Nucl. Phys. B 339, 222 (1990). T. Burch, C. Gattringer, L. Y. Glozman, C. Hagen and C. B. Lang, Phys. Rev. D 73, 017502 (2006) [arXiv:hep-lat/0511054]. T. Burch, C. Hagen, C. B. Lang, M. Limmer and A. Schäfer, Phys. Rev. D 79, 014504 (2009) [arXiv:0809.1103 [heplat]]. B. Blossier, G. von Hippel, T. Mendes, R. Sommer and M. Della Morte, PoS LATTICE2008, 135 (2008) [arXiv:0808.1017 [hep-lat]]. B. Blossier, M. Della Morte, G. von Hippel, T. Mendes and R. Sommer, JHEP 0904, 094 (2009) [arXiv:0902.1265 [hep-lat]].

[2] X. Liao and T. Manke, arXiv:hep-lat/0210030.

[3] T. Burch, C. Hagen and A. Schafer, PoS LAT2006, 177 (2006) [arXiv:heplat/0609014]. T. Burch, C. Ehmann, C. Hagen, M. Hetzenegger and A. Schafer, PoS LAT2007, 103 (2007) [arXiv:0709.0664 [hep-lat]].

[4] T. Burch, C. Hagen, M. Hetzenegger and A. Schäfer, Phys. Rev. D 79, 114503 (2009) [arXiv:0903.2358 [hep-lat]].

3.4 Charmonium Hybrids at PANDA

J. Schulze and M. Pelizäus for the PANDA Collaboration

Ruhr-Universität Bochum, Institut für Experimentalphysik I

A cc-pair bound by an excited gluonic flux tube is called a charmonium hybrid. The spin contribution of the flux tube can lead to spin-exotic states, of which the 1^{−+}-state (labelled η̃_{c1} in this work) is commonly expected to be the lightest with a mass between 4.1 and 4.4 GeV/c^2 [1],[2],[3]. Open and hidden charm decays are predicted such as η̃_{c1} → χ_{c1}π^0π^0 and η̃_{c1} → DD^∗.

Hybrid states are believed to appear in gluon-rich processes as seen in pp annihilations. One of the focuses of the PANDA experiment, which is going to be built at the antiproton storage ring (HESR) in course of the FAIR project at the GSI in Darmstadt, Germany, will be the search for gluonic excited charmonium states.

To demonstrate the sensibility of the PANDA experiment on detection of these states, Monte Carlo studies have been performed for pp → η̃_{c1}η production at the highest available energy √ s = 5.47 GeV [4]. Final states with a high photon multiplicity need to be reconstructed, wherefore an outstanding electromagnetic calorimeter is needed. In addition, a good identification of electrons, pions and kaons is mandatory.

Possible background channels are events with a similar signature as the signal reactions (such as J/ψπ^0π^0π^0η or D^0D^{∗0}π^0). Considering these reactions, a signal-to-background ratio of better than 200 (pp → η̃_{c1}η → χ_{c1}π^0π^0) and better than 4000 (pp → η̃_{c1}η → DD^∗) can be achieved. Assuming a cross section of 30 pb (calculated from the reverse reaction Ψ(2S) → ηpp for conventional charmonium [5]), the number of reconstructed events per month are N = B(η̃_{c1} → χ_{c1}π^0π^0) × 5 and N = B(η̃_{c1} → D^0D^{∗0}) × 2.

Thus, to detect the investigated reactions having low cross sections, the PANDA experiment in conjunction with the high luminosity of HESR is well suited.

References

[1] C. Bernard and J. Hetrick, Phys. Rev. D56, 7039 (1997).

[2] F. Close, Phys. Rev. D57, 5653 (1998).

[3] P. Page, Acta Phys. Polon. B29, 3387 (1998).

[4] M. F. Lutz, B. Pire, O. Scholten and R. Timmermans [The PANDA Collaboration], “Physics Performance Report for PANDA: Strong Interaction Studies with Antiprotons,” arXiv:0903.3905 [hep-ex].

[5] A. Lundborg, T. Barnes and U. Wiedner, Phys. Rev. D 73 (2006) 096003 [arXiv:hep-ph/0507166].

3.5 The BES III Tau-Charm Factory

M. Pelizaeus and J. Zhong (for the BES III Collaboration)

Ruhr-Universität Bochum, Institut für Experimentalphysik I

The BES III experiment [1] at the symmetric electron positron storage ring BEPC II (Beijing) running in the energy range √ s = 2 . . . 4.4 GeV has started its operation in summer 2008. The high luminosity of the machine in conjunction with the good tracking, particle identification and calorimetry of the detector offers excellent opportunities for light and charmed hadron spectroscopy, the study of charmonium transitions, DD̄ mixing, CP - violation in D meson decays, τ physics and other topics. During the first run periods in March-April and June-July 2009 data samples corresponding to more than 1 · 10^8 ψ(2S) and 2 · 10^8 J/ψ events, respectively, have been recorded.

Preliminary results on fully reconstructed ψ(2S) → χ_{cJ} γ decays, with χ_{cJ} decaying into π^+π^−π^+π^−, K^+K^−K^+K^−, and π^+π^−pp̄ have been presented. Clean χ_{cJ} signals for all three hadronic final states are observed, demonstrating the capabilities of the detector. Also an inclusive study of ψ(2S) → h_cπ^0, h_c → γη_c decays has been performed. Events are tagged by the radiative photon. The h_c is identified in the recoil spectrum of the reconstructed π^0, confirming the observation of the h_c recently reported by the CLEO collaboration [2, 3].

References

[1] D. M. Asner et al., arXiv:0809.1869 [hep-ex].

[2] J. L. Rosner et al. [CLEO Collaboration], Phys. Rev. Lett. 95 (2005) 102003

[3] P. Rubin et al. [CLEO Collaboration], Phys. Rev. D 72 (2005) 092004

3.6 The PANDA Electromagnetic Calorimeter

Jörn Becker und Thomas Held

Ruhr-Universität Bochum, Institut für Experimentalphysik I

Antiproton-proton annihilations in the high energy antiproton storage ring (HESR) of the future FAIR facility in Darmstadt will allow sensitive tests of quantum chromo dynamics. The PANDA detector aims at precision studies of charm-quark mesons, glue balls and hybrid mesons. One of the crucial detector components for those studies is the electromagnetic calorimeter [1]. Its overall concept is presented in the Technical Design Report for the PANDA EMC [2]. The PANDA calorimeter consists of about 15000 lead tungstate crystals in a barrel part, one forward and one backward endcap covering - in combination with a forward spectrometer - 99% of the whole solid angle. The scintillator material is radiation hard, allows a compact design, a high rate capability, a low energy threshold of 10 MeV, and an energy range up to 15 GeV. The energy resolution of the calorimeter is expected to be σ_E E ≤ 1% ⊕ 2% √ E/GeV . In order to raise the light yield of the scintillator material the operation temperature of the calorimeter will be -25^oC. The result is a factor of four more light compared to an operation at room temperature. Unfortunately the temperature dependence of the light yield at -25^oC increases to dLY/dT = 3%. Therefore temperature stability is essential for a high energy resolution. A sophisticated high insulating airtight casing is needed to keep the temperature stable and to prevent icing on the crystals. The thermal requirements are a temprature variation of less than 0.1^oC and a temperature inhomogeneity along a crystal of less than 0.1^oC per centimeter.

The monitoring of temperature and humidity inside the calorimeter is done by ’Temperature and Humidiy monitoring boards for PANDA’ (THMPs), designed for the readout of 64 channels each and rated for radiation doses up to 700 Gy at an operating range of -30^oC to +30^oC. PT 100 platinum temperature sensors with a thickness of only 60 μm, fitting in the space between adjacend crystals, have been developed. The achievable precision of the temperature monitoring is 0.05^oC.

There is a 192 crystal calorimeter endcap prototype under construction that will allow tests of the components and its composition under PANDA operating conditions.

References

[1] Physics Performance Report for: PANDA - Strong Interaction Studies with Antiprotons

[2] Technical Design Report for: PANDA Electromagnetic Calorimeter (EMC) - Strong Interaction Studies with Antiprotons

4 List of Participants

• Baru Vadim, Jülich Center for Hadron Physics • Becker Jörn, Ruhr-Universität Bochum • Cleven Martin, Jülich Center for Hadron Physics • Denig Achim, Universität Mainz • Dudek Jozef, Old Dominion Universtiy/J-Lab • Ehmann Christian, Universität Regensburg • Eidelmann Simon, Budker Institute of Nuclear Physics, Novosibirsk • Fritsch Miriam, Universität Mainz • Gillitzer Albrecht, Jülich Center for Hadron Physics • Guo Feng-Kun, Jülich Center for Hadron Physics • Hagen Christian, Universität Regensburg • Hammer Hans-Werner, Universität Bonn • Hanhart Christoph, Jülich Center for Hadron Physics • Held Thomas, Ruhr-Universität Bochum • Kalashnikova Yulia, ITEP, Moscow • Krewald Siegfried, Jülich Center for Hadron Physics • Llanes-Estrada Felipe, University Computense Madrid • Lutz Matthias F.M., GSI, Darmstadt • McNeile Craig, University of Glasgow • Mehen Thomas, Duke University • Metsch Bernard, Universität Bonn • Meißner Ulf-G., Universität Bonn and Jülich Center for Hadron Physics • Meyer Curtis, Carnegie Mellon University, Pittsburgh • Nefediev Alexey, ITEP, Moscow • Oset Eulogio, University of Valencia • Olsen Stephen, L., Seoul National University

• Pacetti Simone, Enrico Fermi Center Rome and INFN-LNF Frascati • Pakhlov Pavel, ITEP, Moscow • Pakhlova Glina, ITEP, Moscow • Patrignani Claudia, Universita’ di Genova and INFN • Pelizäus Marc, Ruhr-Universität Bochum • Peters Klaus, GSI, Darmstadt • Polosa Antonio, INFN Frascati • Ritman Jim, Jülich Center for Hadron Physics • Schulze Jan, Ruhr-Universität Bochum • Solodov Evgeny, Budker Institute of Nuclear Physics, Novosibirsk • Stockmanns Tobias, Jülich Center for Hadron Physics • Swanson Eric, University of Pittsburgh • Wiedner Ulrich, Ruhr-Universität Bochum • Ziegler Veronique, SLAC National Accelerator Laboratory, Menlo Park • Yuan Changzheng, IHEP, Beijing • Zhao Qiang, IHEP, Beijing • Zhong Jan, Ruhr-Universität Bochum