arXiv:hep-ph/0210399 v1 29 Oct 2002

DESY 02-169 EFI 02-55

PRODUCTION OF MISSING cc̄ and bb̄ STATES^∗

STEPHEN GODFREY^{a,b} AND JONATHAN L. ROSNER^c aDepartment of Physics, Carleton University, Ottawa K1S 5B6 CANADA bDESY, Deutsches Elektronen-Synchrotron, D22603 Hamburg, GERMANY cEnrico Fermi Institute and Department of Physics University of Chicago, 5640 S. Ellis Avenue, Chicago, IL 60637

The heavy quarkonium cc̄ and bb̄ resonances have a rich spectroscopy with numerous narrow S, P , and D-wave levels below the production threshold of open charm and beauty mesons. The mass predictions for these states are an important test of QCD calculations. We review some recent work describing the production of missing η_b(nS), 1^3D_J (bb̄) and 1^1P_1 (cc̄) and 1^1P_1 (bb̄) states.

The recent discovery of a D-wave bb̄ state by the CLEO collaboration^1 and the discovery of the η^′_c in B → η^′_cK by the BELLE collaboration^2 have brought heavy quarkonium physics to the forefront. The CLEO collaboration continues to take data at the Υ(3S) and Υ(2S), and the B-factories’ observation of charmonium states in B decay has led to the hope that some of the missing cc̄ states may be observed in B decay. At the same time, advances in lattice QCD calculations of the heavy quarkonium spectra are leading to quantitative predictions which need to be tested against experiment^3. With these developments, we expect a much better understanding of heavy quarkonium. We summarize some recent work describing the production of missing 1^3D_J (bb̄), η_b(nS) and 1^1P_1(cc̄) and 1^1P_1(bb̄) states^{4,5,6}.

Although^3D_1 states can be produced in e^+e^− collisions this approach requires substantial statistics owing to the small coupling of the^3D_1(bb̄) to the photon and the effects of line smearing. Another approach is via the electromagnetic cascades Υ(3S) → γχ^′_b → γγ^3D_J . Using quark model estimates of both E1 dipole transitions and decays to final state hadrons^7 we estimate the number of events for 4γ cascades that proceed via various

∗This work was supported in part by the United States Department of Energy through Grant No. DE FG02 90ER40560 and the Natural Sciences and Engineering Research Council of Canada. 1

2 intermediate states^4 with the dominant cascades listed in Table 1. We expect a total of ∼ 38 events per 10^6 Υ(3S)’s to be produced via^3D_J states. A substantial background will be 4γ cascades proceeding via the 2^3S_1 state which will also produce ∼ 38 events per 10^6 Υ(3S)’s. These events can be separated from those with 1^3D_J ’s by taking advantage of the different intermediate photon energies. The CLEO collaboration successfully employed this strategy for the first observation of a triplet Υ(1D) state^1.

Table 1. Predicted numbers of some 4γ e^+e^− cascade events per 10^6 Υ(3S) decays. From Ref. [4].

Cascade Events

3^3S_1 → 2^3P_2 → 1^3D_3 → 1^3P_2 → 1^3S_1 7.8 3^3S_1 → 2^3P_2 → 1^3D_2 → 1^3P_1 → 1^3S_1 2.7 3^3S_1 → 2^3P_1 → 1^3D_2 → 1^3P_1 → 1^3S_1 20 3^3S_1 → 2^3P_1 → 1^3D_1 → 1^3P_1 → 1^3S_1 3.3

The η_b(nS)’s can be produced via the magnetic dipole (M1) transitions Υ(nS) → η_b(n^′S) + γ^5. The available phase space for allowed transitions (principal quantum number is unchanged) is small resulting in a small partial width. The hindered transitions (principal quantum number changes) have large available phase space but in the nonrelativistic limit the overlap integral is zero owing to the orthogonality of the initial and final wavefunctions. However, relativistic corrections from the hyperfine interaction lead to differences in the^3S_1 and^1S_0 wavefunctions resulting in a non-zero overlap. The branching ratios for Υ(nS) → η_b(n^′S)γ are given in Table 2. With these BR’s we expect η_b’s to be produced at a substantial rate. Another possible production process for η_b’s is Υ(3S) → h_b(^1P_1)ππ → η_b+γ+ππ^{9,10}. The BR for Υ(3S) → h_b(^1P_1)ππ is expected to be 0.1-1 % while the BR for h_b(^1P_1) → η_b + γ is estimated to be ∼ 50%.

To produce the^1P_1 cc̄ and bb̄ states we start by considering the electromagnetic cascade^6;

Υ(3S)^{M1}→ η_b(2S) + γ^{E1}→ h_b(1P ) + γγ^{E1}→ η_b(1S) + γγγ (1)

Quark model estimates of the branching fractions give^6 Γ[η_b(2S) → h_b(1P ) + γ] = 2.3 keV and Γ[η_b(2^1S_0) → gg] = 4.1 ± 0.7 MeV. Combining the resulting branching ratios for B[Υ(3S) → η^′_b + γ] and B[η^′_b → h_b + γ] gives B[Υ(3S) → η^′_bγ → h_bγγ] = 2.6 × 10^{−7} resulting in only 0.3 events per 10^6 Υ(3S)’s. Similarly, B[ψ(2S) → η^′_cγ → h_cγγ] = 10^{−6} or 1 event

3 Table 2. Branching ratios of M1 transitions between n^3 S_1 and n^{′1} S_0 bb̄ levels taking into account relativistic corrections. From Ref. [5] using wavefunctions from Ref. [8].

Transition B(10^{−4})

Υ(3S) → 3^1S_0 0.10 → 2^1S_0 4.7 → 1^1S_0 25 Υ(2S) → 2^1S_0 0.21 → 1^1S_0 13 Υ(1S) → 1^1S_0 2.2

per 10^6 ψ^′’s. A more promising possibility utilizes the hadronic decay Υ(3S) → π1^1P_1 which is estimated to have a BR of around 0.1%^{10}:

Υ(3S) → h_b(1P ) + π^{E1}→ η_b(1S) + γ + π (2)

The radiative and hadronic widths of the^1P_1 states given by Ref. [6] Γ[h_b(1P ) → η_b(1S) + γ] = 37 keV and Γ[h_b(1P ) → ggg] = 50.8 keV. Combining the branching ratios in this decay chain yields B[Υ(3S) → h_b + π^0 → η_b +γπ^0] = 4×10^{−4} resulting in 400 events per 10^6 Υ(3S)’s. Similarly B[ψ(2S) → h_c + π^0 → η_c + γπ^0] = 3.8 × 10^{−4}. In both cases it appears that the 1^1P_1 should be produced in sufficient numbers to be observed. The recent Belle observation^2 of the η_c(2S) in B → η_c(2S)K also offers the possibility that the h_c can also be observed in B decay.

References 1. CLEO Collaboration (S.E. Csorna et al.), [hep-ex/0207060]. 2. BELLE collaboration (S.K. Choi et al.), Phys. Rev. Lett. 89, 102001 (2002), Erratum ibid, 89, 129901 (2002) [hep-ex/0206002].

3. E.g., C.T. Davies et al., Phys. Rev. D58, 054505 (1998); T. Manke et al., Phys. Rev. D62, 114508 (2000); M. Okamoto et al., Phys. Rev. D65, 094508 (2002).

4. S. Godfrey and J. Rosner, Phys. Rev. D64, 097501 (2001). 5. S. Godfrey and J. Rosner, Phys. Rev. D64, 074011 (2001). 6. S. Godfrey and J. Rosner, Phys. Rev. D66, 014012 (2002). 7. W. Kwong and J.L. Rosner, Phys. Rev. D38, 279 (1988). 8. S. Godfrey and N. Isgur, Phys. Rev. D32, 189 (1985). 9. Y.-P. Kuang and T.-M. Yan, Phys. Rev. D24, 2874 (1981). 10. M. B. Voloshin, Yad. Fiz 43, 1571 (1986) [Sov. J. Nucl. Phys. 43, 1011 (1986)]; M. B. Voloshin and V. I. Zakharov, Phys. Rev. Lett. 45, 688 (1980).