arXiv:1208.3081v1 [hep-ex] 15 Aug 2012

Recent charmonium results from BABAR

ELISABETTA PRENCIPE

Johannes Gutenberg, University of Mainz (DE) prencipe@slac.stanford.edu on behalf of the BABAR Collaboration

Recent results in the field of spectroscopy from the BABAR experiment are reported, with particular attention to the new states observed in ISR and γγ interactions using the full BABAR data sample. We confirm the states Y(4260) and Y(4360) with higher precision and for the first time the state Y(4660) is observed. We do not confirm the Y(4008) state reported by Belle. In addition, the analysis of the invariant mass of the J/ψω system produced in γγ interactions is presented in confirmation of the Belle observation of the X(3915) in this process.

PRESENTED AT

The 5^{th} International Workshop on Charm Physics Honolulu, Hawai’i (USA), May 14-17, 2012

1 Introduction

The past 10 years represent a very hightly productive period in the field of spectroscopy in physics, as many states not expected in theoretical predictions have been observed in different experiments, several decay modes and in different physics processes.

Because of their mass values and their decays to charmonium states, they are believed to have hidden charm content, and since they do not fit into the predicted charmonium spectrum they are usually referred to as charmonium-like states. The spin-parity assignment is in most cases unknown, therefore the standard naming convention cannot be used and they are named as X, Y or Z. They have been extensively investigated as possible candidates for non-conventional mesons, tetraquarks, glueballs or hybrids [1].

There are several ways to produce such X, Y, Z states at B factories:

• production in B decays: these are color-suppressed decays, typically processes with a B meson decaying to X(cc)K;

• two-photon production, for final X states with the quantum number J ≠ 1; the process involved is e^+e^− → e^+e^−cc;

• double charmonium production: this implies positive C parity of the final chamonium X(cc) state;

• production in continuum e^+e^− interactions: vector X initial states are produced in a process in which a photon is emitted from the e^+e^− initial state, followed by the production of a cc state at lower e^+e^− center-of-mass energy.

In this paper we summarize recent preliminary results from BABAR in γγ interactions, and in production in e^+e^− continuum via initial state radiation (ISR) processes.

2 New results in ISR processes

2.1 Analysis of the J/ψπ^+π^− system produced via ISR

The first result is related to the analysis of e^+e^− → γ_{ISR}J/ψπ^+π^− at BABAR [2], where a clear resonant state is observed. The study of this state has been already shown from several experiments[3, 4, 5, 6]. In the previous BABAR analysis a clear state at 4260 MeV/c^2 was observed using a data sample corresponding to 211 fb^{−1} integrated luminosity; now we confirm this state with higher precision using data corresponding to integrated luminosity 464 fb^{−1}. We do not confirm the resonant state reported by Belle at 4008 Mev/c^2 in a similar analysis. The state Y(4260) is still a puzzling object; we know that its quantum numbers are J^{P C} = 1^{−−}, because it is produced in an ISR process, but further investigation of this state is necessary. Fig. 1 shows the invariant J/ψπ^+π^− mass for the full BABAR dataset.

Figure 1: Invariant mass of the J/ψπ^+π^− system from the process e^+e^− → γ_{ISR}J/ψπ^+π^−. An extended-maximum-likelihood fit is performed to the data from the J/ψ signal region and simultaneously to the background distribution from the J/ψ sidebands (yellow histogram) in the region [3.74−5.5] GeV/c^2. The fit function incorporates the mass-dependence of efficiency and luminosity, and uses a relativistic Breit-Wigner (BW) signal function for the Y(4260), a 3^{rd}-order polynomial to describe the background, and an empirical exponential function to describe the excess of events below 4 GeV/c^2, which may result from the ψ(2S) tail and a possible J/ψπ^+π^− non-resonant contribution. Results for the mass and width of the Y(4260) are reported in Table 1.

The di-pion mass distribution from the Y(4260) signal region ([4.15−4.45] GeV/c^2) was investigated. We define θ_π as the angle between the π^+ direction and that of the recoil J/ψ, both in the di-pion rest frame. The distribution of cosθ, which must be symmetric, is consistent with S-wave behaviour (χ^2/NDF = 12.3/9, probability = 19.7%).

The π^+π^− mass distribution is shown in Fig. 2, where a structure peaking around the mass of f_0(980) is observed. The displacement of the peak toward lower mass suggest the possibility of interference between the f_0(980) and a π^+π^− continuum distribution.

A simple model is used to describe the di-pion mass distribution, namely the square of an amplitude consisting of the coherent sum of a non-resonant component, motivated by the QCD multipole expansion, and an f_0(980) amplitude; the relative

Figure 2: Fit to the π^+π^− invariant mass distribution.

strength and phase of these components are free to vary in the fit to the data. The mass dependence of the f_0(980) amplitude and phase is from the BABAR analysis of Ref.[7].

The result of the fit is shown in Fig. 2, and it is found that the Y(4260) decay to J/ψf_0(980) is not a dominant contribution to the J/ψπ^+π^− final state (BR ∼17%).

2.2 Analysis of the ψ(2S) π^+π^− system produced via ISR

The first evidence for a resonant state at 4360 MeV/c^2 produced in e^+e^− → γ_{ISR}ψ(2S) π^+π^− came from BABAR [8]; this was then confirmed by Belle[9]. We present an update of the BABAR discovery, and the confirmation of the Y(4660), which was not observed in the previous BABAR analysis because of the limited statistics. For this new analysis in BABAR we made use of the full datasets collected at the Υ(nS), n=2,3,4. As these two new states, the Y(4360) and Y(4660), are seen in an ISR process, we conclude that their quantum numbers are the same as those of the virtual photon: J^{P C} = 1^{−−}.

The ψ(2S)π^+π^− invariant mass spectrum, corresponding to an integrated luminosity of 530 fb^{−1}, is shown in Fig. 3.

An unbinned extended-maximum-likelihood fit is performed to the ψ(2S)π^+π^− invariant mass distribution for the events in the ψ(2S) signal region, and simultaneously to the background distribution corresponding to the ψ(2S) sideband regions (Fig. 3). In Table 1 the mass and width values obtained for the two resonances are reported.

The π^+π^− invariant mass spectrum was examined for each of the two resonance regions (Fig. 4). Unfortunately we cannot arrive at any clear conclusions due to the

Figure 3: Invariant mass of the ψ(2S) π^+π^− system from the process e^+e^− → γ_{ISR}ψ(2S) π^+π^−.

low statistics available. However, the events tend to cluster around the f_0(980) region of π^+π^− invariant mass for the Y(4660) signal region (Fig. 4(b)).

Figure 4: Dipion invariant mass distribution for the signal region of the (a) Y(4360) and (b) Y(4660).

Table 1: Mass and width values tor the states observed in the ISR processes (BABAR preliminary).

Resonance Mass (MeV/c^2) Γ (MeV) Y(4260) 4224 ± 5 ± 4 114^{+16}_{−15} ± 7 Y(4360) 4340 ± 16 ± 9 94 ± 32 ± 13 Y(4660) 4669 ± 21 ± 3 104 ± 48 ± 10

3 New results in γγ interactions

3.1 Analysis γγ → η_cπ^+π^−

The process under study is the production of an unknown state X, where γγ → X → η_cπ^+π^−. In this case X is considered to be one of the following candidates: χ_{c2}(1P), η_c(2S), X(3872) or χ_{c2}(2P), and the η_c decay process is η_c(1S)→ K^0_S K^±π^∓, with K^0_S → π^+π^−. The idea is to look for the X states in γγ interactions because their observation would add useful information on their decay modes and also on the quantum numbers of the X(3872). A theoretical prediction is that BF(η_c(2S)→ η_c(1S)π^+π^−) = 2.2%[10].

Our results are reported in Table 2. No significant signal is observed, but upper limits are established on the existence of the X candidate states in a γγ process. We find that BF(η_c(2S) → η_c(1S)π^+π^−) <7.4% at 90% confidence level (c.l.), which is consistent with the theoretical prediction.

Table 2: UL (90% c.l.) values obtained from the analysis of γγ → X → η_cπ^+π^− (BABAR preliminary).

Resonance M_X (MeV/c^2) Γ_X (MeV) Γ_{γγ} B (eV) UL χ_{c2}(1P) 3556.20 ± 0.09 1.97 ± 0.11 15.7 η_c(2S) 3638.5 ± 5.6 13.4 ± 5.6 133 X(3872) 3871.57 ± 0.25 3.0 ± 2.1 11.1 X(3915) 3915.0 ± 3.6 17.0 ± 10.4 16 χ_{c2}(2P) 3927.2 ± 2.6 24 ± 6 19

3.2 Analysis γγ → J/ψω

An interesting recent result from BABAR [11] involves the study of the the invariant mass of the J/ψω system produced via γγ interactions. After the discovery of the Y(3940) state by Belle[12] in the decay B^± → J/ψωK^±, BABAR confirmed the existence of a similar resonant state in B decays[13], but with lower mass and smaller width compared to the Belle results.

In a re-analysis[14] of the BABAR data which used the complete Υ(4S) data sample and reduced the lower limit on the ω signal region to 740 MeV/c^2, the precision of the Y(3940) measurements was improved, and evidence for the decay X(3872)→ J/ψω was reported. This confirmed an earlier unpublished Belle claim for the existence of this decay mode[15]. The latter was based on the behaviour of the invariant π^+π^−π^0 mass distribution near the X(3872) mass, whereas the BABAR result is obtained directly from a fit to the J/ψω mass distribution.

A subsequent paper from Belle [16] reports the observation in γγ → J/ψω of a state, the X(3915), with mass and width values similar to those obtained for the Y(3940) in the BABAR analysis[13].

The preliminary result of the BABAR γγ analysis is reported in Fig. 5, where a resonant state around 3915 MeV/c^2 is observed, but no evidence for the X(3872) is found, as in the Belle paper. The peak at 3915 MeV/c^2 is observed with 7.6σ significance, using the data samples collected from BABAR at Υ(nS), n=2,3,4, in total 520 fb^{−1}. A summary of the fit results is presented in Table 3. A study of the spin-parity assignment of the X(3915) is presently in progress.

Figure 5: Invariant mass of the J/ψω system from the process γγ → J/ψω.

Table 3: Fit values obtained for the X(3915) (BABAR preliminary).

X(3915) BABAR Belle M_X (MeV/c^2) 3919.4 ± 2.2 ± 1.6 3915 ± 3±2 Γ_X (MeV) 13 ± 6 ± 3 17 ± 10 ± 3 Γ_{γγ} B (eV) , J=0 52 ± 10 ±3 61 ± 17 ±8 Γ_{γγ} B (eV) , J=2 10.5 ± 1.9 ± 0.6 18 ± 5 ± 2

4 Conclusion

We have shown preliminary results from new BABAR analyses, in particular from ISR processes and γγ interactions. We confirm the states Y(4260), Y(4360) and Y(4660) in ISR processes, and also the existence of the X(3915) in the reaction γγ → J/ψω . The state Y(4008) reported by Belle in e^+e^− → J/ψπ^+π^− is not confirmed.

No evidence of the X(3872) was found in γγ → J/ψω. It should not be present if it has J=1, but its absence could be due also to weak coupling to the two-photon initial state.

Many other analyses are in progress at present, and BABAR is still producing very interesting results 4 years after the end of data-taking.

We are grateful for the excellent luminosity and machine conditions provided by our colleagues, and for the substantial dedicated effort from the computing organizations that support BABAR . The collaborating institutions wish to thank SLAC for its support and kind hospitality. This work is supported by DOE and NSF (USA), NSERC (Canada), CEA and CNRS-IN2P3 (France), BMBF and DFG (Germany), INFN (Italy), FOM (The Netherlands), NFR (Norway), MIST (Russia), MEC (Spain), and STFC (United Kingdom). Individuals have received support from the Marie Curie EIF (European Union) and the A. P. Sloan Foundation.

References

[1] N. Brambilla, S. Eidelman, B. K. Heltsley, R. Vogt, G. T. Bodwin, E. Eichten, A. D. Frawley and A. B. Meyer et al., Eur. Phys. J. C 71, 1534 (2011) [arXiv:1010.5827 [hep-ph]].

[2] BaBar Coll., arXiv:1204.2158 [3] BaBar Coll., Phys. Rev. Lett. 95, 142001 (2005). [4] Belle Coll., Phys. Rev. Lett. 99, 182004 (2007). [5] CLEOIII Coll., Phys. Rev. D. 74, 091104 (2006). [6] CLEOc Coll., Phys. Rev. Lett. 96, 162003 (2006). [7] BaBar Coll., Phys. Rev. D. 79, 032003 (2009). [8] BaBar Coll., Phys. Rev. Lett. 98, 212001 (2007). [9] Belle Coll., Phys. Rev. Lett. 99, 142002 (2007). [10] M. B. Voloshin., Mod. Phys. Lett. A 17, 1533 (2002). [11] BaBar Coll., arXiv:1207.2651 [12] Belle Coll., Phys. Rev. Lett. 94, 182002 (2005). [13] BaBar Coll., Phys. Rev. Lett. 101, 082001 (2008). [14] BaBar Coll., Phys. Rev. D. 82, 011101 (R) (2010). [15] Belle Coll., /hep-ex/0505037.

[16] Belle Coll., Phys. Rev. Lett. 104, 092001 (2010).