Observation of f_0(1500) → (ππ)_S (ππ)_S in p̄p annihilation at rest

Curtis A. Meyer, Carnegie Mellon University The Crystal Barrel Collaboration^{[1]}

We report here on the first observation by the Crystal Barrel of the four–pion decay of the glueball candidate f_0(1500). The Crystal Barrel detector has been described elsewhere.^{[2]} We only mention that it is a nearly 4π solid angle device for detecting both charged particles and photons with good spatial and energy resolution. The detector is used at the Low Energy Antiproton Ring at CERN to observe p̄p annihilations at rest. The f_0(1500) has been observed in several glue–rich production mechanisms^{[3]}, and its decay to two pseudoscalar mesons has been studied in detail by us.^{[4]} The unusual decay pattern into two pseudoscalar mesons has led to an interpretation of the f0(1500) as the ground state scalar glueball mixed into the normal scalar nonet.^{[5]} We observe f_0(1500) in p̄p → f_0(1500)π^∘ → [π^∘π^∘π^∘π^∘] π^{∘ [8]}. The data for this 10γ final state come from 18 × 10^6 p̄p annihilations to final states with zero charged particles. The data are kinematically fit to a 5π^∘ final state, while events satisfying other 10γ hypothesis such as η4π^∘ are rejected. Additionally, events with more than one acceptable 5π^∘ combinations are rejected. Finally, events satisfying ηπ^∘π^∘ with η → π^∘π^∘π^∘ are removed. From the resulting large (on order 100,000) data sample, 25,000 events are used in the spin–parity analysis. 45,000 Monte Carlo events satisfying the same cuts are used for normalization.

A spin parity analysis is performed in the framework of the isobar model. An unbinned maximum likelyhood fit is done over the 8–dimensional phase space to determine what intermediate states are present. In performing the analysis, it is assumed that S–wave initial states dominate the annihilations. Additionally, C–parity prevents the^3S_1 initial state of the p̄p atom from decaying to 5π^∘. Only initial^1S_0 states are considered. From known branching ratios, the annihilation to 5π^∘ via f_2(1270)π^∘ and the a_1(1260)(π^∘π^∘) should play a very small role. This is confirmed by the fit, and they are neglected. Additionally, the ρ(770) does not decay to 2π^∘.

This leaves as input several spin zero mesons. in the following decays We consider up to three f_0 states: f_0(1300), f_0(1500) and f_0(1750). (1) f_0 → (ππ)_S (ππ)_S where (ππ)_S is the isopin zero, J^{P C} = 0^{++} two pion scattering amplitude.^{[6]} (2) f_0 → π^∗(1300)π, π^∗ → (ππ)_S π, where π^∗ is the π(1300) of the pdg.^{[7]} (3) p̄p → π^∗(1300)(ππ)_S. As all spins and angular momenta are 0, we anticipate having difficulty distinguishing a broad f_0(1300) from (1) and the π^∗ decay from (3). This is indeed what the fit finds.

The one very stable component of the fit is the f_0(1500) → 4π^∘. The mass and width agree quite well with measured values. Independent of the admixture of (1), (2), and (3), the f_0(1500) represents (12.7 ± 1.6)% of the 5π^∘ final state. Combining this with other Crystal Barrel analyses, we find: r = B(f_0(1500) → 4π) B(f_0(1500) → 2π) = 3.4 ± 0.8, where 4π means decays not proceeding via ρρ. The fit is unable to unabigiously separate decays (1) and (2) above; both are present but the exact admixture can not be determined. Additionally, we find two equally good solutions for the remainder of the decay channels. These will not be discussed here.Several projections of the data compared to the best fit are shown in Fig. 1. One can see that the fit does an excellent job of describing the data.

In order to understand this final state and resolve the ambiguities of this analysis, a new analysis of π^+π^−3π^{∘ [9]}, and an analysis of p̄d → π^+2π^−2π^∘p are being performed. The π^+π^−3π^∘ data currently confirm the 4π decay of the f_0(1500).

References

[1] A. Abele, B. Adomeit, C. Amsler, D.S. Armstrong, C.A. Baker, B.M. Barnett, C.J. Batty, M. Benayoun, A. Berdoz, K. Beuchert, P. Blüm, K. Braune, J. Brose, D.V. Bugg, T. Case, A. Cooper, O. Cramer, K.M. Crowe, T. Degener, H.P. Dietz, N. Djaoshvili, S. v. Dombrowski,

Figure 1: Best fit compared to invariant mass and angular distributions.

M. Doser, W. Dünnweber, D. Engelhardt, M.A. Faessler, P. Giarritta, R. Hackmann, R.P. Haddock, F.H. Heinsius, M. Herz, N.P. Hessey, P. Hidas, D. Jamnik, H. Kalinowsky, B. Kalteyer, B. Kämmle, P. Kammel, T. Kiel, J. Kisiel, E. Klempt, H. Koch, C. Kolo, M. Kunze, M. Lakata, R. Landua, J. Lüdemann, H. Matthaey, R. McCrady, J.Meier, C.A. Meyer, L. Montanet, A. Noble, R. Ouared, F. Ould-Saada, K. Peters, C.N. Pinder, G. Pinter, C. Regenfus, J. Reißmann, S. Resag, W. Roethel, P. Schmidt, I. Scott, R. Seibert, S. Spanier, H. Stöck, C. Straßburger, U. Strohbusch, M. Suffert, U. Thoma, M. Tischhaeuser, D. Urner, C. Völcker, F. Walter, D. Walther, U. Wiedner, B. Zou, Č. Zupančič.

[2] E. Aker et al., Nucl. Instrum. Methods A321, 69, (1992).

[3] D. V. Bugg, I. Scott, B. S. Zou, V. V. Anisovich, A. V. Sarantsev, T. H. Burnett, S. Sutlief, Phys. Lett. B353, 378, (1995). F. Antinori et al., Phys. Lett. B353, 589, (1995).

[4] C. Amsler, et al., Phys. Lett. B355, 425, (1995). Also see S. Spanier, in these proceedings.

[5] C. Amsler, F. E. Close, Phys. Lett. B353, 385, (1995). C. Amsler, F. E. Close, Phys. Rev. D53, 295, (1996).

[6] K. L. Au, D. Morgan and M. R. Pennington, Phys. Rev. D35, 1633, (1987).

[7] K. Hikasa, et al., Phys. Rev. D50 II, (1994).

[8] A. Abele, et al., A Study of f_0(1500) ecays into 4π^∘ in p̄p → 5π^∘ at Rest. Accepted for publication in Phys. Lett. B., (1996).

[9] C. Amsler, et al., Phys. Lett. B322, 431, (1994).