SLAC–PUB–5926 Septem ber 1992 (T/E)

SPECTR OSCOPY OF THE D–W AVE qq̄ SYSTEM; EVIDENCE FOR TW O J^P = 2^− STRANGE MESON STATES DECA YING TO K^− ω^⋆

B.N. Ra tcliff,^1 D. Aston,^1 N. Awaji,^2 T. Bienz,^1 F. Bird,^1 J. D’Amore,^3 W. Dunw oodie,^1 R. Endorf,^3 K. Fuji i,^2 H. Hayashi i,^2 S. Iwat a,^2 W.B. Johnson,^1 R. Kajika wa,^2 P. Kunz,^1 Y. Kw on,^1 D.W.G.S. Leith,^1 L. Levinson,^1 T. Ma tsui,^2 B.T. Meado ws,^3 A. Miyamoto,^2 M. Nussba um,^3 H. Ozaki,^2 C.O. Pak,^2 P. Rensing,^1 D. Schul tz,^1 S. Shapir o,^1 T. Shimomura,^2 P. K. Siner vo,^1 A. Sugiy ama,^2 S. Suzuki,^2 T. Tauchi,^2N. Toge,^1 K. Ukai,^4 A. Waite,^1 S. Williams^1

1Stanford Linear Accelerator Center, Stanford University, CA 94309, USA 2Departmen t of Physics, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464, JAPAN 3Departmen t of Physics, University of Cincinnati, Cincinnati, OH 45221, USA 4Institute for Nuclear Study, University of Tokyo, 3-2-1 Midori-cho, Tanashi-shi, Tokyo 188, JAPAN

ABSTRA CT Evidence is presented for two J^P = 2^− strange mesons; one at ∼ 1.77 and the other at ∼ 1.82 GeV/ c^2. These states have been observed in a partial wave analysis of the K^− ω system in the reaction K^− p → K^− π^+ π^− π^0p where the strange mesons decay into K^− ω and the ω then decays to π^+ π^− π^0. The data set contains ∼ 10^5 K^− ω p events at 11 GeV/c taken with the LASS spectrometer at SLAC.

INTR ODUCTION Even though evidence for the quark model is very strong, the correct qq̄ quark model assignments of all the known mesons are far from clear. There are a number of states that are experimentally “missing,” even for the low spin multiplets, and there is considerable controversy in the assignment of several of the light non-strange mesons. This is particularly true for the 0^{++} multiplet where there are “to o many” candidate states. Table 1 reproduces the suggested assignments ofthe Particle Data Group (PDG).^1 The most obvious “hole” is in the D-wave 2^− sector, where there is no specific qq̄ combination with good candidates for both singlet and triplet 2^− states. This is true even for the strange meson spectrum,

⋆ Work supp orted by Departmen t of Energy contract

DE–A C03–76SF00515; the National Science Foundation under grant Nos. PHY82-09144, PHY85-13808, and the Japan-US Cooperativ e Researc h Pro ject on High- Energy Physics.

which is the best understo od of any qq̄ system. Figure 1 shows the strange meson spectrum from the LASS/SLAC Kp program before the analysis presented here today. Even though the number of strange states observed is quite large, with orbitally excited states up to 5^− and with a significant number of triplet and radially excited candidates, the expected level structure is only complete for the L = 0 and L = 1 ground states. Completing the Dwave (L = 2) singlet and triplet levels would sharp en comparison of the experimental data with the models considerably,^2 particularly for the spin-dependent forces.

In this paper, we present evidence for two strange 2^− states in the K_2(1770) region. These results are taken from a highstatistics study of the Kω system produced in the reaction

K^− p → K^− π^+ π^− π^0p (1)

at 11 GeV/c. The data were obtained with the Large Aperture Superconducting Solenoid

Contributed talk presen ted at the XXVI International Conference on High-Energy Physics, Dallas, Texas, August 612, 1992

Table I. From PDG Phys. Rev. D III. 69 1 June (1992)

ud̄, uū, dd̄ uū, dd̄, ss̄ cc̄ bb̄ s̄u, s̄d cū, cd̄ cs̄ b̄u, b̄d

N^{2S +1} LJ J^{P C} I = 1 I = 0 I = 0 I = 0 I = 1/2 I = 1/2 I + 0 I + 1/2

1^1S0 0^{− +} π η,η^′ ηc K D Ds B

1^3S1 1^{−−} ρ ω ,ϕ J /ψ(1S) Υ(1 S) K^⋆ (892) D^⋆ (2010) Ds (2110) B^β (5330)

1^1P1 1^{+ −} b1(1235) h1(1170),h1(1380) K 1B † D1(2420) Ds1(2536)

1^3P0 0^{++} a0(980) f 0(1400),f 0(975) χ c0(1P ) χ b0(1P ) K^⋆_0 (1430)

1^3P1 1^{++} a1(1260) f 1(1285),f 1(1510) χ c1(1P ) χ b1(1P ) K 1A †

1^3P2 2^{++} a2(1320) f 2(1270),f^′_2(1525) χ c2(1P ) χ b2(1P ) K^⋆_2 (1430) D^⋆_2 (2460)

1^1D2 2^{− +} π2(1670)

1^3D1 1^{−−} ρ(1700) ω (1600) ψ (3770) K^⋆ (1680)

1^3D2 2^{−−} K 2(1770)

1^3D3 3^{−−} ρ3(1690) ω 3(1670),ϕ3(1850) K^⋆_3 (1780)

1^3F4 4^{++} a4(2040) f 4(2050),f 4(2220) K^⋆_4 (2045)

2^1S0 0^{− +} π(1300) η(1295) ηc(2S) K (1460)

2^3S1 1^{−−} ρ(1450) ω (1390),ϕ(1680) ψ (2S) Υ(2 S) K^⋆ (1410)

2^3P2 2^{++} f 2(1810),f 2(2010) χ b2(2P ) K^⋆_2 (1980)

3^1S0 0^± π(1770) η(1760) K (1830)

† The K 1A and K 1B are nearly 45^o mixed states of the K 1(1270) and K 1(1400).

Table 1. The qq̄ quark model assignments suggested by the PDG^1 for most of the experimentally known low spin meson systems.

(LASS) spectrometer at SLAC, which is described in detail elsewhere.^3 Since the LASS spectrometer was not equipped with a photon detector, the π^0 in the final state is not seen directly, but is reconstructed in the missing π^0 channel. The K^− ω p sample of ∼ 10^5 events obtained in this experiment is at least 25 times larger than that obtained in any previous experiment.

DATA AND ANAL YSIS The π^+ π^− π^0 mass spectrum of Figure 2 shows a clear ω signal, with signal to background ratio about one to one in the signal region (0.72–0.84 GeV/ c^2 ). It is clear from the Dalitz plot (not shown) that the high-mass Kω region overlaps with substan tial production of several baryon resonances, so events with M_{pω} < 2.28 or M_{pK} < 2.0 GeV/ c^2 are eliminated. The K^− π^+ π^− π^0 effective mass distribution in the ω region [Fig. 3(a)] shows peaks in the K^− ω threshold region and in the region around 1.75 GeV/ c^2. The shaded histogram shows the events with the baryon resonance region removed. Most of the high mass K^− ω events lie in the overlap region and are removed by this cut.

The analysis, more details ofwhich can be found elsewhere,^4 is performed using joint decay spherical-harmonic moments in the K^− ω Gottfried-Jac kson frame and the ω rest frame, using the normal to the decay plane as the analyzer. The π^+ π^− π^0 mass spectrum shown in Fig. 2 contains a significant background under the ω peak region (6.72 to 0.84 GeV/ c^2). Each moment is background subtracted using the ω sideband regions indicated (0.64 to 0.70 GeV/ c^2 and 0.86 to 0.92 GeV/ c^2) and acceptance corrected, after which the partial 2 waves for J^P of the K^− ω system up to 3^− are determined .

The background and acceptance corrected K^− ω mass distribution obtained is shown in Fig. 3(b). The main features are similar to those observed for the uncorrected data. There is a strong peak at threshold, and a large bump in the 1.7 to 1.8 GeV/ c^2 region, with some evidence for a smaller structure around 1.5 GeV/ c^2.