Dynamics of glueball and qq̄ production in the central region of pp collisions

Andrei Sobol^{a,b} representing the WA102 collaboration^1

a Laboratoire de la Physique des Particules, Annecy-le-Vieux, France b Institute for High Energy Physics, Protvino, Russia E-mail: sobol@mx.ihep.su

Abstract. A strong dependence of meson production with different J^{P C} on the angle between the transverse momentum vectors of the outgoing protons is observed. The ϕ and t dependences of several resonances with J^{P C} = 0�^+, 1^{++}, 2�^+ can be described by a model of double Pomeron exchange for the soft Pomerons acting as non-conserved vector currents. The 0^{++} and 2^{++} sector reveals a systematic behaviour in the data that appears to distinguish between qq̄ and non-qq̄ or glueball candidates.

INTRODUCTION

The WA102 fixed target experiment [1] at the CERN Omega Spectrometer studies centrally produced exclusive final states formed in the reaction pp → p_f Xp_s at 450 GeV/c, where subscripts f and s refer to the fastest and slowest particles in the laboratory frame respectively and X represents the central system. Such reactions are predicted to be a source of gluonic final states via double Pomeron exchange (DPE) [2]. There has been an intensive experimental programme in the last two years by the WA102 collaboration which has produced a large and detailed data set in meson spectroscopy [3]. A strong dependence on the angle between the transverse momentum vectors of the outgoing protons was observed in meson production with different J^{P C} .

1) D.Barberis, F.G.Binon, F.E.Close, K.M.Danielsen, S.V.Donskov, B.C.Earl, D.Evans, B.R.French, T.Hino, S.Inaba, A.Jacholkowski, T.Jacobsen, G.V.Khaustov, J.B.Kinson, A.Kirk, A.A.Kondashov, A.A.Lednev, V.Lenti, I.Minashvili, J.P.Peigneux, V.Romanovsky, N.Russakovich, A.Semenov, P.M.Shagin, H.Shimizu, A.V.Singovsky, A.Sobol, M.Stassinaki, J.P.Stroot, K.Takamatsu, T.Tsuru, O.Villalobos Baillie, M.F.Votruba, Y.Yasu.

THE EFFECT OF NON FLAT AZIMUTHAL ANGLE

The azimuthal angle ϕ is defined as the angle between the p_T vectors of the p_f and p_s in the pp centre of mass. Naively it may be expected that this angle would be flat irrespective of the resonances produced. The experimentally observed ϕ dependences are clearly non flat [3] and considerable variations are found between resonances with different J^{P C} s. Figures 1(a), 2(a), 3(a), 4(a-d) show the ϕ dependences for resonances with J^{P C} = 0^{−+} (the η^′), with J^{P C} = 2^{−+} (the η_2(1645)), with J^{P C} = 1^{++} (the f_1(1285)), two with J^{P C} = 0^{++} (the f_0(1370) and f_0(1500)) and two with J^{P C} = 2^{++} (the f_2(1270) and f_2(1950)) respectively.

THEORETICAL STUDY ON Œ DEPENDENCE

Several theoretical papers have been published on ϕ dependence [4,5]. All agree that the exchanged particle (it can be Pomeron) must have J > 0 and that J = 1 is the simplest explanation. Using γ^∗γ^∗ collisions as an analogy Close and Schuler have calculated the ϕ dependencies for the production of resonances with different J^{P C} s [5]. In their model for DPE the Pomeron acts as non-conserved vector current and the cross section of central production is expressed as follows: dσ dt_1dt_2dϕ^′ ∼ G^p_E^2(t_1)G^p_E^2(t_2)F^2(t_1, t_2)A(t_1, t_2, ϕ^′),

where ϕ^′ is the angle between two pp scattering planes in the Pomeron-Pomeron centre of mass^2; G^p_E(t) is the proton-Pomeron form factor which is described using the Donnachie Landshoff formalism [6]; A(t_1, t_2, ϕ^′) is the prediction for the interaction of two Pomerons acting like non-conserved vector currents; F^2(t_1, t_2) is the Pomeron-Pomeron-meson form factor which for collisions of two Pomerons with a given polarisation (transverse T or longitudinal L) is parametrized as: e^{−(bT ti+bLtj )}, i, j = 1, 2. 0^{−+} – the η^′. According to Close-Schuler model

A(t_1, t_2, ϕ^′) = t_1t_2 sin^2(ϕ^′), F^2(t_1, t_2) = e^{−bT (t1+t2)}.

Fig.1 (a) shows a good agreement of model prediction with experimental ϕ dependence. In order to describe the t dependence, fig.1 (b), one need b_T = 0.5 GeV^{−2}.

1^{++} – the f_1(1285). For 1^{++} states the model predicts that J_Z = ±1 should dominate, which has been found to be correct [3], and then

A(t_1, t_2, ϕ^′) = ( √ t_1 − √ t_2)^2 + 4 √ t_1t_2 sin^2(ϕ^′/2), F^2(t_1, t_2) = e^{(−bT ti+bLtj )}.

2) The WA102 collaboration measures the azimuthal angle ϕ in the pp c.m. frame. To compare the experimental result with model predictions the angle ϕ0 is transformed to ϕ.

As can be seen from fig.3 (a) the ϕ distribution is in good agreement with prediction. Fixing b_T from the previous case we can determine b_L from the t distribution, fig.3 (b), to be b_L = 3 GeV^{−2}. In addition we have a parameter free prediction of the variation of the ϕ distribution as a function of |t_1 − t_2|. Fig. 3 (c) and (d) show the output of the Monte Carlo superimposed on the ϕ for the f_1(1285) for |t_1 −t_2| ≤ 0.2 GeV^{−2} and |t_1 −t_2| ≥ 0.4 GeV^{−2} respectively. The agreement between the data and the prediction is very good.

FIGURE 1. (a) The ϕ and (b) t distributions for the η0 for the data (dots) and the model predictions from Monte-Carlo (histogram).

FIGURE 2. (a) The ϕ and (b) t distributions for the η_2(1645) for the data (dots) and the Monte-Carlo (histogram).

FIGURE 3. (a) The ϕ and (b) t distributions for the f_1(1285) for the data (dots) and the Monte-Carlo (histogram). (c) and (d) the ϕ distributions for |t_1 − t_2| ≤ 0.2 and |t_1 − t_2| ≥ 0.4 GeV^2 respectively.

FIGURE 4. The ϕ distributions for the (a) f_0(1370), (b) f_0(1500), (c) f_2(1270) and (d) f_2(1950) for the data (dots) and the Monte-Carlo (histogram).

2^{−+} – the η_2(1645). The 2^{−+} states are predicted to be produced polarized and helicity 2 suppressed. This has been found experimentally to be true [3]. In this case

A(t_1, t_2, ϕ^′) = ( √ t_1 − √ t_2)^2 + 4 √ t_1t_2 cos^2(ϕ^′/2), F^2(t_1, t_2) = e^{(−bT ti+bLtj )}.

Parameters b_T and b_L are fixed now. Fig.2 shows the remarkable agreement between the data and parameter free model predictions.

J^{P C} = 0^{++} and 2^{++}. For 0^{++} and helicity zero amplitude of 2^{++} (which experimentally is found to dominate [3]) the model prediction is

F^2(t_1, t_2)A(t_1, t_2, ϕ^′) = t_1t_2[e^{(− bL(t1+t2)2 )} + √ t_1t_2 μ^2 e^{(− bT (t1+t2)2 )} cos(ϕ^′)]^2.

The overall ϕ dependences for the f_0(1370), f_0(1500), f_2(1270) and f_2(1950) can be described by varying the quantity μ^2. Results are shown in fig.4. It is clear that these ϕ dependences discriminate two classes of resonances in the 0^{++} sector and also in the 2^{++}. The f_0(1370) and f_2(1270) can be described using μ^2 ≈ −0.5 GeV^2, for the f_0(1500) and f_2(1950) μ^2 = +0.7 GeV^2. If this is the long sought discriminator between qq̄ and non-qq̄ states or glueballs is for future.

REFERENCES

1. T.A.Armstrong et al., Nucl.Instrum.Methods A274, 165 (1989); F.Antinori et al., Nuovo Cimento A107, 1857 (1994).

2. D.Robson, Nucl.Phys. B130, 328 (1977); F.E.Close, Rep.Prog.Phys. 51, 833 (1988). 3. D.Barberis et al., Phys.Lett. B413, 217-224 (1997); Phys.Lett. B413, 225-231 (1997);

Phys.Lett. B422, 399-404 (1998); Phys.Lett. B427, 398-402 (1998); Phys.Lett. B432, 436-442 (1998); Phys.Lett. B436, 204-210 (1998); Phys.Lett. B440, 225-232 (1998); Phys.Lett. B446, 342-348 (1999); Phys.Lett. B453, 305-315 (1999); Phys.Lett. B453, 316-324 (1999); Phys.Lett. B453, 325-332 (1999); Phys.Lett. B462, 462-470 (1999); Phys.Lett. B467, 165-170 (1999); Phys.Lett. B471, 429-434 (2000); Phys.Lett. B471, 435-439 (2000); Phys.Lett. B471, 440-448 (2000); Phys.Lett. B474, 423-426 (2000); Phys.Lett. B479, 59-66 (2000).

4. P.Castoldi et al., Phys.Lett. B425, 359 (1998); J.Ellis and D.Kharzeev, hepph/9811222; N.I.Kochelev, hep-ph/9902203; N.I.Kochelev, T.Morii and A.V.Vinnikov, hep-ph/9903279.

5. F.E.Close and G.Schuler, Phys.Lett. B464, 279 (1999); F.E.Close, A.Kirk and G.Schuler, Phys.Lett. B477, 13 (2000).

6. A.Donnachie and P.V.Landshoff, Phys.Lett. B231, 189 (1983).