arXiv:hep-ex/0310002 v1 1 Oct 2003

Observation of K^0_s K^0_s resonances in deep inelastic scattering at HERA

M. Barbi

McGill University, Physics Department Montreal, Quebec Canada (on behalf of the ZEUS Collaboration)

Abstract. Inclusive K^0_s K^0_s production in deep inelastic ep scattering at HERA has been studied with the ZEUS detector using an integrated luminosity of 120 pb^{−1}. Two states are observed at masses of 1537^{+9}_{−8} MeV and 1726 ± 7 MeV, as well as an enhancement around 1300 MeV. The state at 1537 MeV is consistent with the well established f^′_2(1525). The state at 1726 MeV may be the glueball candidate f_0(1710). However, it’s width of 38^{+20}_{−14} MeV is narrower than 125 ± 10 MeV observed by previous experiments for the f_0(1710).

INTRODUCTION

The K^0_s K^0_s system is expected to couple to scalar and tensor glueballs. This has motivated intense experimental and theoretical study during the past few years [1, 2]. Lattice QCD calculations [3, 4] predict the existence of a scalar glueball with a mass of 1730 ± 100 MeV and a tensor glueball at 2400±120 MeV. The scalar glueball can mix with qq states with I = 0 from the scalar meson nonet, leading to three J^{PC} = 0^{++} states whereas only two can fit into the nonet. Experimentally, four states with J^{PC} = 0^{++} and I = 0 have been established [5]: f_0(980), f_0(1370), f_0(1500) and f_0(1710).

The state most frequently considered to be a glueball candidate is f_0(1710) [5] , but its gluon content has not yet been established. This state was first observed in radiative J/ψ decays [6] and its angular momentum J = 0 was established by the WA102 experiment using a partial-wave analysis in the K^+K^− and K^0_s K^0_s final states[7] . Observation of f_0(1710) in γγ collisions may indicate a large quark content. A recent publication from L3 [8] reports the observation of two states in γγ collisions above 1500 MeV, the wellestablished f^′_2(1525) [5] and a broad resonance at 1760 MeV. It is not clear if the latter state is the f_0(1710).

The ep collisions at HERA provide an opportunity to study resonance production in a new environment. Production of K^0_s particles has been studied previously at HERA [9, 10, 11]. In this contribution, the first observation of resonances in the K^0_s K^0_s final state in inclusive deep inelastic ep scattering (DIS) is reported [12].

FIGURE 1. The distribution of π^+π^− invariant mass for events with at least two K^0_s candidates passing all selection cuts. The solid line shows the result of a fit using one linear and two Gaussian functions.

EVENT SELECTION AND K^0_S -PAIR CANDIDATES

A detailed description of the ZEUS detector can be found elsewhere [13].

The data used for this study correspond to a total integrated luminosity of 120 pb^{−1} collected in ZEUS during the 1996-2000 running period.

The inclusive neutral current DIS process e(k) + p(P) → e(k^′) + X can be described in terms of the following variables: the negative of the invariant-mass squared of the exchanged virtual photon, Q^2 = − q^2 = − (k − k^′)^2; the fraction of the lepton energy transferred to the proton in the proton rest frame, y = (q · P)/(k · P); and the Bjorken scaling variable, x = Q^2/(2P · q).

A three-level trigger system was used to select events online [13]. The inclusive DIS selection was defined by requiring an electron found in the Uranium Calorimeter, and further requirements were applied to ensure a well defined data sample [12].

Oppositely charged track pairs reconstructed by the ZEUS central tracking detector (CTD) and assigned to a secondary vertex were selected and combined to form K^0_s candidates. Both tracks were assigned the mass of a charged pion and the invariantmass M(π^+π^−) was calculated. Only events with at least one pair of K^0_s candidates were selected. The invariant mass of the K^0_s pair candidate M(K^0_s , K^0_s ) was reconstructed in the range 0.995 < M(K^0_s K^0_s ) < 2.795 GeV. A detailed description of the K^0_s pair candidate selection can be found in [12].

Figure 1 shows the distribution in x and Q^2 of selected events containing at least one pair of K^0_s candidates.

FIGURE 2. The distribution in x and Q^2 of events passing all selection cuts. The dashed lines delineate approximately the kinematic region selected. The solid line indicates the kinematic limit for HERA running with 920 GeV protons.

Figure 2 shows the M(π^+π^−) distribution in the range 0.45 < M(π^+π^−) < 0.55 GeV after the K^0_s pair candidate selection.

RESULTS

The K^0_s K^0_s spectrum may have a strong enhancement near the K^0_s K^0_s threshold due to the f_0(980)/a_0(980) state [14, 15, 16]. Since the high K^0_s K^0_s mass is the region of interest for this analysis, the complication due to the threshold region is avoided by imposing the cut cosθ_K0_{s K}0_s < 0.92, where θ_K0_{s K}0_s is the opening angle between the two K^0_s candidates in the laboratory frame.

After applying all selections, 2553 K^0_s -pair candidates were found in the range 0.995 < M(K^0_s K^0_s ) < 2.795 GeV, where M(K^0_s K^0_s ) was calculated using the K^0_s mass of 497.672 MeV [5]. The momentum resolution of the CTD leads to an average M(K^0_s K^0_s ) resolution which ranges from 7 MeV in the 1300 MeV mass region to 10 MeV in the 1700 MeV region. Figure 3 shows the measured K^0_s K^0_s invariant-mass spectrum. Two clear peaks are seen, one around 1500 MeV and the other around 1700 MeV, along with an enhancement around 1300 MeV. The data for cos θ_K0_{s K}0_s > 0.92 are also shown.

The distribution of Fig. 3 was fitted using three modified relativistic Breit-Wigner (MRBW) distributions and a background function U(M);

FIGURE 3. The K^0_s K^0_s invariant-mass spectrum for K^0_s pair candidates with cosθ_K0_{s K}0_s < 0.92 (filled circles). The thick solid line is the result of a fit using three Breit-Wigners (thin solid lines) and a background function (dotted-dashed line). The K^0_s pair candidates that fail the cosθ_K0_{s K}0_s < 0.92 cut are also shown (open circles).

F(M) = 3 ∑_{i=1}^{( m∗,iΓd,i}

(m^2_{∗,i} − M^2)^2 + m^2_{∗,i}Γ^2_{d,i}

) +U(M) , (1)

where Γ_{d,i} is the effective resonance width, which takes into account spin and large width effects [17], m_{∗,i} is the resonance mass, and M is K^0_s K^0_s invariant mass. The background function is

U(M) = A · (M − 2m_K0_s )^B · e^{−C} √ M−2m_{K0s}

, (2)

where A, B and C are free parameters and m_K0_s is the K^0_s mass defined by Hagiwara et al [5]. Monte Carlo studies showed that effects of the track-momentum resolution on the mass reconstruction were small compared to the measured widths of the states. Therefore the resolution effects were ignored in the fit.

Below 1500 MeV, a region strongly affected by the cosθ_K0_{s K}0_s cut, a peak is seen around 1300 MeV where a contribution from f_2(1270)/a^0_2(1320) is expected. This mass region was fitted with a single Breit-Wigner.

Above 1500 MeV, the lower-mass state has a fitted mass of 1537^{+9}_{−8} MeV and a width of 50^{+34}_{−22} MeV, in good agreement with the well established f^′_2(1525). The higher-mass state has a fitted mass of 1726 ± 7 MeV and a width of 38^{+20}_{−14} MeV. The widths reported here were stable, within statistical errors, to a wide variation of fitting methods including those using 30 MeV bins rather than the default 15 MeV bins. The width is narrower than the PDG value (125 ± 10 MeV) [5] reported for f_0(1710), but when it is fixed to this value, the fit is still acceptable.

It was found that 93% of the K^0_s -pair candidates selected within the detector and trigger acceptance are in the target region of the Breit frame [18, 19], the hemisphere containing the proton remnant. Of the K^0_s -pair candidates in the target region, 78% are in the region x_p = 2p_B/Q > 1, where p_B is the absolute momentum of the K^0_s K^0_s in the Breit frame. High x_p corresponds to production of the K^0_s -pair in a region where sizeable initial state gluon radiation may be expected. This is in contrast to the situation at e^+e^− colliders where the particles entering the hard scattering are colourless.

CONCLUSIONS

The first observation in ep deep inelastic scattering of a state at 1537 MeV, consistent with f^′_2(1525), and another at 1726 MeV, close to f_0(1710), is reported. There is also an enhancement near 1300 MeV which may arise from the production of f_2(1270) and/or a^0_2(1320) states. The width of the state at 1537 MeV is consistent with the PDG value for the f^′_2(1525). The state at 1726 MeV has a mass consistent with the glueball candidate f_0(1710), and is found in a gluon-rich region of phase space. However, it’s width of 38^{+20}_{−14} MeV is narrower than the PDG value of 125±10 MeV for the f_0(1710).

REFERENCES

1. S. Godfrey, J. Napolitano, Rev. of Modern Phys. 71 (1999) 1411. 2. E. Klempt, Preprint hep-ex/0101031 (2000).

3. C.J. Morningstar, M. Peardon, Phys. Rev. D 60 (1999) 034509. 4. C. Michel and M. Teper, Nucl. Phys. B 314 (199) 347. 5. K. Hagiwara et al., Phys. Rev. D 66 (2002) 1. 6. BES Coll., J. Z. Bai et al., Phys. Rev. Lett. 77 (1996) 3959. 7. WA102 Coll., D. Barberis et al., Phys. Lett. B 453 (1999) 305. 8. L3 Coll., M. Acciari et al., Phys. Lett. B 501 (2001) 173. 9. ZEUS Coll., J. Breitweg et al., Eur. Phys. J. C 2 (1998) 77. 10. ZEUS Coll., M. Derrick et al., Z. Phys. C 68 (1995) 29. 11. H1 Coll., S. Aid et al., Nucl. Phys. B 480 (1996) 3. 12. ZEUS Coll., Preprint hep-ex/0308006 (2003).

13. ZEUS Coll., U. Holm (ed.), The ZEUS Detector. Status Report (unpublished), DESY (1993), available on http://www-zeus.desy.de/bluebook/bluebook.html 14. S. Godfrey and N. Isgur, Phys. Rev. D32, 189 (1985) 15. WA102 Collaboration, D. Barberis et al., Phys. Lett. B 489, 24 (2000) 16. T. Barnes, IX International Conference on Hadron Spectroscopy, AIP Conference Proc. Vol. 619, p. 447. Protvino, Russia (2002). Also in preprint hep-ph/0202157 17. J. Benecke and H. P. Dürr, Nuovo Cimento 56, 269 (1968) 18. R. P. Feynman, Photon-Hadron Interactions, Benjamin, New York (1972) 19. K.H. Streng, T.F. Walsh and P.M. Zerwas, Z. Phys. C 2, 237 (1979) 20. R.P. Feynman, Photon-Hadron Interactions (1972). 21. K.H. Streng, T.F. Walsh and P.M. Zerwas, Z. Phys. C 2 (1979) 237.