Di{V^0 Events in Pb{Pb Collisions

at 158 A GeV/c

Presented by A. Jacholkowski for the WA97 Collaboration:

E. Andersen^b, F. Antinori^{e,k}, N. Armenise^a, H. Bakke^b, J. Bán^g, D. Barberis^f , H. Beker^e, W. Beusch^e, I. J. Bloodworth^d, J. Böhm^m, R.Caliandro^a, M. Campbell^e, E. Cantatore^e, N. Carrer^k, M.G. Catanesi^a, E. Chesi^e, M. Dameri^f , G. Darbo^f , A. Diaczek^l, D. Di Bari^a, S. Di Liberto^n, B. C. Earl^d, D. Elia^a, D. Evans^d, K. Fanebust^b, R.A. Fini^a, J.C. Fontaine^i, J. Ftáčnik^g, B. Ghidini^a, G. Grella^o, M. Guida^o, E.H.M. Heijne^e, H. Helstrup^c, A.K. Holme^e, D. Huss^i, A. Jacholkowski^a, G. T. Jones^d, P. Jovanovic^d, A. Jusko^g, T. Kachelhoffer^q, J.B. Kinson^d, A. Kirk^d, W. Klempt^e, B. T. H. Knudsen^b, K. Knudson^e, I. Králik^e, V. Lenti^a, R. Lietava^{e,g}, R.A. Loconsole^a, G. Løvhøiden^{e,j}, M. Lupták^g, V. Mack^i, V. Manzari^a, P. Martinengo^e, M.A. Mazzoni^n, F. Meddi^n, A. Michalon^q, M.E. Michalon-Mentzer^q, P. Middelkamp^e, M. Morando^k, M.T. Muciaccia^a, E. Nappi^a, F. Navach^a, P. I. Norman^d, B. Osculati^f , B. Pastirčák^g, F. Pellegrini^k, K. Píška^m, F. Posa^a, E. Quercigh^e, R.A. Ricci^h, G. Romano^o, G. Rosa^o, L. Rossi^f , H. Rotscheidt^e, K. Šafařík^e, S. Saladino^a, C. Salvo^f , L. Šándor^g, T. Scognetti^a, G. Segato^k, M. Sené^l, R. Sené^l, S. Simone^a, W. Snoeys^e, P. Staroba^m, S. Szafran^l, M. Thompson^d, T.F. Thorsteinsen^b, G. Tomasicchio^a, G. D. Torrieri^d, T. S. Tveter^j, J. Urbán^g, M. Venables^d, O. Villalobos Baillie^d, T. Virgili^o, A. Volte^l, M.F. Votruba^d and P. Závada^m.

Abstract The first results on V^0�V^0 pairs, namely invariant masses and HBT correlations, obtained by the WA97 experiment in Pb–Pb collisions are presented. There is no evidence for any resonance signal.

a Dipartimento di Fisica dell’Università e del Politecnico di Bari and Sezione INFN, Bari, Italy b Fysisk institutt, Universitetet i Bergen, Bergen, Norway c Høgskolen i Bergen, Bergen, Norway d University of Birmingham, Birmingham, UK e CERN, European Laboratory for Particle Physics, Geneva, Switzerland f Dipartimento di Fisica dell’Università and Sezione INFN, Genoa, Italy g Institute of Experimental Physics, Košice, Slovakia h INFN, Laboratori Nazionali di Legnaro, Legnaro, Italy i GRPHE, Université de Haute Alsace, Mulhouse, France j Fysisk institutt, Universitetet i Oslo, Oslo, Norway k Dipartimento di Fisica dell’Università and Sezione INFN, Padua, Italy l Collège de France and IN2P3, Paris, France m Institute of Physics, Czech Academy of Sciences, Prague, Czech Republic n Dipartimento di Fisica dell’Università “La Sapienza” and Sezione INFN, Rome, Italy o Dipartimento di Fisica dell’Università and Sezione INFN, Salerno, Italy p Centre de Recherches Nucléaires, Strasbourg, France

Introduction A correlation study of pairs of neutral strange particles produced closely in phase space can give information both on the interaction of the pair itself and on the space–time structure of the heavy ion collision [1] [2]. For example, a study of the correlations in the Λ–Λ system can reveal the presence of an exotic resonance H^0 [3]. In addition, HBT interferometry of K^0_s pairs [4] can be a useful complement to charged boson interferometry, since it is not affected by Coulomb effects which tend to distort the correlation between charged particles.

WA97 [5] is a dedicated experiment which aims to study strange particle production with high statistics in a limited acceptance window (about one unit of rapidity around central rapidity and p_t ≥ 0.4 GeV/c). As a consequence it is well suited to detect strange particle pairs close to each other in phase space.

Data and analysis The results presented here are based on 110 million events collected in 1995. After event reconstruction, large samples of nearly background-free Λ (∼ 450000), K^0_s (∼ 550000) and Λ ( ∼ 66000) were obtained. Details on the experimental layout, analysis procedure and acceptance window are given in [6]. Only V^0s pointing to the target were selected, thus reducing possible feed-down from the cascade particles. Events which could correspond to double interactions in the target or pile-up (about 3%) were removed. No acceptance and efficiency corrections have been applied, but they are of minor importance for this preliminary study.

About 1.0 % of triggered events contain at least one good V^0 and about 0.7 % of these events contain also a second V^0 i.e., less than could be expected from statistically independent V^0 production. This is not surprising as the data are not corrected for efficiency, which is lower in the case of double V^0 events due to higher track multiplicity.

Λ{Λ invariant mass After applying cuts we are left with 1204 Λ–Λ pairs. Their invariant mass distribution is shown in fig.1. The overall shape of the distribution is influenced by the experimental acceptance window – large invariant masses are suppressed. The background distribution was obtained by mixing lambdas from different events of similar multiplicity. The probability that the two histograms are random samplings of the same (unknown) distribution, comparing only the shape of the two histograms, is found by the Kolmogorov [7] test to be 0.49. There is no evidence for any resonance signal, as illustrated in fig.1 (right) which shows the deviations between the data and background in units of statistical errors. The WA97 trigger selected the most central 40% of the total (geometric) inelastic cross section. In order to check if there is any dependence of the Λ–Λ mass spectrum on collision centrality, we have divided the full sample into less central and more central events corresponding approximately to a number of participants between 100-250 and 250-400 respectively [5]. The result is shown in fig.2; no significant resonance type structures can be seen in any of the two invariant mass distributions.

Λ{Λ HBT correlation The Λ–Λ correlations can be studied using particle interferometry, as proposed and discussed by C. Greiner and B. Müller [8]. For this purpose we construct the two–lambda correlation function C(|q|) , where q is the Λ-Λ relative momentum in the nucleon–nucleon center of mass system, using mixed events as background. The estimated average error on |q| is 35 MeV/c. The correlation function C(|q|) is expected to be equal to 1.0 (i.e. no correlation) at large |q| (|q| ≥ 0.2 GeV/c) and decrease (Λ is a fermion) down to 0.5 when approaching |q| ≈ 0, in the absence of Λ–Λ resonance effects. Note that the correlation strength resulting from the quantum statistics is reduced (roughly by a factor of 2) due to the fact that it is experimentally impossible to distinguish between a directly produced Λ and a Λ originating from a Σ^0 decay.

If the resonance effects are not negligible, as suggested by a double-hyperfragment analysis [9], the correlation function C(|q|) should be drastically modified, thus offering a unique opportunity to quantify this Λ–Λ interaction.

The measured correlation function is shown in fig.3, where the solid curve shows, as an example, the expected shape for a Λ emitting source of 2 fm radius, in absence of resonances. The limited statistics does not allow us to reach any conclusion.

K^0_s {K^0_s pairs We have found 1999 K^0_s –K^0_s pairs in our data. The experimental acceptance of K^0_s is similar as for Λ apart from a small shift to higher rapidity [6].

In fig.4 we show the K^0_s –K^0_s invariant mass distribution together with the corresponding background. The two distributions are compatible as reflected by the Kolmogorov test probability of 0.97. This is consistent with independent K^0_s production.

Fig.5 shows the experimental correlation function C(|q|) together with a curve illustrating the expected shape in case of a fireball of 6 fm radius, as obtained from the π − π correlations [2]. The estimated average error on |q| is 31 MeV/c. The data are compatible with a large radius of the fireball, at the limit of the K^0_s momentum resolution.

Other V^0{V^0 pairs We complete our V^0–V^0 preliminary study with a presentation of the Λ–Λ and

Λ–K^0_s (fig.6) invariant mass ditributions. In the first case, because of low statistics (391 pairs), the bin size is increased to 20 MeV while it is 10 MeV in all other cases. The Λ–K^0_s pairs (3182 events) are most abundantly represented in our V^0– V^0 sample. In both cases, a visual inspection of the plots does not reveal any significant structure. The corresponding Kolmogorov test probabilities are 0.24 and 0.95.

Conclusions and outlook We have presented the first results on V^0–V^0 pairs produced in central Pb–Pb collisions at 158 A GeV/c near central rapidity and moderate (p_t ≥ 0.4 GeV/c) transverse momentum. The invariant mass distributions of Λ–Λ, K^0_s –K^0_s , Λ–Λ and Λ–K^0_s pairs are compatible with the corresponding background distributions obtained using an event mixing method. No resonance signal is observed.

The available statistics do not allow us to draw any significant conclusion from the HBT momentum correlations of Λ–Λ and K^0_s –K^0_s pairs.

The analysis of WA97 data is in progress and we expect to double the present statistics. Then the NA57 experiment [10] should collect at least two times higher statistics than WA97.

References

[1] W. A. Zajc in Hadronic Multiparticle Production, P. Carruthers ed., World Scientific (1988) 235.

[2] H. Appelshäuser et al., Euro. Phys. J. C2 (1998) 611. [3] R.L. Jaffe, Phys.Rev. Lett. 38 (1977) 195; 38 (1977) 1617(E). [4] H. Lipkin, Phys. Lett. B219 (1989) 474 ; Phys. Rev. Lett. 69 (1992) 3700. [5] E.Andersen et al., CERN-EP-98-064, Phys. Lett. B433 (1998) 209 [6] R. Caliandro et al., R. Lietava et al., (WA97 Collaboration), these Proceedings.

[7] W.T. Eadie et al., Statistical Methods in Experimental Physics, North Holland, 1971.

[8] C. Greiner and B. Müller, Phys. Lett. B219 (1989) 199. [9] K. Miyahra, K. Ikeda and H. Bando, Prog. Theor. Phys. (1983) 1717. [10] R. Caliandro et al. (NA57 Collaboration), CERN/SPSLC/96–40, SP- SLC/P300 20 August 1996.

Figures

• Figure 1: left – Λ–Λ invariant mass distribution for the data (1204 pairs) and the background obtained from mixing events of similar centrality, normalized to the number of Λ–Λ pairs, right – difference between signal and background in units of statistical error for each bin.

• Figure 2: The same as fig.1 but split into less central (left) and more central (right) events, corresponding approximately to a number of participants between 100-250 and 250-400 respectively.

• Figure 3: HBT relative momentum correlation of the Λ–Λ pairs. The bin size is 50 MeV/c. The full curve shows the correlation expected for a fireball of 2 fm radius.

• Figure 4: K^0_s –K^0_s invariant mass distribution for the data (1999 pairs) and the background.

• Figure 5: HBT relative momentum correlation of the K^0_s –K^0_s pairs. The bin size is 50 MeV/c. The full curve shows the correlation expected for a fireball of 6 fm radius.

• Figure 6: The invariant mass distributions for: left – 391 Λ–Λ pairs, right – 3182 Λ–K^0 pairs, shown together with the corresponding backgrounds.

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.