Strange Baryon production in p-Pb collisions at 158 GeV/c : a comparison with VENUS model

Presented by T. Virgili for the WA97 Collaboration:

E. Andersen^{b)}, F. Antinori^{e,k)}, N. Armenise^{a)}, H. Bakke^{c)}, 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^{p)}, 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^{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^{p)}, M.E. Michalon-Mentzer^{p)}, 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^{n)}, L. Rossi^{f)}, H. Rotscheidt^{e)}, K. Šafařík^{e)}, S. Saladino^{a)}, C. Salvo^{f)}, L. Šándor^{e,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)}.

a Dipartimento I.A. 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, Norvay 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 Scienze Fisiche “E.R. Caianiello” dell’Università and INFN, Salerno, Italy p Centre de Recherches Nucléaires, Strasbourg, France

Abstract

Λ, Ξ and Ω yields measured by the WA97 experiment at central rapidity in p- Pb interactions at 158 GeV/c are compared to those predicted by VENUS 4.12. The VENUS model, although in reasonable agreement with the Λ and the negative particle data, fails to reproduce the data on multistrange baryons and anti-baryons.

1 Introduction

The observation of strange particles yields provides one of the most promising ways to study the properties of the nuclear matter at very high energy densities. In particular, it was suggested that the production of multistrange baryons would be enhanced if a Quark Gluon Plasma is formed [1]. It this therefore necessary to compare nucleus-nucleus data with those from proton-proton and proton-nucleus collisions. It is also clear from the experimental data that nucleus-nucleus interactions cannot be described by a simple superposition of nucleon collisions, and that the nuclear medium has a strong influence on experimental quantities. A number of Monte Carlo models, based on conventional interactions and including the full dynamics of ultrarelativistic nuclear collisions, have been proposed. Such models are able to produce quantitative predictions, and so they, in principle, constitute a useful tool to analyze experimental data. Most of them are claimed to be able to reproduce the observed nucleus-nucleus features, at least after a fine tuning of some internal parameters. However, they should be capable of describing nucleus-nucleus, proton-proton and proton-nucleus interactions.

In this paper we shall compare the p-Pb data collected by the WA97 collaboration [2] with the VENUS model predictions.

2 The VENUS model

The VENUS model, by Klaus Werner [3], is one of the most frequently used event generators, and one of the best microscopic models available, as was stated at the Quark Matter ’97 conference. A complete description of the model can be found in reference [3]; here we shall present a summary of the main ideas.

The model is based on the phenomenological Gribov-Regge Theory (GRT) of hadronhadron and nucleus-nucleus interactions. According to GRT, the basic interaction mechanism is Pomeron exchange, where a Pomeron need not describe a real particle, but has some well defined properties. The objects which interact are strings, which can both describe a diquark system, or a quark plus a diquark. After the interactions the final strings are allowed to decay according to rules based on general principles such as locality and gauge invariance.

The model contains some parameters which are tuned in order to reproduce the experimental quantities. For example, string decay is governed by a set of parameters tuned to reproduce lepton-nucleus data, whereas string interaction parameters come from hadron-hadron data. When nuclear interactions are involved, additional parameters are introduced to describe the nuclear density and the rescattering process for particles in nuclear matter.

VENUS is able to reproduce the main features of events, like multiplicity, rapidity (Y ) and transverse momentum (p_T) distributions for pions and nucleons, in hadronhadron, hadron-nucleus and nucleus-nucleus interactions, at both Brookhaven and CERN energies [3]. VENUS is also able to reproduce Λ and K multiplicity and rapidity distributions in proton-proton, proton-nucleus, S-S and S-Au interactions. It is important to stress that the strangeness enhancement provided by VENUS comes directly from the model, and no special parameter tuning is required.

For the Λ transverse momentum distribution VENUS produce a flatter spectrum and correspondingly a higher inverse slope parameter than the data for the proton-xenon interactions [4]. This feature was already noted by Werner in his report [3].

3 The method

We have generated a sample of 500 000 p-Pb events at 160 GeV/c using the standard VENUS 4.12 version, without modifications of internal parameters. We allow all resonances to decay, and we keep in the final state all the stable particles up to Ωs (decay options in the code: ’ndecax’=00000000, ’ndecay’=01111110). These Monte Carlo events are compared with data from WA97 experiment.

Details on the experimental sample selections, on the set-up and on the experimental procedure can be found in reference [2], and in references [5], [6] presented at this conference.

We have compared the inverse slope of the transverse mass distribution, and the yields (i.e. the number of particles per event) for strange baryons (Λ, Ξ and Ω), their anti-particles and negative charged particles. We have restricted the comparison to our acceptance windows, in order to avoid problems due to extrapolation, and we have taken into account our experimental acceptance and recostruction efficieny (see references [5], [6]). Therefore, we have evaluated VENUS yields simply by counting particles in these acceptance windows. Such windows are shown in figures 1 and 2, where the entries are the numbers of particles generated by VENUS in each region. For the inverse slope comparison we have applied a fit procedure to VENUS data in the same way as was done for the experimental data. Details on the procedure are described in the others WA97 contributions to these proceedings ([5], [6]). We have parametrised the transverse mass distributions using the function : dN dm_T / m^a_T exp ( �mT_T^) where m_T = √ m^2 + p^2_T is the transverse mass, T is the inverse slope parameter and a = 3/2. We have also assumed m = m_π for all negative particles, both in VENUS and in the real data.

4 The results 4.1 Inverse slope

In figure 3 the inverse slopes for the different particles are shown, for VENUS (open circles) and WA97 data (black dots). The horizontal scale separates the different particles, with no relation to their masses. We have combined Ω and Ω because of the low statistics in the experimental sample.

We see that VENUS predicts values which are too high for the inverse slopes of Λ and Ξ, whereas there is agreement with data for the other particles. We note that this feature was already reported for Λ in p-Xe interactions [3]. We also note that in general the inverse slopes of strange baryons provided by VENUS are larger than those for strange anti-baryons (the values for Ω and Ω are not shown in the figure).

4.2 Yields

Figure 4 shows the number of particles per event, for both VENUS and WA97 data (symbols are as in the previous figure). The vertical scale is logarithmic. Error bars for VENUS are contained in the circle dimensions.

We see that VENUS reproduces well the multiplicity for negatives and Λs. The agreement is fair for Λ, and is bad for multi-strange particles, where VENUS overestimates significatively with respect to the data. The differences increase from Ξ to Ω, and from particles to anti-particles, being one order of magnitude for Ω and even more for Ω.

5 Conclusions

We have shown that VENUS, version 4.12, with standard parameters is able to reproduce the multiplicity of negatives and Λs for p-Pb events in the WA97 acceptance windows.

The inverse slope parameters are also in agreement with WA97 data, with the exception of Λ and Ξ. We note that the inverse slopes of strange baryons predicted by VENUS are significatively larger than those for strange anti-baryons, whereas similar values are seen for baryons and anti-baryons in the data.

VENUS fails to reproduce multi-strange particle yields. Ξ and Ω multiplicities are overestimated with respect to the real data by one order of magnitude or more, the differences being larger going from Ξ to Ω and from particles to anti-particles.

References [1] P. Koch, B. Müller, J. Rafelski, Phys. Rep. 142(1986) 167. [2] E. Andersen et al., Phys. Lett. B 433(1998) 209. [3] K. Werner, Phys. Rep. 232(1993) 87. [4] C. De Marzo et al., Phys. Rev. D 26 (1982) 1019. [5] R. Caliandro et al. (WA97 coll.), in these Proceedings. [6] R. Lietava et al. (WA97 coll.), in these Proceedings.

Figure 1: WA97 acceptance windows for negatives, Λ and Λ.

Figure 2: WA97 acceptance windows for Ξ�, Ξ^+, Ω and Ω.

Figure 3: Inverse slope parameters.

Figure 4: Yields.