EPJ manuscript No. (will be inserted by the editor)

Hyperon production in lead-lead interactions at 40 and 160 A GeV/c

Presented by H. Helstrup^4 for the NA57 Collaboration:

F. Antinori^{12}, P.A. Bacon^5, A. Badalà^7, R. Barbera^7, A. Belogianni^1, A. Bhasin^5, I.J. Bloodworth^5, M. Bombara^9, G.E. Bruno^2, S.A. Bull^5, R. Caliandro^2, M. Campbell^8, W. Carena^8, N. Carrer^8, R.F. Clarke^5, A. Dainese^{12}, A.P. de Haas^{19}, P.C. de Rijke^{19}, D. Di Bari^2, S. Di Liberto^{15}, R. Divià^8, D. Elia^2, D. Evans^5, K. Fanebust^4, G.A. Feofilov^{17}, R.A. Fini^2, P. Ganoti^1, B. Ghidini^2, G. Grella^{16}, H. Helstrup^4, A.K. Holme^{11}, A. Jacholkowski^2, G.T. Jones^5, P. Jovanovic^5, A. Jusko^5, R. Kamermans^{19}, J.B. Kinson^5, K. Knudson^8, A.A. Kolozhvari^{17}, V. Kondratiev^{17}, I. Králik^9, A. Kravčáková^{10}, P. Kuijer^{19}, V. Lenti^2, R. Lietava^5, G. Løvhøiden^{11}, V. Manzari^2, G. Martinská^{10}, M.A. Mazzoni^{15}, F. Meddi^{15}, A. Michalon^{18}, M. Morando^{12}, E. Nappi^2, F. Navach^2, P.I. Norman^5, A. Palmeri^7, G.S. Pappalardo^7, B. Pastirčák^9, J. Pišút^6, N. Pišútova^6, F. Posa^2, E. Quercigh^{12}, F. Riggi^7, D. Röhrich^3, G. Romano^{16}, K. Šafařík^8, L. Šándor^{8,9}, E. Schillings^{19}, G. Segato^{12}, M. Sené^{13}, R. Sené^{13}, W. Snoeys^8, F. Soramel^{12a}, M. Spyropoulou-Stassinaki^1, P. Staroba^{14}, T.A. Toulina^{17}, R. Turrisi^{12}, T.S. Tveter^{11}, J. Urbán^{10}, F. Valiev^{17}, A. van den Brink^{19}, P. van de Ven^{19}, P. Vande Vyvre^8, N. van Eijndhoven^{19}, J. van Hunen^8, A. Vascotto^8, T. Vik^{11}, O. Villalobos Baillie^5, L. Vinogradov^{17}, T. Virgili^{16}, M.F. Votruba^5, J. Vrláková^{10}, and P. Závada^{14}

1 Physics Department, University of Athens, Athens, Greece 2 Dipartimento IA di Fisica dell’Università e del Politecnico and INFN, Bari, Italy 3 Fysisk Institutt, Universitetet i Bergen, Bergen, Norway 4 Høgskolen i Bergen, Bergen, Norway 5 School of Physics and Astronomy, University of Birmingham, Birmingham, UK 6 Comenius University, Bratislava, Slovakia 7 University of Catania and INFN, Catania, Italy 8 CERN, European Laboratory for Particle Physics, Geneva, Switzerland 9 Institute of Experimental Physics, Slovak Academy of Science, Košice, Slovakia 10 P.J. Šafárik University, Košice, Slovakia 11 Fysisk Institutt, Universitetet i Oslo, Oslo, Norway 12 University of Padua and INFN, Padua, Italy 13 Collège de France, Paris, France 14 Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic 15 University “La Sapienza” and INFN, Rome, Italy 16 Dip. di Scienze Fisiche “E.R. Caianiello” dell’Università and INFN, Salerno, Italy 17 State University of St. Petersburg, St. Petersburg, Russia 18 Institut de Recherches Subatomique, IN2P3/ULP, Strasbourg, France 19 Utrecht University and NIKHEF, Utrecht, The Netherlands

the date of receipt and acceptance should be inserted later

Abstract. The NA57 experiment has measured strange baryon and antibaryon production in Pb-Pb collisions at 40 A GeV/c and 160 A GeV/c beam momenta. This presentation covers strangeness enhancement and transverse spectra from the 160 A GeV/c data, and energy dependence of the particle yields. Enhancement factors increase with increasing strangeness content of the particle, when production yields from Pb-Pb collisions are compared with those observed in p-Be and p-Pb interactions. The transverse mass spectra have been analysed both with exponential fits and using a transverse flow model.

1 Introduction

The NA57 experiment has been designed to study the production of strange baryons and antibaryons in heavy ion

a Permanent address: University of Udine, Udine, Italy collisions. The experiment has extended the WA97[1] measurements to a wider centrality range and to lower beam momentum. The NA57 results on hyperon production at 160 A GeV/c confirm the pattern observed by WA97, where the enhancement factor increases with increasing strangeness content of the particle. The largest enhancement is observed for Ω hyperons, reaching a factor of 20.

The experimental setup of NA57 is briefly outlined. Analysis of the transverse mass spectra is discussed. Enhancements for the complete NA57 centrality range are presented for 160 A GeV/c data. Yields obtained from 40 A GeV data are presented and compared to 160 GeV/c data and to measurements from RHIC.

2 The NA57 experiment

The layout of the NA57 experiment has been described in detail elsewhere[2]. A telescope of compactly packed silicon pixel detectors is used as main tracking device. Additional detectors are used to improve momentum resolution for high momentum tracks.

Scintillator counters are used to provide a fast signal for multiplicity triggering. A more precise centrality measurement is provided by two stations of silicon strip detectors. The detectors are located in the 1.4 T field of the Goliath magnet. The triggered fraction of the total inelastic cross section is about 60 %.

Hyperons are identified by their decay patterns. All decays are required to take place in the decay region, located between a fixed distance from the target and the first plane of the telescope. The selection procedure allows for extraction of hyperon signals with negligible background[3].

The centrality is expressed as number of wounded nucleons computed from the measured trigger cross sections using a Glauber model. The method of centrality determination is described in detail in[5].

3 Transverse mass spectra

The double-differential (y, m_T) cross sections have been fitted using the expression

d^2N dm_Tdy

= f(y)m_Texp ( − m_T T ) (1) where m_T = √ m^2 + p^2_T is the transverse mass, and the rapidity distribution f(y) is assumed to be constant over the acceptance window (one unit of rapidity around the central rapidity of the collision). Slopes[4] obtained from fits using this expression are used to determine the yields presented in section 4.

The transverse mass spectra have also been fitted using a collective flow model originating from ref. [6]. The data are compatible with a description using two parameters only (temperature T and average transverse flow β_⊥), as shown in figure 1. However, the weight of the multistrange particles in such a fit is rather small.

The numbers quoted in the figure are obtained using the whole NA57 centrality range. The centrality dependence of the two parameters show opposite trends, the temperature is decreasing and the average flow velocity is increasing with increasing centrality. The values for the

Fig. 1. Transverse mass spectra fitted with collective flow model. The quoted values are valid for the full NA57 centrality sample.

most central class (IV) are T = 131 ± 10 MeV and β_T = 0.47 ± 0.02. These numbers agree within errors with NA49 results obtained with a similar approach[8].

The transverse mass spectrum analysis is described in detail in ref. [9]

4 Strangeness enhancement

Yields are calculated by integrating the formula described in section 3 Y = ∫_∞ m dm_T ∫_{ycm+0.5} y_{cm}−0.5 d^2N dm_T dy dy (2)

for each particle species. Due to low statistics, a common slope was used for extrapolation of the Ω^− and Ω^+ spectra.

The enhancement factor is defined as E = ( Y < N_{wound} > ) Pb−Pb / ( Y < N_{wound} > ) p−Be (3) The strangeness enhancement factors, plotted as function of collision centrality, are shown in figure 2. The p-Be and p-Pb values are taken from WA97[10]. The NA57 results confirm the picture emerging from WA97, where the enhancement increases with increasing strangeness content of the particle in lead-lead interactions, opposite to what would be expected from hadronic thermalization models.

A significant dependence on centrality is observed for all hyperons except Λ. A saturation of the enhancements is possible in the two or three most central classes (the about 10% most central collisions).

Fig. 2. Hyperon enhancements E as function of collision centrality (number of wounded nucleons)

5 Energy dependence of particle yields

Figure 3 shows hyperon yields from NA57 measured at 40 and 160 A GeV/c compared to RHIC data from STAR[11– 13]. The centrality selection is compatible with the ranges published by STAR, selecting the 5%, 10% and 11% most central collsions for Λ, Ξ and Ω respectively. By this centrality selection only a sub-sample of the total NA57 hyperon sample is included. Both at 40 A GeV/c and at 160 A GeV/c the combined Ω^− and Ω^+ data are used to obtain the inverse slope used for extrapolation.

The observed pattern is clearly different for hyperons and antihyperons. The Λ and Ξ^− yields are rather constant over the energy range covered. The antihyperon yields increase with energy, approaching the same level as the hyperon yields at RHIC energies.

6 Conclusions and outlook

NA57 results on hyperon production have been presented. Strangeness enhancements are presented for 160 A GeV/c data, showing increasing enhancements with increasing strangeness content of the hyperon. The energy dependence of hyperon and antihyperon yields show a different behaviour, with strong energy dependence of antihyperon production. The results of a fit of the transverse mass spectra to a blast wave model have been presented.

Analysis of proton-beryllium data at 40 GeV/c is ongoing. Strangeness enhancement factors at this energy will become available when this analysis is completed.

References

1. E. Andersen et al. (WA97 Collaboration) Phys. Lett.

B449(1999) 401 2. V. Manzari et al. (NA57 Collaboration) J. Phys. G: Nucl.

Part. Phys. 25(1999)473 V. Manzari et al. (NA57 Collaboaration) Nucl. Phys. A661(1999)761c

Fig. 3. Energy dependence of hyperon yields in central heavy ion collisions. The NA57 data have been restricted to the 11% most central collisions in order to compare with STAR data.

3. V. Manzari et al. (NA57 Collaboration) Nucl. Phys.

A715(2003)140c 4. L. Šándor et al. (NA57 Collaboration) proc. Strangeness 2003, to be published by J. Phys. G.

5. N. Carrer et al. (WA97 and NA57 Collaborations) J. Phys G: Nucl. Part. Phys. 27(2001)391 6. E. Schnedermann, J. Sollfrank and U. Heinz, Phys. Rev.

C48(1993)2462 7. F. Antinori et al. (WA97 Collaboration) J. Phys. G: Nucl.

Part. Phys. G27(2001)2325 8. M. van Leeuwen et al. (NA49 Collaboration) Nucl. Phys.

A715(2003)161c 9. F. Antinori et al. (NA57 Collaboration) being submitted to J. Phys. G: Nucl. Part. Phys.

10. F. Antinori et al. (WA97 Collaboration) Nucl. Phys.

A661(1999)130c 11. C. Adler et al. (STAR Collaboration) Phys.Rev.Lett.

89(2002)092301 12. J. Castillo et al. (STAR Collaboration) Nucl.Phys.

A715(2003)518c 13. C. Suire et al. (STAR Collaboration) Nucl.Phys.

A715(2003)470c