Hyperon production in 158 and 40 A GeV/c Pb-Pb and p-Be collisions from the NA57 experiment

Presented by D. Elia for the NA57 Collaboration:

F. Antinori^l, P.A. Bacon^e, A. Badalà^g, R. Barbera^g, A. Belogianni^a, A. Bhasin^e, I.J. Bloodworth^e, M. Bombara^i, G.E. Bruno^b, S.A. Bull^e, R. Caliandro^b, M. Campbell^h, W. Carena^h, N. Carrer^h, R.F. Clarke^e, A. Dainese^l, A.P. de Haas^s, P.C. de Rijke^s, D. Di Bari^b, S. Di Liberto^o, R. Divià^h, D. Elia^b, D. Evans^e, K. Fanebust^d, G.A. Feofilov^q, R.A. Fini^b, P. Ganoti^a, B. Ghidini^b, G. Grella^p, H. Helstrup^d, A.K. Holme^k, A. Jacholkowski^b, G.T. Jones^e, P. Jovanovic^e, A. Jusko^i, R. Kamermans^s, J.B. Kinson^e, K. Knudson^h, A.A. Kolozhvari^q, V. Kondratiev^q, I. Králik^i, A. Kravčáková^j , P. Kuijer^s, V. Lenti^b, R. Lietava^e, G. Løvhøiden^k, V. Manzari^b, G. Martinská^j, M.A. Mazzoni^o, F. Meddi^o, A. Michalon^r, M. Morando^l, E. Nappi^b, F. Navach^b, P.I. Norman^e, A. Palmeri^g, G.S. Pappalardo^g, B. Pastirčák^i, J. Pišút^f , N. Pišútová^f , F. Posa^b, E. Quercigh^l, F. Riggi^g, D. Röhrich^c, G. Romano^p, K. Šafařík^h, L. Šándor^i, E. Schillings^s, G. Segato^l, M. Sené^m, R. Sené^m, W. Snoeys^h, F. Soramel^{l,1}, M. Spyropoulou-Stassinaki^a, P. Staroba^n, T.A. Toulina^q, R. Turrisi^l, T.S. Tveter^k , J. Urbán^j , F. Valiev^q, A. van den Brink^s, P. van de Ven^s, P. Vande Vyvre^h, N. van Eijndhoven^s, J. van Hunen^h, A. Vascotto^h, T. Vik^k, O. Villalobos Baillie^e, L. Vinogradov^q, T. Virgili^p, M.F. Votruba^e, J. Vrláková^j and P. Závada^n

a Physics Department, University of Athens, Athens, Greece b Dipartimento IA di Fisica dell’Università e del Politecnico and INFN, Bari, Italy c Fysisk Institutt, Universitetet i Bergen, Bergen, Norway d Høgskolen i Bergen, Bergen, Norway e School of Physics and Astronomy, University of Birmingham, Birmingham, UK f Comenius University, Bratislava, Slovakia g University of Catania and INFN, Catania, Italy h CERN, European Laboratory for Particle Physics, Geneva, Switzerland i Institute of Experimental Physics, Slovak Academy of Science, Košice, Slovakia j P.J. Šafárik University, Košice, Slovakia k Fysisk Institutt, Universitetet i Oslo, Oslo, Norway l University of Padua and INFN, Padua, Italy m Collège de France, Paris, France n Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic o University “La Sapienza” and INFN, Rome, Italy p Dip. di Scienze Fisiche “E.R. Caianiello” dell’Università and INFN, Salerno, Italy q State University of St. Petersburg, St. Petersburg, Russia r Institut de Recherches Subatomique, IN2P3/ULP, Strasbourg, France s Utrecht University and NIKHEF, Utrecht, The Netherlands

The NA57 experiment at the CERN SPS has measured strange baryon and antibaryon production in Pb-Pb collisions with 158 and 40 A GeV/c beam momenta. Recent results

1Permanent address: University of Udine, Udine, Italy

on Λ, Ξ and Ω hyperon enhancements and from the transverse mass spectra analysis for the 158 A GeV/c data sample are presented. The energy dependence of hyperon production at mid-rapidity is discussed.

1. INTRODUCTION

The NA57 experiment [1] has been designed to study the onset of the strange baryon and antibaryon enhancements in Pb-Pb collisions with respect to proton-induced reactions, first observed by WA97 at 158 A GeV/c beam momentum [2]: NA57 has extended the WA97 measurements over a wider centrality range and to lower beam momentum. The apparatus [1] detects strange and multi-strange hyperons by reconstructing their weak decays into final states containing charged particles only. Tracks are measured in the silicon telescope, a 30 cm length array of pixel detector planes with 5 × 5 cm^2 cross section. Additional pixel planes and double-sided silicon microstrip detectors, placed behind the telescope, are used as a lever arm to improve the momentum resolution for fast tracks. The centrality trigger, based on a scintillator petal system placed 10 cm downstream of the target, selects the most central 60% of the inelastic cross section for Pb-Pb collisions. The centrality of the collision is measured using the charged particle multiplicity sampled at central rapidity by two stations of silicon strip detectors. The apparatus is placed inside the 1.4 Tesla field of the GOLIATH magnet.

2. DATA ANALYSIS AND RESULTS

The particle selection procedure, based on geometrical and kinematical cuts, allows the extraction of signals with negligible background [3]. The collision centrality is expressed as number of wounded nucleons computed from the measured trigger cross section via the Glauber model [4]. The double-differential distribution in rapidity y and transverse mass m_T for each particle type has been fitted, using the maximum likelihood method, according to the following parametrization:

d^2N dm_T dy = f(y) m_T exp ( − m_T T ) (1) We assume a flat rapidity distribution within our acceptance region around central rapidity and leave the inverse slope T as a free parameter. Yields have been calculated as number of particles per event extrapolated to a common phase space window, covering full p_T and one unit of rapidity around midrapidity, by using the fitted slopes: Y = ∫_∞ m dm_T ∫_{ycm+0.5} y_{cm}−0.5 dy d^2N dm_T dy (2) 2.1. Strangeness enhancements at 158 A GeV/c

The hyperon yields per wounded nucleon in Pb-Pb and p-Pb collisions at 158 A GeV/c, normalized to p-Be values, are shown in Fig.1. The NA57 results for Pb-Pb collisions confirm the pattern already observed in the WA97 data, the enhancements increasing with the strangeness content of the particle up to a factor 20 for the Ω hyperons.

Figure 1. Hyperon yields per wounded nucleons relative to p-Be, as a function of collisions centrality. Horizonthal bracket symbols represent systematical errors.

A significant increase of the yields per wounded nucleon with the number of wounded nucleons is observed for all the particles except Λ, while saturation, if any, is possible only for the two most central classes (corresponding to about 10% most central collisions).

2.2. Blast wave analysis of transverse mass spectra at 158 A GeV/c The transverse mass spectra of all the measured hyperons (and K^0_S mesons) have been described in the framework of a simplified hydro-dynamical model (assuming a constant velocity profile) derived from [5]. All the measured spectra have been fitted using two parameters, T (temperature) and β_T (transverse flow velocity), yielding the following values with the corresponding statistical errors:

T = 161 ± 7 MeV, β_T = 0.395 ± 0.015 (χ^2/ndf = 26/39)

Compatible freeze-out parameters have been found analyzing particles and antiparticles separately, that might indicate similar production mechanism and negligible final state interactions. Preliminary results from the centrality dependence study suggest rise of β_T and decrease of T going towards more central collisions. Fitted values in the most central class (T = 131 ± 10 MeV, β_T = 0.47 ± 0.02) show good agreement with NA49 results obtained with a similar approach [6]. Further studies, including a more realistic transverse flow velocity profile, are currently under way.

2.3. Energy dependence of hyperon yields

Hyperon yields per unit rapidity at 40 and 158 A GeV/c have been compared within a centrality range corresponding to 40% most central collisions. Going from 40 to 158 A GeV/c, the Λ and Ξ^− yields are similar while the corresponding antiparticle yields increase by a factor 5. The Ω hyperon production shows a larger increase, with about a factor 3 rise for the particle and more than a factor 7 for the antiparticle. In Fig.2 the NA57 hyperon yields per unit rapidity at both energies are compared with those from the STAR experiment at RHIC for √ s_{NN} = 130 GeV Au-Au collisions [7–9]. For this comparison we restricted our data to the same centrality range used for STAR results (5%, 10% and 11% most central collisions for Λ, Ξ and Ω respectively).

Figure 2. Hyperon yields per unit rapidity at central rapidity for SPS and RHIC energies. Errors shown are statistical only. Restricted NA57 samples have been used to allow comparison with STAR data.

As already seen in the SPS range, the Λ and Ξ^− yields do not vary much with energy up to RHIC collisions, while for Ω^− there is some increase. A stronger energy dependence is seen for the three antihyperon yields. These results can be understood as a consequence of a smaller baryon density in the central region at higher energy.

3. CONCLUSIONS

Results from NA57 on hyperon production in Pb-Pb collisions at 158 and 40 A GeV/c beam momentum have been presented. Normalized hyperon yields at 158 A GeV/c confirm the pattern of increasing strangeness enhancement with increasing strangeness content of the particles. A significant centrality dependence of the enhancements has been observed. The measured transverse mass spectra at 158 A GeV/c can be described in the framework of a simplified hydro-dynamical model with common thermal freeze-out parameters: temperature and transverse flow velocity.

The Λ and Ξ^− yields per unit rapidity stay roughly constant while those of Ω^−, Λ, Ξ^+ and Ω^+ increase when going from lower to top SPS energy. Comparison with higher energy data results from the STAR experiment at RHIC confirms the same trend, with hyperons showing a weaker energy dependence than antihyperons. The global pattern is consistent with a decrease of the baryon density in the central region as energy is increased.

REFERENCES

1. R. Caliandro et al., NA57 Proposal, CERN/SPSLP 96-40, SPSLC/P300. 2. E. Andersen et al., Phys. Lett. B449 (1999), 401. 3. V. Manzari et al., Nucl. Phys. A715 (2003), 140c. 4. F. Antinori et al., Eur. Phys. J. C 18 (2000), 57.

5. E. Schnedermann, J. Solfrank and U. Heinz, Phys. Rev. C 48 (1993), 2462. 6. M. Van Leeuwen et al., Nucl. Phys. A715 (2003), 161c. 7. C. Adler et al., Phys. Rev. Letters 89:092301 (2002). 8. J. Castillo et al., Nucl. Phys. A715 (2003), 518c. 9. C. Suire et al., Nucl. Phys. A715 (2003), 470c.