First results on strange baryon production from the na57 experiment

N Carrer on behalf of the NA57 collaboration:

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

aDipartimento di Fisica dell’Università and Sezione INFN, Padua, Italy. bDipartimento di Fisica dell’Università and Sezione INFN, Catania, Italy. cSchool of Physics and Astronomy, University of Birmingham, Birmingham, UK. dDipartimento I.A. di Fisica dell’Università e del Politecnico di Bari and Sezione INFN, Bari, Italy. eCERN, European Laboratory for Particle Physics, Geneva, Switzerland. f Utrecht University and NIKHEF, Utrecht, The Netherlands.

gDipartimento di Fisica dell’Università “La Sapienza” and Sezione INFN, Rome,Italy. hFysisk institutt, Universitetet i Bergen, Bergen, Norway. iFysisk institutt, Universitetet i Oslo, Oslo, Norway. jP.J. Šafárik University, Košice, Slovakia.

kState University of St. Petersburg, St. Petersburg, Russia. lComenius University, Bratislava, Slovakia.

mDipartimento di Scienze Fisiche “E.R. Caianiello” dell’Università and INFN, Salerno, Italy. nHøgskolen i Bergen, Bergen, Norway.

oInstitute of Experimental Physics, Slovak Academy of Science, Košice, Slovakia. pInstitut de Recherches Subatomiques, IN2P3/ULP, Strasbourg, France. qCollège de France and IN2P3, Paris, France.

rInstitute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic.

1. Introduction

The NA57 experiment has been designed to study the onset of the strange baryon and anti-baryon enhancements in Pb-Pb with respect to p-Be collisions, first observed by the WA97 experiment at 160 A GeV/c beam momentum [1] (see Fig. 1). The effect is larger for particles of larger strangeness content, up to a factor ∼ 15 for Ω^− + Ω^+. Such a behaviour was predicted as a consequence of the QGP phase transition and is not reproduced by microscopic hadronic collision models.

The aim is to look for the dependence of these enhancements on:

• the collision energy per incoming nucleon: NA57 has collected data both at 160 and at 40 A GeV/c while WA97 collected data only at the top SPS beam momentum of 160 A GeV/c;

∗Commonwealth Fellow from Physics Department, University of Jammu, India.

Figure 1. Yields per wounded nucleon relative to the p-Be yields as a function of the number of wounded nucleons for negative particles, Λ and Ξ^− (left) and for Λ, Ξ^+, Ω^− + Ω^+ (right). The two groups are kept separate (particles with at least one valence quark in common with the nucleon on the left, particles with no valence quarks in common with the nucleon on the right) since it is empirically known that they may exhibit different production features (e.g.: rapidity spectra). While the yields per participant have similar values in p-Be and p-Pb, all the yields per participant measured in Pb-Pb are clearly above the p-A values.

• the interaction volume, as measured by the number of wounded nucleons (N_{wound})i.e.

those nucleon which undergo at least one primary inelastic collision with another nucleon [2]: the NA57 centrality range extends down to a lower limit of about 50 wounded nucleons, while the corresponding limit in WA97 was about 100.

In what follows, we briefly describe the experiment, the status of the data taking, of the event reconstruction and of the physics analysis. For the physics results, we shall keep separate the study of the 40 A GeV/c Pb-Pb data (for which the bulk of reference p-Be data are still to be collected in 2001) from the study of the enhancements as a function of the number of wounded nucleons at 160 A GeV/c.

2. The NA57 experiment

The NA57 layout [3,4] is shown schematically in Fig. 2. The heart of the apparatus is a telescope tracker made of silicon pixel detectors placed in a 1.4 T vertical magnetic field. The telescope is inclined with respect to the beam line and points back to the target; the inclination angle can be changed to cover different rapidity intervals. Strange and multi-strange particles are identified by reconstructing their weak decays into final states containing only charged particles, e.g.:

Ξ^− → Λ +π^−

→ p + π^−

Figure 2. Layout of the NA57 experiment (Pb-Pb setup).

The acceptance windows are similar to those of WA97, covering about one unit of rapidity centred at mid-rapidity, and transverse momenta down to a few hundred MeV/c [4].

The centrality trigger for Pb-Pb, based on a scintillator petal system placed 10 cm downstream of the target, selects the most central 60% of the inelastic cross section. The centrality of the collision is determined from the charged particle multiplicity, sampled at central rapidity by two silicon strip detector stations (MSD). A special effort has been made to extend the centrality coverage towards more peripheral events with respect to WA97, by reducing various background sources.

The main differences between the NA57 and WA97 spectrometers are:

• a new telescope layout, fully based on silicon pixel detectors;

• a new magnet GOLIATH, which provides a slightly weaker, less uniform field than the OMEGA magnet used by WA97 (due to the decommissioning of the OMEGA spectrometer in 1997);

• a new data acquisition system, based on the ALICE oriented development of DATE [5].

Another difference between the two experiments concerns the way in which the interaction vertex is determined. In WA97 it is determined event by event from the reconstructed tracks; such a procedure however becomes inefficient as the event multiplicity decreases, i.e. in the new centrality range covered by NA57. It has become therefore necessary to replace the previous event by event vertex with an average vertex position measured about

Figure 3. Comparison between data and Monte Carlo for (a) the decay lenght of the Ξ and (b) the impact parameter of the π.

each 1/2 hour during the run. This has been possible thanks to the good spot definition (350 × 650 μm^2 in the transverse direction) of the NA57 beam and to its stability.

NA57 has taken Pb-Pb data both at 160 and at 40 A GeV/c beam momentum together with a sample of p-Be reference data at 40 GeV/c. More p-Be data at 40 A GeV/c will be collected in 2001 [6]. For proton reference data at 160 A GeV/c, we intend to use the WA97 p-Be and p-Pb data samples.

In order to ascertain how well we understand the new NA57 spectrometer, a detailed comparison between simulated and real data is ongoing. As an example Figs. 3a,b show such a comparison for two quantities related to the decays of the Ξ into a Λ and a π^−: the decay length of the Ξ^− and the the impact parameters of the π^− trajectories when extrapolated to the collision vertex. The agreement between data and simulation is satisfactory in both cases.

3. Strange baryons: 40 A GeV/c versus 160 A GeV/c

The observation of significantly lower enhancements at 40 A GeV/c than at 160 A GeV/c for the same particle species would suggest the onset of deconfinement to be in between the two energies. However, we are not yet able to make such a comparison since only about 25% of the p-Be reference data needed to determine the various enhancements have been collected; the collection of the remaining data is scheduled for summer 2001.

Fig. 4 shows the Λ, Λ, Ξ^− and Ξ^+ signals for the existing sample of 290 million Pb-Pb central events (the most central ∼ 20% of the total cross section). Λ and Λ signals are also available from the small existing sample of p-Be events.

In Table 3, the Λ/Λ and Ξ^+/Ξ^− ratios measured in Pb-Pb collisions at 40 A GeV/c are compared to the published values [7] at 160 A GeV/c. Also shown are the Λ/Λ ratios for p-Be collisions at both energies. The present p-Be statistics does not allow any estimate

Figure 4. Λ, Λ, Ξ^− and Ξ^+ signals for the 40 A GeV/c Pb-Pb sample.

for the Ξ^+/Ξ^− ratio at 40 A GeV/c.

We note that the Λ/Λ and the Ξ^+/Ξ^− ratios in Pb-Pb collisions, decrease by a factor ∼ 3 and ∼ 6 respectively, when the collision energy in the centre of mass decreases from ∼ 18 A GeV (160 A GeV/c beam momentum) to ∼ 9 A GeV (40 A GeV/c). A reduction of the anti-hyperon over hyperon ratios is expected if the baryon density of the state formed in the collision is higher when going to lower beam momentum. On the other hand a decrease is expected also because the production threshold for anti-hyperons is larger than that for hyperons. A reduction in the Λ/Λ ratio similar to that observed for Pb-Pb collisions is indeed observed already for p-Be collisions.

4. Strange baryons at 160 A GeV/c: enhancements versus centrality

We use for this study only the Pb-Pb data at 160 A GeV/c beam momentum, collected in 1998. About the same statistics will be available from the data collected in 2000.

As a centrality measure, we use the number of wounded nucleons, i.e. the nucleons which

Pb-Pb p-Be 40 A GeV/c 160 A GeV/c 40 A GeV/c 160 A GeV/c Λ/Λ 0.023 ± 0.001 0 .133 ± 0 .007 0.059 ± 0.007 0 .332 ± 0 .008 Ξ^+/Ξ^− 0.080 ± 0.025 0 .249 ± 0 .019 — 0 .45 ± 0 .07

Table 1 Λ/Λ and Ξ^+/Ξ^− ratios. Values in bold are from NA57, not corrected for acceptance and efficiency. Values in italics are from WA97.

Figure 5. (a) Charged particle multiplicity distribution in the range 2 < η < 4 measured by the NA57 experiment. The 5 classes used in the analysis are shown together with their cross sections. (b) distribution of N_{wound} for the five centrality classes used in NA57.

take part in the initial collision [2]. For the Pb-Pb data, the number of wounded nucleons is computed from the trigger cross section using a Glauber model [8]. For the proton data, the number of wounded nucleons is computed as an average over all inelastic collisions. Since various centrality scales are used by different experiments, some care is needed when comparing experimental results, especially for peripheral collisions. For example, an apparent discrepancy between the centrality dependence of kaon yields measured by the NA49 and the WA97 experiments using different centrality scales, disappears when the data are plotted using the same scale [8,9].

Fig. 5a shows the charged particle multiplicity distribution for Pb-Pb collisions. The data have been binned into five classes. The most central classes (I to IV) correspond to the four centrality classes used in the analysis of WA97, while the more peripheral class 0, corresponding to an average of N_{wound} = 62, is accessible to NA57 only. The drop at very low multiplicities is due to the threshold of our centrality trigger. The distribution of N_{wound} for the five multiplicity classes is shown in Fig. 5b.

To correct for acceptance and efficiency losses, a weight is calculated for each particle [10]. As the enhancements observed by WA97 increase with the strangeness carried by the particle, we chose to calculate corrections first for the strangest particles, namely the Ξ^− and Ξ^+, for which the available statistics allowed a study of the enhancement dependence on the collision centrality down to ∼ 50 wounded nucleons.

The Ξ^− and Ξ^+ signals, together with their acceptance window are shown in Fig. 6. Fig. 7a shows the corresponding transverse mass (m_T ) spectra, corrected both for acceptance and efficiency losses. The superimposed straight lines are the results of the fit with

Figure 6. Ξ^− and Ξ^+ signals for Pb-Pb collisions (left) and the corresponding acceptance window in p_T and rapidity (right).

the function 1 m_T dN dm_T

= A exp ( − m_T T ) . (1)

The corresponding inverse slopes T , are compared in Fig 7b with the values obtained by the WA97 experiment. The agreement is good. The statistics, however, is not yet sufficient to study a possible variation of T over the full centrality range covered by the experiment.

Fig. 8 shows the fully corrected yields per participant for the five centrality classes defined as in Fig. 5a. The corresponding WA97 points, available only for the four more central classes, are also shown. We note that in the common centrality range, the yields from NA57 are 20%-30% larger. The reasons for this systematic effect are presently being investigated. In the new low-centrality bin the Ξ^+ (Ξ^−) yields, as measured by NA57, drop by a factor 2.6 (1.3), corresponding to a 3.5 (1.8) sigma effect. Such a sudden reduction of yields as a function of centrality cannot be an artifact of our acceptance corrections procedure since a similar drop is already present in the uncorrected data (Fig. 9).

It is noteworthy that such a drop is not foreseen by any of the known models. As an example, a recent prediction from a canonical statistical model [11] succeeds in reproducing the enhancements measured by WA97, but predicts that the yields of multi-strange baryons are already close to saturation for N_{wound} ∼ 20.

Figure 7. (a) Transverse mass spectra for Ξ^− and Ξ^+. (b) comparison of the inverse slope T with WA97.

Figure 8. Ξ^+ and Ξ^− yields per wounded nucleon relative to the p-Be yields. The NA57 data (open symbols) are shown together with the WA97 results (closed symbols).

Figure 9. Ξ^+ and Ξ^− raw yields per wounded nucleon relative from NA57 (arbitrary units).

5. Conclusions and outlook

The indication of an onset for the Ξ^− and Ξ^+ enhancements when the collision involves between 50 and 100 nucleons, urges us to look at the full set of enhancements, since it could indicate the point of the QGP phase transition. Such a study is under way.

REFERENCES

1. R.A.Fini et al., J. Phys. G: Nucl. Part. Phys. 27 (2001) 375.

F.Antinori et al., Nucl. Phys. A661 (1999) 130c.

2. C.Y.Wong, Introduction to High-Energy Heavy-Ion Collisions (World Scientific Publishing, Singapore 1994) 251, and references therein.

3. V.Manzari et al., J. Phys. G: Nucl. Part. Phys. 27 (2001) 383. 4. V.Manzari et al., Nucl. Phys. A661 (1999) 716c. 5. P.Vande Vyvre et al, ALICE Internal Note/DAQ 99/46.

6. F.Antinori et al., SPSC Memorandum, CERN/SPSC 2001-011, SPSC-M-663. 7. R.Caliandro et al., J. Phys. G: Nucl. Part. Phys. 25 (1999) 171. 8. N.Carrer et al., J. Phys. G: Nucl. Part. Phys. 27 (2001) 391. 9. D.Röhrich, J. Phys. G: Nucl. Part. Phys. 27 (2001) 355. 10. F.Antinori et al., Eur. Phys. J. C 14 (2000) 633.

11. S.Hamieh, K.Redlich and A.Tounsi, CERN Preprint, HEP-PH/0006024.