Hyperon and negative particle production at central rapidity in proton-Beryllium interactions at 158 GeV/c

Presented by D. Elia for the WA97 collaboration:

F. Antinori^{e,i}, H. Bakke^b, W. Beusch^e, I.J. Bloodworth^d, R. Caliandro^a, N. Carrer^i, D. Di Bari^a, S. Di Liberto^k, D. Elia^a, D. Evans^d, K. Fanebust^b, R.A. Fini^a, J. Ftáčnik^f , B. Ghidini^a, G. Grella^l, H. Helstrup^c, A.K. Holme^h, D. Huss^g, A. Jacholkowski^a, G.T. Jones^d, J.B. Kinson^d, K. Knudson^e, I. Králik^f , V. Lenti^a, R. Lietava^e, R.A. Loconsole^a, G. Løvhøiden^h, V. Manzari^a, M.A. Mazzoni^k, F. Meddi^k, A. Michalon^m, M.E. Michalon-Mentzer^m , M. Morando^i, P.I. Norman^d, B. Pastirčák^f , E. Quercigh^e, G. Romano^l, K. Šafařík^e, L. Šándor^{e,f} , G. Segato^i, P. Staroba^j , M. Thompson^d, T.F. Thorsteinsen^{b,†}, G.D. Torrieri^d, T.S. Tveter^h, J. Urbán^f , O. Villalobos Baillie^d, T. Virgili^l, M.F. Votruba^d and P. Závada^j .

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, Norway d School of Physics and Astronomy, University of Birmingham, Birmingham, UK e CERN, European Laboratory for Particle Physics, Geneva, Switzerland f Institute of Experimental Physics, Slovak Academy of Sciences, Košice, Slovakia g GRPHE, Université de Haute Alsace, Mulhouse, France h Fysisk institutt, Universitetet i Oslo, Oslo, Norway i Dipartimento di Fisica dell’Università and Sezione INFN, Padua, Italy j Institute of Physics, Academy of Sciences of the Czech Republic, Prague, Czech Republic k Dipartimento di Fisica dell’Università ”La Sapienza” and Sezione INFN, Rome,Italy l Dipartimento di Scienze Fisiche “E.R. Caianiello” dell’Università and INFN, Salerno, Italy m Institut de Recherches Subatomiques, IN2P3/ULP, Strasbourg, France † Deceased

A study of the strangeness enhancement in Lead-Lead collisions with respect to protoninduced reactions is being carried out at the CERN SPS by the WA97 experiment: up to now, data from proton-Lead collisions have been used as a reference sample. In this paper we report on a study of particle production in proton-Beryllium collisions. These collisions are expected to constitute a better reference sample than p-Pb, because of the lighter target. The analysis of hyperon and negative particle production is presented and the results are compared with those previously obtained from Pb-Pb and p-Pb collisions.

1. EXPERIMENT WA97 AT CERN SPS

The WA97 experimental apparatus has been presented in [1]: a detailed description is given in [2].

The main detector is a telescope consisting of 7 silicon pixel detector planes

(75 × 500 μm^2 cell size) and 10 silicon microstrip planes (50 μm pitch) used to track charged particles in the uniform 1.8 Tesla magnetic field of the OMEGA spectrometer. The telescope cross section is 5 × 5 cm^2; it has been placed 60 cm and 90 cm downstream of the target in Pb-Pb and proton-nucleus runs respectively .

The trigger for the Pb-Pb runs has been described in [2]. In the proton-nucleus runs scintillator counters placed immediately in front of and behind the telescope have been used to require at least two tracks entering the telescope (two-tracks or “level 2” trigger), in order to increase the statistics of V^o events. Data have been also collected requiring at least one track entering the telescope (one-track or “level 1” trigger) to study the production of negative particles and to determine the level 2 trigger efficiency.

For proton-nucleus data taking, 8% interaction length targets have been used. In order to define event-by-event the main interaction vertex in the p-Be run, the position of the beam track was measured by an array of 10 microstrip detectors.

2. DATA ANALYSIS

2.1. Selection of negative particles (h^−)

In order to achieve a good definition of the main interaction point for each event with a reconstructed beam, a vertex position has been defined by minimising the distance in space between the negative tracks and the beam track. The closest approach position along the beam and the distance of the two tracks at this closest approach point have been used to select tracks coming from the primary vertex.

Out of the full level 1 sample, a representative sample of 2650 h^− has been weighted to account for acceptance and reconstruction losses. The size of this sample is limited by the CPU time required by the Monte-Carlo based weighting procedure.

2.2. Selection of hyperons

The Λ, Ξ^− and Ω^− hyperons and the corresponding antiparticles have been identified by reconstructing their decays into final states containing only charged particles. The hyperon signal extraction has been performed according to the same procedure as used for p-Pb and Pb-Pb data, already discussed in [3,4]. The production vertex, as for negatives, has been calculated for each candidate by minimising the distance in space between the hyperon and the beam track. The mass resolution is better than 6 MeV (FWHM) for all reconstructed hyperons.

In table 1 the hyperon statistics used for this paper is reported. The weighting procedure has been applied to the full Ξ and Ω samples and to representative sub-samples of Λ and Λ. Table 1 Statistics of the selected hyperons Λ Λ Ξ^− Ξ^+ Ω^− + Ω^+ Nr. of particles 119,320 34,349 397 157 33

3. RESULTS AND COMPARISONS

The acceptance windows for hyperons and negative particles in the p-Be data are shown in fig.1.

Figure 1. Hyperon and negative particle acceptance windows.

The differential distributions in transverse mass for all the analysed particle species have been fitted in their respective acceptance windows using the following expression: dN dm_T

= A m^α_T exp ( − m_T T ) (1) The maximum likelihood method has been used to perform the fit.

For the presented analysis the distribution in rapidity has been assumed to be constant for |y − y_{cm}| < 0.5; the systematic error introduced by this approximation has been estimated to be within the quoted statistical errors[5].

The inverse slope parameters T obtained in p-Be data for all the particle species have been reported in table 2, both for α equal 3/2 and 1. For a complete comparison of these inverse slopes with those obtained in p-Pb and Pb-Pb collisions see ref.[1].

The WA97 experiment aims to study the evolution of particle yields with the collision centrality. To this purpose we estimate the number of nucleons participating in the collision N_{part}. Silicon microstrip detectors present in the experimental set-up for leadlead collisions give an event-by-event measurement of the charged multiplicity that can be related to N_{part} as described in ref.[3]; for p-A data the number of participants has been estimated as the average for minimum bias collisions.

Table 2 Inverse slope parameters in MeV for p-Be interactions α = 3/2 α = 1 h^− 164 ± 3 186 ± 3 Λ 170 ± 2 180 ± 2 Λ 151 ± 2 157 ± 2 Ξ^− 191 ± 12 202 ± 13 Ξ^+ 173 ± 16 182 ± 17 Ω^− + Ω^+ 163 ± 36 169 ± 40

The analysis has been performed by dividing the multiplicity spectra into four bins and evaluating an average N_{part} for each of them[6]; then particle production yields per event Y have been calculated according to the following extrapolation: Y = ∫_∞ 0 dp_T

∫_{ycm+0.5}

y_{cm}−0.5 dy d^2N dp_T dy (2) which makes use of the inverse slopes found by fitting expression (1) to the data, and assuming the rapidity distribution to be constant for |y −y_{cm}| < 0.5. Corrections for feeddown from weak decays have not been taken into account in the Λ and Ξ yield estimation: the effect of such a contribution is expected to be less than 10% in the geometry of the WA97 experiment. In fig.2 particle yields per event are shown as a function of the average N_{part}. Particle species with at least one common valence quark with the nucleon (h^−, Λ and Ξ^−) are shown separately from the others (Λ, Ξ^+ and Ω), because of their different production features.

Figure 2. Particle yields vs N_{part}.

Horizontal error bars for Pb-Pb points correspond to the FWHM of the N_{part} distribution in each centrality bin[6]. In each of these two groups all the yields show a steady increase with centrality when going from p-Be to Pb-Pb. Such an increase is larger for multiply strange particles, following the hierarchy Ξ^− > Λ > h^− and Ω^− + Ω^+ > Ξ^+ > Λ. This is illustrated in fig.3 showing the yields normalized to the p-Be values.

It can be also noticed that both from p-Be to p-Pb and within the N_{part} range covered by Pb-Pb data, the increase of all the yields is compatible with being proportional to the number of participants as defined in [6]. The full line corresponds to the yield curve proportional to N_{part} drawn through the p-Be points.

Figure 3. Particle yields vs N_{part} with respect to p-Be yields.

4. SUMMARY AND CONCLUSIONS

Results from the analysis of p-Be interactions at 158 GeV/c at the CERN SPS have been presented and compared with those found for p-Pb and Pb-Pb.

Strange particle yields appear to scale linearly with the average number of participants for proton-induced reactions, while going from p-A to central Pb-Pb interactions the increse is faster than expected from direct proportionality with N_{part}. Such an increase becomes more pronounced with the strangeness content of the particle and is greater than an order of magnitude for Ωs.

REFERENCES

1. F. Antinori et al., these Proceedings. 2. F. Antinori et al., Nucl. Phys. A590 (1995) 139c. 3. E. Andersen et al., Phys. Lett. B433 (1998) 209.

4. R. Caliandro et al., Proc. of the 4th International Conference on Strangeness in Quark Matter, Padova, Italy, July 1998, J. Phys. G.: Nucl. Part. Phys. 25 (1999) 171.

5. E. Andersen et al., Phys. Lett. B449 (1999) 401. 6. N. Carrer et al., these Proceedings.