APH N.S., Heavy Ion Physics Vol. n (1996) p1-plast HEAVY ION PHYSICS

© Akadémiai Kiadó

Kaon Spectra from pBe to PbPb Collisions

Michael Murray for the NA44 Collaboration

Cycloton Institute, Texas A&M University, College Station TX 77843, USA

Received nn Month Year (to be given by the editors)

H. Beker, I.G. Bearden, H. Bøggild, K. Bussman, J. Boissevain, J. Dodd, D. Hardtke, M. Hamelin, S. Esumi, C.W. Fabjan, D.E. Fields, A. Franz, B. Erazmus, J. Gaardhøje, O. Hansen, E.B. Holzer, T.J. Humanic, P. Hummel, B.V. Jacak, R. Jayanti, H. Kalechofsky, T. Kobayashi, R. Kvatadze, M. Leltchouk, B. Lörstad, N. Maeda, A. Medvedev, Y. Miake, A. Miyabayashi, M. Murray, S. Nishimura, H. Ohnishi, G. Paic, S.U. Pandey, F. Piuz, J. Pluta, V. Polychronakos, M. Potekhin, G. Poulard, A. Sakaguchi, M. Sarabura, K. Shigaki, J. Simon-Gillo, J. Schmidt-Sørensen, W. Sondheim, M. Spegel, T. Sugitate, J.P. Sullivan, Y. Sumi, H. van Hecke, W.J. Willis, K. Wolf, N. Xu and D. Zachary

BNL-CERN-Columbia-Hiroshima-Lund-LANL-Nantes-NBI-OSU-TAMU-Zagreb

Abstract. The yields and inverse slopes of K^± MT distributions at central rapidity are presented for pBe, pS, pPb, SS, SPb and PbPb collisions. The ratios of K^−/K^+ and p̄/p decrease with system size and centrality. Comparing the slopes of pions, kaons and protons suggests that transverse flow is present in AA collisions but not in pPb collisions. For PbPb collisions the inverse slopes of the K^− and K^+ MT spectra are very close but for pPb the inverse slope of K^+ exceeds that of K^−. These results suggest that thermal equilibrium is reached in central heavy ion collisions but not in pPb collisions.

1. Introduction

The nature of Quantum Chromodynamics, QCD, is such that at low energy and baryon density quarks and gluons are confined into hadrons. However the theory also predicts that at sufficiently high energy or baryon density the normal hadrons will lose their identity. A deconfined phase of quarks and gluons, a Quark Gluon Plasma, QGP, will be formed. In such a system strange quarks may reach thermal and chemical equilibrium with the up and down quarks, [1]. The final abundances of hadrons will then simply be determined by the chemical potentials of their constituent quarks and the temperature. In such a picture the invariant cross sections would be exponentials in the transverse mass, MT = pP^2T + M^2 where PT is the transverse momentum and M the mass of the particle. If thermal equilibrium is established particles and antiparticles should have the same slope. In the presence of transverse flow, [2], the inverse slope, T , is related to the thermal temperature

T_0 and the transverse flow velocity β by

T = T_0 + 1/2 ∗ β^2 ∗ mass. (1)

By studying hadron spectra from pBe to PbPb collisions it may be possible to detect the onset of flow and thermal equilibrium.

2. NA44

Experiment NA44 is a focusing spectrometer designed to measure two particle correlations and single particle spectra for heavy ion collisions at central rapidity with a large range of transverse momentum. Superconducting quadrupoles and conventional dipole magnets produce a magnified image of the target on three scintillating hodoscopes, [3]. The positions of a particle on the hodoscopes define its momentum and the flight time its velocity. This allows us to calculate its mass. Two Čerenkov counters aid particle identification. A scintillator near the target allows us to trigger on central interactions. Offline the centrality selection is refined using a silicon pad array. The centrality cut was 9% for SS 11% for SPb. For PbPb we took data at 20% and 5% centrality.

2.1. Inverse Slopes

Within the NA44 acceptance the invariant spectra can be described as exponentials in MT . The inverse slopes of these distributions are shown in Figure 1. The pp data is from an ISR measurement, [4] at √ s = 31GeV. The inverse slopes increase markedly from pp to pPb collisions but the inverse slopes do not increase linearly with mass. Thus the pA data show no evidence of flow and the increase of inverse slopes from pBe to pPb is probably due to rescattering. For pPb the difference in inverse slope between K^+ and K^− is 28± 3MeV. For p̄ and p the difference is 45 ± 3MeV. These differences may be due to the large annihilation cross section for K^− and p̄ with protons which prevents them from gaining a large transverse momentum by multiple collisions with protons. If thermal equilibrium of different quarks is achieved we would expect there to be no difference in the inverse slopes of particles and antiparticles. Thus it seems that in pPb collisions thermal equilibrium is not reached.

For AA collisions the inverse slopes increase linearly with the mass of the particles [5, 6]. This behavior is consistent with transverse flow, [2]. Most of the systematic errors in Figure 1 cancel if we take the ratio of K^−/K^+ without doing any corrections for acceptance. Figure 2 shows that in PbPb collisions K^− and K^+ have a difference in inverse slope of 1±2 MeV/c at mid rapidity. The ratios for SS and SPb collisions also show no slope difference. It has been suggested that at high baryon density a mean field may be created by the baryons that would repel K^+ and attract K^− and cause a difference in the slopes, [7]. This appears not to be the case at these energies. Such a field seems unlikely to be the cause of the slope

Figure 1: Inverse slopes to exponential fits of MT spectra for rapidity of 2.4 to 3.5. The fitting range was from MT − M = 0. to .9 GeV/c for kaons and 0. to .68 GeV/c for protons. The inverse slopes of pions are around 150 MeV/c for all systems. The centrality cut was 5% for PbPb.

Figure 2: The ratios K^−/K^+ and p̄/p for PbPb collisions. The centrality cut was 20%. Δ T is the difference in inverse slope.

difference for K^+ and K^− from pPb collisions since the baryon density at central rapidity is small in these collisions.

At 14.6 A GeV/c, [8], the inverse slope of K^− is about 20MeV below that of K^+ for SAl and SAu collisions. However the K^−/K^+ ratio is flat for central AuAu collisions at 10.8 A GeV/c , [9], suggesting that thermal equilibrium may be reached for the largest systems even at 10.8 A GeV/c.

The difference in inverse slope between p and p̄ is 13 ± 3MeV/c. This is only 4% of the mean inverse slope of 285 ± 7MeV. Since antiprotons have such a large annihilation cross section it may be that the ones that survive have suffered fewer collisions on average than the protons, most of which were not produced in the reaction.

3. Particle Yields

We have measured the yield dN/dy of charged kaons by integrating dN/dMT /dy within our acceptance and using the measured MT slopes to extrapolate out to

Figure 3: (a) dN/dY of K^± versus system. The rapidity range was 2.3 to 2.9. The systematic errors are of order 12%. (b) The ratio of K^−/K^+ versus system.The systematic errors are of order 3%. The centrality of the PbPb data is 5%

infinite MT . This extrapolation is always less than 15%. Figure 3(a) shows the yield of K^+ and K^− versus system. Note the strong rise as one goes to larger systems. Figure 3(b) shows that K^−/K^+ drops as the system get larger. This trend continues as a function of centrality within PbPb collisions. The yields of both K^+ and K^− increase with centrality but K^+ grows more rapidly than K^− and the proton yield grows more rapidly than the antiproton yield. The steady fall of K^−/K^+ with system size may be due to the increased baryon density of the larger systems, see [5, 6]. The extra baryons pushed into the central region make it more difficult to create pairs of u, ū quarks and thus suppress p̄ and K^− production. In the language of chemical equilibrium as the baryon density increases the baryon chemical potential increases. For SAl and SAu collisions at 14.6 A GeV/c, [8], K^−/K^+ is constant as the size of the system increases and is about 1/6, much lower than our data. This is probably due to the higher baryon density at the lower energy.

Figure 4: Comparison of charged kaon production to neutral kaons and RQMD.

4. Comparison to RQMD

The RQMD model, version 1.08 [10],[11], is a microscopic phase space approach to hadronic physics. Resonances and QCD strings are excited and fragmented. They may suffer subsequent hadronic collisions. Figure 4 shows a comparison of Kaon yields from NA44 with RQMD for SS and SPb collisions. For SS the NA35 measurement of K^0S, see [12], is also shown. From isospin conservation this should equal the average of our K^+ and K^− yields. The agreement with NA35 is excellent. RQMD makes a reasonable prediction for the sum of the K^+ and K^− yields but under estimates the K^+ and over estimates the K^− yields for both SS and SPb. This is also true for PbPb collisions, see [6]. Figure 5 compares the MT dependence of K^−/K^+ of the data and RQMD, for PbPb collisions. While the data is flat RQMD shows an increase of the ratio with MT implying that the model is further from thermal equilibrium than the data.

5. Conclusions

The ratios K^−/K^+ and p̄/p decrease with system size and centrality. For SS, SPb and PbPb collisions RQMD does not reproduce K^−/K^+ but does a reasonable job predicting the sum of K^− and K^+. For PbPb collisions RQMD predicts that

Figure 5: MT dependence of K^−/K^+ for data and RQMD. The centrality cut was 20% for both data and RQMD.

K^−/K^+ depends on MT but this is not seen in the data. The inverse slopes of hadrons from central SS, SPb and PbPb scale with mass. This is consistent with flow. No such scaling is seen for pA collisions. For PbPb collisions the inverse slopes of K^− and K^+ differ by 1 ± 2MeV but for pPb difference is 28 ± 3MeV. Our data suggest that thermal equilibrium is reached in central heavy ion collisions but not in pPb collisions.

Acknowledgement

Many thanks to all my collaborators and in particular Michael Hamelin and Barbara Holzer for work on the PbPb data and Kevin Wolf for many helpful discussions. The NA44 Collaboration wishes to thank the staff of the CERN PS-SPS accelerator complex for their excellent work. This work was supported by the US Department of Energy. We are also grateful for the support given by the Austrian Fonds zur Foerderung der Wissenschaftlichen Forschung; the Science Research Council of Denmark; the Japanese Society for the Promotion of Science, and the Ministry of Education, Science and Culture, Japan; the Science Research Council of Sweden; and the National Science Foundation.

References

1. J. Rafelski, J. Letessier, A. Tournsi, Acta Physica Polonica, B27 (1996) 1035. 2. Schnedermann et al., Phys. Rev. C 48 (1993) 2462. 3. H. Boggild et al., Phys. Lett., B302 (1993) 510. 4. K. Guetlar et al., Nucl. Phys., bf B116 (1976) 77.

5. M. Murray, AIP Conference Proceedings 340, Strangeness in Hadronic Matter, Ed: J. Rafelski, (1995) 162.

6. Nu Xu for the NA44 collaboration. These proceedings. 7. V. Koch, G. E. Brown, C.M. Ko, Phys. Lett. B265 (1991) 29. 8. G. Stephans, AIP Conference Proceedings 340, Strangeness in Hadronic Matter, Ed: J. Rafelski, (1995) 124.

9. Graig Ogilvie, MIT, Private Communication.

10. H. Sorge, H. Stöcker, W. Greiner, Nucl. Phys. A498 (1989) 567. 11. H. Sorge, A. v. Keitz, R. Mattiello, H. Stöcker, W. Greiner, Z. Phys. C47 (1990) 629.

12. T. Alber et al., Z Phys. C64 (1994) 195.