STRANGENESS IN AU+AU COLLISIONS BETWEEN 1 AND 10 AGEV

D. BEST^{1,} �, N.N. AJITANAND^{11}, J. ALEXANDER^{11}, M. ANDERSON^5, F.P. BRADY^5, T. CASE^1, W. CASKEY^5, D. A. CEBRA^5, J. L. CHANCE^5, P. CHUNG^{11}, B. COLE^4, K. CROWE^1, A. DAS^{10}, J. E. DRAPER^5, M. L. GILKES^{10}, S. GUSHUE^2, M. HEFFNER^5, A. S. HIRSCH^{10}, E. L. HJORT^{10}, L. HUO^6, M. JUSTICE^7, M. KAPLAN^3, D. KEANE^7, J. KINTNER^8, J. KLAY^5, D. KROFCHECK^9, R. LACEY^{11}, M. A. LISA^{10}, H. LIU^7, Y. M. LIU^6, R. MCGRATH^{11}, Z. MILOSEVICH^3, G. ODYNIEC^1, D. L. OLSON^1, S. Y. PANITKIN^7, C. PINKENBURG^{11}, N. T. PORILE^{10}, G. RAI^1, H. G. RITTER^1, J. L. ROMERO^5, R. SCHARENBERG^{10}, L. S. SCHROEDER^1, B. K. SRIVASTAVA^{10}, N.T.B. STONE^1, T.J.M. SYMONS^1, S. WANG^7, R. WELLS^{10}, J. WHITFIELD^3, T. WIENOLD^{1,}�, R. WITT^7, L. WOOD^5, X. YANG^4, W. ZHANG^6, Y. ZHANG^4 (E895 COLLABORATION) 1Lawrence Berkeley National Laboratory, Berkeley, California 94720 2Purdue University, West Lafayette, Indiana 47907 3Carnegie Mellon University, Pittsburgh, Pennsylvania 15213 4Columbia University, New York, New York 10027 5University of California, Davis, California 95616 6Harbin Institute of Technology, Harbin 150001, P. R. China 7Kent State University, Kent, Ohio 44242 8St. Mary’s College of California, Moraga, California 94575 9University of Auckland, Auckland, New Zealand 10The Ohio State University, Columbus, Ohio 43210 11State University of New York, Stony Brook, New York 11794

The yield and spectra of strange particles produced in heavy ion collisions carry information about the properties of strongly interacting matter. The E895 experiment has recorded Au+Au reactions at beam energies of 2, 4, 6 and 8 AGeV. We report preliminary results on strangeness yields and ratios covering a broad range in rapidity and transverse momentum. We investigate chemical freeze out parameters and expansion velocities in central collisions.

1 Introduction

Strange particle yields are interesting since they can provide information on chemical equilibrium and possibly on the QGP. One of the first predicted

�FEODOR LYNEN FELLOW OF THE ALEXANDER V. HUMBOLDT FOUNDA-

TION

aps99˙2: submitted to World Scientific on June 3, 1999 1

Figure 1. 4 ß yields for Λ and K0s particles in central Au+Au collisions between 2 and 8 AGeV kinetic beam energy (black symbols) in comparison to scaled pp data (diamonds) and several hadronic cascade models (lines).

signatures for the formation of a QGP was enhancement in production of strange particles. A system of quarks and gluons could reach chemical equilibrium quickly through the gg → ss̄ channel^{1,2}. A measurement of the K/π ratio (or other related ratios) provides information on the relative concentration of strange and nonstrange quarks, i.e. < (s + s̄)/(u + ū + d + d̄) >. This has been suggested as a diagnostic tool to differentiate between a hadronic gas and a QGP.

2 Results and Discussion

The E895^3 experiment has recorded Au+Au reactions at beam energies of 2, 4, 6 and 8 AGeV. The centrality, percentage of σ_{geo}, was determined using multiplicity cuts of 150, 220, 280 and 350, respectively. At 2 AGeV centrality is 10%, 15% at 4 AGeV and 6 AGeV, and 11% at 8 AGeV. Analysis in progress will make this centrality more uniform. Efficiency corrections have been performed using a thermal model adjusted at each beam energy such that the transverse momentum spectrum of protons is reproduced at midrapidity.

Fig. 1 displays the measured Λ and K^0_s yields as a function of √ s 4 in addition to earlier measurements from E891^5 (square symbols, 5% centrality). Our Λs include those from decay of Σ^0(1192) → Λγ (cτ = 2.2 10�^{11} m).

Figure 2. Preliminary results on chemical freeze out temperatures and baryon and strangeness chemical potentials for Au+Au collisions between 2 and 8 AGeV kinetic beam energy.

So far, the data show a monotonic increase with beam energy and no obvious features to support a threshold phenomenon. Results from pp collisions (diamonds) are overlayed after multiplying by the number of nucleons in a Au nucleus. This approximation supposes each nucleon in Au is involved in only one collision with a chance to produce a Λ (K^0_s) – probably an overestimate. Nonetheless additional processes seem to be needed to explain the measured yields in Au+Au collisions, e.g. multiple scattering. We also show several hadronic cascade codes (UrQMD^6, RQMD^7, ARC^8). They match these preliminary data. These models show that strangeness yields are dramatically influenced by secondary particle interactions. The strangeness enhancement defined as the ratio of measured yield in AA to scaled yield from pp is 2–3 depending on beam energy and particle type.

In order to test thermal and chemical equilibrium^9 we have used a hadronic gas model^{10} to fit simultaneously the Λ/π� and K^0_s /π� together with the π�/baryon ratio. Our pion yields match well the yields at lower^{11} and higher beam energies^{12}. The model has two free parameters: the baryon chemical potential μ_B which is mainly influenced by the pion to nucleon ratio, and the temperature T. At each beam energy the experimental ratios are reproduced with χ^2 ≈ 1. In Fig. 2 the left panel shows our T and μ_B and earlier results for Pb+Pb^{13} (SPS) and Au+Au^{14} (SIS) collisions. The shaded area provides a simple reference bounded by lines of constant energy density

Figure 3. Λ rapidity spectra for central Au+Au collisions at 4 and 8 AGeV. The solid line shows the prediction of a stationary fireball model, the dashed curve incorporates a longitudinal expansion velocity (fiL) and provides a better description of the data.

(1–2 GeV/fm^3) using an equation of state for an ideal gas of massless quarks and gluons. The chemical potentials μ_B and μ_S (see Fig. 2 right panel) drop monotonically as the temperature T rises. A constant freeze–out density, for example, could impose such a correlation^{14}. The dashed line maps the T– μ_B points subject to the constraint that the energy per baryon is equal to 1 GeV. Cleymans et al.^{14} have noted that despite the wide variation in beam energy the data points, Fig. 2, fall close to this line. Recent attempts of a dynamical interpretation of chemical freeze–out parameters suggest that this line is intimately related to the softest point of the equation of state^{15}.

Thermal equilibrium imposes a particular form for the spectra^4 and rapidity distributions^4. The influence of collective expansion appears in the rapidity plots (Fig. 3) where a single, stationary fireball is shown as a solid line. The dashed line incorporates a longitudinal expansion velocity (β_L) and provides a better description of the data. The value of β_L varies between 0.20 and 0.50 over the 2–8 AGeV beam energy span. These observations are consistent with incomplete stopping, or longitudinal expansion, or possibly a combination of the two.

We wish to thank the members of the AGS and MPS staff for their support during this experiment. DB is grateful to the AvH foundation for generous support and also the authors of the event generators ARC, ART, and RQMD for providing the source code and many useful discussions. We acknowledge resources provided by the National Energy Research Scientific Computing Center. This work has been supported in part by the U.S. Department of Energy under contracts/grants DE-AC03-76SF00098, DE-FG02-89ER40531, DE-FG02-88ER40408 and DE-FG02-87ER40324; by the U.S. National Science Foundation under grants PHY-9722653, PHY-9601271 and PHY-9225096; and by the University of Auckland Research Committee CSP 95/33.

References

1. J. Rafelski, Phys. Rep. 88 (1982) 331; J. Rafelski and B. Müller, Phys.

Rev. Lett. 48 (1982) 1066; Phys. Rev. Lett. 56 (1986) 2334. 2. P. Koch, B. Müller and J. Rafelski, Phys. Rep. 142 (1986) 167. 3. G. Rai et al., AGS Proposal, LBL Report 5399, August 1993. IEEE Trans. Nucl. Sci. 37 (1990) 56.

4. D. Best et al., to be published.

5. S. Ahmad et al., Nucl. Phys. A636 (1998) 507–524 6. S. A. Bass et al., Prog. Part. Nucl. Phys. 41 (1998) 225–370. 7. H. Sorge, Phys. Rev. C51 (1995) 3291; Phys. Lett. B373 (1996) 16. 8. S. H. Kahana et al., Nucl. Phys. A566 (1994) 465c-468c; source code via anonymous ftp from rhic.phys.columbia.edu/arc.

9. D. Best et al., Nucl. Phys. A625 (1997) 307–324.

10. C. Spieles, H. Stöcker and C. Greiner, Eur. Phys. J. C2 (1998) 351-358. 11. J. W. Harris et al., Phys. Rev. Lett. 58 (1987) 463–466. 12. L. Ahle et al., Phys. Rev. C57 (1998) R466. 13. P. Braun–Munzinger et al., nucl-th/9903010. 14. J. Cleymans et al., nucl-th/9903063. 15. V. D. Toneev et al., nucl-th/9904048.