arXiv:nucl-ex/0412018 v1 9 Dec 2004

Indications for the onset of deconfinement

in nucleus nucleus collisions

D. Flierl^9,C. Alt^9, T. Anticic^{21}, B. Baatar^8,D. Barna^4, J. Bartke^6, L. Betev^{9,10}, H. Białkowska^{19}, A. Billmeier^9, C. Blume^9, B. Boimska^{19}, M. Botje^1, J. Bracinik^3, R. Bramm^9, R. Brun^{10}, P. Bunčić^{9,10}, V. Cerny^3, P. Christakoglou^2, O. Chvala^{15}, J.G. Cramer^{17}, P. Csató^4, N. Darmenov^{18}, A. Dimitrov^{18}, P. Dinkelaker^9, V. Eckardt^{14}, Z. Fodor^4, P. Foka^7, P. Freund^{14}, V. Friese^7, J. Gál^4, M. Gaździcki^{9,12}, G. Georgopoulos^2, E. Gładysz^6, K. Grebieszkow^{20}, S. Hegyi^4, C. Höhne^{13}, K. Kadija^{21},

A. Karev^{14}, M. Kliemant^9, S. Kniege^9, V.I. Kolesnikov^8, T. Kollegger^9, E. Kornas^6, R. Korus^{12}, M. Kowalski^6, I. Kraus^7, M. Kreps^3, M. van Leeuwen^1, P. Lévai^4, L. Litov^{18}, B. Lungwitz^9, M. Makariev^{18}, A.I. Malakhov^8, C. Markert^7, M. Mateev^{18}, B.W. Mayes^{11}, G.L. Melkumov^8, C. Meurer^9, A. Mischke^7, M. Mitrovski^9, J. Molnár^4, S. Mrówczyński^{12}, G. Pálla^4,

A.D. Panagiotou^2, D. Panayotov^{18}, A. Petridis^2, M. Pikna^3, L. Pinsky^{11}, F. Pühlhofer^{13}, J.G. Reid^{17}, R. Renfordt^9, A. Richard^9, C. Roland^5, G. Roland^5, M. Rybczyński^{12}, A. Rybicki^{6,10}, A. Sandoval^7, H. Sann^7, N. Schmitz^{14}, P. Seyboth^{14}, F. Siklér^4, B. Sitar^3, E. Skrzypczak^{20}, G. Stefanek^{12}, R. Stock^9, H. Ströbele^9, T. Susa^{21}, I. Szentpétery^4, J. Sziklai^4, T.A. Trainor^{17}, V. Trubnikov^{20}, D. Varga^4, M. Vassiliou^2, G.I. Veres^{4,5}, G. Vesztergombi^4, D. Vranić^7, A. Wetzler^9, Z. Włodarczyk^{12} I.K. Yoo^{16},

J. Zaranek^9, J. Zimányi^4

The NA49 collaboration

1NIKHEF, Amsterdam, Netherlands.

2Department of Physics, University of Athens, Athens, Greece.

3Comenius University, Bratislava, Slovakia.

4KFKI Research Institute for Particle and Nuclear Physics, Budapest, Hungary. 5MIT, Cambridge, USA.

6Institute of Nuclear Physics, Cracow, Poland.

7Gesellschaft für Schwerionenforschung (GSI), Darmstadt, Germany.

8Joint Institute for Nuclear Research, Dubna, Russia. 9Fachbereich Physik der Universität, Frankfurt, Germany. 10CERN, Geneva, Switzerland.

11University of Houston, Houston, TX, USA.

12Institute of Physics Świ etokrzyska Academy, Kielce, Poland.

13Fachbereich Physik der Universität, Marburg, Germany.

14Max-Planck-Institut für Physik, Munich, Germany.

15Institute of Particle and Nuclear Physics, Charles University, Prague, Czech Republic.

16Department of Physics, Pusan National University, Pusan, Republic of Korea.

17Nuclear Physics Laboratory, University of Washington, Seattle, WA, USA. 18Atomic Physics Department, Sofia University St. Kliment Ohridski, Sofia, Bulgaria. 19Institute for Nuclear Studies, Warsaw, Poland.

20Institute for Experimental Physics, University of Warsaw, Warsaw, Poland. 21Rudjer Boskovic Institute, Zagreb, Croatia.

Abstract. The hadronic final state of central Pb+Pb collisions at 20, 30, 40, 80, and 158 AGeV has been measured by the CERN NA49 collaboration. The mean transverse mass of pions and kaons at midrapidity stays nearly constant in this energy range, whereas at lower energies, at the AGS, a steep increase with beam energy was measured. Compared to p+p collisions as well as to model calculations, anomalies in the energy dependence of pion and kaon production at lower SPS energies are observed. These findings can be explained, assuming that the energy density reached in central A+A collisions at lower SPS energies is sufficient to force the hot and dense nuclear matter into a deconfined phase.

INTRODUCTION

At top CERN SPS and at RHIC energies the initial energy density reached in heavy ion collisions is apparently large enough to create a deconfined phase at the early stage of the collision: the Quark Gluon Plasma [1][2]. On the other hand, at lower energies, at the AGS, the maximum energy density is probably not sufficient to produce such a state of matter. Therefore, an energy scan progam in the intermediate energy range, covered by the CERN SPS, was initiated. The goal was to find anomalies in the energy dependence which could be related to the change of the number of degrees of freedom connected to a phase transition of the hot and dense matter created in heavy ion collisions.

In the course of the SPS energy scan program, the NA49 collaboration measured the hadronic final state of central Pb+Pb collisions at 20, 30, 40, 80, and 158 AGeV beam energy. A detailed description of the NA49 setup is given in [3]. In the following, the energy dependence of selected hadronic observables will be discussed, with the main focus on where we start to see indications of a deconfined phase of matter.

ENERGY DEPENDENCE OF TRANSVERSE MASS SPECTRA

A model independent way to compare transverse momentum spectra is to consider the mean transverse mass ⟨m_t ⟩−m_0. In Figure 1 the energy dependence of this quantity is shown for pions, kaons and protons.

If energy density and hence pressure increase with beam energy, a stronger transverse expansion is expected at higher energies. Assuming that the strength of the transverse expansion is reflected in the mean transverse mass, the observable ⟨m_t ⟩ − m_0 will rise with √ s_{NN} .

FIGURE 1. Energy dependence of the mean transverse mass of pions, kaons and protons. Open symbols indicate negatively charged particles.

At AGS energies we indeed observe a strong increase of the mean transverse mass of pions, kaons and protons with energy. However, at lower SPS energies this behaviour changes: the mean transverse mass increases only weakly with beam energy.

This charateristic change in the energy dependence has been interpreted as a signature for a phase transition [4]. Because the equation of state - the relation between energy density and pressure - changes at the phase boundary and with it the strength of the transverse expansion.

This observation supports the hypothesis, that the initial energy density reached in central A+A collisions at lower SPS energies is already large enough, to force a phase transition of the strongly interacting nuclear matter.

ENERGY DEPENDENCE OF PARTICLE YIELDS

The total pion multiplicity per wounded nucleon as a function of Fermi’s measure F ≈ √√ s_{NN} is shown in Figure 2 left. The relative pion production in central Pb+Pb collisions increases with collision energy, but starting from lower SPS energies the rate of increase grows. This feature is not visible in p+p interactions. The steepening of the energy dependence can be explained by an increase of the effective number of degrees of freedom due to the onset of deconfinement at about 30 AGeV beam energy [4].

FIGURE 2. Energy dependence of the mean number of pions per wounded nucleon in A+A and p+p collisions. Lines are only drawn to guide the eye (left panel).

Energy dependence of the strangeness to pion ratio and model calculations (right panel).

Figure 3 shows the energy dependence of relative strangeness production. The ratios of the total multiplicities ⟨K^+⟩/⟨π^+⟩, ⟨K^−⟩/⟨π^−⟩, ⟨Λ⟩/⟨π⟩ and ⟨Λ⟩/⟨π⟩ in central Pb+Pb collisions are compared to model calculations and when available to p+p interactions. While ⟨K^−⟩/⟨π^−⟩ and ⟨Λ⟩/⟨π⟩ ratios rise continuously with energy, a distinct maximum is visible in the energy dependence of the ratios ⟨K^+⟩/⟨π^+⟩ and ⟨Λ⟩/⟨π⟩. Hadron gas [5] (HGM) and microscopic models [6] (RQMD, UrQMD) roughly describe the trend of the energy dependence, but especially the pronounced peak in the ⟨K^+⟩/⟨π^+⟩ ratio is not reproduced. As demonstrated in Figure 3, this feature is also absent in p+p interactions.

FIGURE 3. Energy dependence of particle ratios ⟨K^+⟩/⟨π^+⟩, ⟨Λ⟩/⟨π⟩, ⟨K^−⟩/⟨π^−⟩, and ⟨Λ⟩/⟨π⟩ in central A+A collisions and p+p interactions. Lines indicate model calculations.

The total strangeness production to pion rate can be approximated by E_S = (2(⟨K^−⟩ + ⟨K^−⟩) + ⟨Λ⟩)/⟨π⟩. As seen from Figure 2 (right), we find that the hadron gas and microscopic models describe the trend of the data, but they do not show the distinct maximum at lower SPS energies. Only a model [4] (SMES) including a phase transition around 30 AGeV exhibits a peak as seen in the data.

SUMMARY AND OUTLOOK

The energy dependence of several observables shows anomalies at lower SPS energies. These signatures indicate, that the energy density reached in A+A collisions at beam energies of about 30 AGeV are already sufficient to produce a deconfined phase.

The next question to address is, how the system behaves when the volume is varied. At which intermediate system size appear indications for a deconfined phase? Future experiments at the SPS could deliver the answer to this question if the proposed light ion program will be approved [7].

ACKNOWLEDGMENTS

This work was supported by the US Department of Energy Grant DE-FG03-97ER41020/A000, the Bundesministerium fur Bildung und Forschung, Germany, the Polish State Committee for Scientific Research (2 P03B 130 23, SPB/CERN/P-03/Dz 446/2002-2004, 2 P03B 04123), the Hungarian Scientific Research Foundation (T032648, T032293, T043514), the Hungarian National Science Foundation, OTKA, (F034707), the Polish-German Foundation, and the Korea Research Foundation Grant (KRF-2003-070-C00015).

REFERENCES

1. U. W. Heinz and M. Jacob, arXiv:nucl-th/0002042. 2. M. Gyulassy and L. McLerran, arXiv:nucl-th/0405013.

3. S. Afanasev et al. [NA49 Collaboration], Nucl. Instrum. Meth. A 430, 210 (1999). 4. M. Gazdzicki and M. I. Gorenstein, Acta Phys. Polon. B 30, 2705 (1999), M. I. Gorenstein, M. Gazdzicki and K. A. Bugaev, Phys. Lett. B 567 (2003) 175.

5. J. Cleymans and K. Redlich, Phys. Rev. C 60 (1999) 054908.

6. H. Weber, E. L. Bratkovskaya, W. Cassing and H. Stöcker, Phys. Rev. C 67 (2003) 014904. 7. J. Bartke et al., CERN-SPSC-2003-038, SPSC-EOI-01.