arXiv:1305.4476v1 [nucl-ex] 20 May 2013

Beam energy dependence of strange hadron production from STAR at RHIC

Xiaoping Zhang (for the STAR Collaboration)^1

Department of Engineering Physics, Tsinghua University, Beijing 100084, China

Space Science Institute, Macau University of Science and Technology, Macau, China

Abstract

We present STAR measurements of K^0_S , ϕ, Λ, Ξ, and Ω at mid-rapidity from Au+Au collisions at √ s_{NN} = 7.7, 11.5, 19.6, 27, and 39 GeV from the Beam Energy Scan (BES) program at the BNL Relativistic Heavy Ion Collider (RHIC). Nuclear modification factors and baryon-to-meson ratios are measured to understand recombination and parton energy loss mechanisms. Implications on partonic versus hadronic dynamics at low beam energies are discussed.

1. Introduction

The goals of the BES program at RHIC are to search for the Quantum Chromodynamics (QCD) critical point as well as the phase boundary between partonic and hadronic phases [1, 2]. Through systematic study of Au+Au collisions at √ s_{NN} = 7.7−39 GeV, one could access a wide region of temperature T and baryon chemical potential μ_B in the QCD phase diagram. Strange hadron production is sensitive to parton dynamics in nucleus-nucleus collisions. The enhanced production of strange hadrons in nucleus-nucleus collisions with respect to proton-proton collisions at the same energy has been suggested as a signature of Quark-Gluon Plasma (QGP) formation in these collisions [3]. Up to now, strange hadron yields have been extensively measured in many experiments at different accelerator facilities [4–10]. In these experiments, substantial strangeness enhancement has indeed been observed, especially for multi-strange hyperons.

Differential observable on strange hadron production at intermediate to high transverse momentum (p_T ) is also sensitive to the degree of freedom of the system. At intermediate p_T (2.5 − 4 GeV/c), baryon-to-meson ratios in more central Au+Au collisions at √ s_{NN} = 200 GeV are much higher compared to those in elementary collisions [11–13]. This is consistent with the parton recombination picture for hadron formation [14]. Such models require constituent quarks to coalesce into hadrons, and hence the observed enhancement of baryon-to-meson ratios at intermediate p_T is an important evidence for the formation of deconfined matter with partonic degrees of freedom [11–13]. At high p_T (> 4 GeV/c), the suppression of hadron yields in central Au+Au collisions at √ s_{NN} = 200 GeV compared to peripheral collisions is considered as a strong evidence of partonic energy loss in the dense partonic medium [11]. Because of the possible transition from partonic dominated phase to hadronic dominated phase, it is expected

1A list of members of the STAR Collaboration and acknowledgements can be found at the end of this issue. Preprint submitted to Nuclear Physics A May 21, 2013

that the established paradigm for partonic degrees of freedom at top RHIC energy may break at a given low collision energy. In order to locate the phase transition boundary, it will be quite interesting to measure the energy evolution of baryon-to-meson ratios and nuclear modification factors (R_{CP}, defined later).

With its large acceptance, STAR has collected high statistics Au+Au data at √ s_{NN} = 7.7, 11.5, and 39 GeV in 2010, and at √ s_{NN} = 19.6 and 27 GeV in 2011. This allows high precision differential measurement of strange hadron production, especially at intermediate to high p_T , at these energies. Previous measurement on strange hadron production in √ s_{NN} = 7.7, 11.5 and 39 GeV has been reported in Refs. [15–18]. In this paper, we will present new experimental results on strange hadron production in √ s_{NN} = 19.6 and 27 GeV.

2. Experimental data analysis

The Au+Au collision events collected by the minimum bias trigger are used in this analysis. STAR’s Time Projection Chamber (TPC) [19] and Time-of-Flight (TOF) detector [20] are used for tracking and particle identification. The events are required to have a primary Z vertex (along beam direction) within ±70 cm from the center of the TPC for Au+Au collisions at √ s_{NN} = 19.6 and 27 GeV, to ensure nearly uniform detector acceptance. After the event selection, we obtain about 36 and 70 million Au+Au minimum bias triggered events at √ s_{NN} = 19.6 and 27 GeV, respectively. The collision centrality is determined by the measured raw charged hadron multiplicity from the TPC within a pseudorapidity window |η| < 0.5 [21].

The TPC can identify charged particles for p_T < 1 GeV/c by their specific energy loss (dE/dx) while traversing the TPC gas. With the fully installed TOF detector [20] in the year 2010, one can identify π^±, K^±, proton, and anti-proton for p_T up to 3 GeV/c statistically. The multi-strange hadron signals and raw yields are obtained from the invariant mass distribution reconstructed by their hadronic decay channels: ϕ → K^+ + K^−, Ξ^−(Ξ^+) → Λ(Λ̄) + π^−(π^+), and Ω^−(Ω^+) → Λ(Λ̄) + K^−(K^+). The decay daughters Λ(Λ̄) are reconstructed through Λ(Λ̄) → p(p̄) + π^−(π^+). K^0_S is reconstructed through its decay channel K^0_S → π^+ + π^−. Detailed descriptions on analysis cuts about decay topology, kinematics as well as particle identification can be found in Refs. [9, 13, 15–18].

After correcting the raw spectra for reconstruction efficiency and geometrical acceptance, we obtain the corrected p_T distribution of K^0_S , ϕ, Λ(Λ̄), Ξ^−(Ξ^+), and Ω^−(Ω^+) at mid-rapidity (|y| < 0.5) in different centralities for Au+Au collisions at √ s_{NN} = 19.6 and 27 GeV. The Λ(Λ̄) spectra have been corrected for the feed-down contributions from Ξ^−(Ξ^+) and Ξ^0(Ξ̄^0) weak decays [15–17].

3. Results and discussions

In Fig. 1, we present the R_{CP} of K^0_S , ϕ, Λ, Ξ^−, and Ω^− in Au+Au √ s_{NN} = 19.6 and 27 GeV collisions. The R_{CP} data in 7.7, 11.5 and 39 GeV are from Refs. [17]. The R_{CP} is defined as the ratios of particle yields in central collisions over those in peripheral ones scaled by the number of inelastic binary collisions N_{bin}. Here, N_{bin} is determined from Monte Carlo Glauber model calculations [21]. The N_{bin} are 799.8 ± 27.4 (841.5 ± 28.4), 721.6 ± 25.3 (761.1 ± 26.7), and 74.0 ± 15.4 (82.0 ± 18.4) for 0-5%, 0-10%, and 40%-60% Au+Au collisions at √ s_{NN} = 19.6 (27) GeV, respectively. The R_{CP} will be unity if nucleus-nucleus collisions are just simple superpositions of nucleon-nucleon collisions. Deviation of these ratios from unity would imply

Figure 1: (color online) K^0_S , Λ, Ξ^−, and Ω^− R_{CP} (0-5%/40%-60%) at mid-rapidity (|y| < 0.5) in Au+Au √ s_{NN} = 7.7 − 39 GeV collisions. ϕ-meson R_{CP} is from 0-10% and 40%-60% centralities. Errors are statistical only. The left grey band is the normalization error from Nbin.

contributions from nuclear or medium effects. For p_T above 2 GeV/c, one can see from Fig. 1 that K^0_S R_{CP} increases with decreasing beam energies, indicating that the partonic energy loss effect becomes less important. While the cold nuclear matter effect (Cronin effect) [22] starts to take over at √ s_{NN} = 11.5 and 7.7 GeV, and enhances the hadron yields at intermediate p_T . The energy evolution of strange hadron R_{CP} reflects the decreasing partonic effects with decreasing beam energies. In addition, the particle R_{CP} differences are apparent at √ s_{NN} ≥ 19.6 GeV. However, the differences becomes smaller at √ s_{NN} = 11.5 and 7.7 GeV, which may suggest different properties of the system created in √ s_{NN} = 11.5 and 7.7 GeV Au+Au collisions compared to those in √ s_{NN} ≥ 19.6 GeV.

Figure 2: (color online) The baryon-to-meson ratio, (Ω^−+Ω^+)/2ϕ, as a function of p_T in middle rapidity (|y| < 0.5) from central Au+Au collisions at √ s_{NN} = 11.5 − 200 GeV. Errors are statistical only. The solid and dashed lines represent recombination model calculations for central collisions at √ s_{NN} = 200 GeV [14] with total and thermal strange quark contributions, respectively.

Figure 2 shows the baryon-to-meson ratio, (Ω^− + Ω^+)/2ϕ, as a function of p_T in Au+Au 3 central collisions at √ s_{NN} = 11.5 − 200 GeV. The 200 GeV data are from previous STAR measurements [13]. In Au+Au central collisions at √ s_{NN} = 200 GeV, the intermediate-p_T (2.5 − 4 GeV/c) Ω yield is explained by mainly thermal strange quark recombination in the deconfined matter [14]. The (Ω^− + Ω^+)/2ϕ ratios in √ s_{NN} = 27 and 39 GeV are close to that in 200 GeV.

However, the (Ω^− + Ω^+)/2ϕ ratios at intermediate p_T at √ s_{NN} = 11.5 GeV are systematically lower than those at √ s_{NN} ≥ 27 GeV. This may suggest a change of strange quark dynamics between √ s_{NN} ≥ 27 GeV and 11.5 GeV. Further study is needed to see whether this is caused by the onset of deconfinement and/or phase space suppression of multi-strange hadron production.

4. Summary

In summary, we have presented STAR measurements of K^0_S , ϕ, Λ, Ξ, and Ω at mid-rapidity from Au+Au collisions at √ s_{NN} = 7.7, 11.5, 19.6, 27, and 39 GeV from the BES program at RHIC. Strange hadron R_{CP} increases with decreasing beam energies, indicating that the partonic energy loss effect becomes less important at low beam energies. At intermediate p_T , particle R_{CP} difference becomes smaller at √ s_{NN} = 7.7 and 11.5 GeV. The intermediate-p_T (Ω^− + Ω^+)/2ϕ ratios at √ s_{NN} = 11.5 GeV are systematically lower than those at √ s_{NN} ≥ 27 GeV, which may suggest a change of strange quark dynamics between √ s_{NN} ≥ 27 GeV and 11.5 GeV.

Acknowledgments

X. Zhang thanks the support by the National Natural Science Foundation of China (Grant Nos. 10865004, 10905029, 11035009, 11065005, and 11105079), by the China Postdoctoral Science Foundation (Grant No. 20100480017), and by the Foundation for the Authors of National Excellent Doctoral Dissertation of P. R. China (FANEDD) (No. 201021).

References

[1] M.M. Aggarwal, et al. (STAR Collaboration.), arXiv:1007.2613. [2] M.M. Aggarwal, et al. (STAR Collaboration.), Phys. Rev. Lett. 105 (2010) 022302. [3] J. Rafelski, B. Müller, Phys. Rev. Lett. 48 (1982) 1066. [4] P. Chung, et al. (E895 Collaboration), Phys. Rev. Lett. 91 (2003) 202301. [5] S. Albergo, et al., Phys. Rev. Lett. 88 (2002) 062301.

[6] B.B. Back, et al. (E917 Collaboration), Phys. Rev. Lett. 87 (2001) 242301. [7] C. Alt, et al. (NA49 Collaboration), Phys. Rev. C 78 (2008) 034918. [8] F. Antinori, et al. (NA57 Collaboration), J. Phys. G 37 (2010) 045105. [9] B.I. Abelev, et al. (STAR Collaboration), Phys. Rev. C (2008) 77, 044908. [10] K. Adcox, et al. (PHENIX Collaboration), Phys. Rev. Lett. 89 (2002) 092302. [11] M.A.C. Lamont (STAR Collaboration), J. Phys. Conf. Ser. 50 (2006) 192. [12] B.I. Abelev, et al. (STAR Collaboration.), Phys. Rev. Lett. 97 (2006) 152301. [13] B.I. Abelev, et al. (STAR Collaboration.), Phys. Rev. C 79 (2009) 064903. [14] R.C. Hwa and C.B. Yang, Phys. Rev. C 75 (2007) 054904, arXiv:nucl-th/0602024v3. [15] F. Zhao (STAR Collaboration), AIP Conf. Proc. 1441 (2012) 797.

[16] X. Zhu (STAR Collaboration), Acta Phys. Pol. B Proc. Suppl. 5 (2012) 213, arXiv:1203.5183v1 [nucl-ex]. [17] X. Zhu (STAR Collaboration), arXiv:1203.5182v1 [nucl-ex].

[18] X. Zhang (STAR Collaboration), Acta Phys. Pol. B Proc. Suppl. 5 (2012) 509, arXiv:1203.5193v1 [nucl-ex]. [19] K.H. Ackermann, et al. (STAR Collaboration), Nucl. Instrum. Meth. A 499 (2003) 624. [20] W. Llope (STAR Collaboration), Nucl. Instr. and Meth. A 661 (2012) S110. [21] B.I. Abelev, et al. (STAR Collaboration), Phys. Rev. C 79 (2009) 034909. [22] J.W. Cronin, et al., Phys. Rev. D 11 (1975) 3105.