arXiv:1210.7023v1 [nucl-ex] 26 Oct 2012

Beam energy and centrality dependence of the statistical moments of the net-charge and net-kaon multiplicity distributions in Au+Au collisions at STAR

Daniel McDonald (for the STAR Collaboration)

Rice University, 6100 Main Street, Houston, TX 77251

Abstract

In part to search for a possible critical point (CP) in the phase diagram of hot nuclear matter, a Beam Energy Scan was performed at the Relativistic Heavy-Ion Collider at Brookhaven National Laboratory. The STAR experiment collected significant Au+Au data sets at beam energies, √ s_{NN}, of 7.7, 11.5, 19.6, 27, 39, 62.4, and 200 GeV. Lattice and phenomenological calculations suggest that the presence of a CP might result in divergences of the thermodynamic susceptibilities and correlation length. The statistical moments of the multiplicity distributions of particles reflecting conserved quantities, such as net-charge and net-strangeness, are expected to depend sensitively on these correlation lengths, making them attractive tools in the search for a possible critical point. The centrality and beam-energy dependence of the statistical moments of the netcharge multiplicity distributions will be discussed. The observables studied include the lowest four statistical moments (mean, variance, skewness, kurtosis) and the products of these moments. The measured moments of the net-kaon multiplicity distributions will also be presented. These will be compared to the predictions from approaches lacking critical behavior, such as the Hadron Resonance Gas model and Poisson statistics.

1. Introduction

The phase diagram of nuclear matter, i.e., the temperature versus the baryochemical potential, is largely speculative. There is indirect evidence in Lattice Quantum Chromodynamics (QCD) of a first-order phase transition at the boundary of the Quark-Gluon Plasma (QGP) and a hadron gas at higher values of the baryochemical potential [1]. At the top energy of the Relativistic Heavy-Ion Collider (RHIC), √ s_{NN}=200 GeV, the transition between the QGP and a hadron gas is a crossover [2]. Thus, a critical point (CP) could exist. In order to explore the QCD phase diagram and locate the possible critical point, a Beam Energy Scan (BES) was performed at RHIC in 2010 and 2011. Data at seven different beam energies between 7.7 and 200 GeV were collected by the Solenoidal Tracker at RHIC (STAR) experiment, corresponding to the range of baryochemical potential of ~20 to ~420 MeV [3].

The characteristic signatures of a CP are the divergences of the correlation length, ξ, and the susceptibilities of conserved quantities, such as net-strangeness and net-charge [4, 5]. These divergences should be reflected in the moments products S σ and κσ^2, where σ is the standard deviation, S is the skewness, and κ is the kurtosis. The higher the involved moment, the larger the CP-related power of the divergence with the correlation length: S σ~ξ^{2.5} and κσ^2~ξ^5 [6].

Preprint submitted to Nuclear Physics A October 29, 2012

Various theoretical approaches predict significant enhancements of the moments products near the CP. In a Polyakov loop extended quark-meson model, a ~50% enhancement of κσ^2 is predicted [7]. In Ref. [8], an ansatz for the dependence of the critical component of the fluctuations on the baryochemical potential was made based on universality arguments with parameters suggested by lattice calculations. This results in a critical contribution that is a peak with a width of ∼100 MeV. This critical component is predicted to result in a 1-2 order-of-magnitude enhancement of the kurtosis of pions and protons, which make up a majority of the measured charge. Different average values of baryochemical potential are explored in collisions with different √ s_{NN} values [3]. Thus, the expected enhancement should be √ s_{NN}-localized. The expectation is a non-monotonic behavior of the moments products for nuclear systems that freeze out close to the CP.

2. Analysis Details and Results

Particle identification was done with a combination of the ionization energy loss in the Time Projection Chamber (TPC) and the information from the Time-of-Flight (TOF) detector [9]. Event-by-event identified particle multiplicities were measured in STAR’s full azimuthal coverage and within ±0.5 units of psuedorapidity (η). Mathematical autocorrelations were avoided by defining the centrality using the number of charged tracks with 0.5<|η|<1.0. Analysis was done for all charged tracks with transverse momenta from 0.2<p_T<2.0 GeV/c. A centrality binwidth correction was done to avoid fluctuations resulting from the centrality width of the analysis bins [10].

While the moments products should be very sensitive to possible critical fluctuations, they could also be very sensitive to experimental sources of fluctuations. Quality assurance was performed to remove aberrant runs at each beam energy. In addition, careful studies were performed to investigate and remove bad events from the data sets.

The error bars shown are statistical only [11]. The moments products were measured for net-charge and net-kaons (K^+−K^−) and compared with the expectations from Poisson statistics and the Hadron Resonance Gas (HRG) model [5, 12]. In Poisson statistics, the moments are functions only of the mean values (M): S σ =^{(M+ −M− )}/(M^+ +M^− ) and κσ^2 = 1. In the HRG model, the moments are functions of thermodynamic parameters: S σ = tanh(Q_iμ_Q/T ) and κσ^2 ∼ 1.8, where Q_i=electric charge.

Shown in Fig.1 and Fig.2 is the centrality dependence of the fourth moment product κσ^2 of net-charge and net-kaons, respectively, for seven beam energies ranging from 7.7-200 GeV. Shown in blue is the Poisson expectation, which is mathematically calculable using the mean values alone. The moments product κσ^2 is generally independent of centrality and above the Poisson expectation at all beam energies. The same general trends are also observed for the third moments product S σ for both net-kaons and net-charge.

Shown in Fig.3 is κσ^2 (upper frame) and S σ (lower frame) for net-charge for 0-5% central collisions, where the solid line is the Poisson expectation and the dashed line is the HRG expectation. S σ is greater than the Poisson expectation but less than the HRG expectation in central collisions. No significant and √ s_{NN}-localized enhancement of either moments product is observed.

Shown in Fig.4 is κσ^2 (upper frame) and Sσ (lower frame) for net-kaons for 0-5% central collisions, where the solid line is the Poisson expectation. In general, the Poisson expectation describes the moments products well.

Figure 1: Centrality dependence of κσ^2 of net-charge at √ s_{NN} = 7.7, 11.5, 19.6, 27, 39, 62.4, and 200 GeV. Shown in blue is the Poisson expectation.

Figure 2: Centrality dependence of κσ^2 of net-kaons at √ s_{NN} = 7.7, 11.5, 19.6, 27, 39, 62.4, and 200 GeV. Shown in blue is the Poisson expectation.

Figure 3: Moments products Sσ and κσ^2 for net-charge for 0-5% central collisions. Solid line is the Poisson expectation, and dashed line is the HRG expectation.

Figure 4: Moments products Sσ and κσ^2 for net-kaons for 0-5% central collisions, with the Poisson expectation shown as a solid line.

3. Summary

STAR has measured Sσ and κσ^2 of net-charge and net-kaons at √ s_{NN} = 7.7, 11.5, 19.6, 27, 39, 62.4, and 200 GeV. The results are compared with Poisson and HRG expectations. The moments products do not depend significantly on centrality. For net-charge and net-kaons, the moments products are generally above the Poisson expectation at all centralities and beam energies. At the presently available beam energies, there is no beam-energy and centrality localized large enhancements of the net-charge or net-kaons moments products.

References

[1] Y. Aoki, et al., Nature 443 (2006) 675. [2] M. M. Aggarwal, et al., arXiv:1007.2613 (2010). [3] J. Cleymans, et al., Phys. Rev. C 73 (2006) 034905. [4] M. Cheng, et al., Phys. Rev. D 79 (2009) 074505. [5] F. Karsch, K. Redlich, Phys. Lett. B 695 (2011) 136. [6] M. Stephanov, Phys. Rev. Lett 102 (2009) 032301. [7] V. Skokov, et al., Phys. Lett. B 708 (2012) 179. [8] C. Athanasiou, et al., Phys. Rev. D 82 (2010) 074008. [9] W. J. Llope, Nucl. Instrum. Methods 661 (2012) S110 – S113. [10] X. Luo, J. Phys. Conf. Ser 316 (2011) 012003. [11] X. Luo, J. Phys. G 39 (2012) 025008. [12] A. Andronic, et al., Nucl. Phys. A 772 (2006) 167.