arXiv:1305.7327v1 [nucl-ex] 31 May 2013

Moments of net-charge multiplicity distribution in Au+Au collisions measured by the PHENIX experiment at RHIC

P. Garg^∗ (for PHENIX collaboration) Department of Physics, Banaras Hindu University, Varanasi-221005, India E-mail: prakhar@rcf.rhic.bnl.gov

Beam Energy Scan (BES) program at RHIC is important to search for the existence of the critical point in the QCD phase diagram. Lattice QCD have shown that the predictions of the susceptibility of the medium formed in heavy-ion collisions can be sensitive to the various moments (mean (μ) =< x >, variance (σ^2) = < (x − μ)^2 >, skewness (S) =^{<(x−μ)3>}_{σ 3} and kurtosis (κ) =^{<(x−μ)4>}_{σ 4} − 3 ) of conserved quantities like net-baryon number (ΔB), net-electric charge (ΔQ) and net-strangeness (ΔS). Any non-monotonic behavior of the higher moments would confirm the existence of the QCD critical point. The recent results of the higher moments of net-charge multiplicity distributions for Au+Au collisions at √ s_{NN} varying from 7.7 GeV to 200 GeV from the PHENIX experiment at RHIC are presented. The energy and centrality dependence of the higher moments and their products (Sσ and κσ^2) are shown for the net-charge multiplicity distributions. Furthermore, the results are compared with the values obtained from the heavy-ion collision models, where there is no QCD phase transition and critical point.

8^{th} International Workshop on Critical Point and Onset of Deconfinement March 11 - 15, 2013 Napa, California, USA

∗Speaker.

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

1. Introduction

The phenomenology of Quantum Cromodynamics (QCD) at finite temperature and baryon number density is one of the least explored regimes of the theory [1]. QCD predicts a phase transition from hadron gas (HG) phase to quark gluon plasma (QGP) phase at high temperature and/or baryon density. The exact nature of the phase transition is still not established, however, various QCD based model indicate that at large μ_B and lower T the transition from hadronic phase to the Quark Gluon-Plasma (QGP) phase is of first order. On the other hand, lattice QCD calculations with physical quark masses suggests that the phase transition at high T and lower μ_B could be a simple cross over from QGP to hadron phase. It further suggest that the first order phase transition line should end somewhere at finite μ_B and T and that point will be a critical point of second order[1].

It has been proposed that a critical point is a genuine thermodynamic singularity at which susceptibilities diverge and the order parameter fluctuates on long wavelengths [2]. But all the signatures share the common property that they are non-monotonic as a function of an experimentally varied parameter such as collision energy [3]. Typically, most of the fluctuation measures are related to quadratic variances of event-by-event observables, such as particle multiplicities, net charge, baryon number, particle ratios or mean transverse momentum in the event. However, higher non-Gaussian moments of the fluctuations are much more sensitive to the proximity of the critical point than the commonly employed measures based on quadratic moments[3]. Further, It has been suggested by lattice QCD calculations that the first three cumulants of net electric charge fluctuations are well suited for a determination of freeze-out parameters in a heavy ion collision [4].

Recently, Beam Energy Scan (BES) program at relativistic heavy ion collider (RHIC) has been started to search the location of critical point. It has been suggested that the medium created in heavy ion collision experiments at different center of mass energy ( √ s_{NN} ) follow different trajectories on the temperature (T) and baryon chemical potential (μ_B) plane during their time evolution [1]. This will enable us to locate the critical point in T-μ_B plane by experimentally measuring the fluctuations in higher moments of net charge, net baryon etc. with respect to √ s_{NN} . In the present work, fluctuations of the net charge and it’s higher moments are obtained from the net charge distributions measured by PHENIX experiment at RHIC.

2. Analysis details

In the present work, 200 GeV Au+Au data of RUN07 and 62.4 GeV, 39 GeV and 7.7 GeV data of RHIC RUN10 taken by PHENIX experiment is used. The event-by-event net-charge distribution is measured for Au+Au collisions occurring within ±30 cm along the z position of the interaction point. The charged particles are measured between the transverse momentum (p_T ) range 0.3 GeV /c < p_T < 1.0GeV /c and pseudorapidity (η) range at |η| < 0.35 region. The standard PHENIX track quality cuts are used for this analysis. To avoid the auto-correlation effect in the higher moments analysis, the centrality selection has been done by using tracks in a different pseudo rapidity range. The finite centrality bin width effect has been corrected by using a centrality

Figure 1: (Color online) Mean, Standard Deviation (σ), Skewness and Kurtosis obtained from net-charge distributions for Au+Au collision at √ s_{NN} = 200 GeV, 62.4 GeV, 39 GeV and 7.7 GeV for most-central to most-peripheral events are shown.

bin width correction. Delta theorem is used for the statistical error estimation of higher moments [5].

(a) (b)

Figure 2: (Color online) The skewness multiplied by the standard deviation and the kurtosis multiplied by the variance from net charge distributions for Au+Au collisions as a function of √ s_{NN} . (a) The circles represent the data for most central collision events. The grey error bars represent the systematic errors. (b) Sσ and κσ^2 for different centralities as a function of √ s_{NN} .

3. Results

Mean, Standard Deviation, Skewness and Kurtosis, calculated from event-by-event net-charge multiplicity distributions for Au+Au collisions at √ s_{NN} = 7.7 GeV, 39 GeV, 62.4 GeV and 200 GeV are shown in Fig. 1 as a function of number of participants (N_{part} ). Mean and Standard deviation increases with N_{part} while Skewness and Kurtosis decreases with N_{part} , although for 200 GeV, mean is almost constant within the systematic errors. Also the Mean, Skewness, and Kurtosis increases with decreasing √ s_{NN} while the trend is opposite in case of Standard Deviation as is evident from Fig. 1.

The skewness and kurtosis, calculated from the net-charge distributions, are expressed in terms that can be associated with the quark number susceptibilities, χ : Sσ ≈ χ(3)/χ(2) and κσ^2 ≈ χ(4)/χ(2)[6]. Theoretically, if we take the ratio of the susceptibilities, the volume effect is canceled out. The energy dependence of Sσ and κσ^2 of net-charge distributions are shown in Fig. 2. The statistical and systematic uncertainties are shown along with the data points. The experimental values are compared with the model calculations from UrQMD and HIJING within the PHENIX acceptance.

The HIJING and URQMD results match the data points except at highest energies, which may be due to the contribution of resonance production. Sσ and κσ^2 are shown for different centralities as a function of √ s_{NN} as shown in Fig. 2 (b).

4. Summary

The higher moments of the net-charge multiplicity distributions have been measured for Au+Au collisions at √ s_{NN} = 7.7 to 200 GeV. The values of Sσ decreases with √ s_{NN} while κσ^2 remains constant within uncertainties for all centralities. There is no significant deviation from the simulation results as observed in the data at these four collision energies. It will be interesting to study at lower energies like 19.6 GeV and 27 GeV which are still under investigation.

5. Acknowledgement

PG acknowledges the financial support from CSIR, New Delhi, India.

References

[1] M. A. Stephanov, Prog. Theor. Phys. Suppl. 153, 139 (2004) [Int. J. Mod. Phys. A 20, 4387 (2005)] [hep-ph/0402115].

[2] M. A. Stephanov, K. Rajagopal and E. V. Shuryak, Phys. Rev. D 60, 114028 (1999) [hep-ph/9903292].

[3] M. A. Stephanov, Phys. Rev. Lett. 102, 032301 (2009) [arXiv:0809.3450 [hep-ph]].

[4] A. Bazavov, H. T. Ding, P. Hegde, O. Kaczmarek, F. Karsch, E. Laermann, S. Mukherjee and P. Petreczky et al., Phys. Rev. Lett. 109, 192302 (2012) [arXiv:1208.1220 [hep-lat]].

[5] X. Luo, J. Phys. G: Nucl. Part. Phys. 39, 025008 (2012)

[6] F. Karsch and K. Redlich, Phys. Lett. B 695, 136 (2011) [arXiv:1007.2581 [hep-ph]].