arXiv:nucl-ex/0503023 v3 10 Oct 2005

Event by Event fluctuation in K/π ratio at RHIC

Supriya Das (for the STAR Collaboration^1)

Experimental Physics Division, Variable Energy Cyclotron Center, 1/AF Bidhan Nagar, Kolkata -700064, INDIA

E-mail: supriya@veccal.ernet.in

Abstract. We present the preliminary results from our analysis of event by event fluctuation in K/π ratio in Au+Au collision at √ s_{N N} = 200 GeV and at 62.4 GeV using STAR detector at RHIC. Two different methods have been used to extract the strength of dynamical fluctuation and to study the centrality dependence of that. The results from the study of energy and centrality dependence of the dynamical fluctuation are presented. From the excitation function it is seen that at two RHIC energies the measure of dynamical fluctuation is constant with values very close to that at 12.3 GeV at SPS. The dynamical fluctuation is found to be positive and decreasing with increasing centrality at RHIC. The results are compared with HIJING model calculation with jets. Results from HIJING are found to be very close to data from central collisions whereas the model over predicts the data for peripheral events.

. 1. Introduction A key question of the heavy ion program at the Relativistic Heavy Ion Collider (RHIC) is to understand whether the hot and dense matter produced in the midst of the relativistic heavy ion collisions undergoes a transition to and from a quark gluon plasma (QGP) phase before it hadronizes. The study of fluctuations of specific observables on event by event basis, can provide comprehensive insight in this matter [1-7]. Several recent experimental studies at the SPS and RHIC have focused on the study of fluctuations in relativistic heavy ion collisions. Results from NA49 experiment at SPS [8, 9] show interesting behavior of both K/π ratio as well as the event by event dynamical fluctuation in that quantity. In this paper we present preliminary results from studies on the event by event fluctuation in the K/π ratio for Au+Au collisions at √ s_{N N} = 200 GeV and at 62.4 GeV using the STAR detector at RHIC.

2. STAR experiment STAR experiment at RHIC measures charged hadrons over a wide range of pseudorapidity (|η| < 1) and azimuthal angle (−π < ϕ < π), using the large Time Projection Chamber [10]. An overview of the experiment can be found in [11]. The kaons and pions are identified based on their relative energy deposition (dE/dx) in the TPC within the momentum range of 100 MeV - 600 MeV. This wide acceptance of the detector enhances the possibility to study event by event physics. Specially the wide momentum range available for particle identification enables to study event by event fluctuation in K/π ratio.

1 Complete author list can be found at the end of this proceedings

3. Analysis We have used the dataset from RHIC run II for Au+Au 200 GeV and RHIC run IV for Au+Au at 62.4 GeV. Around 300K minimum bias events, corresponding to 0 - 80% of Au+Au hadronic interaction cross-section, are analysed for this work. In minimum bias mode the events were triggered by two ZDCs and a minimum signal at the CTB. Only events for which the z-vertex is within ±25 cm of the center of the TPC are accepted. The global tracks with at least 15 hits in TPC and z component of Distant of Closest Approach (DCA) of the track with the primary vertex is less than 3 cm are used in this analysis. Two separate methods of analysis are used, one to obtain the overall measure of the dynamical fluctuation in central events and the other one to obtain the centrality dependence of the dynamical fluctuation.

3.1. Dynamical fluctuation and its excitation function The kaons and pions in each event are identified from their relative energy deposition in TPC. Then the ratio of multiplicities of kaons and pions is obtained on event by event basis. The width (σ_{data}) of the distribution of this ratio for sufficiently large number of events, gives the fluctuation in the ratio for real data. In order to isolate the strength of non-statistical fluctuation, we need to establish a reference which tells us the contribution to fluctuation from finite number of particles detected in the detector, experimental resolution in dE/dx but not containing any further correlations between the particles. This statistical limit corresponding to uncorrelated kaon and pion production, is estimated based on the ratio of kaon and pion multiplicities obtained from pseudo events constructed using a mixed event technique (σ_{mixed}). This mixing of the events has been done picking up one track from every event randomly to construct one mixed event while the multiplicity of the mixed events follow that of the real events. The dynamical fluctuation in the quantity has been obtained by the formula σ_{dyn} = √ σ^2_{data} − σ^2_{mixed} (1) This approach was used by NA49 to measure the strength of dynamical fluctuation for central events at various SPS energies. We have therefore used this to compare our results with those from SPS.

3.2. Results

Figure 1. Distribution of K/π ratio from data and mixed events for Au+Au at 200 GeV

Figure 2. Excitation function for σ_{dyn}

Fig. 1 shows the distribution of K/π ratio for top 5% central events in Au+Au collisions at 200 GeV. The distributions obtained from real and mixed events are superimposed to help comparing the widths of the distributions. The values of σ_{dyn} in different cases are tabulated in the table below.

In Fig. 2 the energy dependence (excitation function) of σ_{dyn} is plotted. The data points up to 17 GeV are obtained from NA49 collaboration [9]. At two RHIC energies, the measure of dynamical fluctuation appears to be constant having values close to SPS data at 12.3 GeV.

Table 1. Values of σ_{dyn}

Experiment System Ratio type σ_{data} σ_{mixed} σ_{dyn}

NA49 Pb+Pb at 17.3 GeV K/π - - 3.12(±0.37)% STAR Au+Au at 200 GeV K/π 17.78% 17.23% 4.6(±0.38)% STAR Au+Au at 200 GeV K^+/π^+ 24.29% 24.10% 3.06(±0.88)% STAR Au+Au at 200 GeV K^−/π^− 24.81% 24.55% 3.61(±0.67)% STAR Au+Au at 62.4 GeV K/π 20.7% 20.3% 4.44(±0.16)%

3.3. Centrality dependence of dynamical fluctuation To study the centrality dependence of the dynamical fluctuation we have used the variance ν_{dyn}, first suggested in Ref. [12], which is derived from single and two-particle distribution functions. In this method the dynamical fluctuation has been expressed as the contribution from three terms representing the correlation strength of kaons, pions and the cross correlation between them [13] :

R = R_{KK} + R_{ππ} − 2R_{Kπ} (2)

This approach has been used in several cases where the fluctuation of the ratio of two quantities is measured [14].

Experimentally this quantity is obtained from the following relation: ν_{dyn,K/π} (M) = ⟨K(K − 1)⟩_M ⟨K⟩^2_M + ⟨π(π − 1)⟩_M ⟨π⟩^2_M − 2 ⟨Kπ⟩_M ⟨K⟩⟨π⟩_M (3) The notation ⟨O⟩_M is used to indicate the average of the quantity O for all events with uncorrected multiplicity M of charged hadrons within pseudorapidity range |η| < 0.5. Centrality is defined dividing this whole range of multiplicity in nine contiguous bins.

3.4. Results Fig. 3 shows the variation of ν_{dyn,K/π} with centrality where along X-axis plotted is N_{part} which is the number of participants in Au+Au collisions calculated by optical glauber model calculation. Error on the data points correspond to statistical errors only. Results from HIJING[15] calculation is shown to compare with the data. 10K HIJING events for each centrality bin have been used for this purpose.

4. Summary We have presented the preliminary results of the event by event fluctuation in K/π ratio measured at RHIC using the STAR detector. Two different methods were used to extract the dynamical fluctuation. In one method the distribution of K/π ratio from data was compared with that obtained from mixed events which provides the statistical limit of this fluctuation,

Figure 3. Centrality dependence of ν_{dyn,K/π} for Au+Au collisions at √ s_{N N} = 200 GeV.

corresponding to uncorrelated kaon and pion production. The results from this method shows the dynamical fluctuation in K/π for top 5% central Au+Au at 200 GeV as 4.6%, for K^+/π^+ as 3.06%, for K^−/π^− as 3.61% and for K/π for top 5% central events for Au+Au at 62.4 GeV as 4.44%. The excitation function of dynamical fluctuation has also been studied combining RHIC data with data from SPS. At two RHIC energies, the measure of dynamical fluctuation appears to be constant having values closers to SPS data at 12.3 GeV. Another method based on correlation studies were used to study the centrality dependence of this dynamical fluctuation was used. The result from this shows the dynamical fluctuation for Au+Au 200 GeV is positive and decreases with increasing centrality. These results were compared with those obtained from HIJING and the model calculation results are very close for the central collisions whereas for peripheral events the model overpredicts the data.

5. Acknowledgments We thank the RHIC Operations Group and RCF at BNL, and the NERSC Center at LBNL for their support. This work was supported in part by the HENP Divisions of the Office of Science of the U.S. DOE; the U.S. NSF; the BMBF of Germany; IN2P3, RA, RPL, and EMN of France; EPSRC of the United Kingdom; FAPESP of Brazil; the Russian Ministry of Science and Technology; the Ministry of Education and the NNSFC of China; Grant Agency of the Czech Republic, FOM of the Netherlands, DAE, DST, and CSIR of the Government of India; Swiss NSF; the Polish State Committee for Scientific Research; and the STAA of Slovakia.

6. References

[1] Stephanov M, Rajagopal K and Shuryak E 1998 Phys. Rev. Lett.81 4816. [2] Stephanov M, Rajagopal K and Shuryak E 1999 Phys. Rev. D 60 114028. [3] Jeon S and Koch V 1999 Phys. Rev. Lett. 83 5435. [4] Jeon S and Koch V 2000 Phys. Rev. Lett. 85 2076. [5] Asakawa M, Heinz U and Müller B 2000 Phys. Rev. Lett. 85 2072. [6] Heiselberg H 2001 Phys. Rep. 351 161.

[7] Heiselberg H and Jackson AD 2001 Phys. Rev. C 63 064904. [8] Afanasiev et al. for NA49 Collaboration 2000 Phys. Rev. Lett. 86 1965. [9] Roland G for NA49 Collaboration 2004 J. Phys. G 30 S1381. [10] Ackermann K H et al. for STAR Collaboration 1999 Nucl.Phys. A 661 681 [11] Ackermann K H et al. for STAR Collaboration 2003 Nucl. Instrum. Meth. A 499 624 [12] Voloshin S 2002 Proc. International Nuclear Physics Conference 610 591. [13] Pruneau C, Gavin S and Voloshin S 2002 Phys. Rev. C 66 044904. [14] J Adams et al. for STAR Collaboration 2003 Phys. Rev. C 68 044905. [15] Wang X N and Gyulassy M 1992 Phys. Rev. D 44 844.