arXiv:nucl-th/0211096 v2 5 Dec 2002

Energy loss of partons traversing a QGP fluid

Tetsufumi Hirano^a and Yasushi Nara^{b ∗}

aPhysics Department, University of Tokyo, Tokyo 113-0033, Japan

bRIKEN BNL Research Center, Brookhaven National Laboratory, Upton, N.Y. 11973, U.S.A.

We analyse the azimuthal correlation function for high p_T charged hadrons in Au+Au collisions at the RHIC energy. By using a dynamical model in which hydrodynamics is combined with explicit propagation of high p_T partons, we study the effect of the intrinsic transverse momentum of initial partons on the azimuthal back-to-back correlations.

1. INTRODUCTION

Measurements of high p_T hadrons at the Relativistic Heavy Ion Collider (RHIC) may provide insight into a quark gluon plasma (QGP) [1]. Since jets have to traverse the excited matter, their spectra should be changed in comparison with the elementary hadron-hadron data. The energy loss of jets has been proposed as a possible signal of the QGP phase in relativistic heavy ion collisions [2]. Over the past year, a lot of work have been devoted to study the propagation of jets through QCD matter [3].

Recently, hadronic transverse momentum distributions in Au + Au collisions at √ s_{N N} = 130 and 200 GeV have been measured at RHIC and found that the yield of hadrons is suppressed at high transverse momentum [4,5]. These data are consistent with the picture in which jets considerably lose their energy in hot/dense medium. In addition, the magnitude of the away-side jets is found to be significantly suppressed in comparison with the near-side jets in central collisions from the azimuthal correlation measurements at high p_T [6]. The disappearance of the away-side peaks in central collisions implies that the one jet can escape from medium and the other correlated jet is absorbed by medium [7].

On the other hand, a novel hydrodynamical calculation, in which the early chemical freeze-out is taken into account, show that the p_T slope for pions is insensitive to thermal freeze-out temperature T^{th} [8] and that the hydrodynamical result starts to deviate from the experimental data at p_T = 1.5-2.0 GeV/c. See Fig. 1. This result naturally leads us to include the mini-jets component in addition to the hydrodynamic component.

Thus, we developed the hydro+jet model in which a full three dimensional space-time evolution of a fluid is combined with explicit propagation of jets [9]. The hydro+jet model enables us to estimate the dynamical effect of hot matter on the parton energy loss in relativistic heavy ion collisions. By using this model, we study the azimuthal correlation functions at the RHIC energy.

∗Present address: Department of Physics, University of Arizona, Tuson, Arizona 85721, U.S.A.

Figure 1. The transverse momentum spectrum from a hydrodynamic model including the effect of early chemical freeze-out is compared with the compiled PHENIX data in Au+Au collisions at √ s_{N N} = 130 GeV.

2. MODEL

We have already had a hydrodynamic solution which reproduces the experimental data in the low p_T region (p_T^<∼ 1.5 GeV/c) at the RHIC energy. For details on initialization of fluids, used in this calculation, see Ref. [8].

We include hard partons (defined by particles that have transverse momentum greater than 2 GeV/c just after initial collisions) using pQCD parton model. The spectrum of hard partons per hard collision before traversing hot matter can be written as E dσ_{jet} d^3p = K ∑ a,b ∫ g(k_{T,a})d^2k_{T,a}g(k_{T,b})d^2k_{T,b}f_a(x_1, Q^2)dx_1f_b(x_2, Q^2)dx_2E dσ_{ab} d^3p

, (1)

where f and g are the collinear and transverse parts of parton distribution function, x is the fraction of longitudinal momentum and k_T is the transverse momentum of initial partons in a nucleon. A factor K is used for the higher order corrections. The collinear parton distribution functions f_a(x, Q^2) are taken to be CTEQ5 leading order [10]. Gaussian distribution function g for primordial transverse momentum k_T with the width of ⟨k^2_T ⟩ = 1 GeV^2/c^2 is assigned to the shower initiator in the QCD hard 2 → 2 processes. We use PYTHIA 6.2 [11] to simulate each hard scattering and initial and final state radiations in the actual calculation. In order to convert hard partons into hadrons, we use an independent fragmentation model in PYTHIA after hydrodynamic simulations. We have checked that this hadronization model with K = 2 provides good agreement with the transverse spectra of charged hadrons in pp̄ collisions [12] and of neutral pions in pp collisions above p_T = 1 GeV/c at √ s = 200 GeV [13].

The number of hard partons is assumed to scale with the number of hard scattering which is estimated by using Woods-Saxon nuclear density. The transverse coordinate of a parton is specified by a distribution being proportional to the number of binary collision.

We assume that partons move along a straight path and lose their energy throughout

Figure 2. Two-particle azimuthal correlation function for charged particles in Au+Au 200A GeV central collisions. Circle, square and triangle plots correspond to ⟨k^2_T⟩ = 1, 2 and 4 GeV^2/c^2 respectively.

traversing partonic medium. We here use the following formula for parton energy loss [14] ΔE = C ∫_{τf} τ_0 dτ (τ − τ_0)ρ(τ, x(τ )) ln ( 1 + 2E μ^2R_{Au} ) . (2)

Here ρ is a thermalized parton density from hydrodynamic simulation. The screening mass μ is taken to be a typical value 0.5 GeV. This formula is relevant to the realistic heavy ion reactions where the number of jet scatterings is small [14] and thermalized partons are dynamically evolved [15]. The coefficient C(= 0.25) is chosen so that the suppression factor R_{AA} at p_T = 3 GeV/c becomes the same value as the one for the incoherent parton energy loss model discussed in the previous work [9].

3. RESULTS

Figure 2 shows the two-particle azimuthal correlation function of charged hadrons in midrapidity region (| η |< 0.7) in Au+Au central collisions at √ s_{N N} = 200 GeV. Here charged hadrons in 4 < p_{T,trigger} < 6 GeV/c and in 2 < p_{T,associate} < p_{T,trigger} GeV/c are defined to be trigger particles and associated particles respectively. We neglect the contribution from soft (hydro) components which, in central collisions, does not affect the relative strength between the near-side peak (Δϕ = 0) and the away-side peaks (Δϕ = ±π). The away-side peaks do not vanish even when the parton energy loss and the intrinsic transverse momentum ⟨k^2_T⟩ = 1 GeV^2/c are taken into account. Since the initial multiple scattering inside colliding nuclei releases the constraint of exact backto-back kinematics, we estimate its effect on the azimuthal correlation function. This effect can be parametrized phenomenologically by increasing ⟨k^2_T ⟩. We also represent the results for ⟨k^2_T⟩ = 2 and 4 GeV^2/c^2 in Fig. 2. The away-side peaks are found to be slightly weaken as ⟨k^2_T⟩ increases. Nevertheless, we can still see the away-side peaks. Therefore our results indicates that, in addition to parton energy loss in hot medium and intrinsic k_T of partons in nuclei, another mechanism is needed to obtain the disappearance of back-to-back correlations

4. SUMMARY AND DISCUSSION

We have studied the effect of intrinsic k_T of partons in a nucleus on the final azimuthal correlations of high p_T hadrons by using the hydro+jet model. We found that the parton energy loss which is chosen so as to quantitatively reproduce the suppression factor R_{AA} is insufficient for vanishing the back-to-back correlations and that even a large ⟨k^2_T ⟩ (= 4 GeV^2/c^2) does not result in the disappearance of the away-side peaks.

The parton energy loss is related to the p_⊥ broadening of jets in hot/dense medium [16]. During propagation, jets can get transverse momentum orthogonal to its direction of motion. As a consequence, these partons follow zig-zag paths in hot medium. This is naturally expected to affect the back-to-back correlation of jets. The effect of p_⊥ broadening on the azimuthal correlation function of high p_T hadrons will be discussed elsewhere [17].

We would like to thank A. Dumitru for motivating discussions and continuous encouragement and I. Vitev for valuable comments on the formula of parton energy loss.

REFERENCES

1. See proceedings of Quark Matter 2001, Nucl. Phys. A698 (2002); Proceedings of Quark Matter 2002, to appear in Nucl. Phys. A.

2. M. Gyulassy and M. Plumer, Phys. Lett. B243 (1990) 432; X.-N. Wang and M. Gyulassy, Phys. Rev. Lett. 68 (1992) 1480.

3. R. Baier, hep-ph/0209038 and references therein.

4. K. Adcox et al. (PHENIX Collaboration), Phys. Rev. Lett. 88 (2002) 022301. 5. C. Adler et al. (STAR Collaboration), Phys. Rev. Lett. 89 (2002) 202301. 6. C. Adler et al. (STAR Collaboration), nucl-ex/0210033. 7. J. D. Bjorken, FERMILAB-Pub-82/59-THY (1982) (unpublished). 8. T. Hirano and K. Tsuda, Phys. Rev. C 66 (2002) 054905. 9. T. Hirano and Y. Nara, Phys. Rev. C 66 (2002) 041901(R). 10. H. L. Lai et al. (CTEQ Collaboration), Eur. Phys. J. C 12 (2000) 375. 11. T. Sjöstrand, P. Edén, C. Friberg, L. Lönnblad, G. Miu, S. Mrenna and E. Norrbin, Comp. Phy. Commun. 135 (2001) 238.

12. C. Albajar et al. (UA1 Collaboration), Nucl. Phys. B335 (1990) 261. 13. H.Torii et al. (PHENIX Collaboration), nucl-ex/0210005.

14. M. Gyulassy, P. Levai, and I. Vitev, Nucl. Phys. B 594 (2001) 371; B 571 (2000) 197;

Phys. Rev. Lett. 85 (2000) 5535.

15. M. Gyulassy, I. Vitev, and X.-N. Wang, Phys. Rev. Lett. 86, 2537 (2001); M. Gyulassy, I. Vitev, X.-N. Wang, and P. Huovinen, Phys. Lett. B 526, 301 (2002); E. Wang and X.-N. Wang, Phys. Rev. Lett. 89, 162301 (2002).

16. R. Baier, Y. L. Dokshitzer, A. H. Mueller, S. Peigne and D. Schiff, Nucl. Phys. B484 (1997) 265; R. Baier, Y. L. Dokshitzer, A. H. Mueller and D. Schiff, Phys. Rev. C 58 (1998) 1706.

17. T. Hirano and Y. Nara, in preparation.