arXiv:1208.6368v1 [hep-th] 31 Aug 2012

Jet Quenching and Holographic Thermalization

E. Caceres^{1,2}, A. Kundu^2, B. Müller^3, D. Vaman^4, D.-L. Yang^3

1Facultad de Ciencias, Universidad de Colima, Bernal Diaz del Castillo 340, Colima, Mexico. 2Theory Group, Department of Physics, University of Texas at Austin, Austin, TX 78712, USA.

3Department of Physics, Duke University, Durham, North Carolina 27708, USA 4Department of Physics, University of Virginia, Charlottesville, Virginia 22904, USA

Abstract. We employ the AdS/CFT correspondence to investigate the thermalization of the strongly-coupled plasma and the jet quenching of a hard probe traversing such a thermalizing medium.

Keywords: Quark-Gluon Plasma, AdS/CFT correspondence, Gravitational Collapse PACS: 12.38Mh, 12.90.+b, 04.70.-s

The AdS/CFT correspondence [1–5], a duality between the strongly coupled N = 4 super Yang-Mills theory and type IIB supergravity, has been widely used to study the qualitative features of the quark gluon plasma (QGP) generated from the relativistic heavy ion collisions. In the gravity dual, the thermalization of the medium corresponds to the gravitational collapse and the formation of a black hole, which has been currently investigated in [6–12]. A light probe traveling in the strongly coupled medium could finally dissipate, which leads to a maximum stopping distance [13–16]. The stopping distance could qualitatively characterize the jet quenching of light probes.

In this note, we briefly present our work and highlight the results in [17, 19]. We utilize the AdS-Vaidya spacetime proposed in [9, 10], which describes a falling mass shell, to analyze the isotropic thermalization. The metric is induced by the leading order perturbation of a weak dilaton field[8]. In Eddington-Finkelstein (EF) coordinates, the metric is given by

ds^2 = 1 z^2 ( −(1 − m(v)z^4)dv^2 − 2dvdz + dx^2_i ) , (1)

where m(v) =^M_2 (1 + tanh(v/v_0)) represents the mass function of the shell and v denotes the EF time coordinate. In the thin-shell limit (ie. v_0 → 0), the AdS-Vaidya spacetime will be separated into two regimes. The exterior of the shell is dictated by the AdS- Schwarzschild metric, while the interior is governed by the quasi-AdS geometry, which corresponds to the vacuum with a nonzero gravitational potential [17]. In Poincare coordinates, the metric is written as

ds^2 = 1 z^2 ( −F(z)dt^2 +^{dz2}_{F(z)} + dx^2_i ) if z < z_0(v > 0), 1 z^2 ( −F(z_0)^2dt^2 + dz^2 + dx^2_i ) if z > z_0(v < 0), (2) where z_0 denotes the position of the shell and F(z) = 1 − z^4/z^4_h for z_h = M^{−1/4} = (πT )^{−1/4} being the future horizon. The position of the shell is determined by the redshift factor F(z_0). By tracking the position of the shell, a rapid thermailization time scaled by the temperature is found, τT ≈ 0.55, which is consistent with the approximated thermalization time scale at the RHIC energy [17].

When the medium starts to thermalize, an energetic light probe could be created simultaneously. In the gravity dual, the light probe is characterized by a massless particle falling along the null geodesic from the boundary to the bulk by using the WKB approximation, which eventually falls into the horizon and results in the thermalization of an image current on the boundary [15, 16]. Given that the shell is infinitesimally thin, the particle travels most of time in the exterior of the shell; thus the stopping distance in this case is the same as that found in the thermalized medium. On the contrary, when the shell has finite thickness, the light probe could travel further within the shell. However, by solving the Einstein equations in EF coordinates numerically, it turns out that the stopping distance of the light probe is approximately equal to that in the thermalized medium. In general, the jet quenching of an energetic light probe may not be affected by the thermalization process of the plasma [17].

Furthermore, the generalization of the AdS-Vaidya spacetime by introducing a charged shell is presented in [18]; the generalized metric, AdS-Reissner-Nordström- Vaidya (AdS-RN-Vaidya) geometry corresponds to a thermalizing plasma with a nonzero chemical potential. By following the same approach in [17] to track the falling shell in Poincare coordinates, the thermalization time of the medium with a nonzero chemical potential can be found [19]. As shown in Fig.1, the thermalization time decreases when the chemical potential is increased, where χ_4 = (4πT )^{−1}μ for μ being the chemical potential.

In addition, the jet quenching of a light probe such as a virtual gluon traveling in such a non-equilibrium plasma can be studied by applying the approach of a falling string introduced in [14]. The tip of the string is represented by a massless particle moving along the null geodesic, which leads to a maximum stopping distance similar to the approach of taking the WKB approximation to the falling wave packet induced by an image jet on the boundary [15, 16]. Nevertheless, the energy of the gluon is now encoded in the initial profile of the string, where E ∼ 1/z_I for z_I being the initial position of the tip of the string. When z_I > 0, the gluon will carry finite energy comparable to the thermalization temperature. Such gluons serve as soft probes and their stopping distances could be influenced by the thermalization process. As shown in Fig.1, the stopping distances of the gluons as well decrease when the chemical potentials are increased in both thermalizing and thermalized media. Also, for the soft gluon, its stopping distance in the thermalizing medium is larger than that in the thermalized case, which is expected since the probe in the former scenario travels for a longer time in the vacuum.

In conclusion, by using the gauge/gravity duality in the framework of the AdS-Vaidya type geometries, we found that the medium thermalizes rapidly, which characterizes the qualitative feature of a strongly coupled plasma. Moreover, the jet quenching of a light probe with infinite energy compared to the thermalization temperature is insusceptible to the thermalization process of the medium, while the jet quenching of the soft probe in the thermalizing plasma is reduced. When the chemical potential of the medium is increased, the thermalization of both the medium and the probe is accelerated, which could come from the enhanced scattering led by the increase of the density of the plasma [19].

FIGURE 1. The left panel shows the thermalization time τ with different values of chemical potential [19]. On the right panel, the red and blue points represent the stopping distances with different values of chemical potential in AdS-RN and AdS-RN-Vaidya spacetimes, respectively [19].

ACKNOWLEDGMENTS

The authors thank P. Arnold for useful discussions. We also thank the organizers of the Eleventh Conference on the Intersections of Particle and Nuclear Physics (CIPANP 2012).

REFERENCES

1. J. M. Maldacena, Adv.Theor.Math.Phys. 2, 231–252 (1998), hep-th/9711200. 2. E. Witten, Adv.Theor.Math.Phys. 2, 253–291 (1998), hep-th/9802150. 3. E. Witten, Adv.Theor.Math.Phys. 2, 505–532 (1998), hep-th/9803131. 4. S. Gubser, I. R. Klebanov, and A. M. Polyakov, Phys.Lett. B428, 105–114 (1998), hep-th/

9802109.

5. O. Aharony, S. S. Gubser, J. M. Maldacena, H. Ooguri, and Y. Oz, Phys.Rept. 323, 183–386 (2000),

hep-th/9905111.

6. S. Lin, and E. Shuryak, Phys.Rev. D78, 125018 (2008), 0808.0910. 7. P. M. Chesler, and L. G. Yaffe, Phys.Rev.Lett. 102, 211601 (2009), 0812.2053. 8. S. Bhattacharyya, and S. Minwalla, JHEP 09, 034 (2009), 0904.0464.

9. V. Balasubramanian, A. Bernamonti, J. de Boer, N. Copland, B. Craps, et al., Phys.Rev.Lett. 106, 191601 (2011), 1012.4753.

10. V. Balasubramanian, A. Bernamonti, J. de Boer, N. Copland, B. Craps, et al., Phys.Rev. D84, 026010 (2011), 1103.2683.

11. D. Garfinkle, and L. A. Pando Zayas, Phys.Rev. D84, 066006 (2011), 1106.2339. 12. D. Garfinkle, L. A. Pando Zayas, and D. Reichmann, JHEP 1202, 119 (2012), 1110.5823. 13. P. M. Chesler, K. Jensen, A. Karch, and L. G. Yaffe, Phys. Rev. D79, 125015 (2009), 0810.1985. 14. S. S. Gubser, D. R. Gulotta, S. S. Pufu, and F. D. Rocha, JHEP 10, 052 (2008), 0803.1470. 15. Y. Hatta, E. Iancu, and A. H. Mueller, JHEP 05, 037 (2008), 0803.2481. 16. P. Arnold, and D. Vaman, JHEP 1104, 027 (2011), 1101.2689. 17. D. Vaman, B. Muller, and D.-L. Yang (to appear). 18. E. Caceres, and A. Kundu (2012), 1205.2354. 19. E. Caceres, A. Kundu, and D.-L. Yang (to appear).