Relativistic dissipative hydrodynamics with spontaneous symmetry breaking.

D. Davesne^a and C. Pujol^a

a IPN Lyon, 43 Bd du 11 Novembre 1918, F-69622 Villeurbanne Cedex, France

Relativistic hydrodynamics has often been used as a starting point in the field of heavy ion collisions in order to reproduce single-particle spectra or multi-particle correlations (see [1] for example). However, the hot and dense hadronic phase created in such experiments is mainly constituted of pions and, until recently [2], no care has been taken on the fact that the breaking of the chiral symmetry can affect the theory of hydrodynamics itself [7]. Among all the applications of such a modification of the theory, two main directions emerge : first, it is highly wished to have a quantitative estimation of this effect when reproducing the experimental spectra [3] and, second it is important to complete the whole theory, that is, to include dissipation.

In hydrodynamic regime, relevant variables are those whose variations in space and time are slow and relaxation time becomes infinite in the long wavelength, small frequency limit. Such variables are of two kinds : densities of conserved quantities and Goldstone modes associated to continuous broken symmetry [4]. The prototype of such a theory which includes both types of hydrodynamic variables is the well-established theory of superfluidity associated to the breaking of U(1) and developed many years ago by Landau [5] in the non-relativistic case (or [6] in the relativistic domain). Here, the example of the superfluidity will be used as a guideline in order to show explicitly how to include dissipation in hydrodynamic equations with a broken continuous symmetry. Then, I will generalize to the case of SU(2)_L × SU(2)_R : starting from the equations of ideal hydrodynamics, I will introduce explicitely new transport coefficients associated to the chiral charge densities and Goldstone modes and discuss their physical meaning.

References

[1] L.P.Csernai, Introduction to Relativistic Heavy Ions Collisions (J. Wiley and Sons, New York, 1972).

[2] D.T.Son, Phys. Rev. Lett. 84 (2000) 3771.

[3] Y. Lallouet, C. Pujol, D. Davesne, work in progress.

[4] D.Forster, Hydrodynamic Fluctuations, Broken Symmetry, and Correlation Functions (Benjamin, 1975).

[5] L.D. Landau, E.M. Lifshitz, Fluid mechanics (Pergamon Press, 1987).

[6] B.Carter, I.M. Khalatnikov, Phys. Rev. D45 (1992) 4536; Ann. Phys. 219 (1992) 243 S.J.Putterman, Superfluid Hydrodynamics (North-Holland/American Elsevier, 1974).

[7] D. Davesne, Phys. Rev. C53 (1996) 3069

A. Muronga, Proceedings of 17th Winter Workshop on Nuclear Dynamics, Park City, Utah, 10-17 March 2001.