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Hydrodynamics

Hydrodynamics is an effective field theory describing systems near equilibrium. Its equations express 
conservation laws of whatever is conserved.
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Hydrodynamics

Hydrodynamics is an effective field theory describing systems near equilibrium. Its equations express 
conservation laws of whatever is conserved.

Symmetries are given by Ward identities:

The hydrodynamic expansion consists in expressing these currents
in terms of local quantities: the hydrodynamics variables.

The expansion counts in derivative order.
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Hydrodynamics have been used to explain a wide 
variety of phenomena, for example, plasma physics or 
chiral transport effects.
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Kaluza-Klein Dimensional Reduction
KK Dimensional Reduction

The Kaluza-Klein (KK) dimensional reduction is a procedure to obtain a d-dimensional field theory coupled to 
gravity and charged under an n-dimensional gauge group starting from a (D = d + n)-dimensional field theory just 
coupled to gravity.
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Using the vielbein formalism we can choose a parametrization directly on the vielbein. We choose the so-called 
triangular parametrization:

For convenience we work with the tangent space:
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The separation ansatz:

Preserves the algebra in d-dimensions. The commutator between two internal transformations:

          cannot depend on internal coordinates.  As these objects characterize the algebra of the internal 
manifold, we are identifying them with the structure constants of the Lie algebra. 
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The Hydrodynamic Variables
Following the rules to preserve isometries, we find that the hydrodynamic variables do not 
depend on internal coordinates               we are compactifying an specific flow pattern.
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The Hydrodynamic Variables
Following the rules to preserve isometries, we find that the hydrodynamic variables do not 
depend on internal coordinates               we are compactifying an specific flow pattern.

The velocity must follow the constraint:

One can choose the following parametrization:

The d-dimensional velocity field
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Ideal Fluid
The stress-energy tensor of the ideal fluid:
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Ideal Fluid
The stress-energy tensor of the ideal fluid:

With those definitions we obtain:

We can obtain the other hydrodynamical variables using thermodynamics:

This procedure can also be used for a fluid with dissipative terms. 
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We obtain the most relevant term in derivative order:
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● To analyze the coefficients and give a proper definition of the rest of hydrodynamic variables we we 
still have to impose the second law of thermodynamics.

● With our ansatz we can consider the Abelian case by taking the structure constants to zero. In that 
case the anomalous current vanish.

 There are other ansatze that can be considered and may be able to give us a correct Abelian 
description: The Freund-Rubin ansatz.
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