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First Law of Thermodynamics:

Smarr Relations and Thermodynamics

~ Smarr gives us a definition of
   pressure for which the 1st law
   is consistent.

Smarr Relation:

Electric potential

Kastor, Ray, Traschen
arXiv:0904.2765



Smarr Relations and Thermodynamics

and identify Gibbs free energy and Helmholtz free energy.

We can then find the equation of state:

Smarr gives the definition of pressure and TD volume:

(for Reissner-Nordström Black Holes in 3+1 dimensions)

We want to compute thermodynamics and  (eventually) universality classes.
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The 3+1 Dimensional Reissner-Nordström Black Hole:

Kubiznak, Mann
arXiv:1205.0559
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The Van der Waals Fluid:



Lifshitz-Symmetric Spacetimes

Anti de Sitter Spacetime

~ Conjectured dual to certain condensed matter systems

Lifshitz  ~ Introduce an Anisotropy in Time

while
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Smarr obeys Eulerian Scaling:
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Smarr obeys Eulerian Scaling:

through the first law:
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We obtain a nonlinear set of equations:
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Is there an exact solution?
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Can we define a mass via other methods?
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Can we define a mass via other methods?

In some cases, yes!

e.g. Gim, Kim, Li; arXiv:1403.4704 z=3, D=3
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Is the mass consistent with the first law?
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Is the mass consistent with the first law?

Yes, in fact, we can write down a Smarr relation!
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Other spacetimes for which our method agrees:

Our method:

3D Lifshitz with Proca Field (z=3, D=3)

Reissner-Nordström AdS (z=1, D=4)

4D Lifshitz with Maxwell Charge (z=4, D=4); Pang, arXiv:0901.2777

5D Lifshitz with Higher Curvature terms (z=2, D=5)
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Conclusion

Next...

Is a Maxwell field necessary for a finite-T critical point?

What is the universality class?

Anisotropy in Time ~ mass becomes a tricky concept

Lifshitz Smarr Relation ~ appears to give enough
information to obtain a TD
mass and volume
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Appendix

Critical Exponents

order parameter



Appendix

Do Lifshitz Phase Transitions exist?



Spacetime:

Action:

Constraints:
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