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Phase transitions

Phase transitions are rather ubiquitous phenomena; 
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A first order-phase transition in the early Universe could lead to a
detectable gravitational wave signal

Window to new physics: within the SM, there is no (first-order) phase transition
in the thermal history of the Universe.

[Cutting, Granados Escartin, Hindmarsh, Weir, 2005.13537]
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How do bubbles nucleate?
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non-trivial horizon 
configurations

Holography

non-trivial field configurations
(possibly far-from-equilibrium)
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Remarks:

- The solutions have spherical symmetry 
along the boundary radial direction.

- They also depend on the holographic direction 

- The critical bubble is static (and unstable). 

- We need to solve a 2+0 PDE. 

To write a well-posed elliptical problem, we used the DeTurck trick.

See [Kitchen, Wiseman, 0905.1822, Figueras, Lucietti, Wiseman, 1104.4489; Headrick, Dias, Santos, Way, 1510.02804]
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Bubble wall and size
Close to the critical temperature: Hyperbolic tangent

Close to the turning point : Gaussian profile

relative energy
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We need to integrate the free energy density to obtain 

Free energy density inside outsidewall
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Agreement with the effective 
field theory approach?
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Can we construct an effective potential that captures the properties of
microscopic bubbles we just obtained?

We identify the order parameter with the expectation value of the scalar:

Constructing an effective action
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Constructing an effective action from holography

We construct , the quantum effective action (sometimes referred to as 
one-particle irreducible (1PI) effective action), from which the source
is obtained when varying with respect to the VEV (Legendre transform).
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Constructing an effective action from holography

But there is a subtlety: there are finite (allowed) counter-terms introduce contact
terms which make the prescription scheme-dependent
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“Phenomenological construction”
The only missing piece of information is the value of the coefficient Z(φ,T) 
in the kinetic term.
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However, we see that setting Z(φ,T) to a constant gives a good approximation.

This value can be estimated from the surface tension. Assuming a quartic polynomial,



“Phenomenological construction”
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- Understand the transition from quantum to thermal fluctuations:

- Applications to QCD and neutron stars: 
(surface tension and nucleation rate in V-QCD).

- Beyond static configurations: 
Quasinormal-modes of the critical bubbles and time evolution.

- Study what phenomena can affect the nucleation
rate the most nucleation sites, finite volume effects…
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- Understand the transition from quantum to thermal fluctuations:

- Applications to QCD and neutron stars: 
(surface tension and nucleation rate in V-QCD).

- Beyond static configurations: 
Quasinormal-modes of the critical bubbles and time evolution.

- Study what phenomena can affect the nucleation
rate the most nucleation sites, finite volume effects… (and many more)

Outlook

[Laine, Vuorinen, 1701.01554]
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Thanks.
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