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Overview

Review of First-Order Phase Transitions and Standard
Formalism (including limitations)

New Time-Dependent Description of Decay
Connection to Bose-Einstein Condensates
Effective Relativistic Dynamics in BECs

Linear Stability Analysis (Instabilities and How to Tame
Them)
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First Order Phase Transitions




First Order Phase Transitions
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Standard Description

2 >

]

e =T +7r T =1t

0% oy d dpr IOV 0 0103
S e A b org

(0) =0 P(00) = Pty

irsa: 18060042 Page 9/74




Decay Rates
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Nucleation Rates
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Real-Time View

Time-reversible.
No nucleation event.

[Figure courtesy of Andrew Pontzen]
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Ad-Hoc Nucleation

$(x,t = 0) = ¢i(|x|)

Classical interior

Observer

[Figure courtesy of Andrew Pontzen]
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Some Questions

QFT exponentially complex. Full sims infeasible
Large fluctuation limit?

Time-dependent description of nucleation
(i.e. how do bubbles appear, impurities)

|s there a bubble precursor?

Correlations between bubbles?
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Full Evolution?

Observer Observer Observer

[Figure courtesy of Andrew Pontzen]
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Classically-Allowed Decay
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Defining Decays
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Overview

* Review of First-Order Phase Transitions and Standard
Formalism (including limitations)

 New Time-Dependent Description of Decay
- Connection to Bose-Einstein Condensates
- Effective Relativistic Dynamics in BECs

- Linear Stability Analysis (Instabilities and How to
Tame Them)
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Ana\ogue Systems’?
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Analogue Systems

“’Mu-.n her

Hawking Radiation Solitons
(Linear, Quantum) (Nonlinear, Classical)

Bubble Nucleation
(Nonlinear, Quantum)
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Coupled Condensates

[Fialko et al]
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Modelling BEC Dynamics

U, = 1 + Ay

o s 52 ; .
thi; = (~()zj 5 Ve L Voot gailab, |z) Vi — Vij Y,

m;
B SRWEVE Propagator

FL2 11 1] * *
= o [Vl + V@il + P15l + 5 (9 +v5)

Page 29/74



Pirsa: 18060042

H=

—(Cs and Relativity

[JB,Johnson, Peiris, Weinfurtner, 1712.02356]
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Modelling BEC Dynamics

2mq

.. B2 ., ,,
thapy = ( V2 + guln|* + .G(-\'Q/f’2|2) Y1 — vy

" heo.. : ‘
ihapy = (— V? + gaalt2|? + geltn |2) Y2 — v

2Mmo

» dg 0g
11 = ( —_ (oo — (] — ——
g11 g 9 g22 g 9

Simplified Case

dg =0

Page 31/74




Small Density Fluctuations
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Limit of Small Number
Fluctuations

A convenient variable is

¢ = P2 — P

Integrate out fluctuations in number density
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Limit of Small Nurber




SG and the Pendulum

Homogeneous Limit:
Rigid Pendulum




Modulate Transition
v = 1y + dhw cos(wt)




Time Averaged Potential

v = Vg + dhw cos(wt)
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Spinodal Instability
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Rapid Nucleation
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Slower Nucleation
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Decreasing w, decreasing dx

Reveals Additional Instabilities
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Decreasing «, decreasing dx

Reveals Additional Instabilities
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-loquet Theory of
Linear Instabilities




-loguet Theory: Basics
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dt
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T-indep Dispersion
dg =0 m; =m; =m

Total Phase and Density
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Stable vs Unstable Behaviour
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Stable vs Unstable Behaviour
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