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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
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First Order Phase Transitions
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Decay Rates
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Nucleation Rates
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Real-Time View
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Classical -
Observer

Time-reversible.
No nucleation event.

[Figure courtesy of Andrew Pontzen]

Pirsa: 18060042 Page 12/74




Ad-Hoc Nucleation
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[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)

Is 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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Analogue Systems

Obreather
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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 B
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ECs and Relativity

[JB,Johnson, Peiris, Weinfurtner, 1712.02356]
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Modelling BEC Dynamics
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Small Density Fluctuations
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Limit of Small Number
Fluctuations

A convenient variable is

Dot

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 = 1y + dhw cos(wt)
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Spinodal Instability

irsa: 18060042 Page 39/74




Rapid Nucleation

irsa: 18060042 Page 40/74




Slower Nucleation
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Decreasing w, decreasing dx

Reveals Additional Instabilities
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Decreasing «, decreasing dx

cos(@)

Reveals Additional Instabilities
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-loquet Theory of
Linear Instabilities




-loguet Theory: Basics

dy

M@ty M@E+T)=M(@)
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T-indep Dispersion
dg =0 mp =mj; =m

Total Phase and Density
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Relative Phase and Density
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Stable vs Unstable Behaviour
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Stable vs Unstable Behaviour
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Stable vs Unstable Behaviour
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Stable vs Unstable Behaviour
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U
0.01 — 0.3
0.1 —0.5

Stabilisation of Zero Mode
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Stability:
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v = 1y + 6hw cos(wt)
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Increasing w pushes instability to higher k
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-loguet Modes”
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Are They Floquet Modes”
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Spectral
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Discrete
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Discrete Unstable
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Second Growing Mode
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Validity of GPE
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T Dilute Gas: na® < 1

2. Don’t Probe Potential: k < m(na?)~'/2

» Expected corrections: viscosity and noise
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Validity of GPE
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2. Don't Probe Potential: k < m(na?)~'/?

» Expected corrections: viscosity and noise
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Implications
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Increasing w
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Removes Instabilities
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Increasing

Removes Instabilities
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M = ZLMproton Qs = T'ABohr

Pirsa: 18060042 Page 72/74




Pirsa: 18060042

Conclusions / Future

New real-time picture of false vacuum decay
Good agreement with tunnelling calculation

Novel opportunity to test nonperturbative dynamics of
relativistic QFT in the lab - generic effective dynamics

But beware of dragons (new instabilities)

Instability length scale can be tuned by varying
modulation frequency
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Current / Future Work

Wider ranger of field values, lattice
renormalisation

Non-vacuum states, understanding loop
corrections, higher dimensional simulations

Mean profile and fluctuations of bubble precursor

Detailed comparison between pure scalar and
cold atom simulations
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