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Sourced GWs
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Outline

* Review of Vacuum Decay and 1st Order Phase
Transitions

* Euclidean Description (including new
computational method)
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Oth Order Questions

 How fast does the vacuum decay”
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Decay Rate
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Standard Description
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Pseudospec Solution
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Bounce Profiles
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Decay Rates
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Nucleation Rates
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Nucleation Rates

St = 2w piC(N)
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Real-Time Interpretation

d(x,t) = opr(Vx2 — t2)

Classical
Observer
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Time-reversible.
No nucleation event.

[Figure courtesy of Andrew Pontzen]



Ad-Hoc Nucleation
o(x,t =0) = ¢1(|x|)

Classical interior

Observer

No real-time classical description

[Figure courtesy of Andrew Pontzen]
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Some Questions

* Time-dependent description of nucleation
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Some Questions

* Time-dependent description of nucleation

 Bubble precursor? Init. cond. at nucleation

e Bubble-bubble correlations
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Some Questions

 [Ime-dependent description g on

 Bubble precursor? Inj nucleation

Bubble-bubble cor
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Full Evolution”

Observer Observer Observer

[Figure courtesy of Andrew Pontzen]
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Quantum
Commutators
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Classically-Allowed Vacuum Decay
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Classically-Allowed Vacuum Decay
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Numerical Reversibility
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Destroyed by Addition of Noise
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Decay Rates”
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Not Just Peaks in Initial Field!
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[JB, Johnson, Peiris, Pontzen, Weinfurtner, 1806.06069]



First Principles
Derivation of




Why Does This Work?




My Original Question
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QFT in Phase Space

Consider the Wigner functional
W[¢, H] = /D’]’le_% fdd:cl_[(x)n(x) <¢ il g) \Ij><\If .¢ s g>
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Wigner Approach
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Wigner Approach
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Wigner Approach
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Classical Evolution
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Wigner Approach
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Quantum Noise
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Why The Discrepancy?
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[JB, Johnson, Peiris, Pontzen, Weinfurtner, 1806.06069]
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Fluctuation Determinant
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Fluctuation Determinant
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Geltand-Yaglom Theorem

Lf = |4 (P@)g ) + Q@] 7 =M

£(0) = £(L) =0

We can compute the determinant as




Fluctuations and Decay

Log Divergence
(depends on dimension)
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14

Divergences appear that we must renormalise



Renormalization
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s This Testable”




Analog Cold Atom BEC
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Analog Cold Atom BEC

[JB, Johnson, Peiris, Weinfurtner, 1712.02356]

Dynamics of relative phase
IS a relativistic fielc
with periodic potential




Modelling BEC Dynamics
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BECs and Relativity

[JB,Johnson, Peiris, Weinfurtner, 1712.02356]
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Modelling BEC Dynamics
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Small Density Fluctuations
T /d%dzﬁe”ﬁ




Limit of Small Number
Fluctuations

A convenient variable Is

¢ = P2 — P1

Integrate out fluctuations in number density




Limit of Small Nurgber




SG and the Pendulum

Homogeneous Limit;
Rigid Pendulum




Modulate Transition Rate
v = 1y + dhw cos(wt)
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Time Averaged Potential

v = 1y + dhw cos(wt)



Spinodal Instability



ITransition Regime



Rapid Nucleation



Slower Nucleation
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Conclusions

Physical Process: False Vacuum Decay

* False Vacuum decay can occur via classical
time-evolution (quantum is in initial state)

 Decay rates ~ Euclidean Calculations
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Conclusions

Physical Process: False Vacuum Decay

* False Vacuum decay can occur via classical
time-evolution (quantum is in initial state)

 Decay rates ~ Euclidean Calculations
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Conclusions

Physical Process: False Vacuum Decay

e False Vacuum decay can occur via classical
time-evolution (quantum is in initial state)

 Decay rates ~ Euclidean Calculations
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Current/Future Work

e Real-time <> |nstanton
 Renormalisation, Fluc. Determinant, Wigner
 Mean bubble profile = instanton?

 Bubble-bubble correlations?
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