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First Order Phase Transitions
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0th Order Questions

• How fast does the vacuum decay? 

• Do bubbles form? 

• What do the bubbles look like?

Can be tackled with Euclidean bounce formalism



Bounce Formalism
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• Single negative eigenmode
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Model
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Nucleation Rates
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Nucleation Rates
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Real-Time Interpretation

[Figure courtesy of Andrew Pontzen]

�(x, t) = �I(
p

x2 � t2)



Ad-Hoc Nucleation

[Figure courtesy of Andrew Pontzen]

�(x, t = 0) = �I(|x|)

No real-time classical description
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Full Evolution?

[Figure courtesy of Andrew Pontzen]
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�̈�r2�+ V 0(�) = 0
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Also Happens in 2D and 3D



Energy of Bubble
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Restrict to long wavelength field modes instead
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Energy of long wave fields 
matches instanton

Compares well to 
bounce bubble 
initialized at t=0

Energy in long-wave modes 
as smoothing is varied
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Decay Rates?
Prediction
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Monte Carlo Over ICs

10000 sims / model x 1000 models ~ 10 million sims
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Can We Test This?
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Analog Cold Atom BEC

Dynamics of relative phase 
is a relativistic field 

with periodic potential
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BEC Simulations
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More info at  
www.qsimfp.org

http://www.qsimfp.org
http://www.qsimfp.org
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Current/Future Work
• Real-time               Instanton 

• Renormalisation, Fluc. Determinant, Wigner 

• Mean bubble profile = instanton? (preliminary yes) 

• Bubble-bubble correlations? 

• Time-dependent background or potential 

• Non-vacuum initial states (pure or mixed) 

• Application to many fields (more robust than instanton)



THANK YOU!



QFT in Phase Space
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Important Properties
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Wigner Approach
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