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Bubbles collide in the early universe plasma, sourcing gravitational waves



Fate of the False Vacuum
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• Semiclassical solution (Coleman 1977)

• Determining the prefactor analytically 

difficult → perturbation theory

• Perturbation theory suffers from the so-

called infrared problem

• Introduces uncertainty! How accurate are 

our cosmological predictions?

• Moore, Rummukainen & Tranberg 

introduce a simulation method (hep-

lat/0103036, hep-ph/0009132)
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The Real Scalar Theory

• Toy model possessing key features of BSM models

• Potential has a tree-level barrier

• Strong phase transition

• Dimensional reduction 4D cont → 3D cont → 3D lattice (imaginary time, high 
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Reweighting

• Simulations are computationally 

expensive → use reweighting the order 

parameter histogram at different 

parameter points

• In our case we reweight in two parameters



Results

Volume averaged nucleation 
rate vs. the perturbative 
calculation results as a function 
of temperature T (GeV)

Lattice spacing fixed, varying 
physical volume
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Results

Volume averaged probability 

part only vs. full  volume 

averaged nucleation rate 

with the prefactor as a 

function of temperature T
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Why does this matter?

• Allows us to calibrate the uncertainty in 

PT parameters when obtained from 

perturbative results

• Our simulations show us a suppression 

of the nucleation rate by a factor of 20 

compared to the one loop estimate

• Accurate computations of the nucleation 

rate are crucial for calculating e.g. the GW 

power spectrum

• Method and results can be applied to 

other theories

One-bubble takeaway

There can be large uncertainties 

in nucleation rates calculated 

from the bounce action
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