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Bubble nucleation

Phase Diagram for Water

False vacuum decay
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Seeded vacuum decay

Black holes ortices

BEC in a trap
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Critical Nucleation Theory

Critical bubbles in a thermal metastable state: Josiah Gibbs 187 8!

AS/kp

Probability of a bubble fluctuation o< e




Critical Nucleation Theory

O surface tension

4
AE = 471 R*c 37TR3€

€ energy density lower




False vacuum decay

In quantum field theory, replace the bubble by a o _ / 1 Vil + V(o)
‘bounce’ instanton, a solution to the field equations ~* 1 7

with imaginary time 7.

local potential minimum
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False vacuum decay rate

product of the eigenvalues

excluded zero modes (translations)
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Seeded nucleation

Laplace’s relation T RO po 2ty 2
Rl ' RQ OTFE Rl A R2 o
Y | tl P W Bl
oung’s equation ==

ogtT between the seed and the true vacuum phase

osr between the seed and the false vacuum phase

orr between the true and the false vacuum phase



Seeded nucleation rates

1/2
F: N ]‘CBT AEC / e_AEc/kBT
RZ h \kgT

The energy difference between bubble and no bubble is

TANY = Awa'ST + -ABO'FT e AWa'SF — eV

Young's relation implies




Seeded nucleation rates: interstitial




Seeded nucleation rates: edge

B = AE/kT
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False vacuum decay: edge

Middle
111.’ -
Xu et al. Front Energy Res., 24 (2022)



FalseVacuumbDecay
in the Lab (Trento)

A Zenesini, A Berti, R Cominotti, C
Rogora, IG Moss, TP Billam, 1
Carusotto, G Lamporesi, A Recat,
G Ferrari arXiv:2305.05225

Ferromagnetic

bubbles in a two-
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sodium BEC time —= t=0

Nucleation rate fits
theory

otable Unstable (Bubble nucleates) Measure width



FalseVacuum Decay in the Lab

sodium 23 11,-1>,|12,-2> magnetisation 1D, finite T

|1,Q>,\1,-1> | : relative phase 2D under construction
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Seeded FalseVacuum Decay simulations: K39 in &D

Real-time evolution uses the The components represent two

Stochastic Projected Gross ma% =P (1+ i) 851 -, Zeeman levels of the BEC. The
Pitaevski equation ot relative phase (plotted) undergoes
false vacuum decay.

Simulated thermal bubble nucleation around a circular seed for a two dimensional BEC.



Seeded FalseVacuum Decay: comparison with theory

Seeded rate: [, = A,R,BL/?e=Bs

Where B, = B,(By, R,, R, 0)

Unseeded rate: T", = A, L°B,e "
Total rate: | R e o

The fitgives R =9.2¢,, (&, ~0.2um)

Bubble nucleation rate plotted as a function of the
seed radius. The upper curve Is for a periodic box
of side L=400 and the lower curve L=200.




FalseVacuum Decay in a trapping potential

C coatin
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FalseVacuum Decay and particle collisions

Could particle collisions cause vacuum decay today?

Most results have been 1+1 dimensions - but geometry is important

\

energy and size
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We have seen the first
experimental test of
false vacuum decay at
finite temperature in 4
BEC.

False vacuum decay is a non-perturbative
quantum field theory phenomenon that
may be important in understanding the
origin of the universe.
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