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Supercooled phase transitions

Classically scale invariant models
motivated by the EW hierarchy problem
provide a radiative origin of EW symmetry breaking
include dark matter candidates
generically produce strong gravitational wave signal
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Phase transition dynamics
The effective potential
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VEV ~ O(10) TeV



Phase transition dynamics
The effective potential
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exit point ~ O(10) GeV
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Phase transition dynamics
The effective potential
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VEV ~ O(10) TeV

Large separation of scales

exit point ~ O(10) GeV



Phase transition dynamics
The effective potential
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rolling

tunnelling



O(4)-symmetric bounce 

Background field dynamics
3+1-dimensional vacuum transition: nucleation
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O(4)-symmetric bounce 

SO(1,3)-symmetric EoM

Background field dynamics
3+1-dimensional vacuum transition: nucleation and evolution
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analytic continuation



Background field dynamics
3+1-dimensional vacuum transition
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Background field dynamics
3+1-dimensional vacuum transition
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Background field dynamics
3+1-dimensional vacuum transition

EoM

bounce
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Fluctuations dynamics
3+1-dimensional vacuum transition
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Fluctuations dynamics
3+1-dimensional vacuum transition
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Fluctuations dynamics
3+1-dimensional vacuum transition
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background-dependent mass:
tachyonic instability
parametric resonance
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Fluctuations dynamics
3+1-dimensional vacuum transition
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Fluctuations dynamics
3+1-dimensional vacuum transition
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backreaction!
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Initial conditions for the fluctuations
3+1-dimensional vacuum transition
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metastable
vacuum
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Energy inside the bubble
Preliminary results
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EoM
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EoM

Energy inside the bubble
Preliminary results
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Energy inside the bubble
Preliminary results
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EoM
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Energy inside the bubble
Preliminary results
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EoM



Consequences

energy budget of the bubble
gravitational-wave signal
bubble-wall velocity
equation of state
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Consequences

energy budget of the bubble
gravitational-wave signal
bubble-wall velocity
equation of state

A strongly supercooled transition
releases its large vacuum energy,
but particle production can
absorb a sizeable fraction of it
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Thank you for your attention!



Backup slides



Symmetry & background dynamics
In real time with t>r:

In real time with t<r:

In imaginary time:
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Fluctuations and background energy
Without backreaction

Background Fluctuationsvs
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Equation of state
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Particle spectrum
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