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Thermaltunnelling
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Cosmological phasetransitions
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Caprinietal. arXiv:1910.13125



RG improved

SU(2)cSM

‘Hrgg‘s‘ PORIES
We
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C.D.Carone etal1307.8428, T.Hambye et al1306.2329, D. Marfatia et al 2006.07313, 1. Baldes et al 1809.01198



Energy transfer
inthe plasma

Calculationof T,, T,,. T,

Model

RG scale dependence

J.Ellis, et al 2007.15586, D.Croon, et al 2009.10080, Lewickietal 2111.02393

Phase Transition
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Transition scale
Bubble wall
dynamics
Energy budget

GW power
spectrum

Efficiency factorsi.e
inclusion of all
possible sources



Tunneling scenario in SU(2)cSM

Verattemp T=0.5

Tunnellingoccursonlyinthe new scalar direction!

T.Prokopec et al1809.11129



Introducing: supercooling

Polynomial

Conformal

Features:

phase transition happens at
temperatures significantly
below EW scale,

thermally produced barrier
lasts till 7= 0,

Induces strong Gravitational
Wave signal.
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* Percolationtemperature

Probability of point still in false vacuum is
P = 11) where

I( ) is the volume converted into
true vacuum

Then we solve for condition:

I[(T,) ~0.34



* Nucleationtemperature
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J.Ellisetal. arXiv:1809.08242

Probability of point still in false vacuum is
P = 11) where

I(T)

Then we solve for condition:

is the volume converted into
true vacuum

I[(T,) ~0.34



Nucleation vs Percolation

Nucleationbelow I yc D

Nucleationbelow Tihcp
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QGW — Qcollisioms T QSoumdl waves = Qturbulemce



How do we know which source dominates?

Efficiency factors:
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And the main GW source are...

J.Ellis,etal,arXiv:2007.15586

Where the energy goes?

There is a lot of Bubble expansion
friction accelerates
Energy is dissipated in Energy goes to the
the surrounding plasma bubble's wall
Sound waves + Turbulences Bubble collisions



Energytransfer

Sound waves

Nucleationbelow TQCD

Bubble collisions
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(work in progress)

— gx= 0.75, Mx= 14.0 [TeV], key = 0.45, kcor= 0.55,
T = gx= 0.74, M= 23.0 [TeV], Kew = 0.0035, kcos = 1.0,
— gx= 0.85 My= 72.0 [TeV], key = 1.0, keoy= 7.8e-06,

Goal: provide accurate predictions for LISA.
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Reheating temperature

Fcp > H, but if.... F(p < H,

* Reheatingisinstantaneous *Energy willbe stored in
the scalar field
 Releasedenergytransforms oscillating about the true
into radiation vacuum
* Universereheats uptothe » Matter domination until
temperature 1y temperature at which

decayrateis equalto
Hubble parameter

* This matter domination

period changes the
shape of GW spectrum

arXiv:2007.15586



GravitationalWave signalin SU(2)cSM is
generically strong and thus detectable

o~ O(10)

Quuh? ~ 4.13 x 1077 (R, H.) (“Swo‘>
1 + o



