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Standard nucleation theory

A Thermalfluctuationsin homogeneousspacetime
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A Nucleationrate/volume set by the bounce action
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Now one
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“If monopole (or vortex)solutions existior a metastable or universe really sufficiently pure in order for supercooling
false vacuum a finite density of monopoles (or vortices) can to take place? The aim of this paper is to show that in
act asimpurity sites that trigger inhomogeneous nucleation most cases the early uni ve
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transitions are nucleated by thermal fluctuations. In

phase transitions are often nucleated by various forms of
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K impurities and inhomogeneities of nonthermal origin”
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The nature of impurities

A Compacbbjects (not only) gravitationaleffects A Topologicabtiefects(stringsand monopole$
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A Primordialdensityfluctuations A What aboutdomainwalls?
v Higgs Singlet(xSM
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Topological defects Zel * choal TeKibbleTE

Relicsof PTsdependingon topologyof vacuummanifold M, not on the strength
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The electroweak PT in the SM + scalar singlet
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A Probablysimplestnew physicsscenario with A Minimal mechanisnfor EWbaryogenesis
strong first order EWPTree-levelbarrier whenw =CP
Espinosakonstandin Riva [1107.5441] NPB EspinosaGripaios Konstandin Riva [1110.2876] JCAP
A Whend symmetry YO "Yimposed difficult A NewconfininggroupaspossibleUV
to test at colliders (nightmare scenario) completion nextto-miniml Composite Higgs
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Seeded vs homogeneous tunneling .7

A Nucleationprob. nolongerthe sameeverywhere A

Seeded orinhomogeneoustunnelingprobability per unit
enhancedat DW location
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Seeded tunneling

Criticalbubble
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1. Solvingoupledsystem ofPDEs
A Exact
A physicaunderstandin@

A Whichinitial conditions
for the algorithnt?

2. Thinwall approximation

A Limitedvalidity
A Intuitive picture

A Simplecalculation
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3. KaluzaKleindecompositionlnew)
A Quantitativeresults
A Still intuitive

A Initial conditionsfor num.
algorithmsand crosschecks



Seeded tunneling rate: thin wall limit

A Geometricabpproachto estimate the energy of theritical
bubbleconfiguration
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Seeded phase transition: Kaluza-Klein decomposition

A Expandhe fieldsaroundthe domainwall background,
and integrate over therthogonaldirection

YO (@ i (@), @

Q "Q (0 )%o (@)

A Profilesare chosenin order tohavecanonicalBd fields:
, @ (oY @ &), @ &, a

% @ (1Y @ * %@ 1 % d

0
anmEEy
A st e, RS LLT TN
* 03 . .
. » . »
Q 3 o .
. 3 0 *s
D . Q .
. . D oy
D
H : s )
) ol ) -
. x -
.
2 2 4
r

3d spectrum

A Study the 3d theory on the DWane,
interaction fromoverlapintegralswith & "®'Y

A Takeadvantageof the gap to integrate
continuumstatesout in favor of EFT fé@h
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Seeded phase transition: Kaluza-Klein decomposition
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A Seededvhasetransition reducedto
homogeneougproblemin 3d

A "Q andi taking avev(and hence KK
states) changes original DW profile

A Metastability of DW (barrier at the origin)
controlledby the3d Jmass,o :
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1.7 mifor Y Y. classical instability
(origin is a saddle)

2. mifor”Y Y. seeded tunnelling
(origin is a minimum)
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Seeded tunneling

/ ! GA\

i tunneling

\. Release
\ point

N L

A Tunnelingoccursbeforethe would-be
classicalnstability

A Seededounce action from
CosmoTransitiofadjustingfor 3d)

bounce action
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hape of the bubbles

- T=T, % k=1n=2.2mg=180 GeV
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A Bubblesof true vacuum arenucleated
iInside the domairwall with only O(2)
symmetry

A Nucleation rate orsameDW is fast, but
collisions among bubbles frodifferent
walls set by separation
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Results for the xSM parameter space

ms = 180 GeV
3 Pa A0 A Depending ot there can be
3.5  notwo-step a region of classical instability
3.0f .
SN A The seeded phase transition
£ 2.5/ supersedes the homogeneous
§ 2 Ot transition in all the (Ztep)
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g’ 1.5¢
® 1ol A Domain walls make viable
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Conclusion

domainwal
A Formationof defectsduringmulti-step phasetransitioncan homSeeol ]
dramaticallyaffectthe dynamics of thesubsequensteps byproviding |
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A In thexSMwith exact® symmetry, the homogeneous transition does actually not occur, as
the seeded phase transition is always faster.

A Thephenomenologyf the seededtransitionyet to be explored e.g. interms of gravitational
wavesandbaryogenesis- newavailableparameterspace

A Applications toother scalarsectors e.g.two Higgsdoubletmodels, andther defectssuchas
cosmicstrings

A Furtherstudy onlower dimensionalPT, e.g. cait be supercoole®

Thank youl!
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Domain walls in the standard two-step scenario
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Z, breaking
T= bw h
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@ explicit breaking terms

A Deeperminimumexpandsagainstthe
other
A Impact on the domainvall life time

A Plancksuppr operatorsin general
allow for DWsaroundthe EWPT

A Domainwall motion controlled by

Domainwall tension Wall collisions

 Universeexpansion | Particleproduction

Pressure fronbias Particlefriction
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Classical instability: mat”y Y
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. followed by dissociation at”Y Y
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A For’Y “Ythe minimum turns !
Into asaddleand domainwalls E '
dissociate !
A Effectivelyresemblesveakly / ./

first order PT
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