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|dea: use EFT for long-range modes

Building blocks of field ¢ Take quantum fields, integrate out UV
modes, and obtain nucleation EFT
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Nucleation Intermediate Thermal

Anucl ~ MMnucl < Aint < Atherm ~ 1 A

See also: J.Hirvonen, O. Gould, 2108.04377, J. Hirvonen, 2403.07987, A. Ekstedt 2201.07331



|dea: use EFT for long-range modes

We expand around the O(3)-symmetric
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See also: J.Hirvonen, O. Gould, 2108.04377, J. Hirvonen, 2403.07987, A. Ekstedt 2201.07331



Computing effective action - 3D toy model
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One-loop contributions to nucleation rate
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Derivative expansion of gauge-Goldstone det
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See also: A. Ekstedt, O. Gould, J. Hirvonen, 2308.15652; A. Ekstedt 2104.11804, J. Hirvonen et al 2112.08912,
MK, B. Swiezewska, T.V.I Tenkanen, J. van de Vis, 2312.12413



Results: nucleation rate from different “recipes”

“Common”

NLO det T4
NLO det]

Note: 40) 50
Agyndet g~ T° T |GeV]

everywhere [2503.13597. with P. Schicho, B. Swiezewska, T\V.I. Tenkanen and J. van de Vis,]
except [NLO det]




Results: nucleation rate from different “recipes”
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Implications for PT parameters:

Q[NLO det] Q[daisy]

NIAQ =
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Note: 4. AT, ~ 0(30%) — O(80%)
Agyp det g T

everywhere - AR.H, ~ 0(15%) — O(20%)
except [NLO det] _ _




How do dim-6 operators affect the nucleation rate?
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F. Bernardo, MK, N. Leister, P Schicho, P Schwaller, 2609.xxxxx



HT validity => small effect of dim-6 operators

F. Bernardo, MK, N. Leister, P Schicho, P Schwaller, 2609.xxxxx



The relative difference for Dety is up to 7%

g=0.6, py = 27T, 3 = 0.6T
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F. Bernardo, MK, N. Leister, P Schicho, P Schwaller, 2609.xxxxx



1, changes up to 4%, while R 1, up to 1%

(Plots due to courtesy of N. Leister)

F. Bernardo, MK, N. Leister, P Schicho, P Schwaller, 2609.xxxxx



What can happen for extreme supercooling?

MK, N. Ramberg, P Schicho, D. Schmitt, 2506.15496



What can happen for extreme supercooling?

Estimate for Tp breaks down:

Volume of false vacuum is not
QCD transition: | decreasing

p/H grows larger due to new
“mass” term ~Aqcp

Strongly coupled regime:
p/H should grow large

MK, N. Ramberg, P Schicho, D. Schmitt, 2506.15496



It's unlikely to go below S/H ~ 5

1 QCD — sourced PT |

MK, N. Ramberg, P Schicho, D. Schmitt, 2506.15496



Dim-6 operators
seem to have little

effect on nucleation

Derivative expansion
for gauge modes introduces
significant errors.

NLO corrections are
mandatory for reliable
oheno predictions

summary

Min value
of f/H ~ 5




Go to NNLO to
assert convergence of
oerturbative
expansion

< Itd be nice to have a
comparison to lattice!

Precise predictions for
PTA data







High-temperature Dimensional Reduction (DR)
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Couplings: g,4 Couplings: ms(T), g3(T), 15(T)



