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Effective Potential

At critical point thermal corrections are as large
as zero temperature contribution
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Imaginary time formalism
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The EFT approach

Matsubara modes (~ Kaluza-Klein modes) Mg — m2 + 47r2n2T2

(tree level) bosons’ masses
Idea! : integrate out hard modes
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DIMENSIONAL I
REDUCTION _
(DR) m ~ g1’ ¢ = Pp=0

£r3d ((b (33‘) ) Resummation of large logarithms ~ log (_)
reduces theoretical uncertainties
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Limits of the EFTs

The EFT is valid as far as we have convergence in the operator expansion
What’s the size of Higher Dimensional Operators 7
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Limits of the EFTs

Reliable
EFT

Does it exists a regime where we can use EFT to study Phase

Transitions which are strong enough to be detected?
R

FACULTE DES SCIENCES @ UNIVERSITE

SECTION DE PHYSIQUE <% DE GENEVE



Abelian Higgs Model

L8 = 1 FuFu + (Dud)(Dyd') + 12(661) + Ao

B — (BO) - 35 temporal scalar 1m2D Bg
L=

2

B; ] = DB,; 3d gauge vector Debye mass

1
L% (DR) — = Lak+ 5 (8 By)? + 2mD30 + k(@S ds) B + hsBj

-+ Higher Dimensional operators

¢ : Higgs g : gauge coupling . 9
B,,: Abelian gauge field A : Higgs quartic coupling
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A second EFT

Masses (at T.) mp, =mp ~g>T?>  mp, ~ g3v3 m37 ~ A3v3
: 1/2
mp,; , mp K Mp, _r B
T (I)n750 I
I gl t By

gT BOaBiah g3v3 B;, h

we can integrate out B

Eggfter (DR+ By) — ﬁi% + Higher Dimensional operators
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Results

10 ©

EFTs can fail in describing stronger L/ r .-
PT, which are the ones that can S "
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Results

Which other approaches are still valid for
detectable Phase Transitions? (e.g. 3d/4d
Lattice, Partial Dressing, No high-T expansion?)

Soft EFT

(DR)
Softer EFT

(DR+ By)
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Gauge dependence in higher dimensional operators

Naive Correlators Matching leads to gauge dependent Wilson Coefficients

. . ’ _ o 3
[Croon, Gould, Schicho, Tenkanen, White et al. "20 - 2009.10080] Q6 (q%gbg)
Qo = % [dgfi _ 364202 4+ 28 )\3] T, T° Apparent gauge dependence is related
to the redundancy of the EFT

operator basis

l Field redefinitions

Gauge Independence is manifest

— 4 6 4 242 3 2
AT [5d9 — (54 +3)g° A+ T5g°A" + 100 }13 ™ once the redundancy is removed

[FB, Klose, Schicho, Tenkanen '25- 2503.18904]
[Chala, Guedes '25-2503.20016] for EW sector of SM
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FIELD REDEFINITIONS

1. Gauge dependence in Higher Dimensional Operators

dimension-six Redundant operator basis dimension-six Physical basis
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