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Leptoquarks
A minimal 2-LQ model

« LQ model
» Higgs-like doublet H
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Leptoquarks
A minimal 2-LQ model

« LQ model
» Higgs-like doublet H

* coloured-doublet R
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LQ model

Higgs-like doublet H
coloured-doublet R

coloured-singlet S

Leptoquarks
A minimal 2-LQ model

SUB3) | SU2) | Uy L
1 2 1/2 Lo
3 2 1/6
3 1 1/3 ¢
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Leptoquarks
A minimal 2-LQ model

* LQmodel SU@3) | su@) | u@)y L
» Higgs-like doublet H H 1 2 1/2 LO
« coloured-doublet R R 3 2 e |/
« coloured-singlet S S 3 1 1/3 ¢

» Scalar content
Voo = uf HYH + 42 STS + 3 RTR
+ Ay (HTH)® + 25 (S1S)° + A (RTR)’

+ gHS(HTH)(STS) + gHR(HTH)(RTR) + g;IR(HTR)(RTH) + gRS(RTR)(STS)
+a; RSHT + h.c.
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Model based on F. Freitas, J. Goncalves, A. P. Morais, R. Pasechnik, W. Porod (2023, PRD 108.115002)
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An improved recipe for thermal EFTs
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Dimensional Reduction
An improved recipe for thermal EFTs

» Leading-order perturbation theory (a la Coleman-Weinberg) v =y, + Vc(vlv) + Vr + Vaaisy
Linde problem: non-perturbative massless vector bosons —_— -

T=0 T+0
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Dimensional Reduction
An improved recipe for thermal EFTs

L_eadlng order perturbation th_eory (a la Coleman-Weinberg) v =y, + VC(W) + Vr + Vdaisy
Linde problem: non-perturbative massless vector bosons e o
» Dimensional reduction (DR) ,
t—-i/T

* include systematically higher-order resummations 4d — 3d EFT

« time — temperature = high-T approach
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Dimensional Reduction
An improved recipe for thermal EFTs

» Leading-order perturbation theory (& la Coleman-Weinberg) v =y, + Vc(v}/) + Vr + Vaaisy
Linde problem: non-perturbative massless vector bosons o T=0
» Dimensional reduction (DR) (ST

* include systematically higher-order resummations 4d — 3d EFT
 time — temperature = high-T approach
« Weakly-coupled EFTs — thermal scale hierarchy

Boltzmann
‘ suppression ] » ‘ hard | . w . soft supersoft ‘ ultrasoft |
1
Figure inspired by eq. (2.1) of O. Gould and T.V.I. Tenkanen (JHEP01(2024)048)
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Particle physics model J

‘ PT parameters }

Ty, strength «,
duration g71,...
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‘ GW spectrum J
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turbulence
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‘ Particle physics model
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‘ PT parameters
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Outcome
From Particle Physics to Cosmology
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Particle physics model

thermal EFT

‘ PT parameters

Ty, strength «,
duration g71,...

‘ GW spectrum

h*Qew (f peak)

Model parameters scan

masses
couplings,...
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GW peaks (vev configuration)
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Higgs self-coupling modifier k,

Particle physics model
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Model

v' flavour-consistent LQ model generating v masses
v' featuring colour-breaking at high-T

v"and colour-restoration at lower T

Detectability

v'at future detectors (DECIGO, BBO, ..)

v'correlation GW«collider observables

Further developments

— DRalgo: EFT at NNLO
— bubble wall velocity v, in LTE

— Decay rate prefactorI' = A e~S3/T

Outcome
& Future Endeavours
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Colour breaking in the early universe
A minimal leptoquark model

a Bert

1an Pasec

Mareo Finetti, Aunténio P. Moral
]

Abstract

Model

SU) | SU) | v Seanning

We trace

e phases, ©

the S at low encrgies

Observables

We compute the iggs trilinear cubl

v up 10 the LQ scalo (~ 1TV} and Dath the 1.Q wnd top quark coutribut

T pe—
match the 1l

e the treelovel contribation is X o

Thanks for listening!
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Particle physics model

thermal EFT

‘ PT parameters

Ty, strength «,
duration g71,...

‘ GW spectrum

h? Qew (fpeak)

Model parameters scan

masses

couplings
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GW peaks (vev configuration)
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The matter-antimatter problem v
Fundamental problem: baryon asymmetry cr%
Sakharov conditions (1967) SM LQ Model é
1. B-number violation v/ = non-perturbatively v = LQs acquire vev a
2. C & P violation v — weakly v/ — potential
3. Departure from

EW Baryogenesis

T-equilibrium X — cross-over v - strong FOPTs

XLt Xr

BSM physics
required!

W €---

Uw

() #0

-’ 75 GeV my
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