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Primer on Effective Field Theory

EFT: offer a low energy description of an unknown/tough to calculate
high energy theory.

New physics written as a perturbative expansion, e.g

)
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Lsmert = Lsm + Z O,-(ﬁ) +O(A3)

Two main EFTs of Higgs sector: HEFT
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@ Extend SM with scalars that acquire more than half of their mass
from the Higgs mechanism — "Loryons" ( ).

@ Loryons are non-decoupling = mass scales with Higgs coupling.
@ Non-decoupling theories require HEFT prescription.

Neutral singlet
@ We focus on simple scalar models < inert 2HDM
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https://link.springer.com/article/10.1007/JHEP02(2022)029

The Loryon Mass Spectrum
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S and T: Oblique parameters

Calculating one-loop corrections and comparing to projected FCC-ee

bounds in order to constrain each model ( ).
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https://link.springer.com/article/10.1007/JHEP01(2020)139

Mass splitting constraints at FCC-ee
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= we have sensitivity to r and rp, at FCC-ee.

Graeme Crawford (University of Glasgow) XIV NEXT PhD workshop July 15, 2024



Electroweak Baryogenesis

@ Baryogenesis could be explained by a strong first order phase
transition (SFOPT) in the early Universe (see for review).

@ Not possible in SM, but adding scalars changes the potential V/(h).

@ During transition, bubbles of the new phase collide = produce
gravitational waves (GW).
/ h

V(h)
~7
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https://inspirehep.net/files/ed2af432cb292fb2172f016eece986e4

SFOPT /GW constraints
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https://link.springer.com/article/10.1007/JHEP06(2022)099

SFOPT/ constraints

Wavefunction Renormalisation
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https://link.springer.com/article/10.1140/epjc/s10052-019-6904-39

Conclusions
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Backup — Effective Potential

Vet = Vo(9)
+ Z nj VCW,bos(m,?(Qb)) + ny VCW,fer(m?(Qb)) + ne VCW,bos(mgb(d)))

zero temperature corrections

+ Z nj VT,bos(m?(¢)a T) + n VT,fer(m%(qb): T) + no VT,bos(mgI)(¢))

/

finite temperature corrections
= {WT7 WL? ZT, ZLa ha X 7L}

n; (degrees of freedom) = {4, 2,2, 1,1, 3, 1}
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Backup — SFOPT/GW conditions

SFOPT Conditions:  Vhue/ Thue 2 1

53/TnuC ~ 140

nuc dve e T4
GW Conditions: o = <AveH - ff> /g F7° T e
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for LISA: log(8/H) — 1.2 log(«) < 8.8
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https://iopscience.iop.org/article/10.1088/1475-7516/2016/04/001
https://iopscience.iop.org/article/10.1088/1475-7516/2020/03/024

SFOPT /GW constraints
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