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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

LSMEFT = LSM +
∑

i

c(6)
i
Λ2 O(6)

i +O(Λ−3)

Two main EFTs of Higgs sector:
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Motivation

Extend SM with scalars that acquire more than half of their mass
from the Higgs mechanism − "Loryons" (Banta et.al 2022).

Loryons are non-decoupling ⇒ mass scales with Higgs coupling.

Non-decoupling theories require HEFT prescription.

We focus on simple scalar models


Neutral singlet
inert 2HDM
Real/Complex Triplet
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https://link.springer.com/article/10.1007/JHEP02(2022)029


The Loryon Mass Spectrum

Lmass = − (m2
ex + λ |Φ|2)︸ ︷︷ ︸

M2

|H|2−λ′(H†T aH)(Φ†T aΦ)−λ′′(Φ̃†T aΦ)(H†T aH̃+h.c)

f = λv2

2M2 Fraction of mass obtained from Higgs

M2 = m2
ex +

1
2λv2 Common mass of each component

r1 = λ′v2

4M2 Mass splitting parameter

r2 = λ′′v2

4M2 Additional mass splitting for |Y | = 1
2 irreps
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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 (de Blas et.al 2022).

S= −4cw sw
α Π′

3B(0)
φ

φ

W3 B

T= 1
αm2

W
(Π+−(0)− Π33(0))

φ

φ

W+ /W3 W− /W3
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https://link.springer.com/article/10.1007/JHEP01(2020)139


Mass splitting constraints at FCC-ee
�
�

�
�r1 = λ′v2

4M2 r2 = λ′′v2

4M2

⇒ we have sensitivity to r1 and r2 at FCC-ee.
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Electroweak Baryogenesis

Baryogenesis could be explained by a strong first order phase
transition (SFOPT) in the early Universe (see Croon 2023 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).
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https://inspirehep.net/files/ed2af432cb292fb2172f016eece986e4


SFOPT/GW constraints
�
�

�
�f = λv2

2M2 > 0.5 M2 = m2
ex +

1
2λv2

following (Banta 2022)
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https://link.springer.com/article/10.1007/JHEP06(2022)099


SFOPT/GW constraints

Wavefunction Renormalisation

φ

φ

h h

�



�
	δκh = 2(2j+1)

3
1

(4π)2
M2

v2 f 2

Projections: (Abada et.al 2019)
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https://link.springer.com/article/10.1140/epjc/s10052-019-6904-39


Conclusions

FCC-ee will be sensitive to
any Higgs-Loryon coupling.
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Loryons can induce a SFOPT,
required for electroweak baryogenesis.

Transition may produce a stochastic
gravitational-wave background,
detectable by LISA.
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Backup − Effective Potential

Veff = V0(φ)

+
∑

i
niVCW,bos(m2

i (φ)) + ntVCW,fer(m2
t (φ)) + nΦVCW,bos(m2

Φ(φ))︸ ︷︷ ︸
zero temperature corrections

+
∑

i
niVT,bos(m2

i (φ),T ) + ntVT,fer(m2
t (φ),T ) + nΦVT,bos(m2

Φ(φ))︸ ︷︷ ︸
finite temperature corrections

i = {WT ,WL,ZT ,ZL, h, χ, γL}

ni (degrees of freedom) = {4, 2, 2, 1, 1, 3, 1}
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Backup − SFOPT/GW conditions

SFOPT Conditions: vnuc/Tnuc & 1

S3/Tnuc ∼ 140

GW Conditions: α =

(
∆Veff − Tnuc

4 ∆
dVeff
dT

)/geffπ
2T 4

nuc
30

β/H∗ =
dS3
dT

∣∣∣∣
Tnuc

− S3
Tnuc

for LISA: log(β/H∗)− 1.2 log(α) ≤ 8.8

(Caprini et.al 2016, Caprini et.al 2020)
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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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