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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 ⇒ capped at TeV scale.

Non-decoupling theories require HEFT prescription.

HEFT & SMEFT have different assumptions about nature of EWSB.
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https://link.springer.com/article/10.1007/JHEP02(2022)029


The Loryon Mass Spectrum

Lmass = − (m2
ex + λhφ |H|2)︸ ︷︷ ︸

M2

|Φ|2 − {mass-splitting terms}

f =
λhφv2

2M2 Fraction of mass obtained from Higgs.

M2 = m2
ex +

1
2λhφv2 Common mass of each component.

Fermionic Loryons discoverable at HL-LHC (Banta et.al 2022).

Consider loop level effects of Z2-symmetric scalars.
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Indirect Bounds

�



�
	f =

λhφv2

2M2 > 0.5 M2 = m2
ex +

1
2λhφv2

Observable Representative diagram Scaling

κh M2f 2d(j)

κγ f
(
C(j) + Y 2d(j)

)
κλ M4f 3d(j)

C(j) = [(T 3)2] = 2
3 j(j + 1

2 )(j + 1), d(j) = 2j + 1
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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 induces potential barrier.

During transition, bubbles of the new phase collide ⇒ produce
gravitational waves (GW).

SFOPT: vnuc/Tnuc & 1

100 < S3/Tnuc < 200
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https://inspirehep.net/files/ed2af432cb292fb2172f016eece986e4


SFOPT/GW constraints

�



�
	f =

λhφv2

2M2 > 0.5 M2 = m2
ex +

1
2λhφv2

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


Backup − Unitarity

Observable Representative diagram Scaling

Unitarity M3f 2

Constraint dominated by 2 → 2 elastic scattering of Loryon with exchange
of a Higgs, only tree-level diagram that grows as λ2

hφ.
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Backup − W and Y parameters

Contributions of an arbitrary multiplet to the oblique parameters W and
Y are given by;

∆W =
1
2ρ

43
180

g2

(4π)2
m2

W
M2︸ ︷︷ ︸

' 1.2×10−5
(

600 GeV
M

)2

× j(j + 1
2)(j + 1) , (1)

∆Y =
1
2ρ

43
60

g ′ 2

(4π)2
m2

W
M2︸ ︷︷ ︸

' 1.0×10−5
(

600 GeV
M

)2

×Y 2(j + 1
2) . (2)

A lower bound for the Real Triplet and Inert 2HDM models were found
using 2d sensitivities for ∆W and ∆Y given in de Blas et.al 2016.
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https://link.springer.com/article/10.1007/JHEP01(2020)139


Backup − Effective Potential

Veff(h) = V0(h)

+
∑

i
niVCW,bos(m2

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

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

+
∑

i
niVT,bos(m2

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

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

i = {WT ,WL,ZT ,ZL, h, χ, γL}

ni (degrees of freedom) = {4, 2, 2, 1, 1, 3, 1}

v → h ≡ v + h
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Backup − GW conditions

GW background determined by the energy released (α) and the duration
of the phase transition (∼ β),

α =

(
∆Veff − Tnuc

4 ∆
dVeff
dT

)/geffπ
2T 4

nuc
30 ,

β/H∗ =
dS3
dT

∣∣∣∣
Tnuc

− S3
Tnuc

.

Approx bounds for LISA: log(β/H∗)− 1.2 log(α) < 8.8 .

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

Graeme Crawford (University of Glasgow) UK HEP Forum 2024 November 26, 2024 6 / 6

https://iopscience.iop.org/article/10.1088/1475-7516/2016/04/001
https://iopscience.iop.org/article/10.1088/1475-7516/2020/03/024


Backup − Daisy Resummation

Field-dependent masses are shifted by contributions of hard thermal loops;

Πi =
∂2VT
∂f 2

i
,

e.g, the Higgs and Goldstones shift by,

Πh = Πχ =
1
24T 2

(
3
2g ′2 +

9
2g2 + 12λhh + 6y2

t + nLoryonsλ

)
.

We use the Parwani scheme, inserting m2
i (h) → m2

i (h) + Πi(h,T ) directly
into Veff(h) (Parwani 1991).
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.48.5965.2
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