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Introduction CP-violating inflation Baryogenesis Summary

The Standard Model (SM) of particle physics

Its current formulation was finalised
in the 70’s and predicted:

the W & Z bosons
discovered in 1983

the top quark
discovered in 1995

the tau neutrino
discovered in 2000

the Brout-Englert-Higgs mechanism
a scalar boson discovered in 2012
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Introduction CP-violating inflation Baryogenesis Summary

SM and the need to go beyond

What is missing:

a suitable Dark Matter candidate link

a successful baryogenesis mechanism
strong first order phase transition

sufficient amount of CP violation link

a natural inflation framework link

an explanation for the fermion mass
hierarchy link

a stable electroweak vacuum link

⇒ beyond the Standard Model
⇒ scalar extensions of the SM
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Introduction CP-violating inflation Baryogenesis Summary

Scalar extensions of the SM

SM + scalar singlets link

Dark Matter severely constrained
CP violation not possible

2HDM: SM + a doublet link

Dark Matter constrained & CPV incompatible
CP violation severely constrained & DM
incompatible

3HDM: SM + 2 doublets link

Dark Matter many exotic possibilities
CP violation unbounded dark CP violation
Inflation easily achieved + exotic possibilities
Bonus: fermion mass hierarchy explanation
Bonus: EW vacuum stability
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Introduction CP-violating inflation Baryogenesis Summary

Simplest and best in agreement with observation

Slow roll inflation:
driven by a scalar field (inflaton) slowly rolling down its smooth potential

Garcia-Bellido, [arXiv:hep-ph/0303153 [hep-ph]]
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Introduction CP-violating inflation Baryogenesis Summary

The Higgs inflation model

The SM Higgs potential:
V (ϕ) = −µ2

hϕ†ϕ + λh(ϕ†ϕ)2

Introducing a non-minimal
coupling to gravity ξ:

LJ =
√

−gJ

2
[
(ξϕ2 + M2

pl)R

+(∂µϕ)2 − V (ϕ)
]

HIGGS VEV
AT v ! 246 GeV

Ξ ! 0

Ξ ! #0.001

Ξ ! ±0.01

Ξ ! #0.1

0 2.$10%17 4.$10%17 6.$10%17 8.$10%17 1.$10%16 1.2$10%16 1.4$10%16
0

1.$10%78

2.$10%78

3.$10%78

4.$10%78

5.$10%78

6.$10%78

Φ!in MPL"

V
!Φ"!in

M
PL
4 "

Choudhury, Chakraborty, Pal, [Nucl. Phys. B 880, 155-174 (2014)]
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Introduction CP-violating inflation Baryogenesis Summary

3HDMs: 3-Higgs doublet models (non c’è due senza tre)

two scalar doublets + the SM Higgs doublet

ϕ1, ϕ2 ϕ3 ≡ ϕ
SM

ϕ1 =
(

h+
1

h1+iη1√
2

)
, ϕ2 =

(
h+

2
h2+iη2√

2

)
, ϕSM =

(
G+

hSM+iG0
√

2

)

Ivanov, VK, Vdovin, [J. Phys. A 45, 215201 (2012)], Ivanov, Vdovin, [Phys. Rev. D 86, 095030 (2012)]
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Introduction CP-violating inflation Baryogenesis Summary

Z2-symmetric 3HDM with dark CPV

Lagrangian invariant under a Z2 symmetry (−, −, +):

ϕ1 → −ϕ1, ϕ2 → −ϕ2, SM fields → SM fields, ϕSM → ϕSM

and respected by the vacuum (0, 0, v):

ϕ1 =
(

h+
1

h1+iη1√
2

)
, ϕ2 =

(
h+

2
h2+iη2√

2

)
, ϕSM =

(
G+

v+h+iG0
√

2

)

Only ϕSM can couple to fermions: ϕu = ϕd = ϕe = ϕSM

−LYukawa = YuQ̄′
Liσ2ϕ∗

uu′
R

+Yd Q̄′
Lϕdd ′

R

+Ye L̄′
Lϕee′

R + h.c.

where PL = (1 � �5)/2 and PR = (1 + �5)/2 are the left and right projection operators.
One, therefore, needs to explicitly calculate

aµ =
m2

µ

4⇡2
Re(cL + c⇤R). (7)

de =
e me

4⇡2
Im(cL + c⇤R), (8)

where cL and cR are the Wilson coe�cients to be calculated for each loop diagram
separately.

2.1 1-loop contributions

The digram contributing to the aµ and de at 1-loop is shown in Figure 1, where hi are
the neutral scalars in the model with their coupling to electrons and muons represented
by Y hi

ee and Y hi
µµ, respectively. The charged scalar mediated version of this diagram is

sub-dominant and is therefore neglected [10]. Note also that in the models we study, we
only extend the scalar sector of SM and do not add any extra vector or fermion fields,
such as right-handed neutrinos.

l
l

l
�

hi

l

Figure 1: The 1-loop diagram mediated by neutral scalars hi contributing to muon
anomalous magnetic moment (l = µ) and to eEDM (l = e).

The contribution from the 1-loop diagrams to aµ and de are

a1�loop
µ = �m2

µ

8⇡2

nX

i=1

Z 1

0

dx

Z x

0

dy
y(y � 1) | Y hi

µµ |2 +(y � 1)Re((Y hi
µµ)2)

m2
µ[y(y � x) + (1 � y)] + m2

hi
y

(9)

d1�loop
e =

e me

16⇡2

nX

i=1

Im((Y hi
ee )2)

Z 1

0

dx

Z x

0

dy
(y � 1)

m2
e[y(y � x) + (1 � y)] + m2

hi
y

(10)

where n is the number of the scalars mediating the loop in Fig. 1.

3

No contributions to electric dipole moments (EDMs)
VK, King, Moretti, Sokolowska, Rojas, [JHEP 12, 014 (2016)], VK, [Phys. Rev. D 101, 073007 (2020)]
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Z2-symmetric 3HDM with dark CPV

The scalar potential: V = V0 + VZ2 with

V0 = −µ2
i (ϕ†

i ϕi) + λii(ϕ†
i ϕi)2 + λij(ϕ†

i ϕi)(ϕ†
j ϕj) + λ′

ij(ϕ†
i ϕj)(ϕ†

j ϕi) (i = 1, 2, 3)

which is CP conserving (real parameters),

VZ2 = −µ2
12(ϕ†

1ϕ2) + λ1(ϕ†
1ϕ2)2 + λ2(ϕ†

2ϕSM)2 + λ3(ϕ†
SMϕ1)2 + h.c.

which is CP violating (complex parameters).

The action of the model:

SJ =
∫

d4x
√

−g
[

− 1
2M2

plR − Dµϕ†
i Dµϕi − V −

(
ξi |ϕi |2 + ξ4(ϕ†

1ϕ2)︸ ︷︷ ︸
Z2−symmetric

+h.c.

)
R
]

The sources of CP violation are λ1 = |λ1|eiθ1 and ξ4 = |ξ4| eiθ4 .

Venus Keus (DIAS) RockStar Baryogenesis September 25, 2025 9



Introduction CP-violating inflation Baryogenesis Summary

Z2-symmetric 3HDM with dark CPV

The scalar potential: V = V0 + VZ2 with

V0 = −µ2
i (ϕ†

i ϕi) + λii(ϕ†
i ϕi)2 + λij(ϕ†

i ϕi)(ϕ†
j ϕj) + λ′

ij(ϕ†
i ϕj)(ϕ†

j ϕi) (i = 1, 2, 3)

which is CP conserving (real parameters),

VZ2 = −µ2
12(ϕ†

1ϕ2) + λ1(ϕ†
1ϕ2)2 + λ2(ϕ†

2ϕSM)2 + λ3(ϕ†
SMϕ1)2 + h.c.

which is CP violating (complex parameters).

The action of the model:

SJ =
∫

d4x
√

−g
[

− 1
2M2

plR − Dµϕ†
i Dµϕi − V −

(
ξi |ϕi |2 + ξ4(ϕ†

1ϕ2)︸ ︷︷ ︸
Z2−symmetric

+h.c.

)
R
]

The sources of CP violation are λ1 = |λ1|eiθ1 and ξ4 = |ξ4| eiθ4 .

Venus Keus (DIAS) RockStar Baryogenesis September 25, 2025 9



Introduction CP-violating inflation Baryogenesis Summary

The inflationary potential V ≡ Ṽ

Fields affecting inflation: ϕ1 = 1√
2

(
0

h1 + iη1

)
, ϕ2 = 1√

2

(
0

h2 + iη2

)

Some algebraic gymnastics

↓
Potential in the Jordan frame: V (h1, η1, h2) → V (h1) = 1

4 λ̃ h14

Conformal transformation: h1 → Ã =
√

6 ln
√

1 + r̃ h̃2
1/M2

Pl

↓

Potential in the Einstein frame: Ṽ (Ã ) = λ̃
4

M4
Pl

ξ̃2

(
1 − e−2Ã /

√
6
)2

details
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4

M4
Pl

ξ̃2

(
1 − e−2Ã /
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√
6
)2

details

Venus Keus (DIAS) RockStar Baryogenesis September 25, 2025 10



Introduction CP-violating inflation Baryogenesis Summary

The slow-roll parameters

The inflationary potential:

0 1 2 3 4 5 6 7 8
Ã

0.0

0.2

0.4

0.6

0.8

1.0

1.2

10
11
( 4|ξ

4
|2 M

−
4

P
l

)
Ṽ

θ4 = π/3

θ1 = π/2

θ1 = π/3

θ1 = π/4

0 1 2 3 4 5 6 7 8
Ã

0.0

0.2

0.4

0.6

0.8

1.0

1.2

θ1 = π/3

θ4 = π/2

θ4 = π/3

θ4 = π/4

The slow-roll parameters: ϵ = 1
2 M2

Pl

(
1
Ṽ

dṼ
dÃ

)2
and η = M2

Pl
1
Ṽ

d2Ṽ
dÃ

2

The spectral index: As = 1
24π2

1
ϵV

Ṽ
M4

Pl
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Planck constraints in the ns-r plane

Tensor to scalar ratio r = 16ϵ and the spectral index ns = 1 − 6ϵ + 2η

Aghanim et al. [Planck], [Astron. Astrophys. 641, A6 (2020)]
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Planck constraints on the scalar power spectrum As

As = (3.044 ± 0.014) × 10−9

In Higgs inflation: |ξ| ≃ 4.785 × 104 √
λh ⇒ |ξ| ∼ 104

In RockStar inflation: |ξ4| ≃ 4.785 × 104
√

λ̃ ⇒ |ξ4| ∼ O(1)
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Reheating and scalar asymmetries

Instant reheating: the inflaton quickly decays to ϕ
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Mtree
ϕ1ϕ1→ϕϕ ∝ λ3 and Mtree

ϕ∗
1 ϕ∗

1 →ϕ∗ϕ∗ ∝ λ∗
3

Mloop
ϕ1ϕ1→ϕϕ ∝ λ∗

1 I2 λ∗
2 and Mloop

ϕ∗
1 ϕ∗

1 →ϕ∗ϕ∗ ∝ λ1 I2 λ2

Interference between tree & loop diagrams ⇒ unequal ϕ & ϕ∗ numbers

A1
CP ∝

∣∣Mtree
ϕ1ϕ1→ϕϕ + Mloop

ϕ1ϕ1→ϕϕ

∣∣2 −
∣∣∣Mtree

ϕ∗
1 ϕ∗

1 →ϕ∗ϕ∗ + Mloop
ϕ∗

1 ϕ∗
1 →ϕ∗ϕ∗

∣∣∣2
∝ Im [λ1λ2λ3] Im[I2] ∝ −|λ1| |λ2| |λ3| sin(θ1 + θ2 + θ3) Im[I2]
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Introduction CP-violating inflation Baryogenesis Summary

Chemical potentials

The asymmetry in particle species i :

Ni ≡ ni − ni = giT 2

6 µi ×
{

2 for bosons
1 for fermions

At temperatures after reheating - well before the EWSB

Primordial thermal bath:

µW − = µW

µϕ− = µ−

µϕ0 = µ0

µuL , µdL

µeL , µνL

µuR , µdR , µeR

All Yukawa interactions are in equilibrium:

W − ϕ+ϕ0 ⇒ µW − µ− − µ0 = 0
W − uL d̄L ⇒ µW + µuL − µdL = 0
W − νL ēL ⇒ µW + µνL − µeL = 0
Q̄L · ϕ dR ⇒ −µdL + µ0 + µdR = 0

ϵab Q̄La Φ†
b uR ⇒ −µuL − µ0 + µuR = 0

ℓ̄L · ϕ eR ⇒ −µeL + µ0 + µeR = 0

Venus Keus (DIAS) RockStar Baryogenesis September 25, 2025 15



Introduction CP-violating inflation Baryogenesis Summary

Scalar asymmetry yields baryon asymmetry

Above EWSB critical temperature T > TC :

Conservation of 3rd component of weak-isospin T 3: µW = 0

Charge density Q conservation: µuL = − 7
12 µ0

Sphalerons: 2µdL + µuL + µνL = 2µW + 3µuL + µνL = 3µuL + µνL = 0

The comoving baryon asymmetry

Y∆B = T 3

2 s

(
4µuL

T + 2µW

T

)
= −7

6
T 3

s
µ0

T

The lepton number comoving asymmetry

Y∆L = T 3

2 s

(
3µνL

T + 2µW

T − µ0

T

)
= 51

24
T 3

s
µ0

T

The asymmetry in ϕ will convert to a baryon and a lepton asymmetry.
details
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Introduction CP-violating inflation Baryogenesis Summary

A 1-slide Summary
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Introduction CP-violating inflation Baryogenesis Summary

Take home message
SM + scalar singlets

Dark Matter severely constrained
CP violation not possible

2HDM: SM + a doublet
Dark Matter constrained & CPV incompatible
CP violation severely constrained & DM incompatible

3HDM: SM + 2 doublets
Dark Matter many exotic possibilities
CP violation unbounded dark CP violation
Inflation easily achieved + exotic possibilities
Bonus: fermion mass hierarchy explanation
Bonus: EW vacuum stability

Backup slides
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Motivation SM+S 2HDM 3HDM

Backup slides

Image credit: Andrew Long (not Daniel Figueroa!)
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Motivation SM+S 2HDM 3HDM

Baryon asymmetry in the universe
Sakharov’s conditions for a successful baryogenesis mechanism:

B-violation
C & CP-violation
Departure from thermal equilibrium

Observation N(B)
N(γ) ≈ 10−9 ≫ 10−20 provided by the SM

⇒ New sources of CPV needed.

back
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Motivation SM+S 2HDM 3HDM

Dark Matter

We know it exists because of:
galactic rotation curves
the CMB pattern
· · ·

None of the SM particles
are suitable DM candidates.

⇒ Beyond the SM

Weakly Interacting Massive Particles
(WIMPs)

DM DM → SM SM︸ ︷︷ ︸
pair annihilation

, DM ̸→ SM, ...︸ ︷︷ ︸
stable

back
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Motivation SM+S 2HDM 3HDM

Inflation: an exponential expansion in the early universe

Inflation

Quantum
Fluctuations

Explains: generation of primordial density fluctuations seeding structure
formation, the flatness, homogeneity and isotropy of the universe

back
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Motivation SM+S 2HDM 3HDM

Fermion mass hierarchy in the SM

No explanation for

mt/me ≈ 106

mt/mν ≈ 1011

back
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Motivation SM+S 2HDM 3HDM

The SM electroweak vacuum is not stable

V = −µ2ϕ†ϕ + λ(ϕ†ϕ)2

⇒ Scalar extensions can stabilise the EW vacuum.
back Buttazzo, Degrassi, Giardino, Giudice, Sala, Salvio, Strumia [JHEP 1312, 089 (2013)]
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Motivation SM+S 2HDM 3HDM

Scalar singlet extension of SM

the SM Higgs doublet + a scalar singlet

ϕ S

ϕ =
(

G+

h+iG0
√

2

)
S =

( s√
2

)

S S → SM SM︸ ︷︷ ︸
pair annihilation

, S ̸→ SM SM︸ ︷︷ ︸
stable

back
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Motivation SM+S 2HDM 3HDM

SM + scalar singlet DM ✓, CPV ×
DM protected by a Z2 symmetry (+, −) from decaying to SM particles.

SM fields → SM fields, ϕ → ϕ, S → −S

The Lagrangian and the vacuum are Z2 symmetric: ⟨ϕ⟩ = v , ⟨S⟩ = 0

L = LSM +
1
2

(∂S)2 − m2
s S2 − λsS4 − λhsϕ2S2

Relic density
Indirect detection

DM

DM

hSM

N N

DM DM

hSM

SM

SM

DM

DM

hSM

⟨σv⟩ σDM−N Γinv
hSM

Direct detection Collider 
experiments

Tension: all relevant interactions are governed by the same coupling!

back
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Motivation SM+S 2HDM 3HDM

2-Higgs doublet models (2HDMs)

the SM Higgs doublet + a scalar doublet

ϕ1 ϕ2

ϕ1 =
(

G+

h+iG0
√

2

)
ϕ2 =

(
H+

H+iA√
2

)

back
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Motivation SM+S 2HDM 3HDM

Z2-symmetric 2HDM DM ✓, CPV ×
DM is protected by a Z2 symmetry (+, −) from decaying to SM particles:

SM fields → SM fields, ϕ1 → ϕ1, ϕ2 → −ϕ2

Z2 symmetry: only ϕ1 couples to fermions ϕu = ϕd = ϕe = ϕ1

−LYukawa = YuQ̄′
Liσ2ϕ∗

uu′
R + Yd Q̄′

Lϕdd ′
R + Ye L̄′

Lϕee′
R + h.c.

Z2 symmetry respected by the vacuum: ϕ1 =
(

G+

v+h+iG0
√

2

)
, ϕ2 =

(
H+

H+iA√
2

)
DM candidate: the lightest neutral particle from the dark doublet

HH → h → SM, HA → Z → SM, HH± → W ± → SM

Tension: all scalar interactions are governed by the same coupling!
Gauge couplings are fixed!

back
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Motivation SM+S 2HDM 3HDM

CP-violating 2HDM DM ×, CPV ✓

Break the Z2 symmetry and let the two doublets mix

ϕ1 =

(
ϕ+

1
v1+h0

1+ia0
1√

2

)
, ϕ2 =

(
ϕ+

2
v2+h0

2+ia0
2√

2

)
No Dark Matter candidate!

Mixing doublets means hi (mixtures of h0
1,2, a0

1,2) are CP-mixed states

where PL = (1 � �5)/2 and PR = (1 + �5)/2 are the left and right projection operators.
One, therefore, needs to explicitly calculate

aµ =
m2

µ

4⇡2
Re(cL + c⇤R). (7)

de =
e me

4⇡2
Im(cL + c⇤R), (8)

where cL and cR are the Wilson coe�cients to be calculated for each loop diagram
separately.

2.1 1-loop contributions

The digram contributing to the aµ and de at 1-loop is shown in Figure 1, where hi are
the neutral scalars in the model with their coupling to electrons and muons represented
by Y hi

ee and Y hi
µµ, respectively. The charged scalar mediated version of this diagram is

sub-dominant and is therefore neglected [10]. Note also that in the models we study, we
only extend the scalar sector of SM and do not add any extra vector or fermion fields,
such as right-handed neutrinos.

l
l

l
�

hi

l

Figure 1: The 1-loop diagram mediated by neutral scalars hi contributing to muon
anomalous magnetic moment (l = µ) and to eEDM (l = e).

The contribution from the 1-loop diagrams to aµ and de are

a1�loop
µ = �m2

µ

8⇡2

nX

i=1

Z 1

0

dx

Z x

0

dy
y(y � 1) | Y hi

µµ |2 +(y � 1)Re((Y hi
µµ)2)

m2
µ[y(y � x) + (1 � y)] + m2

hi
y

(9)

d1�loop
e =

e me

16⇡2

nX

i=1

Im((Y hi
ee )2)

Z 1

0

dx

Z x

0

dy
(y � 1)

m2
e[y(y � x) + (1 � y)] + m2

hi
y

(10)

where n is the number of the scalars mediating the loop in Fig. 1.

3

contributing to electric dipole moments (EDMs).

CP-violation is very constrained!
back

VK, King, Moretti, Yagyu, [JHEP 04, 048 (2016)] VK, Koivunen, Tuominen, [JHEP 09, 059 (2018)]
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Motivation SM+S 2HDM 3HDM

3-Higgs doublet models (3HDMs)

two scalar doublets + the SM Higgs doublet

ϕ1, ϕ2 ϕ3

ϕ1 =
(

H+
1

H1+iA1√
2

)
, ϕ2 =

(
H+

2
H2+iA2√

2

)
, ϕ3 =

(
G+

h+iG0
√

2

)

back
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Motivation SM+S 2HDM 3HDM

Z2-symmetric 3HDM with dark CPV DM ✓, CPV ✓

DM is protected by a Z2 symmetry (−, −, +):

ϕ1 → −ϕ1, ϕ2 → −ϕ2, SM fields → SM fields, ϕ3 → ϕ3

Z2 symmetry respected by the vacuum (0, 0, v):

ϕ1 =
(

H+
1

H1+iA1√
2

)
, ϕ2 =

(
H+

2
H2+iA2√

2

)
, ϕ3 =

(
G+

v+h+iG0
√

2

)

Only ϕ3 can couple to fermions ϕu = ϕd = ϕe = ϕ3 and hi = h

−LYukawa = YuQ̄′
Liσ2ϕ∗

uu′
R

+Yd Q̄′
Lϕdd ′

R

+Ye L̄′
Lϕee′

R + h.c.

where PL = (1 � �5)/2 and PR = (1 + �5)/2 are the left and right projection operators.
One, therefore, needs to explicitly calculate

aµ =
m2

µ

4⇡2
Re(cL + c⇤R). (7)

de =
e me

4⇡2
Im(cL + c⇤R), (8)

where cL and cR are the Wilson coe�cients to be calculated for each loop diagram
separately.

2.1 1-loop contributions

The digram contributing to the aµ and de at 1-loop is shown in Figure 1, where hi are
the neutral scalars in the model with their coupling to electrons and muons represented
by Y hi

ee and Y hi
µµ, respectively. The charged scalar mediated version of this diagram is

sub-dominant and is therefore neglected [10]. Note also that in the models we study, we
only extend the scalar sector of SM and do not add any extra vector or fermion fields,
such as right-handed neutrinos.

l
l

l
�

hi

l

Figure 1: The 1-loop diagram mediated by neutral scalars hi contributing to muon
anomalous magnetic moment (l = µ) and to eEDM (l = e).

The contribution from the 1-loop diagrams to aµ and de are

a1�loop
µ = �m2

µ

8⇡2

nX

i=1

Z 1

0

dx

Z x

0

dy
y(y � 1) | Y hi

µµ |2 +(y � 1)Re((Y hi
µµ)2)

m2
µ[y(y � x) + (1 � y)] + m2

hi
y

(9)

d1�loop
e =

e me

16⇡2

nX

i=1

Im((Y hi
ee )2)

Z 1

0

dx

Z x

0

dy
(y � 1)

m2
e[y(y � x) + (1 � y)] + m2

hi
y

(10)

where n is the number of the scalars mediating the loop in Fig. 1.

3

No contributions to electric dipole moments (EDMs)

back VK, [Phys. Rev. D 101, 073007 (2020)]
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Motivation SM+S 2HDM 3HDM

Z2-symmetric 3HDM with dark CPV DM ✓, CPV ✓

DM is protected by a Z2 symmetry (−, −, +):

ϕ1 → −ϕ1, ϕ2 → −ϕ2, SM fields → SM fields, ϕ3 → ϕ3

Z2 symmetry respected by the vacuum (0, 0, v):

ϕ1 =
(

H+
1

H1+iA1√
2

)
, ϕ2 =

(
H+

2
H2+iA2√

2

)
, ϕ3 =

(
G+

v+h+iG0
√

2

)
DM candidate: the lightest CP-mixed state S1,2,3,4 (mixtures of H1,2, A1,2)

Tension released: the extended dark sector allows for annihilations,
co-annihilations and CP-violation!

back VK, King, Moretti, Sokolowska, et al., [JHEP 12, 014 (2016)]
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Motivation SM+S 2HDM 3HDM

Current & upcoming experimental probes
Collider experiments

2021: LHC-RUN-III
2026: HL-LHC
2028: CEPC

DM experiments
2020: XENONnT
2022: CTA

GW experiments
2027: DECIGO
2034: LISA mission

Precision experiments
2020: (g − 2)µ

2020: Advanced ACME
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Motivation SM+S 2HDM 3HDM

The inflationary potential V
Charged fields do not affect the inflationary dynamics

ϕ1 =
1

√
2

(
0

h1 + iη1

)
, ϕ2 =

1
√

2

(
0

h2 + iη2

)
The part of the potential relevant for inflation

V = −µ2
1(ϕ†

1ϕ1) − µ2
2(ϕ†

2ϕ2) + λ11(ϕ†
1ϕ1)2 + λ22(ϕ†

2ϕ2)2

+λ12(ϕ†
1ϕ1)(ϕ†

2ϕ2) + λ′
12(ϕ†

1ϕ2)(ϕ†
2ϕ1) − µ2

12(ϕ†
1ϕ2) + λ1(ϕ†

1ϕ2)2 + h.c.

The phase freedom allows: η2 → 0

Consider a proportional solution: η1 = β1 h1 and h2 = β2 h1
with β1(θ1, θ4), β2(θ1, θ4).

In this limit: V (h1, η1, h2) → V (h1) = 1
4 λ̃ h1

4

with λ̃(θ1, θ4, β1, β2).

back
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Motivation SM+S 2HDM 3HDM

The inflationary potential Ṽ

The action in the Jordan frame:

SJ =
∫

d4x
√

−g
[

M2
Pl

2 R
(

1 + r̃ h̃2
1

M2
Pl

)
− 1

2gµν∂µh̃1∂ν h̃1 −

V (h1)︷︸︸︷
λ̃

4
h̃4

1

ζ̃2

]
Conformal transformation and a reparametrised inflaton field:

Ω2 = 1 + r̃ h̃2
1/M2

Pl → Ã =
√

6 ln
√

1 + r̃ h̃2
1/M2

Pl

The action in the Einstein frame:

SE =
∫

d4x
√

−g
[

M2
Pl

2 R − 1
2gµνM2

Pl ∂µÃ ∂νÃ −

Ṽ (Ã )︷ ︸︸ ︷
λ̃

4
M4

Pl

ξ̃2

(
1 − e−2Ã /

√
6
)2
]

back
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Ã
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10
11
( 4|ξ

4
|2 M

−
4

P
l

)
Ṽ

θ4 = π/3

θ1 = π/2
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θ1 = π/4
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Motivation SM+S 2HDM 3HDM

Baryon and lepton number asymmetry details
The comoving baryon asymmetry

Y∆B ≡ nB

s = T 2

6 s Ng (NuL + NuR + NdL + NdR ) ,

Y∆B = T 2

2 s (µuL + µuR + µdL + µdR ) ,

Y∆B = T 3

2 s

(
4µuL

T + 2µW

T

)
The lepton number comoving asymmetry

Y∆L ≡ nL

s = T 2

6 s Ng (NeL + NeR + NνL ) ,

Y∆L = T 2

2 s (µeL + µeR + µνL ) ,

Y∆L = T 3

2 s

(
3µνL

T + 2µW

T − µ0

T

)
back
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Motivation SM+S 2HDM 3HDM

Baryon and lepton number asymmetry details

Charge density

Q = Ng (QeNeR + QeNeL + 3QuNuL + 3QuNuR + 3QdNdL + 3QdNdR )
+Qϕ− Nϕ− + QW − NW − ,

Q ∝ −3µeR − 3µeL + 6µuL + 6µuR − 3µdL − 3µdR − 2µ− − 4µW ,

∝ 6µuL − 6µνL − 18µW + 14µ0

Density of the third component of isospin

T 3 = Ng
(
T 3

eL NeL + T 3
νL NνL + 3T 3

uL NuL + 3T 3
dL NdL

)
+ T 3

ϕ0 Nϕ0 + T 3
ϕ− Nϕ− + T 3

W − NW − ,

T 3 ∝ −3
2µeL + 3

2µνL + 9
2µuL − 9

2µdL − µ0 − µ− − 4µW ,

∝ −11µW 0

back
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