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3HDM or Three-Higgs-Doublet model

Almost minimal extension of SM

This 3HDM:
SM + 2 HD + 3 RH neutrinos
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• SM: EWSB → (SU(3)F )5 gets broken
Remnant flavor symmetries G may survive

• Is G viable?
• G-symmetry of 3HDM → constraints on mass

matrices
• G viable → might help solve the flavor puzzle.
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Scope:
• Lepton sector
• Yukawa Lagrangian – (kinetic and Higgs scalar

sectors not included)
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Yukawa term (charged leptons) of the Lagrangian

Ll = −(hl
i )αβLαLΦ̃i lβR + H.c.,

i = 1..3
27 terms + H.c.
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Ll = −(hl
i )αβLαLΦ̃i lβR + H.c.,

Lν = −(hν
i )αβLαLΦiνβR + H.c.,

LM = − g
M (hM

ij )αβ(LαLΦi)(ΦT
j Lc

βR) + H.c.

Ll + Lν

Ll + LM

for neutrinos Dirac or Majorana particle resp.
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Ll ∼ LL (Φ̃ihl
i ) lR

?= LLA†
L (A∗

ΦΦ̃)ihl
i AlR lR

Three (different) group representations Ai .
Ai(g) is a 3 × 3 unitary matrix for each g ∈ G .

G-symmetry ⇐⇒ Ll + Lν invariant for all g
⇐⇒ appropriate hl

i and hν
i exist.
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Invariance equation:
((AΦ(g))† ⊗ (AL(g))† ⊗ (AlR(g))T ) hl = hl , ∀g ∈ G

Solutions hl , hν define the mass matrices

M l = − 1√
2

v ∗
i hl

i

Mν = 1√
2

vihν
i
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If Ll + Lν is G-invariant

→ M l and Mν as functions of the vi

→ constraints on the lepton masses and (Dirac) neutrino
mixing angles

→ G viable or not
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Earlier results of 2HDM:
• No viable G isomorphic to a subgroup of U(3), for

|G | ≤ 1025 (Chabor et al. 2018)

3HDM:
• Charged lepton mass ratios can be accommodated

(as could be expected with 3 Higgs doublets)
• Neutrino mass spectrum can be reproduced for

some groups
• Charged lepton and neutrino spectrum cannot be

obtained so far

for 1-dimensional solutions hl and hν
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Why is it hard to obtain both mass spectra from a flavor
symmetry?

• Ll + Lν =
LLA†

L (A∗
ΦΦ̃)ihl

i AlR lR + LLA†
L (AΦΦ)ihν

i AνR νR

• EWSB → the same 3 VEVs for M l and Mν
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Back to the invariance equation:
((AΦ(g))† ⊗ (AL(g))† ⊗ (AlR(g))T ) hl = hl , ∀g ∈ G

• Up to 3 inequivalent solutions (hl
a, hl

b and hl
c)

depending on G and choice of A
• → M l = λaM l

a + λbM l
b + λcM l

c

• → Mν = µaMν
a + µbMν

b + µcMν
c
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Example group Σ(81) or (Z3 × Z3 × Z3) ⋊ Z3

M l = − cl√
2


λcv ⋆

1 λav ⋆
3 λbv ⋆

2
λbv ⋆

3 λcv ⋆
2 λav ⋆

1
λav ⋆

2 λbv ⋆
1 λcv ⋆

3


3D irrep Ai = 31 gives rise to 31 × 31 = 31 + 31 + 31

vi , λi , µi : 9 complex parameters.
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386 groups |G | ≤ 600 generate 3-dim mass matrices.
Viable G "easily" attainable?

Chuliá et al. (2022) identifies Σ(81) as viable in 3HDM,
however with different particle content.

In our 3HDM 3-dim mass matrices do not occur in joint
solutions of Σ(81)

They do not occur at all! (for |G | ≤ 600)
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3HDM analysis of groups with |G | ≤ 600

36 groups provide 27,283 distinct (M l , Mν) pairs.

dim Mν

dim M l

1 2 3
1 18922 3816 0
2 3816 729 0
3 0 0 0

(1,1) → correct mµ

me
, mτ

me
only

19



For dimensionality (1,2), (2,1) and (2,2):

M l = λaM l
a + λbM l

b, Mν = µaMν
a + µbMν

b

Fitting strategies depend on pattern types of
M l

a, M l
b, Mν

a and Mν
b .
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Six patterns of mass matrices M l
a and Mν

a

1:


. . x
y . .
. z .

 2:


. z y
z . x
y x .

 3:


y y y
z z z
x x x



4:


y z x
y z x
y z x

 5:


x y z
z x y
y z x



6:


. x + y + z .
. . x + y + z

x + y + z . .


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Patterns involved in (1,1) solutions:

Mν

M l

1 2 3 4 5 6
1 9559 0 238 0 0 0
2 0 4 0 0 0 0
3 237 0 108 0 0 0
4 0 0 0 494 0 0
5 0 0 0 0 7784 0
6 0 0 0 0 0 498

Multi-dim → Σ of patterns.
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Dim(1,2) solutions of (M l , Mν) = (1, (1,1)):

M l ∝


0 λav ⋆

3 0
0 0 λav ⋆

1
λav ⋆

2 0 0

 ,

Mν ∝


µav3 0 µbv1
µbv2 µav1 0

0 µbv3 µav2



M l → |vi | proportional to CL masses
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M l → |vi | known (proportional to CL masses)

Mν → m2
m1

and m3
m1

, (denote by a and b)

a, b → R := (a2−1)
(b2−a2

Rexp = ∆m2
21

∆m2
32

= 0.0307 ± 0.0009

R ?= Rexp

One free parameter only: R = R(|µb|)
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Group Z7 ⋊ Z3 → good fit (Normal Ordering)
→ (m1, m2, m3) =

= (0.05 × 10−4, 0.86 × 10−2, 5.03 × 10−2) eV.

First successful fit of minimal 3HDM to all lepton masses.
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Dim(1,2) solutions of (M l , Mν) = (3, (1,1)):

pattern 3 → wrong CL masses.

Further occurring cases:
Dim(2,1) solutions of (M l , Mν) = ((1,1),1):

Dim(2,1) solutions of (M l , Mν) = ((1,1),3):

Dim(2,2) solutions of (M l , Mν) = ((1,1),(1,1)):

G viable?
Indications only, so far.
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Summary and preliminary conclusions:

Viability of G-symmetry
charged lepton Dirac neutrino flavor

masses masses mixing
2HDM (1,1) x x x
3HDM (1,1) ✓ x x
3HDM (1,(1,1)) ✓ ✓ ?
3HDM (3,(1,1)) x x x
3HDM ((1,1),1) ✓ x x
3HDM ((1,1),3) ✓ x x
3HDM ((1,1),(1,1)) ? ? ?
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Following steps:
Complete 3HDM analysis, analytically, numerically
Scan groups up to |G |= 1032
Assume neutrinos are Majorana particles
Verify completeness of "effective" group (sub-, factor-,
automorphisme-group, G ̸≤ U(3))
.....

Evaluate against:
Symmetries known in Higgs sector
FCNC
....
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Thank you
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[25] R. González Felipe, H. Serôdio, and João P. Silva. “Models with three Higgs doublets in the triplet
representations of A4 or S4”. In: Phys. Rev. D 87 (5 Mar. 2013), p. 055010. doi: 10.1103/PhysRevD.
87.055010. url: https://link.aps.org/doi/10.1103/PhysRevD.87.055010.

[26] Andre de Gouvea and Hitoshi Murayama. “Neutrino Mixing Anarchy: Alive and Kicking”. In:
Phys. Lett. B747 (2015), pp. 479–483. doi: 10.1016/j.physletb.2015.06.028. arXiv: 1204.1249
[hep-ph].

[27] Walter Grimus and Patrick Otto Ludl. “Finite flavour groups of fermions”. In: J. Phys. A45 (2012),
p. 233001. doi: 10.1088/1751-8113/45/23/233001. arXiv: 1110.6376 [hep-ph].

[28] Walter Grimus and Patrick Otto Ludl. “Finite flavour groups of fermions”. In: J. Phys. A45 (2012),
p. 233001. arXiv: 1110.6376 [hep-ph].

[29] Yuval Grossman. “Phenomenology of models with more than two Higgs doublets”. In: Nucl. Phys.
B 426 (1994), pp. 355–384. doi: 10.1016/0550-3213(94)90316-6. arXiv: hep-ph/9401311.

[30] Claudia Hagedorn, Aurora Meroni, and Lorenzo Vitale. “Mixing patterns from the groups Σ(nϕ)”.
In: Journal of Physics A: Mathematical and Theoretical 47.5 (Jan. 2014), p. 055201. doi: 10.1088/
1751-8113/47/5/055201. url: https://doi.org/10.1088%2F1751-8113%2F47%2F5%2F055201.

[31] Lawrence J. Hall, Hitoshi Murayama, and Neal Weiner. “Neutrino mass anarchy”. In: Phys. Rev.
Lett. 84 (2000), pp. 2572–2575. doi: 10.1103/PhysRevLett.84.2572. arXiv: hep-ph/9911341
[hep-ph].

[32] Haim Harari. “Three Generations of Quarks and Leptons”. In: 5th International Conference on
Meson Spectroscopy. July 1977, p. 0170.

[33] P. F. Harrison, D. H. Perkins, and W. G. Scott. “Tri-bimaximal mixing and the neutrino oscillation
data”. In: Phys. Lett. B530 (2002), p. 167. doi: 10.1016/S0370-2693(02)01336-9. arXiv: hep-
ph/0202074 [hep-ph].

[34] P. F. Harrison and W. G. Scott. “Permutation symmetry, tri - bimaximal neutrino mixing and the
S3 group characters”. In: Phys. Lett. B557 (2003), p. 76. doi: 10.1016/S0370-2693(03)00183-7.
arXiv: hep-ph/0302025 [hep-ph].
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