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Multi-Higgs Doublet Models
Definition

o Fermionic content: SM;
o Gauge symmetry: Gsy = SU(3)c @SU(2), @U(1)y;
o Scalar content: N scalars ¢, = (1,2, 1).

o Why MHDMs?

Strong CP Problem;
Baryogenesis;
Dark Matter;
Hierarchy Problem*.
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Multi-Higgs Doublet Models
Problems

e Scalar Potential

o V(¢) = hab(050b) + Aav.ca(0596) (91 0a);
o TN?(N? + 3) — 2 new parameters.

o Yukawa sector
° _Eyuk = (Ra + quJa) (c_]LNqaqR) /V + h.c.;
o Ny = SvOueis (UL Y Upe )
o 36(N — 1) new parameters.
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Multi-Higgs Doublet Models

Problems
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Multi-Higgs Doublet Models

Problems

o Take decoupling limit, m, < my,, m;,

mpfF2,

} 24v2m? Amp
b

{glz [ Nab)il* + |( qb)j,-ﬂ — 8 Y Re[(Ngb)j(Ngb)jil

o Assume Yukawa couplings of order one

o Up sector restriced by D — D; _
o Down sector restricted by K — K.

Ga(lle! — ) <3x107°, G (1.2¢f — ¢f) <8x1071°.
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BGL Models

REEY

o 2HDM invariant under the Abelian Flavour Symmetry*

[Branco, Grimus and Lavoura, arXiv:9601383]

qis — Tqiz,  Urz — T2ugs, ¢ — Vo, T2 #1L

o Yukawa textures of BGL models*

X X X 0 0O x x 0 0 0O
r1: X X X 7r2: 0 0 O ,Alz x x 0 ,AQZ 0 0 O
0 00 X X X 0 0O 0 0 x

o WBI definition of BGL models*
Mro=ala, =rin, =riAa; = aA] =0, T1#0, Ta#0.
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https://arxiv.org/pdf/hep-ph/9601383.pdf

BGL Models

REEY

o Non-diagonal couplings of BGL models*
(Na)is = [%5/1 = (tg +t5)Vi th] (ma)j,

N, = diag {tgmu, tgme, —tﬁ_lmt} .

o Experimental Constraints*
|csalts +t57)] < 3.

o Baryon Asymmetry of the Universe*

BAUgg, L E4
— = (tg+t — ~ 1.
BAUsy, ~ (Bt )m‘g
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Left Models

Definition

o MHDM invariant under abelian symmetry
[Alves, Botella, Branco, Cornet-Gomez, Nebot and Silva, arXiv:1803.11199]

NS = L9DY, N0 =19D0.

o For 2HDM, (LY);; are determined by

(F1)j # 0= (LY)ii = tg,
(F2)j # 0= (LY)i = —t5 .

o Each line of a mass matrix of a quark of a given
charge can only receive contributions from one scalar;

o There are only five classes of left models in 2HDM.
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https://arxiv.org/pdf/1803.11199.pdf

gBGL Models

Definition

o 2HDM invariant under the Abelian Flavour Symmetry

[Alves, Botella, Branco, Cornet-Gomez and Nebot, arXiv:1703.03796]

qrs — —qr3, 2 — — Po.

o Yukawa textures of gBGL models

X X X 0 0 O
F1~A1~ X X X\, erAQN 0 0 O
0 0O X X X

o WBI definition of gBGL models
Mro=Aln, =ria,=Tia; =0, T1#0, Ty #0.
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https://arxiv.org/pdf/1703.03796.pdf

gBGL Models

Parametrization

o Non-diagonal couplings of gBGL models
(Na)ij = [%5:'1 — (tg + t5") Vi ann;knn"} (ma)jj,

(No)g = [t = (8 + €51 )ning | (ma)s

(0,0,1)

ng = (Vg Vig V). mu = (1,0,0)
me= (Vi Vi Vi), ne = (0,1,0)

mp = (Vip, Vp: Vip)» ne = (0,0, 1)

(1,0,0)
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gBGL Models

Proprieties

o Experimental Constraints
|caa(ts + t51)] < 0.02,
|cga(ts + t5 1) < 3 [~ tBGL].

o Baryon Asymmetry of the Universe

BAUggcL
BAUsy,

BAU..tBcL
BAUs,

~ 10"(tg + t5 1) |n3ns| sin [arg (n5n2 Vi, Ves)],

~ 10"(t5 + t51)| Vis[Tm [0, + 67] ~ 10%.
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jBGL Models

Definition

e 2HDM invariant under the Abelian Flavour Symmetry
¢2 — To, q?3 - Tilqu d.‘o? - Tild}%

o WBI definition of jBGL models
Mro=Aln, =ria =ria, =0, T1#0, Ty #0.

o Yukawa textures of gBGL models

xX O O

0
0
X

X O o

A1~r2~[

X X
o X X

o X X

o
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jBGL Models

Proprieties

o Non-diagonal couplings of jBGL models
(Na)ij = [—tgléij + (tg + tB_I)V* Viin nn} (ma)jj,

(Nu)i = (505 = (8 + t5 )iy | (ma)

o Experimental Constraints
caa(ts + t5 1 < 0.02

o Baryon Asymmetry of the Universe

BA UjBGL

BAUc, ~ 10%(t5 + ty Y| n3n3|sin [arg (n3na Vi V)],
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Right Models

Definition

o MHDM invariant under abelian symmetry
[Alves, Botella, Branco, Cornet-Gomez, Nebot and Silva, arXiv:1803.11199]

NG = DIRY, NG = DORS

o For 2HDM, (RY);; are determined by

(M) # 0= (R3); = ts
() # 0= (RY); = —t5"

o Each column of a mass matrix of a quark of a given
charge can only receive contributions from one scalar;

o There are only eight classes of right models in 2HDM.
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https://arxiv.org/pdf/1803.11199.pdf

Right Models

Model List

o Experimental constraints
|cgalts +t51)| < 0.02
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Right Models

Model List

D
x x 0 0 0 x X X X
M~|x x 0, o~ |0 0 x|, A1~ |x x x|, Ary=0
x x 0 0 0 x X X X

o Experimental constraints
|caa(ts + t51)] < 0.03

3.0) | (0,3) | (21) | (1,2)
3,0) | Typel | Typell | Type A | Type B
0,3) | Typell | Typel | Type B | Type A
2,1
1,2

,1) | Type C | Type D | Type E | Type F
,2) | Type D | Type C | Type F | Type E

—~ SN~

Table: WBI identification of Right Models.
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