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Introduction and Motivation

o Higgs-fermions couplings SM-like or expanded complex scalar sector
@ A natural scenario is Two Higgs Doublet Model (2HDM)
» Symmetries are needed to avoid or suppress FCNC.
@ To avoid FCNC: postulate that quarks of a given charge receive
contributions to their mass only from one Higgs doublet.

e A Zy symmetry (Glashow-Weinberg) leads to Natural Flavour
Conservation (NFC) in the scalar sector.

e Minimal Flavour Violation (MFV) 2HDM

» Enforced by symmetries = FCNC controlled by Vg s
» BGL models (Branco, Grimus, Lavoura) that have FCNC in the up or
in the down sector, but not in both.

@ Here we will present a new family of models generalizing the BGL one
and having FNCN both in the up and in the down scalar sectors.
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General 2HDM

y = _@L (Fl(I)l + FQ(I)Q) dr — @L <A1<AI;1 + A252> uR + .h.c.

With the vev's given by (<I>,->T = ¢t ( 0 v;/V2 ) we define the Higgs
basisby<H1>T=(0 v/V2 ), (H o) T =(0 0),v*=0vf+0v3,c5=
Ul/U, Sp = UZ/thﬁ = UZ/UI

e~ 1P, ([ cg sp Hy
e 20, )\ s5 —cp Hy

then we have

Hi = ( (U+H0i+z‘G0) /2 ) » Hz2= ( (R° +AZ1) V2 )
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o G* and GY longitudinal degrees of freedom of W* and Z°.

e H¥ new charged Higgs bosons.

e A new C'P odd scalar (we will have CP invariant Higgs potential).
o HY and R® CP even scalars. If they do not mix, H° the SM Higgs.

Ly =

_ \/ifﬁa (VNCNR ~ N} V’YL) d+ h.c.
I bt + vty ) -

B [E(NWR + Nfyr)u+ d(Ngvr + Niye) d}
+ié [E(Nu’m — Nivp)u —d(Ngvr — Nivr) d}
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BGL
A BGL model is enforced by the U (1) flavour symmetry (top type model)

QLB — eiaQL3 ; URg — ei2auR3 ; ‘1)2 — eia(I)g
In the quark mass basis it correspond to the model defined by the MFV
expansion _(P3)ij = 7;35]'3—
Ny =UPINQUR = [tal = (15 + 65" VIPV] My
Ny = UPTNQUR = [tal = (8 +t5") P3| M,

or to the model with the following Yukawa couplings

X X X 0 0 O
'y = X X X ;o Iy = 0 0 O
0 0 O X X X
x x 0 0 0 O
A= x x 0 ; A= 0 0 O
0 0 O 0 0 x
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Generalizing BGL models: gBGL

The generalized BGL models (gBGL) are implemented through a Z,

symmetry, where ur and dg are even and only one of the scalars doublets
and one of the left-handed quark doublets are odd:

QLg — _QLg 5
dr — dg , &1 =P
UR — UR s CI)Q — —@2
Now the Yukawa textures are:
X X X 0 0 O
Iy = X X X ;o Iy = 0 0 O
0 0 O X X
X X X 0 0 O
A= x x x VAV 0 0 O
0 0 O X X X
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This time, in the quark sector, the model is fully defined , in the mass
basis, by

Ny = [tgl <t5+t )|nd><nd|} My
N, = [tﬁI— (tﬁ +t; )V|ﬁd> (ﬁd|VT] M,

or if we call
i) =V [Ra)

we also have
N, = [tﬂl - (tg +t51> VT ) (Al V] M,
N, = [tg[ - (tﬂ +tgl) i) m] M,

the free parameters are two angles to define the unitary vector |n,) or |ng)
and two phases of the three complex component
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(1,0,0)

(c) Generic parametrisation.
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Intesity of FCNC |

@ The Yukawa coupling to the 125GeV Higgs
1
YO = =[sga M, + cgaNy]
v
No = [tsl = (ta+15") 1Ra) (al | Ma

in general generate FCNC

Y@ = [(Sﬁa + ¢pa) I = Cpa (tﬁ tig ) 7q) (nql} My

v

> All FCNC effects are proportional to cgq (tg + tgl)
» In an ¢ — j transition it is proportional to mg, /v
> Inan i — j transition it is proportional to (|7ig) (Rq);; with maximal

value (1/v2) (1/v2) =1/2

Fernando Cornet-Gémez Generalized BGL-2HDM 10 /20



Intesity of FCNC I

» To be compared with the most intense case of BGL u model in the
s — d transition ~ V., Vs ~ A

@ From meson mixing we have the following naive constraints

p'-D | K -K | B -B" | B°-B

caa (ts+15")| < | 0.02 0.04 0.003 | 0.007

0
s

and from rare top decays t — hq

‘cﬂa (tﬁ + tgl)‘ <04

@ There are many regions of the model parameter space where
‘C,Ba <t3 + t?)‘ can get its maximum value of order one.
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Near Top model

We will study the properties of gBGL that are close to the t BGL model
in the sense that they give the same contribution to meson mixing

_ Via (1 +64)
|(E+6t),) = N| Vii(1+4s)
V{Z (1 +5b)

The up models near the top give the same contribution to meson mixing
than the top BGL model provided

Re (84,55) ~ Im (65) <O (A?) , and Im (Jap) < O (X?)

and the contribution to D° — D" contribution is easily seen to be
controlled from
o (V) 2
VI[E+6t) )~ | Ve | = M [D"] o (6VipA?)” < A8
14 d
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BAU |

The contribution to the Baryon asymmetry of the Universe is proportional
the a weak basis invariant with an imaginary piece.
In the SM it appears for the first time at order 12th in Yukawa

couplings and is given by the Jarlskog (see also Bernabeu, Branco,
Gronau) Invariant:

L1y — ImTr [<M3M3T> (MgMgT> <M3M3T>2 (MgM3T>2]

4,2

~  mimZmim?2J

where J = Im (V,, Vo Vi ViE)
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BAU Il

In the BGL models an imaginary part appears first at order 8th in
Yukawa couplings and is given by

Is(t) ~ (tg + t[;l) mim2m?2.J
Ig (b)) ~ (tg + t?) mim2m?2J

Is(d) ~ <t5+t§1> mim2m2J
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BAU Il

In the gBGL models an imaginary part appears first at order 4th in
Yukawa couplings and is given by

Li () ~ (1 + 15" ) mEmiim [([a) (al)as ViV

A summary of enhancements in the CP violating weak basis invariant
factors of the BAU respect to the SM one is given bellow where we use

E ~100GeV and J = Im (V, Vi Vi Vi) ~ 3 x 107°. The contribution to
the BAU should be proportional to

ImIZ,
En

and we define the enhancement respect to the SM factor by

1 (model) = <'2£n) y (IE{?)
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BAU IV

| | top | bottom
0| E B
(to+tz') | mi e
n~ 1 10°

| | near top | near bottom |
(tg-l-t,g_l) 106 [Vis| Im (0p + 6%) 1016 |Vis| Im (6] — 6})
n=3 10'2 1013

Where 10'6 = (|Vis| E®) / (mim2mim?J).
Note also that we have two BGL models d, s where

(ts+15") B*
Nds ~ 55—

; ~ 1010
myms
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Other Phenomenological Implications |

The most relevant: the presence of FCNC at tree level, in the Higgs sector
and at an important rate. As in BGL

b

L I | Ll L L il o [
e e e e ) o 10-8 Lo 1 t i L
107107 107° 107 107 107> 107 107 107= 10 108 10-7 106 10~5 10~* 10~3 10-2 10~!
Br(t — he) Br(h — b5 + bs)

In gBGL models one has, in general, FCNC both in the up and in the down
sectors simultaneously.
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Other Phenomenological Implications Il

With the trajectories in model space

t

b
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Other Phenomenological Implications Il

One can draw correlations of the down and the up sector
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Conclusions |
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Thanks!
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