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Flavor problem l.th

5¢

3 Families

¢

Hierachy of fermions mixings

Origin of masses

B2

Hierarchy of masses

Dark matter is the key to solve this problem
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Yukawa sector for Multi-Higgs Models l,m H

m!

\/_fm[ J¢8+Z( : ma¢°+¢a)ya”] frj

We consider transformations of the form

fri = €rifL
f ;zi = ¢'fni fri
by = Sadr

Invariance is reached when
f_ 672(0@ 013)5
ya,z] ab yb ’L_]

FCNC at tree level is the main signature of non-standard scalar
interactions



Yukawa Sector with 2 Doublets l,m H

s g st o Filgs

2 2
L2HDM _ _@LZ(Yad(DadR +Y D, uR) — ZLZ Y!®,lg + h.c.

a=1 a=1
+ .
¥ 0 Pa"’“?a
P, = “ P P =Ug+ ——=—;a=12
“ (@260“> Po = la TR

Mass Matrices

1
My = —(0Y! +u0Y) ; f=udl

V2

5¢

Same symmetries as SM

4 NEW scalars : H°, H* and A°

New sources of CP violation (6, and phases in Y,*-®!)
FCNC at tree level

MMM

5¢
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Version I1I: Motivations lﬁ H

<

Effective couplings at 1—loop level in SUSY models contains
FCNC: decoupling limit scenario at low energies

5¢

Minimal framework to parameterized flavor physics: a few free
parameters

<

Versions with NFC can no explain simultaneously: B — D1y,
B— D*tvy B— TV

5<

Analysis with non correlated Vg elements leads to:
(x}; S 1079)

~

At the Higgs basis

Ly =n"QrHiug +n'QrHidr + 'L Hilg
+YUQp Houp + YIQp Hodg + Y



FCNC Suppression

5¢

"Non elegant"way: mpy a ~ O(103TeV)
gsyr ~1/m3

I Alignment;:
V) =~7Y{ con~/ e C

I Textures compatible with Vogas:

0 C; 0
M;=| C; Dy By
0 BF Ay

where |C7| << |Bf| << |Df| << |Af]



Partially aligment of the 2HDM

o oo Hil

Same texture, different scale: for 4-zeros
0 CQCf 0
Yéf = C;C; dQDf bQBf
0 b;B} Ay

X'Zfﬂ = >2icj<b27 C2, d2a az, ¢C7 ¢B)
Bilinear flavor transformations

Yf = a' . ALMf/AR
where

g1 (AL)i1 (AR)1j+mpa (AL )i (Af)aj+mp (AL )is(AR)s;| < /mpamg; |G|



Bilinear flavor transformations

LAH

Unirs ko e oo Hilg

Yf = a/~ALMfIAR

4 Less restrictive than direct alignment (FCFN y LFV)
"« Works for Multihiggs models
"I Starting point for flavor symmetries
I« Suitable scenarios reproduce previous versions
Version AY AY Al A%
I \/WTW)\O \/BMTWAO \/SMTW)\O \/3MTW,\0
I SN,[,W Ao 3ijw Ao Osx3 O3x3
el Za:O,3,8 Cg)‘“ (20:0,3,8 C;LAE)T Za:O,3,8 Cg)‘a (Za:0,3,8 C;‘)\G)T
A2HDM C¥Xo C¥* Xo Cdxo Cd* Ao




Unitary Transformations A} = Ap = U € SU(3)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Yy = dU'M;U

U=> Cida ;i Ca=C;-C

Hermitian case: Cqp = Cf,.

SR

Phenomenology is given by

Tr(AaY/Np) = CoaTr(AaAeMpAas)
c,d

"« Textures is preserved when U only have Az, Ag contributions.



Generalized CP symmetries

" On scalars
U Family symmetries for Higgs doublets

b, — Sab (G)CI’I,

" Generalized Symmetries

D, = Xap®;
Sap and X, are SU(2) matrices

" SU(3) Fermion symmetries (Isospin)

QL — XonOCsz
ur, — Xpy'Cuf
dr — X, °Cd;



Restricctions on Yukawa matrices l,m H

GCP symmetries

XY = (cos0Y] —sin0Y ) Xs = 0
Xo Yyl — (sin0y{ +cos0Y)Xs = 0
For [0 <6< =
2
ta1r  ia12 13 tay  —iair  —a13
Ylf = | ‘a2 —tai1 a93 ; Ygf = | —tain —iai2 a3
asy 1a32 0 —asi a31 0

At the mass basis and Higgs basis
v? .
' = Y] (v = Uf |diag(m{,m§, m])| U]
Using mass matrix

1
v = = (VoM — /)
v



Invariant subgroups of SU(3)

UAH

Ul = apho + Re(Ax)Ai + Im(Ax)\; + Bx g

Subgroup Generators U )f( I
ag + Bg A% 0
ISOSpiIl )\1, /\27 /\3 AS ag — Bs 0
0 0 ag
apg+ By 0 A*U
U-Spin  Ag, As, 2(V3A3 + As) 0 ag 0
AU 0 ag — BU
ap 0 0
V-Spin  Ag, A7, 2(v3A3 — As) 0 ao+By A}
0 AV apg — BV
f/)U(lz = (ﬂGF)%USi(LDdU)d(TL
Y)?z = (\/EG )lUchVgKMDuVCKMU}d(TL
}7)4(/2 = (\/§GF) UX’LDZUX/L



2HDM with CP conservation lﬁ H

Unirs ko e oo Hilg

PO
R =
\ A
(a) (b)

"I Free parameters: M4, tanf, ag , Ax y Bx

, M2 _ .
L4 = V20r g i, (67°0) [Z gifoqmqnqw%m]
A0

dn;q9m
Grop... = L [*mi tan 865 + ! <U§(TLDdU§(L)..j|
ity Mw V2cos 8 ij
gfodidj = MLW [_mdi tan 86;; + \/56;056 (U;ijLDdUﬁ(L)ij:I
gfguiuj = MLW I:—m.; cot 865 + ﬁ%m,ﬁ (U;LVCTKMD“VCKMUiTL)iJ .



B mixing as a bound for My

UAH

2
m _ _
Hao = V2Gp MZV lgaso)* (@7 @) (@ qs)
AO
- 7 msmy g
JAsb 2\/§COSﬂ mw le

) _ _
Amy ~ —— ((B2[Hsm|BY) + (BY|H 40| BY))
mpo

s

Taking only the pseudoscalar contribution

|st|2mjlsg

<BS|HAO|BS> \/_GF |gAsb|2(

That can be explicitly cast in the form

Amg ~ AmSM + (9.6030 x 10~ "GeV?) ‘;\‘;b' (1 + tan® B)

A0

mp + ms)2



| Bounds on x l-mH |

Minimizing the function with non correlated CKM matrix elements

oy Vo)l =) | (v )| v
0'2 02 7
i=d,s,b Vui Vet

O. Félix-Beltran, et.al. , Phys. Lett. B742, 347 (2015)

V7| = 0.97425 £ 0.00022,  |V,£7| = 0.22523 £ 0.00080,
|VEF| = 0.00413 £ 0.00049,  |V5*| = 0.0411 £ 0.00130.

With this calculation 2HDM-III is as predictive as versions with NFC



| Lower Bound on M} LAH

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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s
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Upper Bounds on FCNC in B decays
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Upper Bounds on BR

108
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LFV in 7 decays

/\1/2(7”72-’ m%, mQP)

4
FXX/(T—)ZPO) = G—% (MW> [(mT —mg)2 —mQP]

8m \ M 4o m3

X|gx)4{0'ré|2 <P| Z(g;zl(oqlq])(jl’ySqJ'O)

qi,9;

Channel  Upper bound [PDG] 'QJA%AUL' (P10 (9%0000,)T7°0110)
T — e m0 <80x10°F% <213 x1078
T — 0 <1.1x107"7 < 2.67 x 1078
T e K? <26x1078 <1.31 x 1078
T — u K <23x1078 <1.32x1078
T—en <92x1078 <2.52x1078
T—=pun <6.5x 1078 <227 %1078
T—en <1.6x107"7 <4.24 x 1078
T un <13x107% <1.32x10°8




Pseudoscalars meson decays l,m H

s g st o Filgs

G2 [ My \* A2(m2,m2,m?2)
T ’ PO — JF [ W 2 _ 2 P> VAR
xx/(P7 = tl) S (MA0> [mp — (mg —myg)?] md,
, 2
x19%0s0l? |(PI(0250g,0,)37°0510)
X ’
Channel Upper Bound [PDG 2014] Lﬁfjrﬂ <P|(g§oqiqj)lji’y5qj|0)
BY —eet <83x10°® <9.7x10710
BY = p—pt < 6.3 % 10710 <312x107°
BY - =1t <41x1073 <220 x 1077
BY - eet <28x1077 <1.32x 10710
D% — emet <79x1078 <252 x1078
DO — <6.2x107° <227 x 1077

BY — u—put =(3.1+£0.7) x 107Y Compatible with SM




I[sospin subgroup lﬁ H

8 Acorors g Etao o Hlgs

x x 0
Yi=| % % 0 . f=dt
0 0 =*

Couplings: g%, =0, g5,, =0

S _ my d \27,2 d u d d dx T
JA0 0y = VoM sin B {(aso) Voo + [(Vud(aso + Bg) + Vus) (Vud(aso + Bg) + VusAg )] (7

2 /M
+ (VuS(aZO _Bg‘)+VudA(é‘) <m )}

t

s
9044 =

|Ads\2 + ((aso + BS) — \/ismﬁ) (

9l

(o - B)* — VEsing + a3 (24)].

\fMW cos 8

S —
9A0ss =

\fMW cos 3

me
(aso) Vo Vs + (Vus(aso - BS) + VudAd> (m >

t

wx uzn
Vaalago + BE) + Vus AL) (Vea(a§ + BE) + Ve AY) <—)}

me

S _
JA0sa =

[
[
90 = fMW sin B {
+(
[

L /m
Al(aly — BE) + (ady + B AL (ﬁ)} .

s

\fMW cos B



U-Spin Subgroup lﬁ H

Unirs ko e oo Hilg

V) =

* O *

o * ©
* O %
~
|
&
~

Couplings: g40,, =0

mr * Me
9IA0re = o os B [Af}(a@o - By) + (a%o + BL) Ay (mT )]
U _ my d _ pd d 2 dy2y,2 [ Me
940 4u = VoM sin B {[Vub(auo B) + AUVud] + (ag) Vs (mt>
My
+ ([Vaatado + BE) + AL Vi ] [Vualadho + BY) + Vil | — V2 cos ) (m*) }
U _ mp d2 d _ pdy2 . ma
9A044 = /2My cos B |:AU + ((‘IUO By) \/ﬁsmﬁ) (mb>}

U ms d 2 /o
= |(a — V2sin 8

A% = oM cos B (et ]

me

:m { [Vub(a‘ég - B[E,lr) + A?}Vud] [Vcb(aUO - B) + A?]Vcd]

U
GA0ye

. m
+ [Vaa(ady + BE) + AL Vas| [Vealago + BY) + Ver AT (—“)

my
m
vt (2))
t

rr M < I Y




| V-Spin Subgroup l-m H |

| © %
* ¥ O
* ¥ O

Couphngs: gXDTa =0 ngTum [A%(a% - B?/) + (a%o + B{i,)Af,* (%)]

v _ My d _
Fa0uu = V2Myy sin 8 ((avo) VZcos ﬂ)
v my 2
= — 3V, — B VusA
9a0ad V2Myy cos B {[ v(ao )+ ]

+ [Vus(ao + B) + AVyp] [Vus(ao + B) 4+ Vup A™] (:S>

+ ((a0)*Viy = V2sin B) (%)} b

b

v _ my 2 2 . ms
9a0ss = V2Mw cos B [A + (((l() +5) V2sin ﬂ) (mb )]
9%, = #tsulﬂ {Vub(ao — B) + Vus A] [Vey(ag — B) + AVeq]

u

+ [Vus(ao + B) + AV [Ves(ao + B) + Vep A*] (%) + (a0)*VuaVea (%)}

v
90,4 = 0.



The U-Spin case l-m H

" BY — ptp~ compatible with SM, thus U—Spin (gas = 0) is a
good possibility
"« Isospin subgroup predicts the absence of LEV 7 decay as in SM.

I« The V—Spin effects are given at high energies and are very small
given BY — putu~



And example with 7 — eK? with U-Spin LA H

[
Unirs ko e oo Hilg

0 —15 5 |C{'}|2(a8lU)4
I'(r — eK,) ~ (8.606 x 10 GeV’?) x ————

M3

(1 + tan® B)*

M, =200 GeV M, =300 GeV

100000

100000
— tanB =10 — tang =10
80000 80000
—— tang =50 —— tang =50
_ 60000 ~—— tanB =100 60000 ~— tanf =100
> >
S S
40000 40000
20000 20000
0 0
00 00 02 04 [ 08 10
aou aou
M, =400 Gev M4 =500 Gev
100000 100000
— tang =10 — tang =10
80000 80000
~— tanf =50 ~— tanf =50
_ 60000 ~— tang =100 _ 60000 ~— tang =100
> >
- -
40000 40000
20000 20000
0 0
00 02 04 [ 08 10 00 02 04 [ 08 10
au au

U mrSh U mslafg)®
9A40re = Iy cos B 9A0sa = Vandyy cos B



A general parametrization lﬁ H
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SU(3) Transformation

Ydu(t) = (V2Gr)'?eP Dl e

with
. Ny
7 .
A= 5;9”)\" ;DY = diag(m!, m}, mi)
"I Perturbative Yukawa:

T4 = VEGR) D+ D)+ 5 ADI] 4 )

Additional bound: det(U{(L) =1
Framework for a dynamics of flavor

MMM



Yukawa Elements

LAH

Unirs ko e oo Hilg

Definimos los parametros

R =07 + 9]2 + 07 ; Non standard contribution

IC] = /02 + 9]2 ; Flavor violation parameter

My is chosen in order to have no empty parameter space (~ 50

5¢

T

TeV)

U-Spin in leptonic sector

1(Y2u) < el

1(Y2u)< el

0<R <10




Parameters space l.th

Unirs ko e oo Hilg

Parametros para sector Leptonico

Channel Upper Bound

T — e 70 <80x10°%

T — pfﬂo <1.1x1077

T e K? <2.6x1078 =
T p KO <23x10°%
T—=en <9.2x1078

T uTy <6.5x1078
T—oen <1.6x1077

T pun <1.3x1078

B — e7eT <83x1078

BY = ”_H+ <63x 10770 Parametros para sector de Quarks
B w7177t <41x107®

+ <2.8x1077
DY e et <7.9%x1078
DY - pu pt  <6.2x107°

1Cql

Ma > 50TeV .




Bound using U-Spin parametrization

mmmmmmmmmmmmmmmmmmmmmmmmmm

Bounds Upper Limit
I'(r — e n0) <23x1071
L(r—en) <4.5x10720
I(r—e7) <43 %1072
I'(BY —eef) <21x107#
I(BY — p—pt) <25x10722




Local flavor transformation

mmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Yf(x) — gfet(m)AfDe—t(w)Af

t(x): scalar field that leads to effective couplings

The matrix D is diagonal in the mass basis

O

Perturbative method

Y/ (z)
&f

5¢

=0+ py Ty ¢



Final Comments lﬁ H

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

MMM

T

5¢

5¢

2HDM-III is a good frame to parameterized New Physics

Invariants subgroups of SU(3) reduce the nnumebr of free
parameters and can shed light on flavor symmetries

New restriction can be imposed on 7 — (PP} y P} — P{1(;

Textures can be seen as a consequence of suitable discret charges
assigment for fermions

Pseudoscalar is a WIMP
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