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Abstract

Abstract

CP violation in the Standard Model is related to the CP violating phase in the
Veckm mixing matrix. The Jarlskog invariant J which measures CP violation
can be expressed in terms of entries of CKM mixing matrix or in terms of the up
and down quark mass matrices. In this work we show the Jarlskog invariant from
an extended Standard Model with a permutational flavour symmetry S3 (S3SM).
As one knows, CP-violation phase in the Vckwm is enough to explain CP violating
physics effects in the EW quark sector. On the other hand, an extended S5 Higgs
potential can be a source of spontaneous CP violation through the complex Higgs
vacuum expectation values. Spontaneous CP violation effects contributes to the
Higgs mass matrix as well as up and down quark mass matrices and the trilinear
Higgs coupling parameters. Then, a non vanishing Jarlskog invariant J provides
a necessary and sufficient condition for a spontaneous CPV coming from S3SM.
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Introduction
Introduction

In the SM, only one SU(2)1, doublet Higgs field is included,

Lsp = (Du®@)! (D*®) — V (D) (1)
V(@) = —p20Td 4 A (@*@)2 with A >0 2)
where
(T 1 ptice
Q*(aﬁ(’)*\/ﬁ(qbgwm) (3)

which, upon acquiring a vacuum expectation value:

SUR2) xU()y = U(1)em
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Introduction

Introduction

Although the existence of the Higgs particle is a fundamental piece of the theory
and the Higgs potential is very simple and sufficient to describe a realistic model
of mass generation, this may not be the final form of the theory.

In the SM each family of fermions enters independently, in order to understand
the replication of generations and to reduce the number of free parameters,
usually more symmetry is introduced in the theory.
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Introduction

Introduction

It is noticeable that many interesting features of masses and mixing of the SM

can be understood using a minimal discrete group, namely the permutational
1

group S3.

1Derman.1978rx, Derman:1979nf, Pakvasa:1977in, Pakvasa:1978tx, Mondragon:1998yw, Mondragon:1998gy, Mondragon:1999jt,
Harrison:2003aw, Kubo:2004ps, Caravaglios:2005gw,Araki:2005ec, Kubo:2005sr, Koide:2005ep, Grimus:2005mu, Teshima:2005bk,
Kimura:2005sx, Koide:2006vs, Mohapatra:2006pu, Kaneko:2007ea, Beltran:2009zz,Morisi:2010rk!
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Introduction

[ Je]

The Standar Model

Prior to the introduction of the Higgs boson, the SM is chiral and invariant with
respect to any permutation of the left and right quark and lepton fields. After
the introduction of the Higgs boson in the theory, this field may be treated as
an S3 singlet Hg, but then, only one fermion in each family can acquire mass.
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Introduction
oe

The Standar Model

In the SM, only one SU(2) . doublet Higgs field is included, which, upon acquir-
ing a vacuum expectation value, breaks the SU(2)r, x U(1)y symmetry.

In the SM each family of fermions enters independently, in order to understand
the replication of generations and to reduce the number of free parameters,
usually more symmetry is introduced in the theory.

An extended Higgs sector opened up the window for CP violation scenarios com-
ing from the Higgs sector, we look for the conditions under which CP violation
arises from spontaneous gauge symmetry breaking SU(2) ®U (1)y — U(1)eum.
In this direction interesting work has been done with the addition of discrete
symmetries to the SM.

It is noticeable that many interesting features of masses and mixing of the SM
can be understood using a minimal discrete group, namely the permutational

group S(3).

8/69



Introduction
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The SM extended with S(3)

The Lagrangian L4 of the Higgs sector is given by
Lo = [D,Hs)? + [DyH1)? + [D,H2)* — V (Hy, Ha, Hs),

where D,, is the usual covariant derivative. The scalar potential V (H1, H2, Hs)
is the most general Higgs potential invariant under SU(3)c x SU(2)r, xU(1)y X
Ss.

The analysis of the stability properties of the potential V is of great relevance to
study the phenomenological implications of this model. There are many different
ways of writing the Higgs potential for this model, but for the purpose of this
work the best basis is

_ $1 + 14 _ | P2+igs
o= <<157—|—iq§10)’H2_<¢’8—|—i¢11)7

_( ¢3+igs
Hs = ( @9 + id12 )
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Introduction
o

The Higgs Potential

Vo= 4 (21 + 22) + pdws + azd + b (x1 + 22) 23 + ¢ (21 + 22)°
—4da? + 2e [(z1 — z2) T + 2za25]) + f (x% + a4+ a2+ zg)
+g [(ml + m2)2 + 4xi] + 2h (xg a2 — 22— x%) .
(4)
where
o the ,ugyl parameters have dimensions of mass squared,
o the a,--- ,h parameters are dimensionless.

The invariants x;, the potential V' depends on the fields ¢; through z;, consid-
ering our assignment as

a1 = HiHj, m:R(HIHQ , m:I(HIH2 ,
xy=HJH,, x5 =TR(H/Hs), xs=7Z(HIHs), (5)
w3 =HLHs, z6=R(HJHs), x9=7(H}Hs
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Stationary points
Stationary points

We calculate now the stationary points of the potential (4) in order to determine
their phenomenological feasibility [2]. We assume that Hg is the SM Higgs,
and we do not break the electric charge nor CP (recall that Hs — ®gas) when
Hs acquires a non zero vev. If there is CB or CP breaking in the model we are
assuming that it is due to the Ss Higgs doublet fields H; and H2. Taking this
into account, and using the minimisation conditions, we find that the potential
(4) has three types of stationary points:

@ The normal minimum with the following field configuration:
¢7 = vl7¢8 == ’U;Q,QSQ = vf)’a(zs’i :07 (L# 77859

@ The stationary point which breaks electric charge:

¢7:U;,¢8:Ué,¢9:'05;7¢1 :a17¢2:a27¢3:a37

© The CP breaking minimum.

¢7 = v, s = V5, o = V5, P10 = Y1, P11 = Y2, P12 = 3.
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Stationary points
e0

The CP Breaking minimum

The CP breaking minimum (CPB) [3] we have

1 0 .
®;) = — . -1,2,3, 6
@i=s( i) ©)
where ; € . Then, CPB is at
¢7 =1, P8 = V2, g = V3, P10 ="7Y1, P11 = VY2, P12 = V3, 7)
and other cases ¢;: =0,

which should satisfy the constraint

v=(F+vi+ o3+ +1E+43)". 8)
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Stationary points
o] ]

To complete the story, the constants «; can take the values following:
o 71 #0,and 2 =3 =0;
@ 12 #0,and y1 =3 =0;
@ v3#0,and y1 =72 =0;
@ 71 #0,72 #0, and y3 = 0;
o v1 #0,v3#0, and v2 = 0;
@ v #0,v3#0, and v1 = 0; and
o 11 #0,v2 #0, and v3 # 0.
We assume the Higgs vev's are free parameters subject to the constraint (8).
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Stationary points
@00

The fermionic mass matrices

The most general S3 invariant Yukawa Lagrangian with three Higgs doublets [6]
can be written as

Ly =Ly, + Ly, + Ly, + Ly, (9)
Each term is given for down and up family as

Ly, = -Y{QHgdip—Y{QsHsdsr

— Y$ [ QrrrsHidyr + QisHadyg |

— Y{QsHrdip — Y§'QHidsg + h.c, (10)
Ly, = =Y{"Qlice)Hiurr — Y35 Qs(ica)HEusg

—  Y3'[ Qrrrylio2)Hiugr +nQpni(io2) Hyur |

- YQs(io2)Hjurr — Y& Q(io2)Hfusr + h.c., (11)

Singlets carry the index s or 3 and doublets carry indices I, JJ = 1,2

K:(Q;) and n:<})_01). (12)
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Stationary points
(o] le}

From this, we can express the fermionic mass matrix M including spontaneous
CP violation as

mi + Me mo ms
M; = ma m; —me ms |, (13)

my mr ms

where

m{ = —Y{(¢o+id2), (14)
m3 —Y5' (¢7 +idno) (15)
m§ = Y3 (g0 +ira), (16)
mi = =Y{(¢7+idw), (17)

( )
( )
( )
= ( )
mg = —Y5' (¢7 +idno), (18)
= ( )
( )
( )

mg —Y3' (¢s +ign1), (19)
m§ = —Y{(¢s+id11), (20)
ms ~ Y (g + 1) . (21)



Stationary points
[o]e] ]

Then, the fermionic mass matrices are complex caused by contribution arising
from the Higgs sector. Thus, the SSB mechanism provides a source for CP
violation in the fermionic sector and contributes to the same in the quark and
lepton mixing matrices.
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Stationary points
L]

CP violation

All CP violation, in the Electroweak Model, originates from the term which
describes the interactions of the fermions with the higgs doublet.
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Stationary points
0

Jarlskog invariant

These conditions must be satisfied in order to have CP violation [?]

My F  Me, Me Z My, Mt # My, Mg £ Mg, Ms 7 Mp, Mp 7 Mg,
6, # 0,5, 0A0m j=123 (22)
where m; are respective quark mass value. These conditions are unified within

the single relation
detC' #0 (23)

where
iC = [M“M“T,Mde*] (24)
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Stationary points
oce

Jarlskog invariant

What is highly remarkable about the adove commutator is that determinant is
given by

detC = -=-2J (mf - mi) (mf — mi) (mi — m?)
X (m% — mi) (m% — mfl) (m3 — mg) (25)

where J is the Jarlskog invariant, related to CP violation.
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Minimum scenarios

Minimum conditions

The minimization conditions give us six equations determined by demanding of
OV /0¢; |min=0.

Scenario | ¢7 | ¢8 | P9 | P10 | P11 | P12
| Vi | V2 | Us 71 Y2 3

1 Vg V2 | Vs V1 0 0

11 V1 V2 V3 0 Y2 0

\Y V1 V2 | U3 0 0 3

vV v | vz | vs | M| e 0

Vi v | ve | vs | M 0 Y3
VII vy | v | vs 0 Y2 | 73

anothers fields are nulls. Any scenario the minimum conditions have more vari-
ables than independent equations, we focus in VEVs of Higgs to use the com-
mutator formalism of Jarlskog.
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Minimum scenarios
®0000000000000

Scenario |

The minimum conditions in this scenario are :

0 = 2(c+g) v’ +2m (v2 (2(d+9) y2+e)+vs (€2 +2h73))
+v1 (2 (c+g) v2° +6evavs + (b+ f+2h) vs° +2 (c+g) 1’
+(b+f—2h) 35° +272 (c—2d—g) 2 +eys) +m?),  (26)

0 = 2(c+yg) v — 3evs vy +v1° (2 (c+g) v2a+3ews)
+2v171 (2 (d4g) y2 +ev3) +vs(emi® + 72 (= (ey2) +4hvs))
+vz (b+ f+2h) v3° +2 (c—2d — g) m* +2 (c+g) 2°
—2ey2ys + (b+ f —2h) v5° + m?), (27)

0 = - (61}23) + B+ f+2h) v s + 12 (Beva+ (b+ f+2h) vs)
+2v1m (ev2 +2h7ys) +v2 (em® —ev2® +4hy27s)
+ug ((b+ f—2h) (n® +72°) +2a (v + %) + o), (28)
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Minimum scenarios
O@000000000000

0 = 2(c+g) vi’n+2v (v2 (2(d+9) v2+es)+vs (e72+2h3))

+711 (2 (c—2d—g) v22+26v2U3+(b+f—2h) vs®

+2 (c+9) (m® +12%)

+6ey2ys+ (b+ f+2h) 3% + m?), (29)
0 = 2uv (2(d+g)v2a+evs) v +bvs’y2+ fous’y

—2hvsiya +2cm iy + 29717 2

+2¢72® +2972° +3em® 13 — 3ev’ vz + by yst + frevs® +2hy2 s

+v2® (2 (c+g) 12 —ems)+ o’ (2 (c—2d—g) 72 +e)

—2w5v3 (€42 — 2h3) +v2 pa, (30)
0 = 2uv (eva+2huvz)m +4hv2v3’yg+36'y12’yg

—6’}/23+2aU32'73+b’712’73+f’712’73

+2hy12 s + b2’ vz 4+ f2’ vz + 2h 2 3 + 2a5°

+v2? (—(en2) + (b+ f —2h) 73)

+u1? (ev2+ (b+ f —2h) 73) + 73 po”- (31)
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Minimum scenarios
0O0@00000000000

Scenario |

We find many minimum conditions, we work with the jarlskog formalism each
minimum situation. Then we have the following scenario and minimum condi-
tions with CP violation.
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Minimum scenarios
0O00@0000000000

scenario |.1

We find e = 0, vgz%yfyg:—“}:?’.
. 1
po =% (0 +97) s+ o+ f—2m) (R +43)]" . (32)

. 1
p1 = i% [(vf +vf) (b4 f—2h)v3+2(c+g) (v +722))] L (33)
In this situation with commutator formalism
det [M“M”*, MdM‘”] - ,%O [A (v?, (B T Y LY LY YO + D) + E)] ,
(34)
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Minimum scenarios
0O000@000000000

where
A = 2y (’Y% - 373)2 (3’7% - ’Yg) v3 (712 + U%)O ((Ydlydz; - Yd:syds) YY"y +

_ d 2 d 2 u u u\2 u\2\ u_yu u_
B = (Y )2(5/ )4Y1(Y1((Y 24+ (V )5) 2V "5V Y )
c = (Yd): ((Y“)§ - (Y“’)f) F oYYy (VY s — YY)

_ (Yd)j (Y")2 + (Yd)z (V)2 12y, YL,y Y, — 2y Ly e,y sy,
2 2

D = v%4 (Ydl ((Yd)4 + (Yd)5) = 2Yd3Yd4Yds) (V)3 (v");
E = (’Yf + ’Y%) (Yd4Yu2 - Yd2Yu4) (deyuz + Yd4Yu4) <Yd2Yd4 (Y“)? - (‘,

We have CP violation in this situation.

25 /69



Minimum scenarios
0O0000@00000000

Scenario 1.2

Another situation of minimum is with e = 0, vo = —Ww 13 =0
and v1 =0 .
1
po =+ [—2avi — (b+ f —2h) (v +73)] % . (41)
1
pr=%[— b+ f—-2n)vi—2(c+g) (v +3)]> (42)

In this situation with commutator formalism
det [M“M“*, MdeT] . [F (v§ (B FYLY LY Y O+ D) + E)] :
71
(43)
F=2(y - 3’?1722)2 (37772 —73) vs ((Yd:aYds - Yd1Yd4> YUYy + YLy (v

. We have CP violation in this situation.
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Minimum scenarios
000000800000 00

scenario 1.3

In this situation we have e = 0, v2 = % h=0
. 1
7 2 2 2
o =% [(b+ ) (vf + 71) (i +12) + 2077 (v§ + 73)] I
De la ecuacidn (26) encontramos para p1

p=t- [2(c+0) (v +97) (68 +93) = b+ ) (+22)]". @)

In this situation we have a result very extensive to express in this presentation,
then we give values each yukawa parameter
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Minimum scenarios
0000000 @000000

scenario 1.3

if Y/ = 2,, and another yukawa parameter are unity, we have:

det [M“M“T,MdeT] — " aB, (46)
7
where
A = ( —393) (73 +0}) (a1 — mws) (3 (47 +13) v} + 4% (1 +3 (73 +3)

B = (=7 +4v37 — 87 +91 (3v2 +493)) + (32 — ) of +4m1 (7F + 95
9% (972 + 473) 711 + 73 (4ys — 372)) vt + 81 vsvd (77 +3 — v3)
107 (=375 + 99Ev2 + 8vs (77 + 5 — 303)) + 497 (7 + 43 — 693) vsw

We have CP violation in this situation.
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Minimum scenarios
00000000 e00000

Minimum scenarios

Thus, in this situations presents CP violation

Scenario conditions
1.1 e=0,vp =22 q3 =2t
d+ v1+h v
1.2 e=0, vp = — (I A RYa vy 9)(’Ydl+gl)72’Y3 2 v3=0,v1=0
1.3 e=0, 1)2*“’?7;’1 h=0

1 | vy = —2dha)y, e—:t2\/d+g h, vg—:t\/v Rah
.1 vs = 2“*9) =43} +143, h= 5

1.2 1)3:7%d+9>’ezm7 =0
: (d+9) (43 +03)
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Minimum scenarios
000000000 e0000

Scenario conditions

V.1 e=0,h=0,v2a=1v1

V.2 e=0,v3 =0, v2 =1

V.1 GZO,hZO,Uzz%’LH

V.2 e=0,vo=—v1,72 =71, h= 72(d+9)(711*;1)("/1+v1)

v3

V.3 e=0,v2=—v1,72=m,v3= :l:iﬁ\/m\/(vlh_w)(h-'—ﬂl)
VIl e=0,h=0,v2=0

V1.2 e=0,d=—g,h=0,v2=m

V1.3 e=0,h=0,v2=7,v1=0

VI.4 e=0,h=0,v2=7,71 =0

VILL [ o1 =VBy/AZ+03, vs = B2, g5 = —22 e =2/h(d +g)
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Minimum scenarios
0000000000 e000

the values of o for each scenario:

Scenario m
11 i\/m\/%v’ﬁ "/f+'y§)(b+f72h)
.2 /2 — R+ D BT -2

i\/Q‘”l (v3+03)+b(v2+93) (v2+02)+ (2 +13) F (VR +vD)

1.3

71
1.1 2 \/ (12 +v2) (a(d+g)+2h(b+f—2h))
. 2,/ )

o2 (13+203) (2 —2(b+ /) (d+9)) —Savd (d+9)®

1.1 S

1.2 1372 (d1g)
(d+9)(v3+13)

V.1 V2\/u3(=b— f) —a (73 + v3)

V.2 V—2a73 — 20i (b + f — 2h)
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Minimum scenarios
0000000000 0e00

Scenario Lo
V1 iy/20303 +0(13 +93) (vF +v3) + (43 +93) (3 +03)
) Y1
V.2 \/vg(“/f(*b*f)(varvf)fv% (2003 + b+ 1) (V2 +02)) ) +8v3d(v2 72 )2 +872g(v3—~7)?
3 Y1v3
V3 \/ 4072 (d+9) (v1 —71) (v1+v1) —272 A (72 (b+ F —2h)+v2 (b+F+2h))
. 'ylh
VL1 V(=b—f) (0 +07) —2a (73 +v3)
V1.2 V(=b—f) (297 + 1) — 2a (73 +v3)
VI3 V2y/74( b—f)—a(v§+v§)
VI.4 VVi(=b—f) —2a(v3 +v3)
Vil ivV2y/v3+v3/a(d+g)+2h(b+f—2h)
h
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Minimum scenarios
0000000000000

the values of p1 for each scenario:

Scenario 11
L1 in/v3+03 o3 (b+f—20)+2(7 +93) (c+9)
’ 71
1.2 Va(—b—f+2h) 22 +73)(ct9)
13 V(= 0+ 1) (3 +03) —2¢(v3+13) (1P +0F) —2(v3+3) 9 (2 +07)
1
\/7 (43 +93) (0+§) (d+9) —2h(—4c+5d+9))
1.1 -
i \/4w§e2(dfc)f}u%(g(4d(b+f)752)+d(2d(b+f)75e2)+2g2(b+f)+4ce2)
. e
.2 V3 ((b+F) (d+9)—2h(2c+d+39)) +v3 ((b+f) (d+g)—2h(2c+5d+7g))
: V2vh
V.1 V=(b+F) (73 +v3) — 4vi(c+g)
V.2 V=70 + f—2h) —dvi(c+g)
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Minimum scenarios
0000000000000

Scenario 11
V1 Vi3 (—b—f)—2c(v3+13) (13 +v3)—2(v+3) 9 (2 +07)
: a5
V.2 V2 (v3(—b—N)—2(13 +07 ) (c—2d—0)) —2+F (c+9) (17 +v3)
: a5
V3 V=201 (o) (d+9)+h(e—2d—9))+293 03 (b+) (d+9) +h(—c+2d+9)) — 293 h(ct9) (v +
: 11 Vh
Vi1 V(b4 ) (73 +v3) —2(c+g) (7 +vP)
V1.2 V=(0+ f) (03 +v3) —2(c+9) (0] +v7)
VI3 VAi(d—c) = (b+f) (13 +v3)
Vi4 V—(b+ ) (43 +v3) — 20}(c + g)
vii in/72+v2/b(d+g)+8ch+f(d+g)—2h(5d+g)
i
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Summary and Conclusions
Summary and conclusions

In this work, we analyzed the SSB of SU(2) x U(1) = U(1)em in S(3)SM with
spontaneous CPV provided by the Higgs sector. In this model, we introduced
three Higgs SU(2) doublets with twelve real fields. While defining the gauge
symmetry spontaneous breaking in eq. (7), we found a parameter space region
where the minimum of the potential defines a CPB ground state. We analyzed
seven possible scenarios defined in concordance with the CPV source Higgs field.
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Summary and Conclusions

Thanks

36/ 69



References
references

¥ J. Kubo, H. Okada and F. Sakamaki, Phys. Rev. D70, 036007 (2004).

‘ Barradas-Guevara, E., Felix-Beltran, O., and Rodriguez-Jauregui, E.
(2014). Trilinear self-couplings in an S(3) flavored Higgs model.
Phys.Rev., D90(9):095001.

‘ E. Barradas-Guevara, O. Felix-Beltran, and E. Rodrguez-Jauregui, (2016),
10.15415/jnp.2016.41022, arXiv:1606.07773 [hep-ph].

‘ J. Kubo, A. Mondragén, M. Mondragén, E. Rodriguez-Jauregui, O.
Félix-Beltran and E. Peinado, J. Phys.: Conf. Ser. 18, 380-384 (2005).

¥ J. Kubo, Phys. Lett. B 578, 156 (2004) [Erratum-ibid. B 619, 387 (2005)]
[arXiv:hep-ph/0309167].

Q J. Kubo, A. Mondragén, M. Mondragén y E. Rodriguez-Jauregui, Prog.
Theor. Phys. 109, 795 (2003) [Erratum-ibid. 114, 287 (2005)]
hep-ph/0302196v4

¥ C.Jarlskog, Phys. Rev Lett. 55,1039(1985)

37/69



References

references

38/69



appendix

Minimum scenarios

Scenario |.- CP violation come from the three fields of Higgs:
@7 = V1, P8 = V2, P9 = V3, P10 = V1, P11 = Y2, P12 = 73,
anothers fields are nulls. Scenario Il.- CP violation come from Hi:
7 = 1, P8 = V2, P9 = V3, P10 = M1,
anothers fields are nulls. Scenario Ill.- CP violation come from Ha:
@7 = v1, P8 = V2, P9 = V3, P11 = 72,

anothers fields are nulls.
Scenario IV.- CP violation come from Hy:

7 = V1, P8 = vz, P9 = V3, P12 = 73,

anothers fields are nulls.

39/69



Scenario V.- CP violation come from the doublet of Higgs in Ss:
¢7 = V1,08 = V2, P9 = V3, P10 = V1, P11 = V2,

anothers fields are nulls. Scenario VI.- CP violation come from H; and H,:
o7 = V1,98 = V2, P9 = Vs, P10 = VY1, P12 = 73,

anothers fields are nulls. Scenario VII.- CP violation come from Hz and H:
¢7 = 1,08 = V2, P9 = V3, P11 = Y2, P12 = 73,

anothers fields are nulls.
Any scenario the minimum conditions have more variables than independent

equations, we focus in VEVs of Higgs to use the commutator formalism of Jarl-
skog.
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Scenario Il

The minimum conditions in this scenario are ::

0 = vi(2(c+g) n’+2(c+g) v’ +6evavs+ (b+ f+2h) vs®
+2 (c+9) m” +m?), (51)

0 = 2(c+g) v’ —3ev”v3+vi® (2(c+g)v2+3evs)+evam’
+va ((b+ f+2h) 1)32+2(cf2d7g)712+,u12), (52)

0 = —(ev23) + b+ f+2h) v22v3 + v1 2 (Beva+ (b+ f+2h) vs)
+evay1® + vs (Qav32 + b+ f—2h) 1> +,u02), (53)
0 = 7mQ2+g) v’+2(c—2d—g) v’ +2evavs+ (b+ f—2h) v3°
+2 (c+9) m” +m?), (54)
= v (2(d+g) va+evs) 7, (55)

v1 (eve2 +2hws) 7. (56)
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scenario Il.1

appendix
0®0000000

We find the following conditions

Ho

vy — _2(Ul+g)v2
e = =2y/(d+g)h, (57)
v
V2 - T?
2(a(d+g)+2(b+f—2h)h)(vfﬂf)]é
(58)
3h
((b+f)(d+g)—2(_4c+5d+g)h)(u%+wf) :
o . (59)
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00e000000

scenario Il.1

for yukawa parameters are of unity value, we have

3 64ivv1(e — 4G) (e — 2G)* (7i + vf)?’
27e3 ’

det [M“M”T, MdeT] = (60)

where G = d + g, we have CP violation in this situation.
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scenario 11.2

appendix
[e]e]e] lelelee]e)

we find

Ho

2(d
vy — _%W
e = 2/({d+9g)h, (61)
v v +9}
3 b

(62)

2(a(d+9) +2(b+ f —2h)B) (v%+wf)r‘
3h

. (63)

(b+ f)(d+g) —2(—4c+5d+g)h) (U%Jmf)r
3h
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[e]e]e]e] Telelele)

scenario 11.2

for yukawa parameters are of unity value, we have:

64ivv1(e — 4G) (e — 2G)* (7 + v%)3
27e3 '

det [M“M“T, MM ] - (64)

we have CP violation in this situation.
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000008000

scenario I1.3

we find:
e = —d+gU2—f1}3,
V3 2
h
V2 = — d+gv3, (65)
(d+g) (3 +1?)
BT TN T 3
2\ 13
2(a(d+g)+2(b+f —2h) k) (07 +1)
po = * |- 3h ) (66)

[ ((b+f)(d+g)2(4c+5d+g)h)(v%+wi)r
wm o= +i|— (67)

3h
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000000e00

scenario I1.3

for yukawa parameters are of unity value, we have:

6dinfor (VG — V) (2/@ VR (4} +0})’
27h3/2

det [M"M"T,MdM‘“] = .
(68)
we have CP violation in this situation.
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000000080

scenario I1.4

we find:
- _d+gv2_£1}37

v3 2
[ h

V2 = m'[}?,, (69)
(d+9) (v +77)

v =  3hn

2\ 13
2(a(d+g)+2(b+ f —2h) h) (v} + 1)
po = £ |- h (70)

[ ((b+f)(d+g)2(4c+5d+g)h)(v%+ﬁ)r
w = +i|— .(71)

3h
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00000000e

Escenario 1.4

for yukawa parameters are of unity value, we have:

64iniv1 (x@ - ﬂ)g (2@ - \/ﬁ) (72 +0?)°

27h3/2 ’
(72)

det [M"M"T, MdM"”] -

we have CP violation in this situation.
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appendix

Scenario Il

The minimum conditions in this scenario are :

0 = n@2c+g) vi’+2(c+g) v’ +6evavs+ (b4 f+2h) vs®
+2 (c—2d —g) v2” +m?), (73)

0 = 2(C+g)1)237361)221}3+'l}12 (2(04’9)1}24’361)3)*6’03’)/22
+vz (b4 f+2h) v3° +2 (c+g) 12° +m?), (74)

0 = —(ev23)+(b+f+2h)11221)3—1—1112 (Beva+ (b+ f+2h) v3)
—ev2y2® + 3 (2av32 +(b+f—2h) 7 +,u02) , (75)
v1 (2 (d+g) v2 +ews) 72, (76)
Y2 (2 (c—2d—g) 11> +2 (c+g) v2° —2evavs+ (b+ f —2h) v3®
+2 (c+g) 22"+ m?), (77)

0 = % (—(ew®) +ev” —4hvavs +ey2”). (78)
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Scenario I11.1

we find 0 (d
V3 = 7%’02, (79)
v1 = +4/30v2 + 2. (80)
o2
h= —— . 81
1+ (81)
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appendix

scenario Il1.1

)

. —8a(d+g)311§—|—e2(62—2(b+f)(d—|—g))(21}5-1-’@) 2
Ho = e (d+g)

—2 (4ce® +d (=5¢* +2d (b+ f)) + (—e2 +4d(b+ f)) g+ 2 (b + f) °)

H1 +

give values of Y3* = 2 and Y;"* = 1 to express in a short way the commutator
formalism :

u u i
det [M M™, MdM‘“] = —525673v3(2¢ — 9G) (e — 2G) (e — G) (43 +303) 4,
(84)
where

A= (—77362 — 2’y§v§ (962 + 3eG + 2G2) + dv5 (3e2 — 6eG — 4G2))

we have CP violation.
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Scenario IV

appendix

The minimum conditions in this scenario are :

0 =

11 (2 (cH+g) vi°+2 (c+g) ve’ +6evavs + (b+ f +2h) vs®

+ b+ f—2h) 33”4+ i), (85)
02 (2 (c+g) v2a+3evs) +v2(2 (c+ g) v2® — 3evyvs

+ b+ f+2h) v+ (b+ f —2h) 35° + 1), (86)
— (61}23) + b+ f+2h) Vo2 vg + v12 (Beva+ (b+ f+2h) vs)
+v3 (2a (v32 +’732) + MOZ) ) (87)
v1 (eve +2hws) vs, (88)
(evi® +v2 (— (ev2) +4hwvs)) 7, (89)

vs (b4 f = 2h) (1% +v2?) +2a (vs® + %) + mo?) . (90)
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appendix

scenario 1V

We dont find any situation when the jarlskog invariante are not null. Maybe in
future searchs we have situations with cp violation.
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appendix

scenario V

The minimum conditions in this scenario are :

0 = 2(c+gu’+2(2(d+g) v2+evs) 117

01 (2 (c+ g) va® +6evavs + (b4 f+2h) vs®

+2 (c+9) m*+2 (c—2d—g) 1" +m?), (91)
0 = 2(c+g) v’ —3ev’vs+vi® (2 (c+g) v2+3ews)

+4 (d+g) vimye+evs (m® —7?) +va((b+ f+2h) vs°

2 (c—2d—g) m* +2 (c+9) 1" +m?), (92)
0 = —(ev23)+(b+f+2h)v22v3

+v1® (Beva + (b+ f+2h) vs) +2evi 172

+evs (M —72?) +us (2avs® + (b+ f—2h) (m° +727) + 1otd3)
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Scenario V

appendix

2 (c+g) v’y +201 (2 (d+g) vatevs) 2

+11 (2 (c—2d—g) v22 + 2evsv3

+(0+f—2h) v3® +2 (c+g) (m” +72%) +m?), (94)
201 (2(d4+g) va+evs) 1 +2 (c—2d—g) v1° 72

+72 (2 (c+ g) ve? —2evsvs

+ O+ f=2h) vs* +2 (c+g) (n*+7") +m?),  (95)
4v1 (eva +2hv3) 1

+2 (ev12—ev22+4hvgv3+36'712) ’)’2—26’)’23. (96)
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scenario V.1

we find in the minimum conditions e = 0, v2 = :’/—fvl:

iv207303 +b (7 +93) (0 +03) + (F +13) f (43 + 03)

- + (97
Lo - (97)
o V(b f )—20(v5+7§)(vf+vf)—2(vf+7§)9(7%+y§g)
— \JU

71
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appendix

scenario V.1

For Y = 2 and Y;“* =1 we have:
det (MM MM =~ (6 = 3d) ok (o +oD) A, (09)
where
A = dyivivs (7 4201 (31 — 05) + o) (100)

37277 (72 +0%) % + dy3mivivs (V2 + 03)” — 43 (42 + o) °(101)

we have CP violation.
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scenario VI

appendix

The minimum conditions in this scenario are :

0 =

2(c+g) > +2(eva+2hvs) iz +v1 (2 (c+g) v’ +6evavs
HO+f+2h) vs® +2 (c+g) 1+ 0+ f —2h) 1 + ), (102)
2 (c+yg) v — 3evyvg + vp? (2 (c+yg) v2+3ev3)+ev3’y12+2ev1y173
+vo ((b+f+2h) w2 +2 (c—2d—yg) '712+(b+f72h) 732+,u12)(103)
—(6’023) + b+ f+2h) v v3 + 12 (Beva+ (b+ f+2h) v3)+ev2712

+4hviyiys+vs (b+ f—2h) 1 +2a (v3> +73%) + 1o?) (104)
2 (c+g) v’y +2v1 (eva+2hvs) v+ (2 (c—2d—g) v2° +2evzv3
+(0+ f—2h) vs® +2 (c+g) m* + (b+ f+2h) 35" + 1), (105)

dv1 (2 (d+g) va+evs) y1+2 (61)12 —evy? +4hvgv3+36712) ~s, (106)
2v1 (eva+2hvs) 11+ (b+ f—2h) v1273
+v3 (b+f—2h) v2> + (b+ f+2h) m° +2a (vs® +73%) + po®) . (107)
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scenario VI.1

we finde=0y h=0,and vz =0

/(b — ) (3 + ) — 2a (15 +3) (108)

£/~ + ) (G +u3) —2ct+g)(F+oD).  (109)

1o

T
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scenario VI.1

For Y* = 2 and Y% = 1 we have:
det [M“M”T, MdeT] =8 (’yl2 + v?) (y3v1 — 71v3) (7173 + v1v3) ('y§ + v?,) ('yf‘ — 2

(110)
we have CP violation.
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scenario VI.2

wefinde=0,d=—g, h=0yv2=m

o = /(-b— ) (@ +v}) —2a (4 +3), (111)

moo= O+ (F ) —2etg) @F+od).  (112)

For Yi"'d =1 we have:

det [M“M“T, MdM"”] = 16072 (v} (= (31 + 4vs)) — dyi7av] + 403 (73 +203) + A
(113)
where

A = 41307 (4’Yf + 5y1v3 + 6113)—47%111 (571 + 6v3) (v3 — 73) (3 + v3)+871Vs (’732, )

we have CP violation.
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scenario VI.3

We finde=0,h=0,v2=" and vl =0

o = E=V2R(b— ) —a (g + ), (114)

mo = A=) = b+ 1) (38 + 0. (115)

For Y% = 1 we have:
det [M“M“T, MdM””] = 128i7] 75 (72 — 303) (116)

we have CP violation.
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scenario V1.4

we finde=0,h=0,vo=";andy; =0:

E/vi(=b—f) = 2a (3 + v3), (117)

/(b4 £) (33 + 03) — 20 (e + g). (118)

Ho

T3
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scenario V1.4

For Y = 2 and Y% = 1 we have:
det [M“M“T, M"’Mﬂ = 8isvivs (vF — 20%) (12 +02) (119)

we have CP violation.
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appendix
Scenario VII

The minimum conditions in this scenario are :

0 = 200(2(c+9)vi°+2(c+g) v’ +6evavs+ (b+ f+2h) v3
+(b+f—2h) 3" +2% (c—2d—g) 12 +eys) +m?), (120)
0 = 2(c+g) v’ —3ev’v3+vi> (2(c+g)v2+3ewvs)

+vzy2 (—(ev2) +4hvs)
+vz (b4 f+2h) vs° + (b+ f — 2h) 73>

+272 ((c+g) v2 — evs) + 1’

(121)

0 :—(ev23) + b+ f+2h) va2 v + 112 (Beva+ (b+ f+2h) vs)
+va2ys (—(e72) +4hys) +vs ((b+ f—2h) 72?

+2a (v3® +v3%) + po”, (122)
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Escenario VII

= v (v2 (2(d+9g)v2+ers)+uvs(er2+2h)), (123)
= 2w’ (2(c+g)r2—en)+v’ (2(c—2d—g) v +e7s)
—2vv3 (ey2 —2h7y3)
+72 ((b+ f —2h) vs° + (b+ f+2h) 75°
+92 (2 (c+g) 72 — 3eys) + m®),

(124)
0=2(4hvovzys — ey’ +2auvs®vys +by2vs
+93 13 + 2h 2”13 + 2a73°

+v2 (= (em2) + (b+ f —2h) )

+vi (ev2 + (b+ f —2h) y3) + 73 Ho”).(125)
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Scenario VII

We dont find any situation when the jarlskog invariante are not null. Maybe in
future searchs we have situations with cp violation.
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