Appendix A

S, group

The irreducible representations of S, follow the following Kronecker products,

11®77:77, 12@12:1, 12@2:2, 12@31:32, 12®32:31
2®2:11@12@2, 2®31:2®32:31®32,

31031 =303 =118283:1P3,, 3103 =182833

Now, we write the Clebsch-Gordon coefficients in particular basis

For 1-dimensional representations:

Len=n®1l =79
12®12:11~aﬁ
aby
lL®2=2~
—af3y
af
12®31:32N 0562
afs
af
La®32 =31~ | aB,

a3
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For 2-dimensional representations:

2031 =313 3

2®39 =31 @3

with

with

with

(

Ly ~ a1 B + aofh
Ly ~a1fy — aofh
eDYe))

151

9~

12 + a3
31~ | onfls + oz
181 + a3
10 — a3
32~ | onfls — anfhr

04151 - 04252

12 — aafls
31~ | onfls — anfhr
101 — azfa
a1 B2 + a3

32~ | 1B + az

a1 51 + asfs
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For 3-dimensional representations:

(

Ly ~ o181 + agfls + azfe
N Qs + a1 3 + azf
azfs + 10y + g
20001 — apfls — azfa
3131 =303 =11 82831 ®3, with{ 31 ~ | 20385 — 18 — a3y
2002 — a1 83 — a3

04253 - 04352

32 ~ a1y — ey

asf — oy fs

(

Ly ~ 181 + agfls + azfs
N Qgff2 + a1 3 + azfy

—agf3 — 18 — aafh
gl — azfa
31®3p=1L0203®3 with 4 31 ~ | a1 8 — a3

azf — a1 i3

20101 — a3 — azfa
32~ | 2a305 — a1 fBs — 231

20939 — a1 B3 — sy

\

where o; and ; denote the elements of the first and second elements, respectively.
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Appendix B

The Scalar Sector of the Model

The scalar potential of the model is written such that it is invariant under the

symmetry Sy ® Z3 ® Z, and has the following form,
V(H, e, Pe, 0, &, 0) = Vi(H) + Valpe, ¢c) + Va(ew, &0, H) + Va(H, &, 1), (B.1)

with,

Vi(H) = piy(H'H) + Ag(H'H)?, (B.2)

Va(pe, @c) =a1(@cpe)1, (Pepe)1, + az(@epe)2(@ee)2 + as(@epe)s, (Pepe)s,
+ as(Pede)1, (Pede)1, + as(Pede)2(Pede)2 + as(Pede)s (Pede)s
+ ar(Pepe)y (P, + as(Pepe)2(Bede)2 + ag(Pepe)s, (Pede)s,
+ a10(Pefe) 1, (Pede) 1, + a11(Pede)a(Pede)a + ar2(Pede)s, (Pede)s,
+ a13(Pcte)3, (Pete)z, + a14(Pede)2(Pepe)2 + @15(Pcde)s, (Pepe)s,
+ a16(Pcte), (Peipe)s, + ar7(ede)2(Bede)s + ars(Pede)s, (Pede)s,
(Pethe)s, (

+ a9 Qpc¢c 32 ¢c¢c)27 (Bg)

¢c)
)3,
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Va(pu, &,0, H) =12, (@lou)1, + bi(elen), (9hen)1, + ba(ehen)2(elen):
+ b3(000)3 (0L )3, + ba(9l 00 )3, (0h00)3, + b5 (0l )1, (€TE)1,

+ bs(@l00)2(67€)2 + br (0l o)1, (W), + bs(@heu)1, (HTH)1,
(B.4)

Vi(H, &) =pg (71, + a1 (€781, (€7)1, + ca(67€)2(67€)2 + 11, (1)1,
+ 03(¢T¢)11 WW)h + C4(£T€)11 (dﬁw)h + C5(§T£>11(HTH>11
+ cs (1)1, (HTH)y, (B.5)

Let us denote the vev of the scalars as follows:
<H> = vy, <1/)> = Uy, <§> = (,05177]52)7 <90V> = (Usoul ) /USOV27,U‘PV3)

<SOC> = (’Uﬂocl ’ USOCQ ’ /0904:3 )7 <¢C> = (U¢cl ) U¢cg ) /Ud)cg )7 (B6)
In order to calculate the vev (@) = (vy,, ,Vy,,, Vy,,), We write the minimum

condition,

ov
OPei | (pey=ve,

=0, (i=1,2,3), (B.7)

Similarly, we have the minimum condition for (¢.) = (vg,, , Ve.,, Vs., ) as follows,

oV
Oci | (per)=ves,

=0, (i=1,2,3), (B.8)

This leads us to a system of equations and we analyze the vacuum configuration:

(pe) = (v, 0,0)
(¢c) = (vg,,0,0)
We find that the vacuum alignment shown above is one of the solutions of the
extremum conditions of equations and .
Just as in equations and [B.§)), the vev (p,) imposes the extremum con-
dition on V and this leads us to the following system of equations,
(2b1 + 8b3)v), 4 (2by — 4bs)v], + (202 — 4ba)v}, + (4b1 + 8ba)vg,, Vg, Ve,

+ (2b50¢, Ve, + byvy + bgvj + ,u?ou Vg, + bﬁvgl Vp,, + bgvév%Q =0
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(2b1 + 4b2)v3, Vg, + (6by — 12b3)vg, V5, + (4by + 20y + 1203)07 vy, +

+ (2b5v¢, Ve, + brvy + bgv,% + u?py)v%g + bgvév%l + bﬁvgl Vg, =0

(2b1 + 4b2)vy,, Vg, + (6by — 12b3)vg, V5, + (4by + 20y + 1203)07 v, +

+ (2b50¢, Ve, + brvy + bsvy + 42 )0y, + beUg, Vg, + et Vg, =0
(B.9)

The above system of equations has several solutions, one of the solutions being

y . . . L . _2651)&2 + 2667)52 + b'ﬂj?p + Ugvi + ,U?DV
S GV} by + 2by

with vg, = vg, = ve . Another solution exists with vy, # vy, # vy, , which has

(B.10)

a very long expression and we choose such a solution to obtain the mass matrix

taken under consideration in our model.
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