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Appendix A

Benchmark points for the Yukawa couplings of 2y x
Zy flavour symmetry
We perform a y? fit to the quark and charged-lepton masses, along with the quark

mixing parameters, by defining,

(mq _ mmodel)Z (mg _ m?lodel)Z (sin eij —sin eir}lodel)z

2 q

X = 3 5 >
0 g G’W Ogin 0ij
(sin2[3 _ Sinzﬁmode])Z ((X _ amode])2 (,},_ ,ymodel)Z Al
2 2 + 2 ) ( . )
Gsin2[3 (GOC) (Gy)

where ¢ = {u,d,c,s,t,b}, { = {e,u,7}, and i, j = 1,2,3. The CKM matrix phases in

the standard parametrization are given by,

VCd Vcﬂ;a

ﬁmodel —arg| — Ved VSZ
ViaVy, )’

amodel —arg | — Vfdvtz (A.2)
Vid Vu*b ’

,},model —arg | - Vua Vu*b) ‘
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To reproduce the fermion masses, we use the following values of the quark and

charged-lepton masses at 1TeV [294],

{me,me,m,} ~ {150.7+3.4, 0.53270072 (1.101933) x 1073} GeV,
{mp,mg,mq} ~{2.434+0.08, 4.7713 x 1072, 2.50T 198 x 1073} GeV, (A.3)

{me,my,my} ~ {1.78£0.2, 0.105jg;‘3‘§}8j§, 4.96 £ 0.00000043 x 10~*} GeV.

The magnitudes and phases of the CKM mixing elements are [152],

V| =0.97370 40.00014, |V, = 0.0410 £ 0.0014, |V,| = 0.00382 4 0.00024,

sin2f =0.699+0.017, o = (84.973:1)°, y=(72.1751)°,8 = 1.196 19033
(A4

The %5 x %5 model

u,dl,v

The dimensionless coefficients y'4*" = [y o

gLV
l¢q B .
i =y 7| are scanned with [y | €

[0.1,47] and (piq].’&v € [0,2x]. The fit results are,

—-1.68 -3.37i —0.09+0.03; —0.1—-0.02;
Yy=1 153+4.95 —0.57+0.55i 0.48+0.002i |,
0.76 +0.18; —1.04+0.46i 0.58—0.65i

—4.15+3.58i 2.20-0.89i 2.62 —4.20i
Yg=1-0.33-0.36i 0.07-0.075i 0.17+047i |
—-0.24-0.07i —0.06 —0.084i —0.07—0.12i
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—0.07—-0.06i 0.099 —0.004i; 0.45—0.32i
Yi=1-0.14—0.09 0.08—0.06i —0.63+0.24i
—0.04+4-0.09i —0.09+0.06i 0.10—0.0003i

with € = 0.1, § = 1.196, and x2,, = 3.16.

The %5 x % model

. : . 80V :
The dimensionless coefficients y?]id’g’v = |yl”.’]?d’£’v|el¢u are scanned with |y“*"Y| e

ij

[0.9,27] and ¢;§,&v € [0,2x]. The fit results are,

1 0.87—-0.491 —-0.2340.97i
Yy=|-09+1.05i —0.7—0.72i 1 ;
0.94—-0.33i 0.55+0.84i 0.9

0.99-0.09¢ 3.24—1.05i 1
Yg=10.99-0.10; 0.92+0.39i 0.9 5
1 1 —1.04+0.54i
09 09 15

=109 15 1.5
1.5 1.5 09

with € =0.23, § = 1.196, and x2,, = 5.91.
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The %25 x %7, model

. q.lv .
%" are scanned with |y"*Y

uddlyv | udlyv
= ‘ i

The dimensionless coefficients y;: i

ij ’E

[0.7,27] and (pg’é’v € [0,2x]. The fit results are,

2.19-0.18 1.40—-0.09: 0.70—0.002i
Yy=1{212+0.02i —1.02+2.12i 4.45-1.01i |,
0.33-0.71i 092+0.42; 0.82—-0.26i

0404+0.59i 3.61—0.16i 3.34—4.06i
Yo=1 1.024+0.01i —-0.36+1.18; 1.294+0.36i
—0.774+0.33i 0.82+0.02i —0.51+0.48i

—0.734+0.001i —0.58+0.53i  0.001+1.29i
=] 624+037 3.48—-244i 1.71+1.7x1075;
024—-1.16i —0.36-0.61i —0.60-+0.35i

with € =0.28, § = 1.196, and x2, = 11.82.
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The %3 x %5, model

. q.lv .
%" are scanned with |y""Y

M,d,é,v _ M,d,é,v
= ‘ , U

The dimensionless coefficients y;: i

ij |6

[0.9,2] and {]j’é’v € [0,2x]. The fit results are,
0.12+1.44i —-0.38—-0.82i 0.989+0.004i

Yy=1-127-138i —0.564+0.82i —1.22—-0.24i |,
—1.12—-0.25i —1.12—-043i —-2.70—2.61i

—1.36+0.39; 031—1.28; 0.714+0.61i
Yi= | -1.05+0.27i —0.44+4+0.85i 0.47—0.79i
—1.11—-0.37i —0.81+0.42i 0.80+0.82i

—1.40—0.21i 1.14—0.004i —0.78+0.45i
Y= -0.88+0.16i —0.544+0.78; —1.164+0.11i
0.85+0.34i 0.899+0.003; 0.899 —0.003i

with € =0.23, § = 1.196, and x>, = 1.62.
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The SM background

Production Channel SM Backgrounds
mode
Jetjet pp—Jjj
("0~ (l=e,u,t) | pp— 0Tl
Uue pp — tt,pp — VV(V =
W w-,z),
pp — L0, pp —tWh
Inclusive UT, et pp — multijets, pp — W+ jets
production pp — ti,pp — VV(V =
W*W=,2), pp —
00, pp — tWb
bb pp — bb
YY pp =YY
it pp — tt
Associative tta — tttt pp — titt
production abb — tthb pp — TTbb
ab — tTh pp — multijets, pp — W+ jets,
pp — tt
pp =00, pp —tWb, pp = VV
Di-flavon || aa — bbll(¢{ = p,t) | pp — bbll
production aa — bbbb pp — bbbb

Table A.1 SM Backgrounds for the flavon production through various channels.

Benchmark points for the Yukawa couplings of the

SHVM

We reproduce the fermion masses using the values of the fermion masses at 1TeV,
given in equation A.3. For this, we conduct a y? fit to the masses of quarks and
charged leptons, as well as the parameters describing quark mixing, in the similar

way as done in section A.
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. q.lv .
"% " are scanned with [y"*"

wdl,v | u,d,l,v
= i}

The dimensionless coefficients y; i

ij |€

[0.1,47] and ¢Z~’€’V € [0,27]. The fit results are,

1.002 + 1.730i 0 0.580 + 1.944i
Yij = 0 —0.892+0.450i —0.974—0.140i |
0 —0.3204+1.597i  0.999 —0.016i

—1.071+0.086;i —0.094+0.0897: 0.080 —0.086i
y?j =1 0.554 —0.744i 1.212 —0.209i 1.211 +0.238i |,
0.305+1.978; —1.142+0.1397 —1.175—-0.019i

We obtain ¢y &~ 1.144 for Dirac CP phase.

0.902 —0.093; 0.523 —0.887i 0.356 — 1.041i
Yij = 0 0.295 +2.341i 0.422 +1.016i ;
0 0 3.173 +5.834 x 1079

The neutrino couplings for normal mass ordering are,

0.6 -0.88i 0.87 —0.41i 1.5 —0.00004i
v

Yij = 0 0.96 +0.12i —-0.52—-1.41i |
0 —1.43+0.28; 1.5 +0.00004i

and the leptonic Dirac CP phase turns out to be §&p ~ 3.14.



226

Bi-unitary transformation matrices in SHVM

—0.973 —0.233i —4.156 x 1075 —=9.950 x 107% 5.064 x 1078 +1.213 x 1078}
Uy=19.075x 1070 +4.175 x 1073; —0.212—-0.977i —0.002 — 0.010i
4.858 x 10~7 +0.000i —0.010 +0.000i 1.000 - 0.000i
0.270 +0.963i —1.516x 1072 —1.394 x 1072 1.929 x 1073 4+ 6.868 x 1073;
Vi=11271x10"241.620 x 1072 0.939 +0.344i —2.806 x 107% —2.064 x 1073
—7.129 x 1073 4-0.000i 3.955 x 107% 4 0.000i 1.000 + 0.000i

—6.040x 1071 —=2.561 x 1071 —5.112x 1071 =3.329x 10~1i —4.401 x 10~! —6.160 x 10~2%;

—8.408 x 1072 —-8.859x 1072; —2.487x10"145.717x 101 1.301x 1071 —7.613x 10°1;
U, =
7.449 x 10~ +0.000i —4.891 x 10~ +0.000i —4.540 x 10~ 4+ 0.000i

—7.820 x 1073 +0.000i —3.213 x 1072 +0.000i 9.995 x 10~ +0.000i

—1.457x10°1-9.893x 107 1i —1.572x 104 +4.160x 104 3.416 x 107°—7.407 x 10~%
—3.177x107*+3.113x 1074 —9.642x 107" +2.645x 1071 1.989 x 1072 —5.455 x 10 3i

Va= (1.471 x 1071 =2.873x 1073 —9.248 x 1071 —3.493 x 1071i —3.088x 1072 —1.125x 1072
U=
1.188 x 10~°+0.000i 2.062 x 1072+ 0.000i 9.998 x 10~ +0.000;

—4.824x 1071 +8.635x 1071 1.107x1071—9.716 x 1072/ —2.149 x 10~* +3.632 10%]
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—2455x10°1-9.644 x 107 1i —2.395x 10724+9.067 x 1072/ 9.415x 1073 —2.756 x 10~ 2%i
Vi=1-7731 x102-6.040x 1072 —3.598 x 1071 —=8.677 x 101 1.260x 10~ 1 +3.034 x 10~ 1;
4.024 x 1073 +0.000i 3.298 x 10~ 1 4+ 0.000i 9.440 x 10~ +0.000i

Scalar mass matrix diagonalization in SHVM

2

l6&5

8e1&7 16812 8e164 8e1e5 8e16n 8e1gg 8€163

8e1e7 8eq ey 8ese7 8ere; 8eggey 838y

8ese7 8€1&4 168} 8e465 8Beres 8eyeq 8e384
2 2
my = Ay A 8ese; 8eres 8485 16852 8eres 8eses 86385 |
8ere; 8e1& 8&ey 8&&; 16822 865 8 &3

8eg€7 8€1&¢ 8485 8€58¢ 8&r&q 16862 8&3€&4

8eze; 8eiez 8e3e4 8e385 8eey 8ezgg 16832

1 —324x107% —1.94x107% —534x1077 —4.88x107% 4.69x1078 4.14x 10710

—3.24x 1074 —0.999 —8.56x 1073 —235x 1073 —2.15x107* 2.06x107* 1.82x107°

—1.68x107% 8.66x 1073 —0.999 —473x1072 —4.18x1073 3.98x1073 3.52x107*

U=1]-379x107 195x102 475x1072 —0.998 —1.85x 1072 1.77x1072  1.56x 1074

—337x107% 1.73x107*  3.95x107% 225x1072 —0.968 249% 107" 176 x 1073

—1.89x107% 975x107° 223x1073 126x107%2 2.499x 10! 0.97 3.12x 1073
—1.18x 10719 6.08x1077 1.39x107° 7.84x107* 927x10* —3.46x1073 0.999

M3, = ),xAzdia(4.7l x 10718.9.33 x 107!1,3.56 x 1078,7.30 x 1077,9.45 x 1073,3.67 x 1074, 12.01).




