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1. Introduction

Non-Abelian discrete groups have been extensively used as family symmetries in the lepton sector, in order to account for the large
leptonic mixing angles [1] (for reviews see e.g. [2-5]). In the direct approach, a non-Abelian family symmetry in the lepton sector is
assumed. Following the determination of a Cabibbo-sized reactor angle, the only viable class appears to be A(6N?) for large N values
[6-9]. Then, such a symmetry is broken to Z; x Z, in the neutrino sector (the so-called Klein symmetry) and Z3 in the charged lepton
sector, with the mixing angles determined from symmetry.

An analogous approach based on A(6N?) has also been considered in the quark sector [10,11]. In the quark sector one may envisage a
residual Z;, x Z,; symmetry of the quark mass matrices, where this is a subgroup of the A(6N?) family symmetry. However, in the quark
sector, this approach is more challenging due to the small mixing angles. Nevertheless, earlier work showed that the Cabibbo angle could
emerge from a residual Z; x Z symmetry, arising as a subgroup of the dihedral family symmetry D7 [12,13], D13 [14], or D14 [15-17].
Then, more general analyses based on larger discrete family symmetry groups were considered [18,10]. Some authors have speculated
that both the lepton mixing angles and the Cabibbo angle may arise from some common discrete family symmetry group [17,18]. Note
that only the Cabibbo angle is determined, since the residual Z, x Z, symmetry only fixes the upper 2 x 2 block of the mixing matrix.
The Cabibbo angle is predicted by 6c = wn/N where n and N are integers relating to the family symmetry. A complementary approach
to deriving the Cabibbo angle of 6c ~ 1/4 at leading order was recently considered in an indirect model based on a vacuum alignment
(1,4, 2) without any residual symmetry [19].

It is clear that the residual Z, x Z; symmetry is insufficient by itself to determine all the small quark mixing angles. Moreover, it is not
even sufficient to fully determine the structure of the CKM matrix, since the eigenvalues of Z, are +1, hence at least two eigenvalues of
the 3 x 3 generators should be the same. In order to break the degeneracy, it is necessary to consider concrete models. In a recent paper
[11], a realistic model of quarks was proposed based on the discrete family symmetry A(6N?%), where the residual symmetry for the quark
sector was assumed to be Z; x Z, symmetry, corresponding to a Z, symmetry in each of the up and down sectors. However, a drawback
of that model was that, the resulting structure of the CKM matrix required 6,3 = 613, in the Z3 x Z symmetry limit. The purpose of the
present paper is to consider an alternative direct model of quarks based on A(6N?) in which an alternative Z, x Z, subgroup is preserved
which allows 6,3 # 613. As in the previous model, the present model will provide a qualitative explanation for the smaller mixing angles,
although their quantitative values must be fitted to experimental values, rather than being predicted.
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This paper is organised as follows. In Section 2, we discuss the Z, x Z symmetry of the quark mass matrices and the relation with
the CKM matrix. In Section 3, we present a brief review of the group theory of the A(6N2) series and identify suitable Z, x Z, subgroups
which may be preserved in the quark sector, leading to a successful determination of the Cabibbo angle. In Section 4, we present a model
of quarks based on A(6N?%). We construct the quark mass matrices and resulting CKM mixing and derive the vacuum alignments that are
required. In Section 5, we perform a full numerical analysis of the model for N = 14 and show that all the quark masses, CKM mixing
angles and the unitarity triangle are accommodated. Section 6 is devoted to the summary.

2. CKM matrix and Z, x Z,, symmetry of quark mass matrices

The quark mass matrices, M, and My, are defined in a general RL basis by

u d
—L=(i ¢ D)gMy|c ] +(d 5 b)gMg|s| +Hc. (21)
t/ 1 b/
We write the mass matrices in the diagonal basis with hats, where,
My = VM Vi and My = V] NIqV]. (2.2)
Hence,
MMy = VMM, v and MMy = vt g v? (2.3)
uMu = VulVly My Viy aVid = VdlgVlaV 4. .
Thanks to Z, x Z, symmetry, the quark mass matrices in the diagonal basis are invariant under O and A transformations,
Qf (1\713,1\71”) Q = MM, and AT (MZMC,) A=y, (2.4)
where O and A are elements of Z, and Zp, respectively, given by
e2m‘nu/n 0 0 eZm'md/m 0 0
Q= o eiem 0 |, A= 0  e¥im/m g : (2.5)
0 0 eZm‘m/n 0 0 eZnimb/m

where ny ¢ and mg s are integers. It then follows that in the original (non-diagonal) basis that the mass matrices are invariant under Q
and A transformations,

Qf (MZML,) Q =MiM, and AT (M;Md) A=MiMy, (2.6)
where
Q=Vv,QV), A=vAv]. (2.7)

In the non-diagonal basis they also satisfy Q" = A™ = e. Since the CKM matrix is given by VZ V4, up to phase transformations, it can be
determined from the matrices which diagonalise Q and A,

Q=VqoQV)., A=V4AV], (2.8)
where we identify V, =Vq and V4= V4.

3. The group A (6N2) and Z, symmetry

Let us briefly review the discrete group A(6N?) [3], which is isomorphic to (Z§, Z%) x S3. The group S3 is isomorphic to Z§ x Z’2’,
where we denote the generators of Z§ and Zg as a and b and we write the generators of Z§, and Z;i\, as ¢ and d. These generators satisfy
A =b=@)>=c"N=d"=e, cd=dc,
aca ' =c7'd7!, ada”'=
beb'=d7 !, bdbl=c"1. (3.1)

Using them, all of A(6N?) elements are written as

c,

g =d‘btc™d, (3.2)
fork=0,1,2,¢=0,1and m,n=0,1,2,---,N —1.
For N/3 # integer, irreducible representations are 1¢,1, 2, 31k, 32, and 6y [¢7)- Tensor products relating to doublet and triplets are
31k X 31k = 31k+ky T Ok =k, 31k X 32k = 32(k+k) + Biky, (k115
3ok X 3ok = 31(kak) + Oppr, -k 31k X 2 =31k + 3ok,
3ok x2=31+3% 2x2=1p+11+2. (3.3)
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Some triplets and sextet are reducible, precisely 310 =19 + 2, 320 =11 + 2, and 6;_), k] = 31k + 32«. If their representations are explicitly
given, they are (X1,X2,X3)3, = (X1 + X2 + X3)1, + (@X1 + X2 + @?X3, @?X1 + X2 + WX3)2, (X1,X2,X3)3,0 = (X1 + X2 + X3)1, + (WX1 + X2 +
@?x3, 02X1 + X3 + WX3)2, and (X1, X2, X3, X4, Xs, X6)6_iy. iy = (X1 + X6, X2 + X5, X3 + X4)3,, + (—=X1 + X6, —X2 + X5, —X3 + X4)3,, .

In a particular matrix representation, the irreducible triplet generators are,

010 0 0 1 " 0 o0 1.0 0
a={0 0 1), b=x|0 1 0], c={0 pnk o], d=|0 ¢ o0 |, (3.4)
100 100 0 0 1 0 0 n*
for the triplet 31, with plus sign and for 3, with minus sign where 1 = e27i/N,
Let us consider Q =abc* and A =abc?, i.e.
0 nka 0 0 nfly 0
Q=(n* 0o o], A=[n" o0 0], (3.5)
0 0 1 0 0 1
for 31, to Q and 3q; to A. Because of the degeneracy of the two eigenvalues +1 for the above matrices, we generally have
+1 O 0 +1 O 0
Q=Vo| 0 F1 0 |v). A=val 0 F1 o0 |v] (3.6)
0 0 +1 0o 0 +1

which corresponds to having a +1 eigenvalue in the (3, 3) position and the other two eigenvalues 41 being in all possible places, with
the trace equal to +1. The position of these eigenvalues is not fixed by symmetry arguments alone since they may be interchanged by
further (1, 2) unitary rotations, with each choice being consistent with Q, A in Eq. (3.5). A particular model will resolve the degeneracy.
For example in the model in [11], the ordering chosen was,

-1 00 -1 00
Q=Vo[ 0 1 o)V, A=va| 0 1 0]V (3.7)
0 01 0 0 1

This ordering was responsible for the unwanted prediction 6,3 = 6y3, as discussed in [11].
In the present paper we propose a model which selects the following ordering,

1.0 0 -1 00
Q=Vqol|0 —1 0|v)., A=val 0 1 0]V} (3.8)
0 0 1 0 01
where
: nk —p~ke o cos 6 0 singel®
Vo=—1 1 1 0 0 1 0 ,
¢ \/5 i —ia
0 0 2/ \—singe 0 cosf
: - g 0 1 0 0
Va=— 1 1 0 0 cos o’ sing’elf | . (3.9)

V2 0 0 2/ \0 —sind’e #  coso’
For simplicity, we consider « = 8 =0 in this section. As noted above, the CKM matrix is given by Vcgm = Vg V4 up to phase transforma-
tions so that
A —n*Wye A+ Wyec +2ss' —2s¢ + (1 4+ nk*W)cs’
Vam=5 | 1+ (1= y*)e (1 =g’ , (3.10)
1=y A 4+n*Vysc' —2¢cs'  2cc’ + (1 + n*)ss’
where ¢ = cosf, s =sinf, ¢’ = cosd’, and s’ =sind’. If we take N =7, kx —ly =5 with s = —0.0021 and s’ = 0.042, we obtain |Vys| =

0.222, |Vp| = 0.0409, |Vyp| =0.00911 and J =Im(VysVp Vi VE) = 1.81 x 107>, Detail numerical discussions will be presented based on
our model in Section 5.

4. Model building
4.1. Particle contents and charge assignment
Let us present the model, which realises the quark mass matrices with the symmetric property in Section 3. As seen Table 1, we

suppose the charge assignment of the quarks and scalar fields xs in the flavor symmetry A(6N?) and Zy,; where N/3 is not integer.
The superpotential for the quark sector is
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Table 1
Particle contents and charge assignment of the flavor symmetry for fermions and scalar fields x's.
(q1,92,93) €, c) t (d°,s) b¢ hy, hq Xu Xu X Xd X X
A(6N?) 31k 2 1o 2 1o 1o 31—k 31—k 1o 31—k 31(—k) 1o
ZN+1 0 1 1 0 0 0 -1 -1 0 1 0 -1
Zyis 0 0 0 1 1 0 1 0 -1 -1 -1 0
U()g 1 1 1 1 1 0 0 0 0 0 0 0

W = Yur (U + @*c)G1 xu1 + U + )z xuz + (@*u° + ¢)q3 xuz)hu x| / A?
+ Yu2 (U + @*c)q1 x4 + W + OVogaxy + (@ + g3 x3)ha/A
+ Yust® (@1 Xu1 + G2 Xu2 + 43 Xu3)hu Xl /A + Yuat (@1 X1 + G2 X2 + 3 X hu/ A
+ Ya1 (@ + @*s)q1 xa1 + (d° + )02 a2 + (@*d° +5)q3 Xaz)ha x| A>
+ Va2 ((d° + @*s)q1 g + @+ sYoq2 xjp + (@*d° +5)q3 X 3)ha/ A
+ ¥a3b (@1 Xa1 + 92 Xa2 + 3 Xa3)hax] /A% + Yaab (@1 x4y + a2 X}p + 43 X43)ha/ A (4.1)

Multiplication rule of the group A(6N?) is based on the review [3]. For instance, the term of y,q is given by using (x1,Xx2,x3)3,;, X
(V1. Y2, Y33y = (X1¥1 + X2Y2 + X3Y3)1, + (@X1 Y1 + X2Y2 + @?X3Y3, @*X1 Y1 + %22 + WX3Y3)2 + (X3Y2,X1¥3, X2¥1, X1Y2, X3Y1, X2Y3)6y, i
and (x1,x2)2 X (Y1, ¥2)2 = (X1¥2 + X2Y1)1, + (X1¥2 — X2¥1)1, + (X2¥2, X1¥1)2, Where o is the cubic root of one. The vacuum alignment is
taken as

Uy 0
)= —wn* |, =101, xX)=uy
0 u),
Uqg 0
(xa) =\ —uan’ |, xg=| 0|, (xg)=ug. (42)
0 u,

We will discuss how to get this vacuum alignment in Subsection 4.2. The minus signs of the vacuum expectation values (VEV’s) (x,) and
(Xxq) are important to get the stable vacuum in the potential analysis, and those can be given only when N is even. Although, N =7 is
the minimum number to get the Cabibbo angle 61, ~ 0.22, we have to take N = 14 as the minimum to realise the stable vacuum in our
model. In this paper, we assume VEV’s are real. By choosing proper Q and A, we can obtain Q (xu) = (Xu), Q {X.) = (Xs), A{xa) = (Xa).
and A(x;) = (x;) from Eq. (3.5) when kx=x+ N/2 and ly = y + N/2. Then we have residual symmetry Z, x Z for mass matrices of
quarks. Actually, the mass matrices are expressed by

o Ymuutty oyt w?yupul A
(Mu)RL=A_l; O?yuuly —oyauugn®  youyA |,
Yusuyl u —Yuzuyl an Yu4U{1A
Yaruguy — —wyguguin’  o?ygnulA
(Md)RL=% W*yququl) —wyauguin’  ypuiA |- (4.3)
Yasuauy — —Yasuaugn¥  YaaujA

They satisfy Q MM, Q = M{M, and ATM|MA = M M.
Mass matrices in LL basis become

, (yur? +2lyusluguy? 0 —V2(¥51yu2 = VisYus)uuyuy A
ngLMuv{g:% 0 31y P2 0 |
21y, — yu3yi)uuujul A 0 Qlyuzl? + [yuaPu2 A2
, (3lyarPujug? 0 0
vilmimeve, =2 o (yarP +2ysPudue® V205 e - Viyauaur |, (44)
0 V2(ya1 i — Yasyiuauyul AnY Q2lya2l* + 1yaalHu A
where
1 ¢ 0 1 0 0 nkx
V]u2: _n—x 1 0 =lo _n—kx—x 0 VQ 0 I<x+x )
0 0 V2 0 0 1 0
1 -y 0 -1 0 o0 nv 0
vfz_iz (n—y 1 o0 ]=|o0 by olval 0 n’y+y 0 (4.5)
0 0 V2 0 0 1 0 0 1
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Table 2
Particle contents and charge assignment of the flavor symmetry and U(1)g for the flavon fields x’s and driving fields ®;.
Xu Xu X Xd X4 x4 D D, ®3 Dy &5 Dg D7 g
A(6N?) 31—k 31—k 10 31—k 31(-k) 1o 1o 1o 10 1o 1o 1o 1o 1o
ZN+1 -1 -1 0 1 0 -1 3 3 3 -3 -1 0 -1 1
Zyis 1 0 -1 -1 -1 0 -3 -1 0 3 3 3 1 -1
U()g 0 0 0 0 0 0 2 2 2 2 2 2 2 2

where Vo and V4 are the ones of Eq. (3.9) (where the CKM matrix is only specified by the symmetry up to phase transformations). Each
mass matrix contains four parameters, we can obtain three masses and additional mixing angle in general.

4.1.1. Masses and mixing
Masses and mixing angles can be obtained by diagonalising the mass matrices. Masses are expressed by

2 2,22 12
vy 31yutl v2uly
mp = — (M + M3 \/<m322 —miyy)? +4mb,,), mE =t R
2A A
2 Vi
mp = oA (M + Miyz3 + \/(mu22 — M33)2 +4my,s),
3|yarl2viuiu’? v2
2 aUqlg 2 d 4 4 4 4 8
my = — A4 o My =573 (Myyy +Mgg3 — \/ (Mg, — Mg33)? +4mg,s),
v
2
mp =3 A4 (M + M3 + \/ (M — M) +4mfys), (4.6)

where mg,, = (Iyo1|* + 21Yaslugue?®, myps = V21V Va2 = VasYaa)lualgug A, and miss = Qlyazl® + |yaaug’ A? with o =u.d.
Similarly, mixing matrices are

cos by, 0 —el%sing, 1 0 0
Vi=Vi, 0 1 0 ,ovi=vi o cost;  —eitising, |, (4.7)
e~%uising, 0  coso, 0 e %ising;  cosby
where
4
tan26, = 42m7”234, tan26y = 42171%’ (4.8)
My33 = Myy My33 = Mgy

and ¢, 4 are given by phases of Yukawa coupling and nY. The CKM matrix is given by Vcxm = VZ V4 so that

A= New = +n¥)cuc + 2670 sysq  2elusycq + (i + 1Y)ecysq
Verm = 5 nrt+n (1=n")cq —(1 = n*HY)eidasy : (4.9)
—(1 = Ve s, (¥ +n¥)e Pusycq + 26 Picysg 2cucq — (0¥ +nY)e Gt s, s,
where s, =sin6y, ¢, =cos8,, Sq = sinéy, and cg = cos6y. For example, if we take N=7, x—y =4, s, = —0.0021 and sg = 0.042 with real
Yukawa couplings, we obtain the desired values |V ;5| =0.22 and |V | = 0.041, but undesired one |V,;| = 0.0091, which is the predicted
lower bound of |V].

In addition, they obtain the unitarity triangle with three angles o =90°, 8 = 77°, and y = 13°, which is an unfavoured triangle.
Therefore, we need to take complex Yukawa couplings in order to get the proper |V ;| and CP phase.

4.2. Potential analysis

In order to get desired vacuum expectation values of x’s, we introduce the driving fields ®; with the U(1)g symmetry in the framework
of the supersymmetry. The charge assignment for the scalar fields x’s and driving fields ®; is given in Table 2. Then, the leading order of
the superpotential is given by

_h
xu<1>1 + —xuxuszz + —xu3®3 + —xd g+ Xaxdz% + —xd3<1>e
/

8n 1 8 N
X @7 +Z< oo XD P S Xd s (4.10)

—l—Z( X dg 4+

A2n-1 AN 2

They can be explicitly written as
A
me Xu2 Xu3®P1 + (XulXu2Xu3 + Xu2 X1 X3 + Xu3 Xu1 Xu2) P2 + Xu1Xu2Xu3 o3

Aa
—Xa1 Xd2 Xa3 P4 + —(Xd1 Xaa Xaz + Xd2 Xg1 X3 + Xd3 X1 Xa2) Ps + xm X2 X3 D6
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)‘-7111 ny
) n n
+ > AT2m 6y 71 Ku1 Xu2Xu3)™! (Xd1 Xa2 Xa3)™

ny,nz,ny=ny

X (Xu1 Xd2 Xd3 + Xuz X1 X3 + Xu3 Xd1 Xa2)>™ "2 @

Agn,
D Sam e K XuzXud)™ Ot Xa2 Xa)"™

n1,M2,n1=n2

X (XulXuZXd'j’ + Xu2 Xu3 Xd1 + Xu3 Xul Xd2)3n1—3n2+1 dg

/ I
T O X X®7 B+ X+ o (#11)
By solving the potential minimum conditions, we obtain the vacuum expectation values as follows:
Uy 0 Ug 0
()= -wn* |, xd=10], Xa)=|-uan’ |, xg=|0]. (412)
0 u), 0 uy

where N is taken to be even otherwise the minus sign does not appear. These VEV’s present desirable vacuum alignments.

4.3. Z breaking terms

Z, breaking terms for the Yukawa couplings are highly suppressed. The leading order for the breaking is

Awg = yp (U + ©*¢)qi Xa1 + WU + VG2 xaz + (@°U + Vg3 xahux N xg 2 /AN
+ Yoot (1 Xar + G2 Xd2 + A3 xa)hu X xg 2 /AN
+ Y53((d° + @)1 xur + (@ +5)0G2 xuz + (@°d° +5)q3 uhaxy *xg" " /AN
+ ypab® (@1 xu1 + Q2 xu2 + a3 xuz)haxy *xgN /AN, (413)
For the superpotential of scalar fields, the leading order of Z, breaking terms appears as

Ab1
ANfl

The VEV’s of x, and x4 are deviated by these terms. Then, the vacuum alignment is deviated by

Aw =

Ab2
X x @7+ WX(;NXJQ)& (414)

uy +O@Nu/AN) ug + Oy uy/AN)
(Xu) = | —wun* + 0N uy /AN |, (xa) = | —ugn? + O Nuj/aN) |, (415)
0 0
and alignment of other fields are highly suppressed. With this deviation, the mass matrix is modified as
) Yuillylly — —@yutgliyn®  o®yuuy A v Oyuy®) O@y'uy?) 0
Mg =5 | @yt —oyawupr youd |+ | Owfe?) 0w o |,
YusUul  —YVusUuUn®  YusuA O uy? O@uy?) 0
L vawaug  —oyauagn” otyaugn L (OuduD Oy 0
d d
(Mg)rL = 2 @?ygiugu] —oyauguin’  youiA |+ ANT2 owNui? owfuj? o]. (4.16)
Yasuquy — —Yauaugn¥  YaaugA owNui?y owfuj? o

Thus, the magnitude of Z, breaking terms for the mass matrix is of order O(u{,”u{{/uuAN) for up-type quarks and O(u&”ug/udAN) for
down-quarks, respectively.

5. Numerical analysis

When the subgroup Z; x Z, is preserved and the phase of VEV’s is fixed, the number of parameters is four in each mass matrix.
Then we can obtain three masses and one mixing angle as free parameters. For the symmetry and phases, we choose N = 14 and
X — y =6 then we predict sinf; = 0.222521 at the leading order.! This is to be compared to the experimental value at the weak scale of
|Vus| = 0.225 £ 0.001.

Suppose that the flavor symmetry exists at the scale of the grand unified theory (GUT). Then, we should fit the quark masses and

mixing angles at the GUT scale with the supersymmetry. Inputting experimental data at the low energy scale, the renormalisation group
runnings give us following values [20]:

T This is identical to the example in the Introduction for N =7 as well as the prediction of the previous model for N =28 [11].
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Fig. 1. Scattering plots among the CKM matrix elements, the angles of the unitarity triangle and the mass ratios in the case of the Z; x Z, invariant mass matrices. Cross
marks denote the experimental central values.

612 202276, 29x103<0;3<3.4x1073, 33x1072<6y3<3.9x 1072,

m m
48x10 8<% <54%x10% 23x103<—-"S<26x1073,
me me
m
63x104<"4 -89x 104 18x102<"8 <12x102 (5.1)
mp mp

We reproduce these mass and mixing angles by scattering our model parameters while N =14 and x — y = 6 are fixed.

In Figs. 1 and 2, we show the scattering plots to see the consistency with experiments. Giving random values for all the Yukawa
couplings with phases and VEV’s of flavons, we get quark masses and mixing angles by diagonalising mass matrices of up- and down-type
quarks, which are constrained by the observed values in Eq. (5.1). The physical values are actually three up-quark masses, three-down
quark masses, three mixing angles, and CP phase. Since the third generation masses can be determined independently, we fit the mass
ratios.

For the case of the Z; x Z; invariant quark mass matrices, we plot the CKM matrix elements, the CP angles («, 8, ) and the mass
ratios in Fig. 1, where red and blue cross marks denote the experimental central values at the weak scale [1] since the running effect is
small.

As discussed above, |Vs| (|Vq]) is predicted to be in the very narrow range even if the next leading terms are added to the leading
term |n* + nY|/2. The CKM elements |V,| and |V¢s| are reproduced due to the parameter 6y. The |V,| and |Vy| depend on both 6y
and 6,. Due to the phases of Yukawa couplings, these elements are fitted well. The three angles of the unitarity triangle and the quark
mass ratios are also reproduced.

In order to fit the mixing angles perfectly, especially |Vs|, Z, breaking terms are required. As seen in Eq. (4.16), the mass matrices
are modified due to the deviation of VEV’s. Comparing to the leading terms that preserve Z,, the magnitude of breaking terms is of order
wNu /u, AN. We show the scattering plot of the CKM matrix elements including the Z, breaking effect at 3% level in Fig. 2, where red
and blue cross marks also denote the experimental central values at the weak scale [1]. As seen in this figure, we can reproduce the
experimental values of the mixing angles perfectly if Z, is broken of order 3%.

6. Summary

We have considered a direct approach to quark mixing based on the discrete family symmetry A(6N2) in which the Cabibbo angle
is determined by a residual Z; x Z, subgroup to be |V,s| = 0.222521, for N being a multiple of 7. This prediction is very close to
the experimental value |V,s| = 0.225 4+ 0.001. We have proposed a particular model in which |V |, |Vyp| and the CP phase may occur
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Fig. 2. Relations among the CKM matrix elements, where the Z, breaking effects of order 3% are introduced. Cross marks denote the experimental central values.

without breaking the residual Z, x Z; symmetry. We performed a numerical analysis of the model for N = 14, which realises the stable
vacuum. For the Z; x Z, invariant quark mass matrices, the CKM matrix elements, the CP angles (&, 8, ¥) and the mass ratios are
accommodated to the experimental data. The small Z; x Z, breaking effects of order 3% allow perfect agreement within the uncertainties
of the experimentally determined best fit quark mixing values.

Finally, it is tempting to speculate that A(6N?) could be suitable as a candidate family symmetry for a complete model of quark and
lepton masses and mixing. In the lepton sector, A(6N2) has been shown to be the only viable candidate group which can provide a direct
symmetry explanation of the lepton mixing, with a preserved Klein symmetry Z, x Z; in the neutrino sector and a Z3 in the charged
lepton sector, where both symmetries are subgroups of A(6N?). However no detailed model of leptons has been proposed. Here we have
proposed a A(6N2) model of quarks where a different Z, x Z, subgroup controls the quark sector, providing an explanation of the Cabibbo
angle for N being a multiple of 7, while allowing a good fit to other quark mixing parameters. It might be possible to extend this model
to include also leptons, although we leave this idea for future work.
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