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In a model with a gauge groupsy; ® U(1)x, whereGgy = SU(3)c ® SU(2), ® U(1)y is the standard model gauge group &nd )y is

a horizontal local gauge symmetry, we propose a radiative generation of the spectrum of quark masses and mixing angles. The assignment of
horizontal charges is such that at tree level only the third family is massive. Using these tree level masses and introducing exotic scalars, the
light families of quarks acquire hierarchical masses through radiative corrections. The rank three quark mass matrices obtained are written in

terms of a minimal set of free parameters of the model, whose values are estimated performing a numerical fit. The resulting quark masses
and CKM mixing angles turn out to be in good agreement with the experimental values.
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En un modelo con grupo de nornigy; ® U(1)x, dondeGgy = SU(3)c ® SU(2), ® U(1)y es el grupo de norma del modelo&star

y U(1)x es el grupo de una sim@rhorizontal local, se propone la geneéeciadiativa del espectro de masas ydogulos de mezcla de los
quarks. La asignaon de las cargas horizontales es tal que a @bl solamente la tercera familia es masiva. Usando las masas anokl

e introduciendo escalares@icos, los quarks de las familias ligeras adquieren masagsyjgcas a tra@s de correcciones radiativas. Las
matrices de rango tres que se obtiene se expresa@rmmbs de un conjunto mimo de paametros del modelo, cuyos valores se estiman
realizando un ajuste nurico. Las masas de los quarks y &gjulos de mezcla obtenidos@sen acuerdo con los valores experimentales.

Descriptores:Simetiia horizontal; masas de los quarks; CKM

PACS: 12.15.Ff; 12.10.-g

1. Introduction out a one loop and a two loop calculation of the mass matri-
ces in terms of some parameters which are the tree level top

Although for several years a great effort has been done tand bottom quark masses, one Yukawa coupling and the en-

shed some light on the mystery of the fermion masses it stiltries in the mass matrices of the scalar bosons that participate

is one of the outstanding puzzles of particle physics. Therén the loop diagrams which contribute to the quark masses.

have been different approaches to explain the mass hierar- This paper is organized in the following way: In Sec. Il

chy, the fermion mixing and their possible relation to newwe describe explicitly the model, Sec. lll contains the analy-

physics. A good review covering widely these topics has beefical calculations, while Sec. 1V is devoted to a numerical fit

presented in Ref. 1. In this work we will restrict our study to of our equations. The conclusions are presented in Sec. V.

that of a new horizontal symmetry and the derived radiative

corrections.

A possible answer to why the masses of the light quark®- The model

are so small compared with the electroweak scale is that they .

arise from radiative correctiong]] while the mass of the top e assume only three families, the standard model (SM)

quark and possibly those of the bottom quark and of the tai@milies, and we do not introduce exotic fermions to cancel

lepton are generated at tree level. This may be understood goomalies. The fermions are classified as in the SM in five

a consequence of the breaking of a symmetry among fam€ctors/ = ¢,u,d,l ande, whereq and! are theSU(2),,

ilies (a horizontal symmetry). This symmetry may be dis-duark and lepton doublets, respectively and ande are the

crete B] or continuous {]. Here we consider the case of a singlets, in an obvious notation. In order to reduce the num-

continuous local horizontal symmetry[&1)y gauge group ber of parameters and to make the model free of anor_nahes,

broken spontaneously. We limit our calculation of masses t§/€ demand that the values of the horizontal charge satisfy

those of the quark sector, insisting that at tree level only théhe traceless conditiors|

top and bottom quarks acquire mass. Instead of assuming a

texture for the quark masses from the beginning, we carry X(f;) = 0, %6, @)
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TABLE |. Horizontal charges of fermions. TABLE Il. Quantum numbers for scalar field§, denotes the di-
Family mension of the representation under the{$)\J color group.
Sector 1 2 3 Class | Class Il
¢ ¢ ¢ by s 95 ¢r ®s
+A A 0
I s i . X 0 -3 0 A 0 & 0 o
u i Y 1 0 —2/3 —2/3 4/3 4/3 —8/3 —8/3
d +0 F0 0 T 12 0 1 1 0 0 0 0
! +4 FA 0 c 1 1 6 6 6 6 6 6
e +4 Fd 0
wherei = 1, 2, 3 is a family index, with the constraint X1 0 X2 ‘01‘ 2
¥ AN ¥ N
5(21 — 262 4 63 =07 — 62 2 ? \ Y . ;
B B 3 _ Al b L 78
Equation (1) guarantees the cancellation of[ti@ ) ;]* ano fu P T fa tfm

maly as well as those which are linear in théll}; hyper-

(a) (]
charge([SU(3)c]*U(1)y, [SU(2)1]?U(1)y, [Grav]*U(1)y

. . o FIGURE 1. Generic diagrams that could contribute to the mass of
2
and[U(1)y]*U(1)y). Equation (2) is the condition for the the light families, a) D type couplings are represented with vertices

cancellathn of the Ul)y[U(1)]? anomaly. A solution of  \yhere one fermion is incoming and the other one is outgoing and
Eq. (2) which guarantees that only the top and bottom quarkg) the M type couplings are represented with vertices where both
get masses at tree level is given by (“doublets independent gérmions are incoming or outgoing.

singlets”, see Ref. 5),

O =0, =FA#6, =064 =0, =6 (3) Looking for scalars which make possible the genera-

. . tion of fermion masses in a hierarchical manner, we divide
To avoid tree level flavor changing neutral currents, we

do not allow mixing between the standard modeboson the irreps of scalar fields into two classes. Class | (II) con-

and its horizontal counterpart. Consequently the SM Higgsta'ns scalar fields which get (do not get) vacuum expectation

scalar should have zero horizontal charge. As a consequencvealue (VEV).
. " A proper choice of scalars should be such that no VEVs

and since we insist in having a non-zero tree-level mass for . . . .
the top and bottom quarks, the horizontal charges of thesa © induced, through C°“p"r!95 in the potential, for scalars
. in class Il. In the model considered below scalars of class |l
quarks should satisfy .
have no electrically neutral components, so they never get out
—X(g3) + X(uz) =0, of its class. In our model we introduce tvirmeps of scalars
of class | and sixrreps of scalars of class IlI, with the quan-
—X(gs) + X(d3) =0, “) tum numbers specified in Table Il. Notice that we introduce
in order for the Yukawa couplings in Eq. (6) to be invariant, just the minimum number of scalars of class I; that is, only
but then Egs. (1) and (3) demand that they vanish, one Higgs doublet of weak isospin to achieve the spontaneous
X(ug) = X(q3) = X(d3) =0, (5) symmetry breaking (SSB) of the electroweak group down to
which in turn implies X (I;) = X(e;) = 0 (this defines the €lectromagneticU)q, and one S(2)y, singleto, used
the third family). The assignment of horizontal char- t© break Ul). In this way the horizontal interactions affect
ges to the fermions is then as given in Table I. Theth€p parameter only at higher orders.
SU(3)c ® SU(2), ® U(1)y quantum numbers of the fer- With the above qu:_:mtum numbers_ t_he qL_Jark Yukawa cou-
mions are the same as in the standard model. plings that can be ertt_en may be_ divided |_nto two classes,
To generate the first and second family quark masse10S€ Of the D type which are defined by Fig. 1a, and those
radiatively we must introduce new irreducible representaf the M type which are defined in Fig. 1b. The Yukawa cou-
tions (rreps) of scalar fields, since the gauge bosons ofPlings canthus bewrittends, = Ly +Ly ,wherethe D
G = Ggy ® U(1)y do not perform transitions between dif- Yukawa couplings are
ferent families. Families are of course distinguishable (non- _yvu~ 1 d-
degenerated) only below the scale of the SM symmetry Ly =Y%q ¢ ug, +Y G o,dg, +h.c., (6)
breaking, when they become massive. with ¢ = i0,¢*, while the M couplings compatible with the
| symmetries of the model are

Ly =Y G5 CPy oy Gor, + 651 Cy sy Gh1, + B Causy 851, + darCydig + dipCoydsr + dinCédar

+un Cytng + Wl Corusn + uln Co,uz, | + e (7)
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b3, %~ 95 95 43, % 95
" A \ ¢4+'7|" * 0 '/ \| _?3-1- _¢5
B . e & ° , — . - —
du da dzr digk dz dsr dx dir dar da dxr dir ¢4+* -k ¢5 ¢3++ }k ¢6
£ S oy, :E‘*ﬁ:l' ¥ S % O —_—l e
[E% 4
i egergae T S o 8 S dar dz d2r dir dir dz dzzr dsr
dit d2z dsx d=m dz dsr dsr d:r da da dsr dax (a) (b)
O %< 05 | b
4 3 o, F *os ; ; i
el e FIGURE 3. Extra diagrams that contributes to mass matrix ele-
du da dsr dar da da dx da: dat dar ments, a1, 3) and b)(3,1).

FIGURE 2. Mass matrix elements fatrquarks.

In these coupling€’ represents the charge conjugation ma-where the superscript denotes the electric charge of the field.
trix ando and3 are weak isospin indices. Color indices have The same applies faf,.

not been written explicitly. By simplicity and economy we
have assumed only one Yukawa const&ptfor all the M
couplings. Notice thap,.. s, is represented as

4 ¢—4/3 ¢—1/3
3 G138 g2/

Scalar fields which are not ), doublets do not par-
ticipate in D type Yukawa terms, they however contribute to
the mass matrix of the scalar sector and in turn determine the
magnitude of the radiatively generated masses of fermions,
) (8)  aswe shall see below.

The most general scalar potential of dimensfonl that
| can be written is

—V(6)=>_ 1o+ N1, 1716, 1 +1,01016,0, +il, 6l o1, + 0, 81 010,0, +71,, ST 610,00+ >, |o16, |2
i i,j i#]
1,j7#1,2

+p1¢l¢6¢2 +p2¢i¢s¢2+/\1¢l¢?¢3{a5}¢?+)‘2¢ié?¢3{a5}&?+/\3Tr(¢l¢4)¢z+/\4¢5¢6¢7¢2 +)\5¢5¢l¢1¢8 +h.C., (9)

where Tr means trace and jp,|? = d)jd)i an appropri-

ate contraction of the S@);, and SU3)c indices is under- The scalar field mixing arises after SSB from the terms in

stood. The gauge invariance of this potential requires the rethe potential that couple two different class Il fields to one of

lation A = 26. class I. After SSB the mass matrices for the scalar fields of
Now we proceed to describe the mechanism that procharge2/3(¢,, #.,, ¢., ¢,) and4/3(,, ¢, ¢., ¢,) are writ-

duces the quark masses. In general we could have contrien, respectively, as

butions of two types as depicted in Fig. 1. In the present

model however, we have only the diagrams of Fig. 2 for the 3 A3 0 0
charge—1/3 quark mass matrix elements and similar ones V2

for the charge2/3 sector (these type of diagrams were first A3v3 83 12 Lo
introduced in Ref. 2); in those diagrams of Fig. 2 the cross M22/3 = 9 ,
means tree level mixing and the black circle means one loop 0 A1 w2 pvy
mixing. The diagrams in Fig. 3a and 3b should be added to 2 '

the matrix element§l, 3) and(3, 1), respectively. In the one 0 0  ploy  ud
loop contribution to the mass matrices for the different quark

sectors only the third family of quarks appears in the internal i 33 0 0
lines. This generates a rai?kmatrix, which once diagona- ) . At

lized gives the physical states at this approximation. Then us- 5 Agv3 13 D) 0

ing these mass eigenstates we compute the next order contri- My = Asv? ; (12)

bution, obtaining a matrix of rank After the diagonalization 0 B) 7 pavs
of this matrix we get the mass eigenvalues and eigenstates (A
guark mass mechanism with some similar features to the one
proposed here is given in Ref. 2).

The VEVs of the class | scalar fields are

0 0 pivg  t3

where from Eq. (9)? = u? = p? + \gv? + \i2v? and

0 57 =17 +n,,07.
(¢1) = NACYE (¢,) = va, (10) Notice that due to the scalar mixing in all the loop dia-
and they achieve the brealking grams of Fig. 2 and 3, the divergences in each one of these
() (1) diagrams cancel as is physically expected, giving rise to finite

Gsm @ U(l)x — Ggy — SUB)c ® U(l)q-  (11)  contributions to the quark mass matrices.
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Explicitly, the non vanishing contrlbutlg)ns from the dia- gonalizes the mass matrix of the chay@ scalars,
rams of Fig. 2 to the mass ternig; d. E + h.c. read at
g g- RL (616100 0) " = Ul0,,03,04,0,)7,

one loop
( ) © whereg, are the eigenfields with eigenvalukg, and
=3m b 16 1 E Uy Ugf (Mg, my), (13) 1, a
fla,b) = ——=a°In —,
a2 — b2 b2

E(l) 3m Uoai Uy £ (M, m (0) 7 14 which is just a logarithmic contribution wher? > b2. The
# b 16 1672 Z ok Ak ( F ) (14) resulting second rank mass matrix at this level is thus

S = 3m©@ YL S Uy U (M, m” 15 .
32 my, 167 2 Z 1k Y3k ( ks T )7 ( ) Mél) _lo 2512) Zé? ) (16)
() . 0 2(1) (0)
wherem,; " is the tree IeveI contribution to thtequark mass, 32 My
the 3 is a color factor, U is the orthogonal matrix which dia- At effective two loops we obtain the following expres-
| sions:
2 1 1 1) 1
zglt 16 —L Zn( (V) (Vi) o, Ui Usif (M, miM), (17)
(2) 1 1 1 1
2y :3Fjr2 ng )(Vd(L))gi (Vd(R))inlkU%f(Mk,mg ))’ (18)
k,i

Y2
iy =3 6;2Zmﬁ”(vd%))gi<V§é>)2iU2kU3kf<Mk7 V)3t 22 VA0 (Vi) o, Ui Usif (M, i), (19)
5 =37k QZ VAL 0i (VAR 5, Ut Vs (M i), (20)

Zg)— 167 QZ v V(l) Vd(llK)) U2kU3kf(Mk7 (1))+3167T2Z m{Y Vd(ﬁ)) (Vd(R))QzU2kU4kf(Mk7 ) (21)

where thek (i) index goes froml to 4 (from 2 to 3), Vd(ﬁ I
andVd%) are the unitary matrices which dlagonaIMné

Eq. (16) andn!" are the eigenvalues. Therefore at two Ioops3. Numerical evaluation

the mass matrix for d quarks becomes )
3.1. Experimental values

¥2 »@  w®)
11 12 13 . . . . .
Since quarks are confined inside hadrons, their masses can
Mf) = zg? m;” 0 |- (22)  not be directly measured. So, the quark mass parameters
@ ) in the SM lagrangian depend both on the renormalization
31 3 scheme adopted to define the theory and on the scale para-
For the up sector the procedure to obtain the masses imetery where the theory is being tested. In the limit where
completely analogous. That is, the mass terms for the up seell quark masses are zero, the SM has a3y SU(3)y
tor come from graphs like those in Figs. 2 and 3, but replacinghiral symmetry which is broken at an scale ~ 1 GeV.
theg,, ¢,, ¢, andg, scalar fields by, , ¢., ¢, andg, andthe  To determine the quark mass values one must use SM per-

quarksd, by the quarkst,. turbation theory at an energy scale> A, where non per-
The CKM matrix takes the form turbative effects are negligible. For illustration, the allowed
i ranges of quark masse§ jn the modified minimal subtrac-
_ (yv@yQD @)y,1) -
Vexkm = (VuL ViL ) Var Var s (23) " tion scheme173) are [7];
where the unitary matriceg) and V.’ diagonalizers{" my,(1 GeV) =2 —6.8 MeV,
andV(2 anqu(; dlagonallzeZ\/L(1 ), with an analogous no- my(1 GeV) =4 — 12 MeV,

tation used for the down sector.

It is important to mention here that the textures, par- ms(1 GeV) =81 =230 MeV,

ticularly the zeros in the scalar and quark mass matrices me(m,) = 1.1 — 1.4 GeV,
[Eqs_. (12) a}nd (22)] are not accidental neither impqsed; they my,(my) = 4.1 — 4.4 GeV,
are just a direct consequence of the mass mechanism that we

are introducing and of the gauge symmetry of the model. my(Exp) = 173.8 +5.2 GeV.

Rev. Mex. 5. 48 (1) (2002) 3238
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fined and they can be directly measurd from the chaged

TABLE |1I. Experimentally allowed values far, (m;) and CKM ~ weak current in the SM. For simplicity we assume that they
matrix elements. We show the input and calculated values in theare real, and as discussed in Ref. 8, they are almost constant

context of our model. in the intervalM/, < p < afew TeV. Their current experi-
Range Input Best fit mental value§] are given in the Tables Il and V.
mq(m;)  3.85-5.07 MeV 4.46 MeV 3.63 MeV
mg(my)  76.9-100 MeV 88.4 MeV 44.9 MeV 3.2. Evaluation of the parameters
my(me)  2.74-2.96 GeV 2.85 GeV 2.91 GeV
M (my) 1.8-2.63 MeV 2.21 MeV 2.92 MeV In order to test the model using the least possible number of
me(my) 587-700 MeV 643 MeV 841 MeV free parameters, let us write the scalar mass matrices in the
my(my)  159-183 GeV 171 GeV 166.5 GeV following form:
CKM;; 0.9745-0.9760 0.9752 0.9761
CKM;,  0.217-0.224 0.2200 0.2179 ap b 0
CKM,;3 0.0018-0.0045 0.0034 0.0032 M2 — b ay ¢y
CKM,,  0.217-0.224 0.2200 0.2214 2/3 = 0 ¢ o a.l
CKM,y, 0.9737-0.9753 0.9755 0.9742 0 0+ d+ a+
CKMy3 0.036-0.042 0.0390 0.0382 + +
CKM;  0.004-0.013 0.0085 0.0117 a b 0 0
CKMs;,  0.035-0.042 0.0385 0.0365
CKM;;  0.9991-0.9994 0.9992 0.9992 M), = boa_ e O (24)
0 c¢c. a_ d_
0 0 d_ a_
TABLE IV. Experimentally allowed values fon, (M) and CKM Using the central value of the CKM elements in
matrix elements. We show the input and calculated values in thethe PDG book ¢] and the central values of the six
context of our model. quark masses at the top mass scal}, [we build
Range Input Best fit the x? function in the ten parameter space defined
mq(My) 1.8-5.3 MeV 3.55 MeV 3.44 MeV by [ay,a_,b,cyc_,dy,d_, Y, m}()O)’ mEO)], where m}(DO)
mg(Myz) 35-100 MeV  67.5 MeV 39.6 MeV )
my, (M) 2.8-3.0 GeV 2.9 GeV 2.9 GeV andm, "~ are the tree level quark masses for the bottom and
mu(My) 0.9-2.9 MeV 1.19 MeV 2.03 MeV top quarks respectively. Expressions for the eigenvectors and
me(Mz)  530-680 MeV 605 MeV 793 MeV eigenvalues of the mass matrices involved in the numerical
my(My) 168-180 GeV 174 GeV 166.9 GeV evaluation were obtained using MATHEMATICA, and th&
CK My, 0.9745-0.9760 0.9752 0.9762 function was minimized using MINUIT from the CERNLIB
CKM,, 0.217-0.224 0.2205 0.2174 packages{]; both Monte Carlo and standard routines were
CKM,3  0.0018-0.0045 0.0036 0.0030 used in the minimization process. The tree level masses of
CK My, 0.217-0.224 0.2205 0.2215

the top[m. "] and bottom[m "] quarks were restricted to

CK My, 0.9737-0.9753 0.9745 0.9741 .

CK My, 0.036—0.042 0.0390 0.0387 bg around_the central valu_elslo% in or(jer to assure con-
CK My, 0.004-0.013 0.0085 0.0116 sistency with the assumption that radiative corrections are
CK Ms, 0.035-0.042 0.0385 0.0370 small. Theyx? function presents an even symmetry with re-
CK M 0.9991-0.9994 0.9992 0.9992 spect to5 of the parameters of the matrices in Eq. (24); we

find that there ar82 parameter domains where tlyé func-

tion takes small values. For the extremal points this even sym-
To get the relative magnitude of different quark massednetry is not an exact one, but all the zones have a Yukawa

in a meaningful way, one has to describe all quark masses iconstant of the order of0 and give masses and CKM ma-

the same scheme and at the same scale. In our analysis W& elements in good agreement with the available experi-

are calculating the quark masses at an energy gcalsuch  mental values. The numerical results on one of3Renin-

that M, < p,, < My ~ vy, WwhereMy is the mass scale ima of the ten parameter space are shown in Table V. We

where U1)y is spontaneously broken. Since in our modeluse those values (which minimiz¢®) to calculate, in the

there is no mixing between the standard madddoson and  context of our model, the fifteen predictions far, (m;) for

its horizontal counterpart, we can haxgeas low as the elec- ¢ = u,d,c,s,t,b and(OKM)ij fori,j = 1,2,3. The nu-

troweak breaking scale. For simplicity, let us assume that oumerical results are shown in Table Ill. For the sake of com-

calculations are meaningful at the electroweak breaking scalgarison, we repeat the same calculations but now using the

and from the former values for the quark masses let us calcieentral values of the six quark masses at Alig scale [].

late, in theM S scheme, the quark masses athgescale B] The numerical results are shown in Table IV.

and at the) , scale [L]. Those values calculated in the ref- Let us make two comments: first, the values for the pa-

erences cited, are presented in Tables Il and 1V, respectivelyameters in the scalar field square mass matrices are of or-

On the other hand, the CKM matrix elements are not ill de-der10'” (MeV)? (see Table V), so, the scalar physical masses

Rev. Mex. 5. 48 (1) (2002) 3238
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In this way we demonstrate the viability that new physics at
TABLE V. Values of the parameters in one of the minima [the va- the electroweak mass scale, or just above it, may help to ex-

lues of the scalar mass matrices elements ar@vinV)? units]. plain the long-lasting puzzle of the enormous range of quark
Parameter Value Parameter Value masses and mixing angles.
a_ 22.845 x 106 d, 13.762 x 106 Since quarks carry baryon numbBr = 1/3, the color
b 1.850 x 10'6 ay 150.01 x 106 sextet scalars we have introduced must hBve —2/3 (the
c_ 10.018 x 10'¢ Y 13.6 scalar singletsp, and ¢, have B = 0); in this way Ly
d_ —10.227 x 10%¢ m® 2.912 GeV is not only U1)y invariant but conserves color and baryon
er 13.571 % 1016 m® 166.1 GeV number as well. On the other harid(¢) does not conserve

baryon number; as a matter of fact, the tekqw,¢,¢,¢,
violates baryon number by two uniteAB = =£2) and

are of orderl03 TeV. Second, the rounding errors allow us to could induce neutron-antineutron oscillations. A roughly es-
take safely up to five significative figures in the masses an{mate of such oscillations shows that they are proportional

2 2 2 \—1 —19 . . ..
in the CKM matrix elements. As can be seen from Tables IIIt0 “2(M¢5M¢6M¢7) ~ 10 GeV which is negligible

and IV even, under the assumption that the CKM matrix eledn Principle. Any way, in the worse of the situations, since
ments are real, the numerical values are in good agreemeffte offending term does not enter on the mass matrix for the
with the allowed experimental results. Higgs scalars (it is just there), it may be removed in more

realistic models by the introduction of a discrete symmetry.
. Our results are encouraging; even under the assumption
4. Conclusions that the CKM matrix is real, and without knowing exactly
: : the U(1), mass scale, the numerical predictions are in the
By introducing a Y1 auge flavor symmetry and enlarg- X, ; '
y gaul)y gaug y y 9 Rallpark, implying also a value of ordén for the Yukawa

ing the scalar sector, we have presented a mechanism a linay d for th i lars bei f
an explicit model able to generate radiatively the hierarchi=OUP!ING ¥;, and masses for the exolic scalars being of or-

3 ;
cal spectrum of quarks masses and CKM mixing angles. Thﬁoerio | -I;ﬁ\t/hOLrjr: modh?l [r:)r(reshe ntsntgll;?i;:leafr tr;echar:ll(sm able
horizontal charge assignment to particles is such that we d expla € mass hierarchy a g ofthe quarks.

not need to go beyond the known three generations of quarlﬁ. Fmallyllet us r(rjutantlondthat |tr;]thg;v§rl<f[t)rr]es§'|\1ﬂted here, the
and leptons. Also, at tree level only the t and b quarks ge Iggs scalar used to produce the otthe gauge group

masses. To generate radiatively the masses for the light famﬁj-own 10 SU3)¢ x U(1)q has zero horizontal cha'lrgez and as
consequence the standdfdoson does not mix with the

lies we have introduced some new exotic scalars. All of thesg ™. .
rizontal counterpart. However, due to recent interédf [

new scalars are charged and color non-singlets, so they ¢ the oh | (A it th to studv th _
not get VEV as is required in the loop graphs. on the phenomenology o, 1t 1S worth 1o study the possi-
bility of allowing this mixing in future work.

Our numerical results are presented in Tables Il and IV.
Even though we are guessing théll, mass scale, the two
sets of results do not differ by much and they agree fairlyAcknowledgments
well with the experimental values, meaning that the mass
scale associated with the horizontal symmetry may be in thdhis work was partially supported by CONACyYT in Mex-
rangel00 GeV < My < 1.0 TeV. A closer look to our ico and COLCIENCIAS and BID in Colombia. One of us
analysis shows that we are translating the quark mass hierafA.Z.) acknowledges the hospitality of the theory group at
chy to the quotient, /v, which is the hierarchy between the CERN and useful conversations with Marcela Carena and
electroweak mass scale and the horizontdl)y) mass scale. Jean Pestieau.
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