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An algebraic model of mass matrix common for leptons and quarks is
described. It predicts m,, = m,, =m,, ~ 0, m, = 1783.47 MeV (with
the input of experimental m,, =~ 0,m,m,) and m, =~ 10 + 12 MeV,
mg =~ 17+ 18 MeV, m, ~ 128 = 142 MeV, m; ~ 149 + 172 GeV (with the
input of me >~ 1.3+1.5 GeV, myp, ~ 4.5+-5 GeV). The moduli of all elements
of CKM matrix are predicted within their experimental limits (with the
input of [V,| = 0.217 + 0.223). In particular, |V,5| = 0.0036 =+ 0.0037
and |Vep| = 0.056 + 0.057. The phasing-invariant CP-violating phase
8 = arg(Vos Ven V, Vo) comes out equal to 45° + 55°. Together, the model
describes sixteen masses and independent mixing parameters in terms of
six free parameters, so it predicts ten independent quantities (with the
input of six). Nontrivial interrelations between the lepton sector and
quark sector seem to appear.

PACS numbers: 12.50.Ch, 12.15.Ff

As our understanding of the spectrum of fundamental fermions is very
preliminary, the study of phenomenological models for their mass matrices
[1] seems to be reasonable. In this paper we describe a particular alge-
braic model of mass matrix common for leptons and quarks. The matrix
is parameterized by six real constants and is intended to produce sixteen
experimental masses and independent mixing parameters of all fundamental
fermions of three generations. We have come to this model through some
studies of separate mass matrices for charged leptons, up quarks and down
quarks [2]. These studies were motivated by our previous formal results
concerning the existence of three replicas of the Dirac particle, conjectured
to correspond physically to three observed fermion generations [3).

* This work is supported in part by the KBN~Grant 2-0024-91-01.
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The conjecture of Ref. [3] may be expressed in a figurative language
by saying that the fundamental fermions of three generations consist of al-
gebraic “intrinsic partons” with spin 1/2, namely of one “visible parton”
(coupled to external gauge fields of the standard model) and n = 0,1,2
pairs of “hidden partons” for the 1%, 2°d and 3'4 generation, respectively.
In the case of n = 1 and n = 2 the hidden partons form relativistic scalar
states (one in each case) due to the interplay of theory of relativity (if ex-
tended to the hidden partons) and “Pauli hidden principle” (that provides
for hidden partons, only totally antisymmetric states in Dirac hidden in-
dices) [3]. Then, there exists one and only one Dirac particle of a given
flavor and color in each of three fermion generations.

In this picture, it is convenient to introduce the (restricted) annihilation
and creation operators for pairs of hidden partons, defined by the 3 x 3

matrices
01 0 0 0
(oof) a+:(1 0 0), (1)
00 0 0 V2 0
Then
0 00 .
ﬁ:&*‘&:(ﬂ 1 0), Bd=0=a" (2)
0 0 2
and
la,n] =a, [at,n]=-aT. (3)

Thus, é@ and a* satisfy the annihilation- and creation-operator relations (3),
though [a,a%] # 1 and {4, a'*‘} # 1. Here, /i denotes the operator of the
number of hidden-parton pairs, while

o 1 00
N=1+2&+&=(0 3 o) (4)
0 0 5

is the operator of the number of all intrinsic partons. Of course, all functions
of @ and &t can be expressed as linear combinations of nine Gell-Mann
matrices Aj,..., Ag and 1 generating a global U(3) integration algebra.

In terms of the (restricted) annihilation and creation operators @ and
at our algebraic model for the fermion mass matrix

7 = ding (J1¥), B, T, 5710 (5)
can be formulated as follows:

MO =505 (i=v, e, d), (6)
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where
p= 0 0 (7)
V29 o V24
denotes the generation-weighting matrix following from the argument in

Refs [3,2], whilst the Higgs-coupling strength matrix is postulated in the
form

£(i o @epwz_ AT +1
,()zc()(,\()zNe(ﬁ) A+

5(¢)2
N
+ 4n() (& exp (i(p(i)) +atexp (- i(p(i)))) (8)
with
Ny N N 3 0 0
NQ = N+ ¢Wat’a? (0 30 ) (9)
0 0 5+2¢6(

Here, the coefficients AG), f(‘) and n(‘) are taken as given by the universal
formulae for i = v,e,u,d parametenzed by A(e):

AD = AON QD2 €O = (32 (3B)?, ) =D (3B)’ (10

with
for v, e
2/3 -1/3 forud °’
1 forv, e
3 foru,d °’
0 forv, e
B = {1/3 foru,d ° (11)

Note that E(V) E(c) = 0 f(u) = 4 f(d) = 1 n(") = n(e) - 0
7 =A@ (@) = A(d) and A(V) =0, )\(e) A(®) . A(d) =3:4:1.
We can see that the model contains six free parameters

e, ), cm) @ O L0 _ @ (12)

that can be used to reproduce sixteen experimental values of the masses
and independent mixing parameters
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Myey My,y, My, Mey My, My

and
My, Mey, My, M4, Mg, My,

Vasls [Vasl, [Ves), & = arg(VaaVp Vi Vit ) - (13)

Thus, it predicts ten of these quantities, whereas the six remaining, say
My,, Me, My, Mc, My, |Vaus|, are taken from experiment as the input.

In the lepton sector, where M(*) and M(®) are diagonal, our model
gives

)
=my, =my, = (Chiks (14)

my, 29

e

and

e 2
Mme = 02(9)) mp = me%(SOA(C) - 1)’

m, = me24 (620" - 1), (15)

where all Dirac masses are defined as nonnegative. Eliminating A®? from
Eq. (15) we get the mass rule for charged leptons:

155 (136me + 351m,) = m, (16)
which is satisfied excellently by experimental masses (indeed, its lhs and
rhs is 1783.47 MeV and 17841’?,:; MeV, respectively). The free parameter

/\(e)z, when evaluated from Eq. (15) with experimental m, and m, as the
input, is given by
1 320m,

r
= =0.171 = z_____ 17
NOF  dm, 4 0m,, - 171890 = tan® ooas (17

where rhs approximates closely tan? /8. Hence, A(¢) = 2.414093. Making
use of this value of A(®) we obtain from Eq. (10)

A = 3218791, A = 0.804698. (18)

We will apply these values to the quark sector.

In contrast to M(*) and M (¢), the quark mass matrices M®) and M(@)
are nondiagonal. Carrying out the numerical diagonalization of these ma-
trices and using as the input the experimental estimates m, ~ 1.3+ 1.5 GeV
and my, ~ 4.5 + 5 GeV we calculate
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my = 027110485 ~ 10 + 12 MeV, m, ~149+172GeV  (19)
and
mg = 435230155 ~ 17+ 18 MeV, m, ~ 128 + 142MeV,  (20)

where all Dirac masses are defined as nonnegative. Further, taking as the
input the experimental value |V4| = 0.217 + 0.223 we evaluate the phase
difference

e — (4 = 31.5° + 38.6° (21)
and then the ub- and cb- mixing parameters
|Vup] = 0.00361 + 0.00367, |Ven! = 0.0564 = 0.0567. (22)

In general, we evaluate in this way all elements Vi; = |Viq|exp(iax;) of
the Cabibbo-Kobayashi-Maskawa matrix V = U+7J(d) where T(%:4) are
diagonalizing unitary matrices (so that U(%d) (2 (w.d)+ are diagonal).
It turns out that the resulting phases ay; satisfy the relations
aud + s + agp = 0 (23)

and

Qus + acq + ayp = (0.0406° < 0.0467°) — 180°,

acp + ags + ayg = (0.562° + 0.673°) — 180°. (24)

Then, performing in addition the rephasing of up and down quark states

U — Uy exp (uoi )) (k =u,c,t), d — dj exp (chscd)) (k=d,s,b)

(25)
such that () _ (@) () @
Zw“ Zw Py =Py = ik (26)
and
(Pgtu) - 99(ad) = Qugy ‘Pgu) - <P§,d) = Qcp s (27)

we are able to eliminate from V the phases of its elements Vuds Vess Vip, and

Vass Ven, since then ap; — agy — ( ) + <p(d) The resulting V rephased in
this way, reads

. 0.976 0.217 0.00361e~#45-0°
V =] —0.216ei0:0408 0.975 0.0564
0.0146e*9-28"  —(.0542¢*0-562 0.998

0.975 0.223 0.00366¢#54:5°
+ | —0.223¢0-0467 0.973 0.0567 . (28)

0.0150e—i10-8°  _(,0545¢%0-673° 0.998
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In all these calculations in the quark sector we used, of course, the value of
A(®) as determined in the lepton sector with the input of experimental m,
and m,.

R Concluding, we can see that the moduli of all elements of CKM matrix
V, predicted by our model (with the input of |V,s| = 0.217 + 0.223 and
the use of A(®) as determined in the lepton sector) are consistent with their
experimental limits [4]. The rephasing-invariant CP-violating phase

§=oys+ Qch — Oy — Oleg = _(aub - ‘P\(Iu) + ?](_)d)) (29)

(that is still unknown experimentally) is predicted to be § = 45.0° + 54.5°.
As far as the lepton masses are concerned, the model predicts m, = 1783.47
MeV in a very satisfactory agreement with experiment and m,, = m,, =
m,, ~ 0 consistently with the simplest possibility of massless neutrinos
(here, the input of experimental me, m, and m,, ~ 0 is made). The
predictions for the quark masses (with the input of m. ~ 1.3+ 1.5 GeV and
myp ~ 4.5+ 5 GeV and the use of A(®) as determined in the lepton sector)
are generally reasonable, though m, ~ 10 + 12 MeV and mq ~ 17 + 18
MeV (and even mg ~ 128 + 142 MeV) may be a bit too large 5], while the
large mass for top quark, my ~ 149 + 172 GeV, is not inconsistent with the
present semiexperimental expectations as e.g., my = 144fggfég GeV [6].

The reasonable agreement of our model predictions with the experimen-
tal mass spectrum of fundamental fermions (as it is presently seen) and their
mixing parameters seems to indicate that there are nontrivial interrelations
between the lepton sector and quark sector, as those expressed (in terms of
our model) by the formulae (10).
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