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Recently there appeared e. number of worka dedicated to
the estimation of the t‘"—dmk nass p- o Searches are carried
out for bound Tt states in ete -annihilation. '

In the present paper the fermion mass relations in grand
unified models are investiguted which allows to obta.in a res- .
triction on the t~-quark msss.,

Let Ju(u) (R = 2/3. -1/3, =1) be 3x3 mass matrices
of the quarks(W, ¢, t ). with the charge 2/3, (d,S, & ) with
the cherge -1/3 a.qd of the. leptons (@, jl. T ) with the charge
-1. In the general case one may present JU ( Q) in ‘the formB]

M(Q)= £ F*(Q)&°%, )
whers F *(Q) are .the numbers and G®  are the 3x3 matrices
1ndependent of Q@ . Glashow [4] paid attention on the possi-
bility when there are only two terms in the sum (1). Such a
.situation occurs, for instance, in the S0(10) grand unified
model where a single compl'ei J0 and Jgé of Higgs boeon gefzerat_e
fermion masses as well as in the model E.s where fermions

become'maseive by coupling to 27 and 251 representations  of

Higgs fields.



We then obtain from (1):

JU(‘f)-dﬂl(a/a)+ﬁJU(-1[3) \ | . (2)

"' Assume that the mass matrices JU (Q) are. symmetric (it is
80 for the above examples), Then one may rewrite the relation

(2) for diagonalized mess matrices: " .
AN AT = MO(2f3)+ PRI (-1) KF )

where M °(Q) are the diagonal (though generally complex)
matrices, ﬂ '}( are the unitary matrices. The metrix :K
descr:n.bes the mix:Lng in wea.k left currents [5] « The matrix -
3( is expressed, with an accuracy up to phase redeteminat:.on,
through three mixing angles 3] ,'Ga , 03 and one phase & |
connected with the CP-violation [5] (the é’ngie ©, coin-
cides with the Cabibbo angle O ). If mixing angles O, , 6,
@3_ are neglected ( A Q._ = 0.23, for :eatrictj.ons on the
values '@1, B, see 6,7 ), the matriz K becomes diagonal, -

'We then obtain from (3) the relation for particles masses N
_ wel® cetfe o™
dot | dei®  se'®s &e‘q =0 (4)
ee“_‘"z J“ewy te' ®

J.

1) Here we have excluded nonphys:l.cal solut:.ons of (3) of the
type Te LA Ll?"‘vjbd vfa Jue““' dee’ ife, ﬁgse‘?‘)

ee"%' ol'tel‘h-i- ppeife a

when the mess of heavy U -lepton, for example, 18 connected
with masses of llght W and. ¢ =-quarks.

.



where particle names are their masses whi;tisli enter (4) with ar-
bitrery phases (in ref. .[4] " these phases are teken equal to

zero). From. (4) we obtain -

n(cd+us)+ b(upmerec) )
dJu-zs. ’ C :

t<

Current masses of quarks; inclvded in (5) are functions
of momentum transfer. Following [4] we defiﬁe the observed
mess of the heavy quark q in the point equael to the mass of
~ the bound state Jq (masses‘o:_f light u,d, S- quarks are defined
at 1 GeV transfer momentum). Then, taking the following values
for the current massesv of ‘the first five qué:rk’s -m(u.) =4,2 MeV,
m(d) = 7.5 Me¥, m(S) = 150 MeV, m(c) = 1.2 GeV, m(&) = 4.4

eV [1] » we shall obtain the restriction for the t=-quark mass:

m(t) € 24.0 GeV for A_'=o.1 GeV .

| (6)
m(k) & 22.50eV for A = 0.3 Gev.

‘where /A is the well known scale parameter of QCD.
How cen this result chenge the account o2 mixing angles ?
To enswer this question we have done the following. Assume "

thet fermion mass metrices have the form
| o a.( Q) o
u@)s (2@ o )

o @ @), @



which leads to reasonable values for mixing angles [1] « For
simplicity we shall consider the mass matrices ‘(7) to he
real, i.e., neglect the CP-violation. Then the matrix (7) ele-
ments are expressed through particles masses as follows [.1]

a (2[3) 2 Uuc (2/3) xct @

c?(e/z)~ (¢ ;c)z

a.nd"s:i.m:l.l'arly for Q = -i/3_, -1. For the Cabibbo an,le we
obtain L1+8]

.. - u .

Mn 6. = ,f—i :-J-c— (9)
(the signs + and - correspond to the values & = O and &=
of the CP-violation phase & ). From (2), (7), (8) with con-

sideration of (9) [-8] we obtein the restriction on the t-quark
anss (S 3% corresponds to the maximum value ofm(t) by

m(t) = 24.5 GeV for A = 0.1 Go¥V - (10)
m(Lt) € 24.3 GeV for A = 0.3 GeV , _‘
‘which doesn't differ much from the restriction (6). The iesﬁ:;t
obtained is valid st consideration of CP-violation as well: if
Min & is small then the restriction on m(t) in the first
order over Ain &  won't change. '

Thus = we may expect that the bound Tt state will have a
mass less than 50 GeV.

In cc;ncluéion the author expresses his thanks to S.G.Ma-

tinyan and -A.G.Sedrakyan for helpful discussions.
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