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Abstract

A.N. Amaglobeli, A.G. Liparteliani, A.A. Maslikov, G.G. Volkov. Quark and Lepton Gen-
erations: ('P-Violation and Rare Procegses in SUSY SU(3)gy- Gauge Horizontal Model:
IHEP Preprint 91-185. — Protvino, 1991. — p. 54, refs.: 24,

In this paper, the current state of the generation mixing and CP-violation problems
is discussed from the standpoint of the hypothetical existence of SUSY — SU(3)nv-gauge
horizantal symmetry. Underlying the analysis of the expected greatness of the symmetry
breaking scale are the experimental limitations on the probabilities of typical rare process-
es. The hehavior of the estimates for the horizontal symmetry breaking scale showed cer-
tain regularities depending on particular symmetry breaking schemes and generation mixing
mechanisms (diflerent ansatzes for quark and lepton mass matrices with 3 and 4 generations
have been discussed). As is noted, the current understanding of quark and lepion mass
spectra leaves room for the existence of an unusually low mass scale of horizontal bosons
~ someTeV (independent experiments for verifying the relevant hypotheses have been pro-
posed). Supersymmetry is supposed to be important for: the hierarchy problem, certain
useful constraints on Yukawa couplings, the super-Higgs effect in Lhe case of a broken local
horizontal symmetry, the estimates of the gauge coupling constant gy and the restrictions
on the horizontal gaugino masses.
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B nanmnoii pafoTe paccMaTpKEAETCH COBPEMEHHOE COCTOSHUE POGIEMEl CMEIINBAHAS [O-
xonermit 1 CP- AADYUIEHNS ¢ TOYKHA IpeHHA BOIMOXHOTO cywecToopanus SUSY — SU(3) v
KamaGpoBOYHON MOPHIOHTANbRON cHMMeTprn. [IpociexuBaoTcs 3akOROMEPHOCTH B IIOBENe-
HAH OIEeHOK Ha MAcuITad HapYMeHHRd TOPHIOHTANRHON CHMMETPHU B 3aBUCHMOCTH OT CXeM
HAPYHICHUR, a TaKXKe MEXaHHIMOB CMEIUMBaHAA NOKONCHAR (p&CCMOTDEHH Pa3HhIE aH3allbl
I714 MAaCCOBBIX MATPHI] KBAPKOB 1 JIETITOROB B ciiyqae 3-x u 4-x noxonerud ). Pons cymepeu-
mMeTpun 0bo3Ea"ena B creylounx npobieMax: npofieMa HepapXyH, olipefeHHRE CBA3N Ha
IOkapckie KOHCTBHTH, CYIEPXHITCOBCKRE >ddexT npu Aapymennn S (3) gy, oucHKH KOH-
CTAHTH Gy, OCPAHHYCHAS Ha MaCCH He- kxannbpHHO.
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1. Introduction

There are no experimental indications which would impel one to go beyond
the framework of the SU(3)¢ x SU(2);, x U(1)y Standard Model (SM) with
three generations of quarks and leptons. None of the up-to-date experiments
contradict, within the limits of accuracy, the validity of the SM predictions
for low energy phenomena. .

One has teén parameters in the quark sector of the SM with three gen-
erations: six quark masses, three mixing angles and the single phase - the
Kobayashi-Maskawa (K M) phase (0 < §5M < 7).

. Recently, the interest in the CP-violation problem was excited again due
to the yet contradictory data on the search for the direct CP-violation effects
in neutral K-mesons [1] :

Re(%) = (2.340.7) x 10~
NA31 (CERN,1986+1988+1989,1991)
Re(%) = (6.0£6.9) x 10~

E731 (FNAL,1987-1988,1991) ' _

At the same time, the t-quark mass is known to be bound; 89GeV <
my < 200GeV {2]. The lower bound is an experimental limit resulting from
the search for t-quarks at FNAL collider. The upper bound comes from NC
and LEP data. Moreover, the last estimates obtained give the following range
for my © my = 125 4: 30 GeV [3]. '



The major contribution to the CP-violation parameters ex and &% (K-
decays), as well as to the BY — BY mixing parameter z4 = A%:’;ﬂ, is due
to the large t-quark mass contribution. The same statement holds also for
the amplitudes of K- and B-meson rare decays. The combined analysis of
the data on the B} — B} mixing parameter z; = 0.67 + 0.10 and e =
(2.26 + 0.02) x 10~%ezp(i43.7°) indicated that the top quark mass should lie
in the range (135 & 35)GeV, although a very massive top quark in the range
my ~ 200GeV is not exchided, either [4]. Note that for m; = O(100GeV)
the SM predicts (%‘)K = (1.0 £ 0.5) x 1073, and the value of &3 = argV3,
(Ve = 813 % exp(—b13)) in the second quadrant (613 > ) of unitary triangle
( see Fig. 1)is favored. For my, ~ 200GeV one gets the superweak behaviour
predicted in the SM, i.e. (%) is close to zero. In this case the value of &3 is
likely to be in the first quadrant (0 < 613 < §).

i B¢ Vi,

-1/2 0 ' 1/2 1

Fig.1 Swedish triangle. Vj, + Vig ¢ sinigVi; Vig = Vi 2 1

It is worthwhile to note that the above conclusions depend strongly on the
values of the hadronic matrix elements < Qg >,fx,fp, as well as on the KM
mixing angles s;;, which have not been measured with good enough accuracy
so far. For example,the determination of V,;, = 833 = 0.046 £ 0.006 from the
I'(b — ¢} decay rate and the determination of the ratio ¢ = |%’,':f| by ARGUS
and CLEO lead to the model dependent results



0.07 < (q = ﬁ) <012

823
On the other hand, the unitarity triangle [5] constraint yields for |Vigl, that
[Vial = [s2s(s12 — q X exp(if13))] = (0.0035 ~ 0.0200). The value of V;y de-
pends crucially on the ;3 phase. For the small values of this matrix element,
13 tends to be in the first quadrant, whereas the experimental values for
Efry K ey Td favor larger m; values.

Another interesting possibility to check the sign of cos §;3 comes from the
experimental gbservation of the BY — BY lmxmg Thanks to the following
relation between the parameters of the B} — BY and B? — B? mixings:

zs _ Wl _ 1
za Vel sty — 2gs1ac08613 + ¢

for b13 % 7 we get 2 =10 — 14 and z, = 7 — 11, whereas for 813 = 0 we get
= 36 — 100 and zs =27-70.

The case of the symmetric form for the CKM-matrix [6], which leads to
|Vig) = |Vis| = | VisVes| (q 2= 0.1 in this case), corresponds to §;3-phase ~ 0,
To/xqg ~ 100 and z, >~ T0.

From the above discussion one can see that there are several experimental
quantities, which are sensitive to the values of the unknown parameters m,
and §5M, Therefore, we need additional experimental information to prove
the vahdlty of the SM with three generations and to get convinced that there
are no additional contributions to the amplitudes of rare processes due to
new hypothetical forces beyond the SM.

Contrary to the abové-mentioned experimental uncertainties, which might
signify some new physics beyond the SM but do not so far, there are quite
a number of theoretical problems indicative of the existence of such physics.
Why the number of generations is three? What is the origin of the §¥M-
phase, or what is the nature of CP-violation? Why in the quark sector of the
SM there are too many unconnected parameters (mixing angles, phase and
quark masses)?

Several models beyond the SM suggest special forms for the mass ma-
trix of "up” and "down” quarks (Fritzsch ansatz, "Democratic” ansatz, etc.)
[7]. These mass matrices have less than ten independent parameters, giving
thus some relations between the quark masses, mixing angles and the phase. —
These relations could be checked experimentally. The construction of these
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mass matrices has to be based on a new symmetry of quark and lepton gen-
erations. The fact that the upper bound on m, is close to the electroweak
symmetry breaking scale motivates us to make new efforts towards a deeper
understanding of nature of the CKM matrix by relating mixing angles to the
ratios of quark masses. ’

The generation mixing problem 'is one of the most exciting puzzles [8).
We hope that in the nearest future the horizontal gauge models could shed
light upon this problem, at least in the quark sector. So, these models might
lead; in the "up” and "down” quark sectors, to a certain mass mixing al-
ready known (like Fritzsch ansatz ,” democratic”, or some other ansatz ),
which could result in observed charged currents consistent with the exper-
imental shape of the CKM matrix. In this connection, the possibility to
look autonomously at the mixing angles in the "up” and "down” sectors
seems to be one of the specific features of these new hypothetical interac-
tions. The situation is quite different in the electroweak model, where we
can study only the resulting mixing matrix Vogay = UDT. So this fea-
ture could help us to understand the hierarchy of ”up” and "down” quarks
(my K m, € my ; my € my; € my), and probably the mass lepton hier-
archy. Also, it seems to be impossible to set up the correspondence between
quark and lepton generations without including horizontal interactions. It
is more than natural that some authors try to achieve understanding of the
mixing problem, as well as the hierarchy of the quark and lepton mass prob-
lem, by searching for some new physics [8]. It seems evident that the mixing
problem and the hierarchy of fermion masses are closely connected with the
local symmetry of quark-lepton generations. '

A very interesting question is the origin of the KM phase. In the SM, this
parameter can be obtained via complex Yukawa constants. However, one
knows other, more natural, mechanisms of spontaneous CP-violation. In the
framework of spontaneous mechanisms, the EW Lagrangian is CP-invariant,
but the vacuum is not. In this case we have to consider the extension of
the SM in which the 6% -phase comes from the spontaneous mechanism
of CP-violation on the high energy scale of new gauge interactions. That
is why it is more than interesting to consider, first of all, the local gauge
symmetry of quark-lepton families. Now we have to extend the fermionic
sector, where in addition to ordinary fermions on¢ can introduce into each
generation new heavy quarks, singlet under the SU(2); group, ("U;” and
" Dy quarks with Qp, = %, Qp, = ——%, i=1,2,3) [8]. Besides, we introduce the
SU(2) — SU(3)y-singlet complex scalar fields. In this approach it is not so
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difficult to get the vacuum breakmg the CP-invariance spontaneously due to
the complex vacuum expectation values of new scalar fields. In this model,
the 6%M_phase might appear in the observable sector of the SM.

Underlying another mechanism to get CP-violation is the suggestion that
CP-invariance (6% = 0) is conserved in the SM and CP-violation is due
to only gauge horizontal interactions [9]. Then, thanks to the horizontal
interactions, the superweak mnature of CP-violation allows to estimate the
upper bound on the lightest horizontal gange boson mass; M F<(2-3)x

103T eV [11].

The lowest bound on My can be obtained from the analysis of the branch-
ing ratios of u, 7, K, D, B, ... rare decays (Br> 10-1%-17) [9}[10]{11].

For all the beauty of this approach, simulating the superweak mechanism
of CP-violation for the K7-decays (1077 < (%) < 107% [11)), a serious
disadvantage of these models is the large number of unkndwn parameters, i.e.
masses of H,-gauge bosons (a—l 2, ... ,8), "up” and "down” quark mixing
angles.

The space-time structure of horizontal interactions depends on the
SU(3)p quantum numbers of quark and lepton superfields, and their C- con-
jugate superfields [9-14]. One can obtain vector-like horizontal interactions if
the particle guantum numbers Gy are conjugate to those of antlpa.rticles In
this case, it is also possible to construct the GUTs proceeding from the direct
product of simple Lie groups. The question arising in these theories is how
‘such horizontal interactions are related with strong and electroweak ones. All
these interactions can be unified within one gauge group, which would allow
to calculate the value of the coupling constant of horizontal interactions. The
point is that the unification of strong, electroweak and horizontal intetactions
can be based on the group G = SU(4)¢ x SU(4)w x SU(4) i with the discrete
symmetry C — W < H (ie., gc = gw = gn). An alternative unification
of horizontal, strong-and electroweak interactions might rest on the GUTs
G = G x SU(3)y (where, for example, G = E(8), G = SU(5),SO(10) or Ep),
which may be further broken down to SU(3)y x SU(3)e x SU(2)r xU(1)y. In
the alternative case we have to introduce "mirror” superfields. Speaking more
definitely, if we want to construct GUTs of the type G = G x SU (3)m, each
generation must encompass double G-matter supermultiplets, mutually con-
jugate under the SU(3)y—group. Tu this approach the first supermultiplet
consists of the superfields f and f5, € 3y, while the second is construct-
ed with the help of the supermultiplets f¢ and fm € 3y. In this scheme,



proton decays are possible only if there is a mixing betwéen ordinary and
mirror fermions. In turn, this mixing must, in particular, be related with
the SU(3)y—symmetry breaking. The SU(5)—scale of unification mlght be
considerably lower in this case.

The analysis of modern experimental data on search for rare processes in
terms of the horizontal gauge symmetry approach allows, in some particular
models, the existence of rather light H-bosons: my > (1— IO)TeV [14]. These
estimates imply that the horizontal fine structure constant is ag ~ or < agy
[11] (Appendix 7.1). '

Nevertheless, till now nonabelian gauge models of horizontal interactions
. have not enjoyed much attention for comparison with experimental data.
The reason was the low predictive force of the nonabelian approach because
of the unknown mass spectrum of horizontal gauge bosons. In this paper we
will analyze, in the framework of the ”minimal” horizontal supersymmetric
gauge model, the possibilities for obtaining a satisfactory hierarchy for quark
masses and connecting it with the splitting of horizontal gauge boson masses.
We expect that due to this approach the horizontal model will become more
definite allowing thus to study the amplitudes of rare processes and the CP-
violation mechanism more thoroughly. In this way we hope to get a deeper
insight into the nature of interdependence between the generation mixing
mechanism and the local horizontal symmetry breaking scale. :

As the fundamental model, we have to consider the SU(3)yy— vector-like
model in its supersymmetric realization. Before getting down to the studies
of this model, we ought to make some gencral statements:

(i) A horizontal interaction scale might be rather large (for 1nsta.ncc larg-
er than that of left-right symmetry restoration), but today it does not scem
unreasonable that it might lie in the * TeV”- region, attainable at the ac-
celerators of new generation like LHC or SSC. The last possibility may be
realized in a gauge horizontal model, provided it is taken into account that
the correlation between the lepton (L;)- and quark @;- family mixings can-
not be defined in the frames of the standard model. This is a consequence of
quark - lepton universality in the SM of electroweak interactions.

(i1) The predictions of this model depends, to a.considerable degree, on our
knowledge of the nature of quark and lepton masses. So, what we face today
is the unsatisfactory understanding of the difference in the origin of up- { or
downj quarks and charged lepton mass matrices. The vital question arising
here is the nature of the v mass. All our predictions for the gauge horizontal
breaking symmetry scale, especially thosc resulting from the experimental
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searches for quark-lepton rare processes, are very semsitive to the origin of
quark and lepton mass spectra and their corresponding mixings. It seems- at
first glance, at least- that the known quark and lepton mass spectra might
imply the existence of new heavy quarks and leptons. -

(iii) The vector character of horizontal interactions is crucial for the con-
struction of GUTs. The reasons have already been elucidated. Here we
just underline that the insertion of horizontal gauge models into. the GUT-
structure based on a simple Lie group results, on the one hand, in doubling the
matter spectrum and, on the other, can lead to a decrease of the Grand Uni-
fication scale. Also, if we compare this approach with the ordinary GUTs, we
have to mention the distinctive character of the main proton decay channels
in these models. In this case the proton can mainly decay in a multi-particle
way: p = m- -l + n-v + (randfor K — mesons) ; m+n =2k +1.

(iv) The N=1 SUSY character. Considering the SUSY version of the
SU(3)gy—model, it is natural to ask: why do we need to supersymmetrize
the model? Proceeding from our present-day knowledge of the nature of
supersymmetry, the answer will be: .

(1) First, it is necessary to preserve the hierarchy of the scales: Mgy <
Msysy < My < --7-- < Mgyr Breaking the horizontal gauge symmetry,
one has to preserve SUSY on that scale. Another sample of hierarchy to be
considered is : Mgy < Msygy ~ My. In this case, the scale My should be
pretty low (My < a few TeV). . ‘

(2) Using the SUSY U(1)g degrees of freedom;, one can construct the
superpotential and forbid undesired Yukawa couplings.

(3) Super-Higgs mechanism - the possibility of describing Higgs bosons
‘by means of massive gauge superfields [15}. _

(4) The connection between the vector- like character of the SU(3)y-
gauge horizontal model and ¥ = 2 SUSY.

Also, the existence of horizontal interactions might be closely connected
with the CP-violation problem. Here noteworthy are the following two points:

(a) The appearance of the phase in the CKM mixing matrix may be due
to new dynamics working at short distances (r < ﬁl‘;) The horizontal forces
may be the source of this new dynamics [9]. As result of this approach we
might have the CP- violation effects- both due to electroweak and horizontal
interactions.

(b) The CP is conserved in the electroweak sector (6% =.0), and its



yreaking is provided by the structure of the horizontal interactions ! In par-
ticular, this model gives rise to a rather natural mechanism of superweak
CP-violation due to the {(CF = ~1}) part of the effective Lagrangian of hori-
zontal interactions- (€' /e)x < 107, That part of L includes the product of
the SU(3)y-currents I; I,; (1=1,4,6,3,8; j=2,5,7 ar, vice versa, i~——j } [9].
In the case of vector- like SU(3)y- gauge model CP- violation could be only
due to charge symmetry breaking.

In the present paper we will investigate the sam'ples of different scenarios
of SU(3)y breakings up to the SU(2)y x U(L)y, U(L)y x U(1)y and U(L)y
subgroups [13], as well as the mechanism of the complete breaking of the base
group SU(3)y [14]. We will try to realize this program conserving SUSY on
the scales where the relevant gauge symmetry is broken. In the framework
of these versions of the gauge symmetry breaking, we will scarch for the
spectra of horizontal gauge bosons and gauginos and calculate the amplitudes
of some typical rare processes. The theoretical estimates for the branching
ratios of some rare processes obtained as a result of these calculations will be
compared with the experimental data on the corresponding values. After that
we will get some bounds on the masses of I7,-bosons and the appropriate H-
gauginos. Of particular interest is the case of the SU(3}g-group which breaks
completely on the scale My,. We calculate the splitting of eight H-boson
masses in a model dependent fashion. This splitting, depending on the quark
mass spectrumn, allows us to reduce considerably the predictive ambiguity of
the model. In our studies of the splitting of eight gauge H-boson masses we
were guided by three approaches to constructing the quark mixing matrix :
(1) the Fritzsch ansatz with (3+1)- generations [6a]; (2) the modified Fritzsch
ansatz [6c], and the so-called "democratic” ansatz [6b] with 3- generations.

The main thing we want to understand is the mechanism of the unitary
compensation for the contributions of horizontal forces to rare processes [9].
In particular, we are interested in the dependence of this unitary compensa-
tion on different versions of the SU{3y)- symmetry breaking. The investiga-
tion of this dependence allows, first, to understand how low the horizontal
symmetry breaking scale My may be, and, second, how this scale is deter-
mined by a particular choice of a mass matrix ansatz both for quarks and
leptons. We will analyze the possibilities of the existence of a very small scale

Let us think of the situation when 65 = 0. In the 5M, such a case might be realized just
accidentally. The vanishing phase of the electroweak sector (6FM = ) might arise spontancously
due to some additional symmetry. Again, such a situation might occur within the horizontal
cxtension of the electroweak model.



(~ someTeV) for the horizontal gauge symmetry breaking. We will try to
establish the important rare processes in which these interactions are most
pronounced.

2. Construction of the model

2.1. The SU(3)yv Lagrangian _ y

We will consider the supersymmetric version of the Standard Model ex-
tended by the family (horizontal) gauge symmetry. The supersymmetric
Lagrangian of strong, electroweak and horizontal interactions based on the
SU(3)e x SU(2), x U(1)y x SU(3)y-gauge group has the general form:

L = (X[P6Tr (W WE)+ he.)
k
3 [d'6 5 eDeth g,
I

+

+ fd49 TT(@"‘ 629HVH ) e—2ggl7g)

+ [ Tr(E} fnlrrinh Qe g o~onV)

+ (&6 P(S:, %, Hyyny6y) + hee.) (2.1)

In formula. (2 1) index k runs over all gauge groups: SU(3)¢, SU(?’)L, U(1)y,
SU(3)y , = TV* | where V* are the real vector superfields , and
T are the generators of the SU(3)¢, SU(2)1,U(1l)y,SU(3)y -groups; St
are left-chiral superfields transforming in fundamental representations, and
I'=1,1,2; S:=@Q,u,d L, ¢ v°- are matter superfields, 5) = 7,9 = £- are
Higgs fundamental superfields; the Higgs left chiral superfield & transforms
according to the adjoint representation of SU(3) g—group, the Higgs left chi-
ral superfields H, : H,_ 41 =H, Hy_ ;3 = = h transform nontrivially under
the horizontal SU (3) - and electroweak SU (2)1 - symmetries ( see Table 1).
P in formula (2.1) is a superpotential to be specified below. To construct
it, we use the internal U(1)g—symmetry which is habitual for a simple N=1
supersymmetry. ‘



2.2, Supersymmetry breaking

It is known to be impossible to achieve simultaneously in models with a
global supersymmetry a realistic SUSY breaking and vanishing of a cosmo-
logical term. The reason is the semipositive definition of the scalar potential
in the rigid supersymmetry approach (in particulat, in the case of a broken
SUSY we have Vi > 0 ). The problem of supersymmetry breaking, with
the cosmological term A = 0 vanishing, is solved in the framework of the
N =1 SUGRA models. This could be done under the appropriate choice of
the Kaehler potential, in particular, in the frames of "mini-maxi”- or "maxi”
type models{16]. *

In such approaches the spontaneous breaking of the local SUSY is due
to the possibility to get nonvanishing V EVs for the scalar fields from the
"hidden” sector of SUGRA[LE]. The appearance of the so-called soft breaking
terms in the observable sector comes as a consequence of this cffect.

In the "flat” limit, i.e. neglecting gravity, one is left with lagrangian (2.1)
and soft SUSY breaking terms, which on the scales u << Mp; have the form:

Lsp = %Zmﬂqbgf —17.:,1’“7‘|h|2 —szm |H|? +
1 1 ;
+ §u?in12+§u§|£|2+5M?TrI<I>i?+ (2.2)

1 B
+ 5 > MpAZAL + h.c. + trilinear terms,
k

where ¢ Tuns over all the scalar matter fields @, i, d°,L, &, #° and k -
over all gauge groups: SU(3)y, SU(3)c, SU(2)., U(l)y. At the cnergics
close to the Plank scale all the masses, as well as the gauge coupling, are
cmrespondmgly equal {this is true if the analytic kinetic function satisfies
fap ~ 8ag )[11], but at low cnergies they have different values depending on
the corresponding renormgroup equation (RGE). The squares of some masses

may be negative, which permits the spontancous gauge symmetry breaking
(like in Ref.[11]).

2.3. The spontaneous breaking of SUSY SU(3)gv
horizontal gauge symmetry.

Since the expected scale of the horizontal symmetry breaking is sufficiently
large; My >> Mgw , My >> Mspsy (where Mgy is the scale of the
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electroweak symmetry breaking, and Mgy sy is the value of the splitting into
ordinary particles and their superpartners), it is reasonable to search for the
SUSY-preserving stationary vacuum solutions.

Let us construct the gauge invariant superpotential P of Lagrangian (2.1).
With the fields given in Table 1, the most general superpotential will have
the form '

1, ., 1 . . e
P = 3Tr(®%) + ZMTr(8) | + [ nde + Mg | +2Tr(hd i) +
+ AQHd + MLHe + AsQhut + ( Majorana terms »¢ ). (2.3)

Table 1. The Matter and Higgs Superfields with their Relative
SUB)u, SU(3)¢, SU(2), U(l)y and U(1)y Quantum Numbers

HCL Y Yy HCL Y Yy
Q|3 3 2 1/6 1)®&|8 1t 1 0 ¢
w3 3 1 -2/3 ~2/H|8 1 2 ~1/2 —1
13 31 1/3 0|h{8 1 2 1/2 1
Ld 12 -1/2 1 (€]3 11 0 -~-2
13 11 0 =23 11 0 4
'3 11 1 0

"The spontaneous breaking of the horizontal symmetry can be constructed
by different scenarios -both with intermediate scale, and without it:

(i) SUB) =5 SU@)g x U()y 2% completely breaking
(i)  SUB)y 25 U)y x Uy M8 cb, |
(i) SU3)y 25 U(1)y X% cb. (2.4)
(v)  SU(3)y 2% c.b. -
If we assume that the soft breaking mass parameters in formula (2.2)
should not be more than 0(1 TeV), then the soft breaking terms on the
scale My of the SU(3)yy intermediate breaking may be neglected, and it

is possible to go on working in the approximation of conserved SUSY. The
SUSY preserving stationary vacuum solutions are degeneraie in the models
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with global SUSY. In the construction of the stationary solutions, only the
following contributions of the scalar potential are taken into account:

Vv

CIRP+ 2D = Ve +Vp 20 (2.5)

OPF

ol 2 _ |8PF 2 app_r +I6PF 2

BFgel T ‘8F£,. oF,

where Vp = z] (2.6)

The case < V >= 0 of supersymmetric vacuum can be realized within
different gauge scenarios (2.4). By switching on the SUGRA, the vanishing
scalar potential is no more required to comserve supersymmetry with the
necessity. Hence, different gauge breaking scenarios (2.4) do not result in
obligatory vacuum degeneracy, as in the case of the global SUSY version.
Let us write down each of the terms of formula (2.6):

7

1 1
Pr(®,6,m) = do| 7o U9 4+ 0 ORHEC + | M0%O ]F +
+ M m (T € + Mni€’ )+ (2.7)

+ o e peghis 4 S hoatpsed | +he

TRl T A

The contribution of D-terms into the scalar poi;ential will be :

Vy = gﬁ;]n"'T“ﬂ —§+TB§+1"/2 f“bc(I)"(D°++z'/2 fulgchbhc+ +i/2 fabchHc+|2 '
+ gEhtrif2 hy+ HYe 2 HP 4 (¢)*1/2 h*h— 172 HYH)? (2.8)

The SUSY-preserving condition for scalar potential {2.5} is determined by the
flat F;— and D° directions: < F; >o=< D® >¢= 0. It is possible to remove
the degencracy of the supersymmetric vacuum solutions taking into account
the interaction with supergravity, which was endeavored in SUSY GUT’s, e.g.
in the SU(5) one[12] (SU(5) — SU(5), SU(4) xU(1), SU(3) x SU(2)xU(1)).

The horizontal symmetry spontaneous breaking to the intermediate sub-
groups in the first three cases of (2.4) can be realized, using the scalar com-
ponents of the chiral complex superfields ®, which are singlet under the
standard gauge group. The ®-superfield transforms as the adjoint repre-
sentation of SU(3);. The intermediate scale My can be sufficiently large:
My > 10° -~ 10%GeV.

The complete breaking of the remnant symmetry group Vi on the scale
Mg will be occurred due to the nonvanishing VEV’s of the scalars from the
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chiral superfields 7(3g) and £(34). Again, the V,,;, corresponds to the flat
directions: < Fy¢ >g= 0. The version (iv) corresponds to the minimum of
the scalar potential in the case when < ® >o= 0.

As for the electroweak breaking, it is due to the VEV’s of the felds k and
H, providing masses for quarks and leptons. Note that VEV’s of the fields h
and H must be of the order of My as they determine the quark and lepton
mass matrices. On the other hand, the masses ¢f physical Higgs fields h and
H, which mix the generaticns, must be some orders higher than My, so as
not to contradict the experimental restrictions on FCNC. As a careful search
for the Higgs potential shows, this is the picture that can be attained.

3. The intermediate horizontal symmetry
breaking

As was noted in the previous Section, the spontaneous horizontal gauge
symmetry breaking takes place when the fields ¢, 5 and £ get nonvanishing
VEVs. We are interested in the possibility of realizing the structure, when
some of the horizontal gauge bosons (and the corresponding gaugines) may
have relatively small masses (Mg ~ 1—-10TeV) [13]. Our consideration of the
family symmetry breaking will be done in two steps. To this end, we look for
the SUSY stationary vacuum solutions, such that < @ >4 < 5 >g, < £ >y.
So, the degeneracy of the corresponding H-gauge bosons is assumed near one
or two scales. The complete breaking of the SU(3) group corresponds to
the "condensation” of all eight bosons near the My scale. For intermediate
SU(3) g breakings, some of the gauge massive superfields will have the masses
around the scale M;, while the other superfields from the remnant symmetry
group will be condensed on the scale My(My << M;). We will analyze
several subgroups of SU(3)y and check if the low scale My is consistent with
- the experimental data for these models. Such an analysis will allow us to
get a deeper insight into the dynamics of horizontal forces and investigate
the effects of their compensation, especially in pure leptonic and pure quark
processes. At first stage, due to the nonvanishing VEV of ®, the horizontal
symmetry group breaks down to some subgroup V satisfying [V, < ® >¢] = 0.
At the second stage, the remnant group V will be broken completely, as fields
71 and & will acquire nonzero VEVs. Let us consider several cases of this
breaking.

Case (i): V = SU(2) xU(1). As has already been mentioned, in the gauge
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model with the global SUSY stationary supersymmetry conserving vacuum
solutions are degenerate: V,;, = 0. Let us recall that the superinvariance
condition for the model on the scale M 1 requires the existence of flat D°—
and Fg— directions: < D" >y = < F§ >, =0 (¢ = 1,2,3,8). Equations
(2.6-2.8) give the following form of these constraints:

1/2 d(B388 — ®3B8) + M;®S = 0
(< Fy >p= 0) (31)
d®eprpl + M;®% =0

ifee@bet =0 (< D* >¢=0), (3.2)

where $ = &% 4 ¢33 , d®° and f° are the SU(3) structure constants.
From equations (3.1} and (3.2) it is easy to verify that the SUSY SU(3)x
group can be broken down to the SUSY SU(2)y x U(1)y if, for example, the
8-th component of the field ® acquires a nonvanishing VEV:

V3as  V/3My
. 2 2

In this case of the gauge symmetry breaking the supersymmetry con-
servation allows to describe the mass spectrum of new massive N = 1 su-
permultiplets in a rather simply way. We start with eight vector massless
superfields Vi(1, 1/2) (4 x 8" = 32 degrees of freedom) and eight chiral
massless superfields $°(1/2 ; 0, 0) (4 x 8% = 32 degrees of freedom). As a
result of the super-Higgs effect, we get four massive vector supermultiplets
(1, %) + (% , 04+0)={1, %+% » D) massive With 8 x 4% = 32 degrees of
freedom and with the same universal mass. The formula for the gauge boson
mass is

8
< Q% >g=

(3.3)

(MM = 1/2 gl P f¥af = 3/8 ghafs™
a.b = 4,5,6,7 or (3.4)
Missn = 38 g5M;, Miyss=0

The mass term of A-gauginos is expressed as follows:

Ly = 1/V2 guf¥p)as = f?— Milggh® — iX! + 9T — pj)]
— M 3/4 (bgipy + U5vE + V30 — 1/3 ¥3Y5) + ke (3.5)

14



So the gauginos M, A% A%, A7 combining Wlth fermions ¥§,43; ¥§, v} give
the Dirac gaugings with the masses-M = £gHM 1. Four real scalar states
from the supermultiplets $+56.7 transform mto the longitudinal components

- of four corresponding massive vector bosons, while the remaining four scalar
states contribute to four massive N =1 supermultipets (1, 3+% s Dmassive-
There are also four massless vector superfields 1 (16 degrees of freedom)
and four massive chiral superfields (93, ®*} (e = 1,2,3,8) at this stage of
breaking. So, due to the super-Higgs mechanism of SUSY breaking four
massless vector superfields have absorbed four massless chiral superfields and
formed four massive vector superfields. The chiral superfields ®%5%7 play the
role of Higgs superfields and they all have been absorbed completely.

At the second stage of the SU(2)y x U(l)y gauge symmetry breaking
with a simulianeous supersymmetry conservation, one can use the chiral
superfields 7,,{, with equal VEV's: <>y = <€, >, = 8y (i, =
1,2,3,). As a result of this breaking, four massive vector supermultlplets
V&z 38(1 ) 2 +1 5 » 0) acquire the universal mass M% = 2g%7%. A detailed
analysis shows that the Majorana higgsinos from the supermultiplets 54, &y
participate in the formation of four Dirac gauginos, whose ﬁppér components
are A A% A% and X%, The degenerate mass of these Dirac gauginos will be

\/?_EQH”Y :

Ly

%'/_\/5 957{)\3{(’711 — &)= (2~ €D+ 1/V3 Xl - &) +
+ (m2 ~ &) — 2(ns3 — &)1 + X [(ex = £1) + (mz — £1)]
X[z + &) + (m + DI} + hee 69

It is easy now to rewrite the Lagrangian of the interactions in terms of physical
states (remembering that for the matter fields Ymi = Uijtho; and Ay =
U,, A,;, where A denotes the scalar partner of ¢~ ferrmons) The gauge boson
interactions with matter fields have the form: .

+’Ys

c=gpHt { bUTUf Yu+ P Unl*Uf -

+ (u— d,l,v)} (3.7)

Let us consider now the gaugino interactions. The initial Lagra.ngiaﬁ has the
form: - :

L =iggV2ATTENY; —he) a=1,2,38 (3.8)
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Counsider only the interaction between left "up” quarks, left "up” squarks and
gauginos. The generalization of this Lagrangian to all leptons and quarks
will be obtained by simply adding similar terms to ug, d, dg, v, I and I5.
Expression (33.8) for "up” quarks looks like:

f

R U 0 i

€= iga(A 45, 45,1 X X1 0 || |+he=
0 - 0 ey L AKZ

= —gn[AnTa(AuU} 222 ) he (3.9)

where A;; = ff!'jAujL y G4y, b=1, 2, 3.

Case (ii). To realize this version of the intermediate SU(3)y symmetry
breaking, one has to use the pair of the chiral superfields &, ® with different
U(1)r quantum numbers. Then one easily verifies that the stationary super-
symimetric vacuum solutions will be realized in accordance with equations

(2.6-2.8). These solutions will look like

< sg=<®>= -VBM, <&>,= 2/3M (3.10)

When these fields are applied simultaneously with the above VEVs (3.10),
the following gauge boson mass spectrum is obtained: My, = My, = 3v2M;,
My, = My, = My, = Mg, = 3M;, Mg, = My, = 0. The remnant group
in this case is the SUSY U(1)g, x U(1)g, - group. As one would expect, the
rank of the group did not change, whereas the remnant group was broken
by the chiral superfields 7, £ on the scale My. Here it makes no difficulty
to get the mass degeneracy of the superfields V3 and Vi conserving SUSY
while doing this. Again, the super-Higgs mechanism is applied leading to
the formation of the massive superfields with the universal mass M. In this
connection, a rather simple way be proposed to estimate the bound on My
from the comparison with the data on rare processes.

And, finally, consider case (iii) when V' =.U(1)r,. We confine ourselves to
the case when the scalar components of the complex chiral superfield ® have
the nonzero VEVs: < @] >, #0, <®¥ >, £0,<d >, #0, <d} >, #
0.

Although this choice of VEV’s fulfils the equations for the flat Fy direc-
tions with the solutions < ®% >, = —/3M;, < &} >3+< ®? >§—< o3 >§ =
9M? , this solution does not determine the vacuum of the theory as might
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be expected. The corresponding solutions for D2 are incompatible with the
Fy-flat solutions. As in the previous case (ii), in order to overcome this dif.
ficulty one has to introduce a new Higgs superfield to compensate for the
nonvanishing contributions of D-terms to the scalar potential of the theory.
This compensation requires a specific choice of the vacuum expectations for
the second Higgs superfield ¢, In this case, only one vector supermultiplet
Vj is left on the intermediate scale. ‘

The above examples are enough to research further into the regularity
of the behavior of the violation scale My by comparing model predictions
with experiment. Here we just note that the SUSY stationary solutions with
CP violation in the horizontal sector are available both for the scales M;
and My. Indeed, for instance, in case (iii) the CP violation occurs on the
scale M. Another supersymmetric vacuum, < %3 >0 = —V3M;, < o} >g+
< ®? >g + < ¥} >§ = 9M7} , corresponding to the intermediate syminetry
group SU(2)y x U(1)y , results in the CP violation in the neutral K-meson
decays due to only horizontally acting forces on the scale My. In the last
case, in the electroweak sector of CP violation one may have 8z = 0. That
is the very case outlined in our introduction,

4. The role of horizontal interactions with
intermediate symmetry breaking scale in rare
processes

Let us analyze the contribution of horizontal interactions to rare process-
es. We will consider first the oscillations of K°, B} and BY mesons. The
experimental data on K° «— K?® oscillations are as follows:

(G < ()., < 70 “

The theoretical expression for the m(K;) — m(Ks) = Amg mass difference
is given by the equation: ' '

2
a5 7 1 1 1

- 3B o (4.2)
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where C} = ¥, (DT D)9y (DTD)yy, €% being a unitary cocfficient show-

ing the contributions of the Feynman diagrams with the exchange of the

horizontal bosons from the considered gauge groups. The symbal ”7” denotes

that the sum is over the definite set of indexes "a”, but it should be not-..
ed that the sum over the complete set { a=1,2,...8 ) is equal to zero. "D is

the orthogonal matrix diagonalizing the Fritzsch-like mass matrix for ” down”

quarks, R{p and Rf;; are one-particle contributions to the vector and axial

currents calculated in Ref. [17]; Rf, and Rfp are one-particle contributions

to the scalar and pseudoscalar currents, their calculation is analogous.

From formula (4.2), using the experimental data and the values for oy =
g/ = 1.9-107% on the scale My [11],13], one can obtain the lower limits
on the light H-boson masses . These values are given in Table 2 together
with the CY% values.

Analogous expressions can be obtained for the By and B, mesons.
The mixing clements for By and B, mesons are as follows: €Y , =
z:] (DTGD+)31(DT'ID+)31 and C%. = z;(DTaD+)32(DTuD+)32. Their val-
ues are given in Table 2. Using the H-boson mass limits from Table 2 and
the value fp, = 150 MeV, one can calculate the By meson mass difference
(see Table 2). The one-particle contribution (R;} to the By (and B;) meson
amplitudes is unknown. But, assuming that it is not much greater than the
vacuum contribution, one can see that the Ampg,/mp, values given in Table
2 are very close to those obtained from ARGUS [18] {except for case (ii)):

Ade Ade . —13
— — = (0. 0.14) x 1 4.3
( mp, )H < ( mg, )ezp (0 3+ ) x 10 ( )

Table 2. The, My, C%,C3,,C%, Amp,/mpg, and Amy [Amp,
Values for Different Models.

| Models cL My (TeV) | c3, ] amiBs) | ames)
SU(Du x U1y 38x10-8 8+9 1L5x 1077 | (1.1+0.8)x 10-3k | 15.7
U(Dan x U(Den 1.6x 1072 170 +195 [ 15 x 1073 | (2.3 +1.8) % 10~k | 16.2
U(Llsx 2.8 x 10-° 7+8 111072 | (1+08)x 10-% | 157
SUR)y < {1075+ 10-%) | O(1 TeV) - - -

k=(Rip+ 1/2) , gu~gew .
Let us calculate now the relative mass difference of mesons By and B,.
Assuming that fp, &~ fg,, one obtains the values given in Table 2. So the
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oscillations of B, mesons in such models must be stronger than those of By
mesons. Let us consider now the decay ¢ — 3e. The branching ratio of this
process will be

gk mW
B(p — 3e) = 12 == 7 M [C'(UM)I2 (4.4)
where C,y = T, (LT°L¥)n(LT*L¥)u = T, L5, L5); L- is the orthogonal
matrix diagonalizing the real Fritzsch- like mass matrix for *down” leptons.
Using the experimental value [19] B(p — 3¢) < 107'2, it is easy to obtain
the limits for the horizontal boson masses:

(i) Mg > 75TeV - (ii) My > 28.0 TeV
(ii)) My > 48TeV (i) Mg > O(1 TeV) (4.5)

Let us turn next to the process of the muon-to-electron conversion in the
presence of a nucleus. The branching ratio of this process for the nucleus
with equal numbers of protons and neutrons and large Z is {10]:

T{(uN — eN) — 432 |z, L, [Us " + Dyl My gir (4.6)
T(uN — vN) 1/4 (1+343) M} oy

In eq.(4.6), L3,,U], and Df, are the mixing elements for leptons, up- and
down-guarks. Using the recent experimental value for the p to e conversion :
T(gN — eN) < I'(uN — »N) x 5-107'2 [20}, from eq. (4.6) one can obtain
the limits for the horizontal gauge bosons masses:

(i) My > 60.4 +97.4TeV. (i) My > 59.9+64.2 TeV
(i) My > 105 +1137eV (i) My > 62.8+1243TeV (4.7)

In these estimates we have used that L is an orthogonal matrix diago-
nalizing the real Fritzsch-like leptons mass matrix, and DI/ are unitary
matrices diagonalizing the complex Fritzsch-like quark mass matrices. So,
the limits for the horizontal gauge boson masses depend on the condi-
tions for the complex phases. We chose for the phases to be: ay — a4 =
(ot~ ) — (@ — ) Ty — g = (@~ 1) — (au ) 0 (500 Appendi
72)1 ay — 3, =0, %, _‘:{'} Qg — Yu = 0, %a at, B, m=0.

If we consider another choice for the forms of the quark and lepton mass
matrices, for instance, the "improved” Fritzsch ansatz like Matumoto [7c]|
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(see Section 6), the corresponding estimates will do not change much (except
for U(1)s)

(i) My > 59.2TeV (i) My 65.2TeV
(i) Mg > 2.7TeV  (iv) My > 59.2TeV (4.8)

This fact can easily be explained by the coincidence of the values of the mass
matrix element (My)19 in these two ansatzes and its dominant role in the
definition of the V,,-CKM matrix element,

From another very important quark-lepton rare decay K+ — atute,
whose partial width is now experimentally estimated as

Br(K* — rtp*e”) < 2.1 x 107, BNL — ET77, (4.9)

the constraints on Mp, are also rather large (except in (iii)):

f

My, > gi/gw x 35TeV, (4.10)

Let us’ compare it with the bounds on the pure quark or lepton rare pro-
- cesses. For the U(1)s group, the correspondmg hound on the scale Mp, is
approximately some TeVs..

Finally, let us consider the decay # — evy. The one- loop contribution
with the H-boson exchange is suppressed against the u — 3e decay: T'(p —
e7) € I'{ — 3e). So, the major contribution to the g — ey decay width
will come from the one-loop diagram with the exchange of horizontal gauginos
and scalar charged leptons. The branching ratio of this decay is :

4872 :
B — ey) = W F? (4.11)

where F? is given in ref.[21]. Using the experimental value [22]: B(p —
ey} < 4.9-107", one can easily obtain the bounds on the gaugine masses:

(i) My 058 TeV (i) My > 0.25 TeV
(i) My > 031TeV  (iv) My > O(100GeV)  (4.12)

where the scalar lepton mass is 80 GeV.
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- 'To conclude, let us note that the analysis of the supersymmetric horizontal
model shows that in several schemes of H-symmetry breaking (cases (i),
(iii) and (iv)) the limits for the lower bounds of some H-bosons from the
experimental results on the amplitudes of pure quark and pure leptonic rare
processes (JAH| # 0) can be relatively low (<10TeV). In this case the
contribution of H-interaction to BY meson oscillations may turn out to be
the major contribution and explain, in principle, the experimental value of
the BY, — BY, mass difference. However, similar bounds on M w, derived from
some quark-lepton rare reactions (|AH | = 0), may turn out to be much more
than the above estimates, except for case (jii).

Really, we should look closer at this situation : in particular, we should
clear up whether our understanding of the origin of quark and lepton gen-
erations is correct in that hiere we see one and the same quark and lepton
mixing mechanism in operation. Indeed, by now no reliable evidences to the
lepton mixing have been obtained. It’s natural to think that the problem of
the nature of mixings ascends to the main question of the SM, i.e. the origin
of quark and lepton masses. So we state that we know nothing about how the
mixings of quark and lepton families are correlated and can only hypothesize
it.

Before considering a particular model of such a nontrivial correlation and
discussing some of its consequences for the breaking scale of the horizontal
gauge interaction My, we have to investigate the breaking of the SU(3),y-
model without the intermediate scale Mpy,, trying to connect the splitting
of its global breaking scale My, with known heavy quark masses. This will
cnable us to get more information about the 8-gauge boson masses and make
our estimates more predictive.

5. The SUSY SU(3)gy gauge model with
(34+1) generations. |

5.1. The SU(3)gy-singlet 4th generation.

~ The requirements for tlie model or, more exactly, its superpotential,
should match the "dppropriate” form of the CKM mixing matrix for charged
electroweak currents following from experimental observations. To have a
more detailed and accurate information on the amplitudes of rare processes
due to horizontal interactions, we are to penetrate into the mechanism of
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constructing the mixing matrices both for "up”-quarks (U-matrix), and for
"down”-quarks (D-matrix), since their elements must e observable quanti-
ties. For definiteness we choose the Fritzsch sclieme. So far, the "direct”
measurcments of the matrix elements Vi , Vis , Voo, Vs, Vi, Vi be-
longing to the CKM matrix,- all found directly from the hadron decays with
the b-, ¢, s-, d-quarks already ohserved,- have not contradicted explicitly
the Fritzsch scheme, even if the conventional ratios of the "running” quark
ASSCS

mg/m, = 0.051 £6.004 , m,/m, =0.0038 £0.0012 ,
mefmy =0.033 £0011 . mu(p = 1GeV) = 1.35 + 0.05
and  m™ o 0.6m, (M = 1GeV) (5.1)

were used. Note, in the standard scheme with three generations the exper-
imental limitation Ve = 0,040 £ 0,05 yields the prediction for the t-quark
mass. whose value must lie near the lower experimental hound m, > 890GV |
at the 95% confidence level. Thus, for my/nr, > 0,022 and |17,] < 0,051 we
obtain that mf" < 90 GeV.

m m, ‘
|_.: > | = — |Vl , (5.
my my,

Following Ref.]14], in order to realize the Fritzsch scheme, we introduce
another 4th generation, singlet under the SU(3)y—synunetry. Tt is easy to
show that such an extension makes it possible to lower the upper bound
. of the t-quark mass. So, to conclude finally on the validity of the Fritzsch
approach, further "direct” and more accurate measurcinents of the matrix
elements of the CKM matrix, as well as the scarch for t-quark itsclf. .re
required.  Note, limitations on the CKM mixing matrix clements deri o
from the indirect measurements may depend on the contributions from =
Liypothetical interactions, which is the prime goal of our investigation. Thes.
limitations are obtained from the amplitudes of rare processes going on at
the one-loop level {(and higher) and involving the excliange of the virtual t-
quark, whose amplitudes are dependent on the eleents Vg, Vi, of the CKM
matrix. There apparently may exist other schemes explaining the observed
hicrarchics of quark masses, ¢.g., the models with additional massive quarks
and leptons (U; , D) (E7 , EY) in cach generation.

o
[
—
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To understand clearly whether the dynamics of rare K-meson decays, as
well as CP-violation in K% meson decays and the mass difference Am(B,)
saturation observed experimentally are completely described by the Standard
Model, it might be helpful to find the matrix element |Vy4| of the CKM
matrix from ”direct” experiments. The first thing to be done is to discover
the t-quark and study its decays. Then, proceeding from the solution of
the "unitary” triangle (1-V} — SiaVes + Vig- 1 = 0) in the Standard Model
with 3 generations, formed in the complex plane by the matrix elements
V5, Sz, Vi, Vig, one could determine the phase 613. This, in turn, would
allow one to understand whether the vertex resulting from the intersection of
the sides V, and V}} makes the domain satisfying the limitations for the CP-
violating parameter eg and the B} « B} mixing. Otherwise ( if the vertex
is beyond this domain) this would mean that new physics is in operation.
beyond the SM scale.

Since the direct measurements of the value.of Viy are a matter of future, it
might be interesting to discuss how it may be defined in a model dependent
way. To make our consideration consistent, we will define this element in
the Fritzsch scheme introducing an additional 4th generation. The compar-
ison of direct experimental measurements of the elements V,q , Vis , Vi ,
Ved , Voo , Vo with their descriptidn within the Fritzsch scheme demonstrated -
the possibility of an unambiguous choice of the phase parameters a4 — @y =
/2, cos{ag—&s) ~ 0.07+-0.17, sin{ap—dap) < 0.2 ,sin{ac—ac) < 0.2.
Using the set of phases, one can obtain some limitations on the t , t’-, b’-quark
masses from the experimental estimate of Vy :

o |1 [Ty ,
[Val = | s \Jmt(l my/my )

MMy
mgmrrme

~ Gy

(5.3)

Relationship (5.3) makes the upper possible bound on the t-quark mass high-
er, provided the b’-quark is not very heavy: mf,’.h ¥ <60 <80 GeV , and the
masses of t’- and t-quarks do not differ much: e.g., if m,/m, = 0.022,
Vip 2 0.045 , then mI™ = 100 GeV , mE™* = 120 GeV. Accordingly, with
the given set of phases the following useful expressions are written for V,,
and Vi :

, mums mumc
Vol [ (T2t )

My merty
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mym Ty
RNy My Ty

(1 - my/my ), :

mymg mdm,
Vidl 2 | i o — [
(1= mi/mi ) (T + my/mye )

(5.4)

Mg, My Ry

FIL, 770 KL (s T 30

0+ myfmy )I | | (5.5)

As a result, the value of |V, tends to its lower limit, ie., |Vy| < 41073,
Similarly, very small values arc possible for Via, e.g., for the considered range
of the t , t™-, '-quark masses |Vjg| < 3-1073. If this value is used in.the
Fritzsch scheme, it may well be that |e|r. << ek lezp,

To construct the u- and d-quark mixing matrices and exclude from the
super-potential some undesirable couplings , we use a new U(1)-symmetry
for the scheme with (341) generations (see Table 3). Table 3 presents the
quark and lepton quantum numbers for the following 2 cases:

_Table 3a

HCL Y Yg HCL Y Y
Q132 /6 1|v|3 12 1/9 -1
i1 3 1 -2/3 0{¥%|3 12 —1/2 1
¥elt 31 1/3 20Xx113 1 2 1/2 -1
L1 12 -1/2 1|X|3 12 -1/2 1
11 11 1 0le|1l 12 172 —1
U111 0 2k |1 1 2 —1/2 1
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HCL Y v

ij3 12 1/2 -1

HCL Y Yy||Ya]3 1 2 —-1/2 1

11 31 23 1{[x]3 11 0o @1
Table3b|¢e |1 3 1 —2/3 0 ||X,]3 1 1 0 -1
'b’01311/3—2511110—1
b'[1 3 1 —-1/3 1 |xef{1 1 1 0 1
X311 0 1

X311 0 -1

A. The quarks of the 4th generation are transformed according to the
doublet representation of the SU(2);-group.

B. These quarks are SU(2),—singlet. As follows from the experiments
on e*e” ~annihilation carried out at LEP, the experimental number of the
generations is Ng = 3. In case A, this number sets the lower bound on
quark and lepton masses, ¢.g., 24 m, > 41G¢V, and in case B there is still a
possibility of the existence of light neutrino, of the 4-th generation. Remember
that the bound on the number of generations obtained from cosinology Is
N, < 3.8. The additional terms occurring in superpotential (2.2) have the
following form:

Py = MOV + Q' X1t + MOVl 4
+ M@Kt 4 M@ kgl + Xy Q' Xopd®
Pp = QY11 + MQYob" + Agt' X u® + Aol Xod™ +
+ ARt Mgl g + N X S 4 X # X (5.6)

5.2.  Local H-symmetry breaking and gauge boson
masses.

We assume that when the SU{3)y—gauge symmetry of quark- lepton
generations is violated, all the 8 gauge bosons acquire in the eigenspectrwn
of horizontal interactions the same mass equal to Mpg,. The such break-
ing is not difficult to get by, say, introducing the Higgs ficlds transforming
in accordance with the triplet representation of the SU(3)y group. These
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fields are singlet under the Standard Model symmetries : {(z € (3,1,1,0)
andzE(Sl,l,U) —m>g 5mV < zf >0—45V,,2a'=123
where V = Mp,). The degeneracy in the masses of 8 gauge horizontal vec-
tor bosons is eliminated by using the VEV’s of the Higgs ficlds violating the
clectroweak symmetry and determining the mass matrix of u- and d- quarks
(leptons). Thus, in case A the set of the Higgs fields from Table 3, with
H(8, 2, =1/2, -1}, Ya(3, 2, —1/2, 1), X2(3, 2, —1/2, =1), sa(1, 2, —1/2,
violates the SU(2) x U(1) symmetry a.nd determines the mass matrix of d-
quarks. Similarly, another set: &, Y1, X1, &1, also violates the electrowcak
symmetry and determines the mass matrix for u-quarks. On the other hand,
in order to calculate the splitting between the ‘masses of horizontal gauge
hosons, one has to take into account the VEV's of these two sets of the Higgs
fields. The introduction into the model of a great number of the Higgs fields
(H, h (8,2) and Y, X (3,2)), transforming nontrivially under to the horizon-
tal SU(3)y and electroweak SU(2),, symmetries, may cause two difficulties .
The first is a possible mixing between the horizontal Higgs Hy and neutral Z-
vector bosons. To avoid it, write down the covariant derwatwes of the Higgs
fields H(8,2) and Y2(3,2) (the brackets conta.m the SU(3)y — and SU(2),
quantum numbcrs)

- 8 z2
Tr|< DH>? = 2[%Z#Z#<H" >?

2
+ U pote gL < B >< HY 5] (5.7)
|<DYa> P = —l <Yy>|? Lq;;[H4P+ +H5,, +H:, + 4/3 HE)
+ _223+4 Hgi;Cﬁ—l—QggH( _2/\/—— )ng i
+ 4ggu(Z,C)Y — 4/3 YugnguHs,C) (5.8)

In formula (5.8), C,, corresponds to the U(1)y—gauge degree of freedom.
As has already been mentioned, the U(1)y group may be used to prohibit
in superpotential (5.6) the constraints not needed for the construction of the
nass matrix. This group can be chosen to be local and have a large violation
scale, (Myqy, >> Msg),). It would also be interesting to consider the
intrinsic U{1)z—symmetry of the N=1 SUSY model as U(1)y , In which
case it becomes a global group. By analogy with Eqs.(5.7) and (5.8), the

1},

contributions to the mass matrix Hj; , Z, are written for all the Higgs fields -

listed in Tables 3a and 3b. As follows from expression (5 7), the vacuum
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expectations of the Higgs fields. transforming in the regular representation,
do not lead to any mixings between the horizontal and Zi—gauge fields.
After the summation of the contributions from the vacuum expectations of
the Higgs ficlds. the equality | < ¥i(3,2) > |2 = < X(3.2) > |® may lead
to cancellation of the ters 25g4( —‘7/\/_ e, Z,. As a 105111t there will
e no mixing between the horizontal and Zy=gauge fiekds, either. Another
possible difficulty is that, on the one hand. the vacnum expectations of two
sets of the Higgs ficlds, transforming in representations (8.2) and (3,2) of
the SU(3)y and SU(2) groups, saturate the masses of t- and t- |, b'- quarks
but, on the other hand, they contrilwute to the masses of Z, (IVi —hosons.
Pnttmg together the contributions from the nonzero vacium expectations of
the above sets of the Higes ficlds, we obtain some limitations on the masses
of heavy qua,rks versus the values of the Yukawa constants, Thus, for cases
A and B we have :

-9 432 2 2 2 2
2 g '”lr[ + 'Bd "lu + Bu C Cu
M= 7 Mot ot ,\6 ta T
c; ¢ pr o D i}
+ = + == — + L ({).0
M PRttty ’
P+ B A24BE ) cff .

The parameters Agy , By, s Cau 5 Dau were already givcn in Appendix
7.2 and 72 = g2 4+ g%, As the analysis of these relations show the possible
noncontradictory mass ranges for t-, t'™-, b-quarks are: mep € (90150 Gl L8]
and mp € (60 + 100 GeV). Note that relationship (3.10) suggests that the
chojce of the 4th generation with SU(2)-singlet cuiarks allows greater values
for t , t” , b’-quark masses . This sct of t-, t-, b’-quark masses will he
used lator on in the analysis of the mass differences hetween long- and short-
living meson states Amyg , Am By » Amyp, and in the estimations of the
CP-violation parameters.

Now we can come to constructing the houzontal gange hoson mass matrix
M2 (a,b=1,2,..8):

(M7 )ap = ME Sa + (AXD) + (AN, (5.11)

Here (AM3),5 and (AAL2),, allow” for the coutributions from the vacuum
expectations of only those Higgs bosons tlat were used to construct the
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Fritzsch mass matrix for d- (u-) quarks. As it turned out in our case, each
of the (8 x 8)—dimensional mass matrices (AM?)4 and (AM2),; are broken
imto two (4 x 4)—dimensional matrices: .

AMdp q=a,b=1,2,6,7 = J‘AQ X dmg(() 0, 1, 1)

S R — e — (1 + 3wawr)  —L(euier — Bpatos)
~19 el tel)  —ilewe = 3pipr) —Heapr + Boive)
—3 (1996 + Biparpr) —3le2pe — Brin) He? + ol + o —_ﬁ‘ﬂsfpv
— w1 - 3erws)  —Hwowr + 1) —weer . Helteh)+ ¢l

‘# 2 2
AMﬁr,s:a,b:4,5,3,8 = %A® x diag(1,1,0, %) + Ut

Lot + ek + 93+ 3 0 Howws —waor)  Llipr — pr5)
0 P+l +ai+ed)  Hppr+ o) —L(opr + vupes)
e1ps — wapr) Howprtwaps)  @lred+ Mokt el B+ od)
Blorpr—erps)  —L(0100 + parps) ~¥3(? + p2) w2 + ol

Ht_are Az {tpl‘—’iq)g) = Ay e~ o4 , Ag ((pﬁ—i (,97) = Bd.eiiaﬂ, Al (Al‘*i Ag) =
Cae™™c. After substituting As (@1 — i¢2) = Aye™, As(@s — 197) =
Bye %8, Mg (A;—iAy) = C, e the matrix (AM2),; takes a similar form.

Under the condition that /s = @/@s and ¢gfpr = @g/pr the
matrices (M%), and (M2),, (p,q = a,b = 1,2,6,7) are diagonalized via the
same orthegonal transformations[14]. Note, that the largest value of the mass
splitting between herizontal gauge bosons is proportional to ~ %lemtmt and
this splitting is not complete. So, write down some rough equalities between
the masses of horizontal gauge bosons:

2 2 oag2 o g2 gﬁlmm,my 1 :
AJ}[I%MHZNMHENMHD [ ‘-C—Ln_;‘ Fmsmb]+...
. - i, 3
J 1
AP W S Ve R 5 SR U '
My, = My, ~ My, ~ Mg ~ Mg + [)\ ™My -+ A—al—umamb'} + ..
2 9 QH 1
My, ~ Mg + *[Tmcmu + ] 4
3 Mg 3,10
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Probably, to achieve a more accurate definition of the gauge boson mass
splitting within this approach, one should also take into account radiative
mass corrections due to scalar quark, or scalar lepton exchange in the one-
loop diagrams. We hope to do so in the our next publications. The exact
knowledge of this mass spectrum would be very important to do more accu-
rate estimates of the universal scale M 1, of the horizontal gauge symmetry
breaking. derived from the amplitudes of pure lepton, or pure quark rare
processes. Note. when the quantum number of (Q — L)- gencration is not
changed. the amplitudes of rare processes do not depend on the splitting
value.

5.3, The analysis of phenomenological parameters
and estimation of M.

Within the SUSY SU(3), version of horizontal intoractions, it is inter-
estne to study the following rare pmccsscs

a) pure quark processes:. A% = K9 BY — BY | B » B¢ osc1lla.tmns and
CP-violating effects in K-. B-, D-meson decays;

b) quark-lepton processes: K% — gEpted {1 — e)—conversion on nuclei,
K — 7%e, K% — atyu;, ete;.

¢) purcly lepton processes: p — ey, g — 3e, T — py , etc.

The wmixing of the nentral Z,—gauge boson and horizontal H;—bosons
will lead to rare Z,—oson decays followed by the violation of the quantum
nuwber of quark- 1(‘ptomc generations, cg (Z — pe, T, v iy «e). In this
subsection we will fnvestigate the most pronounced processes among those
mentioned above and specify the lower bound on the scale of hypothetical
horizontal interactions under study. Let us begin with studymg of the pro-
cesses of type (a). First, consider the contnbutlon to the value of the K9 K%
meson mass difference Amy = m(KV) — KY) , which is due to the tree
Feynman diagrams with the H; horuonta,l gauge boson exchanges. This in-
teraction is described by the 1elcv¢nt part of the SUSY SU(3)y—Ldgrangian
and has the form

_ A®
Ly= 91{%% ( DF,; 7 P;DT ) %Oabﬂﬁ ) (5-12)
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where

A? =
1

Here we have (a,b=1,2,....8). The matrix O, dctermines the relationship
between the bare, Hgﬂ, and physical, Hﬁ, gauge ficids and is caleulated for
the mass matrix (]\Iﬂ)ﬂf, diagonalized; g = (Va0 , Uy, 1 , Yp) 3 gp Is the
gauge coupling of the SU{3)y group.

After rather simple though cumbersome caleulations in the leading ap-
proximation, the expression for the K'Y — K meson mass difference takes tlhe
form: )

;me‘-] _ g [4 My MMy Nigm, Ty,
"

2 "
Y] ; - Ry {5.13
SR my (U me) © g K B (319

Lmy

Using the experimental bound for Amy /mye (4.1) and putting the values
of the quark masses: mg = 8 x 1073 GeV |, m. = 1.35 GeV mih =
100 GeV , my =5 GeV |, mI™ =130 GeV into formula (5.13), we obtaiy
the following estimate: My, & gy - 2.8TeV . Here we use the following value
[or the Yukawa constraints; Ay ~ O(1). Using the condition nyy = D, =
G3/4m 2 1.9 x 1072, we obtain the following scal¢ for the SU(3); violation:
Mp, > 14 TeV (My, > 4.2TeV, if X; ~ 0(0.1)). Constructing the model
for the H-gauge boson mass splitting and comparing with exproession (4.2}, we
get convinced that the value of the unitary compensation coefficient is very
small: Cy = (QQ?I/AE){mle/[ﬂ{f]n(l ~ myfmy) [ Hmgfing) ~ (107 = 1079)
(scc Tab.2). Let us note, that the similar compensation coefficient for (RO
L0)- oscillation in SM is also very small: (C"}l')k(,'[:\f ~ {rni/.\fﬁ,-)[lf’l ;I/E,;J-i".'z",-i"]*j].

To make our reasoning complete, we shonld also bring in the expressions
for Ampg, and Amy, . In the leading approximation we got: '

By, gir 1 my My NG 1 _
= sl : Ry, (5.14
[ mp, ]u 2]11(:,1,u [,\g m, (1 — m, ] m) ) )‘f ] fnd n, (5 )
Amyp, ~ O 1 M1y LTI L
v P vl bd ety ma Rl o ER U R
Thv L4 1.p 1 ¢ I 1 mj 5
= [RY + = SRYy = SRS 42— (5
Ry, [GRU + GRm-i- 3Rm glitp + o+ 3(7115_?_;?({)2] (5.10)
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Comparing formmlas (5.13) and (5.14), we arrive at the conclusion that
{(Amp, )i ~ 100(Amy )y , suggesting that the contribution from the hor-
1zontal interactions conld saturate the experimentally observed amplitude
of the mixing B « BY (xp, = AM/T = 067 + 0.10, Amp, =
(3.5 £ 0.8) x 107YGeV). Now consider the case of u- and d-quark states
when these states do not coincide: P, # Py. In the leading approximation,
the imaginary part of the transition amplitude Mjs( A — K®) takes the form

ImMp (KO — K%Y g% 1{

] r~ My 5In2(avg — &

mi 9.7 Y ) Ea (4~ &a)
my m,mim,

E@[Si]l(ﬂ% — Q4+ ap— &B) + Si]l(a’c - &C)]}f‘%Rh’

(5.17)

Puttitig into this expression, the values of the running quark masses choos-
ng As as A; ~ 0(1) , remembering that ac — &¢ ~ 0.2, ag —éag ~ 0.2,
ag ~ &y~ 7/2, and taking the experimental estimate to be ImM(K° —
K% = 2107 GeV , we obtain the limitation on the SU(3) horizontal symme-
try violation scale: M #, > 1,9 TeV. The choice of the angles: ¢ — ¢ < 0.2
s g —ap <02, aq — @y ~ /2 fits well the experimental "direct” mea-
surements of the CKM matrix elements Vg, Vi, Va , Vg, Ve, Vi of the
Fritzsch scheme.

Again, to make the reasoning complete, let us represent the expression
for the mass difference Amg = m(K}) — m(K3) in the case when P, # Py :

At 4 4 m m.m
[ K]H ~ o [ : o ‘3052(&3_&3) +

my My 3\? E(l — myfm})

-3 umc
Egi " m}\2 cos2{au — &a)| FERuc (5.18)
3

Now let us calculate the contribution from the horizontal gauge interac-
tions to the CP-violation parameter ¢4
|ImM12i

lex|er = oY

With the help of expression (5.17) one can easily obtain that

+

4

Gn mum mt . - .

EK —_ ! — sm Q4 — 04 + Qg — &
ler|r = 4MH° Ag P~ (1 By (@4 — &4 + ap - ap)
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f% R
\/‘i/_\m;{
(5.19)

T, T,

+ sin(ac - ao)i| + v

sin 2(og — (}A)|

Now, using the values of the previously. found phases and taking into
account that mg, > 1.9TeV | mP™ = 100 GeV , mf’.hys =130 GeV , onc can
easily sce that the CP-violation parameter |ex |y may lic near its experimental
value: |ex |y & |eklezp = 2-107% Note that, as is clear from expression (5.19),
in the case of P, = P there 15 no CP-violation in the horizontal sector.
Accordingly, in the Fritzsch scheme the CKM matrix (Oggy = U P,P;D")
becomes real and there is no CP-violation in the electroweak sector cither.
This is explained by the CP-violation mechanism which is determined by the
vacuum expectations of the Higgs fields with noniero quantum numbers in
both the electroweak and horizontal groups. The contributions from these
two interactions to the CP-violation effects may differ in their magnitude ,
and this difference may be estimated in the Fritzsch scheme if we use the
whole set of the experimental data available.

For the completeness of our reasoning, let us present the CP-violation
parameters of the (B} + BY) and (B? « BY) oscillations:

ImM,5(BS — BY) o gk 1 { ma  memy
mp, - 4M}1{0 /\g Mg (1 - m;/mt:)

my | mu,mim, . 9
2 rq S -
+ ) ; (1 — mt/my) '31n(0:c ()tc) }deRBd y

(5.20)

sin2(ag — @g)

Am(Bs) g {mdmb
ms, 2 \ A

1 my MYy

; x 2
32 (1 — s de .y COF - R 21
%y (1= mefrmy) 2@ = 1) } £, Ry (5:21)

ImMi(B? = BY) = % rmdy(BY s BY (5.22)
md

Am(B,) = ;”T:Am(‘Bd). (5.23)
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" Provided

p_yYMo=TE g4

= LI , (5.24)
¢ \Mp-T= (1-es)

and neglecting the values of |Rel'yy|, [TmT 12[, for the. CP-violating param-
eters $Im(p/q)y, we obtain that

1 P | ImMo(Ba )y - S
—x fm{= A 7 o $g2 — <030 2
5 % m(q)ﬂa,, ReMio(Bas)n 92(ap — ap) <0304, (5.25)

In this approach, we might also have two CP- viclating contributions from
electroweak and horizontal interactions to the amplitudes of B-meson decays.
The last fact might lead to a very interesting CP -violation asymmetry A (1)
for the decays of neutral BY - and BY - mesous to final hadron CP -eigenstates
[for example, to f = (J/UKY) or ( 77)

_AB - )

: p
At = Amg DNIm(+ , = ——7
(1) = sin (Amg, 1) (quI) Pr AB= )

In the standard model with the Kobayashi- Maskawa mechanism of CP-

vinlation, the time integrated asymmetry of BY- and BY- meson decays to the
J/UKD- final state is:

[

x sin 2¢, {5.26)

. T4
A(J/OEY) =~
where ¢3 = argViq is one of the angles: (¢, = 1,2, 3) of the unitarv triangtoe
{ Fig. 1). Let us compare this asymmetry with an analogous asymmetry of
the B® and B%decays to the (7t,%7) final state, the latter lreing known to
depend on the magnitude of V,;. Then:

Ld

Alrta Y= =
() 1+ 3

X sin 2¢s, (5.27)

where ¢'2 =T - ¢1 — (253 agd ¢1 = GJ‘gVJb = 513 ( (SK‘M = 4,?5} + ¢3)
For pure horizontal CP- violation mechanism these effects will coincide
for both BY- decays. If, as in our example, there are two sources of CP-
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violation, then it becomes still more problematic to distinguish between the
two contributions, and a more thorough analysis is needed.

As is clear from the analysis, in the given approach there is a mass region,
O(1TeV) < my, < O(10 TeV) , of horizontal gauge bosons, where the con-
tributions of new forces might be noticeable and cause intensive CP-violation
m By - meson decays.

For the ratio £ we obtain:
T4 H

Ts| _ (Amg,)n 15219 (5.28)
B (Amp,)y My

Eq

In the SM, for the Wolfenstein parameters p = {|Viy]/[VicVis|) cos iy
and 7 = ([Vis|/|VscVisl) sin 613 chosen so that p > 0 and p* + 77 ~ 1
(|Visl/iVee| = 0.11), this ratio becomes:

z Vis|* 1

suo VP T OM[(1- g ¥

il ~ 20 + 100. 5.29
md 7 (5.29)

Now let us consider in the given appioach a purely leptonic rare process
, for example, y = 3 e-decay:

9}1 Mﬁ/ 2
BT‘(,J, p— 36)H = 12@*—% = C(#), ) (530)
where
8 AM? ’
Clwy = 2. Mgab (LT*L*)gy (LT*L*)n {5.31}
: a,b=1 Hy

In formula (5.31), AM2 are the elements of the horizontal gauge boson
mass matrix , and L is the matrix diagonalizing the charge lepton mass
matrix.

In the Fritzsch ansatz the main contribution to expression (5.31) has the
following form:

(5.32)
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So, one has

4 gk ]lIW MmN
Br(p=>3c)== ) 5.33
= 30) = 5D G (™ (533)
At ™ = 100 GeV and m”hys = 130GV one can (d'-]ll) obtain the low
bound on fho gauge symimetry bwdl\mg
My, > AF—SIO Gel’ (5.34)
! Vg

6. The SUSY SU(3)yv-gauge model with 3
genierations.

~ For the case of Ny = 3 geueratious the large mass value expected for the
t- quark inspired the search for forms of quark mass matrix different from
Fritzsch ansatz. : _

In this Section we will confine owrselves to the consideration of two types
of Hermitian mass matrices and, going on with the previous analysis, -esti-
mate the local H- symmetry breaking scale. As the 1st approach, we consider
a somewhat modified Fritzsch ansatz for 3 gencrations, with nonzero antidi-
agonal mass matrix clements, and the upper bound on the t-quark from the
experimental data on the matrix element V, will be much larger. We will
uot study now the most gencral form of hermitian quark mass matrices of
the three families. 1t will be enough, and more useful, for us to consider
the specific forms of quark ansatzes which would fit well the CKM- mixing
mafrix elements with the experimental accuracy attainable today.

Another (democratic} ansatz is noteworthy for the possibility to single out
the t-quark rass value. And besides, within this approach the mass matrices
of the above form can, at least, be more correctly interpreted in physical
terms - e.g., via the compositeness of quarks.

6.1. The improvéd Fritzsch ansatz

Let us consider some of the "calculable” ansatzes for 3 x 3 "up” and
"down” quark mixing matrices [7c| consistent with the modern values of the
C K M-matrix for charged currents.



0 JImym, Vimu|m,
M“ = Vlmulmc mc —m, (6'1)
Vimuym,  —m, my |

0 iy/|ma|m, \/‘Imdlms :
Md = —ZV ‘md!ms My Mg ' (6'2)
\/ Imd[ms mg My

In the leading approximation the unitary matrices U and D (Ockm =
U D*), diagonalizing these mass states, have the following form:

and g

1A — s =92 /iy me N
m. me
U= N 1 e (6.3)
Ty e  _Mg i
mg m; me

ey [Fip—i%  /Imam, it
m, m, N
z

D~ /= it m-it | )
~ — ez ’me (6 4)
W, ir m, gx i
e €7 el e

Using the above ansatz for the b — ¢ transition, one can get a higher
restriction for the upper bound on the t- quark mass (V;; = ﬁf + ‘TH‘,‘

The experimental precision of the measurements of Vi could indicate, and
only to a certain extent, the magnitude of the dy3. Unfortunately, our knowl-
edge of the dy3 -element is still not enough because of big experimental uncer-
tainties in q or v/p? + 7% values (¢ < 0.2). In scheme [7c] ¢ = [Vis|/| V| = 0.1
and the Wolfenstein parameters are p = 015 andp~ 049 (VP + 2= 1), .
so that the (V.3 — Via)- intersection of the unitary triangle lies in the second
(left) quadrant of the p, 5- complex plane (see Fig. 1).

To obtain the form .of these mass matrices, it’s necessary to consider,
besides H - and h -Higgs superfields (see (2.3)), the additional superfields
Hy(1g, 25, —4) and hg(1g, 2, 3)» which are SU(3)y -singlets. Then the
corresponding addenda ky Q kg v’ and &, Q Hy d° will appear in the superpo-
tential (2.3).
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The splitting between the horizontal gauge boson masses will be de-
termined only by the nonvamshmg VEV’s of the H(SH, 2, — ) and
h(8x, 2., + ) Higes fields: < H >¢= ¢ (’\ yand < B >o= @8 (l ), where

P2 = —2/mamgfAs; o4 = 2/Mama/ A s = 2mg/Ag;
2 m
= ~2m,/)g; = ——(my — —=)/As. ' .
V3 msfAs; pa ‘/g(mb 5 ) A (6.5)
and similarly for the nonvanishing VEV’s of the h-Higgs fields:
P11 = 4= 2y/mumefds; G5 = —2m,[Xs;
2 c
Y3 = —mc/f\s; Vg = *ﬁ(me —m?)/)‘s- ' (6-6)

Now we have the possibility to calculate the contributions of the horizontal
mteractions to the amplitudes of rare processes. After the calculations like
in (5.18) and (5.19), the expression for the K — f-meson mass difference
takes the following general form:

iy a=1

[(Mn)m]H éﬁ?j 28:{[ ﬂ(D%iD+)12]2+ [‘#%(D%D"‘)]g]z}f}?(RK.

[(Mm)i'%] _ lgh
my H 8 Mﬁr
“ = 1p1{daidly + ded})) + Gadaad]; — dndyy)
— tpa(dnd]y + dndiy) + G5(dasd], — daidys)
— 10(daadly + daadiy) + Gr(dasdiy — daadsy)
2
~ ia(dndiy = duadiy) +iv/35s(dasdis)]

+ [6— (P]2}ff2{'RK- . (6.7)

Putfing into formula (6.7) the expressions for ¢, @ and the clements di;
of the D- mixing matnx we can obtain the lower limit for the value M Ho
So, we analyze the ratios:

[ﬂ RE[CK]fKRK <. 10”]5 (68)

my JH_M’2
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and .
[Ilig] 1 gH
i)

e P Y715 =2 _Im|Cxk]f%i Rk < 2.10717. (6.9)

In formulas (6.8) and {6.9) the expression for Ck is as follows :
Cr — _g_fg_@itmc( ﬁJr @%) N ( My me o [Ty mems
222 M? 1y L My M, My T T T, TNy Ty
212 2 2
mg N, mg; Mg g
2, | ——= 1+ — 1+ —— 2# A
2 my mf)] o 2X3 m, [( * ms) ( o ms )] » (6:10)

In the leading approximation, for the value of Ry = ¢ i + 3(_,"%%“,7)2 JrE =

0.163GeV , my = 150GeV and gy ~ 0.488 we obtain from formulas (6.7)
and (6.8) that

My, > 180GeV (A5 = A3 =~ O(1)),
My, > 550GeV (X = A3 = O(0.1)). (6.11)

Similar estimates from formulas (6.7) and (6.9) yield:

My, > 510GeV (A5 > A3 =~ O(1)),
My, > 16TeV (A ~A3 ~ O(0.1)). - (6.12)

In quite an analogous way, we should also write the expression for

Ms(Ba)r (Mia(Ba)w) -
[AJm(qu 1 g
mg, H 2 I\-&[2
The unitary suppression coefficient will take the following form:

2
5x | FIlg T 2mgm
il MM | d:y
mg my ms My ¢

From this formula and assuming that Am{By)/m(Bs) < (0.73 +
0.14)1072, Ry, ~ 1 + 3W , fa, ~ 0.14GeV | we obtain : A\

CBdedRBd (613)

2 2

Cp. ~ g ™y [e-ﬂg
a = Z A2
25 Mg,

MHu > 380GeV ()\5 ~ ‘\3 o O(l)),
My, > 12TeV (X5 A3~ O(0.1)). (6.14)
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Note that, if we take the value fz, = 0.2GeV, the lower bounds on
the horizontal symmetry breaking scales (6.12) and (6.14) are approximately
equal, , : .

In this ansatz for the CP- violation parameter % x I m(g) i we have a
well-defined magnitude: '

1 ‘ P Iliz(Bd)H

- % I'm(= N ————— = }.3. 15
3 X I8 ™ BBy 0 (6.15)
Finally, let us give a very useful estimate:

ﬂ] " d23]2~1ms
# dy3

TJALRF T S | }
Arnn, 5y 7T-+10 &6 16)

and compare it with a similar ratio from the above ansatz of the SM

m, Iy

— )P 17+ 20. (6.17)

By e
Ade EW © 2my

We have assumed that (fp, ~ fp,) and m} hU% 2 100 — 120GeV . ‘Taking
into account only the electroweak interactions and the values of the g, -
parameters in this scheme, we'll see that this ratio will be equal to ~ 17— 20,
This result could be interpreted, for instance, in the following way. Let us
assume that the experimental ratio z,/z4 is cousiderably less than 17, and
the electroweak interactions will saturate the BY - BY- mixing. Then the elec-
troweak contributions to a similar mixing between the BY- and BY- meson
states will be suppressed by the factor of ~ 17. But in this case the con-.
tributions from horizontal interactions to the BY — B}- mixing might prove
to be dominant {23,11]. Then the predictions for the CP- violation effects of
By, By- meson decays might be relevant for the horizontal interactions (6.15).
This situation seems to be rather amazing because of the two “sources” of
CP- violation in this approach. Really, CP- violation is evoked by the com-
plex VEV’s of the Higgs field H*(8y,21,-1/2),a = 2, and manifests itself
via the contribution from both EW interactions (§%#) and horizontal ones.
Therefore, in the case of the dominant contribution of herizontal interactions
the CP- violation asymmetry will be equal in both processes: B — J/WRg
and B — 7', . :

After all, in this section we calculate the branching ratio for the p —+ 3¢-
~decay. For this we have proposed the form of the charged lepton mass matrix



- the one that was used for down- quarks. Using this ansatz for a charged
lepton mixing, we find out that:. +

i My A el p AY Nk
Br{u — 3e) 9_1297”—51{ f“”“(L—»L“‘) (9a4%) f“"“(L-L+) (gﬂgs”)}
gw My, 2.7 /g 2 11

o~ 39 Miy gh m[ 1 m; Ty e[ 2me)mn]2
T 208 Mj M Mg U v2md\m. " m, \\'m, my fm. |’
‘ - . (6.18)

where(d = ¢9%, %) are the wonvanishing VEV’s of the h2- and H “-Higgs fields,
respectively. '

The comparison of expression (6.18) with the experimental limit for this
branching ratio gives us a very small value for the horizontal symmetry break-
ing scale: : )

Mg, > 049TeV |,  if Ag~ |
Mg, >.1.56TeV |,  if Ag~ 0.1. (6.19)

- 6.2, The SUSY SU(3)yv-gauge model with
”Democratic” ansatz for quark and lepton families

In the electroweak SU(2) x U(1)- model, it’s impossible to define separate-
ly the "mixings” in up- and down-quark mass matrices ("absolute mixing”).
The SM still provides a, certain freedom in choosing the primary mass ma-
trices for quarks in such a way as to get large mixings both for up-, U, and
down-quarks D, provided UD* = Vogy. To get information on this ”abso-
lute mixing”, one should investigate rare processes in the framework of the
horizontal gauge model. Therefore, it would be very interesting to consider

- a scheme, in which these mixings are large; and to study possible constraints
on the horizontal symmetry breaking scale My,. So, we consider the "up”-
and "down”- fermion mass matrices of the following (”democratic”) form,
which has been used for explaining the special role of the t- quark mass
(my ~ Apw > Mg, my) [Ta,24]:

111 .
Mo L 2
f_gmf_ 111]1. {6.20)
111
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The diagonalization of these matrices yields a mass gap, i.e. the masses of
t- or b- quarks are split far apart from all other degenerate masses of c— , u-
or s—, d-quarks. The complete mass matrices are My = M} + AM;. Asa
result of the diagonalization, they yield the physical fermion mass matrices
MP for "up” and "down” quarks: MP = Vj* M;V;, where V; = Vj V-
and Vi = D;, Viu = U, 1 = (0,1). Here Vy( f = doru) arc unitary
matrices constructed from the cigenvectors of the MY-matrix and equal to :

1 11
V2 A A
0T _. 0T _ "2 1
U =D =1 0o % &% (6.21)
1 L1
V2 T3

In the first approximation, there is a conservation of the isotopic symmetry
of the mixing mechanism in the up” and "down” quark mass matrices. The
matrices U; and D, (U; # D)) are small corrections to produce the correct
form of the Voga-matrix. Using the U7- and - correction matrices, we
can construct the mass matrices My differing from M’? by a small correction
factor.

As in the previous subsection, let us construct the corresponding splitting
of the horizontal gauge boson mass matrix. In this case, each of the 8§ x 8-

dimensional mass matrices: [AM?,] “ and [AM%] o ,a,b =1,2..8,is broken
into 3 x 3- and 5 x 5-dimensional matrices. The additional contributions to
the mass spectra of the Hig;- and H{';4 44 horizontal gauge bosons take,
correspondingly, the following forms:

2 1 -1
ab=25"7 92 'm2
[aME )] =—1*‘;)\}f 121 |, (6.22)
11 2
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(2 -1 -1 0 %3}

-1 2 -1 3 -3
-1 -1 2 -3 —/3
0 3 -3 6 0

2v/3 V3 -3 0 6

(6.23)

The diagonalization of these mass matrices can easily be realized by the

orthogonal matrices O()

ot )[AM2

]ab =2,5,7

and O);

0T = [AMg] ;_),

so that 22) = 0 HO) (4,5 =2,5,7) and

o) [AM2

]ab_14638

OWT = [AM2](+)

(6.24)

-

(6.25l)

where Z2(H) = O(+)H" (+) (a,6=1,4,6,3,8). In accordance with expressmns

(6.22),(6. 24) and (6.23),(6.25), let us write down the forms of the OF

ety
O - diagonalizing matrices:

o))" =
1
( V3
-\17
3
oT | o
ab 3
0
0
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L1 1
VB VI8
2 0 =L
V6 V3|’
S I B
V6 V2 3

0 -2 o £
L 1 1 _ 1
v3i 3 VB V)
SR SR I
vi 3 vE 32
1

x 0 /5 0

3
o F 0 Wi,

(6.26)

(6.27)



Note that the signs (—) and (+) indicate the opposite CP- transformation
properties of the J}}, ., and I, asas” BAUEE horizontal currents for each value
of the index u (u = Oorl,2,3). Until there is no mixing between these
currents, there may be no CP- violation in the gauge sector of the horizontal
interactions [9].

As a result of this approach, we get a very simple splitting between 8-
gauge Z¥- bosons:

M}, = Mj =M} =M} =M}
2 2 2 M2, 912? m} |
Mz = Mz =M =M; = TEI-}-? (6.28)
The mass spectra of Zf‘.i.ﬁ,’f“ gauge bosons correspond to the global
SU(2)r x U(1)y- symmetry in the gauge sector, which was considered in

sections 3 and 4.

I we use the family mixing (6.1), the Lagrangian for the quark- gauge
boson interactions will be

Lo = Q—HQ%([—AB]Z{‘

+ [—)ﬁ" ]Z" [ %)\3—§A1]Z§

BB
+ ['\5]35' - [/\T]Zé‘ — {I\Q]Z#')Q, (6.29)

where @ =Qa =(d,s,b) or Q@ = Q. = (u,¢,1).

When the "democracy” is broken, we have to take into account a certain
small quark mixing and, maybe, the Z¥- gauge boson mixing: Then the
previous expression changes to be:

= %y~ Dot 2t

[—D MDDt~ D,AID;’] Z} -~ [%DIAE‘D;L + ?DQHD;* zZt
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[ DX Dl 3D ASDIJ EDI)«ﬁDf + gpl,\‘*pf] z
[D1A5D+] Zr [D1A7D+] [Dl,\“’D*]Z")Q, © (6:30)

where again one has @ = Qq = (d, 3, b), or Q@ =Qy = (u,ct). _

At this stage, we will not consider the additional gauge boson mixing and
just assume that Mz =~ M3, i=1,2,3.8. For our purpose, it will suffice to
take into account only new small correction to the quark family mixing -D;
and {/; matrices, leading to the correct form of the CKM- matrix for charged
EW cuirents.

Now, for the furthet. estimates of the SU(3)z - symmetry breaking scale
My, we use the results from section 4. To this end, we need the following
useful relation

l,::,-,ga,,m) : (6.31)

5 (DT"D)(DT*D*)mn = = (Binbten =
a AN 3

Then, the expression for the K- K2 meson mass difference (4.2), derived
from formulas (6.31), (6. 28) and {6. 30), will change only due to the new

suppression coefficient ~ —w}+ e.g.

{An::{K}H - Jti% {4M2 Z; X }R (CY) %Rk . (6.32)

where C% = YL (D\T°DY ) (D1T° DY )y, and the index (f) indicates that
summation is only over the diagranis with the exchanges of ZY, 2§, Z§, Z}-
- gauge horizontal bosons. In this approximation, the lower bound on the local
horizontal symmetry breaking scale may be smaller than in case (i) from
section 4 (the SU(2)g x U(1)y symmetry). For instance, if we take that
my = m, and make our usual assumption for the relation g‘;’-, we can get:

9 l mh
Hy, & -ﬁ:\? -M'; x Mg > O(OS)TBV. v (633)

In the last inequality we use the estimate for My > 8 — 9TeV taken from
Table 2. Note, that the consequences for the BSJ — Bgl ; oscillations remain
as in Table 2- e.g., this value for the gauge symmetry breaking scale (6.33)
corresponds to the present quantity of the B?ﬁ' BY,- meson mass difference.

44



Really, one could expect a very low horizontal local symmetry breaking
scale- My, in pure quark (or pure lepton) rare processes due to the changes
of the quantum numbers of generations therein: |AH| # 1. From the ex-
perimental limits on the amplitudes of quark- lepton rare processes, where
AH = 0, we obtain considerably larger values for this scale (4.7;4.8),(4.10).
What are the consequences of the studies of the lower bound on the horizontal
local symmetry breaking scale ? Here are some of them:

1.The most pronounced processes promoting the discovery of a new hy-
pothetic interaction are quark- lepton rare processes like K — 7 + it + e-
, or the p/e- conversion on nuclei. Within this class, the decay K —
% + v; + v; may also turn out to be very important. In this case, the
?traditional” construction fer the quark- lepton families has been assumed:
C, = (Ql[u-: d]a L [V81 E]), Cy = (QQ[C'! 3]; LZ[V;J) .u'])s C3 = (Q?l[t! b]v L3[V'rs T])
and here the mixings between @);- and L;- families are not very large. Then we
should think that the local horizontal symmetry breaking scale is very large,
as follows from the limits (4.7;4.8) - e.g., it may be more than 60 Tev. For this
large enough scale, the contributions to the pure quark rare reactions (meson
mixings), or pure lepton rare decays (u — 3¢ etc.), from these forces will be
very small. Especially so, if the splitting between the masses of 8- gauge hor-
izontal bosons js as in our previous examples: |(AM%)s| € ME. For the case
of the large splitting [(AMZ),] > minM}., we may use , for practical pur-
poses, the results of the U(1)y, x U(1)z,-gauge group (section 4), where it was
established that the lower limits on the Mp-scale are: My > 170 —195TeV (
Amg ,Table 2); My > 60-1007eV (from the j1/e- conversion on nuclei); and
My > 35TeV (from K — 7+ p + e if B < 1671° (4.10)), or My > 100TeV
( if the limit 1072 is reached in the nearest future in BNL- experiment). The
lower bound on My 'obtained from the modern expefimental limit on a pure °
lepton rare decay, like 4 — 3e, is compatible with the bounds resulting from
the K — 7 + g + e - experiment. So, we have My > 28TeV (4.5).

2. An alternative scenario we have to consider is connected with search-
ing for another possible mechanism of the (q-1) - mixing to diminish the scale
My to the values approaching the region of {1-10) Tev. For the purpose, we
may also use an indefinite correlation both between the ;- and L;- family
‘mixings, and, within L;- lepton families, - between charged lepton and neu-
trino mixings, so far as the experimental situation allows us to do so. These
explicit differences in the origin of quark and lepton mass spectra make one
also suppose that leptonic families might mix by quite a different mechanism,
different from the above example of quark mixing. It should be remembered
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that in the SM it’s impossible, in principle, to establish a correlation between
the @j-quark and L;- lepton mixings. Due to electroweak interactions, we
can only get information on the correlations between up- and down- quark
mixing. But now there is still a certain freedom in the choice of the mixing
models for charged leptons or neutrino, especially in the case of very small
neutrino masses. ' ‘

From the analysis of pure quark (lepton) rare processes in the gauge hor-
" izontal model we may get complete information about separate ”absolute”
mixings of up- quarks (neutrinos) and down- quarks (charged leptons). And
from quark- lepton rare reactions in the frames of gauge horizontal interac-
tions we may define correlations between [d, 5,) ( { v, c, ] ) quark- and fe, p, 7]
or [ve, v, v7]- lepton-bases. In the above examples (see section 4), the suppo-
sition of the absence of correlation between down- quark and charged lepton
mixings resulted in rather high limits for the Mjy-scale, obtained from quark-
lepton processes, compared to those from pure q”, or pure "I” -processes.
Now let us consider the scheme when the magnitude of correlation between
quark- and charged lepton mixings is large. \

L = g_;"‘i’l’h ([}g—g
L[4

4

LN+ %Ll)\BL{f] zZt

LML - %Ll,\SL;f - %LIA“L;‘} 7

1 3 3
[ont - Loaery 4+ 22

3, iipe 1 1
+ [- —‘2C_L1)\1L1F + §L,A4L;* Z¥ + [ngAlL;“ +

Li,\ﬁL{f] zZY

\/j
, . 2
ZE — [L1A7Lf‘] Z;‘) ¥, (6.34)

Lt}

Zy

- [Ll)\“"L‘l"] zE + [LI/\2L}‘

where W) = (e, u, 7).

It is obvious from this scheme that the lower bound on My, can also be
very small (~ O(1)TeV ) if pure charge lepton rare processes are considered
(e.g., the modern high experimental limit for the B* = et fet +e - decay).
Aga.izn, in this approach there appears a similar additional suppression factor
~ % for the partial width of this process. After repeating the calculations we
did for the bound (6.33) of this process, here we get the value compatible with
the limit for the horizontal breaking scale My, in case (ii) (U (1)gg x U(L)g-
symmetry) of section 4, with My > 28TeV. Now, assuming that my =~ m,
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and (LiT* LN (LTI = 1P = Tk, as was accepted in formula (4.5)
{Fritzsch ansatz for lepton mixing), we have: My, > \/;3%\}171;]\4}{ > 1.5TeV.

Besides, in this model we could obtain lower limits for the horizon-
tal symmetry breaking scale by analyzing quark- lepton rare processes like
K —+ 7 + p + e-, or the p/e- conversion. For example, for process of the
first type the estimate (4.10) comes to be

MHD ~ \/2|d13IMH (I{+ —s 7t -+ M+ + e ), (635)
My, = 2)diadog] Mg(K* — 1% + p” +e). (6.36)

If we take the values for (Dy);; = di2, des, di3 from all the three ansatzes,
we may verify using formulas (6.35) and (4.10) that the scale My, will be
rather low: My, > O(1TeV) for My > 35TeV. The last estimate is
conditioned by the model-dependent value of djs, the latter being not yery
precisely defined from the comparison with the V- matrix element. Here we
assume that }di3| < |Vil, which does not contradict the experiment. Note,
in this scheme we make a very interesting prediction for the heavy quark-,
or heavy 7- lepton rare decay. For example, for this horizontal symmetry
breaking scale (Mg, ~ 1TeV) the partial width for the 7- lepton decay -
7 — pK% may be rather.large ~ 1075, ' :

By analogy, we find that the rate for p to e- conversion (4.6) is reduced
by the factor 2|djzdi3|. Combining this factor and the expression {4.6), we
come to the following limit for Mpy,:

My, = \/2|diadis| My > O(1—2)TeV, (6.37)

if the limits we obtain for My are as in formula (4.7).

In this scheme the bounds (6.35) and (6.37) differ by the factor \/jdya}.
Note, that our earlier limits for My (4.10) and (4.7) from for these two very
important processes also differ by the same factor = 2 — 2.5.

Finally, we have to consider the decay K — 7 + » + ». Now the
experimental lower limit for the partial width of this processis:

Br(K — 7+ v +v) < 5x10°.BNL. (6.38)
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According to (6.38), the immediate estimate of this decay in our approach
gives us the following constraint: My, > 10TeV. To lower this limit, it’s
necessary to elucidate the origin of the neutrino mass spectrum. Clearly, to
achieve this one has to consider an extension of the fermion matter spectrum
of new particles- first of all, new neutral neutrino- like particles (Tsy(z) =
5, SU(3)n-singlet). This could result in an efficient decrease in the value of
the coupling constant gH in the neutrino horizontal interaction. The studies
of the regularities in the observed mass spectrum of ordinary particles might
indicate possible existence of new partcles like those occurring in GUT’s
(E(6)) or in other easlier extensiions of the SM (Left- Right models with
mirror particles or with the fermion spectrum doubled). Composite models
could also promote the understanding of the mass spectrum origin (except,
probably, the neutrino mass spectrum). :

So, as long as we do not have a clear understanding of the mass spectrum
origin, we cannot claim that our predictions for the gauge horizontal symme-
try breaking scale ought to coincide for different types of experiments {pure
quark-, pure lepton-, quark-charged lepton-, quark- neutrino- rare processes).
That is why it is important to go on with the searches for the local horizontal
symmetry parallel to the above-mentioned experiments:

la) Quark- charged lepton rare processes: K — 7 + u + ¢-, pfe- conver-
sion, 7 — (u/v) +meson/mesons, By, — L} + L7 + meson/mesons; - - .

lb) Quark- neutrino rare processes: K — 7w + v + v -+

2) Pure quark rare processes: K-,B-,D,- rare decays and the CP- violation
effects .

3a) Pure charged lepton rare processes: g — et + 7 + et
Li+ L +f.rj;---.

3b) The searches for neutrino oscillations and Dirac/Majorana neutrino
masses. ‘

' i
Akcnowledgements. We would like to thank G. Altarelli, V. Bolotov,

, T —

P. Chiapetta,J. Ellis, C. Jarlskog, H. Kaspar, Jr.A. Likhoded, N. Paver,

V.Petrov, P.Frampton, H. Valter for useful scientific discussions and com-
ments. ’

48



7. Appendix
7.1

To estimate gy(p), one could use the renorm-group equations for the
running coupling constants:

ding ~ 2w G ‘ ‘
i— SU(3C), SU(?)L, U(l)y, SU(3)H, (71)

where b; for the group SU(N) in the supersymmefric ‘case is given by the
eXpression: .

by = ~3N + Y npC(R) (N =0for groupU(1)). (7.2)

Here ny means the number of R- dimensional representations, while C(R)
1s used for the corresponding Casimir operator. To make a qualitative esti-
mation, one may neglect in the RG equations the contributions from possible
heavy matter particles, e.g., those from mirror fermions. In the given ap-
proximation, for by, b3 and b; the following standard values can be used:

g ‘ng_
bg——6+2Ng+E—7,
3
by = 2N, + som. | (7.3)

with 1 the number of the Higgs EW- doublets of the theory exploited in
the electroweak sector. However, to calculate the value of the function bgy,
one should, first of all, allow ( in addition to ordinary quark and lepton
superfields) for the superfields participating in horizontal interactions. The
result is: '
1 1
63H=—3N+'2‘X16+§Xn3+ang (7.4)
with n3, ng meaning the number of the Higgs superfields, triplet and
octet under the SU(3)y, which we consider in the framework of the given
theory. Proceeding from the equality of the constants on the scale gauge
My - 9%(Mx) = gi(Mx) = g5(Mx) = 3g(Mx) - the quantity gy may be
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compared with gy on the scale g ~ My. The difference between these two
quantities is mainly due to the particular choice of the Higgs fields leading
to the breaking of the electroweak and horizontal symmetries, respectively:

1 1 b3H - bz MX
= + ]_D_— -
asg (i) aa(p) 2w 7
1 + —1+4+1/2n3 + 3ng — 1/2ny ln—ﬂﬁ (7.5)
as(p) \ 2% 1

So, for instance, when one takes' into account the fields ®(8x,1z),
H(81,2c), h(8n,2;) the difference between a3y (y) and og(p) is expressed
by the formula: -

11 1My
asp(p) e}  2m 0 -

(76)

whence g () <. o9(p). It is interesting to estimate this difference for
the matter supermultiplet 27 from (3-generations) the Ey- group. As a result -
on the scale p ~ 1TeV (My ~ 101%GeV) we get aa,j(,.) - ﬁ = f-- Finally
note, that the inclusion of both matter and Higgs superfields, singlet under

the SU(2)y, makes the quantity a;g still smaller compared to ay.

7.2

The Fritzsch mass matrix for the d- quarks is defined in terms of the
following vacuum expectations of the Higgs fields:

‘ 7 0 Ageica 0 0
Aa<Hj>=| Azeioa 0 | Bye~i*s d<Y)>= 0
‘ 0 Byeios 0' Cge'oc
0
Mo <X3> = 0 A12,<Kg>=(Dd)
Cde—.'ac
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Similatly, the Fritzsch mass matrix for the u-quarks is derived from su-
porpotentlal (2.5) when nonzero vacuum expectations of the Higgs fields h%
VY X9 &9, arise, which have the form similar to down-quark mass matrix

'w1th the notations changed as A4 — Ay , By — By, Ca = Cuy Dy — D,
CVA—’OA;CL’B—’CYB;aC'_"C‘-’C,WhCTE‘“A.'i_"\EaAQ_”)\?aAIU_’)\S,
Ap — Ay, As a result, the mass matrix acquires the standard form:

0 Ageios 0 0

Ageia 0 Bge e 0
FIMITA +he. =8| 0 Bgeos 0 Cyeioe | T +he

0 0 C‘defﬂ'c Dy
The signs of the cigenvalues are chosen in the standard way: m; = —mng
LMy =M, , M3 =—My , my =my with 0 <my <<m, <<myp <<y

Assuming the above hicrarchy of the masses, onc can write the cxpression
for |A|, | B, |C], | D} in terms of the quark masses:

R

Ag = Vmams; Ba= o Cq = /mymy;
7’?'51
Dy = myp —my 4+, — Mg (7.7)
For the case of up-quarks we haye my = —my , mp = me , My = —My ,

my =my with 0 <m, << m, << my <my . In this case
g

Ml

A, = ymymg; By = 1= =0 Cu = /mump;
m!l
D, = mg —my+ M, — My, (7.8)

Now, redefine the fermionic fields as where

e, MU, + hee. = %DWM"WD%R +he (7.9)
where

D = dy;diag(e®, e, e, e*) (7.10)
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Notice, that for the Fritzsch scheme Dy = Dp = D; P, = Py = P, and with
the phase parameters of the matrix P chosen as ay = — 3, a5 = 8 — v
ac = — & , the Fritzsch matrix becomes real and takes the form

0 4 0 O

Ag 0 By O

0 By 0 Cy

0 0 Cy Dy

My =

and

My = Mg (Ag — Ay; By — By; Cq — Cy; Dy — D).
(7111)
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A.H.Amaraodesa @ 1p.

KsapkoBue u JeNTOHHHS RokoneHda: CP-napymenze
U DeIKHe ODOmeCCH B SUSY SU(3)gy " TOPR30HTAMEHOR "
MOIOJOI .

Texmrgeckm pemaxrop J.0.TuMkuua,

Oonmacano x megate 25, 12, 9 Qopuar 60x90/16.
OpceTHag mewaTh. Hev.n. 3,40, Yu.-map.nm. 3,45, Tupax 270.
Jaxas 692. Axnexc 4649, Liena 58 xom.

dxncTarTyr {wamkm Bucoxmx oHeprml#, I42284, [poTsmHo
Mocroscxod odx.
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