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We point out that if all flavour mixing is due to horizontal interactions, proton decay via gauge boson exchange could
be rotated away, when horizontal interactions are switched off,

A fundamental question of elementary particle
physics concerns the existence of generations of
quarks and leptons in nature. As a possible way to
understand their structure in the framework of gauge
theories, one introduces [1—17] horizontal gauge in-
teractions. These interactions by construction break
the flavour conservation in neutral currents which is
guaranteed in a natural way by the GIM mechanism
[18] and its generalizations [19] . Thus, if horizontal
interactions exist they should respect the known
bounds on flavour changing neutral currents [20],
which in tum require that their scale [1-17] should
be at least 103—4 times the scale of the standard
Weinberg—Salam—Glashow—Iliopoulos—Maiani mod-
el [21,18].

A standard role that horizontal interactions could
play in electroweak theories is that they are the source
of family mixing. Switching off the horizontal inter-
actions could render the weak fermion eigenstates
identical to those of the fermion mass matrix in which
case family mixing disappear. Turning them on could
produce such corrections to the fermion mass matrix
in higher order in perturbation theory that family
mixing could emerge. A model was proposed [7]
along these lines which in the quark sector resulted

1 Present address: Theory Division, CERN, Geneva 23, Swit-
zerland.

to Cabbibo mixing with tan’ 6, = mgy/mg. Demanding,
in addition, the possible Majorana neutrino mass
terms to be at the scale of horizontal interactions one
obtains in the leptonic sector [12] an effective lep-
ton mixing with tan28 = m/m,, . One might further
associate the existence and feebleness of the mea-
sured CP-violation with horizontal interactions [13—
15,17] providing an attractive alternative to the KM
matrix [22] and to the CP-violation induced by Higgs
exchanges [23]. Finally in the same framework one
can obtain [16] realistic Cabibbo-like angles in the
quark sector and Pontecorvo angles in the lepton sec-
tor.

Here we point out, in a variant of the above sce-
nario, that horizontal interactions render the proton
unstable, while switching them off (no flavour mix-
ing) makes the proton stable.

We use an SU(5) X SU(3)y; gauge group, where
SU(5) is the usual Georgi—Glashow [24,25] grand
unified model and SU(3)y is a horizontal gauge group.
We leave open the option that SU(5) X SU(3)y can
be embedded in a larger group like SU(8) which might
be related to more general physics which is not well
understood till now [26] . We first recall the condi-
tions under which the proton is stable in the SU(5)
model materializing Jarlskog’s idea [27-29].

Let us first consider the gauge sector of the SU(5)
model. The effective four-Fermi interaction for
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baryon-number violating processes in the SU(5) mod-
el is:

(4GN/De 5., (T5,7"Uy ) (BS, Dy, )
— (U5, 7D (Egy, Uy ) — (UG, v Ug) (DG, 7, Eg)
+(ﬁ8a7“D0ﬁ) (B(C),Y'Y# No)}, 1)
where
u, da e Ve
anEca s Doo=[8y | Eg=|u |, Ny Y
ts /o 5 fo T Y Jo
)

and «, §3, v are colour indices. G is the effective four
fermion coupling of leptoquark interactions. All the
fields appearing in eq. (1) are left-handed. The sub-
script zero means that the fields in eq. (1) are current
eigenstates. In eq. (1) and in the rest of our discus-
sion we assume that baryon decay proceeds via gauge
interactions.

When the SU(2); X U(1) gauge group is broken
and the fermions acquire masses, the current eigen-
states of eq. (1) must be replaced by the correspond-
ing mass eigenstates. The fermion masses can be writ-
ten as

_..£(77(
- T3 I3 d = e
=U, M uDOR + Dy M Dy + Egp MOE g +hec,
3

The above mass matrices will in general be complex
and can be diagonalized by the following biunitary
transformations

+ -
UrMUSt =M Y

deyydrrd+ —oprd
diag? ULq’Z UR =m

diag’
+ _ +

U MU =M (eiiag’ Uy MPUR"™ =M Eiag' “®

The physical fermion states are then given by

U, =UM,, Ug=USU

oL’ OR?
_7d _yd
D, =U Dy, Dg= UrDgr>
— € _ <]
E =UrEy, Eg=UgEy- )

In terms of the physical fermion fields eq. (1) can be
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written as

(4G\2)e

— (O R;7*D (E°Ry7,U,)

gy {(U:Rly“Uﬁ) (ECRz'yuDy)

— (O3 R Y*Uy) (]_);RSVME)

+ (ﬁgR 37“Dﬁ) (]—);R67#N)}, ()
where
— u+ — yrexprd+ — yruxgprd+
Rl—Ul‘{*UL , R:,'—UR"‘UL R R3-UR*UL ,
— u+ — yrdxyre+ — yrd +
R4=U§"‘UL R RS—UR*UL R RG—UR*UE .
0]
Notice that
+ - pt —
RiR3 =R Ry =Ug s ®)

is the usual Kobayashi—Maskawa mixing matrix [22]
appearing in the charged current in the standard mod-
el.

In order to suppress proton decay, the following
conditions must be imposed [28]

R 1Ry + R3) (R, =0,

R R, =0, (R3), =0, ®

wherea, b=1,2,

Eqgs. (9) are necessary and sufficient conditions for
rotating away proton decay from the SU(5) gauge in-
teractions. They reduce to

Ry =0, Ry =R5),=0. (10)

In order to illustrate our ideas we now consider
an SU(5) X SU(3)y model. The quarks and leptons
belong to the (5,3) and (10, 3) representations de-
noted by n and @ respectively. We introduce [16]
two scalar octets &, ' (1,8) which are responsible for
the horizontal symmetry breaking. These have vac-
uum expectation values

(DY~ V(G +8,,)+ Vs, V#V, (tn

where the indices 1, 4, 6 denote directions in the
SU(3)y; space. The Higgs fields ®, ®' with the above
VEVs, break completely the SU(3) horizontal sym-
metry. Denoting the horizontal gauge t bosons by A,
i=1,...,8 the physical gauge bosons A;, Z; acquire
masses
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wr=kgiv?=R =2712a,+ ),

pl=Le28VI+vH =K, =2"12(A  +A)),

2=t @vi+vhH =K, =272, —A)),
g =y = Ag=2712(Ag - A,

2=Ler (Vi +avH =K =A,,

2 = ﬁg%{ [2V2(1 +5in 29) + 4V 2sin’g]

[ =cospA +] smqb(\/—A —A),
=fegh(6V) =2, =5(V3A; + Ay),
L % [2V2(1 — sin 2¢) + 4V'? cos?¢]

>Z,=—sing A +5cosp(v/3A5 - Ay), 12)
where tan (2¢) = —V2/V'2, and gy, is the coupling
constant associated with the SU(3); group.

In order to break the SU(5) gauge group down to
SU(3) X SU(2) X U(1) we introduce a scalar Hyy ;
(24, 1). Next we should introduce enough Higgs struc-
ture in order to break SU(2); X U(1) down to U(1),,

and to produce a tree order mass matrix for all quarks
and charged leptons of the form

0 0 m q(l)
@g-30,33) {m 0 O ||d}] , (13)
0 m 0/|dd];

where qi) are elements of the triplet of up quarks,
down quarks, and charged leptons.

We obtain the above form of mass matrix by in-
troducing the following rich Higgs structure: Two @5 ¢,
(195 6 (5 6) two X5 3s XS 3(5 3) two H45 6’H45 6
(45,6) and two h45,3,h45’3 (45,3). The Yukawa in-
teractions of the Higgs scalars to the fermion mul-
tiplets are given by
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+ A ML CO%° (]

iNab racd
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+he.+(®,H,x,h~ @' H, x', k), (14)

where we have suppressed the SU(3)y, indices. The
Higgs fields which contribute to the Yukawa terms
can develop the following VEVs:
0 v, v
i "1 , 0
(@5 67=08,510; » (@5 gd=85 3!,

a

v, 0 vy O
(15)
(X5 3= 85ty By 827, (X5 3= 854303, (16)
0 v] v}
(Hyg ¢ = (8 — 48557)85 | v/ o |
Yy
0
(Hyg )= (65 — 4855%)5¢ ° AR (17)
0 vy 0

(hys 3 =u) (55 — 4855%)85(5,, +5,5),
' =1 b bs4
(hips o= u’y8;5(85 — 48587%)5¢. (18)

One can easily see that when the Higgs fields take
their VEVs (15)—(18) the Yukawa terms (14), with
an adjustment of the coupling constants, lead to a
mass matrix for all the quarks and charged leptons
of the form (13) ¥!,

*1 1t is evident that an enlarged Higgs structure can lead to
neutrino masses, however this is not relevant to our dis-
cussion of proton decay.

Our use of the 45 together with the 5 representation of
Higgses is necessary in order to avoid incorrect fermion
mass relation [29]. Our introduction of symmetric (anti-
symmetric) representations 6(3) of Higgs under SU(3)H
is necessary in order to obtain the desired structure (13)
of the mass matrix in the generation space.



Volume 126B, number §

Diagonalization of the mass matrix in this order
in perturbation theory can be done by rotating the
right-handed multiplets with the matrix

0 0 1
s={1 0 0 (19)
01 0

and leaving unchanged the left-handed ones. Thus,
the left-handed eigenstates coincide with the charged
current eigenstates

3, = (@80, Te) 7, (4

$ (20)

0

bOL

and no family mixing exists. If one takes into account
one loop corrections to the fermion mass matrix due
to horizontal vector boson exchange one obtains [16]
the form

0 m
I3
1
m 0 m s (21)
mr3 m 0
where

mrl ~ (ga/l6n2)m'[lnu% - cos2<7>1nu%l - sin2¢1n y%a] s

m, =m, =g /320" mlnGeg/up) + Inu3 /i3],
(22)
where the masses of the vector bosons are given in
eq. (12).
Diagonalization of the mass matrix (21) leads [16]
to a weak charged current

d
J, =@z, Dy L s | (23)
b L
with
¢, 5y 0\[1 0 0 c3 0 55
L=|-s; ¢, 0]JO0 ¢ s, o 1 0],
0 0 1/\0 —s5 cy/\—83 0 ¢4

where s; = sin §; and ¢; = cos §;. We obtain §; = 0.2;
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8, =10~4-10-3;04 = 10~3—10-2 which should be
compared with the values of the recent analysis of the
experimental data [30—32]. Thus according to this
philosophy [7,12,15,16] horizontal interactions are
responsible for flavour mixing which disappears by
switching them off.

Let us now consider proton decay in the present
scheme when horizontal interactions are switched off.
In this case the fermion mass matrix is of the form
(13) and the matrices R;,i=1,2,3 in (7) which are
of interest with respect to proton decay become:

0 0 1
Ry=R,=R;=[1 0 0], (24
01 0

which satisfy the conditions (10) for no proton de-
cay. We note that in the framework of the usual SU(5)
in the limit of no flavour mixing (as we have here)
proton decay appears with full strength. Of course,
one cannot take too seriously the richness of the
Higgs structure required in order to obtain the mass
matrix (13). We believe that nature should be simple
and that the mass matrix (13) emerges in a dynamical
way which however can also be described by the fer-
mion Higgs Yukawa interactions and the Higgs mech-
anism. On the other hand the as yet unsuccessful at-
tempts [33—35] to explain the fermion mass ma-
trices in a dynamical way require a richness of new
structure analogous to the Higgs structure of our toy
model. One could also compare our Higgs fields with
the corresponding one in the SU(8) theory of ref. [26] .

In conclusion, we have demonstrated in a specific
example that, if flavour mixing is due to horizontal
interactions, it is possible that baryon number vio-
lating interactions be rotated away before the hori-
zontal interactions are turned on. This observation
shows some intrinsic relation between flavour mixing
and proton decay, at least in the present philosophy.
When horizontal gauge interactions are turned on
flavour mixing occurs and it is no longer possible to
forbid proton decay at the usual rate with the usual
dominant decay mode e*70.

We would like to thank D. Sutherland for corre-
spondence, J. lliopoulos and C. Jarlskog for discus-
sions at the early stage of this work and J.-M. Gérard,
D.V. Nanopoulos, T. Schiiker and G. Tiktopoulos for
reading the manuscript and their comments.
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