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The impact of different horizontal symmetries on nucleon decay is discussed within the frame-
work of the standard and the left-right-symmetric theory. Under very general assumptions of
operator analysis, it is demonstrated that U(1)y, SUQR)y, SU3)FF, and SU(3)} symmetries predict
different nucleon decay modes and, hence, the on-going proton-decay experiments can be used to
discriminate among the different horizontal symmetries. Furthermore, it is shown that, under
favorable situations, the standard and the left-right-symmetric theory can also be distinguished.

I. INTRODUCTION

Experiments at currently available energies fit the stan-
dard SU(3)c XSU(2), XU(1)y theory' although an in-
teresting and viable left-right-symmetric? alternative to
the standard theory based on the gauge group
SUB3)¢ XSU((2), XSUR)g XU(l)g_; is not ruled out.
However, the several fermion generations cannot be ex-
plained within the framework of these theories. Several
horizontal symmetries®~® have been devised to understand
the problem of different generations of fermions including
their masses, mixing angles, and CP violation, but they
usually make very few testable predictions. So any
phenomenology which can discriminate among different
horizontal groups is very much welcome. In this paper
we focus on possible experimental tests of different hor-
izontal symmetries. From very general arguments of
operator analysis,”~!* we demonstrate that, within the
framework of the standard and left-right-symmetric
theories, different predictions follow for baryon-number-
nonconserving nucleon decay for different horizontal
symmetries.

Following grand unification, several experiments
have been designed to measure the proton lifetime 7, and
the present experimental limit r(p—e*7°)>1.5%x10%
year is in clear conflict with the minimal SU(5) prediction
of 7(p—e*n® <10 year. Thus, the minimal SU(5)
model'’ is ruled out and the proton instability has become
an empirical question. Hence operator analysis, which
does not rely on any specific grand unified model, offers a
useful method of studying various aspects of baryon- and
lepton-number-nonconserving processes, which are as-
sumed to be mediated by some superheavy particles with a
characteristic grand unification mass M ~10'®* GeV. His-
torically, operator analysis’~!' has been used to discuss
the baryon- and lepton-number-nonconserving operator
structure of the effective Hamiltonian that is invariant
under the group SU(3)c XSU(2), XU(1)y. Thus, process-
es described by an effective Lagrangian of dimensionality
M9 are associated with an effective coupling constant
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which is suppressed by a factor roughly of order M*—¢,
It is further assumed that, after integrating out all the su-
perheavy degrees of freedom an SU(3)¢c X SU(2), X U(1)y-
invariant field theory describes the physical processes at
low energies. SU(3)c invariance requires at least three
quark fields to enter into an operator with nonzero baryon
number, and Lorentz invariance requires an even number
of fermion fields only. Thus any baryon-number-
violating operator must contain at least four fermions and
the dimensionality of the operator is at least 6. Higher-
dimensional operators are suppressed by successively
higher powers of (M)~".

In the present work, we consider the phenomenological
predictions for nucleon decay from the operator analysis
of the effective Hamiltonian that is invariant under
the standard and the left-right-symmetric theory includ-
ing a horizontal symmetr%: Gy. We have considered
Gy =U()y, SUQ)y, SUB)f, and SU3)/F. With the in-
clusion of the horizontal symmetry, the operator leading
to a baryon- and lepton-number-nonconserving process
should not only be singlet under the groups describing the
standard [SU(3)¢XSU(Q2); XU(1)y] or the Ileft-right-
symmetric theory [SU(3)c XSU(Q2); XxSUR)g X U(Dp_]
but also be singlet under Gy. The decay modes resulting
from an operator can be predicted from the all possible
Feynman diagrams involving the quarks and the leptons
entering the operator. Here we demonstrate that, within
the framework of the standard and the left-right-
symmetric theory including Gy, the different horizontal
symmetries can be distinguished from a study of the nu-
cleon decay modes. Furthermore, we show that, for cer-
tain horizontal symmetries, the standard theory can be
distinguished from the left-right-symmetric theory.

The plan of the paper is as follows. The different hor-
izontal symmetries and the representation of the fermions
and Higgs bosons under these symmetries are discussed in
Sec. II. Notations and classifications are given in Sec. III.
Section IV catalogues dimension-6 operators leading to
AB=AL nucleon decay modes. Dimension-7 operators
leading to AB=AL as well as AB= —AL decay modes
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are presented in Sec. V. Results are summarized in Sec.
VI. Section VII contains our conclusions.

II. HORIZONTAL SYMMETRIES

Horizontal symmetries have been proposed by many au-
thors in different contexts. Although the main motiva-
tion for horizontal symmetries seems to be the existence
of the generation puzzle, the other motivations are to cal-
culate the electron-muon mass ratio® and the weak mix-
ing angles®! including CP violation,?? to avoid the strong
CP problem,23 and to achieve dynamically broken
theories.?* A horizontal gauge model is a model in which
a gauge symmetry between different generations of quarks
and leptons is introduced. This horizontal symmetry may
be spontaneously broken, leading to mass differences be-
tween different generations as required by experiments.
In such models there exist horizontal gauge bosons cap-
able of mediating flavor-changing transitions and Higgs
particles depending on the horizontal gauge groups.

The simsplwt horizontal gauge symmetry is the U(1)y
symmetry,” which is proposed to distinguish between two
fermionic generations. With the extension of the notion
of generation structure to the Higgs system, the require-
ments of anomaly-free conditions, lepton-number conser-
vation, and proper Cabibbo structure determine the
horizontal quantum number Yy uniquely in the
standard theory. In the two-generation scheme
Yy =F+3[Y +2(B —L)] for fermions, where the (—) and
(+ ) signs correspond to the first and the second genera-
tion, respectively. B, L, and Y are the baryon number,
lepton number, and Weinberg-Salam hypercharge, respec-
tively. The corresponding quantum numbers are summa-
rized in Table I. In the left-right-symmetric theory incor-
porating U(1); symmetry we have assumed? that the fer-
mions belonging to the left-handed and right-handed dou-
blets have the same Yy quantum numbers. The model
can be generalized to 2" (n =1,2,...) generations. How-
ever, the assignment of Y quantum number to the fer-
mions is no longer unique.’ For the present purpose, we
restrict ourselves to the decay modes of the nucleon and,
hence, consider the two-generation U(l)y model for its
uniqueness. There are two Higgs fields h(1,2,1, + -;—) and
h'(1,2,1,—%) in the SUQB)cXSUQR), XUy XUy
theory and three Higgs fields g(1,2,2,2,0), g'(1,2,2,2,3),
and g£"(1,2,2,2,—%) in the SUQ3)cXSU(Q2), XSUQR)g
XU(1)g _r XU(1)y theory. These Higgs fields have been
used to construct dimension-7 operators. It may be noted
that these Higgs fields contribute to the fermion masses.

Some authors have introduced a horizontal SU(Q2)y
symmetry* in addition to the usual SU(2); X U(1)y of the
Weinberg-Salam model for achieving CP violation with
two generations?!'?? of quarks and calculating weak mix-
ing angles.?! In the present work we have considered an
SU(2)y model with three generations of quarks and lep-
tons.?® Besides their usual SU(2); X U(1)y representation,
the left- and right-handed fermions, under SU(2)y,
transform as triplets for the three-generation model. To
construct dimension-7 operators in the standard and left-
right-symmetric theories including SU(2)y symmetry, we
have used the following Higgs particles: (i) ¢(1,2,1,1)

TABLE 1. Fermion classification within the two-generation
scheme.

T, Y Yy
R 3 -1 +1,—1
erir —% —1 +1,—1
€RsHUR 0 -2 + ';"_%
ur,cL 3 + -t
dp,se -3 T o+ 3
dgr,Sr 0 -3 0,0
Ur,CR 0 3 —5+3

and w(1,2,1,3) in the SU(3)¢c XSU(2), X U(l)y XSUQR)y
theory and (ii) ¢'(1,2,2,2,1) and '(1,2,2,2,3) in the
SU@B)c XSU(R2) XSUR)g X U(1)g _r XSUQ)y theory. It
is to be noted that the above Higgs fields also contribute
to the fermion masses.

Another natural horizontal symmetry is the SU(3)y
symmetry® since there are three generations of fermions.
This symmetry has been considered by several authors®’
to study the fermion masses, CP violation, and flavor-
changing neutral currents (FCNC). We have incorporated
the SU(3); symmetry in the standard and left-right-
symmetric theories to construct dimension-6 and
dimension-7 baryon- and lepton-number-violating opera-
tors. The left-handed and right-handed fermions
transform as triplets under SU(3)y; and their charge con-
jugates as antitriplets. To avoid anomalies a right-handed
neutrino triplet is also necessary. In the present work we
refer to this version of SU(3)y symmetry as SU(3)}; sym-
metry. The following Higgs particles are used for con-
struction of dimension-7 operators: (i) X(1,1,0,3),
£(1,1,0,6), p(1,2,1,3), and ¢(1,2,1,6) in the SUQ)¢
xSUQ), XU(1)y xSU@B)y theory; (i) X'(1,1,1,0,3),
£'(1,1,1,0,6), p'(1,2,2,2,3), and ¢'(1,2,2,2,6) in the
SUB3)c XSUQR), XSUR)g XUl _; XxSUQB)Y theory.
These Higgs fields do not contribute to the fermion
masses.

Another version of the SU(3); symmetry, which is re-
ferred to as SUB3)Y¥ in the present paper, has also been
used to construct the baryon- and lepton-number-violating
operators. This symmetry® has been used by several au-
thors in the context of a maximal grand unification like
SU(16), low-energy supersymmetric models, and light
Dirac neutrinos. We assume that, while all the left-
handed fermions and antifermions and right-handed mir-
ror fermions and mirror antifermions transform as triplets
under SU3)}F, the rest of the fermions transform as anti-
triplets under SU(3)/F. The resulting theory is chiral in
both fermionic and mirror-fermionic context but, as a
whole, it is a vectorlike theory and, hence, it is anomaly-
free. The mirror fermions couple to charged gauge parti-
cles W[—, R, generating familiar low-energy weak interac-
tions through V + A4 rather than ¥V — A projections, and
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mix little with the basic fermions. For construction of
dimension-7 operators, the following Higgs particles are
used: () n(l 2,1,3), H(1,2,1,6), £(1,2,1,1), and
A(1,2,1,8) in the SUQ3)cXSU(Q2)L X U(1)y XSUR)EF
theory; (ii) 7'(1,2,2,2,3), H'(1,2,2,2,6), £'(1,2,2,2,1), and
A’(1,2,2,2,8) in the SU(3)¢ XSU(2), XSUQ)g XU(l)p_t
X SU(3)F theory. It is to be noted that while 1(1,2,1,3)
and H(1,2,1,6) contribute to fermion masses in the stan-
dard theory, 79'(1,2,2,2,3) and H'(1,2,2,2,6) generate fer-
mion masses in the left-right-symmetric theory.

III. NOTATIONS AND CLASSIFICATIONS

The operators can be classified conveniently in terms of
a multxplxcatlve quantum number known as the F pari-
ty,!! which is assumed to be conserved in baryon- and
lepton-nonconserving interactions. A field is character-
ized by a pair of integers and/or half-integers (A4,B),
which specify their transformation under the homogene-
ous Lorentz group. T; and Ty refer to the left-handed
and right-handed weak isospin of the field, r&sgectxvely
The F parity of a field is defined as (—1) AR
The F parity is even ( + 1) for quarks and leptons and odd
(—1) for the known gauge fields, space-time derivatives,
and the Higgs fields. The F parity is of opposite sign for
the corresponding fermions and antifermions but of the
same sign for bosons and antibosons. The conservation of
F parity requires that the operators with even parity are
allowed but those with odd F parity are forbidden. Thus,
the dimension-6 operator QQQL (AB=AL) with F=+1
is allowed but the dimension-6 operator QQQL
(AB=—AL) with F=—1 is forbidden, and, to allow a
AB= —AL process, one has to combine a AB=—AL
operator with a Higgs field to construct a dimension-7
operator with F =+ 1.

We establish the following notations for our purpose.
a, B, and y are SU(3)¢ indices; i, j, k, and ! are SU(2); in-
dices; i, j', k', and I’ are SU(2)g indices; L;; and Q;,r
are left-handed lepton and quark SU(2); doublets; Epg,
Ugr, and D,g are right-handed lepton, up- and down-
quark SU(2), singlets; L;x and Q;,r are right-handed
lepton and quark SU(2)g doublets; p, g, r, s, m, a, and n
are horizontal indices for the groups SU(2)y and SUQ3)y
and these indices can assume values 1, 2, and 3 for three
generations of fermions; superscript ¢ denotes the
Lorentz-invariant complex conjugate; €;;, €;j, €,8,, and
€pqr are the totally antisymmetric SU(2)., SU(2)g, SUG)c,
and SU(3)y tensors, respectively, with €;,=1 and
€123=+1 and § is the usual Kronecker delta symbol. In
the horizontal representation the asterisk represents the
antitriplet representation. An operator O in the standard
theory is represented as O in the left-right-symmetric
theory.

It is to be noted that we do not write those dimension-6
and dimension-7 operators, which lead to nucleon decay
modes involving heavier mesons (with ¢, ¢, or b flavors)
and the heavy lepton (7) violating the conservation of en-
ergy.
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IV. DIMENSION-6 OPERATORS

We are now in a position to write the AB=AL
dimension-6 operators leading to the nucleon decay in the
SUB)eXSUQR), XUy XGy and  SUQB)cXxSUQ),
X SUQ2)g XU(1)g _ X Gy theories. We consider different
horizontal symmetries like Gy =U(1)y, SUR)y, SUBF
and SU(3)}, respectively, and demonstrate that these sym-
metries lead to different nucleon decay modes.

A. U(1)g symmetry

There are six dimension-6 operators in the
SU@B)¢ XSU(Q2), X U(1)y X U(1)y theory which are

0'=(D $ar U1gr (Q iy L 1L )€ij€apy » (1)
02=(D $ur U1gr (@ §iyL L 1j)€ij€apy » )
0°=(05iar Q1j N U SyrE 1R )€ij€apy » (3)
0*=(Q $iar. @1ja (O Skyr L 11 )€ij€xi€apy » 4)

0°=(D}§ RUlgR)(v'i'YREm)Gagy ) (5)
o =(D2aRUIBR)(U?yRE1R)€aﬂy . (6)

These operators lead to the following decay modes of the
nucleon:

portv,mtn%, mtre*, 7%t K9, Kt 1%, ,

K75, K%t ,K*t*nr—et K%t 7% % +
and
n—1%,,7°7%,,7°7"e*,K%,, K%, K~ et ,

et mtr Y, .
It has already been pointed out'? that the U(1)5 symmetry
forbids the nucleon decay into the leptons of the second
generatlon and, hence, the decays like p—K%™*, K+v,
and n —>K% v, are ruled out.

In the SU@B)c XSUQ2), XSUR)g XU(l)g_r XUy
theory the following four dimension-6 operators are possi-
ble:

'=(0 51ar Q18R (Q Siyr LjL J€ij€irj€apy » M
o 2“(Q iar @18 Q@ Siryr L 1R €ij €' j€apy » (8)
0°=(05iar Q1) Q Skyr L1 )€ij€xi€apy > 9

0*=(05ar Q1j8r)Q SkyrL 1R € j €k 1€y - (10)

These give rise to the following decays of nucleon:

pomtv, 1t mt 1%, , 70l ntret
and
n—>7%,, 7 et, 7t v, 7 nlet, 7%, .

Like the standard theory, the left-right-symmetric theory
including U(1)y forbids the nucleon decay into the leptons
of the second generation but, unlike the standard theory,
the latter also forbids the decay of nucleon into strange
particles.
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B. SU(2)y symmetry

We consider an SU(2)y model with three generations of
fermions.?® We have constructed the following operators
in the SU(3)¢c X SU(2); X U(1)y X SU(2)y theory:

g':(ﬁ ?R U%R )(Qf;LL;L )6,—1-8”8,‘6&37 s (11)
‘@2‘-‘—(5 ZPR U%R )(é ?;LL;L )Gij(spraqs +8p:8qr )eaﬂy ’ (12)
P3=(D R Upr NQ 51 L1 €;j(8pr 84 —8psBgr Veapy »  (13)

P*=(0 B QL NU JRER €809 8 rs€apy » (14)
P°=(Q %1 Qo \U YRER)€j (85845 +8psBg Jeapy , (15
P=(Q &0 NQ ¥y LiL )€ij€iBpgBrs€apy » (16)
P7=(Q %1 Qffor N Q ¥y1 Li )€ij€x1(8prBs +8psByr Veapy »

(17
P=(0 B QL N @ ¥y Liy)

X (7€),5+(T€)g (8pr By — 35850 VEapy (18)
P°=(DFUpr U SRER)8pgrs€apy » (19)
P10 (D B U T SRER (8,8 + 8,580 gy » (20
PN =(D B U )T RE )5y B0 — 8,500 agy » 1)
PR=(UFUpR)NDSRER) (85,845 — 8584 JEapy - (22)

The following nucleon decay modes are predicted:?®

pomt v, mt 1%, 0% 7t

— 0.0 -

7 et,m'ret,Kty,,
K +1r°T/#,K°7T+T/#,K°‘u+,K+1r_p,+,K°1r°/,L+ ,
KK, 7%ut, 7%t ut

and

n—1"v,,7°7°v,,7%r e +,K0"V“,KO7TOT’“,K07T_[L+ ,

KKv, m et 7t 0 v K ¥ vy, mut, a0t

The model allows AS =0 nucleon decay modes involving
the leptons of the first generation and only the charged
lepton of the second generation whereas AS =1 decays in-
volve leptons of the second generation only. Furthermore,
the model predicts AS=2 nucleon decays involving the
neutral lepton of the first generation.

In the SU@3)cXSU(Q2), XSUR)g XU)p_L XSUR)y
theory the following ten dimension-6 operators are possi-
ble:

P '=(0 FarQfpr (O 5L L J€ij€11i8pgBrs€apy » (23)
P1=(Q FrQfpr N Q L L} )€ij€pr( 8y Bys + 8Bt deapy 5
(24)
P3=(0 %10 (O Ly Ly J€ij€ki8pgSrs€apy » (25)
P=(0% Q;’ZBL NQ Sy Lir V€ij€x1(8prBgs +8psOgr Yeapy
(26)

P3=(08. QO T L)
X (7€);j+ (7€)1 (8prBgs — BpsBgr VEapy » 27

P 0=(Q arQfpr)Q FyrLir)€rj€xrBpgBreapy ,  (28)
P 7=(0 #rQ/pr (O FyrLir)

X €;j€x1(8pr8gs +8psBgr V€apy 5 29)
P3=(Q 7rQfpr QO TyrLir)

X (7€)1 (T€)k1(8py Ogs — B psOgr VEapy 5 (30)
PO=(0 B0 (O & LR € €1 BpgOrs€apy » (31)
P 0=(Q %1 Qfar NQ §yrL} R €€ j(8prBys +8psBgr V€apy -

(32)

These lead to nucleon decay modes as follows:

p—1let 7t a%%,, %t at v, mt e VKV, ,

K+ 7%, Kor* 9, Ko™ Kt put K YK, K ru ™t
and

n—1v,, 7%, 7+

00 g0 _— + RORos Ep+-—3%
K°n" v, K°n pu* ,K°K" v, K"~ 7V, .

Interestingly, unlike the standard theory, the left-right-
symmetric theory including SU(2)y forbids the AS =0
nucleon decays involving the charged lepton of the second
generation.

T Ve,m et m’r"et, K%, ,

C. SU3)F symmetry

There are only two dimension-6 operators in the
SU3)¢ XSU(2), X U(1)y X SU3)}F theory, which are

R'=(D% Ubr)O L 68,08 ui€apy»  (33)
R*=(0 B0/ (U Sk ER )€y, 8, s€apy - (34)

These operators predict the following decay modes of the
nucleon:

p—>1T+

K*+7%%, Ko v, Ku*t K Yo~ pt Kor%u ™t

_1—’e,7T+ 0 0,+ .+ —et 0,0 +’K+T,# s

T Ve, T € , T T ,T e

and
n—1%,, 11"V, m°r~e * K%, K7V, Kt ,

tartrTy, .

m e
It may be noted that this model, like the three-generation
SU(2)y model, allows AS=1 decays involving only the
leptons of the second generation but unlike the three-
generation SU(2)y model, the SU3)}* symmetry allows
the AS =0 decays involving the leptons of the first gen-
eration only.
In the SU(3)cXSUR), XSUR)g X Ull)p_1 XSUBK
theory, there are also the following dimension-6 operators:

S1_ (P n* B T
R '=(Q /arQypr (Q iy Lj J€ij€1j8, 2,8 + €apy , (35)
~ — - * *
R?=(Qar QfﬁL NQ 7y rLjr )eijei'j’sp,tsqsteagy . (36)

It is to be noted that the operators in the left-right-
symmetric theory incorporating SU(3)}F lead to the same
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nucleon decay modes as those predicted in the standard
theory including the SU(3)}F symmetry although the
former allows left-handed as well as right-handed neutri-
nos whereas the latter yields left-handed neutrinos only.

D. SU(3)} symmetry

All fermions of the three families transform as triplets
and all antifermions transform as antitriplets under
SU(3)}; symmetry. Therefore, the operators containing a
multiple of three fermions or a fermion-antifermion pair
will be invariant under SU(3)}; symmetry. But Lorentz
invariance permits only an even number of fermionic
fields. Thus, in the SU(3)c XSU(Q2), X U(1)y XxSUB)g
theory, baryon- and lepton-number-violating operators
containing four fermion fields do not preserve SU(3)} in-
variance and, hence, the construction of dimension-6
operators is not possible.”> The same is also true for the
SU(3)c X SU(2), X SUQ)g X U(1)g _; X SU3)} theory.

V. DIMENSION-7 OPERATORS

We now write the dimension-7 operators. It is
worthwhile to point out that a dimension-7 operator con-
tains four fermion fields and one Higgs field (H) and the
effective coupling constant of a nucleon decay mode
described by a dimension-7 operator will be suppressed by
a factor M~3(H). If we assume the unification mass
scale M ~10" GeV, (H)=my ~10*> GeV, we get the
proton lifetime 7~ 10* year. However, the value of 7 is
reduced with the choice of a lower value of M or an inter-
mediate mass scale (77 ) responsible for horizontal symme-
try breaking. In particular, if proton decay is mediated by
some exotic particles with mass M ~10" GeV, and the
horizontal symmetry is broken at a mass scale
(H)=m ~10° GeV (as determined from the constraints
on flavor-changing neutral currents, we obtain 7~ 10°!
year.

A. U(1)4 symmetry

In the SUQ2)cXSUQ), XU(1)y XU(1)y theory there
are two poss1ble Higgs fields, h(1,2,1,+3) and
h'(1,2,1,— 5 1), which have been used to construct
dimension-7 operators. We do not write the operators as-
sociated with h'(1,2,1, — +) as these operators lead to nu-
cleon decay modes involving heavy-quark fields. The
relevant dimension-7 operators with h(1,2,1,+ <) are

L'=(0Q 5iar Qujar Lo Diyr b €y€ri€apy 37
L?=(Q 5iar Qijpr Loz Dayr )h;€rj€u€aﬁy ; (38)
L*=(D$uD1pr (Lo  Uyyr)h]€ij€apy - (39)
The decay modes resulting from these operators are
p—>1T+V“,1T+1T0‘V“,1T+KOV“,1TOK+VF,K+‘V“

and
0 0,0 +o— 0p0 - o
N—>T VY, T VT T V™ K Vs T K+VF,K V-

Here dimension-7 operators allow nucleon decay modes
into the neutral lepton of the second generation only.

In the SUQB)cXSU@2), XSUQR)g XU()p_r XU(l)y
theory, there are three possible nggs fields g(1,2,2,2,0),
g'(1,2,2,2,+3), and g"(1,2,2,2,— %), which are neces-
sary to generate the quark mass matrices. The
dimension-7 operators associated with the Higgs field
g(1,2,2,2,0) are

G'=(0 $iar C1ja "L 2ks Quiryr )gl, €ij€RIE; €apy » (40)
G?=(0 $iar Q1o N L 2R Q1ky1 181 €1j€R1Errj€apy » 41)
G*=(05iar Q18R L2 Qui'yr )8jl'€ij€i'j'€k'1'€aﬁy , (42)
G*=(0 5iar Q18 Lok Quiye )811 €ij€i i€ €apy - (43)
These operators allow the following nucleon decays:
p—omty,mtnly,
and
n —+1r°v“,7r°1r° VT T Y,

With g'(1,2,2,2, + 7), the operators are

H'=(0 Siar @180 (Lot Qiryr 8} €ij€0iEr j€apy » (44)

H*=(Q 5iar Q1jpr L 2ir Qakyr )gl'jteijeklei'j'eaﬂy , 45)

H3=(Q 5ar Q1j:p- (L2 Qak'yr )giltfijfi'j'fk'l'faﬁy , (46)
4=@ $rar Q18R Lok R @iyt )8JT €€ € 1Eagy »  (4T)

(0 $iar. Q28 XL ok @1y R )81} €1 €RIE /€ apy » (48)

ll

(0 Siar Q2o N L2k Quiryr )81'1'(7' €)ij*(T€)k1€irj€apy »

(49)
(0 $iar Q2o N L2k Q 1kyL )81} €ij€IEN jEapy »  (50)
Qi

II

II

iar @218 L2 RQ 1y )81 (T€)yj - (T€) €€y »
(51)
(Q §rar Q2j8r L2 Q1k'yr )gjlteijei'j’ek’l'eaﬁy »  (52)

H"=(Q 5iar Q2j8r L2 Q1k'yr)

X g €j(T€); (1€ 1€apy » (53)
"=(Q $rar Q2ysr  L2x'rQuiyL )8};' €ij€i'j € 1€agy » (54)
H"=(0$rar Q288 Lok r Qriy1 18jL €5 (7€) j (T 1€y -
(55)

ll

These predict
p—>K v K+n%, Kortv, Ktntu~
and
n—K%,K*tu= K°r%, K+ 7 v, Kortp= K+~

Furthermore, dlmensmn 7 operators associated with
g"(1,2,2,2, — %) are given by

m"'=(0 $iar Quja (L 1 iy R 81} €€ 1€ € apy » (56)
m?=(0 %ar Q1jpr L 1k Q2iyR )gl'j"T(‘rf)ij'(Te)klel'j'eapy )
(57)

m>=(05%arQ1jpr XL 1R QakyL )gllj"Tfijeklei’j'eaﬂy , (58)
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m*=(0 %iar Q1jpr (L 1R QakyL gii (7€) (T€)a€irj€apy »

(59)
m3=(0 $iar @1j:pr (L 1iLQakryr )g;{;:reijfi’j'ek’l'eaﬂ-r , (60)
m®=(0 $rar Q1j:pr L1 Qaicyr )gj’l"Teij(Te)i'j"(Te)k‘l’faﬂy ,
(61)
m7=(0 %ar Q1R L k'R Qaiys 8ji" €ij€rj€rEapy »  (62)
m®=(Q 5ar @1y L1k QaiyeL )gj{I”Teij(Te)i‘j"(‘re)k’l’eaﬁy .
(63)
These lead to
p—>K*K%, KtK+e~
and
n—K°K%,,K *K% -

Interestingly, dimension-7 operators with the Higgs field
g(1,2,2,2,0) allow only AS =0 nucleon decays; those
with g'(1,2,2,2, + 3) lead to only AS =1 nucleon decays
but the operators with g”(1,2,2,2,— %) give rise to nu-
cleon decay modes with AS =2 only.

B. SU(2)y symmetry

There are eight dimension-7 operators with the Higgs
field #(1,2,1,1) in the SU(3)¢c X SU((2), X U(1)y XSUQR)y
theory with three generations of fermions. These are

F'=(D %R UL [ D3R )$;€i8pg8rs€apy » (64)

=D& Upr (L [ DS R)b)€;; (8,805 487580 )qpy »  (65)

F3=(1‘> P U WL [ DR )b 1€;;(8, 845 — 8580 Veapy »  (66)
=(Q B0 ML DR )$1€;i€8pgSrsapy » (67)
=(0 8. Qs (L kD3 r)BI€i€k1(8prSg5 +8,580 Ve apy »
(68)
F=(Q % Qfer (L i1 Dig)
X G1(7€);j+(T€)11(8,rBgs —BpsBr Ve upy » (69)

F'=(D %D L [t USR)bl€; (85805 — 8580 )apy ,  (70)
F3=(D %D L [ DR)6;(8,r80s —8psBpJeapy - (T1)
These give rise to the following decay modes:
p—omtv,mtn%, K *vuK +'n'°v,,,K°7r+v“,K *K%, ,
K*rte ", Kto*tu~
and
n—>7%,,7°7%,, ™K Ov,‘,K O‘V“,K KO, mt7"V, ,
K*7 v, K'rte = ,K*n% —,K+tpu= ,Komtp—,
K+*7%—,K*te~

Furthermore, there is another set of eight dimension-7
operators with the Higgs field «(1,2,1,3). These are
given by

N'=(D %R UL 1L D3R )0]™€;i€pqmSrs€apy » (72)

N2=(D % U (L L D3 g )0} ™€, €pqrSem€apy » (73)

N3=(0 &, Qs UL kDY )0)™7€)j(T€) k1€ pgmBrs€apy »
(74)

N*=(0 B, Q%1 UL kD3R )0 ™€) (T€)i€pgrOem€apy »

(75)

N3=(D %D (L [ USR )0} ™€ ;€pqmSrs€apy » (76)
NO=(D & DEr L [ U R )0 ™€1i€parBm€apy » 77
N'=(D&DEr )L [ D5 R )T €pqmOrs€apy » (78)
NE=(D %x D (L [ D5 g )0 €pgr Ssm€apy - (79)
The decay modes resulting from these operators are
p—K v, Kt 7%, Krtv, K K%, ,K+trte ™,

K*K+tu= ,K*v ,K*7% K°7+v, K +*K%,
and
n—K%,, K%, K°K%,,K*+e~,K’rre ", K *K%u~

K%, K°7v, K *7 v, KK K +t7%e~ K *7 v, .

Obviously, the decay modes resulting from dimension-7
operators with the Higgs particles ¢(1,2,1,1) and
w(1,2,1,3) are different; the latter leads to AS =1 and
AS =2 nucleon decays, whereas the former allows AS =0,
AS =1, and AS =2 nucleon decays.

In the SUQB)cXSUR), XSUQR)g XU(l)p_r XSUQ)y
theory, twelve operators with the Higgs field ¢'(1,2,2,2,1)
are possible:

_ N
=(0 #ur Q' r (L [ Qkryr )Bji€ij€ir i€k 1B pg Bys€apy »

(80)
F?=(Q #,rQ}sr L 4 Qk'yr)
X Gii€ij€ir e (8prBas + BpsBqr J€apy » 81)
=(0 Fur Q_;I’BR XL, Qiyr)
X Gj1€ii (T€)irjr+ (T€) (8 pr Bgs — s Sgr JEpy » (82)

F4=(Q?¢[;L Ofer (L i Qfyr )¢?}r'5ij€kl€f'j'5pq5rs€aﬁy , (83)

(Q LQ]BL )(L kL Ql yR

X¢1j'6ij6klei’j’( pr qs+5psaqr )eaBy , (84)
Fo=(Q0 %, 0/p (L 14 QFyR)

X(i’}}(‘l’e)ij'(TE)kIE,-'j'(Sp,Sq,—SPSS,I, )€apy > (85)
F'=(0 #r qu'BR WL &g (0}93 )¢};’€ij6i‘j'ek‘1’ﬁmSmeaﬁy )

(86)
=(Q #urQ}gr (L k' Qfyr)

X d’};’eijei'j'ek’l'(spr‘sqs +8psdgr Jeapy (87)
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Q i'aR qu'BR )(Z ;c'R Qi’yL )
><¢};r'e,-j(re),~jv-(*re)k','(ﬁp 8,

=(0 %, Qf (L

8psOgr VEapy (88)
i RQi:yL )¢;}L’€ij€klei’j'8pq8rs€aﬂ7’ ,» (89)

"=(0 &L Qs L irQiyr)
X Bi1€ii€x1€r j(BprBas +8psByr Veapy » (90)

FIZ

=(Q & QM \L FrQityr)

X GHT€)15(TE )11 (B Bs — Byur Jeapy - 91

These predict the following nucleon decays:

p—mv, %, %K Yy, Ko, 7t Kt uT K Yy,
K*K%, K*K+*e™

and

n—>7v,, w0, T, ,KOV“,KO‘TTOV KK, ,
Ktm=v,K*K% " ,K*u= K'rtu= K +nu~ .

Another eight operators with the Higgs field »'(1,2,2,2,3)
can be constructed as follows:

N'=(Q #r Qfpr (L I Qfyr )0 Me;(T€)rjo+ (T€) oy
X €pgmOrs€apy » (92)
= (0 Far QPsr (L [L @iy i€y (7€)1 (1€ er

X €pgrOsm €agy » (93)

—(Q LQ]BL)(L kLQ;yR)wI] (7€) ij (Té

X €;'j"€pqm Ors€apy > (94)
=(0 8, Qfar (L i Qg i (7€) (1)
X €;'j*€pgrOsm€apy (95)
N3=(Q FrQfpr (L kg Qi )0 ime i (1€) - (T€ )y
X €pgmOrs€apy » (96)

q T it
=(0 Far Qfgr (L kg Qfyr )0} € (7€) jo- (T€)rp

X €pgrOsm€apy 97)
N7=(Q %, Qfsr (L [ Qiyr Joif™(7€)-(1€)g

X €;'j"€pgm Ors€apy (98)

=(0 2. Qfp (L irQiyL )wz, (7€) (T€)yy

X €€ pgrOsm€apy - (99)

These operators permit the following nucleon decay
modes:

p—K v ,K*1%, Koty K K%, K*trte ™,
K*K*pu= ,K*v,K+t7%, K’rtv K *K%,

and

n—K%,,K %1%, KK,

K°r*e  ,K*K%

K*r v, Kte ,Ktn'e ™,
0 0 + 0g-0
— K%, ,K°7% K*7 v, KK ., .

Clearly, the decay modes arising from dimension-7
operators with ¢(1,2,2,2,1) and «’(1,2,2,2,3) are dif-
ferent; the former leads to AS =0, AS=1, and AS =2 nu-
cleon decays while the latter allows AS=1 and AS =2
nucleon decays only.

Interestingly, with SU(2)y-triplet (w,w’) Higgs bosons,
the standard and the left-right-symmetric theory cannot
be distinguished although, with SU(2)y singlet (¢,4"), they
lead to different predictions.

C. SUB)# symmetry

In the SUB)cXSUR), XU()yxSUB)Y theory,
dimension-7 operators _have been constructed using the
Higgs fields 7%(1,2,1,3), H(1,2,1,6), A(1,2,1,8), and

£(1,2,1,1). The following two operators with the Higgs
field n(l 2,1,3) are possible:

X'=(D 4 )L DS Sm) "€ij€, x4 O x y€apy »  (100)
X2 ( DﬂR )(L iL U.),R )7]] 6,16 * * *8 * 603}’ . (101)
The decay modes are

p—Ktv K+ 7% Kortv K +K%,
and
n—K%, K°7% K *+7 v, K°K%,

With the Higgs field H(1,2,1,6), there are two opera-
tors which are

I'=(D% UﬁR WL I DS H™ ™

X(:‘,jé ; * .E’ts*n.eam, Py (102)

*, %

=D U (L i Dy H™""
X€,Jep*q.’*éstm "‘eaﬁy . (103)

These operators lead to the following decay modes of the
nucleon:

p—>K*tv K+t K'rtv, K +K0V,,K+V“,K+7TOV# ,
K%y, K K%,
and
n—K%, K%, K +1r‘v,,K°K°v,,K°v,,,K°1r°v,‘ ,
K*7™ v, KK%, .

There are only two operators with the Higgs field
A(1,2,1,8):

J'=(0 B QJp (L kL Dyr)AI™ (1) (Te)y

X €pgn€, % %, x€apy » (104)
=(0 %, QJa (L iz Dyr)AI™ ey

X8, 48,48, %, €apy - (103)
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These operators allow the following decay modes:

PV, K v, m % Kt 1%, Komt v, K +K%, ,
Ktv,K+ta% Krtv KK K*K*e™,
K*rtu= K *+n%, Ko *v,

and

n—K%,,K°K%, K1, K% K'nv Kt 7™y, ,
K*7 v, KK, 7%, %7, 77~ v, K +tK%
K*u= K+7%u— Kor*u= ,K°7%, K+*n v, .

The following operator is possible with the Higgs field
£(1,2,1,1):

Z'=(Q % Ofpr ML . Dyr)6Tey€uB,, 48, s€apy -
The operator predicts the following decays modes:

(106)

P v, 1% K v, K 1%, Ko v, K *K %, ,
K+t7%,,K'r*v,
and

n—1%,, 1t 7 v,, 1%, , K%, K °1%,,K°K %, ,

+
K7, K+tmr~ v, K+tn~ Yy .

It is to be noted that the operators with the Higgs fields
7(1,2,1,3) and H(1,2,1,6) lead to AS =1 and AS =2 nu-
cleon decays. Furthermore, the operators with £(1,2,1,1)
lead to AS =2 nucleon decay involving v,, whereas those
with A(1,2,1,8) lead to AS =2 nucleon decays with v,,
e~, and v, only. Interestingly, with 7(1,2,1,3),
H(1,2,1,6), and £(1,2,1,1), there are no operators leading
to the nucleon decays into the charged leptons.

In the SU(3)cXSU(2), XSUR)z X U(1)p_ X SUG)FF
theory, dimension-7 operators have been constructed using
the Higgs fields %'(1,2,2,2,3), H'(1,2,2,2,6),
A'(1,2,2,2,8), and §'(1,2,2,2,1). There is only one opera-
tor with 7’( 1,2,2,2,3):

1 a* T r¥ st tm
X'=(QF7 aR Qypr \L i Qryr M€y (7€)1 jr-(TE€ )y
Xast"leP‘ .rgeapy . (107)

This predicts

p—Ktv K+ Kortv K+K%,
and

n—K%, K7 K +*7~v,K°K, .
There are two poss:ble operators with H'(1,2,2,2,6):
T'=(Q FurQfar (L 7 Qi HjIm ™" (7€) (r€)err

Xe e, €0 s 2€apy > (108)

"'(QxaRQJﬂR)(L :LQkyR) gmn® € (7€) (T€ )y
Xep.q‘m.e’.‘s.n*eaﬂy . (109)

They give rise to the following decays:
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P—K¥v K+t Kortv Kt K%, K *K %, K v,
K+1r°v,‘,K°1r*v,‘,K+K te  Ktmrtu~

and

n—K%, K%, KK%, K *1 v, K°K%, K%, ,
K%, K*m v, K K% K *p~ K*7°%u~ Kortp~

The following four operators are possible with
A'(1,2,2,2,8):

J'=(Q¢ 210/ (L 1O YR )AI]

XS ta ‘8 #nfaﬁy’

T2=(Q 8,00 (L i Qfyr A" (xe); (1)

Xei'j'qu,,fr

Gijeklei'j’

(110)

tstmteaﬂy y (111)

~ —_ * * —
J3=(0 #r Qfgr (L kg Q1 )AGI™
X8 o8 48 4 €apy s

prqsmn

—-(Q i aRQj BR )(L kRQI]’L )A' Im né',j(Té'),"j"(TE)k']'

*n
€€ €y

(112)

XGp.q.m.e,,,,eaﬂ,, . (113)
The following decay modes are allowed:
T, K v, K Y 1%, Koty KK %, K v,

K+*7% K7ty K*K%, K*K+e  K*tmtpu~

p——>1T+

and
n—K°%K%,.K ovl,,K °1r°v“,K O, K°m%, KK %, 7%, ,
o, mtr v, Kt v,‘,K 7 v, K*tK%
K+tu— K*7%u— K+
With the Higgs field £'(1,2,2,2,1), the following two
operators can be constructed:
Z'=(Q 2. Qs (L k1 Qfyr &7} €ij€xi€iry8,, 48 u€apy
(114)

* —
Z2= (0700 ar (L kr Q5 E)

xfijfi'jlekls 6 o €apy -

0,80, (115)

These operators lead to the following decay modes:
Pt v Ky, mta%, Kt 7%, Kot v, K YK %

and

n—7,,K °v,,,1r°11'°v, ywtr~ v, K °1r°v,,,K v, K Ok Oy,

With 7', dimension-7 operators lead to the same nucleon
decay modes as those obtained in the standard theory.
With H’, the operators lead to nucleon decays involving
e~ and pu~ which are forbidden in the standard theory
with H. With A’ and {’, AS =1 nucleon decays involving
v, are forbidden although these decay modes are allowed
in the standard theory.
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D. SU(3)} symmetry

As mentioned in Sec. IV, it is not possible to construct
dimension-6 operators in the SU(3)cXSU(Q2), XU(1l)y
X SU(3)}; theory. With fermionic fields only, one needs
at least six fermions to construct Lorentz-invariant
dimension-9 operators which are SU(3) singlets. Howev-
er, in the presence of a Higgs field, it is possible to con-
struct Lorentz-invariant dimension-7 operators, which are
also invariant under SU(3)}. We have considered four
Higgs fields X(1,1,0,3), §&(1,1,0,6), p(1,2,1,3), and
t(1,2,1,6) and constructed the possible dimension-7
operators.

There are only two operators with X(1,1,0,3) and these
are

S'=(DFZRUErNL QL X° *Gijepq,ﬁa e €apy » (116)
=(0 81 Qfar UL . Oy X (7€) (7€)
X €pgrd, + €apy - (117)

These give rise to the following nucleon decay modes:
p—K* v, K*t7°%, K7+ v, ,KtKv,

and
n—K°v, K%y K+7~v,K°K'v,

With the Higgs field &(1,1,0,6),
operators can be written:

T'=(D&HRU

the following six

Upr (L § Q;yL)§ "€ €pqmErsn€apy » (118)

T =(D R UG NL & Qfyr e ™ € i €pgr€smn€apy »  (119)
T3=(0 &1 Qfer ML §. Oy ™ () (€)1

X €pgm Ersn€apy » (120)

=(Q . Qjp (L ¥L.Qfyr )& (7€) (1€

X €pgr€smn €apy » (121)
T°=(D RURNE FUSRE ™ € pum€rsnapy »  (122)
To=(D % U NE §US R E ™ € o €mn€apy - (123)

From these operators, the following decay modes are

predicted:

p—K* v, ,K*v K+ K° ve,K+1TOTI K°1T+'1‘/“,K+7r°T/T ,
K7 v, Ku* K*t7 ut,K7%u* K K%, K+%, ,
K+77'°T/e,K°7T+T/e

and

n—K°%v, KV, K%, K +*7~%,K°7°%, K *nr~ v, ,

K°7°v, K*7r~%,,K°m°%,,K°K°V, , K°K°V Ko pu™.

The following three operators are obtained with the

Higgs field p(1,2,1,3):

Vi=(D & UL I Dy )p) €ii€pgm, +, €apy » (124)

VZZ(Q:%LQ? L (L ;CI*DSR )p}.m(TE),'"(TG)kI
jB Y j

X €pgm O+ €apy s (125)
V3=(D &RDEr (L i USR )P €i€pqm,+ €apy - (126)
The following nucleon decay modes are possible:

p—K +ve,K+1T°ve,K°1r+v,,K+K°v“,K trte  , K*K*tu~

and

n—K%,, K1, K * 7= v, ,K°K%,,K *e " K+~ ,
Korte  K*K%~ .

Furthermore, two operators can be constructed with the
Higgs field ¢(1,2,1,6):

*

W'=(D &R UL Dig)t)™" " e,

XS mta n*S * eaB‘y y (127)
*'l‘

=(0%. 0/ (L D A €€k

Xapm "sqn"ﬁr*seaﬁ'r’ . (128)

These predict the following nucleon decays:
p—rtv,mtK%, 'n'oK*‘1/8,774’77'01/e,‘n'OK’Lv,J R
7 K%, K v , K TK%,

and

n—mv,, 7K V“,‘)Toﬂ Ve, TTK ™ Vi K%, |

Tt v, K%, K Y77 v, , KK %,

It is to be noted that only strangeness-changing nucleon
decay modes are allowed by dimension-7 operators with
X(1,1,0,3), £(1,1,0,6), and p(1,2,1,3) but strangeness-
changing as well as strangeness-conserving decay modes
arise from the operators with the Higgs field ¢(1,2,1,6).
Furthermore, the operators with X(1,1,0,3) and &(1,1,0,6)
lead to AB=AL decays while those with p(1,2,1,3) and
t(1,2,1,6) give rise to AB= — AL nucleon decay modes.
Interestingly, AB = — AL operators forbid nucleon decay
into v,, which is allowed by AB=AL operators. In addi-
tion, operators with the Higgs p(1,2, 1,3) allow AS =2 nu-
cleon decay modes involving the leptons of the second
generation, which are forbidden by AB=AL operators.
The operators with the Higgs X(1,1,0,3) forbid nucleon
decay into charged leptons but allow decay into ¥, only.
In contrast, AB=AL operators associated with &( 1,1,0,6)
allow nucleon decay into the neutral leptons of all genera-
tions and the charged lepton of the second generation
only.

In the SUB3)cXSU2), XSUR)g X Ul)p_, XSUBRY.
theory we have also constructed dimension-7 operators
with the Higgs fields X'(1,1,1,0,3), €£'(1,1,1,0,6),
p'(1,2,2,2,3), and 1'(1,2,2,2,6), respectively. The follow-
ing two operators can be written with the Higgs field
X'(1,1,1,0,3):

S1=(0 2.0 (L 5105, X" " (1€)y-(1€)y

Xfm,sa .s€aﬂy Y (129)
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§52=(Q 2 Qlr (L £ QFr X (7€) (€N

X €pgr8, (130)

*,€apy -
These give rise to the following decays:
p—K*v K+t71°%v, K7+ v, KK,
and
n—K% K7V, K*7 v,KK°%, .

With the Higgs field £'(1,1,1,0,6) the following four
operators are possible:

T'=(Q B Q% ML .08, )& ™ (7€) -(1€ )y

X €pgm Ersn€apy (131)
T2=(Q & Q% (L §:05,1 )6 ™ (7€) (1€ )y
X €pgr€smn€afy > (132)
=(Q % Qe (L ¥R Qfyr )™ (1€ )y (rE)err
X €pgm €rsn€aBy » (133)
T*=(0 %r Qf gr (L $rQfyr E ™ (7€) (1€ )y
X €pgrEsmn€apy - (134)
The following decays arise from the above operators:
p—>K+K°v¢,K+fr°v K07T+V“,K K° HKtrut

Krut K+, K +t7%%, Kor* v, K *K %,
and
n—K°%K%v, K7%% Kovu,Ko‘n' ut,K'v K7, ,
KKV, K*m~v,Ktn~,.
We can construct the following four operators with the
Higgs field p'(1,2,2,2,3):

— -_—
=(Q %k Qfar NL It Qfryr )€1 (7€) (1€Niep

X Epgm, +,Eapy (135)
Vi=(Q0 %0/ (L h OF "YR PI;"'(TG)U (T€)x
X €;'j€pgmD, + €apy » (136)
V3=(0 #r Qf gr (L k'r Qe Iojieis 7€)y (rE)ier
X Epgm, +,Eapy (137)
=(Q % Qs (L7 RQk‘yL Pljm(‘ff)u (7€)1
X €;'j€pqm®, x €apy - (138)

These operators predict the following decay modes of nu-
cleon:

p~>K+v,,K+1r°v,,K°1r+ K+KO K+1T+ _K*‘K*,u.

and
n—K% Ko7, ,K 1 v,,K°K %, K’nr+e~

K+7% — K*K%~ .
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Another set of four operators can be constructed with
the Higgs field ¢'(1,2,2,2,6):

W'=(0 %rQfpr \L It Qiyr i "

€ij€i'j"€kr
XS m.& ngS’*seaﬂy 3y (139)
s Im*n*
Wi=(Q & Q% (L iL Qi’yR )t €ij€KI€j
X8 .8 .ar.seaﬂy 3 (140)
—_— Am*n*
W3=(0 #rQfpr (L kr Qiyr )tj;"" "€j€rj€rr
Xapm*Sqn.S’.sé'ag,y Iy (141)
W4=(0%, 0% WL " r0i. )tim " e crren:
- Q ial Q]ﬂL I'RQkyL i eqeklex’j’
Xspm.ﬁqn.ﬁr.séam, . (142)

These operators predict the following decay modes:
pomtv,mtnl, K+ 7° Vy Ko v“,K+v¢,K+1r°v, ,
K°r*v ,K*K%,
and
n—1%, 1°1%,, 7t 7 v, m°K %, K tv, ,
K%,,m°K%,, 7 K *v,,K°K%,

Here also only the strangeness-changing AB=AL nu-
cleon decays are possible with Higgs fields X’(1,1,1,0,3)
and £'(1,1,1,0,6) but AB= —AL decays result from the
operators with the Higgs field p’(1,2,2,2,3). However,
both the strangeness-changing and strangeness-conserving
decays are allowed from the AB= —AL operators with
Higgs field #'(1,2,2,2,6). Like the standard theory, nu-
cleon decay modes involving ¥, result only from AB=AL
operators. Moreover, AB=AL operators forbid AS=2
nucleon decay into the leptons of the second generation
while AB = — AL operators allow AS =2 decays involving
the leptons of the second generation only. Interestingly,
no charged leptons arise from AB=AL operators with
X'(1,1,1,0,3) or AB=—AL operators with ¢'(1,2,2,2,6)
but the charged leptons result in the nucleon decay with
the Higgs fields £'(1,1,1,0,6) and p'(1,2,2,2,3) associated
with AB=AL and AB = — AL operators, r&spectwely

Decay modes such as p—+K+ K *+7°%,,K°7* %, and
n—K° Ve, Kt~ v,,K 70 v, are poss:ble in the standard
theory with the Higgs field £(1,1,0,6), but these are not
allowed in the left-right-symmetric theory with the Higgs
field £'(1,1,1,0,6).

VI. RESULTS

We shall now summarize our results on the analysis of
nucleon decay modes arising from dimension-6 and
dimension-7 operators in the standard and the left-right-
symmetric theory 1nclud1ng Gy where Gy=U(l)y,
SUQ)y, SUB)E, or SU(3)},. We assume the grand unifi-
cation mass scale M ~ 101> GeV implying 7~10%' year.
In the context of the standard theory our analysis on
dimension-6 operators shows that U(1); symmetry allows
nucleon decay modes like
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— — - 0
p—K%tK*v, Kt 71"V, Ko7t v, K+tret K'rle*
and
n—K*%,,K°n°v,,K°re*

but SUQR)y or SUB)Y symmetry forbids these decay
modes. Both SU(2)y and SU(3)}* symmetries allow decay
modes like

p _)KO#'F’K +"—,‘“K +7TOT"“KO1T+ -.‘-,an +7T_#+,K07Toﬂ +
and
n—K°v,,K'n%v, K tr v, Kot

but U(1); symmetry forbids nucleon decay into the lep-
tons of the second generation. However, SU(2)y symme-
try predicts

p—7ut KK, 7%t at et

and
n—rput, KK, 7°m

which are ruled out by SUG)¥ or U(l)y symmetry. In-
terestingly, the construction of dimension-6 operators is
not possible in the standard and the left-right-symmetric
theory incorporating SU(3);; symmetry. In the left-right-
symmetric theory, U(l)y symmetry does not allow
dimension-6 operators leading to the strangeness-changing
nucleon decay; with SUQ2)y symmetry, the operators al-
low decays such as p—>K*K%, and n—K°K%, but
SU3)}F symmetry forbids these decays.

Furthermore, the decay modes arising from dimension-
7 operators can also discriminate among the different hor-
izontal symmetries. In spite of the suppression of the ef-
fective coupling constant by the factor (M)~! for
dimension-7 operators compared to dimension-6 opera-
tors, the former can lead to 7~ 10! year if we assume the
unification mass scale M ~ 10'® GeV, and the horizontal-
symmetry-breaking mass scale m = ( H) ~ 10° GeV where
(H) is the vacuum expectation value of the relevant
Higgs field. Within the framework of the standard
theory, dimension-7 operators lead to different nucleon
decay modes for different horizontal symmetries. U(1)y
symmetry allows

p—omtv,mtndy,
and

n—av,, 1%, ,
which are forbidden by SU(2)y, SUB)Y, or SU<3);’, sym-
metry. In addition, U(l)g, SU(2)H, and SUQR)Y sym-
metries predict e—»K *v, and n—K%, which are prohl-
bited by SUQ)y symmetry But SUQ2); and SUQB)K
symmetries allow

p—K+*K% K*rtu~
and

n—K°K%, K +o°%u =, K’rtp=, 7%, 77, ,

which are ruled out by SU(3)}; and U(1)y symmetries. In
contrast, SU(2)4 and SU(3)}; symmetries allow
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p—K*v, K*rte  KYK%, K*K*p~
and
n—K%, K°rte  ,K+tn% ", K+K% KOKOVM,
which are forbidden by U(l)y or SUB3)f" symmetry.

Furthermore, SU(3)}; symmetry gives rise to
p—K*v Kty Ko7t v, K+TKv,
and

n—K°v, K°7°v, K7 v,K°K°%,

but SU(2)y and SU(3)/F symmetries lead to
p—>Ktv K7 Krtv K +K%,
and
n—K% K°m%v, K *7 v, KK,

although the above decays are ruled out by U(1)y symme-
try. In the left-right-symmetric theory U(I)H, SUQ)y,
and SUQ)F symmetncs allow p—>K*K%, K+trtu~
and n—K°K%,, K +7% ~ , K%t~ which are prohlblted
by SU(3)H symmetry. However, SUQ)y, SUB)E, and
SU@3)Y; symmetries allow p—ntv,7t7%, and
n—av,,7°r%,,m* 7w v,, which are forbidden by U(1)g
symmetry. Interestingly, the decays like p—>K+tK*u~,
K*mte~ and n—K K%~ ,K *7% ~,K%r*e ~ are possi-
ble with SU(2)y and SU(3)}; symmetries although these
are ruled out by SUB)}¥ and U(l)y symmetries. With
SU(2)y and SUQ3)/¥ symmetries, decays such as

p—K*tv,Ktv, K*K*e  K*tmtpu~
and

n —>K0VT,K0‘VM,K +K% K +7%,K°rt

are allowed, which are prohibited by SU(3)}; symmetry.

The decay modes resulting from dimension-6 operators
can distinguish between the standard and the left-right-
symmetric theory for some horizontal symmetries. With
U(1)y symmetry, the standard theory allows strangeness-
changing nucleon decays such as

p—K*v K%+ K+tn%, Konrt v, ,Ktret Kol *

and
n—K%v, K°r—e*,K°7°v, ,

which are forbidden in the left-right-symmetric theory.
With SU(2)H symmetry, nucleon decays such as
pomut, mr%ut, mtrut and n—>mrpt, 707 ut, are
allowed in the standard theory but these decay modes are
ruled out in the left-right-symmetric theory. However,
with SU(3)} symmetry, both the standard and left-right-
symmetric theories do not allow the construction of
dimension-6 operators. With SU(3)}# symmetry, both the
theories lead to similar nucleon decay modes from
dimension-6 operators although the standard theory al-
lows left-handed neutrinos only but the left-right-
symmetric theory yields left-handed as well as right-
handed neutrinos.
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Dimension-7 operators also lead to decay modes which
can distinguish between the standard and the left-right-
symmetric theory for certain horizontal symmetries.
With U(1)y symmetry, the left-right-symmetric theory al-
lows

P—>K+1T+[L—,K+K0VQ,K+K+8'
and
n—K*tu  K°rtu~ K *7%u~ ,K°K%, K *K%~,

which are ruled out in the standard theory. With the
SU(2)y symmetry, the left-right-symmetric theory allows
p—K*K+e~ and n—K *K% ~, which are forbidden in
the standard theory. With SU(3)}; symmetry, the stan-
dard theory predicts

p“—’K+T/e 1K+7TOT’e)KOTT+T/e
and

0= +o— 0, 0,

n—>K"v,, K"~ v, K"V,

which are not allowed in the left-right-symmetric theory.
However, with the SU(3)}F symmetry, the standard theory
allows

p—K*7%,,Kortv,
and
n—K°7, K*7 v, ,
which are restricted in the left-right-symmetric theory.
VII. CONCLUSION

From the operator analysis of nucleon decay in the
standard and the left-right-symmetric theory including
Gy where Gg=U()y, SUQ)y, SUB)KF, or SUB), we
conclude that the ongoing proton decay experiments?’ can
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discriminate among the different horizontal symmetries.
In particular, the determination of 7(p—e*7°)>10%
year will support U(1)y, SUQR)y, or SUB)YF symmetry
but will rule out the SU(3)}; symmetry. On the other
hand, the detection of the decay modes p—e*7°,
p¥K°w,K* will favor SU2)y and SUB3)F symmetries
only. In contrast, if the decay mode such as p—K '*’v# is
detected, SU(3)Y; is definitely ruled out and SU3)}* sym-
metry is certainly favored although U(1)y and SUQ)y
symmetries are not completely ruled out. Similarly, if the
experiments measure T(p—utK%V,K*)> 10 year,
SUG)}F and SU(Q2)y symmetries are definitely favored al-
though SU(3) is not totally ruled out. It may be noted
that, dimension-7 operators can lead to decay modes like
p—utK° WK+ for SUB), symmetry and p—K *v, for
U(1)g, SUQR)y, and SUB)F symmetries with 7> 10°! year
if M~10" GeV and (H)=~10° GeV. Furthermore,
under a favorable situation, the standard and left-right-
symmetric theories can also be distinguished in the nu-
cleon decay. For example, the proton decay mode
p—K*%, can arise in the standard theory with U(1)y or
SU(3)} symmetry but the mode is forbidden in the left-
right-symmetric theory including U(1)g, SUQ)g, SUB)FF,
or SU(3)}; symmetry. Similarly, p—n%%* decay mode is
possible in the standard theory with SU(2); symmetry but
the mode is ruled out in the left-right-symmetric theory
including U(1), SUQ)g, SUB)YE, or SU(3)} symmetry.
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