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Signatures of quark-lepton unification can be experimentally verified by rare-kaon-decay process-
es provided the SU(4)c-breaking scale M ~10°-10° GeV. With the single intermediate symmetry,
SUQ2), XU(1)g XSU(4)¢ in SO(10), we find, for the first time, that such a scale and small Majorana
neutrino masses are allowed when gravity-induced corrections due to a five-dimensional operator,
arising out of spontaneous compactification of extra dimensions, are included. For such lower
values of M, the predicted proton lifetime is large depending upon the value of sin?dy, in the range
0.22-0.24. For still larger values of M., neutrino masses and proton lifetime decrease, and the
latter saturates the Irvine-Michigan-Brookhaven limit when M ~ 10''-10'2 GeV.

I. INTRODUCTION

Two of the most important theoretical developments in
particle physics have been the Kaluza-Klein-type
unification with gravity"? and grand unified theories® >
(GUT’s) of strong, weak, and electromagnetic interac-
tions. Originally proposed to unify gravitation with elec-
tromagnetism, the Kaluza-Klein method' has been ap-
plied with the standard, or grand unifying symmetries,2
in higher dimensions with a view to unifying all basic
forces of nature. In such cases, effective gauge theories in
four-dimensional space-time emerge as a result of
compatification of extra dimensions. In theories employ-
ing spontaneous compactification, nonrenormalizable
higher-dimensional operators involving gauge and Higgs
fields are always generated and the coefficients of these
operators are scaled by the powers of the
compactification scale (Mg) (Refs. 2 and 6). Even
without invoking the idea of dimensional reduction, such
operators scaled by powers of the Planck mass
(Mp,=10" GeV) can also be present as the gravity-
induced corrections to the GUT Lagrangian.

Compared to many other GUT’s, SO(10) has many at-
tractive features.® It is the minimal left-right-symmetric
extension of SU(5), and contains all known fermions (plus
the right-handed neutrino) of one generation in a single
spinorial representation. It can attribute the origins of
parity (P) and CP violations’ as arising out of spontane-
ous symmetry breaking. It can explain neutrino masses
over a wide range of values. With the decoupling of pari-
ty (P) and SU(2)g-breaking scales, the new SO(10) mod-
el® provides a natural solution to the domain-wall prob-
lem.° With one or more intermediate symmetries, be-
sides explaining the observed proton stability, SO(10)
promises experimental verification of interesting theoreti-
cal ideas such as the quark-lepton unification based upon
SU@4)c, and left-right symmetry. 10 1o date, possible
low-energy signatures of SU(4). breaking in SO(10),
SU(16), and SU(8); XSU(8)r GUT’s have been predict-
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ed, %11 within the context of decoupling P and SU(2)x
breakings, in the presence of the gauge group
SUR);, XSUQR)g XSUM4)(=G,,4) with g, #gg, as one
of the intermediate symmetries, at a scale M. ~ 10°-10°
GeV, such that both free neutron oscillations!? and rare-
kaon decays are expected to be experimentally observ-
able. Since the first class of experiments are very difficult,
because of nonavailability of free neutron sources, it
might be useful to search for a grand unified theory
where the consequences of SU(4). breaking can be
testified by a relatively easier class of experiments, such
as the rare-kaon decays only. Even with two intermedi-
ate symmetries in the SO(10) GUT (Ref. 13),

MU
MC
—SU(2); XU(1)g XU(1)5_; XSU(3),
My

—SU(2); XU(1)y XSU(3)c(=Gy3) , (1)

it has not been possible to obtain M. ~10°-10% GeV, for
the presently accepted values!* of sin6, =0.23+0.005.
Two or more intermediate symmetries populating the
grand desert provide possibilities of richer physical struc-
ture; but predictions with a single intermediate symmetry
are very appealing because of the minimal nature of the
underlying GUT scenario.

In this paper we note that, with the single intermediate
symmetry SU(2); XU(1)z XSU@4)c(=G,y,), the SO(10)
GUT is ruled out as it predicts a proton lifetime lower
than the Irvine-Michigan-Brookhaven (IMB) limit!® for
the p—e T7° mode. But, when the twin ideas underlying
grand unification and Kaluza-Klein theory are combined
together, gravity-induced corrections by a five-dimen-
sional operator® !¢ allow the chain

54+45 126
SO(10) s 02,4;;0213 2)
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with M. ~10°-10"" GeV, M;~10"-10" GeV, and
sin?0y,=0.22-0.24. For M~ 10°-10® GeV, correspond-
ing to observable rare-kaon decays, v, mass is negligible;
but v, and v, masses could be measured in the laborato-
ry. The proton lifetime is significantly larger than the
IMB limit depending upon the values of sin’6y, and M.
For still larger values of M ~10’-10!! GeV, correspond-
ing to undetectable rare-kaon decays, v masses decrease
further and the proton lifetime also decreases, saturating
the IMB limit for M ~10'! GeV.

This paper is organized in the following manner. In
Sec. II we summarize earlier contributions in SO(10)
where gravity-induced corrections have been included
and discuss their implications in the context of cosmolog-
ical domain-wall problem and neutrino masses. In Sec.
III our new results are reported. The paper is summa-
rized in Sec. IV.

II. MODIFICATIONS IN SO(10)
WITH SU(2), XSU(2)z XSU@)c AND
SUQ), XSUR)g XU ), _ XSU@B)¢
INTERMEDIATE SYMMETRIES

In this section we summarize earlier contributions in
SO(10) grand unified theory including gravity-induced
corrections and discuss their significance in the context of
domain walls in the early Universe and neutrino masses.
Hill'® and Shafi and Wetterich® (SW) introduced five-
dimensional operators, involving gauge and Higgs fields,
and scaled by the Planck mass (Mp = 10" GeV) (Ref. 16)
or the compactification scale (Mg <Mp,) (Ref. 6), with a
view to obtain modified predictions on 7, and sin%@ .
Detailed analysis in the minimal GUT has been made by
them and others.!” Besides SU(5), SW investigated® pos-
sible changes in SO(10) predictions in the presence of
Pati-Salam intermediate symmetry:

54 126
SO(10)—SU(2); XSU(2)g XSU(4)—>G,3 - (3)
My Mc

In the absence of a d=5 operator, purely renormalizable
interactions permit M.~ 10" GeV, M, ~10'° GeV for
sin?0y, ~0.23. When a nonrenormalizable term

Lyg=— 2—1:74:1%( F @5 F*) 4)

is added, the following changes were noted:

sin*0y, ~0.22, 7,(p—e*7°)2(10-100)7,(IMB), (5

where 7,(IMB) is the IMB limit."> In Eq. (4),
F;w=a,uAv_avAy_ig[A;nAv] ’ .
(A#)‘;=AL(7L,-)Z, (6)
Tr(AA;)=38; ,

and A ’s are the gauge field matrices, A;’s are the SO(10)

generators, 7) is an unknown parameter, M; is the

compactification scale, and ®s, is the scalar field

54CSO(10). As in SU(5), SW noted that their
modifications are consistent with Mg ~ 10~ 2Mp,, compa-
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tible with the parameter € ~0.01-0.02 where
P
€= -——~1_. %0 (7)
V30 Mg
and @, is related to the vacuum expectation value
— P 3 3 3 3
<<1>54>—730d1ag(1, ,1,1,1,1,—3,—3,—3,—3). (8
Without introducing the idea of spontaneous
compactification, as in Hill’s approach, !¢ Rizzo'® investi-

gated the possibility of low-mass purity restoration in
SO(10),

210 126
SO(10)—SU(2), XSU(2)x XU(1)5_; XSU(3)ec— Gy
MU MR

9

using a d=15 operator scaled by the Planck mass:

Lxr Tr(F,, ®0F ™) . (10)

__C
2Mp
With a purely renormalizable Lagrangian, My ~My, in

the chain requires!® sin6}, ~0.27-0.28, which are much

larger than the accepted world average. Addition of (10)

has been found to allow My ~My, with C~—0.5 and

sin?@,, within acceptable limits, for different combina-
tions of Higgs triplets and doublets.

In the symmetry-breaking chain (3), the parity-
violating scale Mp=M ~10"® GeV, and in (9)
Mp=Mpp~My,. Several years before, it was noted by
Kibble, Lazarides, and Shafi,® that in a model such as (3),
where parity breaks at a scale lower than My, domain
walls, bounded by strings, are created in the early
Universe. Such domain walls contribute to the mass den-
sity of the Universe, much larger than observed values,
unless Mp=M:>10"® GeV. With gravity-induced
corrections,® or otherwise,”’ Mpchglo” GeV, such
that problematic domain walls are likely to be absent in
chain (3). But in (9), since Mp=My ~My, <<10" GeV,
the domain walls created are supposed to be extremely
problematic.

Since the scalar representation 126 CSO(10) is used in
the chains (3) and (9), to break the intermediate gauge
symmetry spontaneously to the standard group, Majora-
na neutrino masses are generated by a seesaw mechanism
satisfying the formula?

m}

VizM ’
WR

m i=e,u,7, (11)

where m; is the charged-lepton mass of ith generation
and M Wy is the Wi gauge-boson mass. In case (3), inves-

tigated by SW (Ref. 6) M, =M¢~ 10'* GeV, such that
m, ~107"" eV, mvy~10_6 eV, m, ~107*eV .
(12)

Such neutrino masses are too small to be detected by lab-
oratory experiments, although they might be compatible
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with the solution to the solar-neutrino puzzle. In model
(9), observable low-mass parity-restoration requires
M W ~M W, leading to rather larger values of Majorana

neutrino masses:

m, ~1eV, m, ~100 keV, m, ~10 MeV . (13)
e i T

In this case, although the masses could be measured in
the laboratory, v, and v, masses might be too large.

In the next section we study the possibility of SO(10)
grand unification with single G,,, intermediate symme-
try. Since SU(2); breaks at the GUT scale, there is no
domain-wall problem in this model. When the effects of
the d=35 operator are included, the allowed solutions for
M are such that we obtain neutrino masses larger than
(12) but smaller than (13) by 3-9 orders of magnitude.

III. GRAVITY-INDUCED CORRECTIONS
WITH SUQ2), X U(1)g XSU@)¢
INTERMEDIATE SYMMETRY

In this section we study the modifications caused by
the d=35 operator in the predictions of the symmetry-
breaking pattern (2), with G,;, intermediate symmetry.
It is usually stated that the vacuum expectation value of
the Higgs field x(1,0,1) C45CSO(10), where the transfor-
mation properties of x are under G, 4, might achieve the
spontaneous symmetry breaking at the first stage of the
chain (2). But, according to observations made by
Yasue?! several years ago, both 54 and 45 are needed to
break SO(10)—G,;4. As 45 is antisymmetric, it does not
contribute to the gravity-induced corrections through the
d=5 operator disussed in Sec. IT; but the necessary pres-
ence of 54 is sufficient to induce significant modifications
to the GUT predictions through the d=35 operator of Eq.
(4). Following the techniques of Refs. 6 and 16, and us-
ing Eqs. (4)-(8), the Lagrangian L=.y+.Lyg, with
Lg=—5Tt(F, F"), is at first decomposed into kinetic
energies of the SU4)., SU(2),, and U(1), gauge fields:

L==3(1+e)Te(F,OF ) — L(1— 3e)Tr(F L FPm)
—1(1—=3e)F YFRm (14)

where the superscripts (C), (L), and (R) stand for the
SU@)c, SUR2);, and U(1)g, respectively. Now rescaling
of the gauge fields changes their coupling constants as

8E(My)—g2(My)(1+e), gf (My)—gi(My)(1—1e) ,
g,%(MU)ﬁg,%(MU)(l—%G) ,

where go(My), g, (My), and gg(My) denote the cou-
- pling constants of SU(4)., SU(2);, and U(1 ), respective-
ly, without gravity-induced corrections. In order to
achieve unification of strong, weak, and electromagnetic

interactions for > My, the GUT condition is imposed
through the equations

gE(My)1+e)=g2(My)(1—3e)
=g2(My)(1—1e)=g2 , (15)
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where g is the bare-GUT coupling constant. With the
boundary conditions modified as in (15), we solve one-
loop renormalization group equations for the chain (2).

1 1 a;

= +
a,(My)

In——
a;(u)

27 My’

i=Y,L,3C (16)

with

o (p)=gXp)/4m, ay=7%, ap=—2%2, aze=-7.

Mcs/LSMU:

1 1 a; )
———=——t Tl i=R,L4C, 7
a(Mo)  ap)  2m M 1n

withag =32,a; =—2 and a,c=—%.

Note that we have been confined to the minimal fine-
tuning condition and used three fermion generations, and
the minimal number of Higgs scalars, needed for spon-
taneous symmetry breaking. The Higgs scalars used in
the two different mass ranges are My <u <M., ¢(1,2,1)
under SU3)¢ XSUR2), XU(l)y, Mc =pu=My, ®(2,1,1)
and Ag(1,1,10) under SU@2); XU(1)r XSU4)c. These
are present in 10 and 126 of SO(10). Using Egs. (15)-(17)
and the combinations, e “2(M,)— —*;—g;z(MW ), e A My)
—3g A My), e AMy)=3gy A My)+g; A My), yields
the following constraints on the unification mass, sin%0 W
and the GUT coupling constant (a; =g3 /47):

Mo __6r |18 7 .1,
My  T71-7T4€ |a 3o 3a, «a
- M,
436 |, ¢ (18)
T1-74e | My,
. 1 a
2 f— 39 38
sin2fy, = ———— | |2 +(19—38e)— —53¢
Yoo T71-74e | |2 Y a,
M,
— (285 —170€)In— 19
—(3 elngr— 1, (19
M,
1 _ 1 29 19 26 Mc 20)
ag 71-74e | a 3a; 3 My

In Egs. (18)—(20), a;, =g3(M,)/4m and a=e*(My,) /4.

For the chain (3), or (9), where formula (11) is applic-
able, SU(2), breaks along with U(1); at the same scale
such that My, =M, . But, in the present case, SUQ)

breaks at MWR =My, keeping U(1)z XSU(4)- unbroken

down to u=M_. It is at the second stage of the spon-
taneous symmetfy breaking that the Majorana neutrino
mass is generated when A (1,1,10) under G,;, acquires
vacuum expectation value. In this case M Zg

=M <<My =My, and the corresponding seesaw

mechanism, worked out by Parida and Hazra,?? yields a

different formula for the Majorana neutrino mass:
m?
=M

i=e,u,T . (21)
! c



Using Egs. (18)-(20), a;=0.1088 (Ayg=160 MeV,
where MS denotes the modified minimal subtraction
scheme), a~ 1=127.54, we compute numerically allowed
regions for M-(= 10™) and e within the available experi-
mental constraints (Ref. 14) on M and sin’9,,. Note
that €=0 corresponds to the absence of gravity-induced
effects and such solutions are presented in Table I. It is
clear that, with a purely renormalizable Lagrangian,
chain (2) is ruled out as it yields a maximum
M =3X10" GeV and the corresponding proton lifetime
7"0210291r2 yr which is significantly less than the IMB
limit. '°

Interesting solutions are obtained when €>0 and are
presented in Figs. 1-3, and Tables II and III. At first,
Fig. 1 is plotted using Eq. (18), and Fig. 2 using Eq. (19).
In Fig. 1 the horizontal lines are the IMB and the Planck
limits on the unification mass. The projection of the line
PQ onto Fig. 2 has been denoted as the IMB limit in the
latter. The horizontal lines in Fig. 2 represent the 20
limits of the world average,'* sin?0,,=0.230+0.005. The
projection of the Planck limit from Fig. 1 onto Fig. 2
does not provide any useful boundary for the allowed re-
gion. But, a much better limit exists?®> from the experi-
mentally observed bounds on the rare-kaon decay mode,
K; —[ie, corresponding to M =3 X 10° GeV. Specifying
the four sides of the quadrilateral in Fig. 2 in this fashion,
the allowed solutions are shown by the shaded area.

The numerical values of M., €, M, sinZGW, and agl
are shown in Table II for M-=10°-10° GeV and, in
Table III for M-=107-10'! GeV.

We find, ignoring the uncertainty in Ay and proton
decay matrix elements,>* that the modifications caused by
the d=5 operator permit 10°SM.S10!! GeV. For
every M, the parameter € and the unification mass My
are allowed over a wider range depending upon the 20 or
lo limit of sin’0y. The solutions with smaller (larger)
values of sin’6, are associated with larger (smaller)
values of M, and 7,. Our solutions include the values of
M ~10°-10° GeV, which predict rare-kaon decays to be
observable for any value of sin?fy, in the range of
0.22-0.24. The highest value of My, ~3X 10! GeV is
possible for M-=10°> GeV and sin’0,,=0.22. This has
been shown by the point R in Fig. 1 which has been ob-
tained by the projection of the corresponding point in
Fig. 2.

As M increases, the unification mass, for a fixed value
of sin%@y,, and the proton lifetime for the p —e ¥ 7° mode

TABLE I. One-loop solutions for SO(10) with single inter-
mediate symmetry, SU(2), X U(1)gz XSU(4)¢, in the absence of
gravity-induced corrections.

M (GeV) My (GeV) sin?0y,
10° 9.2x10" 0.273
107 1.2x 10" 0.260
10° 1.5x 10" 0.247
10! 2.0X 10" 0.233
103 2.57X 10" 0.220
104 2.95X 10 0.214
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€

FIG. 1. Solutions of one-loop renormalization-group equa-
tions for M as a function of €, and for MC=10"“, n,=5-12.
The horizontal lines are the IMB (lower) and the Planck (upper)
limits. The allowed upper limit, for n, =5 shown as point R is
obtained as the projection of the corresponding point in Fig. 2.

decreases. This has been shown in Fig. 3 for the 1o and
20 boundaries, and the central value of sin20W=0.230.
For M. > 10® GeV, the allowed range of T, also decreases
being restricted by the IMB limit form below. The IMB
limit is found to be saturated nearly at M ~10'° (10'!)
GeV if the value of sin?0y, is allowed to be 0.225 (0.220).
Including uncertainty in 7, by a factor 10%2, arising out
of uncertainties in the proton decay matrix element and
the QCD parameter, 2* we find that the maximum allowed
value of M, can be increased by 1 order, (i.e., 10!!-10'?
GeV) unless sin%@y, is allowed to be significantly lower
than 0.220.

Using Eq. (21) and the allowed range M.~ 10°-10'2
GeV, we now calculate neutrino masses as shown in Fig.
4. They are found to vary over a wider range:

m, ~(2X10719-2X1073) eV,

m, ~(107°-100) eV , 22)
u

m, ~(3X1072 eV-30 keV) ,

where the lower (upper) limit corresponds to MC=1012
(10°) GeV. The observable signatures of SU(4). break-
ing by rare-kaon decay processes predict

m, ~(2X10742X1073%) eV,

(23)
m, ~(11-110) eV, m, ~3-30 keV .

"

"IMB limit
Rare-kaon limit

=
o) Allowed region
o 024 £
n /. T
'\é‘
0.22
SIS SN
020 1 1 1 1 1 1
[0) 0.05 0.10
€

FIG. 2. Solutions of one-loop renormalization-group equa-
tions for sin6y, as a function of M and €.
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3| ) g B
10 - Y AN ] |0_6 - -
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10 | . 2 = n |o_8 - -
sin"8,, 0.235(10)
\G° B sin29w=°~24q(20) ] 3 R
0 n 1 1 1 1 1 1
10 10° 10" 10® 10° 10° 0 1® 10° 107 1 1. 1d° 1o 0%
Mc(GeV) M (GeV)

FIG. 3. Predictions on proton lifetime for the p—e™*#°
mode with Ay=160 MeV, as a function of M and sin%6y,.
The solid lines are for values of sin’0y, corresponding to 1o and
20 limits. The dot-dashed line is for sin?6; =0.230. The IMB
limit is shown by the dashed line.

Out of these, v, and v, masses are measurable by labora-
tory experiments. The masses are about 6-7 orders of
magnitude larger than those obtained with single Pati-
Salam intermediate symmetry,® but they are 3—4 orders
of magnitude smaller than the models having low-mass
Wi and Zp gauge bosons. !31%22

To estimate, approximately, the order of magnitude of
M that makes these gravity-induced corrections impor-
tant, we use 7=(257a /2)'/?¢eMy /M. Our estimation
depends, crucially, on the assumption that |5|~1 as in
the SW case.® Solutions having €~0.03-0.05 are found
to be associated with lower values of the unification mass,
My ~10" GeV. They require compactification scale
nearly 2 orders smaller than Mp,. These solutions belong
to the same class as noted® by SW in the context of SU(5)
and SO(10) models. The other class of solutions found in
this model are associated with €~0.07-0.10, and
M, ~10'%-10"7 GeV. They require compactification
scale Mg ~10'-10'® GeV. In particular, the observable
predictions for rare-kaon decay corresponding to
M ~10°-10° GeV are found to be also possible with
sin’0y, ~0.22-0.23, €~0.1, and My ~10'7 GeV, requir-

FIG. 4. Predictions on neutrino masses as a function of M.

ing Mg ~10'"® GeV. This scale is generally expected from
the Kaluza-Klein-type compactification, where
Mg=Mp /27 ~1.6X10'"® GeV. If, on the other hand, 7
is allowed to be |77| ~0.1 (10), our estimation would re-
quire M 1 order less (more) for every value of €. For ex-
ample, with M.~ 10° GeV, and M, ~10" GeV, con-

" sistency of the solutions with €~0.1 requires Mg~ 10"’

(10") GeV, if || ~0.1 (10), instead of |7| ~1.

IV. SUMMARY AND CONCLUSION

In theories exploiting Kaluza-Klein-type unification
with gravity, nonrenormalizable terms involving higher-
dimensional (d>4) operators, scaled by suitable powers
of the compactification scale, are usually present. We
have investigated the modifications caused by a d=35
operator on the SO(10) GUT with single G,,, intermedi-
ate symmetry. In the absence of gravity-induced correc-
tions, such a model is ruled out as it predicts 7,
significantly below the IMB limit. Including gravity-
induced corrections, the SU(4).-breaking scale is found
to be permitted over a wide range, M- ~10°-10'? GeV,
leading to predictions on neutrino masses:

m, ~(1071°-107%) eV, m, ~(107°-100) eV ,

m, ~107% eV—30 keV .

TABLE II. Predictions for My, sin’0y,, and values of M, corresponding to observable rare-kaon
decay, as a function of ¢, in the presence of gravity-induced corrections, for the same chain as Table I.
The proton lifetime is for the p—e * 7° mode excluding uncertainties.

M (GeV) € My, (GeV) sin?0,, ag! 7, (yr)
10° 0.10 1.3x10" 0.225 54.56 4.8x10%
0.09 5.9 10'® 0.230 53.93 2.0X10%*
0.08 2.7X 10 0.235 53.32 8.6 X 107
108 0.09 6.0Xx10'® 0.224 53.08 2.1X10%
0.08 2.8X10' 0.229 52.47 9.6 X 107
0.07 1.3x 10" 0.234 51.88 4.4Xx10%
0.06 6.3X10" 0.239 51.30 2.4X%X10%
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TABLE III. Same as Table II but for larger values of M.

Mc (GeV) € My (GeV) sin’,, ag! 7, (yr)
107 0.07 1.3Xx 10 0.228 51.04 4.2X10%
0.06 6.7X 10" 0.233 50.48 2.9X%10%
0.05 3.3x 10" 0.238 49.92 1.7X10%*
108 0.06 7.2X 10" 0.227 49.65 3.8X10%
0.05 3.6X10% 0.232 49.10 2.3X10%*
0.04 1.8 10" 0.236 48.57 1.4x10%
10° 0.05 3.8X10" 0.225 48.28 2.8X10*
0.04 1.9x 10" 0.230 47.75 1.7Xx10%
10'° 0.04 2.1X10% 0.223 46.94 2.4X%10%
10! 0.03 1.2X 10" 0.221 45.63 2.0X 10*

Although m, is too small to be detected, m, and m,
e ©w T

could be measured by laboratory experiments depending
upon M.

For the first time, we have obtained interesting SO(10)
predictions, with single intermediate symmetry, for the
observable SU(4). breaking by rare-kaon decay modes at
low energies with M. ~10°-10° GeV, and any value of
sin?0y, in the range 0.22-0.24. For such lower values of
M, the predicted v masses are 67 orders of magnitude
larger than the SO(10) prediction with Pati-Salam inter-
mediate symmetry,® but 3—4 orders smaller than models
with low-mass right-handed gauge bosons.!'®!%?2 The
proton lifetime is large depending upon the value of
sin?0y,. For larger values of M > 10® GeV, the allowed
range of 7, decreases with increasing M. For a fixed

»
sin*@y, 7, decreases with M and the IMB limit is sa-

turated when M. ~10''-10'2 GeV. The order of magni-
tude of the compactification scale, estimated in this mod-
el, is found to be in the range 107-10'8 GeV, unless the
parameter in the nonrenormalizable term has the value
|n| ~ 10, or larger.

With the SU(@2); XU(1)g XSU@4), gauge symmetry,
existing at a scale u=M:=M; >10° GeV, and
My, =My ~10"-10"" GeV, there is negligible contribu-
tion to the V' + A structure of charged and neutral
currents, in this model. Similarly, the K;-Kg mass
difference and other CP-violating parameters have, essen-
tially, the same prediction as the standard model. At low
energies, this model does not seem to predict any other
detectable signatures, except rare-kaon decays and neu-
trino masses.
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