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The gauge group ISU(2)1 &( SU(2)-„]F)( SU(4)c is extended to SU(4)F )( SU(4)c and the emergence of the

low-energy symmetry SU(2)~ &( SU(2)„&(U(1)~ )& U(1)~ is discussed.

I. INTRODUCTION

The extension of the standard theory of weak and
electromagnetic interactions based on the gauge
group SU(2)~ xU(1) to the left —right symmetric
group (Ref. 2) SU(2)~ xSU(2)„xU(1)~,„wasto ac-
.commodate. whatever possible outcome of the ex-
perimental results on parity in heavy atoms (bis-
muth). In the light of the recent SLAC experiment~
that the neutral current is parity violating to the
extent predicted by the standard theory, such an
extension seems unnecessary. However, if the
possibility of a "light" neutral gauge boson is to be
realized, at the same time taking into account the
SLAC experiment, then the introduction of SU(2)z
x SU(2)„&&U(1)~xU(l)~ gauge structure' on the left—right symmetry principle is only natural. On
the other hand, if the motivation is the aesthetic
desire to have a superunified gauge theory of
strong, weak, and electromagnetic interactions
with one coupling constant, e.g. , chiral flavor
x chiral color based on the gauge group' [SU(4)]',
then the emergence of the low-energy symmetry
SU(2)~ xSU(2)~ x U(1)1 &U(1)z occurs as an inevi-
table by-product of the spontaneous symmetry
breaking. The noteworthy features of this low-
energy symmetry are as follows:

(i) All neutrino phenomenology is identical to
that of the standard Weinberg-Salam model.

(ii) Neutral curre'nts are necessarily parity
violating as required by the recent SLAC experi-
ment.

(iii) It offers the attractive possibility of a light

neutral gauge boson detectable at PEP and PETRA.
The above features are entertained in the

SU(4)„„„xSU(4)„„„gaugetheory6'' of strong,
weak, and electromagnetic interactions. This
gauge group is an extension of the SU(2)~ xSU(2)„
xSU(4)f „Pati-Salam groups and an economic ver-
sion of the superunified theory [SU(4)] with one
gauge coupling constant. In passing, it is to be
noted that grand unified schemes are far from com-
plete. Experimental data are still inadequate to
suggest any. hard core clues to the superunifying
structure. The possibilities are several; SO(10),
EY, SU(5), and SU(16) have been proposed.

We proceed with a detailed description of the
mode.

II. THE MODEL

Gauge bosons

The model is based on the gauge group G =SU(4)p
xSU(4)c (I = flavor, C = color) and is a minimal
extension of the Pati-Salam model based on the
gauge group [SU(2)~ xSU(2)„]~&&SU(4)~ with a dis-
crete symmetry flavor —color such that the theo-
ry has only one coupling constant. This single
coupling constant is denoted by g and f in the flavor
and color sectors, respectively, since the single
coupling constant gets renormalized differently in
the two sectors. In this sense, G =SU(4)~xSU(4)c
serves to unify the basic forces of nature.

The gauge bosons mediating flavor interactions
are, for convenience, represented by the follow-
ing matrix in flavor space:

2 v2

—,'(W2W,'+ ir')

2(- W2W, + U )

Wr

Wx

Wg

2(- v 2W~~ —U )

W

-W-0X

W

—,'(v2W„—U )

(2.1)
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where

V, V, V„
11 ~2

Vg V8 Vj
~6

2 Va Vi5
W6 012 '

3 Vis.
V44 —3g-i2 ~

(2.3)

V14 is the 15th generator of SU(4)c. In what fol-
lows V» will be identified with S of Ref. 8. S is
a singlet of the usual SU(3)c space. The group
structure G11, =G,„|,xU(1)c, G,„bfrom SU(4)z, and

U(1)c [-=S ] from SU(4)c, is postulated to be the
low-energy symmetry of weak and electromagnetic
interactions.

Charge operator

The charge operator in the fundamental repre-
sentations (4, 1) and (1,4) takes the respective
forms

Q„(4,1)=W, + W

0 0 0

0 ——,
' 0 0

o o --.' 0
(2.4)

The block diagonal matrices represent the sub-
group G,„b——SU(2)'xSU(2)" xU(1) ", where (W2, u,
W, z„Wz,z2) =SU(2)'" and U =U(1)' ". Similarly,
the gauge bosons mediating color interactions are
represented by the matrix

v„v, v, x'
A ~ V 1 Vp V22 Vg X'

(2.2)
2 2

V2 Vg V22 X"
X X X'

V44

for fractional charges.
The Q~(1,4) is simply the negative of the Qc(1, 4).

The structure of the photon is easily written down
once Q is known. It is

2 g/2gP y 2—=—(W1+ W12) — —~=~+
f12 e g 3f12

for fractionally charged quarks, and

(2.7)

Fermions

The fermions of the theory can be grouped into
either the (4, 4) or the (4,4) representation of G

=SU(4)„&&SU(4)c.Within each representation
quarks can be either integer charged or fraction-
ally charged. These charge assignments can be
deduced from E1ls. (2.7) and (2.8). Physical con-
siderations, i.e., charge of the proton, rule out
the assignment of fermions in the (4, 4) represen-
tation. However, the assignment of scalar Higgs
fields in the (4, 4) representation is particularly
useful in the process of spontaneous symmetry
breaking. The (4, 4) representation10 allows vac-
uum expectation values not available in the (4, 4)
thus providing different modes which a particular
symmetry can break into (see below). Additional
constraints such as freedom from anomalies re-
quire the following multiplets:

The electronic multiplet

p& p& pb v, CC C E

tl„R Sb e

(2.8)
1 2 2 4

3f 2 3f 2

for integer-charged quarks. [f, = strong coupling
constant, f1, ——hyperchargelike coupling constant
identified with the V1, generator (see Sec. IV).]

and either

0 0 0 2

0 0 0
1

Q c(1,4) = V2 + — —(—,) S =~S 2 1/2 0

3 10 0 --, 0

0 0 0 p

(2.5)

, s~ e

C„C,Cb E i. p~ p p, ve

In such a scheme, where the right-handed fermi-
ons are flipped relative to the left-handed ones,
the fermion mass matrix takes the form

0 0 o mc

for integer charges, or

0 0 0

~eMey ye A

o m„o o

m~ 0 0 0

(2.10)

0 --L 0 0

0 0 -$0
0 0 0

(2.6) Its origin in a Yukawa coupling will be discussed
in the section on spontaneous symmetry breaking
(Sec. 111).

The muonic multiplet
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c„
I

R„

c„Cb

A.b P

Xy Gab M

6'„6'„6'bM

9E, &b M
R

H„with vacuum expectation values (H»),

H» -(15,1),
1 0 0 0

(3.1)

6'r 6'y +b. ~~ L ,C„Cy Cb

(2.11)

()'hg0100
0 0 —1 0

Possibly the w multiplet

Y,

b„F
B„

Yy Yb v~

by bb

By Bb L

Tp Jy Tb

Tf Ty Tb

FT Br By
R

b„by
Bb L

7

Y-b t'c R

(2.12)

III. PARTICLES AND MASSES

Here we demonstrate a scheme of spontaneous
symmetry breaking for generating masses of par-
ticles and leading to eigenstates that give rise to
currents describing interactions consistent with
present-day phenomenology. For convenience,
the scheme of spontaneous symmetry breaking is
divided into two stages, i.e., primary stage and
secondary stage, which are discussed below.

if r has its own lepton number.
In nature the right-handed current interactions

of observed hadrons and leptons are very much
suppressed relative to the left-handed ones. If
(W„W;,W, ) bosons mediate the known left-handed
current interactions and the (W,'„W;,,W,, ) gauge
bosons mediate the as yet unknown right-handed
current interactions, then the known left-handed
fermionic doublets (Pn)„,~(v, e ) are required to
be "flipped" relative to the right-handed ones.
Hence the arrangement of the fermions into the
+LR& FL R &

and FL R multiplets.
In view of the recent experimental developments,

the idea of new quantum numbers (+,st, T,B,5,T,
E,E,M, M, L,L ), which are required to fill
the above fermionic multiplets, is perhaps not so
intolerable after all. That their interactions are
not felt at present energies is attributed to their
being much heavier than ordinary quarks and lep-
tons () 5 GeV).

0 0 0 —1

breaks SU(4)» down to SU(2), xSU(2)„xi(1),«. The
particles W»(W», W», W») and W»(W'„,W», W» ) ac-
quire masses while the particles in the block di-
agonal matrices in (2.1} remain massless. In the
color sector, the scalar Higgs multiplet Hc with
vacuum expectation values (Hc),

Hc -(1.15),

1 0 0 0

0 1 0 0
(Hc) =4~2

0 0 1 0

(3.2)

0 0 0 —3

breaks SU(4)c down to SU(3) XU(1). The particles
X (X',X",X', X') acquire masses, while the octet
of gluons and a singlet S remain massless.

Secondary stage

4 -(6, 1), (4) =—'
0 000

(3.4)

0 0 0 0,

In this state of symmetry breaking the residue
symmetry

G„=[SU(2), xSU(2)„xU(I)„]x [SU(3)x U(1)]

(3.3)
descends further to U(1), or to U(1}, XSU(3)c de-
pending on taste, i.e., whether quantum chromody-
namics (QCD) is liberated (integer-charged quarks
and light-mass gluons) or confined (fractionally
charged quarks, massless and neutral gluons). The
set of scalar Higgs fields with their transformation
properties and postulated vacuum expectation val-
ues are displayed below:

0100l

Primary stage

In this stage of symmetry breaking, G =SU(4)z
XSU(4)c descends to the intermediate symmetry
G„,=[SU(2), xSU(2)„xU(1),,„]x[SU(3) xU(1)] .
Two multiplets of scalar Higgs fields that trans-
form as the adjoint representation of SU(4) are
needed.

In the flavor sector, the scalar Higgs multiplet

(1,6), (4') =0 (4x4 matrix),

'"oooo

S-(4,4), (S)=
0000.
0000

(3.5)

(3.6)



20 SU(4)~ X SU(4~c SYNTHESIS OF STRONG, %EAK, AND. . . 1691

0000
R-(4, 4), (R&=

' ' ' P

0000 (3.7)

'

(c) The scalar Higgs multiplet R -(4, 4) gives
masses to 8", and another linear combination of
the neutral gauge fields to break the leftover sym-
metry from (b) down to G

„„

c 0 0 0

C -(4,4), (C) =
0 0 c 0

0 0 0 c4

(3.8)

0 0 0 0

(C =0 for the case of fractionally charged quarks)

G'„',=U(1), x SU(4)c . (3.10)

G'"~G"'=U(1).. (3.11)

(d) Depending on taste, if massless gluons are
desired, then the scalar Higgs field C -(4, 4) is not
needed, but if gluons have a light mass (mv «m~),
then C not only gives masses to gluons but also
mixes the weak and strong gauge bosons leading to
unstable quarks

0 0 0 a'g

A-(», 1), &A}=,
0 a3 0 0

a4 0 0

(3.9)

These fields play the following roles:
(a) The scalar Higgs multiplet Q-(6, 1) gives

masses to Wx, Wx, and U . This breaks G„,down

to G'„,=[SU(2), xSU(2)„] x [SU(3) xU(1)] .
(b) The scalar Higgs multiplet S-(4,4) gives

masses to W&& and one linear combination of neu-
tral gauge fields: This breaks t",,', down to G„',

G„',=SU(2),~xU(1)~ c xSU(3)~.

(e) The role of the scalar Higgs multipletA is
to mix the 8', and 8'» gauge bosons and provide
masses for the fermions while still preserving the
U(1) electromagnetism attained in (d).

(f) The Higgs scalar multiplet $-(1,6) preserves
discrete flavor —color symmetry in the Higgs
sector prior to spontaneous symmetry breaking.
g develops zero or vanishingly small vacuum ex-
pectation values for global SU(3) color symmetry
to emerge.

Figure 1 summarizes the effect of the various
scalar Higgs fields employed in the spontaneous-
symmetry-, breaking process.

The full Lagrangian of the theory, for complete-
ness, is

R=Tr[iELy, v,Ei+iF~y„V„F'„+(e- p)+(V„H~) +(V,Hc) + V„CV, C +(V„A)y V Rtv R

+ V„SV~S+ V~C V~C —V(H~, Hc, C,A, R, C, S)+(V'E~Ei+H.c.)+ (e -p)],

where

V~Ei~, ~ = 8~F~I., z+ zg W„FI.z —zfFi, ~V»

v,H, =8„H,+ ig[W„,H,],
V„Hq——8„Hc+if[V„,Hc],
V„4=~~4 + igS"„4+ig45
V„e=a„e+ige„+ig V~+,

V~R = B„R+igW„R+ifRV„,
V,S= B„S+igW„S+ifSV,,
v,c = a,c+igw„c—ifcv. .

(3.12)

The Higgs part of the Lagrangian leads to the par-
ticle masses in the usual way. Here it is assumed

1

that the self -interaction among the various scalar
fields in V can be arranged to get the fields
{H~,Hc, g, (,A, R, C, S] to develop the vacuum ex-
pectation values in (3.12). The above Lagrangian
is not only left —right symmetric but flavor

color symmetric prior to spontaneous sym-
metry breaking.

Also the discrete symmetry H~-H& and H& -Hi-
forbids Yukawa couplings Tr(F+HzHi) and
Tr(F„FiHc)so as not to generate unreasonable
fermion masses. The interaction mass Lagran-
gian leads to the following eigenstates and masses
after diagonalization. Here we have treated the
case of fractionally charged quarks, i.e. , c =c4
=0:

(i) States X,X,X',X", mx ——(f|5 j2)(k, + p +v ),
(ii) Kf, = W& coso. + Wx sinn,

(3.13)
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Su(4) SU(4)

H, - (15, 1)

SU(2 I x SU(2) x U(1 I+II x

(6, 1)

SU(2)I x SU(2)Iz

primary
stage

H -(1,15)

SU(3+ x U(1)

I
I
Ig-(1,6); gy) =0
I

. ~

I

SU(3) x U(1)

secondary
stage

S - (4,4)

SU(2)I x U(1) x SU(3)c

A - (15,1)

R -(4,4)

f ract

atonally

charged quarks

U( )em SU(3)c

G ~ (4,4) (optional )

integer —charged
quar ks

U(1),

Fpo, 1. Spontaneous-symmetry-breaking scheme. The Higgs multiplet A - (15.1) provides additional masses to the
weak gauge boson and also mixes the Wt and W~~ gauge particles. Neutrino phenomenology restricts (4) 0 if the
model has to have the same predictions as the Weinberg-Salam model.

X& ——W» cosn —Wz. sinn,

(2/g )~ (If@) (hf + & + 0 + aa ) cos n + (hf + p + aa + Q') sin n —a sin2n (ataq + a2a4),

(2/g )pal (Xa') (hf' + & + Q' + aa ) sin'n + (hz + p + aa + Q') cos'n + —,
' sin2n(aia3 + ata4)

tan2n = (aias+ a2a, )/(p' —o'),
(iii) Z,' = (1/W2)(W', + W,'-),

K~ = (1/W2)( W» —Wx),

(2/g')ra'(It&) = [hq'+ p'+ &' + 0'+ a(at -ag)'],
(2/g')m'(&m) = I4'+ p'+ u'+ 0'+ a(at + as)' ]

(iv) X =(1/W2)(W + W-),
X-' =(1/&2)(W'- W;),

( /g')~'(Xa) =h, '+ P'+ —,'(ai -a4)',
(2/g') '(X'-) =h, '+ e'+ -'(ai+ «)',

(v) W'„=W,'cosp+ W'„sinp,

(3.14)

(3.16)

(3.16)
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Wf'& ——W» cosp —W; sinp,

(2/g )m (W») =(aa + p') cos'p + (~a'+o') sin p --,' sin2p(afa2+aqa4),

(p/g )ss ()p )= —+p sin p+ —Se)ees p+ —'sinpp(a&as+seas),

tan2p =(afa2+asa4)/(o —p ) .

(3.17)

(3.18)

(vi) The octet of color gluons V;, (i,j =1,2, 3). These are massless in the case we are considering.
(vii) The four neutral eigenstates; the photon

&/e=(1/g)(W&+Wf'f) —(s)' '8'/f&5, lie'=2/g'+2/3f '

and the three massive eigenstates of the mass matrix (r =f&, /g )

(3r+ 1)(p'+ o')

g' (3r+1)'"(p' —o')

(3r + 1)'/'(o' —p')
&sass

in the bases

5'( )

(3r + 1)'/'(p' —o')

(p'+ o'+ a')

(a f'+ a4') —(a 3'+ a2') —(p'+ o')

Uo

(3r + 1)' /'(o' —p'}

(af +a4 ) —(a3 +a2 ) -(p'+o }

(p + o2 + a + 2(t& )

(3.19)

Y 1 &)2 0 1
(W,'+ W'„)+ S', W, &

—-~ (W,' —W'„), and U'.
&/3ff5

(3.20}

5
& ~ and U couple to pure axial-vector currents,

-while Y couples to pure vector currents. The
Yukawa coupling Y'I'~A. I"~ + H.c. leads to

e
mg ——Y a),

em~= Y a2,
em„=Ya3,
e

m~ =Y a4.

(3.21)

IV. CONSTRAINTS FROM PHENOMENOLOGY

The R~- j(j'p. amplitude is known to be small
-G~~'. Events of the

types'~-

p. '+e' are sup-
pressed even further. The X (X',X",X,X } par-
ticles induce events of the type K —p. +e' with
effective strength ff, /m». This implies m»
-104 GeV with ff,2/4ff -n, which further implies
h, -10' GeV.

From the absence of deep-inelastic neutrino
production of neutral heavy leptons (Z,E,MO,

M, . . .) the masses of the W'»[W», W», W»] and

W»[W», W„,Wr] are restricted to be greater than
10'-10 GeV. This sets limits on hf -10 -10 .
Here g /4&f is taken to be of the order of f». Thus
(H„)and (Ho) are of comparable magnitude.

Since H~ and Hc are the only fields with such
high vacuum expectation values, this has the ef-

In this approximation the mass of the electron and
its neutrino are the same as the n and P quarks.
However, further contributions due to loop cor-
rections will lift the degeneracy. This will be
dealt with elsewhere.

feet&4 of splitting the SU(4)o gauge coupling cons-
tant into the strong coupling constants f, [with the
SU(3) color] and f&, (which is associated with the
S ) after renormalization,

fs = OCtSt Of 9(4O&g
Hc

(4.1)l = f, p
——So(=- Vo of SU{4{o )

Constraints from measurements on the Michel pa-
rameter and (S decay" show that the right-handed
current interactions mediated by the W~ gauge
boson for the p and n quarks can be as high as 13/o
of that of the left-handed current interactions.
This in turn implies that the 8'~ charged bosons
could be as low as 3m+„and the mixing angle P is

Here m)& p is the mass of the gauge boson
mediating the bulk of the left-handed current in-
teractions, i.e. ,

The role of the scalar Higgs fields in neutrino
neutral-current interactions has been studied ex-
tensively on general grounds by several authors.
It has been found~6 that if in a gauge theory the
scalar Higgs fields are chosen in such a way that
there is vanishingly small or no mixing between
the gauge bosons mediating left and right current

Gs
W2 Sm „"'

The implication of all this is that

p-(G») 4/2-300 GeV, (4.2)
2

~-$-$5 (for small (A) justified later). (4.3)
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sin 6I+ = ~ +-~ 2

3Q

-a=- 1 — ln —,a, =f, /4v
o. 8 220. M
Q 3 3' p.

(4 4)

interactions, then the neutrino neutral-current
phenomenology of the model will be the same as
that of the standard steinberg-Salam model.

The scalar Higgs field A gives masses as well
as mixing the W~ an" ~'rr gauge bosons, among
others, and thus spoils the agreement of neutrino
interactions with the standard model. In the pres-
ent model (A) gives masses to the fermions and

they are not zero. Thus we shall limit (A) to be
sufficiently small (g /p Io from o"„o/v" cont). In
this limit the neutral gauge boson mass matrix
[Eq. (3.18)j is exactly the same as in Refs. 4 and

5. In this limit the angles n and P are also zero.
The noteworthy features then are as follows:

(1) All the neutrino neutral-current phenomen-
ology is identical to that of the standard SU(2)z
xU(1) model. The va.lue of the "weak angle"
sin 6~ after renormalization'~ is

(4.5)

with the y value of 0.21; The quark-parton-model-
based prediction for the SU(2)~ x U(1) model is

and

=-9.5x10 ~ at sin 8~ ——0.20~

~A.

Q

(4.6)

In the present model the asymmetry parameter
(A/Q ) in the neutral-current sector is equal to

(4.7)

The limits from the SI.AC experiment then imply

mass and n, » Q. . This estimate is somewhat more
consistent with the CERN-DESY-Heidelberg- Saclay
(CDHS) weak angle measurements. "

(2) The polarized-electron-deuteron asym-
metry parameter (A/Q ), measured at SLAC, has
the value'

where p, is an appropriately chosen subtraction
massis (-10 GeV) and M is the mass scale char-
acterizing the breakdown G to Gs xSU(3)o.
sin 6I~= &, provided M is of the order of Planck

2

Q&$-Io for sin 6~ =0.2,

2

~&15-10 for sin Os, =0.23.
0

(4.8)

,80
GeV

170

160
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70
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50

40

30

20

10

M OF SU(2j U(1) LIMIT

I

1O

FIG. 2. Variation of masses mz and mz with $ = ( 4) 2/(R) 2.
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TABLE I. Forward-backward asymmetry in e'e —p'p .

Masses in GeV

mz
A

Forward-backward asymmetry A"~

Ms=7 GeV vs = 28 GeV v s =38 GeV

30
41.5
50
60
71
80
SU (2) && U(1)
limit 86.5

108.5
111
114
121
137
181.5

-8.4%
-4.3%
-3%
-1.9%
-1.2%
-0.7%

-0.33%

-24%
-74%
-57%
-36%
-22%
-13%

-6%

48%
-28%
-71%
-67%
-44%
-26%

-12%

Zz =Zp cosy + Z| slny

Zg =Zi cosy —Zp slny ~

(4.9)

(4.10)

Zc —— r+ U- 8'( ), 4.&

The last limit is consistent with the limits deduced
in Eq. (4.3) from the charged-current data. In
what follows we shall take a'/p'» Q'/p . The
eigenstates and the corresponding masses of the
neutral mass matrix [Eq. (3.19)] are

where

tan2y =2 P —'1),

3r+2 ' ' (3r+2)'"

P = ICOS 8W+ 1
3r+1

p Sr+3 '

(4.14)

(4.15)

(4.16)

2.
BLW+

[(P+ 1)+(P —1)sec2y],
2 cos Ow

(4.12)

&3~+ ii«2
(3r + 3)' '

'I, 3r + 2) (3r + 2)11~

+(3r+2)n& . (4.17)
2m + 2W~ 0mc'= 2 (3r+3) ~,2 COS 8W p

(4.13) For small values of Q2/p, the masses m„and
m~ are given by

75
70.
60.
50-

40.
30.

f~s
0 = —"=0.33

[sin 8 = 0.25 l

10

-10-
-20-
-30"
-40-

-50-
-60.

143 Ra
I l

+0 100
Vs(Qev)

-70-
-75

IHz 41 5 GeV
A

mz -60GeV Mz =SOGeV
A A

6.5QeV-=Mz
SU(2)L& U(1)

F&G. 3. Forward-backward asymmetry in e'e p+p for different values of m
A
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W1 IVI'
+ 2 2

cos 6~ 2p

~wz 6'v + 4l(
cos 6' 3t'+ 3)

while for la.rge (Q /p ) (Q /p «v'/p ),
+2

mwz
~A 2 ~Zcos 6)p

of the SU(2), XU(1) theory

2

SZ+ S2 pL p

Inthe large Q/p-' limit the eigenstate Z„goes to
Zo, which is the. neutral eigenstate of the SU(2)~
&&U(1) theory. The variation of the masses m„
and ms with (p /p ) is shown in Fig. 2. For p2/

-+ to 10, m« -250-400 GeV. The limit a
corresponding to 54- ~ ((R) and (S) of the pres-
ent case are equivalent to c4 and P4 of the model
discussed by Elias, Pati, and Salam') in Ref. 5

has been studied in the light of the SLAC results
with particular emphasis on the forward-backward
charge asymmetry A"" in the reaction e'e - p, 'p. .

(3) As seen from Fig. 2, the mass ms„can
vary from 0 to 86.5 GeV. This leaves open the
attractive possibility of having a. light neutral
gauge boson detectable at PETRA. Preliminary
measurements of the forward-backward charge
asymmetry at center-of-mass energy v s =7 GeV
give —2.5%%uo

~ 1.7% (90%%uo confidence). This sets
a lower limit on the mass of Z& to be -50 GeV.
The predictions of the forward-backward charge
asymmetry A.

""for various values of m~„are
summarized in Table I. It is seen that even if Z&
is only a few GeV lighter than the corresponding
Zo of the standard theory (ms„=80GeV, ms
=86.5 GeV), A'" is a factor of 2 larger than the

standard theory. The variation of the asymmetry
parameter A ~" with the center-of-mass energy
v s is shown in Fig; 3 for various values of ms„.

The present model based on SU(4)z XSU(4)c dif-
fers in several respects from that based on chiral
color && chiral flavor, i.e., [SU(4)] . The flipping
of the right-handed fermions relative to the left-
handed fermions leads to right-handed currents
involving new quantum numbers which are of
strength G~:

~w~ = ~ (Prz,&rr, +cry, ~rr. + ~el. sr. + ~el.pr.
y'~y~Q

+C„aA„„+(P„„st„„+Z„Zs+ Ma Ms) .
Above the threshold for production of these new

degrees of freedom the right-handed currents will
manifest themselves with strength Gz. At asymp-
totic energies the theory is parity conserving.

The present treatment deals with the color de-
gree of freedom strictly as vector current coup-
ling to the octet of gluons. The possibility of axi-
al-vector gluons emerging naturally in the chiral
[SU(4)]' theory is not available in the present
scheme.

Finally, it is to be noted that the symmetry-
breaking hierarchy presented here is not asymp-
totically free in its quartic scalar-field couplings. '
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