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The relationship between sin 8~ and the renormalized quark-gluon constant is found for unified models

containing the Pati-Salam model with either fractional or integral quark charges, if SU(2)L X U(1) )( SU(3) or

SU(2)1 & SU(2)„XU(1) )( SU(3) is preserved down to the final stage of symmetry breaking. sin 8~ is reduced

from a bare value of 3/8 to asymptotic values of 1/6 and 1/4, respectively, in the limit of a large quark-gluon

coupling constant. The relevance of this limit is discussed for Pati-Salam models with fractional and integral

quark charges. The experimental range for sin 8~ is shown to be consistent with an asymptotic value of 1/4,
but not 1/6, if the Weinberg-Salam constraint mz

' = m~ '/cos'8~ is relaxed.

I. INTRODUCTION

The success of the Weinberg-Salam theory' in
unifying electromagnetism with the observed weak
interactions suggests the possibility that unifica-
tion may extend to the strong interactions as well.
One obstacle to such a program is the disparity in
strengths between the strong interactions and the
electromagnetic-weak interactions. This problem
may be avoided by theories in which quark con-
finement arises from infrared divergences of a
non-Abelian theory. Unified models that seek to
avoid infrared mechanisms (or catastrophes) can
arise provided differing charge renormalizations
produced by spontaneous symmetry breaking yield
a large quark-gluon coupling constant. '

Georgi, Quinn, and Weinberg' have further con-
sidered the possibility that the observed strength
of the strong interactions in a unified model is a
consequence of renormalization effects. The
SU(2) && U(1) structure of the electromagnetic-weak
interactions and the color SU(3) appropriate for the
strong interactions are embedded in a single sim-
ple group. As a consequence, all interactions
have the same bare coupling constant. Georgi,
Quinn, and Weinberg then use a decoupling theo-.
rem' which allows the coupling constants g„g„g,
for the groups U(1), SU(2), SU(3) to be independent-
ly renormalized. Application of this renormaliza-
tion process to the unified model of Georgi and
Glashow' revealed that the deve1. opment of a large
strong-interaction constant at low energies was
linked to a severe reduction in the Weinberg angle
from its bare value. For large values of the
quark-gluon coupling constant (g, '/4v 2 0.5),
sin'8~ is reduced from the bare value of 8 to an
asymptotic value of ~. Even for g, '/4v =0.1, an
estimate consistent with calculations for massless
gluon theories, ' the predicted value of sin'8~ is
only 0.21.'

In a previous work we considered the possibility
of embedding Pati-Salam-type models in unified

theories. ' We found that such models lead to
sin'8~ =8 in the bare theory for fractionally
charged quarks. For the integral-charge model
discussed by Pati and Salam, ' only the valence
portion of the electromagnetic current enters the
current coupled to Z; the colored portion is not
so couyled. Since the uncolored yortion of the
electromagnetic current is the same for fractional
or integral quark charges, the structure of the Z
is also the same. Thus, the bare value for sin'8~
is 8, independent of whether the quarks are frac-
tionally or integrally charged. '

The Pati-Salam model with integrally charged
quarks (and consequent breaking of exact color
symmetry) is able to accommodate the nonobser-
vation of color and isolated quarks. The model
also explains the apparent consistency of electro-
production results with fractional quark charges. "
However, the question of the strength of the strong
interactions in the model is even more crucial
than in models with fractional quark charges and
exact color symmetry. Those estimates for
g, '/4v of order 0.1 have been developed only for
the latter-type model" and may be too small for
models without exact color symmetry.

In this payer we address the question of whether
embedded Pati-Salam-type models with fractionally
or integrally charged quarks can develop large
quark-gluon couplings through renormalization and
still retain physically acceptable values of sin'8~.
The mass scales and identity of normal and super-
heavy particles appropriate to such theories will
also be discussed.

In the section that follows we review the Pati-
Salam model for fractional and integral quark
charge assignments.

In the third section we use and extend the Georgi-
Quinn-Weinberg prescription to obtain relation-
ships between sin'8~ and quark-gluon coupling
constant in unified theories containing the Pati-
Salam model. The SU(2) ~ && U(1) x SU(3) subgroup
of the Pati-Salam group SU(2)~&& SU(2)s&&SU(4) is
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assumed to be preserved to the final stage of sym-
metry breaking. Both fractional- and integral-
quark-charge models are shown to lead to sin'8~-+ as the quark-gluon coupling constant becomes
large.

Empirical mass limits and models for CP viola-
tion suggest the possibility that gauge bosons cou-
pling to the SU(2)„also present in the Pati-Salam
model may have masses not much larger than
those of the W' and Z." In the fourth section we
consider the possibility that the SU(2)„bosons do
not acquire mass until the final stage of symmetry
breaking [the preserved group now being SU(2)z,
x SU(2)s &&U(l) && SU(3)]. We find that sin'8~ now has
an asymptotic value of —,

' as the quark-gluon coupling
constant becomes large, and we discuss whether
the additional gauge bosons can be sufficiently
light to justify the extra symmetry.

In the fifth section we relate the range of sin'8~
obtained in the previous two sections to the exper-
imental range obtained from inclusive neutrino-
nucleon scattering. The value of 4 is found to be
within the lower bound of this range provided the
Weinberg-Salam constraint (depending on the
Higgs structure of symmetry breaking) ms' =m~'/
cos'8~ is relaxed. The value of ~6 is not within
this range regardless of the choice form~.

6'„6' 6'b

31' ~ 3fg

b

(P„' 6'„' 6'b

"e

where red, white, and blue denote the SU(3) triplet
of color. In the fractional-quark-charge model
6' and 6" have charge 3, X and ~ have charge
——,', and the photon has no SU(3) color components.
In the integral-quark-charge model, the red col-
umn has the same charge assignments as the
lepton column, the white and blue columns have
one more unit of charge in each flavor, and the
photon has SU(3) color components. The integral-
charge model cannot, therefore, preserve elec-
tromagnetism and color as distinct exact sym-
metries.

The interaction of fermions with gauge bosons
in the theory is given by (g —= g~+ p")

II. REVIEW OF THE PATI-SALAM MODEL

The Pati-Salam model' eonthins two fermion
multiplets g~ and gs, which transform respective-
ly as (2+2, 1, 4) and (1, 2+2, 4) under SU(2)z,
x SU(2)& && SU(4)." Denoting flavor indices by i
and color indices by e, we have

N

and the gauge bosons associated with color and
lepton number are given by

X X X

Xi

X2

X
——,W3 V'j'

(4)

The X's are leptoquark bosons that allow had-
rons to decay directly into leptons. Limits on

IC -e p,
+ (see Refs. 7 and 8) require these bosons

to be superheavy relative to other gauge bosons
in the theory. We shall assume that the sym-
metries coupling to the X bosons are badly broken
and that at most the SU(3) x U(1) subgroup of
SU(4) is preserved down to the final stage of sym-
metry breaking. " As a result, we will need to
distinguish between the coupling to fermions of
the color gluons V'-V' and the color-singlet
neutral boson V". We call the former coupling
constant f, and the latter f», they will subse-
quently be identified with coupling constants g3
and g„respectively, of appropriate (SU(3) and

U(1) subgroups of a unified theory. "
In the fractional-quark-charge model discussed

explicitly in Ref. 7, the five neutral. gauge bosons
of the theory after spontaneous breakdown are
given as follows (u=—gz, /gs, ~=-(~)' 'f»/gz):

Nj. 2 ~/2 Vxs-
A(-=photon)=e z+ "——,V', V',

- g'z. Zs 3 zs

m=0,

N~+ A. V 2gs 2G 1S= i 2 ~ )gy2 p mg ~f» z"
(A. + l

From the expression for the photon in (5) and

an analysis of the currents coupling to Z,"we
see that

e '=gz '+gs '+— (6a)

Sz =igz$&~'Y~(K'W z)( $.„+ig~g( y~(K ~ Wg)(. gs

(2)

where the gauge bosons associated with flavor
are given by
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A.

A. + &() (1 + A. )

f» gR2'' gs'+ 3f»'( gr. '+ gs') (6b)

In the integral-quark-charge model the Z and
S bosons have the same structure as in (5) if we
neglect the gluon masses. " Hence the lower
bound on the mass of S in (5) and the expression
for sin'8)v in (6b) remain valid. 9 The photon and
neutral. gt.uons are given by

(or bosons} by g,. Hence we identify the Pati-
Salam coupling constants to be

fs =g3~ gs =g2~ gs =f» =gx~ (9)

where g» g„and g, equal the bare coupling con-
stant g, in the unified limit.

Equations (6), (8) and (9) allow us to follow the
procedure of Georgi, Quinn, and Weinberg' and
find the renormalized value of sin'8~. The cou-
pling constants g, , g„and g, are functions of the
momentum scale p, :

gs. gz 3 f&5

V +V/&3
f. g;*(lr)=g, ' 2b;1 (

—), (10)

m~=0,

gs 3 fx5- (7)
V3 V'~ 3+(e *-—,'f, ')( '

), m~ =1Gev,
S

V = —'(V' —v3 V') mv0=1 GeV.

From (7) we see that for the integral-quark-
charge model

(8)

When the above models are embedded in a uni-
fied theory, we obtain the constraint gz =gs =f,
=f„." With this constraint, (6b) predicts a bare
Weinberg angle given by sin 6~ = 8. Moreover,
(6a) and (8) imply that the bare quark-gluon cou-
pling is given by f,' = —,e' in the fractional-quark-
charge model and by f, = 4e~ in the integral-
quark-charge model.

III. RENORMALIZATION OF COUPLING CONSTANTS

OF SU(2) X U(1) X SU(3)

We assume the existence of a hierarchy of
symmetry breaking in which al.l gauge bosons
of the unified theory containing the Pati-Salam
model acquire superheavy masses except for
those bosons coupl. ing to an appropriate choice
of SU(2) x U(l) x SU(3). These bosons are spe-
cifically the three bosons W-', N~ coupling to
SU(2)z„ the eight p).uons V'- V' of color SU(3),
and the singl~ neuter'al boson combination (&N„'
—V")/(32+1)'~2 necessary for the construction
of both the photon in (5) and (7) snd the Z in (5).
There is no U(1) coupling-constant ambiguity
here as g„=f». Alternatively, two commuting
U(l) groups associated with V" and Ns' may be
preserved if S is sufficiently light (the limit on
the mass of S will be discussed in the next sec-
tion).

We denote the coupling of fermions to 8"~ and
N~ by g„ to V'-V' by g„and to the U(1) boson

where M characterizes the superheavy mass
scale. The decoupling theorem of Appelquist and
Carazzone~ implies that the b,. receive no contri-
butions from superheavy multiplets of the unified
theory. Since equal contributions to the b,- are
obtained from multiplets containing no superheavy
particles, differential contributions to the b,. are
acquired only from those multiplets of the unified
group containing both ordinary and superheavy
particles. If the gauge multiplet of the unified
theory is the only such multiplet, we have'"

b2 —5, = 2[-3' (4))) 2],

5, -b, =3[-—", (4v) '].
Upon substitution of (9) into (6a) and (6b), we find
in the fractional-charge model that

sin'9 ' g,'(v)+-'.g.'(~) '

1 1 5
e' g,'(p) 3g,'(p)

(12a)

(12b)

These relations are the same as those obtained
for the model of Georgi and Glashow, ' and, after
application of (10) and (11), they lead to the follow-
ing relations'.

1 5sin'9 (p) =-+—
6 9+~ (13a)

ln— (13b)

where I -=g,'(p)/4vn at physically appropriate val-
ues of p. The value of p, appropriate for the ob-
served values of electromagnetic and weak gauge
coupling is of order 10 GeV.'

Equations (13a) and (13b) imply that as I, in-
creases from its bare value of, sin'e~ is seen
to decrease dramatically even for low values of
u, as has been remarked earlier.

To analyze the integral-charge model, we sub-
stitute (9) into (6b) and (8). Equation (12b} is re-
placed by
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1 1 5 4
e' g,'(u) 3g, '(p) 3g,'(p) ' (14)

Utilizing (14), (12a), and (10), we obtain rela-
tions independent of the bare coupling constant:

5 8

g.'(V) 3g,'(~) 3g.'(~)

=2[(b, —b, ) — (b, —b,)]In(M/p),

(15)

1 1 1 4
1 — (8 sin 8gr —3)

g, '(~) g,'(~)
= 2(b, —b, ) In(M/p). (16)

Substitution of (11) into (15) and (16) leads to the
following expressions:

Q+2
slIl (17a)

ln —=
1

1-— (17b)

Equations (17a) and (17b) show that as u in-
creases above its bare value of 4, sin'8~ de-
creases once again to an asymptotic value of -', .
This dependence of sin 8~ with I is displayed in
Fig. 1; for u & 7 the value of sin 8~ for integral
quark charges is s5% larger than the value for
fractional quark charges.

It should be noted that the decision not to include
the leptoquark bosons X, in the final state of sym-
metry breaking reduces the upper bound for sin28~
from its bare value. In the Pati-Salam model sup-

pression of K'- e p,
' leads us to expect mx

&f~Gz ~n ~.8 Assuming that the leptoquark cou-
pling is large (j'/4v = 1), then m» & 3 x 10' GeV."
Treating 3 x 104 QeV as a lower bound for the su-
perheavy mass scale M and choosing p, =10 GeV,
we obtain maximum values for sin'8~ of 0.34 for
the fractional-quark-charge model, and of 9.32 for
the integral-quark-charge model. Gf course, val-
ues of M for which u is in a realistic range (I&10)
are several orders of magnitude higher than the
above estimate, as is seen from the substitution
of such values for u into (13b) and (17b).

IV. RENORMALIZATION OF COUPLING CONSTANTS OF
SU(2)i X SU(2)~ X U(1) X SU(3)

In the previous section we assumed the SU(2)s
present in the Pati-Salam model was coupled to
superheavy gauge bosons, consistent with the sym-
metry-breaking procedure of Refs. 2 and 7. Such
as assumption is not, however, necessary to sup-
press anomalous reactions; the empirical lower
bounds on the masses of the SU(2)s gauge bosons
are much lower than those for the leptoquark bo-
sons. ' Moreover, models for CP violati;on suggest
that those bosons may not be much more massive
than 8"~ or Z.""

In this section we shall assume that the SU(2)„
coupled to 8'„' and Ã~ is preserved down to the
final stage of symmetry breaking. Such preser-
vation is possible only if the 8 and lV~~ bosons have
masses on the same scale as those of the S'~ bo-
sons, a requirement we will discuss later in this
section.

Preservation of this additional SU(2)„ leads us
to identify the jPati-Salam coupling constants with
those of the unbroken groups as follows. "

fs=g3~ go=go =g2~ A5=gi. (18)

.30-

sin 82

.20-

FIG. l. sin2~~ is plotted against the quark-gl. uon
coupl'ing constant parameter I =g32/47t'n. The dashed
curves are for fractional quark charges, and the solid
curves are for integral quark charges. The pair of
curves obtained assuming the preservation ofan addition-
al SU(2)z tSU(2)L, x SU(2)z x U(1) x SU (3)] are so labeled.
The other pair of curves are obtained for the preserva-
tion of SU(2) x U(1)x SU(3).

sg 3gi(p
6g&'(p) +2g.'(u) '

2 2
e' g,'(p, ) 3g,'(p, ) '

(19a)

The unbroken U(1) generator is no longer the ro-
tated generator of the previous section. It couples
only to t/'".

The preservation of this U(1) symmetry is stiQ
necessary to construct the photon and the Z, de-
spite the presence of a distinct neutral boson cou-
pled to the neutral generator of SU(2)s. Rotation
of this generator to couple to the boson (XÃ„'- V")/
(X'+1)' ~ cannot be done without violating the com-
mutation relations of SU(2)z, as 0=[I.~', K']
~ [K"',K'].

For the fractional-charge model, we substitute
(18) into (6a) and (6b) and find that
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whereg, ~(p. ) is given by (10) and (11). Following
the procedure of Georgi, Quinn, and Weinberg, we
obtain

1 1
sin~8~ =

4
+

3 (20a)
3M

(20b)

1 2 2 4
Z2'(u) 3&.'( v) 3Z3'(~)

' (21)

Utilizing (21), (19a), (11), and (10), we extend the
procedure of the previous section for the integral-
charge model to obtain

Sill 8~ 4(~ 4) p (22a)

(22b)

The behavior of sin'8~ with u given in (20a) and

(22a) is shown graphically in Fig. 1. Once again
the integral-charge value of sin'8~ is seen to be
larger than the fractional-charge value of sin'8~
for a given value of g, but the difference becomes
very small as u increases. The question of wheth-
er the new lower bound of —,

' for sin 8~ is consis-
tent with experiment is discussed in the next sec-
tion. The leptoquark limit of M» 3&104 GeV re-
duces the upper bound on sin 8~ from —', to 0.36
for fractional quark charges, and to 0.35 for in-
tegral quark charges.

Central to the assumption that SU(2)„ is pre-
served down to the final stage of symmetry break-
ing is the claim that 8'~ and S have masses on the
same order as W~ and Z. The observed left-
handedness of the weak-interaction charged cur-
rent imposes the condition thatM~ 2 3m~ if g~

8 B I
and g„are equal. The assumed nonobservation
of 8 in neutral-current phenomena implies that
m~2&f»2G~ 1 as stated previously in (5). Had we
not distinguished between f» and f„ this inequality
would imply a mass for S of order 1000 GeV. '
Identifying f» with g1 and utilizing (19a) and (19b),
we find that f»3 =2em/[3(1 —2 sin' 8~ )].for frac-
tional quark charges. Since sin~ 8~ ranges between
—,
' and 4, we find that

As u increases from its bare value of 3 sin 8'
now decreases to an asymptotic value of —,'.

This asymptotic value also occurs in the integral-
quark-charge model. Substitution of (18) into (8)
allows us to replace (19b) with

(23)

A similar analysis appropriate for integral quark
charges yields the range

4 e2 (f 2 (4e2 (24)

sin8~(200) —sin'8~(10) - 0.004. (26)

Values of u estimated at p. =200 GeV differ sig-
nificantly from those at p, = 10 GeV only if both val-
ues are in the asymptotic region.

We conclude from these arguments that an addi-
tional SU(2)z may indeed be present at the final
stage of symmetry breaking; the preserved group
is now SU(2)~&&SU(2)s&&U(1)&SU(3). This group
contains all gauge bosons in the Pati-Salam model
except the leptoquark bosons X,. If this is the
case, we find that sin'8~ approaches 4 as the
quark-gluon coupling constant becomes large, in-
dependent of whether the quarks are fractionally
or integrally charged.

V. THE EMPIRICAL RANGE OF sin20 ~

In this section we investigate whether values
for sin'8~ obtained in the previous two sections
for the large quark-gluon coupling-constant limit
are included in the empirical range of sin'8~.
Since the mass of the g depends on the method of
spontaneous symmetry breaking rather than on the
current structure, we will allow this mass to be
arbitrary.

The expression for Z given in (5) implies a neu-
tral current whose structure is given by'

The values for f» given by (23) and (24) are suffi-
ciently small for m~ to be =3m~ .

Assuming m~ and m~ are '= 3m~, the question
L

still remains as to whether (10) is valid for values
of p, =10 GeV. Strictly speaking, the range of ap-
plicability of the renormalization-group equation
leading to (10) does not extend to values of p, below
the ordinary gauge boson masses, but the insensi-
tivity of (10) to the choice for p, makes such extra-
polation reasonable. ' To illustrate, we use (20a)
and (20b) to calculate the difference between sin'8~
obtained with p. =200 GeV, the assumed mass of
the SU(2)R bosons, and p, =10 GeV:

sin'8~(200) —sin'8~(10) = (11o./12m) ln(20) = 0.006.

(25)

For the integral-quark-charge model, (22a) and
(22b) imply that

1 1+y, 1 -1+4sin~8~)( ~y ( )s e 2 e . 2 ~l 2
J =P y — 'v +ey ~i— e+ e

~ ~

~

1-Ssltl 8 /3 ~y ~ —1 (1-4s111 8 /3 ~y (5 6„)+ y + — y
&

+ + (2V)



COUPLING-CONSTANT RENORMALIZATION IN UNIFIED. . . 1901

g„=(1—2 si n' 8~) /N,

g~ ——1/N,

g„' = —2 sin28v/3N,
(28)

The above current applies for both fractional and
integral quark charges, as has been noted earlier.
We define N= mz—' cos'8 v/m v' and note that N =1
represents the "orthodox" Weinberg-Salam model
constraint, a constraint also obtained for the Pati-
Salam model in Ref. 7.

Following the conventions of Wolfenstein, "we
denote inclusive-cross-section ratios by
R= o(vN—-vX)/v(vN- g X), R=—v(vN- vX)/
v(vN- V,'X), and x—= v(vN- g'X)/v(vN- p, X). Us-
ing (2V) we identify the Wolfenstein neutral-cur-
rent parameters:

Assuming the equality of contributions arising
from vector and axial-vector isoscalar and iso-
vector currents, "we find that

8 ((gA +gv) + (g A +g F)

+ [(gA gV) + (gA g V) ])
= [—,

' —sin'8~+ ~ (1+r) si n' 8' /N',

8((gA+gFP +(8A+gv)

+& '[(g~-gv)'+(g~-gv)'1)
=(—,

' —sin'8~+ —,'(1+r ') sin4 8v) /N' (29b)

For r = —', and N=1, (29a) and (29b) become identi-
cal to expressions obtained in a parton-model cal-
culation by Sehgal. " Defining R/R =—p, we find
that

(p —1)—(p-1)'"Ip —1-—".[p(1+&)- (1+& ')~&'—[p(1 +'r) —(1+~ )1
(30)

This expression is independent of N.
The neutral-current data from Gargamelle yields

R =0.217 +0.026, B=0.43+0.12," implying a range
for p of 1.28 ~ p & 2.88. We see that if & =0.26,
then 0.212&sin'8~&0. 412; if &=&, then 0.238
& sin'8~ &0.488. The value sin'8~ =-,', which was
obtained in the large quark-gluon coupling-con-
stant limit for preservation of SU(2)~x SU(2)„
&&U(1)~SU(3), is within these ranges for sin'8~.
The value sin'8~ = ~, obtained assuming the pre-
servation of SU(2)„- && U(1)&&SU(3), is not within

these ranges.
The question remains as to how much deviation

from N =1 is necessary to accommodate sin'8~ = 4.
It is straightforward to obtain upper and lower
limits on values of sin'8~ for a given value of N

by insisting that 8 and A individually remain within
their empirical ranges. Upper and lower bounds of
sin'e~ so obtained are displayed in Fig. 2 for r = 0.26
and r=0.33. The range of sin'8~ able to accommo
date the orthodox value of N=1 is seen from the
figure to be 0.33& sin'8~&0. 41 for r =0.26 and

0.35&sin~8~&0.48 for r=0.33. We see, however,
that relaxing the requirement of N =1 by a factor
of 10% is sufficient to allow values of sin'8~ as
low as 0.25 for either value of &.

VI. CONCLUSIONS

We have shown that if SU(2) x U(1) &SU(3) is pre-
served down to the final stage of symmetry break-
ing in a unified model containing the Pati-Salam
model, then sin'8~ decreases from —,

' to —', as the
quark-gluon coupling becomes large. This result

A
I
I

I

I
I

I

Oo- I

I
I

I

I

.35~
2

I ~ I

/
/

/

///
(

25 ~

I.OO 1,05 1.1 5 1.20
l ~

FIG. 2. Upper and lower bounds for sin20z are
plotted against+ =mz2cos &~/m~ . Values for these
bounds are obtained by requiring R and R to be within

their repective experimental ranges as given by the
1974 Gargamelle data. The solid closed curve is ob-
tained for the experimental value r = 0.26; the dashed
closed curve is obtained for the quark-model value

The arrows on the 1.eft side of the figure project
the range of sin20+ ifN =1. The arrows on the right
side of the figure show the range of sin~&~ for arbitrary

¹ Physically allowed values of (sin2&&, N) are inside
the closed curves.

is independent of whether quarks are fractionally
or integrally charged. For a given value of the
quark-gluon coupling constant, the integral-charge
model yields a larger value of sin'8~ then does the
fractional-charge model, but this difference de-



1902 VICTOR ELIAS 14

creases as the quark-gluon coupling constant in-
creases and is not significant for large values of
this constant. The asymptotic value of —', cannot
be brought within the experimental range for
sin28~ by allowing the mass of the g to be arbi-
trary.

If SU(2)~ && SU(2)s x U(1) & SU(3) is preserved down

to the final stage of symmetry breaking, sin'6I~
decreases from —,

' to 4 as the quark-gluon coupling
becomes large. This result is also independent
of the choice for quark charges. The value —,

' can
be brought within the experimental range for
sin'8~ by relaxing the steinberg-Salam constraint
ms'=m~'/cos'Ov by a factor of 10/p.

Values of sin'8~ obtained for large values of the
quark-gluon coupling must be taken. seriously for
the integral-quark-charge model, since this mod-
el does not utilize infrared divergences to make
the strong interactions strong. Although the frac-
tional-quark-charge model may not require large
values of the quark-gluon coupling, the larger
values for sin'8~ obtained by preserving the SU(2)s
in the Pati-Salam model make that preservation
an attractive possibility.
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