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We formulate a gauge model for basic interactions based on the symmetry group 6 = G„„&(G„where G,
is the chira1 symmetry group [SU(3) &(SU(3)], in color space. G„„ is taken to be the left-right-symmetric
model SUL(2) X SU~(2) X U(1). The chiral color symmetry is spontaneously broken in such a way that quarks
acquire a common mass and an octet of axial-vector gluons become massive but an octet of vector gluons
remain massless. In this way quark mass arises from spontaneous color-chiral-symmetry breaking. The
experimental consequences of the left-right-symmetric model are discussed and it is shown that one version of
this model gives results similar to the Salam-Weinberg model for the currently available energies. There is
also another version, where the results are again similar to the Salam-Weinberg model except that the y
dependence for the asymmetry parameter for the deep-inelastic scattering of polarized electrons is completely
different although its value at y = 0.21 is compatible with experiment.

I. INTRODUCTION

There is now convincing evidence that neutral
weak currents, as predicted by the unified gauge
theory of weak and electromagnetic interactions,
exist in nature. The unification of weak and elec-
tromagnetic interactions based on the gauge group
SU~(2) x U(1) seems to be well established. '

It is now believed that quarks carry color and
that fractionally charged quarks are confined in
colorless hadrons. 'The interactions between
colored quarks are mediated by massless vector
colored gluons. The underlying theory for these
interactions is a gauge theory cal.led quantum
chromodynamics (QCD). It is believed that QCD
is the best candidate for a theory of the strong
interactions.

Each quark carries three colors, blue fb),
yellow (y), and red (r). Thus the color gauge
group is SU,(3) and QCD has a non-Abelian charac-
ter in contrast to QED, which is Abelian. If the
gauge group of QCD is an exact local symmetry,
the color-triplet quarks and color-octet gluons
of the theory are not expected to exist as real.
particles —only color-singlet hadrons exist. QCD
has nothing to say about the origin of masses of
the quarks.

It is believed that the underlying theory for the
three basic interactions, strong, electromagnetic,
and weak, is a gauge theory based on some sym-
metry group G. The symmetry group G contains
G„„&G,. It seems that G ~ contains the group
SU+(2) x U(1). For G„ it is common belief that
G, = SU, (3).

In this paper, we take the color gauge group

G, to be a chiral group' ISU(3) x SU(3)],. The elec-
troweak gauge group G„„is taken to be SU~(2)
x SU+(2) x U(1). This group has been extensively
studied by many authors. ' In order to give masses
to weak vector bosons, the electroweak gauge
group G„„——SU~(2) x SUs(2) x U(1) is spontaneously
broken by introducing three Higgs scalars,
and Q„, belonging to representations (2, 1), (1, 2),
and (1, 3) of the group SU~(2) x SU„(2). So far,
charged weak vector bosons Wl „and 8"~„are
eigenstates of mass matrix and there is no mixing
between them.

'The quarks are also massless. In order to give
mass to quarks, the Higgs scalar Z belonging to
the representation (2, 2) of G„„must be introduced.
The quarks then acquire mass, and this in general
leads to mixing between W~ and W~„. 'There is
no way to estimate the parameter (Z)/(Q) in order
to see whether the mixing between 8"~„and 5'» is
negligible in order to have p. -decay and P-decay
universality. In this approach, the symmetry of
the strong-interaction Lagrangian cannot be chiral
because the quark mass matrix explicitly breaks
this symmetry.

Our approach is different in three aspects from
these authors.

(1) We take neutrinos to be left-handed so that
they are massless and remain massless even after
radiative corrections. With this restriction, we
must assign leptons' to the gauge group SU& (2)
x SU„(2) in the following way: (v„ l~), etc. , be-
long to representation (2, 1) and es, etc. , are
singlets. The left-handed and right-handed quarks,
however, belong to representations (2, 1, 3, 1)
and (1, 2, 1, 3) of groups [SU&, (2) x SU„(2)]~x G,.
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(2) I eptons acquire masses by spontaneous
breaking of the gauge group G„„; in particular,
by giving a nonzero expectation value to the neutral
component of the Higgs scalar Q.

(3) In order to give masses to quarks, we break
the symmetry group G in two steps. For this
purpose, we introduce scalar fields % belonging
to representation (2, 2, 3, 3+ 3, 3} of G. The
symmetry is now spontaneously broken in such a
way that I-(I/~2 Ix I, where I is a unit matrix
in the space of the group SUz(2) x SU~(2) and matrix
M represents a nonet of scalar and pseudoscalar
mesons belonging to the representation (3, 3)+
(3, 3) in color space. In this way, we can have a
chiral- invariant strong- inte raction Lagrangian.
The chiral symmetry is then broken spontaneously
in such a way that the octet of vector gluons re-
mains massless, but the octet of axial-vector
gluons acquires a common mass. Before sym-
metry breaking the quarks were massless, and
quarks acquire their common mass after sym-
metry breaking. It is shown that by means of a
chiral transformation, the nonet of colored scalars
and pseudoscalar mesons can be decoupled from
quarks. The extension of the color gauge group
SU, (3) to the chiral group [ SU(3) x SU(3)], is at-
tractive in the sense that quarks are massless be-
fore symmetry breaking, but they acquire their
mass bybreaking local color symmetry. Our point
of view is that lepton mass arises from spontaneous
breaking of G „, but quark mass arises also from
spontaneous breaking of chiral color gauge sym-
metry. We realize that we still do not understand
how each quark flavor acquires a different mass.
This may arise due to breaking of the flavor SU(n)
symmetry (n = 3, 4, . . . }.

Another advantage of the octet of axial-vector
gluons is that it may be helpful in understanding
the hyperfine mass splitting of charmonium states.
It is well known that the effective potential obtained
from a single vector-gluon exchange cannot ex-
plain hyperfine splitting of charmonium states
(especially the mass difference between 'S, and
'S, states).

It may, however, be noted that by breaking the
symmetry in this way, there is no mixing between
flavor space and color space. But weak vector
bosons lV» and 8"» acquire an additional term in
their masses and it also introduces mixing bet-
ween lV~„and W». It is shown that this contri-
bution to the weak vector-boson matrix can safely
be neglected. The advantage of our approach is
that the mixing parameter turns out to be naturally
small.

Finally we show that the spontaneous breaking
of the electroweak gauge group SU&(2) x SUs(2)
x U(1) through Higgs scalars can be adjusted in

such a way. that it reproduces all the results in
the standard model of Salam and Weinberg' (SW)
for the currently available energies. A version of
the spontaneous symmetry breaking can also be
found where only the asymmetry A = (o's —o'~)/
(o'++ o'r) for the scattering of polarized electrons
on the deuteron or the proton is different in its
dependence on y from that in the SW model, al-
though the value of A is compatible with its ex-
perimental value at y = 0.21.

i

(2, 1, 3, 1)
( ) I+'Y tl Q Q„) ~(

—
)2 d' d' d'&
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where d' = d cosa~+ s sip. e~, s' = d sine~+ s cos~~.
'The leptons are assigned to the following repre-
sentation of the above group:

I, = ' =(2, 1, 1, 1), Y=-l,
ll

R, = fz —= (1, 1, 1, 1), Y = —2,

8y Py ~y ~ ~ ~

1 6 p5
1

For quarks, the gauge-invariant Lagrangain
is given by

Tr~CV & ~c, Ci~ +qs & +s qJI. )
g~ ~ 2

where

(la)

1 1 I ZV'~„= 8„-&gal,„-~&3g'Bf + gsGzf yS (1b}

1.1 IV~„—- „-ggS"»- &i3g B„+ ~gsG&~'s

Here g is the weak coupling constant and S'» and

II. THE FERMI LAGRANGIAN

The local gauge symmetry group we consider is
a direct product of G „and G,:

G„„xG, = [SU (2) x SU (2) x U(1)J

x [SU(3)x SU(3)],.
Under the above group, quarks transform as (as
far as the non-Abelian part of the group is con-

cernedd)
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5'» are weak vector bosons

5'L„=- 2~ '
WL~

1V, z,„M2 W-,

)2

~2Wz. ~ -Wsz, ~

(2a)

Ggg

G„'+ G"„G„'+G"„

v2 2

G~v- G
GR~= 2X ' GRg=

2
(3b)

where A.
' are the usual eight Gell-Mann X matrices

in color space. G~ and G"„are octets of vector and
axial-vector gluons, respectively, written as 3x 3
matrices.

The gauge-invariant Lagrangians for weak vector
bosons and gluons are given by

NVB 1 . 1
~0 4WLgv WLgv 4WRWv WRii v &~vv+yv &

(4a)
where

(2b)

g, is the coupling constant associated with the
color group G, and G» and G» are color-carrying
gluons

belonging, respectively, to representations (2, 1),
(1, 2), and (1, 3) of the group G„„, but they are
singlets under the chiral color group. Note that
only p is coupled to leptons. Q, P', and P„are
not coupled to quarks. Thus we introduce another
set of scalar fields % belonging to the representa-
tion (2, 2, 3, 3+3, 3) of the group G. We shall
not display the gauge-invariant Lagrangians in-
volving P, P' and Ps as they are well known. We
display below the gauge-invariant coupling of %
to weak vector bosons, gluons, and quarks

+ g, %(G, + y,G"„).
V2

(Vb)

To give masses to weak vector bosons and leptons,
i.e. , to break G„„spontaneously to the [U(1)J,
level or G to [U(l)], x [SU(3) x SU(3)]„we now give
nonzero vacuum expectation values to scalar fields

~Q~ ~ Q~

0 (8)

S~= -2g, V r[(T,"'%q(„'&]+H. c. ——,
' Tr[D,%'D,%],

i2+ y2

(7a)
where

D„%=s„5R —igW~„%+ig%W„, — g, (G, —y,G")%
~2

WLi v-=vWLi eiWLv -gWLi X WLv ~

uv =
) WRv ~WRv gWR~ W

(4b)

(4c)

(4d)

where

(5a)

(5b)

1 IxM,
2

where I is a unit 2 x 2 matrix in the space of SUI (2)
x SU„(2) and M -=S+iysP is a 3 x 3 matrix in color
space. S& and P&, i = 0, 1, . . . , 8 are nonets of
scalars and pseudoscalar fields belonging to the
representation [(3, 3)+ (3, 3)] in color space. Note
that

(5c)

In order to break the gauge symmetry of group
G spontaneously, we first introduce three sets of
Higgs scalars

1 c 1
S — A]S], P — ~ A]P).

The weak vector bosons now acquire masses and

part of this Lagrangian due to breaking envisaged
in E(ls. (8) is

0 Os

(6)

&~, = -s&s(2gsWg~Wr, „+gsWsr, „'
—2gg' Ws „B„+g "B„')

—sX' (2g Ws„Ws„+g W,s„
—2gg'Wss„B„+g"B„')

——v'(2g'W„„W'„„) . (10)
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A =C~Q~d~8 (11b)

Thus we see that in this part of the Lagrangian,
there is no mixing between S'~„and S"~ . The
Lagrangian (7) due to symmetry breaking as im-
plied in Eq. (9) now takes the form

g -~2g p Mf —2 Tr(D„MiD„M)

——,'g Tr[(Wi —W„„)(W1„-W„„)]&& Tr[M M],
(11a)

where

which implies

S =g C„P", or [S,P]=O,

and we may set

mm' = m'm = S'+P'= R', (14)

where R is constant and chiral invariant. Under
these circumstances, and noting that [(1—iy5$)/
(1+iy5$)] transforms in the same way as S+iy,P,
we can, by means of chiral transformation, trans-
form

K, (S+iy5P)r -Rr. ' 0', (15a)

and

0

D„M = S„M —~g (Gv —y G„)M+ M(Gv + y,G~) .

(11c)

Note that (lla) is invariant under the chiral color
group. We shall come back to the third term in
(lla) in the next section.

III. THE STRONG-INTERACTION (COLOR) LAGRANGIAN

From Eqs. (1}, (7), and (11)we have

~g, (& y„G„K,+ L y,y5G"»& )
Q ~Cy fig lg S

—1/2 gg Mg„—2 Tr(D„M iD„M) . (12a)

We note that

——,
' Tr(D»MiD M) =--,' Tr(D„SD„S+D„PD„P),

(12b)
where

D„S= &»S — g, [G», S]—— g,(G"„,P], (12c)

D„P = & P — — g, [G„,P]+ g, fG"„,SJ. (12d)

To the Lagrangian (12a) we must add a term

V{S,P) = ——,
'

p,
2 Tr(mme) —f,[Tr(mme)]2

-f, Tr(mmimmi) —f, (detm+ detm'),
(12e)

where

1+ iy5$-
( (2)1/2 K

1+ iy5$ S . 1+iy5$
(1 ]2)1/2 { 5 }(1 ]2)1/2

From this it follows that

S+iy,P =R[(1 iy, ()-/(1+ iy, ()],
1 —$2

1+$2 '

1+ $2'

Ky»s-„k + „=-g,K y»(G,"+y5G"„)k

where

G~F y Gui U(GF+y GO+~2 s )Ut
gs

1 —iy5( i 1+ iy $5
(1 ]2)1/2 1 (1 )2)1/2 &

UU =1.
From Eqs. (16a) and (17c) we have

S+iy,P =RU2,

S —iy,P =RU't.

In terms of new fields,

(15b)

(15c)

(15d)

(16a,)

(16b)

(16c)

(17a)

{17b)

' (17c)

(17d)

(18a)

(18b)

m =S+jP.
Although only Tr(mm ) is in general chiral in-

variant, but as has been emphasized in Ref. 6, a
real. ization of the chiral symmetry can be obtained
by assuming that

mm m

-2 Tr(D„SD„S+D„PD„P)+V(S, P)
--—,'R'Tr(D»U2D»U+)+ V(g), (19a)

where

D „U' = S„U'+ iV p g,Uy5G»" U —(S»U)U+ U2(8»U i)U,

(19b)
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D„U2t = & U't+ fag Uty, G

(s„vt)vt+ U' t( sv)v' (19c)

l

Taking n, =0.2 and m~&' ~ 100 GeV', we have

R2 ~ 21 GeV2 (23b)

V($) = --', )L'(3R) —9f,R' —3f+'
—f R[det(1 —i$)/(I+i/)+ det(1+ ig)/(1 —i$)).

(19d)
Now dropping the prime, we have from Eqs.

(17a) and (19) the strong- (color) interaction
Lagrangian

~*.=-E I, ~ v~ ~. '.~,t:.v (~ „r~'„.u )"„.
M2-g, RC K

——,'R' Tr(D„U'D„U't)+ V($) . (20)

It is now clea.r from Eqs. (20), (19b), and (19c)
that quarks have acquired a, common mass v 2g, R,
vector gluons G~ remain massless, and axial-
vector gluons G"„have acquired a common mass

In comparison, we note that

A.
'-

(v 2 G )
'- 10' GeV'1

vY

Hence we see that R'/X'«1. This is true even if
mG~ is as large as 100 GeV. Hence we can safely
neglect the contribution given in Eq. (22) for weak
vector bosons.

IV. THE WEAK-INTERACTION LA( RANGIAN

From Eq. (1) it is clear that the weak-interaction
Lagrangian for quarks can be written as

[4".y.(-igwL. —l ig'&.)0L'J
0+ g2

+ 4R"y~( igwR-, ,'ig'-&-, )4J ),

m z'= 2g 'R (21) (24a)

We have obtained the remarkable result that the
color-carrying nonets of scalar and pseudoscalar
mesons are decoupled from the quarks; the quarks
are massive and asymptotically free' as the gauge
coupling constant g, becomes smaller and smaller
at short distances. The asymptotic f reedom also
leads to the fact that axia.l-vector gluons become
lighter and lighter at short distances. For large
distances, since vector gluons are massless, the
multi-vector-gluon exchange can supply the neces-
sary confining potential. 'The axia, l-vector gluon
can give an effective spin-dependent potential which
may be helpful in explaining the hyperfine splitting
of charmonium states, which cannot be understood
from the vector-gluon exchange alone.

Alternatively, one can understand the confine-
ment of quarks' in a hadron in that R may be small
inside a hadron so that quarks are light inside a
hadron. R may become large as the distance in-
creases, so that quarks become very massive
when the distance becomes large as compared with
the Compton wavelength of a hadron. It is con-
ceivable that both mechanisms are not mutually
exclusive and may exist together.

Finally we note that the last term in (lla) now

takes the form

where

d'& s„'
(24b)

From Eqs. (24a) and (24b) we have

where

Jl. »= sq„y„ 1+y, Wq„, (25b)

z",'„„=g iq„y„(l+y, ) w'q„, (25c)

IV„= zq„y„q (25d)

Here

(26a)

w'
+ .'g(~L", W„.+ JR„W-,R„)+, g'V, R'„, (25a)—

13 '
= -''g R [2(w,„w.„)(w-,„-w-.„)

+ ( 3Lg sRd( 3L4 3Ru)) ' (22)

0 ~ -sin8c cos 8'w=, co=
~

~0 0 cosmic sin8c i
(26b)

mg~2=2(y 4pR2.
I

(23a)

From this term we see that the weak-vector-
boson mass matrix has acquired a value (3g'/4)R'.
%e note that the mass of the axial-vector gluon is

w'= [w, w']. (26c)

We now consider the weak-interaction Lagrangian
for leptons. For the representation content of lep-
tons as given previously,
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2, "m = L-ry„( ig-Wr, „+2ig'B„)I, r
—Rry„(ig'Br )Rr,

[v,y„(l+y, )lW~, + H. c.]+ ,'ig—[v,r„(1+ y, )v, —l y„(1+r, )l]W,i,
——,

' ig'[v, y (1+y, )v, + l y„(l + y, )l]B„-—,ig'[ly~(l —y, )l]B„. (2 l )

By neglecting the term (22), as discussed in the
previous section, the Lagrangian for the masses
of weak vector bosons is given in Erl. (10). Ac-
cordinglyy,

(30a)

mrr ~= ~g X

(28a) sin Q sin Q

while for the neutral vector bosons, the mass
matrix is given by

where

ta 2
1 + (1+4p2)r& 2 (30c)

~neutral 1

g2 p„2

-gg'X' -gg'X" g"(X'+X")

. (28b)

with

sine
cos2o" (30d)

Let us denote the physical neutral vector bosons
byA„, Z», and Z».

A„= cosa.Z~„- sin@8„,

X"-X2
~ X"+X2' (30e)

Thus the vector boson A„can be identified with
the photon. The electric charge e is then given
by

Z»= cosP(sinaZv„+ cosaB„)+sinPZ„„,

Z,„=-sinP(sinaZv„+ cosaB„)+ cosPZ„„, with

8g
(g2 + 2gl'r)1/ 2 (31a)

where tana =— (31b)

&3m~+ &3~~ Z &3m~ —&3am'vg- ~ ~ Ag
2 2

The diagonalization gives

(29b) In terms of physical vector bosons, the weak-
and electromagnetic- interaction Lagrangian for
quarks is given by

Wee~ ~ (Jf„W~„+Jrr„'W„„+H. c.)+ eJemA„

+ (- (g + 2g")'~' cosP[(J~„+J„„)-4 cos'aJ» ]+g sinP[(J~„- J~„)]]Z, ~
1

+ —((g'+ 2g")'~' sinP[(J~„+Jz~) -4 cos'aJ'„]+gcosP(Jz~ —Jrr„)] Z»,442

where

Jsm r(J&+Jw )+~@/

For leptons, the interaction Lagrangian in terms of physical fields is given by

(32a)



MODEL BASED ON GAUGE SYMMETRY GROUP. . . 255

[v,y„(1+y,)lW~„+ H. e.]—ieTy„lA»i

+ — - - [- (g'+ 2g")'~ ' cosP [v,y„(l+ y, )v, —Ty»y, l + (4 cos'a —1)l y„l]4 2

+g sinp[v, y„(1+y, )v, —.Ty„(1+y, )l]j &,„

+ [(g'+ 2g")'~' sinP[v, y„(1+y, )v, —l y„y,l+ (4 cos'a —
1, )l y„l]

+g eosp[v, y„(1+y, )v, —7y„(1+y, )l]j Z» .

First we note from Eqs. (32) and (33) that for
charged currents

H — —Ql y„(1+y, )v, ]Jf„+H. ,c.j, (34b)

where

H";=„' j[v„y„(1+y,)i l[ey„(1+y,)v,])+E e. ,v2
(34a)

case (ii), m~, '=m~ ', and again we get the same
1

results as in the S% model except for the y de-
pendence of the asymmetry parameter A = (o„—o~)/
(os+ a~) for the scattering of polarized electrons
on nucleon targets.

We now discuss case (i), where we set & =X'/A"
«1. Then to first order in &, we see from Eqs.
(30d) and (30b) that

G~ 1
vg 8mii,

' 2X'' (34c)
(1+ sin'a)

F, rom Eq. (32), the effective Hamiltonian for weak
hadronic decays is given by

(35) so that

Sln Q+(i+ sin'a)(i —8 '", ,i, (37R)1+ sin a

2 2&& mg~ (36a)

This Hamiltonian is parity conserving if m~~
=m~ '. 'This cannot be true; on the other hand, to
reproduce the experimental result, we must have

2 t%t m 22

1+ sin'o.

2 2g
m '= . , 'X"(1+sin'a)» m

16 sin'a zp

(37b)

(37c)

or

(A.
"+ v')» X'. (36b)

From Eqs. (34a) and (34b), we see that for
charged weak currents we get exactly the same re-
sult as in the standard model. This is a conse-
quence of the fact that we have taken the neutrino
as two component left-handed objects.
the result that, irrespective of whether the had-
ronie (quark) sector is parity conserving or not,
the basic semileptonic weak Hamiltonian has
(V -A) structure for ordinary ieptons.

%e now discuss the neutral weak-current Hamil-
tonian. We consider two cases: (i), X"»X', i.e. ,
i}=1; (ii) A."=X', i.e., i}«1.. In the former case,
we show that we can make

mz ~»mz ~=mw
1 2

but mz, ' may be smaller than m~„'. ln this case
we get for the currently available energies exactly
the same results as in the standard SW model. For

H"„'ii"= 2~ [viy, (1+y, )vi]2

x [(2 cos'a —1)Fy»l —l y,yl], (38)

H ir i J—[vry (1+y )"r]

x (g JP»- cos aJ» ), (39)

H,",","' = -i ~ [-l y„y,l+ (2 cos'a —1)l y„l]

x (-,
' J+ —cos'aJ' ) (40)

but smaller than m~„'. Note that the relation
(37b) is the same as the Saiam-Weinberg relation
if we identify cos'a with 2 sin'e~. . Because of rela-
tion (37c), for "low" energies, in writing the ef-
fective Hamiltonians, we need to consider neutral
weak interactions mediated by the Z, boson only,
and these Hamiltonians, as derived from Eqs.
(32a), (33), (30e), (37b), and (34e) in the limit
z -0, are
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These are the same as in the 5% models if we
identify cos'o. with 2 sin'e~.

For case (ii), q«1, so that p-0 and hence
angle P-O, and we get from Eq. (30b)

mz

mz ' sin'Q '

with

, =(1-n) (lib)
rnz ' m

In this case, we get "low energy" effective Hamil-
tonians for neutral weak interactions from Eqs.
(32a), (33), (41), and (34c) in the limit P-O, as
follows:

HRq~f ~~' = R (1 —q)[v„y,(1+y, )v,][ eye-, e+ (2 cos'n —1)ey„eJ, (42)

FI",',""'= i~-(1—q)[v,y„(1+y, )v, ][—', Z~„- cos'nJ'„], (43)

H"„","'= i~R-(1—q)][(2 cos'n —l)ey, e —ey y, e)(,' J~,-—cos'nJ'„)

+ [(2 cos'n) ey„e][,' J„„-cos'-nd'„]]. (44)

Z~~R„= i[uy, (l+ y, )u —dy, (l + y, )d], (45a)

J; =i(-,'uy„u-3dy„d). (45b)

If we write the effective Hamiltonian'

x [u uy, (1+y,)u+d dy, (1+y;)d

+u„uy„(l —y, )u+dRdy„(1 —y, )d], (46a)

then several authors have determined, from the
experimental data on deep-inelastic scattering of
v~ on the deuteron target, ul„u~, d'I„and d„.
Their results are given below'.

V. EXPERIMENTAL CONSEQUENCES OF THE SYMMETRY

GROUP 6~k= SUL (2)XSUg(2) X U(1)

We now make the assumption that the matrix
elements of bilinears containing s and c quarks
between protons or neutrons are negligible as com-
pared with matrix elements of bilinears containing
u and d quarks. 'Thus in neutral weak and electro-
magnetic currents we retain terms containing I
and d' quarks only. With this approximation

u~ = 0.35+ 0.07,

d~ = -0.40+ 0.07,

u~ = -0.19+0.06,

d~ = 0.0+ 0.11.

(46b)

ui = p (1 ——,
' cos'a),

uR= (-g cos n),

d~ = -2 (1 —-', cos'n),

dg =6 cos Q.

(47)

For the case I)«1, we have from Eqs. (43), (45),
and (46)

ur = (1 —'g)~2(l —3 cos n),

uR = (1 —'g)(-3 cos n),

di = -(1 —q)-2(1 ——,
' cos'n),

d„= (1 —q)—,
' cos'n.

(48)

'The predictions for the asymmetry parameter A
for the scattering of polarized electrons on deu-
teron targets for the two cases are as follows:

For the I--R model. with g= 1, we have from Eqs.
(39), (45), and (46)

(a) q=l: 4-=" ~=- R (1-—", cos'a)+(1 —2cos'a)
0'R + 0'g 20M2 pn 1+ 1-y ' (49)

(b) g «1: A = — (1 ——", cos'n)+ [(1—2 cos'a)+ 2 cos'n]9G (1 —7)), , 1, —(I. -y)
20 2mn 1+ (1-y)' (5o)
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cos &=0.4

(q=0)

cos20.' = 0.5
~]

(9 =, 0)
cos o.'= 0.5

(~=0.2)
cos ~=0.4

(q= 0.2)
Exper imental

values

Ql,

Qg

Gg

A/q2 (10 5 GeV 2) at y= 0.21

0.26
—0.14
—0.34

0.06

0.30
—0.10
—0.34

. 0.05

0.33
—0.17
—0.42

0.08
—7.0

(—10.6)

0.35+0.07
-0.19+ 0.06
-0,04+ 0.07

0,0 + 0.11
—9.6 +1.6

0.37
-0.13
—0.43

0.06
-9.5

(-12.4) (-8.5)(-9 9)

'The weak neutral currents can give rise to parity
violation in atomic transition. 'The optical rota-
tion p0 for the two transitions in bismuth which
have been measured is given by

p, = -4.4 x 10 'V„,dg„' rad (for 8757 A),

p, = -6.0 && 10 'V„,zgz rad (for 4676 A)
(»)

(b) g«l: g, =-1, gv=(1-q)(-,' ——', cos'o.'),

gg = (1 rl)(-z+ 3 cos &) ~

(54)

It is clear that for the atomic parity-violation
parameter p„both the spontaneous symmetry-
breaking cases (q=1 and q«1) for the L Rmod-el
give results similar to the standard SW model.

'To sum up, the predictions at "low" energies
for the L Rmodel -for both cases (g= 1 and 'g«1)
are exactly the same as those of the standard
model except that for the case p«1, the asym-
metry parameter A for the deep-inelastic scatter-
ing of polarized electrons on the deuteron has a
different y dependence. Even the experimental
value of A aty =0.21 is compatible with that pre-
dicted in this case, as can be seen from Table I.
'The y dependence of A for the case g«1 is, how-

(Z = 83 and N = 126 for bismuth),

where

V„,d =g„"(2Z+N)+g~v(Z+ 2N), (52)

where Z and N are the number of protons and
neutrons in-an atom.

As can easily be seen from Ecis. (40) and (44),
we have the following values for g„', g„", and g„":

(a) q=1: g, =-1, g„"=—,
' —-', cos'o. ,

F 1 j. 2
gg =-g+3 cos Q, (53)

0.8
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0.6
I

0.4
I
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I

1.0
I
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I

0,6
I

0.4
I
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I

-4-

-4-
-8-

-1,cos a=0.52

-e-

d%
ln0 .-12- -1,cos a=0.42

QI ot.
' =0.62

=0.5
=0.4

-16-

"20-

-20-
COS+- 0,6

2

= 0.5

- 24-

-24-
= 0,4

FIG. 2. The y dependence of the asymmetry para-
meterA for the case q=0.2.

FIG. 1. The y dependence of the asymmetry para-
meter A.

TABLE I. Comparison of predictions of the I.-R model with g =1 and g =0 with the experimental data for deep-inelas-
tic scattering of neutrinos and polarized electrons on deuterons. Note that the case g=1 with cos n= 2sin 8~ is identical
with the SW model.



ever, very much different from that in the standard
model or the L-8 model with q= 1 as can be seen
from Figs. 1 and 2.

AOI;e added. After this work was submitted for
publication, we were informed that the recent
SI AC data seem to rule out the y dependence of the
asymmetry parameter A predicted by the I -B
model for the case q«1.
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