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The parity-violating left-right asymmetry in longitudinally-polarized-electron elastic scattering off
unpolariied nucleons is studied in the contest of unified gauge theories of the weak and electromagnetic
interactions. Predictions of a large variety of gauge models of present interest are given. It is shown that
measurements at low electron beam energies, typically 150 to 800 MeV, and over a wide range of scattering
angles, are of particular importance for distinguishing between various SU(2) t8) U(1) models and between

.models based on larger gauge groups, such as SU(2)L e SU(2)„e P(1) and SU(3) e U(1) theories.

I. INTRODUCTION

Until now only neutrino-nucleon scattering and
atomic-physics experiments have been performed
to establish the existence of neutral weak currents
predicted by unified gauge theories of weak and
electromagnetic interactions. ' Specifically, most
of these theories suggested so far predict very
different neutral (Z') couplings to leptonic and had-
ronic vertices, which can hardly be tested in de-
taii with conventional (unpolarized) scattering ex-
periments. However, the recent precision mea-
surements of the optical rotation in Bi atoms' due
to parity violation of weak neutral currents could
constitute an ideal test for the parity structure of
leptonic and hadronic neutral currents. ' Unfor-
tunately, the theoretical assumptions needed to
interpret the atomic-physics experiments are not
quite certain, depending on models for the atomic
wave function and for many-electron effects. ' '

To get further information on neutral-current
parity-violating asymmetries, there are (longitu-
dinally) -polarized-electron-proton deep-inelastic
scattering experiments under construction at
SLAG, ' and for elastic scattering at Mainz' and
MIT-Yale. ' These experiments constitute a rather
clean test for models of unified gauge theories
since the theoretical calculations of the asymme-
tries do not depend on additional model assump-
tions about the nuclear or atomic wave functions.
Especially in the elastic scattering experiments' ~ '
the asymmetries will be measured to a level of
10 ' to 10 ', whereas the theoretically predicted
values' are in the range of about 10 ' for electron
laboratory energies of E =300 MeV. When this
kind of experiment was originally proposed, ' the
parity-violating asymmetry, originating from an
interference of the weak Z'-exchange and the usual
QED y-exchange amplitudes, was exclusively
studied within the framework of tht; standard Wein-
gerg-Salam model. " Recently, Cahn and Gilman"

gave predictions for a wider class of gauge theo-
ries concentrating on only high-energy experi-
ments (E =20 GeV, appropriate for SLAC') where

q'/2ME -«1 with M being the nucleon mass —an
approximation which is certainly not adequate for
the Mainz' and MIT -Yale,' experiments. Further,
by this approximation only those terms in the
asymmetry survive which consist of the neutral
axial-vector current of the electron and of the vec-
tor current of the nucleons, whereas the contribu-
tion from the electronic vector current and the nu-
cleonic axial-vector current is neglected. This
leads, for example, to a zero prediction for the
SU(3) ISSU(1) model of Lee and Weinberg, "whereas
an exact calculation at lower energies gives a val-
ue greater than for the standard Weinberg-Salam
model. Thus, sticking to measurements of parity-
violating left-right asymmetries at high energies
only, one gives up the possibility of testing and
differentiating between a variety of gauge theories
with a vanishing neutral axial-vector coupling of
electrons, such as in SU(2) sU(1) with I3s —

& or-—

in the Lee-Weinberg SU(3) I2U(1) modeL
In Sec. II we present the general theoretical

framework leading to the exact expressions for the
parity-violating asymmetry for both proton and
neutron targets as a function of the vector and ax-
ial-vector parts of the weak-neutral currents of
the electrons and of the dominant u and d quarks.
In doing so we have to express the weak-neutral
nucleonic form factors through the fundamental
neutral-weak couplings of electrons and quarks,
fixed by the given gauge theory, and through the
known electromagnetic and charged weak form fac-
tors. In Sec. III we generally classify and discuss
the details of most unified gauge theories suggested
so far, and give numerical predictions of only
those models which are in agreement with present
elastic and inelastic neutrino experiments. These
quantitative predictions are presented for various
beam energies (E= 150, 300, 600 MeV) and scat-
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FIG. 1. Lowest-order Feynman diagrams contri-
buting to longitudina11y-polarized-electron elastic
scattering off unpolarized nucleons.

tering angles, and for various values of the Wein-
berg angle or its equivalents; Finally, our con-
clusions are summarized in Section IV.

=&v&& &+g~+& &5+

with x= e, u, d, . . . , and where the vector and axial-
vector couplings g ~ and g„" are uriiquely deter-
mined by the gauge model under consideration, as
we shall see below. Assuming time-reversal in-
variance and only first-class currents, the elec-
tromagnetic and weak nucleon form factors are
defined by (N= p or n)

II. THEORETICAL FRAMEWORK

A. Left-right asymmetry

The most general expressions for the fundamen-
tal weak-neutral current of leptons and quarks can
be written as

J'emyg —(pl) ) empt +(p)&

=~(p )[G.r" F".-(p+ p )"]N(p)

for the electromagnetic current, and for the weak-
neutral current

~'" -=wp') lf'" lwp)&

=~(p )[g",r" g".-r"r.
-f",(p+ p')" I'(—p p') "—r, ]N(p), (3)

and similarly for the three-component of the weak
current

J'„'"-=&+(p') lf'" lx(p)&

= &(p') [g".,r" g".,r "r-.
-fg,(p+ p')" —C~(p p') "—r, ]&(p)

(4)

The nucleonic charged weak current is defined by

~ "=-&.(p) & "lp(p)&

= ~(p )[g„r" g,„r"r, -
-f.AP+P')" -I. (P -P')"r ]P(P) (5)

The form factors in Eqs. (2)-(5) are functions of
q'= (p —p')' & 0

It is now straightforward to calculate the ampli-
tudes for the diagrams depicted in Fig. 1 for lon-
gitudinally left-handed (L,) or right-handed (8) po-
larized incoming electrons and unpolarized nucleon
targets. Derioting the weak neutral coupling con-
stant by g one obtains, to leading order,

4m'e'
lait" l'+

lorn"

l'=. . .( [(G~~ —2MF")' —q'(F")'] [8M'E'+ 2q'(M'+ 2ME)]+ q'(G")') (6)

lKN„l —lSR l
=, 2 2, (g„'g [(G~ 2M')(8M -E +4MEq +2M q )+q~G ]mMMzq

—g~~ f~y[2MG~~ (4M q)Ff—] [8M E —+4MEq + 2M q]+g~v g~~G~~(4ME, q +q )),
(7)

where m is the lepton mass, Mz denotes the mass
of the exchanged neutral vector boson, and E is
the laboratory beam energy of the incoming lepton.
The calculation was made in the limit of m' «M'
-q' but it differs quantitatively from the exact re-
sults'3 (m 40) only by about 30~%%d if, instead of elec-
trons, a muon beam is used at E =300 MeV and
for small scattering angles. Furthermore, in the
Z' propagator we have neglected terms of order
q'/M2z. To lowest order, Eg. (6) is just twice the
square of the usual Rosenbluth amplitude. The
parity-violating left-right asymmetry is then de-

fined by

tmN~i2- lit, ~N i'
N doN+ d~N fggNL2+ )AN )2 (8)

B. Relations between form factors

Since common gauge models specify only the
fuiidamental vertices in Eg. (1), the left-right

For models with more than one neutral current ~~"

one simply has to sum in Eq. (7) over their indi-
vidual contri. butions.
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Jem, u (P uruu

and with an isospin rotation one obtains for the
neutron

J„' 'u= (p 3dy"d —3uy"u p),
or

(p Iuyuu Ip) 2Jem, u+ Jem, u

(p Idy"d Ip)- J 'e"+ 2J'm'"

(9)

(10)

with J'N " given by Eq. (2). Furthermore, using
the SU(6) quark representation of proton and neu-
tron wave functions, the ratios of isoscalar and
isovector weak vector and axial-vector currents
are given byi6

asymmetry can be uniquely calculated once we
know the nucleonic weak neutral form factors de-
fined in Eq. (3) and needed in Eq. (V). These ex-
perimentally unknown neutral form factors can be
related to the fundamental coupli. ngs g ~ „and to
the known electromagnetic and charged weak form
factors of Eqs. (2) and (5), respectively, in the
following way. The electromagnetic current of the
proton is, neglecting the small contributions of
s and c quarks,

ing the conserved-vector-current (CVC) hypothe-
sis to the neutral currents where there are both
isovector and isoscalar terms, one can express"
the form factors of the three-component of the weak
current in Eq. (4) through the known electromag-
netic and charged weak form factors in Eqs. (2)
and (5): By applying Eq. (12) to the isovector and
isoscalar parts of (15) one obtains

g 3»' cg [3(I +3+ I3I I3~ I3L)(Gu —Gu)

+ '(fez+ I3L+ fez+ I3L)(Gu+ Gu) J (1V)

g3p 2ggy y J 3p' 2 J gp'y

g3A 2 ggA y
p 1
3& 2

(19)

and the same for f33» with F, instead of G„, and
1

g 3A 3[3( 3B 3L 3B 3L)

+ —,', (I4 I3L+-Ies - I3L)]g,A
andthesamefor k~„with h;„ insteadof g~. Tofixthe
normalization constants c, , let us consider the
standard SU(2) gU(1) model" where Ies= f33'= 0,
E3~=+2, and E» = -2, for which the weak isospin
is ideritical to the nuclear isospin. Therefore, in
this model one gets by an isospin rotation

(p luyuu+dy" d i p)-=3
(p lu y "u —d y"d I p)

(12)

and, by the usual CVC theorem

gev= Gu Gu fev= F3 —F3 ~ (20)

(p luy"y, u+ dy"y, d I p) 3
(pluy"y, u -dy"y, dip)

which imply

&plur"ul p&=2&PIdr'dip&

&plur"y, u p&= -4(pldr"r, dip&

(13)

(14)

&plur"r. ulp& 4Iu 4Iu Id

x [J3" (2I3~+2I,"L+I-3++ I3L)J3em"

(Ieu~+ I,"L + 2I33-~+ 2I33L)J~' "] . (16)

This, using Eq. (14), gives (p Idy"y, d Ip&. Extend-

Needless to say that in general these relations will
hold only approximately. "

For a given gauge theory the most general ex-
pression for j'" in Eq. (4) reads

j'"= (I3„+I,"L)uy"u+ (Ies I3L)uy "y,u-

+ (I~»+ I33L)dy "d+ (I~» —I~»)dy "y,d, (15)

which, together with J3"=(p Ij'" Ip) and Eqs. (11)
and (14), yields

Since the general Eqs. (1V) and (18) must hold for
any model under consideration, we have to choose,
according to Eqs. (19) and (20), the normalization
constants to be can=+1 and c,= -1. Therefore, Eqs.
(1V) and (18) yield the general relations

g, „=(2I,",+ 2I,",+ I,,+ I„)G„
+ (I3++ I3L+ 2I3z+ 2I3L)GQ (21)

and similarly for f33» with F, instead of G„, and

p 1
g3A 5 ( 4I3J5+ 4I3L + I3/ I3 ) LgeA (22)

and similarly for h,~ with h,„i stead of g,„. In-
serting these expressions into Eq. (16), using Eqs.
(2) and (4), one obtains

&Pl r"r, P&=iP(p')[g. y"y, +I. (P-P')"r, ]P(P)

(P I dr "y,d I p&= =' p(p') [gAr "r.+ I,A(p -p') "r.JP(P) .

(23)

Thus, Eqs. (11) and (23) allow us to express the
neutral weak current in Eq. (3) completely through
the electromagnetic and charged weak form factors

Je"= (P(P') Ig vuy"u+ g„"uy"y u+ gevdyud+ g"„dy"y dlP(P)&

=P(p')&[(2g" g')G'+(g"+2ge)G" Jr" —[(2g",+g3)F,'+(g",+2g",)F."](P+P')"

gA)g.Ar"y —( —i gA+ l gA)~.A(p P') "r Ip(p»- (24)
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which, when compared with Eq. (3), yields the final
relations for the weak neutral form factors

III. GAUGE THEORIES AND NUMERICAL RESULTS

A. Unified gauge models

g v=(2Z v+8' v)Gs+ (t v+ 8v) 's

f v=(2k" v+g v)F2+ 4 v+ 2g'v)Fz
4g~-( —e&~+ &&~)&.~

u
A ( eSA +A)~eA

(25)

For our actual calculations we shall use the fol-
lowing seven general classes of unified gauge the-
ories which yield nontrivial-results for the left- .

right asymmetry A„: Models A-E all have a SU(2)
SU(1) gauge structure with I'e~=-s, I,"~=+s, I»

1 and

By analogy, similar expressions follow for the
neutral weak form factors of neutrons"

& v = (& v+ 2Z v) Gs+ (2g v+ Z v) ~s

fv (Rv gv) 2 (4v+gv)F2&
n &1 u

e g~)&e~ ~

n
~A (e +A ~ g A)~eA r

(26)

Ge(q2) Gn(~2) FP(~2) Fn(~2)

1+ g~ g„ ii/2M p„/2M

g. (e')
1.2 0.71 GeV' (27)

which follow from Eq. (25) by interchanging the
quark labels u with d. - For a given process eX- eN
and a given gauge model, Eqs. (25) and (26) unique-
ly determine Eq. (l), i.e. the asymmetry in(8),
using

(A) I3es= 0, I3z= 0, jess= 0 (the standard model" );
(B) Ie3z 0, I——3+= 0, Ie» +& (R——efs. 16 and 1I);
(C) I»= -2, I,"„=0, I~»=+s (Refs. 16 and lt);
(D) Is~= -s, Is+ 0, I—-eel= 0 (the hybrid model~e);

(E) I g3s I,"„=+s, I,z= 0 (Refs. 19-24)

(F) SU(2)~ I2ISU(2)sSU(1) ambidextrous model" ";
(G) SU(3) 8U(l) model of Lee and We inberg";

(H) SU(2)~SSU(2)~SU(1) models of the kind sug-
gested in Refs. 15, 26, and 27 have no parity vio-
lation in eN interactions and give trivially A~ = D.

The values of the fundamental couplings g ~ „
and the weak neutral coupling constant g for these
models are summarized in Table I. For the SU(2)
SU(l) models A —E the general expressions for
these couplings are

with p, ~=1.79 and p,„=-1.91. with Q, = —1, Q„=+—,', Qe= ——,', . . . . Note that mod-

TABLE E. Values for the fundamental weak neutral coupling constants (Gg=1.01 x10 ~~ ).

Model g /Mg gx Field

W2Gp-

~2GE

v 2Gp

v 2G~

v 2G~

cos P
G~

F

—
2 +2 Sln Ow

—
2 +2 sin Oy

1+2 sin Ow

-1+2 Sin28w

-1+2 sin Ow

—
2 +2 Sln Ow

2

2

2

~ 2
2

—
3 sin Ow

sin Ow

~ 2sin Ow

+- +3 sin28w

1 —
3 sin Ow

2

2

—2+3 S«OW1.

+~ sin slv

3 sin 8

—$+ g sin 8gr

—2+3 Sln Ow
2 ~ 2

2 2 2 2 ~ 2Sln Ow —
2

—
2

+ 3 Sln Ow

2

2

2

1,
2

z0

zo

z0

z0

W0

Finite

Finite

Finite

Finite

Finite

Finite

tan leos P2 -1+4s jn28w sin Ow 1+3 Sin Ow V0

0 z0 Finite

1+)
v 2G~

l

Gg
W2 1+~

G~ 1
v2 1-~

0

0

1 —. 2 sin Ow

2

0 —3+3 Sln Ow
2

0

-& —
3 sin Ow
2 ~ 2

2
y0

zf

0
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els C—E and 6 correspond to g„'= 0, still predict-
ing a nontrivial asymmetry A~ 0, and are thus in
agreement with the small parity violation found in
the atomic Bi experiments' which are sensitive
only to the interference of g„' and the hadronic
weak neutral vector current. The contributions of
these models to our left-right asymmetry A„ is
then entirely due to the leptonic vector current
(g'„) term in Eg. (7). Thus, at least for this class
of gauge theories, a measurement of A„would
yield a clean test for the structure of the electronic
vector and hadronic axial-vector weak neutral cur-
rent. The essential difference of the SU(2)z,
@SU(2)sI2IU(l) models of type F and H is, that one
of the two neutral weak vector bosons in H has only
vector couplings and the other has only axia-vector
couplings, giving no parity violation in the inter-
actions between electrons and nucleons. Model F,
on the other hand, has one neutral gauge field with
purely vector couplings, and one is just like the Z'
in the standard SU(2) SU(1) model, the contribution
of which to parity violation is, however, reduced
by a factor cos'p, with p being a mixing angle. "

Besides the types of SU(2) gU(1) models listed
above there exist also various other isosinglet and
isodoublet classifications, but most of them appear
to be in conflict" with (anti)neutrino-electron and
(anti)neutrino-hadron scattering experiments.
Hagiwara and Tagasugi" have done a comprehen-
sive study of all these possible representations
for SU(2) sU(1) models and came to the conclusion
that only leptonic parts with I,'~= -2 and I3+ 0 or
-~ are allowed by the experimental values of g ~
and g„' from neutrino reactions, provided multi-
plets of order higher than 3 are not taken into ac-
count. Considering SU(2) 8U(1) models with the
standard left-handed doublets (and perhaps addi-
tional new ones) then, because of e(vN- vX)lv(vN- vX) &1 and a(vp- vp)/o(vp- vp) &1, only models
with (I3~, I,'s)=(0, 0), (-,', 0), (0, —,'), (=,', 0), and

(0, =,') are allowed. Furthermore, the measured
ratio o (vp- vp)/o (vp- vp) = 0.4 +0.2 eliminates
models with (I3s, I,z) = (=2, 0), and the choice (0,
--,) can be excluded because it predicts too flat a
q' dependence for do (vp- vp)/dq' and do'(vp- vp)/
dq' in disagreement" with experiment. Therefore,
SU(2) @U(1) models with only (I», I,'„)= (0, 0), (2,
0), and (0, —,) survive ln our calc. ulations we did
not use the model corresponding to I' =0, I,"
=+&, and I »=0 since it predicts a high-y anomaly
for antineutrino scattering as well as a large atom-
ic parity violation, in disagreement with experi-
ment.

B. Numerical results

In Figs. 2-4 we show the values of the left-right
asymmetry A~ for both proton and neutron targets

I I I 1 I

E =tSOMeV

I I

C

Oo 90o 180o Oo 90 t80o

FIG. 2. The parity-violating left-right asymmetry
AN &„of Eq. (8) for unpolarized proton and neutron
targets and for an electron beam energy E= 150 MeV,
as a function of the laboratory scattering angle. The
predictions for the SV(2) SV(1) models A-E correspond
to sin 0&,= 0.3, and for the ambidextrous model F we
have used in addition cos2P= 0.95. The SU(3) iIU(l)
model G has been calculated with / =su =. 0.2.

as predicted by the general types of gauge models
A-G for electron beam energies E= 150, 300, and
600 MeV and as a function of the lab scattering
angle 8. Here we have used a steinberg angle
sin'8~=0. 3 or its equivalents, corresponding to
the best-fitted results obtained from presently
known neutrino experiments. "" For the SU(3)
sU(1) model we have taken" I = mr= 0.2. Recall that
the predictions of model H are identically 0. As
can be seen from Figs. 2-4 the asymmetries A& „
increase by typically a factor of 2 by doubling the
energy. Similarly, the asymmetries for neutron
targets are larger' in magnitude by a factor of 2
to 7 than those for proton targets, depending on the
model under consideration. Note especially the
large asymmetries resulting from the hybrid mod-
el D and from the SU(3)SU(1) model G which, for
proton targets, are about 4 to 10 times larger than
the results of the standard SU(2)sU(l) model A.
This clearly shows the importance of low-energy
(E& 1 GeV) elastic scattering experiments' ' for
discriminating between different types of gauge
theories, since at high energies' such that -q'/



18 TESTING UNIFIED GAAUGE THEORIES WITH POLARIZED. . .

I I 'I

E = 300 MeV

proton

K

I

-2

Oo

I I I I I I I I I I I ~ ~ I I I I I I

90 180 0 90 180

FIG. 3. The asymmetries A& and A„atat i=300 MeV.
Notation and input parameters are as in Fig. 2.

11. if rC-E2ME «1, A~ becomes negligibly small for C -E
and G.

Most of the asymmetries in Figs. 2-4 show a
ver ronounced angular dependence. Thus de-
tailed measurements of A„sn the fo
very pr

forward as well
as backward hemisphere for proton as well as
neutron (deuteron) targets should enable us to dis-
tinguish ra er irm'

h th firmly between different unified
a e theories. In addition, this kind of experi-

ment should provide us with a rather cleann infor-
mation on t e ragh

' ht-handed isospin structure of the
electron because of the very different angular de-
pendence predicted by models A and D, or by mod-
els B and C. On the other hand, scattering longi-
tudinally polarized electrons off proton targets on-

3, for example, to distinguish at least the predic-
tions of mode s1 8-E and G from those correspond-
ing to A and w icd F h' h show a rather similar struc-
ture. In addition, measurements of the energy de-
pendence of A„, say, by going from 150 MeV to
600-800 MeV, would greatly facilitate one to dis-
criminate between different gauge theories.

In case one dies not accept the simplest standard

=—M' M' os'8 =1 then all our predic ionsl.e.
&

K —M 2 COS 1—

1040&&t&rl ~
I

I ~ I I I I I I

— proton

I

E=600 MeV E=600MeV-

E = 300 MeV

10

10 -4'I
0

4-
LO

2—

C

oC
X$ O

1Q -42

F

G

B
E

0

-2- 10 -43

A

90O
I

180O Oo 90o
t

180o
1Q -44

Qo 900 1800

FIG. 4. The asymmetries A& and A„adA at i=600 Mev.
Notation and input parameters are as in Fig. 2.

FIG. 5. p 0. A 2do/dQ distributions at E=300 MeV. No-
tation and input parameters are as in Fig. 2.
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O. I

C

I
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-7—
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I '
I
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0.2I5. -

0,4

0.25

0.4

I I I 1 I
I

I

E= 300MeV

B
sin ew2

OQS-

0.3

0.4

—0.25-—0.3

—0,4

00

0. 25

—,0, 3

0, 4

90o 1eOo 0.
I

90o

0.2

0.3

180 00

Q25

. Q3

— 0,4

90o 1e0 0
a ~ a I i & ~ a i "~ I

0.1
0.2

, 0.3

90o 18Po

FIG. 6. Dependence of A& on.a variation of the input
parameters (extreme choices of mixing angles) as de-
noted on the plots, at E= 300 MeV.

FIG. 7. Dependence of A„on a variation of the input
parameters (extreme choices of mixing angles) as de-
noted on the plots, at E=300 MeV.

have to be simply multiplied by K' 41.
Of immediate interest are the predictions in Fig.

3 at E= 300 MeV, the typical energy range of the
Mainz' and Yale-MIT' experiments. Here, ~A&

reaches values of (0.25 1) x 10~ at 8 =90', and
becomes as large as 3 x 10 ' in the backward hem-
isphere at 8 =150', whereas A„=(0.25 5) x 10-'
for 8=90 and increases to 7x10' at 6I =150'
which is well within the expected experimental ac-
curacy. '~' Regarding the right choice of energy
and scattering angles, ' Figs. 2-4 might be mis-
leading since they do not contain the rapid decrease
of the (Rosenbluth) cross section at high q'. We
therefore show in Fig. 5, as an example, the sta-
tistically relevant quantity Asdo/dA. At least at
large scattering angles the gain in asymmetry is
partly balanced by the decrease of the cross sec-
tion.

In order to show how the model predictions for
the left-right asymmetry depend on the Weinberg
angle, or its equivalents, we have calculated A&
and A„at E= 300 MeV in Figs. 6 and 7, respec-
tively, for extreme high and low values of these
parameters allowed by neutrino experiments. '~"
The predictions for model C are qualitatively the
same as those shown for D. As can be seen, the
dependence of the asymmetry on these parameters
(mixing angles) is remarkable. A measurement
at one given scattering angle could hardly discrim-
inate between various models, since their different

predictions, as show in Fig. 3, do partly overlap
with the rather large spread of A„ in Figs. 6 and 7
due to variations of sin'8~. Again, measurements
at various scattering angles will prove very im-
portant to distinguish between various gauge mod-
els.

IV. CONCLUSIONS

Measurements of parity-violating effects in lon-

gitudinallyy

polarized electron-nucleon scattering,
arising from the interference between neutral
weak and electromagnetic amplitudes, are of par-
ticular importance for discriminating between a
large class of different models of unified gauge
theories, and for testing the nature of the elec-
tronic and hadronic vector and axial-vector cou-
plings because this process involves the neutral-
current couplings in a clean and well-defined man-
ner. Having generally classified most of the SU(2)
SU(1), SU(2)~43ISU(2)~ISU(1), and SU(3)gU(1) mod-
els which show agreement with present neutrino
experiments, we calculated these parity-violating
left-right asymmetries at various low electron en-
ergies (E= 150, 300, and 600 MeV) and laboratory
scattering angles for seven rather general classes
of gauge models. Iri contrast to high-energy mea-
surements, such that q'/2ME «1, where -the
SU(2) gU(1) models with I;„=-, (like the hybrid
model" ) and the SU(3)I3IU(1) model of Lee and
Weinberg, "for example, predict practically van-
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ishing asymmetries, low-energy measurements
(E~1 GeV) are an important tool to discriminate
between different gauge theories.

Of course it would be very interesting to estab-
lish experimentally whether there is any finite
parity-violating effect in elastic eN scattering at
all; but this would eliminate only a small fraction
of principally distinct gauge models suggested so
far. To discriminate, however, also between mod-
els which all have a parity-violating eE interaction
in common, one needs measurements over a rather
wide range of the scattering angle (forwardlback-
ward hemisphere). Additional knowledge of the en-
ergy dependence of the left-right asymmetry (say,

150"E"800 MeV) would be helpful in better de-
lineating the differences coming from ambiguities
of the model parameters. (i.e. , mixing angles such
as sin'8') and from different models. At electron
beam energies of E =300 MeV, typically in the
range of the Mainm' and Yale-MIT' experiments,
we expect the parity violation to be about 2x 10'
for (unpolarized) proton targets and 4 x 10 ' for
neutron targets. Both asymmetries, however,
show a strong dependence on the scattering angle
(see, e.g. , Fig. 3), and increase by more than a
factor of two by going to E= 600 MeV. These pre-
dicted values gf parity violation lie well within the
experimentally expected"' level of accuracy.
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