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We compute the radiative corrections to parity-violating neutral currents and give predictions for parity-
violating effects in the Weinberg-Salam model and in the left-right-symmetric models based on the gauge

groups SU(2)L, X SU(2)& X U(1)~+„and SU(2)L, X SU(2)„XU(1)L X U(1)~. We show that radiative corrections
can possibly distinguish between the Weinberg-Salam model and the SU(2)L X SU(2)~ X U(1)L+„model on
the one side and the SU(2)1 X SU(2)~ X U(1)1 X U(1)~ model on the other side.

Recently, a SLAC experiment' on deep-inelastic
scattering of polarized electrons on deuteron and
proton targets has established the existence of
parity -violating neutral currents. They measured
the asymmetries

& (d)/l~'l=(9 5+1.6) x 10 ',
~-(p)/l~'l= (9.7.2.7)»0-,

where

v(e~) —o(e„)
o(e~) + o(e„)

is the asymmetry between the cross sections of
left-handed and right-handed polarized electrons.
In the tree approximation and using the quark-
parton model, these asymmetries imply in the
Weinberg-Salam' (WS) model

sin'8~=0. 21 +0. 03 (deuteron)

and

sin6» = 0.19+0.06 (proton) .
In this approximation, however, the left-right-

symmetric gauge models based on SU(2)~ x SU(2)„
x U(1)~,„(Ref. 3) or SU(2)z x SU(2)„x U(1)~ x U(1)s
(Refs. 4, 5) give essentially the same predictions, '
provided that spontaneous left-right symmetry
breaking in the charged and in the neutral sector
has the same origin and that the parity-violating
parameter Q, =mN, "/m~~' is sufficiently large.
[There is a common factor (1 —1/Q„) for all parity-
violating effects in the left-right-symmetric gauge
models). ']

However, the WS model and the left-right-sym-
metric models answer the question of the origin
of parity violation in weak interactions in quite
different ways: In the WS model, parity violation
is due to the gauge group structure, which has been
motivated by the assumption that neutrinos are
massless left-handed particles. In the left-right-
symmetric models, parity violation is a low-ener-

gy effect due to the spontaneous symmetry break-
ing. Thus, experimental distinction between the
two classes of models would be very important for
our understanding of parity violation in weak in-
teractions.

For the discussion of parity violation the essen-
tial difference between the two classes of models
is the existence of the superheavy right-handed
bosons in the left-right-symmetric gauge models.
These superheavy bosons manifest themselves
through radiative corrections. ' The most impor-
tant parity-violating effect is the different cou-
pling-constant renormalization of g~ and g„[the
effective coupling constants of the neutral bosons
of SU(2)~ and SU(2)„] due to different masses of the
left-handed and right-handed charged bosons. This
effect may be especially large" (-20% of the WS
predictions), if one of the neutral bosons is rela-
tively light. We find that for large values of Q~
= m»'/m«' the predictions of the Weinberg-
Salam model and the SU(2)~ x SU(2)s x U(1)~„~
model on parity-violating neutral-current effects
are very similar. In the SU(2)~ x SU(2)~ x U(1)~
x U(1)R model, however, ' radiative corrections en-
hance the predictions on 4 (d) compared with the
WS model and give smaller parity-violating effects
in heavy atoms. The magnitude of these correc-
tions depends on the mass of the lightest massive
neutral boson. All parity-violating neutral-cur-
rent effects depend strongly on the Weinberg angle
sin'Std, . The renormalized value of sin'Bg may be
determined by neutrino neutral-current experi-
ments or by further experiments on the parity-
violating interaction in atoms, especially in hydro-
gen and deuterium. Of course, radiative correc-
tions have to be included for the study of these
processes. Once sin'3~ is fixed, asymmetry
measurements like the SLAC experiment could
eventually decide whether parity violation in weak
interactions is due to the gauge group structure or
it is a low-energy effect due to spontaneous sym-
metry breaking.
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The rest of this paper is organized as follows:
In Sec. I we give general formulas for parity-
violating fourth-order contributions. In Sec. II
we make predictions on parity-violating effects
and on neutral-current neutrino interactions for
the WS, the SU(2)~ x SU(2)z x U(1)~,z, and the
SU(2)~ x SU(2)„x U(1)~ x U(1)„models.

l)

Ve Ii Ve

I. I"OURTH-ORDER CONTRIBUTIONS TO
PARITY-VIOLATING NEUTRAL CURRENTS'

%e define an effective Lagrangian for the inter-
action between electrons and, quarks in the neutral
sector,

NC (s)— (g)~
f f g p'p ey„euy„u +g» ey„y,euy„y, u

(g )» (g )~+g y/ ey yeuy„y 5u +ggy ey „y5euy „u

+(u d),

where g~~), etc. are functions of kinematic var-
iables such as q', s, ... . In the tree approxima-
tion, these functions are given in the t channel by

(I) Venue + &, &ga) 0)
gVF —

2 2 m 2

~ ~i)p &i)
Eu) ~ e

gAA=. ~ 2 m 2
i~1 j

y&i)~ 0)
(u) ~ eg P'A ~ 2 2 p

i 1 . Zi

~e)~ o)
(g) 8 0

gay — 2

where & is the total number of massive neutral
gauge bosons of the theory and V"' and &"' are
the vector and axial-vector couplings of the boson
Zi to the corresponding fermion.

Let us now discuss the different types of parity-
violating fourth-order corrections to these func-
tions.

A. Effective vertices of the Z bosons

In Fig. 1 we show some contributions to the ef-
fective Zi vertices. The simplest way to treat
these corrections in the left-right-symmetric
gauge models is to work with an effective Lagran-
gian based on effective coupling constants. " In
the SU(2)~ x SU(2)„x U(1)~ x U(1)~ model, for ex-
ample, we have

Nc 1= g ~&r,&" 4z ~.i+ .g gg~r„7,-q„~,"„
AP

+ 2&z.&r&~~&I.~r", + 2 gs4z&~y'4s~a ~

where g~, g~, g~, g„' are the effective coupling
constants. Neglecting fermion masses and exter-

ve

+ +
WL, WR WL'-, WR

FIG. 1. Examples of graphs which lead to parity-
violating effective Z vertices.

nal momenta one finds from renormalization-
group calculations"

22 4 mwg+
2gL, ln

- I -I
gz, —gs=g-

B. Parity-violating corrections to the effective photon
vertices (charge-radius effect)

In Fig. 2 we show parity-violating contributions
to the effective photon vertices. Since the photon

is massless, we cannot neg1.ect terms of order
q'/m«»' in evaluating the contribution of these
graphs to the effective vertices. %e only keep
leading contributions and we find from Fig. 2(a)

Here we also have neglected contributions due to
Higgs scalars. Note, however, that neutral physi-
cal Higgs scalars do not contribute to the coupling-
constant renormalization. At low energies and for
Q„=m»'/m»' sufficiently large, the difference
between g~ and g& gives the leading parity-violating
correction in the left-right-symmetric gauge
models. In the steinberg-Salam model, a11 cou-
pling-constant renormalizations are absorbed in
the renormalized value of sin23w.
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FIG. 3. Box diagram with exchange of two charged or
two neutral gauge bosons.

~ ln(m~ '/m, ')
) e gg WL, 0

gvA Qe'Qt& 96&a m 2
W~

2 2 ln(m&v '/m, ')
(d) e 8'I,

gvA @a@ 96&2 m 2
Wl

and from Fig. 2(b) for the boson Z,.

,~(;)A(;& ln(m~ '/m, ')
(Q) Q Q

gvA @e@u 12&&2 2

21& ( )A ( & ln(my /mo )
( ~ ) e' e' t

gAv @e'Q» 12 27t' mz' 2

i

(4)

and similarly for d. (m, =1-2 GeV is the scale at
which quarks behave as though they were essen-
tially free. ) The graphs of Figs. 2(c), 2(d) give
no logarithmic factors and may be neglected here.

C. Box diagrams

Neglecting masses and momenta of the fermions,
the contribution of diagrams with exchange of two

charged W~ [Figs. 3(a), 3(b)t becomes
4

(Q) &Q) (Q) (Q) 8 L
+~VV — 8 AA — 8 VA — 8 A V—

64 mwL

4
(d) (d) (d) . (d)

~VV 8 AA 8VA B'AV ~ 22567t mw~'

The two diagrams in Figs. 3(c) and 3(d) with
exchange of two neutral bosons give the following
contribution to the g's:

&~gatv= B&B2f& &g~~ =A&A2f &

gv"„' B,A,f, ~g'„",'=—A,B,f+(u-d),
A = V"'V'g'+A"'A'g' A = V"'V"'+A"'A'"

e e e e t 2 Q Q ' Q Q

B = V,'~'A,'g'+A, '~'V g B = V ~ A'g'+A' 'V +'
e e 7 2 Q Q Q Q

3 ln m~' m~ ')
16»' for the exchange of two different massive bosons Z and Zg P

mz- ™z2 2
i g

3 1
for the exchange of two identical bosons Z»m

3 ln(m~ '/m, ')
for the exchange of one massive boson Z& and one photon.

mz 2
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II. PREDICTIONS ON PARITY-VIOLATING EFFECTS
FOR DIFFERENT MODELS

400-

sin'4~ = o,25

Qq -10

We will discuss three different gauge models:
he standard WS model and the left-right-symme-

tric models based on SU(2)z x SU(2)z x U(1)z,~ and

manifest left-right symmetric models, where the
left-right symmetry of the underlying Lagrangian
is not broken by the fermion representations but
arises as a consequence of spontaneous symmetr

g. We choose for each model a minimal
me ry

set of Higgs scalars, assuming that parity viola-
tion in the charged and in the neutral sector has
the same origin. Then we are left with only one
free parameter (sin'3~) in the Weinberg-Salam
model. In the SU(2)~ x SU(2)„x U(1)~,~ model we
need two Higgs doublets y~ and (I()„assigned to the
representations (—,', 0, 1) and (0, —'„1)with vacuum
expectation values (P~) = (' ) and (4 ) = (' )
th

~ =i„~
erefore have the additional parit l t'y-vlo a lng pa-

rameter Qq
—— A.g

~
/~A. ~ ——mg~+ /m~ ~ in this

theory. In the SU(2)~ x SU(2)e x U(1)~ x U(1)„mod-
el we have the Higgs multiplets Q (2 0 1 0)

), and X(0, 0, 1, —1) with vacuum ex-
pectation values ( &pl, ) = ('„~), (p &) = (&„), and ( X)

The singlet y is needed in order to break the
discrete symmetry between the vector and the
axial-vector part of the Lagrangian, thus avoiding
a massless axial-vector gauge boson. In this mod-
el we are left with three parameters (sin'3~, Q„

which have to be determined by experim t Nen s. ote
a with our minimal choice of Higgs multiplets

we have three neutral physical Higgs scalars [in
the SU 2)~ x SU(2)„xU(1)~ x U(1)„model] and there
are no charged physical Higgs scalars contributing
to thee coupling-constant renormaliz ation. '4

From weak decays we have the experimental
lower bound Q„~ 10. In the SU(2) x SU(2) (

( )„model, neutrino physics and parity-violat-
ing neutral currents are completely independent of
Q„ in the tree approximation. " Th Q
a free

us, Q„remains
a ree parameter which essentially determines the
mass of the lightest boson. Z, . We show in Fig. 4
the dependence of the masses of the physical
bosons Z Z Z2$ 3 on Q)( For Q„-~ we recover
the SU(2)z x SU(2)„x U(1)~,„

A recent experiment at SLAG (Ref. 16) on the
weak forward-backward-asymmetry A."~ in e'e

scattering (-0.025 &A"" & Q. 017) puts a
lower bound for the mass of the lightest neutral

oson'in this model. For sin'3v=0. 25, Q = 10
we find@ ~0Q„- .6 which corresponds to m ~ 52

( or comparison, the value Q„=Q. 4 would
Z1

correspond to an asymmetry A""= 0.035 at We
= 6.8 GeV. )

360-'
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240-

QJ
(3—200-
Vl

+ 160-
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80-

40-

Z1

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8
~x

FIG. 4. Masses of the physical bosons Z&, Z2, and Z3
in the SU(2)1. && SU(2)z && U(l)1. & U(1)R model in de pen-
dence on Qx (sin3@ -—0.25, Q), ——10).

We now define the following neutral fields:
Fox the WS modeL

Z(%8 ) = cosN ~31. s~n~&~(%8 )

Mz (ws ) ™lvL/c os 3w, (10)

(I'i + ~s)

cos X W3g sin ~W,~ (12)

where

g~cos A sin3r =g„sin A sin3 „=(g'/W) cos3cos v

=g cos3v

=g&~ &cos3~=g~sin4~= e. (13)

Here g ~ and g~ are the effective coupling constants
(including renormalization corrections) of SU(2)~
and SU(2)a, respectively, and g' [U(1)~, U(1)s],

For the SU(2)~ x SU(2)„x U(1)~,„model

Z = cos3 &(sin&W&@ +cosXW~) —sin3 U"v (L+R) y

(11)
Z& ——cosXW,~ —sin~W"

For the SU(Z)~ x SU(Z)„x U(l)~ x U(l)R ~odel

ZPZ» = cos3 r(sink. W,~ + cos A. W,"„)
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g' [U(1)~,„],g~ &
[U(l)&» &] the corresponding ef-

fective U(1) coupling constants. The relation be-
tween the renormalized mixing angle of the left-
right-symmetric models (sin'3«) and the renor-
malized mixing angle of their Weinberg-Salam-
[SU(2)z x U(1)] subgroup (sin'8~) is given by
sin'3~= sin'3v cos'X. Note that the relation sin'g~
= —,

' sin'gv holds only in lowest order. If we include
radiative corrections, cos'~ will depend on the
value of Q„and we have

sin 8~ = 2 sin g v — Q in@„.11

In order to give a correct comparison of the Wein-
berg-Salam model with the left-right-symmetric
models, the predictions will be given with depen-
dence on sin'3~.

With our minimal choice of Higgs multiplets and
using the effective coupling constants we find the
following mass matrices for the above-defined
neutral fields:

ZA Q„cos'A cot'A, + sin'A
cosA. sinA.

(
COS3 V

(14)
2M = 2

V V

2X m&v~

[SU(2)~ x SU(2)„xU(l)~,„model] and

ZA1 ZA2

&» icos'A cot'A+ sin A
cosA. sin ~

(cot'AQ~ —1) sin A cosA. tan3«(cot'AQ, + 1)
COS QV

M2= Zv
cosA, sin A.

( t2 Q 1)cos3 v

2

(Q, +1) cos'A, sin8«(Q
COS QV

2X yn~l

Z», sin A cosA tang«(cot'AQ, +1), (Q„—1)
cos'~ sin3v

COS QV
cos'A, tan'8 «(1+ Q~ + 4Q„) (15)

[SU(2)~ x SU(2)„x U(1)~ x U(1)„model].
In Table I, we give the coupling constants of these fields to the fermions. The effective four-fermion

Lagrangian (1) is now calculated by diagonalization of the mass matrices (14) and (15).
Let us now discuss predictions for some experiments on parity-violating neutral-current interactions,

e.specially if they permit one to distinguish between the Weinberg-Salam model and the left-right-symme-
tric models if we include radiative corrections.

A. Deep-inelastic scattering of polarized electrons on nucleons

We first discuss the asymmetry in deep-inelastic scattering of left-handed and right-handed polarized
electrons on nucleons, which has been measured at SLAC. '

We define the. following electron-quark cross sections":
(s& I2 .~+I,I, 8 VV+8AA+g VA+ZAV)

«) I 0)d0'BB Ig VV+I AA g VA gAV

(&) I (&) (&) 0& 0& I2id+IR ~gVP' 8AA g VA +gAV I

d+Rl, Ig««gAA M «A RA«) (1«) I (i) ($) ($& «) I2

scattering of a left-handed electron on a left-handed quark,

scattering of a right-handed electron on a right-handed quark,

-y)': scattering of a left-handed electron on a right-handed quark,

-y)'. scattering of a right-handed electron on a left-handed quark,

where y = (E E')/E is the usual —kinematic parameter. Note that for corresponding lepton-antiquark (anti-
lepton-quark) scattering, g««and gA«(g««and g«A) change their sign.

The parity-violating asymmetries for deep-inelastic scattering of polarized charged leptons on
unpolarized nucleons,
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TABLE I. Coupling constants of the neutral gauge fields with the ferrnions.

' 2&2

g'z,

' 2v2

(WS)

1
(].-4 sin 3+)

~ 2

2 cos3z

1
W2 cos3gr

zv (zv)

V2 COSA
( 2

. 2~ )cosav

ZA& (ZA)

sin2A, —cos A,

v 2 sinA,

1
v 2 sinA.

ZA2

4

v 2 cosA, sin3v
' COSv

u (1--,»»w)1
2 COSTS&,

v2cosA
(

4, 2@ )sin v
sin2A, —cos A,

W2 sinA.

A " 2&2
1

v 2 Cosgp

1
v 2 slnA,

v 2 cosA, sln3v
3 COSv

gl,
" 2v2

A" 2&2

1
(1——sin ~&)4 ~ 2

2 COSB~

1
v 2 COSgp

V2 COSA, .

(1——sin 3v)
COSv

sin A, —cos A,

v 2 sinA,

1
W2 SM,

v 2 cosA, singv
3 COSBv

A (,) da(l~~", N) do(I„"',-N)

do(l "»)+ do(I~&'&, N) '

are calculated in the parton model

do(l~, N)= Q f, (x)(do~~~+do~"„'),

«(I~») =g A(~)(«~~+«~&).

The sum is over parton types i, including qua. rks
and antiquarks. The f, .(x) are the usual parton
distribution 'functions. Note that, neglecting anti-
quarks, A "(d) is completely independent of the

f, (x), since the deuteron is an isospin singlet.
(Predictions are given for x=0.2.) Thus, predic-
tions for A "'(d) should be quite independent of pos-
sible modifications of the parton model, as long a,s
the contribution of the. quark-antiquark sea is not
too important. In Fig. 5 we give A (d)/ q' for
various choices of sin'3~, Q„and Q„(y=0.21,
q'= -1.6 GeV'). For very large values of Q„and
Q„ the Weinberg-Salam model and the left-right-
symmetric models give essentially the same re-
sult [Fig. 5(a)]. For Q„= 100 (Q„=100) the pre-
dictions of the two classes of models differ by
-1% (=—1/Q„) and the difference of the corresponding
corrections due to radiative effects is of order
-Gz(&/Q„)lnQ„which gives numerically about 0. 1-
0. 2%%up. In the SU(2}~ x SU(2)„x U(1)~ x U(1)„model,
however, radiative corrections are very important
for small values of the parameter Q„[see Figs.
5(b), 5(e), and 5(d)], since they depend on the
masses of the neutral bosons. For large values of
Q„ these corrections are proportional to lnQ„[see
Fig. 5(c) and Fig. 5(d)]. Radiative corrections

tend to increase the parity-violating asymmetry
A (d). Note that for sin'8~~ 0.25 the SU(2)~
x SU(2)~ x U(1)~ x U(l)~ model with small values of
Q„seems to be favored by the Si AC experiment,
but a more precise determination of A (d) will be
necessary.

Similar asymmetries can be defined for the scat-
tering of electrons on protons or neutrons [A (p),
A (n)] and for the corresponding positron scatter-
ing [A'(d), A'(P), A'(n)]. In Fig. 6 we compare the
a.symmetries A (p)/ q', A (n)/ q'~, A (d)/~q' ~,
A'(P)/ q'~, A'(n)/(q', and A'(d)/ q', for the
WS and the SU(2)~ x SU(2)„x U(1)~ x U(1)s model
(using the parton distribution function of Ref. 18
and the kinematical va, riables x=0.2, y=0. 21,
q'= -1.6 GeV ).

B. Parity violation in heavy atoms

Other experiments on parity-violating neutral
currents have been performed by measuring parity-
violating transitions in heavy atoms. A useful
quantity for parity-violating effects in heavy atoms
is the weak charge'9

Qg = 2[(2gp~y'+g~y)Z+ (g~y'+ 2g gy~)N]/(G~/v 2) .
(18)

Since atomic physics calculations are somewhat
ambiguous we give in Fig. 7 the dependence of the
ratio Q~/Q~ (WS) on Q„(for bismuth) rather than
the absolute value of the parity-violating optical
rotation. Here Q~ (WS)= (1 —4 sin'3~} Z —N is
the weak charge in the Weinberg-Salam model in
the tree approximation. Note that radiative cor-
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FIG. 5. (a) Dependence ofA (d) on sin 3 &, in the Weinberg- Salam, the SU(2)L, && SU(2)& && U(1)1.,&, and the SU(2)L, && SU(2)~
x U{l)z, && U(1)z models for large values of Qz and Qx (Qz

—100, Q&
——100). The curves are given for the WS model in

the tree approximation (1) and including radiative corrections (2) and for the left-right-symmetric models including
radiative corrections (3). {b) Dependence ofA (d) on sin3&, in the SU(2)1 && SU(2)&&&U(1)1.&&U(1)& models for different
values of Qx (Q&

——10). (c) Dependence of A (d) on Q& for different values of Qx (sin 3&,——0.25) [SU(2)1, x SU(2)~x U{1)J.
&& U(l)z model]. (d) Dependence of A" (d) on Q& for different values of Qz (sin28~=0. 25) [SU(2)L, &&SU(2)~ && U(1)g "U(1)g
model].

rectigns diminish the parity-violating effects, in
contrast with the SLAC experiment. The reason
is the negative interference between g&"~ and g&~.
Unfortunately, the experimental and theoretical
situation is not very clear at the moment.

C. Parity violation in hydrogen and deuterium

Experiments on parity violation in hydrogen and
deuterium are very relevant for gauge theory pre-
dictions since atomic physics uncertainties are ab-



21 CAN RADI ATIVE CORRECT IONS T 0 PARITY-VIOLATING ~ ~ ~ 809

A A~f
Iq2l Iq~l

12x10-

8x10

4 x10

0

-A (n)(L-R )
-A (n)(W-S )

"A (d (L-R)
~A (d (W-S)
"A (pl (L-R)
"A (p) (W-S)

C(

0.24-

016-

0.08-

0"

Cq„(W-S)

C2„( L-R}

-4xl0-

-Sx10-

-12x10

~ (p (W-S)
A+(p (L-R

«A+(d (W-S
«A+(d) (L-R

A+(n)(W-S)
A (n)(L-R)

-0.08-

-016-

-0.24-

C)p(L-R}

Cp (L-R)

Ctp (W-S)
Cpp(W S)

-16x10

sent. The relevant pa, ramet ers are

&i„=(Zgy+ 2r~~y)/(G, /~2),

(E =0.425, D =0.825) .
0.96-

Qw

Q.(W-S} QA =100

x =02
Y =0.21
q~ =-1.6 Gev

0.20 022 Q24 026 Q28 Q30
S(A2 O'W

FIG. 6. Comomparison of A (d' A '
) ( ) (p) '(p).

)L & U(1)@model (Q =10000, Qx =0.7).

-032-

-0.4-

-0.48-

-0.56
020 0 22. 2 024 Q26 028 Q30 0.32 0.34

FIG. 8. Dependence of Cq, C

sin ~w

23 i th WS od 1

z model (Q& == 100, &
——0.7).

C,„(L-R)
'C2„(W-S)

The my may a,ll be determined bine y different e p

,„are partxcula 1
' t

vanish in the WS od
y in erestin' g, since they

m el for sin'3 =0 2
suring these quant'tan i ies will hei

N' ~

0.92.
D. Radadmtsve corrections to tho e neutral-current

neutrino interactions

0.88-

0.84-

0.80-

0.4
1 1 I I

0.8 1.2
Qx

FIGG. 7. Dependence of Q
SU(2)(1) U(1)z model on f

L

Qg (sin 3~—-0.25).
„ for two values of

Since' ce parity-violating neutral-
s rongly on the value of sin'p

also calculated radi t'
sin g)(, , we ha,ve

a ia ive corrections t
o in eractions. The

ld dfo th dte e ermination of sin 3
neutral-current n t in n p iments. We findneu rino ex eri

c oice of a, spontaneous-s m
tt th ttha ese correc

us the Weinberg-Salam
l ft- ht- tmme ric models ive
predictions for n

give very similar
or neutral-current neu

ments, even if
neu rino experi-

we include radiative c
The calculation f th

ive corrections.
o ese radiative

tions of the left-hand d
d d t fth

— an ed neutrinos
o e renormalized value

(This can be der d d' y omrive directly from
f R ormalized value

y c arge radius and box diagrams



810 CHR. WETTERICH

TABLE II. Effective neutrino coupling constants with electrons and u and d quarks in the tree approximation and in-
cluding radiative corrections.

WS model, SU(2)I X SU(2) && U(1)„,
model, and SU(2)1 && SU(2)g x U(1)g

&& U(1)R model
Tree approximation

WS model and SU(2)L &SU(2)z
x U(1)1 +z model (Q& = 100)

Radiative corrections included

SU(2)1, 'S«4' U(1)i "U(14
model (Q& = 100, Q = 0.7)

Radiative corrections included .

sin 3g

g p(d)
gg(d)

0.2
—0.1
-0.5

0.2333
0.5

-0.3667
-0.5

0.25

0
-0.5

0.1667
0.5

-0.333
-0.5

0.3

0.1
-0.5

0.1
0.5

-0.3
-0.5

0.2
-0.1129
-0.506 5

0.2387
0.5006

-0.3758
-0.5068

0.25

—0.0113
-0.5052

0.1719
0.5005

-0.3410
—0.5055

0.3

0.0898
-0.5044

0.1051
0.5004

-0.3067
-0.5046

0.2
—0.1128
-0.5061

0.2388
0.5009

-0.3758
—0.5068

0.25

-0.0113
-0.5048

0.1720
0.5008

-0.3410
—0.5055

0.3

0.0896
-0.5040

0.1052
0.5007

-0.3067
-0.5046

similar to Fig. 2 and Fig. 3 contribute to the ra-
diative corrections to the neutral-current neutrino
intera, ctions. Using the effective La.gra, ngian for
left-handed neutrinos

NC F I' — f &e) y (e&-g, f, ———v 'Y„v [ey„(g g„'Y,)e
2

+ (e u)+ (e d)],

we give in Table II the values of the effective cou-
plings for the three models in the tree approxima-
tion and including radiative corrections.

III. DISCUSSION AND CONCLUSION

What is now the answer to our question: Can
radiative corrections to parity-violating neutral
currents distinguish between the Weinberg-Salam
model and left-right-symmetric models 'P VYe have
seen [Fig. 5(a)] that the Weinberg-Salam model
and the SU(2)z x SU(2)„x U(1)~,~ model give essen-
tially the same predictions on parity-violating
neutral currents. This holds also for the SU(2)I
x SU(2)„x U(1)~ x U(1)e model for very large val-
ues of the parameter Q„(say Q„= 100). In this
case all predictions on parity-violating neutral
currents in the left-right-symmetric models are
smaller by a common factor (1 —m~~+'/m~e~') com-
pared with the Weinberg-Salam model.

In the SU(2)~ x SU(2)„x U(1)~ x U(1)„model, how-
ever, radiative corrections are especially large
for small values of Q„and large values of Q~
= m~„'/miz, '. In this case the maindifference (con-
cerning parity-violating neutral-current predic-
tions) between the Weinberg-Salam model and the
SU(2)~ x SU(2)„x U(1)~,„model on the one hand and
the SU(2) ~ x SU(2)~ x U(1)z x U(1)„model on the
other hand is due to radiative corrections. These
corrections tend to increase the predictions on the

pa, rity-violating asymmetry in electron-deuteron
scattering [A (d)] and they give smaller parity-
violating effects in heavy atoms [compared with
the WS model and the SU(2)~ x SU(2)„xU(1)z,„
model]. For small values of Q„radiative correc-
tions to parity-violating neutral currents can
therefore distinguish between the WS model and
the SU(2)~ x SU(2)„x U(1)~ x U(1)„model.

However, an exact determination of sin 3~ is
crucial for a definite eonelusion, since all predic-
tions on parity-violating neutral-current effects
depend strongly on sin'3~. This may be done by
improved neutral-current neutrino experiments
or by mea, suring parity-violating effects in hydro-
gen and deuterium. Vfe see from Fig. 8 that the
sign of the parity-violating quantities C», C~, and

C» can decide in the Weinberg-Salam model if
sin'3~ is larger or smaller than —,'. In the. SU(2)~
x SU(2)e x U(1)~ x U(1)e model (Q„=O.V, Q, =100)
these quantities have the opposite sign as in the
WS model for 0.25 &sin'3~ &0.27.

In conclusion, the comparison of the SLAC ex-
periment on deep-inelastic scattering of polarized
electrons on deuteron with neutral-current neu-
trino experiments or with experiments on parity
violation in atoms (especially in hydrogen and
deuterium) could help to answer the question of the
origin of parity violation in weak interactions.
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