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We present a detailed discussion of the possible angular asymmetries in e *e ~—#*7 =7 and their relation
with the presence of a weak neutral current for the case when the initial beams are either transversely or
longitudinally polarized. We define several asymmetry parameters which provide information on the axial-
vector and vector couplings of the weak neutral current. We also estimate the order of magnitude of these
parameters for beam energies of the next generation of accelerators.

I. INTRODUCTION

Recently it has been proposed'-? to observe the

weak neutral current in the annihilation process

ete=mtral. (1.1)
The idea is to look for angular asymmetries which
arise from the interference of the amplitude for
annihilation via a neutral particle Z and the ampli-
tude for annihilation via one photon. The origin of
the asymmetries lies in the opposite charge-con-
jugation properties and in the opposite parities of
the axial-vector neutral current and either the
photon or the vector neutral current. In Refs. 1
and 2 the lepton beams were assumed to be un-
polarized and it was indicated how to detect the
coupling constants of the weak neutral current. It
is the purpose of this note to analyze the case when
the initial beams are polarized.

In Sec. II we derive the explicit form of the
square of the matrix element for process (1.1). In
Sec. III we assume that the polarization is trans-
verse and isolate the polarization-dependent part
of the differential cross section. The angular
asymmetries allow us to define six asymmetry pa-
rameters, A,,, A,;, A, Acy, Acy, and A, which
are proportional to different combinations of the
coupling constants. We show also that two asym-
metry parameters may have a zero for beam ener-
gies < M,/2, where M, is the mass of the Z par-
ticle. In Sec. IV we discuss the case of longitu-
dinal polarization and define three additional asym-
metry parameters proportional to the polarization.
In Sec. V we present our conclusions.

II. GENERAL MATRIX ELEMENT

In this and the following sections we will often
need to interchange constants in some expressions.
To this end we find it convenient to introduce the
symbol

R[E;a—~a',b=b",...] (2.1)
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to denote the result of replacing in the expression
for E the constants a, b,... by a’, b',....

As before' we assume that the neutral current is
of the V- A form and that the negative G parity
piece of the hadronic neutral current has a vector
isoscalar part and an axial-vector isovector one.
We denote by ¢_, ¢+, p_, p+, and p, the four-mo-
menta of the electron, positron, pions, and total,
respectively, in the center-of-mass frame of
e*e~. Furthermore, let s, (s_) be the polarization
four-vector of the positron (electron).

The sum of the amplitude for annihilation via one
photon and the amplitude for annihilation via a neu-
tral particle Z is

» B _ plpY /pr 2
M= py L, +(v, +ap)g—s_£Mf;p{—L—L(V,,+Au) ,

(2.2)
where
s=p,°, (2.3)
¥ =eivytu , (2.4)
v, =g,ivyu, (2.5)
ay =80, ¥k - (2.6)

e is the electron charge and g, (g,) is the coupling
constant of the vector (axial-vector) neutral cur-
rent to leptons. Lu describes the y-7"7-7° vertex
and V, and A, describe the Z-7"7~7° one with vec-
tor and axial-vector coupling, respectively.

L, and V, are axial vectors antisymmetric in
their dependence upon p,, p_, and p,. That is,

Lu =ie€“up0p rpfngl ’ (2'7)
Vu =igvepvpcp+l-’p_png2 ) (2-8)

where F, and F, are Lorentz scalars symmetric
in their dependence on p,, p_, and p,. On the other
hand, A, is a vector symmetric inp, and p_:

A, =gul(putp ) Fot (ps=p ), Fy+psFs) , (2.9)

where F, and F; are symmetric in their depen-
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dence on p, and p_ and F,is antisymmetric. g,
and g, are the coupling constants of the vector and
axial vector neutral current to hadrons.

The square of the matrix element M can be writ-
ten as the sum of an electromagnetic (¢), a pure
weak (w), and an interference (i) part:

|M |? =T(e) T‘“’)+T("’) T4y
+(rB T+ e, (2.10)

where each term is the product of a leptonic ten-
sor, 7,,, and a hadronic one T#". Neglecting the
lepton masses and defining

w= (250, + 450, —8,,5/2) (1= 8,8.)+ (g;5, +q;5,)q+S_+(q}s; +q557)q_s.

+(sys;+5,8,)9.q+ - 8,,0@_s.)(g.s]) ,

wv=Rlc 58~ =s.],

d

- SueuaquJ]+s- -

we have?®

Su€uaepq-q+s-

@ =e’c,, ,
‘r(w)—gv Cuvt8iiCy, +i8,8,(d,, - dy,) ,

708 =
Ty -eg,cul,uegaduu .

(2.11)
(2.12)

v = uuaﬁq-q+ guu aBpo -q—q+s++qu vaBp9d - s+sp +QV puﬂpq S+sp

(2.13)

(2.14)
(2.15)
(2.16)

Noticing that duu depends on the polarization only through its symmetric part, we can immediately see
from Eq. (2.15) that there will be no polarization-dependent part, in the differential cross section, pro-

portional to g,g,.

Since*
Coo=Co; =Gy =do; =d;o=0, (2.17)
it is sufficient to specify the spatial-spatial parts of the hadronic tensors?®:
T =< p+Xp Y B.xDYIF?, (2.18)
ij 1 i i . - = i
Tt = (s=ag,7) [8abs+p)'Fyrgalp =p)'F o= igy/s (B. X B.)'F.]
X[galbs +0_YF5+84(0+ =p V' F} +ig Vs, xB_)FY] , (2.19)
i -ie . - =
Tzé) (s - A,IZ 2)\/—- (p+ X p ) F1[g_4(P+ +p. )"F*+g4(l>+ “P-)jF:'* 1gy\/§(p+ Xp-)’F;“] . (2.20)

In this way Eq. (2.10) becomes

1 - o N L
|M|?= e s Cu(p», XP_) (B XDV |F,|?

1

+ m[gu Cij+8,°Ci;+18,8v(di; = d;) | [4(ps+Dp ) Fa+g,4(p

'-P_) F4- lgv\/E(f)+ X'ﬁ_)"FZ]

X[ galpr +p_ YV Fi+g,(po=p_ Y Fi+igyVsB. xD_)YFH

eZ
+

where

"G5 {(g,di; —igue;)Bs X BVF,[84(ps +p_ Y Fi+ g4(p, - p-Y Ft +ig,VsB.xD_)VFH +c.c.} ,

(2.21)

Ci;=—(81y5/2+2q,q,)(1 = s.s_) +Vss2 (q;8] +s{q;) = Vs sNq,s7 +q;s7) - 5s(s; s7 +s]s7) +58°%%g;, , (2.22)



44 J. L. LUCIO M. AND A. ZEPEDA 16

dij==Vse;q" + V58l - B_x8,)] - 259 [q,(Gx5_ ); +q,;(@x3.),]
- - 4 . -
- \/E[Sf (qxs-)j +Sf@><s-)a] - ﬁQiqj[Q' B, x8))] , (2.23)
§-3.--3. (224
III. TRANSVERSE POLARIZATION

Let s, =(0,-8), s_=(0,8). In this case the expressions (2.22) and (2.23) simplify to
c;;=—(sg:,/2+2q,4,)(1 -8 +ss;s; , (3.1)

dij==Vse€;;q" +Vs[s;(@x8),; +s,(dx3),] . (3.2)
Choosing the z and x axes in the § and § directions, respectively, we have for any two vectors 3 and b
c;;a'b'=5s[a'd' +ab* + §%(a'd" - a’b?))
=1s[a'b-a’h’+3%a'd* - a®b?)] (3.3)
d;;a'b? = -3s[a'b® - a’b' +§%(a'd* + a®b")] , (3.4)
which allows us to easily distinguish the polarization-dependent terms from the polarization-independent
ones in |M |2,
Let E,=p%, 6.(6_), and ¢, (¢_) the polar coordinates of D, (P_), and 6, _ the angle between P, and {_ given
by

_ S+MP?+2E,E_-2/S(E,+E_)
cosé. .= 215115 ’ (3-5)

where M is the pion mass. Separating the differential cross section in its symmetric (s), charge-anti-
symmetric (ca), and parity-violating (pv) parts,

do =do* +do® + do™ | (3.6)

the dependence on the polarization becomes
do*(8) = do*(0) +52%d=*, k=s,ca,pv, (3.7
where the terms d%*, which are specified below, do not depend on the polarization. Let 1 be an integral

operator defined by

—1 .E E . . X
1= 163(21{)5 JM dE+L dE_é(COSG+_ —cosf,cosf_ - sm6+sm9_cos(¢+ - 1‘[1_)) s (3.8)

where E = (s — 3U?)/2s, then
do*(0) =dQ.,d_I{C{V[1+cos(6, +6_)cos(6, - 6_) - 2 cosb, _cosb,cosb_]
+C{? (sin®6, +sin®0_) + C{¥ (cosh,_ - cosb,cos6_)} , (3.9)
dz* =dQ,.d_I{C{"'[2sinb, sind_cosb,cosf_cos(y,+y_) — sin®6,cos?6_cos2y, —sin®6_cos?6, cos2y_]
+ C{?[sin%0, cos2y, +sin®f_cos2y_] + C{¥'sinb,sinf_cos(y, +4_)} , (3.10)
do(0) = dQ,d2_IC(Y) (cosb, - cosb_) , (3.11)

dz® =dQ.d_IC\?[sin®, cosf_cos2y, — sin®6_cos6,cos2y_+sinb, sinf_(cos6_ — cosb, )cos(y, +¢_)] ,

(3.12)
do®*(0) = dSLdQ_IAC(p‘V)(cosf?+ +cosf_)siné,sind_sin(y, —y_) , (3.13)
dz? =d,d_ICY' [sin®6, cosé_sin2y, - sin®6_cos6,sin2y_ +sinb, sinb_(cosé_ - cosb, )sin(y, +y_)] ,

(3.14)

where

s s*

2 2 2
M22 47Tagv gV+ 2(3 __Ml2)2(gv +ga )gV:l IFzF ) (3'15)

cV =p,%p_2 [81r2a2+ 5
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s " "
C(SZ) - ‘I(_S:m (gu2+ga 2)gAz(‘F3+F4‘zp+2+ |F3—F4Fp_2) ) (3.16)
S - - P
Cc® = oM (8,2+2. 084104 ID_IIFsI* = |F 47, (3.17)
CO=R[CP;g,%~-g,%, i=1,2,3 (3.18)
Vs . - s, - - - -
C = £aBaPs (1 coso, )IB. I | (27 + et ) RelFi{ (Bl + 5.1+ F(B.1 - [B-D]} - (3.19)
=itz =iz
P =R[CP;8,8,~0] , (3.20)
VS = = s(g,2+2,2)gve T - =
C = sTare B-IB-| [2mgvg,,+ o) ]Im{Fi‘[Fa(Ip+l+lp_l)+F4(|p+l -15D1} (3.21)
o =R[C;8,°~ -2,°] . (3.22)
In the Egs. (3.15) and (3.18)—(3.22) we have assumed the universality-type relation
F,<F,. (3.23)

If F,#F,then in dZ" there is an additional term proportional to ImF ,F¥.

A. Asymmetries

We will now isolate do(0), d=%, do?'(0), and
dz? from each other and from do*(8). Since both
do®(8) and do?'(S) are antisymmetric under the
transformation 6, —~7-6,,

1r—00 ™04 do< (-§)
d9+f db_ ————
j;,, 0, <~ d0.d0_dydy.

m-0¢ 0y do®" (g)
= deJ df_ —t—— =0,
'/(;0 90 d9+d6_d¢+d¢-

(3.24)

where 6, is some given angular cutoff. Thus we
conclude that there are no pure-azimuthal asym-
metries.

On the other hand, since do®'(0) is the only part
of do(8) that is proportional to sin(y, —¢_), we can
isolate the polarization-independent part of the
parity-violating effects in an asymmetry param-
eter defined by

A, = (Ugua —+°Nw) - (Ose =0sw) , (3.25)
NE tOnw O sg +O0sw
where
w/2 m/2 2m
UNE:f d0+f de_f dy_
0, 8, 0

Y_+m do
xfw_ YW+ G5 a0 _dg,dp. (3.26)

™6, -6, 2T
Osg = f d6+f de_f dlp_
/2 m/2 0

bt do
A @an
Xfw_ W goao g 2"

and where onw and osw are defined by an integra-
tion analogous to that in Egs. (3.26) and (3.27), ex-
cept that ¢, is integrated from ¢_+7 to y_+27.
Using the transformation properties mentioned
above and performing the azimuthal integration we
conclude that

oke (0)
A= 52 (0)
That is, A,, is given by the ratio of the parity-
violating polarization-independent contribution to
Eq. (3.26) to the polarization-independent part of
the symmetric contribution. This parameter was
already analyzed and estimated in Ref. 1.

Now, do®(8) is the only part of do that is anti-
symmetric under the transformation y, - -3,.
Furthermore, do™(0) is antisymmetric under the
interchange of ¥, and y_. Thus, to isolate the in-
formation on the polarization-dependent part of the
parity-violating effects we may define

(3.28)

ONEE— O — Ogpp—0
A= (NOEE Nww) = (O = Osww) s (3.29)
NEET Onww + OSgE + Osww
where
/2 w/2 w/2
ONEE=f d6+f d@_f -
OD 6() 0
/2
do
x @
fo - 36,d6_dydy. ’ (330
/2 n/2 0
ONWW"—‘f d9+f das_ .
% 9% -/
0
do
[ ap o @
f_m V- 30, d0_dy,dy.
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and where og:; and ogyy are defined by an integra-
tion analogous to that in Eqgs. (3.30), (3.31), except
that 6, and 6_ are both integrated from 7/2 to

7 —6,. It should be obvious that

=2 ZNEE

A= < R 3.32
9275 onee(0) ( )
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where §°Zf;, is the polarization-dependent parity-
violating contribution to (3.30).

Since in the above analysis the 7° and the energy
of the charged pions are not observed, there are
only three independent angular variables. If we
choose §_ as dependent variable, then integrating
it from 0 to 27 we obtain

do*(0)=d6.do _dy, S{C{V[1+cos(8,.+6.)cos(6,-6_)~2cosh,_cosh,cosb_]

+C{M(sin®d, +sin®0_) + C{¥cosh, _—cosb,cosb_)} ,

(3.33)

dz* = cos2y,db,do_dy.J{C{V[2cos?, _ - sin®6, cos?6_ +cos?6,sin’6 _ — 2(cos, _ — cos6, cosd_)?/sin’6, ]

+C{¥[sin%6, + 2(cosh, _ — cosb,cosh_)?/sin’6, — sin?6_]

+C{¥(cosb, _ - cosb,cosb_)} ,

do®(0) =db,do_dy.J C{}(cosb, — cosb_) ,

dT® =c0s2y,JC2[(cosf_ - cosb, —2/sin%9,)(cosb, _ - cosb,cosh_) +sin®d, cosb_ + sin®6_cosé,] ,

do™(0)=0 ,

(3.34)
(3.35)
(3.36)
(3.37)

dz? =sin2y,do, d6_dy,J CH'[ cosd_(1+cosb,_) — cosh, (cos26_ +cosb, )

-2cosf,(cosb, _ - cosf,cosf_)?/sin%0,] ,

where J is an integral operator defined by

_ sinf,sinf_
s 8(27)5s

(3.38)

E E
f dE,,f dE_6(1 - cos®, _)6[cosb, _—cos(8, +6_)]
M M

X 6[cos(f, - 0_) —cosh,_J[cos,_—cos(8, +8_)]"?[cos(6,-6_) - cosh, _]"V?*.

Thus, to isolate the polarization-independent part
of the charge-antisymmetric contribution to do we
may define the asymmetry parameters

0, _—-0_,

Ay=s ———— A=
cl O,_+0_, ’ c2

0, =0_

v 70’ (3.40)

/2 ™04 21 do
o= f, e[ d g

(3.41)
m/2 =64 2T do
+ = d6+f do_f Ay, ———
¢ f% be o W+ d6.a6_day,
(8.42)
M- 69 =6 o 27 do
.= ds, ds_ f ap, —2
7 l/z 69 0 i d9+d9-d¢+
(3.43)
It is evident that
0% _(0) _ 02(0)
A,= —oi_(o) y Agp= o0 (3.44)

(3.39)

—

in an obvious notation. These parameters, A  and
A.,, were already analyzed and estimated in Ref. 1.

Finally, to isolate Z¢ it is expedient to study the
parameter defined by

05 —OE
A=

(3.45)
T,4+0p

where
21T
0A=f dy,0(cos2y,)
0
7r-60 w-eo do
X dé 6.)do_ —————
feo +'[90 €(cos )d‘dG*dB_dzpﬁ
(3.46)

and where o is defined analogously, except that
6(cos2y.,) should be replaced by 6(-cos2y,). In
this way

04(0) °
The above equations suggest that we can define
another parity-violating asymmetry parameter

A= (3.47)
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given by
gc=0p
Ap=8%0c+0, ] (3.48)
where o (0p) is defined by an integration, analo-
gous to that in Eq. (3.46), except that 6(cos2y.)
[6(=cos2i.)] has to be replaced by 6(sin2y,)
[6(-sin2y.)]. Thus

v
>3 2P

A,3=8 F‘(;F) . (3.49)

B. Estimate of the asymmetry parameters

In Ref. 1 it was found that A,,, A,,, and A, are
of the order of magnitude of 3 to 4% at beam en-
ergies =20 GeV.

Since A,, and A, are proportional to C3V’, they
have a zero at

4nM o g,
gu2 =& 2)gy+47f(¥gv

Let E be the beam energy, 4E*=s, and let 4E,’
=54, then

sgn(E, - M,/2) =sgnl(g,2~&,%) gvg,] .  (3.51)

In the following we will assume®

$=So= ¢ (3.50)

g, =—(G/2VT)M,(1 - 4sin’s,) , (3.52)
8,==(G/2V)*My , (3.53)
gy=—(8G/VZ)/*M,sin’6,, (3.54)
g4=-(ZG)°M, , (3.55)

with sin?6,,=0.35 and M, =75 GeV. In this case,
the zero of C{} occurs at E~28 GeV. But for E
~20 GeV, C\ is of the order of C3/2, so we ex-
pect A,,, A,3~0.5 A, for such energies. On the
other hand A,,/A,,~C?/C'Y and for E <30 GeV we
have C{? = C}) and thus A ,~A,,.

IV. LONGITUDINAL POLARIZATION

Let A,=(¥q,0,0, E)i,/m be the polarization four-
vector of the positron and electron, respectively.
E, g, and m denote energy, momentum, and mass
of the electron. The mass term in the denomina-
tor of A, forces to retain terms which were
dropped in Egs. (2.11)-(2.13).

This fact is more easily taken into account noti-
cing that for E >m we may write

x_“y“uzh_u, XeyYio=hov, (4.1)

where u and v are the electron and positron spin-
ors, respectively. Thus, to obtain the matrix ele-
ment in this case it is sufficient to insert in the
appropriate place the projection operators Z(x,)
=(1+h,ys)/2. Inthis way we obtain

c=(~hih gpq, +9;9, —&,,5/2)

vilh. =h.)e 0008 (4.2)
Chv=Cuy » (4.3)
dy,=—(1=hih )e, ,000% a8

—ih_=h)azq, +459, ~ 8,0 8/2) . (4.9)

Thus Coy=Cy; =C;0=Ago=8y; =d;,=0 and

cij==(L=h,h_)2q;q;+358;,) ,

—ilh_-h WVSe€;0q" (4.5)
dij==(1 =k h WSe; g
+ilh_~h.)(2g,q; +358;;) - (4.6)

Substituting Eqs. (4.4)-(4.6) into Eq. (2.21) and
calling M the matrix element for the longitudinally
polarized case, we immediately obtain

V7|2 = (1 = .k )RM | s,~ 0]
+(h_=h)R[|M|%s,~0,c;; —id;;] , (4.7)
which leads to
do(h,,h_)=(1-h.h_)do(0,0)
+(h_=h,)dT , (4.8)
where
do(0,0)=do(0) , (4.9)
dZ=Rldo(0); a®~0,8,°+g,° ~ 28,8, ,
& e—gge] . (4.10)
do(0) in Eqgs. (4.9), (4.10) is given by
do (0) = do*(0) + do*(0) + do®™ (0) , (4.11)

where do®(0), do®(0), and do®*(0) are given by Egs.
(3.9), (3.11), and (3.13), respectively. From
(4.10) it follows that

dS=dS™ +dT* (4.12)
where
dZ™ = R[do*(0) + do®®(0); a®~0,8,°+ 8, 28,8, ,
g.e—2gel, (4.13)
dZ* = R[do™(0); g.6 —~g.e, 8°+8, =288 ,
(4.14)
or, which is the same,
dZ® = R[do*(0) +do®(0); CP =T (P, C{V =T
for:=1,2,3] , (4.15)
dZ® = R[do™ (0); CLY ~-C®7, (4.16)

where
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2

. . s s
C(pb) :pfﬁ_z‘:rwzz dnag, g, + '(s_—MZ2)3gagugv2

2
= S, a8v84 - -
c= Hafud (IF3+F4|2p+2+]F3_F41p-2):
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]lFllz , (4.17)

S T T (4.18)
O - Tlal (5. 5_I(IF S - IR (4.19)
€4 = S48 (1 cost, )[pel 5. [ 2rag,+ SEatEadEr | Re( i[5 + 15+ FllBel - (5D}, (420
O - £alBME] (2rag, . Sakelly) rnfps (. 15+ P (15 = D1} - (4.21)

From Egs. (4.8), (4.12), and (4.13) it follows that
oh_yh)=(A=h,h )o*(0) + (h_=h,)o" , (4.22)
where

o = R[o*(0); C\"~C) for i=1,2,3] . (4.23)

Since C (9 = -3C® and C@~-%C(? for any energy
and -C4Y < C{V for 18 GeV< E, we have 5
< 0°(0) at least for E= 18 GeV.

If we now define three asymmetry parameters
4., A&, and 4,, according to Egs. (3.25) and
(3.40), respectively, we will obtain

(h - h +)f§la5

Ao~ Toiioty O+ 0ol + 29
= (h_=n)EE

4, = A =n.n_ )0t _(0)+(h_—h, )5 ° (4.25)

szZ (h— _h_‘_)zgv (4.26)

(A =nn )oi0)+ (o =R, )T

in obvious notation. Since Tt /oRk (0)=C D/ C{Y
~~1for E>15 GeV, then |A,,|~|A,,| for E>15
GeV. Similarly, from T2 /0%_(0)=TLP/CM) ~ TP
0$*(0) and from T{/C% ~1 for E> 15 GeV, we con-
clude that |A, |~ |A,|and |A,,|=|A,,| for E>15
GeV.

Finally, permuting the helicities we may mea-
sure the parameter

_olh,=h)—o(=h,h)  Wo™
“oh,=h)+a(=h,h) ~ (1+h®)c*(0) °

which is of order 1 for £z 18 GeV.

A (4.27)

V. CONCLUSIONS

We have assumed that the leptonic weak neutral
current has only vector and axial-vector compo-
nents and that the negative G parity piece of the
hadronic weak neutral current has a vector iso-
scalar part and an axial-vector isovector one.

For transversely polarized beams the differ-
ential cross section contains polarization-inde-

pendent terms and terms quadratic in the polariza-
tion

do(3) = do(0)+32%d% |

where § (=$) is the polarization vector of the elec-
tron (positron) and where d¥ is polarization inde-
pendent. In particular, if we integrate over the 7°
variables, over the energies of the charged pions,
and over one azimuthal angle, y_ say, then

do*(8) =do*(0) + S %cos2y, dZ°
do®(8) =do**(0) + 5 ’cos2y, dT ,
do®'(8) =§%sin2y,dT® |

where s, ca, and pv denote symmetric, charge-
antisymmetric, and parity-violating parts, re-
spectively.

In the case when the beams are longitudinally
polarized we obtain a dependence on the polariza-
tions %_ and %, of the electron and positron, re-
spectively, of the form

do(h_,h,)=do(0,0)(L =h,h_ )+ (h_=-h.)dE ,

where d¥ is polarization independent.

By an appropriate choice of angular cutoffs we
have defined the asymmetry parameters A,, A,
Ay Ay, Apay Apsy Agyy A,y, and A,,, where the
subscript ¢ (p) indicates that they are nonzero
when charge asymmetries (parity-violating effects)
are present. 4, A,,, and A,, are measurable
only when the beams are longitudinally polarized.
Acs, Apz, and A,; are nonzero only when the beams
are transversely polarized. In any case, it is al-
ways possible to measure the parameters A,, A,
and A,, which are independent of the transverse
polarization and proportionalto 1 -#%.kh_.

We have also defined, in the case of longitudinal-
ly polarized beams, a helicity-asymmetry param-
eter A. We have shown that

2
ActyAory By H2EaE?, S o

g
-M,? —M,2)?
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2108,8,58
Acfiu: S_Mzz ’
2n0g,8,5 g2 +8,°)8v8 4
Apulpu p2 + g

s = M,* 2(s = M,?)? ’
210 s . sMg, -8, 2)gv84
Apy Aps 'lsr—_%:fi& + 3 ( e —‘;sz)z ’

and that A is a sum of terms proportional to
08,8y, 88,8y, and g,£,8,°. From these rela-
tions it is possible to obtain information on the
four coupling constants of the weak neutral cur-
rent. For example, (1) if A#0 then g,#0, (2) if
some angular-asymmetry parameter is nonzero
then g, #0, (2a) if a charge-asymmetry parameter
is nonzero then g,#0 and g,#0, (2b) if a parity-
violation parameter is nonzero then g,#0 and g,
or g,+#0.

If the values of g,, g,, &4, and g, are those

given by Egs. (3.52)-(3.55), then, according to
Ref. 1, A4,, A, and A_, are of the order of 3-4%
at beam energies =20 GeV. We have argued that
(1) A,, and A,; have a zero at a beam energy E ~28
GeV if sin®0,=0.35 and M, =75 GeV, (2) A,,, A,;

= A, /2 for E=20 GeV, (3) A=A, for E< 30 GeV,
(4) X, =A,, for E>15GeV, (5) A&, ~Aq, &,,~A,
for E>15 GeV. Finally, we have concluded that
A=1for E= 18 GeV.
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