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1. Introduction

In recent high energy neutrino experiments muonless
events have been observed’!’ which are most probably
interpretable as processes caused by neutral currents.
As is well known, neutral currents appear in the gauge
theories of weak and electromagnetic interactions. The
first experiments are in qualitative/ ?greement with the
predictions of the Weinberg model 3/ A further search
for the effects which are due to neutral currents is
exceptionally important for the theory.

In a large class of unified theories of weak and
electromagnetic interactions a weak coupling of the charged
leptons and the neutral hadron current arises.

Such an interaction would lead to P -violating ef-
fects in the various lepton-hadron processes: high e/nergy
lepton-nucleon scattering /4-8 , atomic processes 9-10/
and others.

In this paper we consider the effects of parity viola-
tion of the processes of lepton and antilepton scattering
off polarized proton target in the framework of the
Weinberg model. In section II the general structure
of the cross section is discussed. In section III the
elastic e~-» scattering when the target is polarized
is considered. In section IV deep inelastic e-p scat-
tering with polarized target is discussed in the parton
model.

II. Structure of the Cross Section

Let us consider lepton (antilepton) scattering off the
polarized proton target. In the Weinberg theory the lepton
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is supposed to couple to the field of the massive neutral
vector bosons Z and the interaction is of the form 2/

=it vel+g? Uy ley+c,y)DZ,. @

Here

cy= —— + ZSinZGW,

(2)

CA = - ? v
g and g’ are the constants of the Weinberg theory. The
weak coupling constant G equals

2
G g2+ g 3)

o 2
\/2 8mz

where m, is the mass of the Z boson. In the simplest
variant of the Weinberg theory the interaction of the field

Z , with the hadrons is 2/,

.1 9 .
E-igveg +e? 22, | 4

a

where the hadronic neutral current has the structure:
Z .3 .2 ]
jg =g —2sin Ow J;m , (5)

j€m is the electromagnetic hadronic current, jg is the
third component of the strangeness conserving V-A weak

current j!
a

We note that CERN data n/ are consistent with the
assumption that neutral current has the form (5). Consider
the process

E + | B + e (6)
with unpolarized lepton beam and polarized proton target.

The matrix element equals then (one proton approxima-
tion and the lowest order in G )

4

1 ( m2 )1/2 e2 _
s, ’ ’ em
G kg g ) Yan( I

+pu (k) g (eyre,yy) ) <p I Z1p>12m* 8(p=p=a) . (7)

<fS]i> =i

. Here k and k° are the momenta of the initial and
final leptons, p and p’ are the initialand final momen-
ta of the hadrons, q = k - k”, and

2
G m ., q 2
p=-—= >
vV q 2, mzz 2ma
1

2
[+
qA = e

47 _1—3-3-'7- ) (8)

1

We obtain then the following expr‘ession for the cross
section of the process (6) (only the linear in the small
parameter p terms were retained):

4
d - 1 M _1 (5] L W
[+4 (2")2 ‘pk‘ 2 q4£ aﬁ ﬂ +p(CVLa[j+
;! dk’
+eacapuy kuko Wap 1 - (9)
Here M is the mass of the proton
— 4 1 ’
LaB—kakB + TSanz + ka kB ’ (10)
, m em em
FE<p I po<pl I p > 8 (prmp - @ dl= - =1 My®%
i g v P’-p-9 @n¥ o B
;) fem zZ, , PR/ em , an
SRl lp><pliglp >+ <pHlp><pld g Ip7>1x
. 1 M ! '
Sp’~p~-~q)dl' = - — W 0.
x8(p’~p-q 2% Ty af 12)
The cross section for the process
L+pol+ . . 13)

can be obtained from (10) replacing ca-~» -ca.



Let us write the current J(ZZ in the form

F =V +A , (14)
a a a
where
V = Va ol 2Si[‘l20w J Zm 2
3
So we have
I Y A 16
W(ZB :“aﬁ + “ aﬁ . ( )
If the initial proton is polarized
v \4 v
WaB = (WaB )0 + “(ZBU ga’
A A A
Yap =Maplo * Vapo o an

where ¢ is four vector of the proton polarization.
From PT -invariance of the strong interactions we obtain

.V v
(“aﬁ )0 N (“Ba)o
.V \J
“aﬁ<r "~ " "Baco

A A
(Woglo= ~(Fgaly
A A '
Yego = "Bao - (18)
Hence for the cross section of the process (6) we obtain

2 >, v

M dk

do = 2qa4 \p‘:‘ k;) [LaBW?z“B+PCV LaB (WaB)O +

A A
xd ! L W +
+PcAeaﬁ#V kykv(“aB )0 +PCV aB aﬁa EU
k kW ¢ 1
cAeaﬁyv pov ao o 19)

+p

The quantity “av o 1s a pseudotensor of a third rank and

it has the following general structure

v 1 Mo
“aBa =M aBpo Tu Xy o+ M3 (Pg € Buve TpPuv £o

-pﬁeayva qp. Py, ey ) X2 ) (20)

Omitting the terms proportional to q, and ag which do
not contribute to the cross section we obtain

A 1 - A
Wago = L7 %ap X1+ T3 PP Yo Ja,
1 A
+M(5aop ﬁ + 5'8(’1)(1))(3 (21)
and
em - em em
LD P L A
M
v " -V
/ = w 1 W
B o= 0up 1t NEARUCR
A i A
Paplo= 32 “apur TP b3 (22)

In these expressions X] , X

and X,5 arereal functions of
q2 and v.

2

IIl. Elastic Scattering Off Polarized Target

In this section we consider the elastic scattering of
unpolarized leptons (antileptons) off polarized proton
target in the Weinberg model*. Using the transformation

*Previously/“/ parity violating effects in the elastic
lepton-proton scattering have been considered in the
renorn}al/izable weak interaction theory of Tanikawa-Wa-
tanaba/12/,
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properties of the current J , it is easy to show /3/ that
the matrix element <p’|JZ| p > 1s characterized by the
electromagnetic and axial formfactors of the nucleon.
We have

./ 2 12 - 0
<p I lp>= L 3(—M——)/ ulplgy v, +
’ a
(2= p.p
00
. 0 o L0
+ilp+p)g fyt gavays +ibp(p-p)yyslulp) . (23
where
g2=6V-2sn% 6P, G- Ll(GcP -G")
\ M woOM M 2 M M
£ - FV_2sinZ0 FP,  F'o L(FP_F"Y)
v w 2
0 _ 1 hO _ 1 ,
™ 2 8 AT (24)
F2 GM - GE
In these expressions I = = = (G and
oM 2 M
2M( 1 + )
am?

Gp are the magnetic and charge formfactors). The
formfactors g, and L, are defined as follows:

i 2 2 —
<P’IA¢11+2 |p>n = -1 3 ( v ,)1/ u (p”) x
P (27)%  Pg Py
x[gpayars +ihalp=—p7) ,lu(p) . (25)

Information about these formfactors may be extracted
from data of the processes:

v +n -» u o+
i H P

v, +p - pt + n. (26)

Note that the formfactor h?\ does not contribute to the
cross section.

Calculating the nucleon traces we obtain the following
expressions for the structure functions:

2 - 2
Moo= o (G et - =)

2
q Py2 py2
4M2 (GM) + (GE) 2
Wem _ 5y ~ _q___)‘
. oM

2 2
v q PV . 2 P2 q
Wl =——2[GMCM—ZSIH QW(GM) ]8(1/— W)

2M 9 v
v 2 q pp~V P
W2= 5 [ ( 2GMGM+ GEGE) -
q 4M
1+ 2)
4M
2 2
.9 q py2 py2 S
-2 sin“0Oy (———E(GM) +(GE) Y16y ZM)
AM
2
A p 0 q
X1=GMgv5(V —?M—')
2
v p.0 p O q
X2 =M(GMfV+F gV)B(V_W)
2
A_ 5P 0 I
W, = 26, 5,8(v 2M)
2
A ~p 0 _ q
.Xl ._GMgAﬁ(V ———2M)
A 0 q2
P _ 1
X2 = 2F gAMtS(V oM ,)
2
A p o __(_]___ .
X3 =—GEgA8(V oM X))

In our case of parity violation the cross section of
the scattering of unpolarized leptons off the target with
polarization «f# can be written as



do =dop (1+ A (€k) + Ay (€kD) . (28)
2 26 q2 GPGY) +2 2 9 _k_olﬁ_c 0
In the laboratory frame, where totg o 4M2 MOoM) TAPCate g M M BA
£= (p,i0), (29) a2m52%
- do y _
FN T T 2k 29, (34)
4k0 sin ?(1 + —p sin ?)

the differential cross section takes the form
’ where 6 is the scattering angle in the laboratory frame

do . (30)
40 dQ " The longitudinal asymmetry A, is
For the vector A, which lies in the scattering plane,
we can write 1 2 0 P ko
A =AK +A s (3D 0
K ® 2MkQ p .p 0 k0 F P Yy M
Here T3 GEHCA[(’Mgv(l’”—M‘tg 5‘ ~(Gyf v’r 8y
-> K . 35
. (32) ) (35)
€ A 6h? s 6’ )
and s is a unit vector in the scattering plane perpendi- mz M k 0 28 3 (,p)2
cular to X B = 5 + 218" 5 pre R (36)
l‘: k_)l 1 + —-'—q 2
§ = n X I?_, Y = __,_._X__T (33) 4M
[k x Kk The perpendicular (in the scattering plane) asymmetry
Thus, from (19)-(22) and (29) we obtain the following A. equals
expressions (in the lab. frame) for the unpolarized cross ' 9 2Mk
section A= 20k (o) 1o eyl 8 5 (G - GP) +
PB oMk, veal 3 (G E
2 2 2 k
2 _(qP P 0
4M2(G ¥+ (Cp) +MFPotgd ]+ c gl [c —(c" fV+FPgV) MOL+ =) 0L
(o y 49y [ (1 -asinZogpey) ( + z A 2 M ,
Q0 0 daM weey 2 (37
b 4M2 Let us discuss the obtained results. Supposing that
2 2 is
qz oV oV l my >>q the parametgr p 1
——G Gyt GG _ 9
26 q 9, a2 p=-155 x 10 -q—2 (38)
v 4 (¢gr
+2tg 5 \ (Gy)r ™) + 2cvp( 5 ’ M ;
* 1 + 4 . q
AM2 The small coefficient in front of the term Y causes
il
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smallness of the discussed effects. In order to obtain an
asymmetry of about several percents we need large
(100 (GeV)2 ) momentum transfers. The - -dependence
of the formfactors of the nucleon at such is unknown yet.
We shall estimate the P-violation effects assuming the
so-called scaling law:

1 p 2y .n 2, AP 2
———-GM(q ) = CM (q7) = GE (q7)
p n
n 2
where o and p are the magnetic momenta of the

proton and neutron. Further on, we shall assume that the
electromagnetic and axial formfactors of nucleon have
the same q2 dependence. Using the data available for
¢ >M 2 we can write /3> 1}

LocPy = L, (B . L0z (40)
b q4 b qt
We have used these: expressions to calculate the asym-
metry. In the table . we present the values of the longi-

tudinal asymmetry for the scattering of leptons (A, ({))
and antileptons (A, (7)) off polarized prot0n~tz})rget,
which are calculated for the following values of sin“ 0y :
0.1, 0.34; 0.4; 0.6.

We have taken the energies of the initial leptons equal:
100, 200, 300 GeV in the interval of the angles of the final
lepton: 10°- 40. As it is apparent from the table the
longitudinal asymmetry A .(f) strongly depends on the
Weinberg parameter sin® fy. If sin® 0y =0.34, the asym-
metry is less than 0.1%. If sin? gy = 0.4 it reaches 2.29.
The asymmetry AK(?) which arises in the antilepton
scattering off polarized proton target not so strongly
depends on the Weinberg parameter sin> Ow.

From the CERN data on neutral currents /15/ it follows
that sin?6y = 0.31£0.05.

From the experiment on searching © +e >
was found /1’ 0.1 <sin? ¢ - 0.6.

The perpendicular asymmetry A . (if eq. (3.9)

v + e
i

12

) A (E) A (D)
91

3
=)

sin’ 0_w_=-6-:‘6
=076
089
~1.60
=275
.83

-1.81

~1

-2.47
=2.7%

-0,
-0.
-2473

-
)

an

9

is the laborato~

B2
=202

n

=309

=480
=5471
-0,03
~7.40

0,54

~1
~3,76
-3.85

ko

is the scattering angle in the lab.frame and

A (¢

-0,58

.19

sin’ Ow =0.4
K

-0.62
-0.91
-1.€0
~1.98

24,10

-1,01
=2.66
~3,10

=1.17

1€

09

K
A6

b2l

- .

A (£)
~0.49
-0.66
~0.71
~0,73
-1.38
-1
~1.85

A (12_)-_—-~
16

-2,69

0.34
3.19__
-3

$ 98
229

K

-0.28
-0.92
~3.01
-1.04

~2.13
-2

-1

Table I

()
-0,.04
-0,03

Si[]2 HW
-0.09

K
-0.03
=002
~0.02
~0.,10
=0.02
o =0:09__ _=2.13
-0.02
-0,1
-0, 04
o

A

A (D)
K
-0.41
-0,96
) scattering off the polarized protons;

_=1.09
~1,49
-2,18
=2,30
—2,34
2,69

20__ 7.8 _=3.40

30

~3.51
-2.55

sin? 0 =0.1
A (D)

K .

47
2.71
279
4,08
9448
2126
6,71
7.89
8,11
8,19

2l
Ce

The longitudinal asymmetry ( in percenty arising in the elastic lepton (Adc\/) )

00
10
10
20
40
is the Weinberg parameter,

e e

ry energy of the incoming leptons,

and antilepton ( /{x(fy
sin2(~7w

200

K (GeV)



takes place) is essentially smaller than longitudinal
asymmetry [A, |

A_(£) =0.003% ko =200 GeV sin® Oy = 0.4.

A ()=-14%.
K

If we assume that magnetic and axial formfactorshave
the same behaviour at large q2 , then the multipliers,
characterizing q2 -dependence of the form factors would
cancel in the expression of the asymmetry. The values

(%—)0 depend strongly on the assumptions one makes

for the q2 behaviour of the formfactors. If formfactors
1 . .
continue to decrease as —; the cross section in the

considered values of g2 1s proved to be highly small:

(doy _35x107* (sm)? for ko= 200 GeV
dQ and sin? 0y = 0,4.

It is evident also, that the values ofasymmetry depend
on assumption about the q2 dependence of the formfac-
tors.

When this work was finished we learnt about paper /8/
in which the longitudinal asymmetry in the elastic lepton-
nucleon scattering with a polarized target had been calcu-
lated in the Weinberg model. The analytic expression
for the, A (f) eq. (35) coincides with the one, obtained
in ref./B/. “ Nevertheless, the numerical estimates differ
because different assumptions were made about the ¢2 -
dependence of the electromagnetic formfactors.

IV. Deep Inelastic Lepton Scattering
on a Polarized Proton Target
Let us consider the deep inelastic lepton scattering

on a polarized proton target. If alongside with the
electromagnetic interaction there exists the weak coup-

14

ling /1,4/ too, a P -~violating asymmetry should appear.
Here we shall consider the longitudinal asymmetry. The
calculations will be performed in the quark parton model/ 18./
We shall use the following expression for the hadronic
neutral current

Lz = 1 -
iy = pya(g(v) + g;“ Yg)p+ny, (g(vz) +g(A2) yg)n, (4D
where p and n arequarkfields withquantum numbers
S=0 and ;=1 and - % respectively, and

2

gl ;— - %—sinz Ow

g(A1)= _]2_

g(v2)= - -21— + %smzow

g2 = - T (42)

Let us conside‘f the scattex}ng off a proton with
helicity + 1 .For Wqg,- and Wq84 defined by egs. (12),
(16) and (17) we find:

v 1
Yapo = Fw C1%apuo Tu (43)
A 1
Waﬁa =E—G2[8a§qa —(pa 8,Ba+ pﬁaaa)]’ (44)
where
6 (x) = 2Q gl (f; () - £), (45)
G,(x) = £Q, gy ]](x) ~ £70)n; . (46)

In these expressions fi+(x) (£7(x) are the numbers
of the i -particle with helicity + 1 (~1) ,the factor n;

equals 1 for the parton and -1 for the antiproton, x=q2/2My,
Q; is the charge of the i-th parton. The differential
cross section for the considered process in the laboratory
frame, if the proton polarization is

15



£=(pR, 10) (R = &)

k|
has the form
42 42
7 —( . ) QA +ALP). (a7
dQ.dk(’) dQd ko’ K

Using eqs. (43) and (44) we obtain the following expres-
sion for the longitudinal asymmetry

2p ko + kgcos0
AK = [iCAcltgz% -——[\7]_—_+
WW) 1+ L2
Y m 1x 2
k k’ cos 6
+ ey G2(tg2% 0 M° + )k (48)

where cy,c, and p are defined by (2) and (8) and the
sign ( +) or (-) refers to the lepton or the antilepton
scattering respectively. In the parton model the struc-
ture function (vW,) equals

(vWy) . =S +1)0 x. (49)
It is determined in the deep inelastic experiments with
unpolarized leptons and hadrons.

We can obtain some information about the quantities
(f (x) - f,(x)) from the planned deep inelastic experi-
ments wﬁh polarized lepton beams on a polarized target.

In order to estimate the P -violating af%r}lmetry we

shall use parton model of Kti-Weiskopf For the
functions G; and G, we obtain
_ 7 10 .29
'Gl(x) —-(—-1? + 9 sin GW)G
Y
Gz(") = 18 G, (50)
where

G = %x-l/z (1~ x)3

We shall use the following parametrization for

3 .
(sz)em = X ai(l—x)1Jr3

i=1

.al = L12; a, = 1.00; a, =~ 1.98. (51)

which is consistent with the available data on deep
inelastic e-p scattering.

In Figs. (1-4) the asymmetry A in percents is
plotted against k¢ for different values of the scattering
angle 6(60=10,20,35) and at the energies of the incoming
lepton (antilepton) equal 200, 300 GeV.* For the para-

meter sin’fy the following values have been taken:
Az(%)
1t Sin? 8,=01
K, = 200Gev
| 873526 20 K,

LA —

L85

0=10°

The P -violating asymmetry have been calculated
in ref./7/  too, for sin®6,=0
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Ayl %)

5} 8=35°
05 ’? //8:200 K'
- /" T T T T T T T T T T T °
1.5 225 495

Sin? 8,,=01
K= 300Gev

6=10°
-~ ]
. | 835

Fig. 2

0.1; 0.4; 0.6. The dashed line notes the asymmetry A,\.(F)
and the full line is theasymmetry A (() .As is clea;; from
the figures, A, ({) is less than |A, (f)|. For sin” 0y

the asymmetry A (0) in the considered kinematical
intervals is less than 0.3%. If sin?0=0.31 theasymmet-
ries |AK (/)| and A, (f) are approximately equal and do

not surpass 1.29,.

The authors are pleased to thank S.I.Bilenkaja for her
help in the performed calculations and for comments
on the formfactors and B.Pontecorvo, V.A.Ohlopkova,
S.Petrova for helpful discussions.

Az(%)

- (8=35°

8=20°
Sin? 8,706 8=10°
K=200GeV

465
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Ax(°/o)
zr Sin28,,=0.4
g=35° g-20° Ko=200GeV
o 8=10°
W
1 H P ’
- o
@ /,8—20 P g=10°
I 7
054/ / -7
A -
i/ 7 _ -
/7 /,,"' ,
e K
15 22.5 465
Agl%) Sin20,, 0
2 } in W YA 8 =10°

20

K,= 300GeV
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