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.r. The existence of the weak interaction between electrons 
and nucleons was estabilished in 1978 when P-odd effects had 
been observed in the atomic physics experim~nts with 209Bil1/ 
~nd in the deep inelastic scattering of polarized electrons 
on deuterons IZ! • The measurements are in good agreement with 
the Weinberg-Salam theory /3/ • 

At present the experiments for further studies of the weak 
e--N interaction are planned. In particular, high precision 
experiments which will measure the P-odd asymmetry arising 
in the elastic scattering of longitudinally polarized elect
rons with energy E ~ 300-900 MeV on unpolarized nucleons 

(1) 

are under preparation /4,5/. 
In this note we shall consider the process (1) in the 

framework of the Weinberg-Salam (W.S.) theory. 
The parity violating asymmetry in this process has been 

discussed previously in a number of papers 161. However, as 
the general analysis of the existing data on elastic e-p and 
e -d scattering performed in refs. /7,8,9/ shows, the paramet
rizations of the electromagnetic nucleon form factors used 
in these papers /6/ are excluded by the data. In this situa
tion a recalculation of the' asymmetry using parametrizations 
of the form factors which give a satisfactory description 
of the data is necessary. Further on, the experimental data 
available do not provide a unique description of the electro
magnetic and axial-vector nucleon form factors. This may 
introduce some uncertainties in the numerical predictions for 
the asymmetry. 

Here we calculate the parity violating asymmetry in elastic 
e-N scattering using form factors 17·91 compatible with the 
data* and study the above-mentioned ambiguities. We investi
gate also the sensitivity of the asymmetry on the value of . 2e sm w. 

II. The paritY violating asymmetry in process (1) origina
tes from the interference of the weak and one-photon exchange 
amplitudes. The effective Hamiltonian which describes the weak 
interaction of electrons and nucleons in the W.C. theory is: 

*Let us note that the magnitude of the as~etry obtained 
here differs from the one calculated in ref. 161 by _ 10% 
already for E > 600 MeV. 
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){= a 2i"ih 
V2 a a 

(2) 

where G is the Fermi coupling constant, and the electron j~ 
and hadronic j ~ neutral currents are given by the expressions: 

i a· = e y(g + g y ) e. 
V A 5 

1 . 2 
g = --+2sin e v 2 w 

(3) 

h . 3 2 , em s 
ja =J a -2sin ew Ja +ja 

(4) 

In eq. (4) j ~ is the third component of the vector V-A cur
rent, j ~m is· the hadronic electromagnetic current, and j ~ 
is an isoscalar current, built up by s, c and other heavier 
quarks. 

The cross section for the scattering of longitudinally pola
rized electrons on unpolarized nucleons has the form: 

(5) 

du 
where (-)0 is the cross section for unpolarized particles, ,\ 

df! 
is the longitudinal polarization of the electron, AN is the 
P-odd asymmetry. Neglecting the contribution of the s, c and 
other heavier quarks and using the isospin invariance of strong 
interactions we obtain the following expression for AN 161 : 

a q 2 [ N 2 N 2 2 e -1 
AN=-=·-- (GE) +(aM) r(1+2(1+r)tg -)] x 

~ 2= 2 

x(2(~-r)(l+rl·tg2.f.a~;N .aNM+2rtg 2.fa OM;N .aN (l+r)+ 
M 2 2 M (6) 

a O;N aN .aD;N .aN] 
+ E E +r M M • 

2 



Here E is the energy of the incoming electron in the lab. 
2 sy~tem, e. is the scattering angle, T=~ (M is the nucleon 

N 4M 
r:tass), G E-M are the charge and magnetic form factors of the 
nucleon. The form factors G ~:.~ are expressed in terms of 
the electromagnetic and exial-vector nucleon form factors as 
follows: 

G O;p,n 
E,M 

O·p n and the form factor G A ' equals 

0 GA 2 G ;p,n =+ --(-1 +4 sin e w). A - 2 

(7) 

(8) 

Here GA is the axial-vector nucleon form factor, measured in 
the quasielastic processes '' 

11 
+ n .... p.- + p, V f1 + p 4 1J. + + n . 

So, within the W.S. theory the parity v1olating asymmetry 
in the elastic e-N scattering is entirely expressed in terms 
of the parameter sin 2 8w, the electromagnetic form f'-'lctors and 
the axial-vector form factor of the nucleon. 

III. Up to now no consistent theory of the-form factors 
exists and 'the desc~iption of their q 2-behaviour is achi
eved mainly by phenomenological parametrizations. 

We have calculated the P-odd asymmetry under the following 
assumptions: 

A) Scaling among the form factors exists: 
G~ (q 2) G ~ (q 2 ) P 2 
-"'--- = ---- = G E (q ) • 

11p 11-n 
(9) 

n 2 
G E (q ) = 0 ( !O) 

G ~(q 2) 

equals 
~ p 
2 •s 1-a3 

aP(q l=~ (--+---). 
M P 1 +a! q 2 1 2 + a2q. 

( 11 ) 
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• 
Here a i are free parameters and p. p,n are the total maqnetic 

moments of the Proton and neutron. As it has been shown in 

refs. 17•91 , eqs. (9)-(11) describe the elastic e-p and e-d 

scattering data, if 

a 1 ~ 0.67 (GeV /c) 2 

2 
a 2 ~2.23(GeV/c) , (12) 

B) Scaling between the isoscalar· and isovector form fac

tors of the nucleon holds flO/: 

(13) 

-where- G ~.E and G ~.E are the isovector and isoscalar form 

1 - 1 
factors, respectively, f1 v=2(flp -flo) • JL s = 2(1-lp+ P. n) · 

Using eq. (13) we obtain the following relations between the 

proton and neutron form factors: 

(14) 

As it has been shown in refs. 17
•
91 

, the available data on the 

elastic scattering of electrons on protons 

be described if one assumes a form for G P 

and the following expression for G ~ : M 

4 

and deuteron can 
given by eq. (11) 

( 15) 



with 
2 a 1 ~ 0.58 (GeV /c) • 

a 2 ~ 2.42 (GeV /c) 2 

•• ~-0.33, • 

2 b 1 ~ 0.37 (GeV/c) , 

2 
b 2 ~2.00 (GeV/c) , 

b 3 ~-0.24 • 

(16) 

dG n 
Note that eqs. (II), (14)-(16) predict a value for __ E_l 2 

dq 2 q '=() 

which has the right sign and is close in magnitude to the 
value obtained in the scattering 1111 of thermal neutrons on 

dG n 

atomic electrons: E 2 ' -- I 2 ~ (0.0195 ±0.0003) F . c Both para-
dq 2 q ~o · 

metrizations listed above describe the availabi:e,d,ata nearly • 
with the same confidence level (though in the case "'s 0"~ 
differs from zero, its value does not exceed =s, lo-3 at 
q 2 "'0_ I, 2 (GeV (c) 2 ) • 

Still less accurate information exists about the axial
vector nucleon form factor. Usually a dipole q 2 -behaviour is 
adopted: 

1.24 

(1 + q 2/M 2) 2 
A 

. ( 17) 

M A -being a parameter. When calculating the asymmetry AN we 
varied the value of M A from 0. 9 to 1 GeV 1121. The value of 
the asymmetry AN practically did not change. As it has been 
pointed, out in refs. 112·131 the data can be described also if 
the following parametrizations for G A are supPosed: 

M A ~ 0.53 GeV , ( 18) 

1.24 
M A~ 1.25 GeV . 

(19) 

In the kinematical region considered here the P-odd asymmetry 
remains insensitive to a change in the parametrization (eqs. 
(17), (18) or (19)) of the axial-vector for factor. 
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Fig. 1 . The asymmetry 
AN at sin 2ew = 0~22; 
0,23; 0,24 at elect
ron beam energy E = 
300 NeV. 

IV. We have calculated the asymmetry for the values of 
sin20 w in the interval 0.22 to 0.24. Figs. 1-3 show the va
lues of the asymmetry AN for both a proton and a neutron for 
0 < 0 < 180 ° at the electron beam energies E = 300 MeV, 
600- MeV- and 3 GeV ( sin 2 0 w = 0. 22; 0. 23; 0. 24). A dipole form -
eq. (17) with M A= 0.95 GeV /l2/ has been used for GA(q2) . 

We shall first discuss the scattering on a proton target. 
As the calculations show at the energies of the initial 

electron E :;_ 900 MeV the asymmetry AP is the same for the 
parametrizations A and B for all values of the scattering 
angle. {We assume the accuracy of measurements of AN to be ::: 10-6 /4,5/). As it is seen from Figs. 1 and 2 at (J > 100 o 
the asynunetry Ap strongly depends on the value-of sin 2e:. 

At energies E ~ 1 GeV the two considered parametrizations 
A and B at large scattering angles predict different values 
for AP. However, at small angles and at high energies the 
value of the asymmetry does not depend on the type of paramet
rization for the electromagnetic form factors. For E = 3 GeV 
this is illustrated in Fig. 3. 

When the electron scatters on a neutron the asymmetry A
0 is several times bigger than on a proton. However, the depen

dence of the asymmetry A 
0 

on the parametr·ization of the form 
factors in this case appears at lower energies than in the case 
of e-p scattering. This is illustrated in Figs. 1 - 3. 

The performed analysis shows that the measurements of the 
parity violating asymmetry in the elastic polarized electron-
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proton scattering at,low energies offers an ofportunity to 
obtain new information about the value of sin 0 w • The cal
culations show that the uncertainties of the nucleon form -fac
tors slightly affect the value of the asymmetry in the consi
dered ·low energy region~ 
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