


»I. 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 experiments with 209g; /1/
and in the deep inelastic scattering of polarized electrons
on deuterons ‘2’ . The measurements are in good agreement with
the Weinberg-Salam theory 73/ .

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

e+N-se+N : (1)

are under preparation 48/

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 previcusly in a number of papers /8. 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 "%/ are excluded by the data. In this situa-
ticn 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 /7:9/ compatible with the
data™ and study the above-mentioned ambiguities. We investi-

gate alsc the sensitivity of the asymmetry on the value of
sin g, . ‘

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 asymmetry obtained
here differs from the one calculated in ref.’®’ by ~10%
already for E > 600 MeV.



3{=7:_—2j:i2 . (2)

where G is the Fermi coupling constant, and the electron ja
and hadronic jlé neutral currents are given by the expressions:
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In eq. (4) jg is the third component of the vector V-A cur-

rent, jzm is’ the hadronic electromagnetic current, and jz
is an isoscalar current, built up by 8, ¢ and other heavier
quarks. )

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

do do
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where (-—;—1%)0 is the cross section for unpolarized particles, )

is the longitudinal polarization of the electron, Ay is the
P-odd asymmetry. Neglecting the contribution of the 8, ¢ and
othexr heavier quarks and using the isospin invariance of strong
interactions we obtain the following expression for A 8/,
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Here E 1is the energy of the incoming electron in the lab.

system, ¢, is the scattering angle, r= 4q {Mig the nucleon

M2

nass), G% M &re the charge and magnetic form factors of the
nucleon. The form factors G g N are expressed in terms of
the electromagnetic and ex1al-—vector nucleon form factors as
follows:
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and the form factor Gy equals
G
G;p.n A . 2
G Ap =% (-1+4sin”0 ). (8}

Here G, is the axial-vector nucleon form factor, measured in
the quasielastic processes v, +0L-spu~ +p, 7, +p >k "+1n.

S0, within the W.S. theory the parity violating asymmetry
in the elastic e-N scattering is entirely expressed in terms
of the parameter sinzﬂw, the electromagnetic form factors and
the axial-vector form factor of the nucleon.

II1. Up to now no consistent theocry of the. form factors
exists and the description of their qz—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:
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Here a, are free parameters and p,, are the total magnetic
moments of the proton and neutron. As it has been shown in
“refs. ’T® _ ege. (9)-(11) describe the elastic e—p and e-d
scattering data, if

a =0.67(GeV/c)®
a,=~ 2.2 (GeV/c)? , (12)

&g= —0.45 ;

B) Scaling between the isoscalar and iscovector form fac—

tors of the nucleon holds 710/ .
2 1 2
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" where® G and G Mﬁ are the isovector and-isoscalar form
factors, respectlvely, “v=""'(f"p o) = (pp+,un).

Us:.ng eq. (i3) we obtain the following relations between the
proton and neutron form factors:
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As it has been shown in refs. 71,9/ , the available data on the

elastic scattering of electrons on protons and deuteron can
be described if one assumes a form for Ga given by eq. (11}
and the following expression for GPE :
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with

a, =058 (Gev/c) %, , b ,=0.37 (GeV/c)?,
a, =242 (GeV/o)® by=2.50 (GeV/e)®, (16)
a, --0.33, . bg=-0.24. .
, : dG
Note that egs. (11), (14}-(16) predict a value for i 2 _o
o =

S d
which has the right sign and is close in magnitude toqthe
value obtained in the scattering 711/ of thermal neutrons on
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metrizations listed above describe the avan.lable data. nearly
with the same confidence level {(though in the case B GE‘.
differs from zero, its value does not exceed <5,1073 at
1% <1,2 (Gevic) ?).

5till less accurate information exists about the axial-

vector nucleon form factor. Usually a dipole gq?-behaviour is
adopted:
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M -—belng a parameter. When calculatlng the asymmetry A,
V&Il&d the value of MA from 0.9 to 1 GeV "%/, The value of
the asymmetry Ay practically did not change. As it has been
pointed cut in refs. 712,18/ the data can be described also if
the following parametrizations for G 5 are supposed:

1 24
G, (@) - , s = 0.53 GeV, B EE:)
1.24
6,@%) = —2 M, -1.25 GeV.
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In the kinematical région considered here the P-odd asymmetry
remains insensitive to a change in the parametrization {eqgs.
(17), (18) or (19)) of the axial-vector for factor.



Fig. 1. The asymmetry

4
us E=300Mev Ay at mnzﬁw 0,225
o . sin29w= 0,23; 0,24 " at elect-
T 022 ron beam energy E =
. / () 23 300 MeV,.
‘ / 7 o
3 ///
44 .

PROTON
——— NEUTRON @

0 " 90° " 180°

IV. We have calculated the asymmetry for the values of
sin20 y in the interval 0.22 to 0.24. Figs. 1-3 show the va—
lues of the asymmetry Ay for both a proton and a neutron for
0 < #<180° at the electron beam energies E= 300 Mev,

600 MeV and 3 GeV (Sin2li"W = 0.22; 0.23; 0.24). A dipole form -
eq. (17) with M, = 0.95 Gev 712/ has been used for Gulg?) .

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 Ay to be
= 10~% /45/), As it is seen from Figs. 1 and 2 at ¢ > 100¢°
the asymmetry Ap strongly depends on the value of Bin29;.

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 An
is several times bigger than on a proton. However, the depen-
dence of the asymmetry An on the parametrization 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 viclating asymmetry in the elastic polarized electron-
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Fig. 3. The asymmetry
Ay at sin®9 ., = 0,22;
0,23; 0,24 at elect—

ron beam energy E =
3 GeV.

Fig. 2. The asymmetry
Ay at sin®9, = 0,22;
0,23; 0,24 at elect-
ron beam energy E=
600 MeV.
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proton scattering at low energies offers an ogportunlty to
obtain new information about the value of sin“€ . 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.



In conclusion we would like to express our gratitude to

S.M. Bilenky and S.T. Petcov for helpful discussions and use-—
ful comments on the manuscript.

REFERENCES

1. See for example Barkov L.M. and Zolctoryov M.S5. JEPT Lett.,
1978, 27, p.379. .

2. Prescott C. SLAC-PUB-2148, July, 1978,

31, Weinberg S. Phys.Rev.Lett., 1967, 19, p.1264;

Salam A. Proc.B-th Nobel Symp., Wiley, New York, 1968;
Weinberg S. Phys.Rev., 1972, D5, p.1412.

4. Otten E.W. et al. Univ. of Mainz proposal; Proc. Topical
Meeting on Intermediate Energy Physics; Experiments and
Experimental Methods, Zuoz. Switzerland, 1976, 1, p.62.

5. Hughes V.W. et al. Yale Univ, Proposal for MIT-BATES, 1977.

6. Reya E., Schilcher K. Phys.Rev., 1974, D10, p.952;

Cahn R.N., Gilman F.J. Phys.Rev., 1978, D17, p.1313;
Hoffman E., Reya E. Phys.Revy, 1978, D18, p.3230;
Gilman F., Tsac T. Phys.Rev., 1979, D19, p.790;
Christova E.Ch., Petcov S. Phys.lLett., 1979, 84B, p.250.
Note that an over-all minus sign has been missed in the
right-hand side of eq. (4) which defines the asymmetry
consideration in this paper.

7. Bilenkaya S.I., Kazarinov Yu.M., Lapidus L.I. JEPT, 1971,
60, p.460.

8. Mehrotra S., Roos M. Report series in Physics N97, ISBN
951-45-0635-9, 1975, Helsinki.

9. Bilenkaya S.I. JINR, 1-8733, 1975.

Bilenkaya S.I., Kazarinov Yu.M., JINR, P1-B0-59, Dubna,198C

10. Schumacher C.R., Engle I.M. Preprint ANL/HEP 7032.

11. Koester L. et al. Phys.Rev.Lett., 1976, 36, p.1021.

12. For a summary see Sciulli F. Proc. of Oxford Conf.;:
Michette Ed.A., Renton P. Ruth.Lab., 1978, p.405.

13.

Sulak L.R. et al. Neutrino 78, p.355.

Received by Publishing Department
on January 25 1980.



