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Abstract. This study has been developed for electron-proton scattering experiments when only the scat-
tered electrons are detected. Pion electroproduction on the proton including the cascade π0 → 2γ decay
and the QED radiative corrections to elastic ep scattering are investigated. Our results are shown in the
kinematical configuration of the parity violating electron scattering experiment planned at the Mainz
Microtron (MAMI).

PACS. 25.30.Bf Elastic electron scattering – 13.60.Le Meson production – 13.60.-r Photon and charged-
lepton interactions with hadrons

1 Introduction

An experiment to measure parity violating (PV) asymme-
tries has been performed first at SLAC [1] by deep inelastic
electron scattering on deuterium. In the scattering of po-
larized electrons on unpolarized protons, the measurement
of the asymmetry term defined as

A0 =
σ(→)− σ(←)
σ(→) + σ(←)

,

due to the interference term between γ and Z0 graphs,
allows one to study the strange contribution to the neu-
tral weak form factors of the proton [2] in the framework
of the standard model. For elastic scattering from proton,
the expression of A0 can be expressed in terms of the elec-
tromagnetic form factors of the nucleon Gp,nE,M , the neutral
weak vector form factors of the proton GZE,M and the neu-
tral weak axial form factor GZA in the following way [2]:

A0 =
[−GFQ2

πα
√

2

]
×εG

p
EG

Z
E + τGpMG

Z
M − 1

2 (1− 4 sin2 θW )ε′GpMG
Z
A

ε(GpE)2 + τ(GpM )2
. (1)

Where Q2 > 0 is the four momentum transfer, ε, ε′ and
τ are kinematic factors, and θW is the weak mixing an-
gle. The contribution of the weak axial form factor GZA is
suppressed by the factor (1− 4 sin2 θW ).
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The electric and magnetic neutral weak form factors
GZE,M can be related to the Gp,nE,M and the strange quark
form factors GsE,M :

GZE,M =
(

1
4
− sin2 θW

)
GpE,M −

1
4
GnE,M −

1
4
GsE,M . (2)

The MIT/Bates collaboration [3] report the measurement
of the strange ss̄ contribution to the magnetic moment of
the proton. They obtain the value GsM = 0.23 ± 0.37 ±
0.15± 0.19 n.m. at Q2 = 0.1 (GeV/c)2.

In recent years, new cw electron accelerators (high in-
tensity, high duty-factor and a polarized beam): TJNAF,
AmPS at NIKHEF and MAMI, increase the statistical
accuracy for electron-proton scattering experiments more
than a factor 10.

In this context, the PVA4 (MAMI) Collaboration pro-
posal [4] is directed towards a measurement of parity vi-
olating asymmetries. A total number of elastic events of
about 1014 is required to measure A0 = −8.7 10−6 with
δA0 = 0.05 A0 at a mean four-momentum transfer of
Q2 = 0.227 (GeV/c)2 , assuming a beam polarization
of 80%. This would correspond to a measurement of the
Dirac form factor F s1 (Q2) with δF s1 = 0.02F s1 .

Only the scattered electrons are detected in the PVA4
experiment. The radiative correction to elastic scattering
and the electroproduction of pions contributions are very
important for extracting the tiny asymmetry term with
high accuracy. These effects could introduce a background
asymmetry [5,6]. An adequate experimental cut of scat-
tered electron energy could isolate the elastic peak from
the inelastic contribution, allowing for a discrimination be-
tween the background PV asymmetry [6] and the signal.
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However, with the special PVA4 detector, an energetic
photon coming from π0 → γγ decay can also simulate
a scattered electron and increase the inelastic contribu-
tion near the elastic peak. In the case of a coincidence
electroproduction of pions experiment, a parity conserv-
ing asymmetry term has been investigated [5]; this could
be a possible source of asymmetry for photons coming
from π0 decay if the cylindrical symmetry of the detector
is not perfectly realized.

A full PVA4 detector simulation of the asymmetry
term requires a good description for the following chain
of processes: e+p→ e+p+2γ with production of photon
which energy is comparable with the energy of scattered
electron in elastic ep scattering. Such processes in princi-
ple can produced important background. To estimate such
contribution the adequate model for pion electroproduc-
tion must be developed. One must include a set of reso-
nances R (∆ or P33(1232 MeV), P11(1440 MeV), D13(1520
MeV) and S11(1535 MeV) in the electroproduction of pi-
ons model and carefully performs the integral over the
electron scattering angles without such natural approxi-
mation, as me = 0, which is typical in consideration of
pion electroproduction.

Let us emphasize the two main aspects of this study. In
first place we determine an experimental cut of scattered
electron energy to isolate the elastic peak from the back-
grounds. Secondly, the remaining background asymmetry
can be quantified.

The experiment will be performed using the Cherenkov
radiator (PbF2-crystal) to allow a discrimination between
elastic scattering and inelastic processes (an energy reso-
lution of 3.3%/

√
E(GeV ) will be achieved). The present

study is useful for the total energy deposit simulations at
full detector level.

Our paper is organised as follows. In Sect. 2 we de-
velope model for pion photo- and electroproduction wich
is goal in the region of πN effective mass from thresh-
old up to second nucleonic resonances. Radiative cor-
rections for the elastic ep-scattering are considered in
Sect. 3. The procedure of event generator for the ep-
interaction is described in Sect. 4. In Sect. 5 we estimate
π0-electroproduction contribution to the measured cross
section in ep→ e (γ) +X processes and the P-even asym-
metry for ep collisions with pion production (with subse-
quent decay π0 → 2γ).

2 Electroproduction of pions

There has been considerable activity to measure the
pion electroproduction (Fig. 1) in the threshold region
(NIKHEF (Amsterdam) [7] and MAMI (Mainz) [8])
to systematically check the Chiral perturbation theory
(ChPT) [9].

The energy range of our interest extends from the pion
threshold up to the second resonance regions. The ChPT
calculations are not applicable in this case ; however many
theoretical investigations (unitary isobar model [10], dis-
persion theoretical analysis [11], dynamical model [12])
describe reasonably available experimental data.

�


e
�

e
�

pi

pf

�

Fig. 1. Pion electroproduction general Feynman diagram

A formalism based on an isobaric approach using Feyn-
man diagrammatic techniques [13], was developed to in-
vestigate the charged and neutral pion channels (Fig. 2).
The transition vertex γ∗N∆ (γ∗ is virtual photon) is de-
composed, in analogy with the Dirac-Pauli decomposition
of the nucleon electromagnetic current, into the magnetic
dipole, electric quadrupole and Coulomb quadrupole [14].

An analysis of pion photo- and electro-production on
the nucleon and on nuclei in the ∆ region is performed,
in the framework of a non-relativistic operator model [15],
where both pseudo-scalar and pseudo-vector pion-nucleon
couplings are compared.

Recently, a relativistic, gauge invariant and unitary
model is investigated in pion photoproduction through
the ∆- resonance region [16]. Models for pion photo- and
electro-production from threshold up to 1 GeV are avail-
able [10,17] The present paper is largely inspired from
these previous works [13-17].

The differential cross section for pion production by
an incident electron with a helicity h can be written as:

d3σh
dE′dΩdΩ∗π

= Γ
dσh
dΩ∗π

. (3)

E′ is the energy and Ω the solid angle of the scattered
electron in the laboratory frame, while Ω∗π is the solid an-
gle of the emitted pion in the (π-nucleon) center-of-mass
frame. The virtual photon flux Γ represents the proba-
bility of the process e → eγ∗, it is given by (in the limit
me = 0)

Γ =
α

2π2

E′

E

K

Q2

1
1− ε . (4)

W is the invariant mass of the (π-nucleon) system and
Q2 = −q2 = 2EE′(1 − cos θe) the negative four-
momentum transfer squared where θe is the electron scat-

tering angle. The quantity ε =
(

1 + 2|q|2
Q2 tan2(θe/2)

)−1

characterizes the transverse polarization of the virtual
photon and the photon equivalent energy K = (W 2 −
M2)/2M is the laboratory energy necessary for a real pho-
ton to excite the hadronic system with mass M to the cm
energy W .
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Fig. 2. Feynman diagrams for the virtual photoproduction of
one pion: Kroll-Ruderman (contact) diagram, pion pole dia-
gram, vector meson exchange diagram, direct and crossed nu-
cleon Born diagrams, direct and crossed R-resonance diagrams

dσh/dΩ
∗
π is the virtual photoproduction cross section

of the process γ∗ +N → N + π and can be written in the
form

dσh
dΩ∗π

=
dσunpol
dΩ∗π

+ 2h
√
ε(1− ε) dσe

dΩ∗π
sinφ∗π . (5)

The unpolarized part can be written as:

dσunpol
dΩ∗π

=
dσT
dΩ∗π

+ ε
dσL
dΩ∗π

+ ε
dσTT
dΩ∗π

cos 2φ∗π

+
√
ε(1 + ε)

dσTL
dΩ∗π

cosφ∗π . (6)

where σT , σL, σTT , σTL are respectively the trans-
verse, longitudinal, transverse-transverse interference and
transverse-longitudinal interference cross sections. We
note that σe has the same structure as σTL except that it is
given by the imaginary part of this transverse-longitudinal
interference contribution. φ∗π is the azimuthal angle of the
π−N reaction plane with respect to the electron scatter-
ing plane.

To check the consistency of our analysis, comparisons
with available experimental data [7,8,18,19,20,21] are nec-
essary. The pion photo- and electro-production on the pro-
ton are of great interest as a test of our assumptions on

Fig. 3. Differential cross section vs pion c.m. angle for γp →
π0p reaction. Eγ is the photon energy in Lab. system. Data
are taken from [18]

Fig. 4. Photon asymmetry for γp→ π0p reaction at different
photon energies vs pion c.m. angle. Data are taken from [18]
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Fig. 5. Same as Fig. 3

Fig. 6. Same as Fig. 4

the form factors at the γNR vertex and those of the Born
terms, the pion-pole and the ρ, ω exchanged diagrams (see
Fig. 2).

Our model contains Born terms, vector mesons and
nucleon resonances up to the second resonance region
(P33(1232), P11(1440), D13(1520) and S11(1535). To im-

Fig. 7. Differential cross section vs pion c.m. angle for γp →
π+n reaction. Eγ is the photon energy in Lab. system. Data
are taken from [18]

plement these resonances, we follow the prescriptions of
[17]. And suggested model is satisfied to the gauge in-
variance of the hadronic electromagnetic interaction. This
is especially important to the correct consideration of
e + p → e + p + π0 (π0 → 2γ) with detection of only
one produced photons when the main contribution to the
photon spectrum is due to Q2 ' 0.

We use the decay widths of R→ πN in order to calcu-
late the πNR strong coupling constants H with the stan-
dard procedure. For the spin-1

2 resonances:

ΓR→πN (S11) =
3qπH2

2πMRm2
π

[Eπ(E +M) + q2
π]2

2(E +M)
, (7)

ΓR→πN (P11) =
3q3
πH

2

2πMRm2
π

[Eπ + E +M ]2

2(E +M)
. (8)

And for the spin-3
2 resonances:

ΓR→πN (P33) =
4q3
πH

2

3πMRm2
π

(E +M) , (9)

ΓR→πN (D13) =
4q5
πH

2

πMRm2
π

1
E +M

. (10)

Where qπ is the pion momentum in the πN center of mass
system.

qπ =
√

(M2
R −M2 −m2

π)2 − 4m2
πM

2 /2MR . (11)

E and Eπ are the nucleon and pion energies in the same
system.
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Table 1. Width (in GeV), strong coupling constant, experi-
mental resonance couplings (in GeV−1/2) and electromagnetic
coupling constants for spin-1/2 resonances

R Γ H Ap1/2 An1/2 Gp Gn

P11 0.2 0.31 -0.069 0.069 0.272 -0.272
S11 0.12 0.1636 0.073 -0.076 -0.265 0.276

In order to calculate the γNR electromagnetic cou-
pling constant, we use the partial-wave analysis results
for resonance couplings AIλ (I = p, n and λ = 1/2 for spin
1/2 ; I = ∆ and λ = 1/2, 3/2 for spin 3/2) and each pair
of relations:

Ap,n1/2(S11) = − 1√
2
eGp,n
M

√
k

M(E1 +M)
(M +MR) ,

(12)

Ap,n1/2(P11) = − 1√
2
eGp,n
M

√
k

M(E1 +M)
(M +MR) ,

(13)
with E1 =

√
k2 +M2 and k = (M2

R −M2)/2MR.

A∆1/2(P33) = −
√

2
3

ev

4M
[(MR +M − 2k)G1 − kMRG2/M ] ,

(14)

A∆3/2(P33) = −
√

2
3
ev

4M
[(MR +M)G1 + kMRG2/M ] ,

(15)

Ap,n1/2(D13) = − 1√
3
ev

4M
[(MR +M − 2k)Gp,n1

+MRG
p,n
2 (MR +M − k)/M ] , (16)

Ap,n3/2(D13) = − ev

4M
[(MR +M)Gp,n1

+MRG
p,n
2 (MR +M − k)/M ] , (17)

with

v =

√
k

M(MR +M − k)
. (18)

The coupling constants G1,2 and Gp,n1,2 used in [17] can
be obtained from (12-18). In summary, we display in Ta-
bles [1-3] the numerical values of these differents coupling
constants.

The ∆ propagator is not as well defined as the nucleon
one [22], we assume, in this study, the Rarita-Schwinger
formalism [23] for treating the spin 3/2 particle and we
use the on-shell form of the propagator.

The photon asymmetry is an important polarization
observable for pion photoproduction that we can used to
check our model. This photon asymmetry Σ is defined by

Σ =
σ⊥ − σ‖
σ⊥ + σ‖

. (19)

Table 2. Width (in GeV) and experimental values of the res-
onance couplings (in GeV−1/2) for spin-3/2 resonances

R Γ Ap1/2 (A∆1/2) An1/2 Ap3/2 (A∆3/2) An3/2

P33 0.109 (-0.133) (-0.244)
D13 0.140 -0.022 -0.065 0.167 -0.144

Table 3. Strong and electromagnetic coupling constants for
spin-3/2 resonances

R H Gp1 (G1) Gn1 Gp2 (G2) Gn2

P33 0.585 (5.107) (-3.06)
D13 0.428 -5.57 0.853 2.97 0.475

Fig. 8. Photon asymmetry for γp→ π+n reaction at different
photon energies vs pion c.m. angle. Data are taken from [18]

where σ⊥ and σ‖ are the differential cross sections for
photon polarization perpendicular and parallel to the pion
production plane.

A comparison between our predictions and the exist-
ing experimental data are display in Figs [3-9]. It can be
seen that a good agreement with the data is obtained for
different kinematical regions.

3 Radiative corrections to elastic scattering

We investigate the QED radiative corrections based on
the previous work of Mo and Tsai [24]. The higher-order
Feynman diagrams used in the calculation of the radiative
corrections are displayed in Fig. 10. It is assumed that the
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Fig. 9. The θπ dependence of the differential cross section for
p(e, e′π0)p and for ε = 0.97. The solid and dashed curves are
obtained for φ∗π = 90 and 135 degrees respectively. Data are
taken from [19]

radiative corrections at the proton vertex is small, thus
we neglect this contribution in our calculation.

In principle one might consider the electroweak radia-
tive corrections in PV experiment, in the framework of the
standard model, to be applied to the neutral weak form
factors of the proton. The expression of GZE,M in (2) must
be modified in the following form [25]:

GZE,M =
(

1
4
− sin2 θW

)
[1 +RpV ]GpE,M −

1
4

[1 +RnV ]GnE,M

−1
4

[1 +RsV ]GsE,M . (20)

The factors RiV are weak radiative corrections, which
have been computed in [25].

The QED radiative corrections depend on the kine-
matics of the scattering. The radiative tail contributes
down to values of E′ where other background processes
(π production, ∆-resonance, etc. . . ) occur. The radiative
tail from the elastic peak is taken into account up to
the ∆-resonance region, allowing one to isolate the pion-
electroproduction channels. It was shown by Mo and Tsai
[24], that the radiative tail from the elastic peak, can be
computed with good accuracy assuming the peaking ap-
proximation. The initial radiation (photon emitted by the
incident electron) contribution is independent of the fi-
nal radiation (photon emitted by the scattered electron)
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Fig. 10. Feynman diagrams used in the calculation of the
radiative corrections: elastic, vertex part, vacuum polarization,
initial radiation and final radiation

when the electron is scattered at sufficiently large angle
; in our investigation we neglect the interference between
the initial and final radiations.

The radiative tail cross section can be written as:

dσr
dΩdE′

(ω > ∆E) =
dσini.
dΩdE′

(ω > ∆E)

+
dσfin.
dΩdE′

(ω > ∆E). (21)

The two terms in (21) represent respectively the initial
and final radiation contributions. ω is the photon energy
emitted, and ∆E is a cut-off energy in defining the peak of
elastically scattered electrons. The integration from ω = 0
to ∆E plus the vacuum polarization and the vertex cor-
rection are already taken into account in the corrected
elastic cross section in the form:

(1 + δ)
dσ0

dΩ
, (22)

where

dσ0

dΩ
=
α2E′2

Q4

4 cos2(θ/2)
[1 + 2(E/M) sin2(θ/2)]

×
(
G2
E + τG2

M

1 + τ
+ 2τ tan2(θ/2)G2

M

)
. (23)

with τ = Q2/4M2. The magnetic and electric form factors
of the proton GM and GE used in the calculation are

GE(Q2) =
1

(1 +Q2/0.71)2
, (24)
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GM (Q2) = 2.793 GE(Q2). (25)

The δ term is given by

δ = −α
π

[
28
9
− 13

6
ln
Q2

m2
+ [ln(E/∆E)

+ ln(E′/∆E)]
(

ln
Q2

m2
− 1
)

−Φ
(
−E − E

′

E′

)
− Φ

(
E − E′
E

)]
, (26)

with the Spence function:

Φ(x) = −
∫ x

0

ln |1− y|
y

dy .

Finally, the radiative tail from the elastic peak (ignor-
ing the straggling), in the peaking approximation, is given
by [24]:

dσr
dΩdE′

=
ts
ωs

M + (E − ωs)(1− cos θ)
M − E′(1− cos θ)

×dσ0(E − ωs)
dΩ

+
tp
ωp

dσ0(E)
dΩ

, (27)

with

ωs =
−Q2 + 2M(E − E′)
2[M − E′(1− cos θ)]

, (28)

ωp =
−Q2 + 2M(E − E′)
2[M + E(1− cos θ)]

, (29)

xs =
E − ωs
E

, (30)

xp =
E′

E′ + ωp
, (31)

Xs = 2(E − ωs)E′(1− cos θ) , (32)

Xp = 2EE′(1− cos θ) , (33)

ts =
α

π

[
1 + x2

s

2
ln
Xs

m2
− xs

]
, (34)

tp =
α

π

[
1 + x2

p

2
ln
Xp

m2
− xp

]
. (35)

ωs and ωp are the photon energies along the incident and
outgoing electron directions.

The PVA4 detector accumulates the energy of the elec-
tron and of the photon emitted in the same direction.
Therefore, we neglect the final radiation term in this study.

4 Event generator

The experimental spectrum between 300 ≤ θ ≤ 400 shows
a large elastic peak [26] with some additional events above
the π threshold. This background could provide from pho-
tons due to π0 decay or π+ hitting the detector. Some
Monte Carlo simulations [27] have shown that it is very

hard to discriminate between Čerenkov light of electrons
and photons at the same energy while the Čerenkov radi-
ation of π+ in the PbF2 detector contributes to the spec-
trum at lower energy.

An event generator for ep reaction has been performed
to study in more details both the inclusive electron and
the background spectra. In the case of a coincidence exper-
iment, the differential cross section can be written, using
the spherical harmonics, in the following form:

d3σh(E′, Ωe, Ω∗π)
dE′dΩdΩ∗π

=
∑
`

(
AR` 0(h) Y 0

` (θ∗π, φ
∗
π = 0)

+2
∑
m>0

Y m` (θ∗π, φ
∗
π = 0)

× [AR` m(h) cos(mφ∗π)−AI` m(h) sin(mφ∗π)]
)
. (36)

A` m(h) ≡ A` m(h,E′, Ωe) . (37)

A` m(h) = AR` m(h) + ı AI` m(h) . (38)

AR`m(h) =
∫ π

0

Y m` (θ∗π, φ
∗
π = 0) sin(θ∗π)dθ∗π

×
∫ 2π

0

d3σh(E′, Ωe, Ω∗π)
dE′dΩdΩ∗π

cos(mφ∗π)dφ∗π, (39)

AI`m(h) = −
∫ π

0

Y m` (θ∗π, φ
∗
π = 0) sin(θ∗π)dθ∗π

×
∫ 2π

0

d3σh(E′, Ωe, Ω∗π)
dE′dΩdΩ∗π

sin(mφ∗π)dφ∗π. (40)

From equations (3,5-6), we obtain:

AR` m(h) = AR` m(−h) , (41)

AI` m(h) = −AI` m(−h) , (42)

AI` 0(h) = 0 , (43)

AI` 2(h) = 0 , (44)

A` m(h) = 0 if m > 2 . (45)

These equations show that only the values of A` m(h =
1/2) are needed to get the observables with h = ±1/2.

We are able to reproduce the correct value of the cross
section, in different kinematic configurations, using A` m
parameters with ` ≤ 10 for π0 channel and ` ≤ 20 for
charged channel in a coincidence experiment. Let us no-
tice that only the A0 0 term is needed to reproduce the
differential cross section in an inclusive reaction.

Let us describe now the main features of the Monte
Carlo:

– The scattered electrons are generated according to the
cross sections ((23) for the elastic channel, (27) for the
radiative tail and (36) for the pion channel).

– The limits of parameters to be generated are according
to the experimental acceptance.
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Fig. 11. Number of events generated in ep scattering vs scat-
tered electron energy with Ebeam = 855 MeV and 300 ≤ θe ≤
400: elastic peak (hatched histogram) and elastic peak includ-
ing radiative corrections.

– The four-momenta of all particles are determined in
various frames (Lab., π −N cm.), thanks to rotations
and Lorentz boosts.

This program gives absolute normalization and generates
individual events. Various distributions can be extracted
from theses weighted events.

5 Numerical results

In this section, we discuss the results of our generator of
events. We display in Fig. 11, the corrected elastic peak
including radiative corrections. This effect is under con-
trol and we are going to discuss the background asym-
metry contamination by photons. This contamination is
expressed by:

A = A0

1 +
Sph
S0

Aph
A0

1 +
Sph
S0

. (46)

Where S0 and Sph are respectively the number of elas-
tic electrons and photons emitted in the angular region
300 ≤ θe(θγ) ≤ 400 of PVA4 (MAMI) detector with an
energy range 600 MeV ≤ E′ ≤ 800 MeV. A0 = −8.7 10−6

and Aph are respectively the PV asymmetry term which
we would like to measure and the conserving parity back-
ground asymmetry. A relatively large number of Sph is
required to get a reasonable value of the Aph with a good
confidence level.

To visualize the rate Sph/S0 in (46), we display in
Fig. 12, the number of photons (multiplied by 100) and
electrons detected in the same energy and angular ranges

Fig. 12. Number of events generated in ep scattering vs
scattered electron energy with Ebeam = 855 MeV and
300 ≤ θe(θγ) ≤ 400 for elastic peak (small crosshatched his-
togram); photons (x 100) coming from π0 → 2γ decay (large
crosshatched histogram)

(with 2 107 generated events). The low energy part of the
elastic E′-spectrum is modified near the elastic peak due
to the cascade e+p→ e+p+π0 → e+p+γγ processes. For
107 events generated, one obtains ≈7.5 105 elastic events
and ≈1.6 106 photon events coming from π0 decays which
can simulate scattered electrons in an energy range E′ ≤
800 MeV and 300 ≤ θe(θγ) ≤ 400. Let us notice that the
elastic channel is dominated by the inelastic one due to
the integral over the electron scattering angles.

This contamination is estimated to be small
(Sph/S0 =0.4 %) in the critical region 620 MeV ≤ E′ ≤
800 MeV.

The photon asymmetry is defined as:

Aph =
Nγ+ −Nγ−
Nγ+ +Nγ−

, (47)

where Nγ± are respectively number of photons produced
by polarized electrons with h = ±1/2 and can be com-
puted from π0 electroproduction cross section given by
(36).

For 2 107 generated events, we obtain A ' A0(1+0.01)
This indicates a small contamination to the A0 asymme-
try. If the energy cut is achieved at higher value (E′ ≈ 640
MeV), or if the statistic is improved, this contamination
becomes smaller and we conclude that the photon back-
ground does not affect in a significant way the PVA4 mea-
surement. This study can be used to calculate the contri-
bution of different geometrical false asymmetries on sys-
tematical errors.
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6 Conclusions

Let us summarize here the main result of our analysis. We
developed a model for pion photo and electroproduction
which is adequate for description of necessary observables
up to Eγ ' 800 MeV.

For accurate calculation of photon spectra from chain
of reaction e + p → e + p + π0 → e + p + γγ the cor-
responding formalism is suggested, with special attention
to very small Q. The gauge invariance for the electromag-
netic current as well as exact consideration of effects with
non zero electron mass are very important here.

We demonstrated that γ-contribution from π0 electro-
production is not dangerous for the condition of planning
(running) Mainz parity violating experiment. On the basis
of our analysis the event generator for ep scattering can
be performed.

Recently, Happex Collaboration [28] report the mea-
surement of the PV asymmetry at Q2 = 0.48 (GeV/c)2:

GsE + 0.39GsM = 0.023± 0.034(stat.)± 0.022(syst.)
±0.026(δGnE) .

The strange quark contribution to this asymmetry is very
small, a value compatible with vanishing strangeness con-
tributions. It is very important to check this result by
another measurement (PVA4 or G0 [29] at TJNAF).

For backward angle ep scattering experiment planned
at G0, our generator can be used with appropriated kine-
matical parameters.

The authors are grateful to M. Vanderhaeghen for useful dis-
cussions. We would like to thank the PVA4 Collaboration
members for constructive remarks and constant encourage-
ments.
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