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Abstract.

An overview of the experimental data on nucleon form factorsis presented
in the space-like and in the time-like regions. A global description in the
full kinematical region is done in terms of models developedin the space-
like region and continued in the time-like region. The predictions of these
models for polarization observables, which will be accessible in future with
antiproton beams, are shown. Open problems and inconsistencies in the
present data are also discussed.

1 Introduction

Electromagnetic hadron form factors (FFs) contain the information on the com-
posite nature of hadrons. They are fundamental quantities which are directly
accessible through the measurement of the differential cross section and of spe-
cific polarization observables. They enter in the expression of the electromag-
netic current, and they are calculable by the models which describe the nucleon
structure. Elastic electron hadron scattering is considered the most direct way
to access FFs, which contain the information on the ground state of the hadron.
Electromagnetic probes are traditionally preferred to hadronic probes and the
interaction is assumed to occur through one photon exchange. In this case, FFs
are real and functions of one variable, the four momentum squared of the virtual
photon,q2 = −Q2. The interest in their measurement at largeQ2 is also related
to the test of QCD predictions. FFs should give a clear signature of the transi-
tion region from a non perturbative description of the nucleon to a picture where
quark and gluon degrees of freedom should be taken explicitely into account.

Due to the hermiticity of the hamiltonian, FFs are real in thespace-like (SL)
region and complex in the time-like region (TL). The TL region, whereq2 > 0,
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is accessible through annihilation reactions,p+p ↔ e++e−. Analiticity allows
to relate the properties of FFs in all the kinematical region. We will show that
it is possible, in frame of VDM models and QCD prescriptions as well, to find
a reasonable description of the existing world data, and to make predictions on
polarization observables in the TL region. Such data will beaccessible in next
future, with polarized antiproton beams planned at FAIR (GSI).

Large progress has been done in recent years in SL region, with the avail-
ability of the high intensity, high polarized electron beams, polarized targets, po-
larimeters, and large acceptance spectrometers, mainly atJefferson Laboratory
(JLab), and MAMI (Mainz). It has become possible to apply thepolarization
method, suggested many years ago [1], to extract the electric proton FF, with
large precision up toQ2 = 5.6 GeV2. Two dedicated experiments [2] (see the
talk of V. Punjabi, this conference) showed that the ratio ofthe electric to the
magnetic FF:R = µpGEp/GMp monotonically decreases and deviates from
unity, asQ2 increasing, reaching a value ofR ≃ 0.3 atQ2 = 5.5 GeV2. The
following parametrization has been suggested:

R = µpGEp/GMp = 1 − 0.13(Q2 [GeV2] − 0.04), (1)

which shows that the electric and magnetic currents in the proton are different.
This is a very surprising result, as all previous and also recent unpolarized mea-
surements based on the Rosenbluth method [3] suggest that the ratioR is con-
stant and consistent with unity. We will discuss further this inconsistency given
by two methods which assume the same reaction mechanism and are formally
consistent.

The magnetic proton FF has been measured up toQ2 = 31 GeV2, assuming
the scaling relationR = 1 for Q2 > 8.9 GeV2 [4].

The polarization transfer method can be also applied to the neutron, but it
needs deconvolution of nuclear effects for a deuteron or3He target. The neutron
electric FF has been measured up toQ2 ≃ 1.5 GeV2, and, although small, is not
compatible with zero [5]. In the TL region, the measurement of the differential
cross section for the processesp + p ↔ ℓ+ + ℓ− at a fixed value of the square
of the total energys and for two different angles of the scattered particle,θ, al-
lows the separation of the two FFs,|GM |2 and|GE |2, and it is equivalent to the
Rosenbluth separation for the elasticep-scattering [6]. This procedure is sim-
pler in TL region, as it requires to change only one kinematical variable,cos θ,
whereas, in SL region, it is necessary to change simultaneously two kinemati-
cal variables: the energy of the initial electron and the electron scattering angle,
fixing the momentum transfer squared.

In order to determine the form factors, the differential cross section has to
be integrated over a wide angular range. One typically assumes that theGE-
contribution plays a minor role in the cross section at largemomentum transfer
and the experimental results are usually given in terms of|GM |, under the hy-
pothesis thatGE = 0 or GE = GM [7].
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Nucleon FFs in TL region are larger than in SL region. NeutronTL FFs have
been measured only at Frascati [8]. These data, although they have larger errors,
show that in TL region neutron FFs are larger than proton FFs.

2 Global description of the data

Different approaches have been developed for the description of the nucleon
structure. However very few models exist, which can reproduce consistently all
four nucleon form factors.

Few models predicted -at least qualitatively- the behaviorof the electric pro-
ton FF, before the polarization data appeared. We quote herethe VMD model
from Ref. [9], the soliton model from Ref. [10], and, at a lesser extent, the di-
quark model from Ref. [11].

Not all models developed in SL region obey those analytical properties
which allow their extension to TL region. The extension of the nucleon mod-
els developed for the SL region to the TL region is straightforward for VMD
inspired models, which may give a good description of all FFsin the whole
kinematical region, after a fitting procedure involving a certain number of pa-
rameters [12–14]. The parametrization [12] can be considered a successful gen-
eralization, in TL region, based on unitarity and analyticity. It requires the mod-
elization of ten resonances, five isoscalar and five isovector.

Among the existing models of nucleon FFs, we consider some parametriza-
tions, which have an analytical expression that can be continued in TL region:
predictions of pQCD, in a form generally used as simple fit to experimental data,
a model based on vector meson dominance (VMD) [9], and a thirdmodel based
on an extension of VMD, with additional terms in order to satisfy the asymptotic
predictions of QCD [15], in the form called GKex(02L). We also considered the
Hohler parametrization [16] and the Bosted empirical fit [17].

The last two parametrizations can not be easily extended to TL region, as
poles and instabilities appear in the physical region.

The analytical continuation to TL region is based on the following relations:

Q2 = −q2 = q2e−iπ =⇒
{

ln(Q2) = ln(q2) − iπ
√

Q2 = e
−iπ

2

√

q2
(2)

Note that the sign of the phase may affect T-odd observables.Most of the
models predict a different behavior for the electric and themagnetic FFs in TL
region, whereas, as already mentioned, no individual determination of electric
and magnetic FFs has been done yet due to the limited statistics which is possi-
ble to achieve1. We chose to fit the data assuming that they correspond to the
magnetic FFs for proton and neutron, Fig. 2a and 2c, respectively. Therefore,
the curves for the electric FFs in Figs. 2b and 2d have to be considered predic-
tions from the models. Including or not the data on neutron FFs, in TL region,
influence very little the fitting procedure.

1A recent analysis has been done in [18]
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The parametrization from Ref. [9] is shown as a dotted line inFigs. 1 and
2. This model is based on a view of the nucleon as composed by aninner core
with a small radius (described by a dipole term) surrounded by a meson cloud.
While it reproduces very well the proton data in SL region (and particularly the
polarization measurements), it fails in reproducing the large Q2 behaviour of
the magnetic neutron FF in SL region. The present fit constrained on the TL
data and on the recent SL data does not improve the situation.In framework of
this model a good global fit in SL region has been obtained witha modification
including a phase in the common dipole term. However, the TL region is less
well reproduced [14]. Therefore, the curves drawn in all thefigures correspond
to the original parameters, which give, in our opinion, a better representation of
the whole set of data.

The result from an update fit based on the parametrization GKex(02L) [15]
is shown in Figs. 1 and 2 (solid line). It is possible to find a good overall
parametrization, with parameters not far from those found in the original paper
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Figure 1. Nucleon Form Factors in Space-Like region: (a) proton electric FF, scaled by
µpGMp (b) proton magnetic FF scaled byµpGD , (c) neutron electric FF, (d) neutron
magnetic FF, scaled byµnGD. The predictions of the models are drawn: from Ref. [9]
(dotted line), from Ref. [15] (solid line), model from Ref. [16] (dash-dotted line), from
Ref. [17] (dashed line).
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for the SL region only. The agreement is very good, for both proton and neutron
FFs.

The pQCD prediction, based on counting rules, follows the dipole behavior
in SL region, and can be extended in TL region as [19]:

|GM | =
A(N)

q4 ln2(q2/Λ2)
, (3)

whereΛ = 0.3 GeV is the QCD scale parameter andA is a free parameter.
This simple parametrization is taken to be the same for proton and neutron. The
best fit ( Fig. 2, dashed line) is obtained with a parameterA(p)= 56.3 GeV4 for
proton andA(n)= 77.15 GeV4 for neutron, which reflects the fact that in TL
region neutron FFs are larger than proton ones. One should note that errors are
also larger in TL region.

2.1 Observables in the TL region

The accessible observables in TL region, besides the differential cross section
and the angular asymmetry, are single and double spin polarization observables.
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Figure 2. Form Factors in Time-Like region and predictions of the models: pQCD-
inspired (dashed line), from Ref. [9] (dotted line), from Ref. [15] (solid line).
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The differential cross section for the reactionp + p̄ → e+ + e− is written in the
center of mass (CMS) as [6]:

(

dσ

dΩ

)

0

= N
[

(1 + cos2 θ)|GM |2 +
1

τ
sin2 θ|GE |2

]

, (4)

whereN =
α2

4
√

q2(q2 − 4m2)
, α = e2/(4π) ≃ 1/137, is a kinematical factor.

The angular dependence of the cross section, Eq. (4), results directly from
the assumption of one-photon exchange, where the photon hasspin 1 and the
electromagnetic hadron interaction satisfies theP−invariance. Therefore, the
measurement of the differential cross section at three angles (or more) would
also allow to test the presence of2γ exchange [20].

The electric and the magnetic FFs are weighted by different angular terms,
in the cross section, Eq. (4). One can define an angular asymmetry, R, with
respect to the differential cross section measured atθ = π/2, σ0 [21]:

(

dσ

dΩ

)

0

= σ0

[

1 + R cos2 θ
]

, (5)

whereR can be expressed as a function of FFs:

R =
τ |GM |2 − |GE |2
τ |GM |2 + |GE |2 . (6)

This observable should be very sensitive to the different underlying assumptions
on FFs, as it enhances the relative weight of the two angular terms.

Theq2 dependence of the total cross section can be presented as follows:

σ(q2) = N 8

3
π

[

2|GM |2 +
1

τ
|GE |2

]

. (7)

In case of polarized antiproton beam with polarization~P1, the only non zero
analyzing power is related toPy [6,22,23]:

(

dσ

dΩ

)

0

A1,y =
N√
τ

sin 2θIm(GMG∗

E). (8)

If the target is polarized, again the terms related to|GE |2 and|GM |2 vanish and
one can find~A2 = ~A1 = ~A, where the indices 1 and 2 refer to the projectile
and the target, respectively. One can see that this analyzing power, being T-odd,
does not vanish inp + p → ℓ+ + ℓ−, even in one-photon approximation, due to
the fact that FFs are complex in time-like region. This is a principal difference
with elasticep scattering. Let us note also that the assumptionGE = GM

implies Ay = 0, independently from any model taken for the calculation of
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FFs. When both colliding particles are polarized, among thenine possible terms:
Axy = Ayx = Azy = Ayz = 0 and the nonzero components are:

(

dσ

dΩ

)

0

Axx = sin2 θ

(

|GM |2 +
1

τ
|GE |2

)

N ,

(

dσ

dΩ

)

0

Ayy = − sin2 θ

(

|GM |2 − 1

τ
|GE |2

)

N ,

(

dσ

dΩ

)

0

Azz =

[

(1 + cos2 θ)|GM |2 − 1

τ
sin2 θ|GE |2

]

N ,

(

dσ

dΩ

)

0

Axz =

(

dσ

dΩ

)

0

Azx =
1√
τ

sin 2θReGEG∗

MN , (9)

whereAab are the spin correlation coefficients and the indicesa andb = x, y, z
refer to thea(b) component of the projectile (target) polarization. One cansee
that the double spin observables depend on the moduli squared of FFs, besides
Axz. Therefore, in order to determine the relative phase of FFs,in TL region,
the interesting observables areAy, andAxz which contain, respectively, the
imaginary and the real part of the productGEG∗

M .
The predictions for the cross section asymmetry and the polarization observ-

ables can be done for those models, described above, which give a good overall
description of the available FFs data in SL and TL regions. They are shown in
Fig. 3, for a fixed value ofθ = π/4 (θ is the CMS angle between the antipro-
ton and the ougoing electron). All these observables are, generally, quite large.
The model [9] predicts the largest (absolute) value atq2 ≃ 15 GeV 2 for all
observables, exceptAxz, which has two pronounced extrema.

The observables manifest a different behavior, according to the different
models. The sign, also, can be opposite for VMD inspired models and pQCD.
The model [15] is somehow intermediate between the two representations, as it
contains the asymptotic predictions of QCD (at the expensesof a larger number
of parameters).

The fact that single spin observables in annihilation reactions are discrim-
inative towards models, especially at threshold, was already pointed out in
Ref. [22], for the processe+ + e− → p + p on the basis of two versions of
a unitary VMD model, and repeated more recently in Ref. [24].The present
results, (Fig. 3), for the inverse reactionp+p → e+ + e−, confirm this trend for
all spin observables and show that experimental data will beextremely useful,
particularly in the kinematical region aroundq2 ≃ 15 GeV2 [25].

3 Asymptotic predictions

QCD scaling rules can predict the behavior (not the absolutevalue) of FFs, at
largeQ2. The elastic FF (in the interaction of a virtual photon with ahadron
containingn quarks) is the probability that the hadron remains unchanged after
transferring the momentum transfer squared to all components [19].
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Assuming that the interaction is propagated by gluons (spinone particles)
and conserving helicity, such probability can be written as

Pn = cn/[1 + Q2/nβ2](n−1) (10)

wheren is the number of constituent quarks andβ is the average momentum of
the quark. A valueβ2=0.471 GeV2 can be determined from a fit to pion data
(wheren = 2). For the nucleon, proton and neutron as well, Eq. (10) reduced to
the dipole formula

P3 = c3/[1 + Q2(GeV2)/.71]2. (11)

Note that, in non relativistic approach or in the Breit system, FFs are Fourier
transform of the charge and magnetic distributions. Eq. (11) corresponds to the
Fourier transform of an exponential distribution, and the value .71 GeV2 would
result from a root mean square radius< r2 >=0.81 fm2.

Electric FFs data issued from Rosenbluth measurements follow such scaling
behavior forQ2 > 2 GeV2, whereas polarization data do not. It has been re-
cently shown that adding logarithmic correction [26] can reconcile recent data
and QCD predictions. However those prescriptions are in contradiction with
asymptotic properties following from analyticity.
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Figure 3. Angular asymmetry and polarization observables,according to Eqs. (8) and
(9), for a fixed value ofθ = 45

0. Notations as in Fig. 2 .
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Another problem concerning FFs of pions and nucleons is the large differ-
ence in the absolute values in SL and TL regions. For example,atQ2=18 GeV2,
the largest value at which proton TL FFs have been measured [7], FFs in TL
region differ by a factor of two from the dipole value. The analyticity of FFs
allows to apply the Phragmèn-Lindelöf theorem [27] whichgives a rigorous
prescription for the asymptotic behavior of analytical functions:

lim
t→−∞

F (SL)(t) = lim
t→∞

F (TL)(t). (12)

This means that, asymptotically, FFs have the following constraints:

1. The time-like phase vanishes:ImFi(t) → 0, ast → ∞;

2. The real part of FFs, in TL region, coincides with the corresponding value
in SL region: ReF (TL)(t)[t → ∞] = F (SL)(t)[t → −∞], because
SL FFs are real functions, due to the hermiticity of the corresponding
electromagnetic Hamiltonian.

In order to test the two requirements stated above, the knowledge of the dif-
ferential cross section fore+ + e− ↔ p + p̄ is not sufficient, and polarization
phenomena have to be studied also. In this respect, T-odd polarization observ-
ables, such as thePy component of the proton polarization ine+ + e− → p + p̄,
are very interesting, although they may be difficult to measure [22].

4 The neutron electric form factor

Let us give a closer look to the neutron electric FF in SL region. The recent
measurements are based on the polarization method, and theyseem to exceed
the Galster parametrization at largeQ2.

Neutron FFs can also be deduced from the deuteron structure,in the frame-
work of non relativistic IA [28]. The deuteron structure functions can be factor-
ized in a term containing the isoscalar electromagnetic nucleon FFs,GES , and
a term which contains the S- and D-components of the deuteronwave function.
The electromagnetic FFs of the nucleons are considered as free ones, without
off-shell mass effects.

In Fig. 4 we report the isoscalar nucleon FF, calculated fromthe experimen-
tal data on the structure functionA(Q2) and using the Paris wave function. We
illustrate the behavior of the different nucleon electric FFs:GES , GEp andGEn.
GES , derived from different sets of deuteron data, decreases whenQ2 increases.
The solid line represents the Gari-Krümpelmann parametrization [29] forGES .
The dipole behavior, which is generally assumed for the proton electric FF, is
shown as a dotted line. The newGEp data, which decrease faster than the dipole
function, are also well reproduced by the Gari-Krümpelmann parametrization
(thick dashed line).

The electric neutron FF can be calculated fromGES , assuming forGEp a
dipole behavior (solid stars) or Eq. (1) (open stars). The last option leads to
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Figure 4. Nucleon electric form factors as functions of the momentum transferQ2 in the
framework of IA with Paris potential. Isoscalar electric form factors are derived from
the deuteron elastic scattering data: Ref. [31] (solid triangles), Ref. [32] (solid circles),
Ref. [33] (solid squares), and Ref. [4] (solid reversed triangles). The electric neutron
form factors are shown as solid stars when calculated from the dipole representation of
GEp (dotted line) and open stars whenGEp is derived from Eq. (1) (thin dashed-dotted
line). The parametrization from Ref. [29] is shown forGES (solid line) and forGEn

(thick dashed-dotted line). The thin dashed line is the parametrization from Ref. [30] for
GEn.

values forGEn which are in very good agreement with the parametrization [29].
These results shows thatGEn is not going to vanish at large momentum transfer,
but becomes more sizeable than predicted by other parametrizations, often used
in the calculations [30] (thin dashed line). Starting fromQ2 ≃ 2 GeV2 the form
factorGEn may become even larger thanGEp.

Recent measurements are reported as solid triangles (for anexhaustive com-
pilation see [34]) and seem to exceed the Galster parametrization at largeQ2

showing a tendency to join the present predictions. Evidently this procedure
gives an upper limit for the neutron electric FF, as all otheringredients of the
deuteron structure (relativistic corrections, meson exchange currents..) are ne-
glected. So this result suggests that either such corrections are not very large
or that they largely cancel. Such description reproduces not only A(Q2) by
construction, but also all other known data on the deuteron,the structure func-
tion B(Q2) and the tensor polarizationt20 of deuterons scattered by unpolarized
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electrons on an unpolarized deuteron target [28].

5 Two-photon exchange

It has been suggested that the discrepancy of the electric form factor data could
be at least partly solved by taking into account the two-photon exchange (TPE),
in ep elastic scattering (see the talk of L. Pentchev, this conference).

For ep elastic scattering, the one-photon exchange is consideredto be the
main mechanism. In the standard calculations of radiative corrections [35], the
two-photon exchange mechanism is only partially taken intoaccount consider-
ing the special part of the integral (the ’box diagrams’), where one photon car-
ries all the momentum transfer and the second photon is almost real. It has been
pointed out long ago [36] that, at large momentum transfer, the role of another
mechanism, where the momentum transfer is shared between the two photons,
can be relatively increased, due to the steep decreasing of the electromagnetic
form factors withQ2. This effect can eventually become so large that the tradi-
tional description of the electron-hadron interaction in terms of electromagnetic
currents (and electromagnetic form factors) can become incorrect.

Note that the two-photon exchange should appear at smallerQ2 for heavier
targets:d, 3He, 4He, because the corresponding form factors decrease faster
with Q2 in comparison with the proton ones. In Ref. [37] the possibleeffects of
2γ-exchange have been estimated from the precise data on the structure function
A(Q2), obtained at JLab in electron deuteron elastic scattering,up toQ2 = 6
GeV2 [32, 33]. The possibility of2γ-corrections has not been excluded by this
analysis, starting fromQ2 = 1 GeV2, and the necessity of dedicated exper-
iments was pointed out. From this kind of considerations, one would expect
to observe the two-photon contribution ineN -scattering at larger momentum
transfer, forQ2 ≃ 10 GeV2.

The TPE contribution results, first of all, in a nonlocal spinstructure of the
matrix element. Instead of two real amplitudes, functions of Q2, in case of TPE,
the matrix element contains three amplitudesAi(s, Q

2), i = 1 − 3, which are
complex functions of two independent variables,s andQ2. This makes the anal-
ysis of polarization effects quite complicated. The exact calculation of the2γ-
contribution to the amplitude of thee±p → e±p-process requires the knowledge
of the matrix element for the double virtual Compton scattering,γ∗+p → γ∗+p,
in a large kinematical region of colliding energy and virtuality of both photons,
and can not be done in a model independent form. However, the general sym-
metry properties of electromagnetic interaction, such as the C-invariance and the
crossing symmetry, allow to obtain rigorous results concerning the properties of
TPE for elasticeN -scattering and to analyze the effects of this mechanism in
eN -phenomenology [38].

The simplest way to measure the TPE contribution needs the parallel study
of positron and electron scattering, in the same kinematical conditions. The
two-photon contribution cancels (in the first order of the coupling constantα)
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in the sum of the differential cross sections,dσ(−)/dΩe + dσ(+)/dΩe. A linear
ǫ-fit of this quantity allows to extractGE(Q2) andGM (Q2), through a gener-
alized Rosenbluth separation. At higherQ2, due to the small contribution of
GE(Q2), the polarization transfer method should be used, which requires the
measurement of thePx and Pz-components of the final nucleon polarization
-with longitudinally polarized electron and positron beams. This can be in prin-
ciple realized at the HERAe± ring, with a polarized jet proton target, and at
VEPP3 (Novosibirsk) where experiments are planned.

In absence of positron beam two other possibilities to measure GE,M (Q2)
can be suggested, using only an electron beam [39, 40]. One possibility is the
measurement of three T-odd polarization observables, or five T-even polarization
observables. All these observables, which vanish in the Born approximation for
eN -scattering, must be of the order ofα and they should be measured with
corresponding accuracy. The extraction of the nucleon electromagnetic FFs is
still possible, but requires more complicated experiments, with a very high level
of precision. Only in this way it will be possible to investigate the nucleon
structure, at large momentum transfer, keeping the elegantformalism of QED,
traditionally used for this aim. Therefore, one needs unambiguous experimental
evidence of TPE, before advocating the presence of this mechanism, in specific
kinematics conditions.

From an analysis of the experimental data, it appears that the availableep
elastic scattering cross sections do not show any evidence of deviation from
the linearity in the Rosenbluth fit, and hence of the presenceof the two-photon
contribution, when parametrized following symmetry properties [41].

The new generation of experiments performed at largeQ2 makes use of large
acceptance detectors and requires important corrections of the raw data for ac-
ceptance, efficiency, energy and angle calibrations [42]. Limits of the procedure
and the approximations used for calculating radiative corrections were widely
discussed in the literature.

Radiative corrections to the unpolarized cross section mayreach 30-40%,
whereas they are considered to be negligible in polarization experiments (al-
though one should stress that, in this case, no complete calculation is available).
In particular they contain an importantǫ dependence which has a large influence
on the slope of the reduced cross section, changing even its sign, as shown in
Ref. [41]. It is this slope which is directly related toG2

Ep. A careful study of
the effect of radiative corrections to the experimental data seems necessary, due
to their large size and largeǫ dependence,in particular for the large values ofǫ,
where the recent experiments have been performed.

Recent measurements of the asymmetry in the scattering of transversely po-
larized electrons on unpolarized protons give values different from zero, con-
trary to what is expected in the Born approximation [43,44].This observable is
related to the imaginary part of the interference between one- and two-photon
exchange and can be related only indirectly to the real part of the interference,
which plays a role in the elasticep cross section.
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From the theoretical point of view, it seems unavoidable to consider the prob-
lem of the TPE contribution in thēp + p → e+ + e− reaction (for a complete
analysis see Ref. [45]). The processp̄ + p → e+ + e− and its crossing channel,
e + p → e + p, must have common mechanisms.

Particularly interesting is the single-spin asymmetry accessible with a polar-
ized antiproton beam on an unpolarized target, or with an unpolarized antiproton
beam on a polarized proton targetAy(θ), whereθ is the angle between the elec-
tron and the antiproton momenta in thep̄ + p → e+ + e− reaction CMS.

Ay(θ) is determined by the spin vector component which is perpendicular to
the reaction plane. Being a T–odd quantity,Ay(θ) does not vanish even in the
one–photon–exchange approximation due to the complex nature of the nucleon
FFs in the time–like region, in contrast with elastic electron–nucleon scattering.

When the electron is scattered atθ = 900 in the Born approximationAy(θ)
vanishes, but the presence of the TPE contributions leads toa non–zero value.
This quantity is expected to be small but increasing withq2.

6 Conclusions

We have given an overview of the present status of nucleon form factors and
presented future developments. Recent data have brought surprises, opened new
questions and suggested a different understanding of the nucleon structure. From
a theoretical point of view few models give a good description of all four FFs in
all kinematical region.

We have shown that in framework of VMD models it is possible tofind
a general description in all the kinematical domain. Measurements of single
spin asymmetry and angular asymmetry in TL region will be very selective on
models, as well as double spin observables, which are necessary to fully measure
FFs, as they are complex in TL region.

Many questions are still open. Recent data in the SL region show that the
ratio GEp/GMp deviates from the expected dipole behavior. Experiments will
be soon extended untilQ2=9 GeV2. The TPE contribution has been suggested
to explain this discrepancy, and more experiments are planned in order to sign
this mechanism, if present. In the TL region, the values of|GM | are larger than
the corresponding SL values. This has been considered as a proof of the non
applicability of the Phràgmen-Lindelöf theorem, (up tos=18 GeV2, at least) or
as an evidence that the asymptotic regime is not reached. Theneutron FFs in SL
region are far from being negligible even at largeQ2. In TL region neutron FFs
are larger than proton FFs and more experiments are planned at Frascati.

Large progress in view of a global interpretation of the nucleon FFs is ex-
pected from future experiments with antiproton beams: it will be possible, at
the future FAIR facility at GSI, to separate the electric andmagnetic FFs in a
wide region ofs and to extend the measurement of FFs up to the largest avail-
able energy, corresponding tos ≃ 30 GeV2. The presence of a large relative
phase of magnetic and electric proton FFs in the TL region, ifexperimentally
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proved at relatively large momentum transfer, can be considered a strong indi-
cation that these FFs have a different behavior. In particular, it will allow a test
of the Phràgmen-Lindelöf theorem.

The study of the processesp + p → π0 + ℓ+ + ℓ− andp + p → π+ + π− +
ℓ+ + ℓ− [46,47] will allow to measure proton FFs in the unphysical region (for
s ≤ 4m2, where the vector meson contribution plays an important role) and to
determine the relative phase of pion and nucleon FFs.
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