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Abstract.

An overview of the experimental data on nucleon form facierzesented
in the space-like and in the time-like regions. A global diggion in the

full kinematical region is done in terms of models developethe space-
like region and continued in the time-like region. The poidns of these
models for polarization observables, which will be acdgesn future with

antiproton beams, are shown. Open problems and inconsisseim the
present data are also discussed.

1 Introduction

Electromagnetic hadron form factors (FFs) contain thermgttion on the com-
posite nature of hadrons. They are fundamental quantitiéshnare directly
accessible through the measurement of the differentiakcsection and of spe-
cific polarization observables. They enter in the expreseifathe electromag-
netic current, and they are calculable by the models whiskrilee the nucleon
structure. Elastic electron hadron scattering is consifiéne most direct way
to access FFs, which contain the information on the groweté sif the hadron.
Electromagnetic probes are traditionally preferred torbait probes and the
interaction is assumed to occur through one photon exchandkis case, FFs
are real and functions of one variable, the four momenturargglLiof the virtual
photon,g?> = —Q2. The interest in their measurement at la€gfeis also related
to the test of QCD predictions. FFs should give a clear sigeadf the transi-
tion region from a non perturbative description of the nanlé a picture where
guark and gluon degrees of freedom should be taken expfiaiti® account.
Due to the hermiticity of the hamiltonian, FFs are real ingpace-like (SL)
region and complex in the time-like region (TL). The TL regiovhereg? > 0,
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is accessible through annihilation reactions,p < e™ +e~. Analiticity allows
to relate the properties of FFs in all the kinematical regidfe will show that
it is possible, in frame of VDM models and QCD prescriptiossall, to find
a reasonable description of the existing world data, andakenpredictions on
polarization observables in the TL region. Such data wilhbeessible in next
future, with polarized antiproton beams planned at FAIRIJGS

Large progress has been done in recent years in SL regiom thétavail-
ability of the high intensity, high polarized electron besaipolarized targets, po-
larimeters, and large acceptance spectrometers, maidbffarson Laboratory
(JLab), and MAMI (Mainz). It has become possible to apply pladarization
method, suggested many years ago [1], to extract the elgmivion FF, with
large precision up t6)? = 5.6 GeV2. Two dedicated experiments [2] (see the
talk of V. Punjabi, this conference) showed that the ratiahef electric to the
magnetic FF:R = p,Gg,/G up monotonically decreases and deviates from
unity, asQ? increasing, reaching a value & ~ 0.3 atQ? = 5.5 GeV?. The
following parametrization has been suggested:

R = 1,Gpp/Gurp = 1 — 0.13(Q? [GeV?] — 0.04), 1)

which shows that the electric and magnetic currents in tb&prare different.
This is a very surprising result, as all previous and alsemeanpolarized mea-
surements based on the Rosenbluth method [3] suggest &heditib R is con-
stant and consistent with unity. We will discuss furthes tiniconsistency given
by two methods which assume the same reaction mechanisnraroranally
consistent.

The magnetic proton FF has been measured Gptte- 31 GeV?, assuming
the scaling relatiol® = 1 for Q2 > 8.9 Ge\? [4].

The polarization transfer method can be also applied to ¢wran, but it
needs deconvolution of nuclear effects for a deuteroitlertarget. The neutron
electric FF has been measured ugfo~ 1.5 GeV?, and, although small, is not
compatible with zero [5]. In the TL region, the measuremdrhe differential
cross section for the procesges- p < £ + ¢~ at a fixed value of the square
of the total energy and for two different angles of the scattered partiéleal-
lows the separation of the two FR&,,|? and|G|?, and it is equivalent to the
Rosenbluth separation for the elastjegscattering [6]. This procedure is sim-
pler in TL region, as it requires to change only one kinenztiariable cos 6,
whereas, in SL region, it is necessary to change simultastgdwo kinemati-
cal variables: the energy of the initial electron and thetets scattering angle,
fixing the momentum transfer squared.

In order to determine the form factors, the differentialssr@ection has to
be integrated over a wide angular range. One typically assuhmat the g-
contribution plays a minor role in the cross section at larggnentum transfer
and the experimental results are usually given in termg-af|, under the hy-
pothesis thatiz = 0 or G = Gy [7].
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Nucleon FFsin TL region are larger than in SL region. NeufrbrirFs have
been measured only at Frascati [8]. These data, althouglintwe 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 deguipti the nucleon
structure. However very few models exist, which can repecedtonsistently all
four nucleon form factors.

Few models predicted -at least qualitatively- the behavfidhe electric pro-
ton FF, before the polarization data appeared. We quotetheréMD model
from Ref. [9], the soliton model from Ref. [10], and, at a kxsextent, the di-
qguark model from Ref. [11].

Not all models developed in SL region obey those analyticaperties
which allow their extension to TL region. The extension o tihucleon mod-
els developed for the SL region to the TL region is straighwird for VMD
inspired models, which may give a good description of all iFr¢he whole
kinematical region, after a fitting procedure involving ataan number of pa-
rameters [12—14]. The parametrization [12] can be consitlarsuccessful gen-
eralization, in TL region, based on unitarity and analyyicit requires the mod-
elization of ten resonances, five isoscalar and five isovecto

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

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

The analytical continuation to TL region is based on theofgihg relations:

2 2 2 —ir In(Q?) = In(¢®) —im
Q°=—-q¢" =q°e :>{ \/@:e#\/? (2

Note that the sign of the phase may affect T-odd observabMest of the
models predict a different behavior for the electric andrttegnetic FFs in TL
region, whereas, as already mentioned, no individual deétettion of electric
and magnetic FFs has been done yet due to the limited statgkiich is possi-
ble to achievé. We chose to fit the data assuming that they correspond to the
magnetic FFs for proton and neutron, Fig. 2a and 2c, resdctiTherefore,
the curves for the electric FFs in Figs. 2b and 2d have to beidered predic-
tions from the models. Including or not the data on neutros, FFTL 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 linEigs. 1 and
2. This model is based on a view of the nucleon as composed mnancore
with a small radius (described by a dipole term) surrounded meson cloud.
While it reproduces very well the proton data in SL regiond(@articularly the
polarization measurements), it fails in reproducing thrgda)? behaviour of
the magnetic neutron FF in SL region. The present fit comstthbn the TL
data and on the recent SL data does not improve the situdtidramework of
this model a good global fit in SL region has been obtained aithodification
including a phase in the common dipole term. However, the &dian is less
well reproduced [14]. Therefore, the curves drawn in allftperes correspond
to the original parameters, which give, in our opinion, adretepresentation of
the whole set of data.

The result from an update fit based on the parametrizatiorx(@Ré) [15]
is shown in Figs. 1 and 2 (solid line). It is possible to find admverall
parametrization, with parameters not far from those founihé original paper

Q° (Gev?)

Figure 1. Nucleon Form Factors in Space-Like region: (ajgmrelectric FF, scaled by
upGarp (D) proton magnetic FF scaled Iy, G p , (c) neutron electric FF, (d) neutron
magnetic FF, scaled by, G p. The predictions of the models are drawn: from Ref. [9]
(dotted line), from Ref. [15] (solid line), model from Reflg] (dash-dotted line), from
Ref. [17] (dashed line).
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for the SL region only. The agreementis very good, for botiiqgun and neutron
FFs.

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

A(N)

G| = ——)
Cul = )

3)
whereA = 0.3 GeV is the QCD scale parameter arddis a free parameter.
This simple parametrization is taken to be the same for pratm neutron. The
best fit ( Fig. 2, dashed line) is obtained with a paramdi@n= 56.3 Ge\* for
proton andA(n)= 77.15 GeV for neutron, which reflects the fact that in TL
region neutron FFs are larger than proton ones. One shotddimat errors are
also largerin TL region.

2.1 Observables in the TL region

The accessible observables in TL region, besides the eliffidl cross section
and the angular asymmetry, are single and double spin patan observables.

46 8 10 12 14 16 18 46 8 10 12 14 16 18
q° (GeV) o’ (GeV)

Figure 2. Form Factors in Time-Like region and predictiofishe models: pQCD-
inspired (dashed line), from Ref. [9] (dotted line), fromfR&5] (solid line).
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The differential cross section for the reactipr- p — e* + e~ is written in the
center of mass (CMS) as [6]:

d 1,
(d—g>0N[(1+c0529)|GM|2+;51n29|GE|2 , (4)

a2

whereN' = ——— a = €?/(47) ~ 1/137, is a kinematical factor.
4y/q*(¢* — 4m?)

The angular dependence of the cross section, Eq. (4), sedivdictly from
the assumption of one-photon exchange, where the photoggirad and the
electromagnetic hadron interaction satisfies theinvariance. Therefore, the
measurement of the differential cross section at threeean@r more) would
also allow to test the presencef exchange [20].

The electric and the magnetic FFs are weighted by differegtiar terms,
in the cross section, Eq. (4). One can define an angular asymme with
respect to the differential cross section measuréd-atr/2, oy [21]:

do

(E)o =09 [1 + R cos? 9} , (5)

whereR can be expressed as a function of FFs:

_ 7lGu? — |Gl

= =aEl 6
T[Cn P T 1CeP (©)

This observable should be very sensitive to the differedeullying assumptions
on FFs, as it enhances the relative weight of the two angelars.
Theq? dependence of the total cross section can be presentedassol

8 1
a(q?) :./\/gw {2|GM|2 + ;|GE|2 . (7)

In case of polarized antiproton beam with polarizatl?;mthe only non zero
analyzing power is related tB, [6, 22, 23]:

do N . .
(E)()Al’y = F sin 20Im(GprGyy). (8)

If the target is polarized, again the terms relatefiig |2 and|G,|? vanish and
one can findd, = A; = A, where the indices 1 and 2 refer to the projectile
and the target, respectively. One can see that this anglpower, being T-odd,
does not vanish ip +p — ¢ + £, even in one-photon approximation, due to
the fact that FFs are complex in time-like region. This is iagpal difference
with elasticep scattering. Let us note also that the assumptin = Gy,
implies A, = 0, independently from any model taken for the calculation of
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FFs. When both colliding particles are polarized, amongithe possible terms:
Ay = Aye = A,y = Ay, = 0 and the nonzero components are:

do 1
9 A, = sin? 2 1 2
(dQ)O " sin“ 0 (|GM| + 7‘|GE| )N,

do
— | A
(dQ ) 0 i

1
—sin’0 (|GM|2 - —|GE|2) N,
T

d 1 .
(d—;>oAzz = {(1+cos2 0)|Garl* — ;st 9|GE|2] N,
do do 1 . X
(d—Q>0sz = <d_Q)OAZI = \/—FSIH29R€GEGMN, (9)

whereA,; are the spin correlation coefficients and the indicesidb = z, y, 2
refer to thea(b) component of the projectile (target) polarization. One sea
that the double spin observables depend on the moduli stjoffers, besides
A,.. Therefore, in order to determine the relative phase of FF$L region,
the interesting observables arg,, and A,, which contain, respectively, the
imaginary and the real part of the proddetG7,.

The predictions for the cross section asymmetry and theipat&on observ-
ables can be done for those models, described above, whielagjood overall
description of the available FFs data in SL and TL regionseyTére shown in
Fig. 3, for a fixed value o = 7 /4 (9 is the CMS angle between the antipro-
ton and the ougoing electron). All these observables areergdly, quite large.
The model [9] predicts the largest (absolute) valug®at- 15 GeV? for all
observables, except, ., which has two pronounced extrema.

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

The fact that single spin observables in annihilation lieastare discrim-
inative towards models, especially at threshold, was dirgainted out in
Ref. [22], for the process™ + e~ — p + p on the basis of two versions of
a unitary VMD model, and repeated more recently in Ref. [ZBhe present
results, (Fig. 3), for the inverse reactipn-p — et + ¢, confirm this trend for
all spin observables and show that experimental data wigxteemely useful,
particularly in the kinematical region aroupél ~ 15 GeV? [25].

3 Asymptotic predictions

QCD scaling rules can predict the behavior (not the absoaliee) of FFs, at
large Q2. The elastic FF (in the interaction of a virtual photon witiadron
containingn quarks) is the probability that the hadron remains uncheuadger
transferring the momentum transfer squared to all compisri2f].
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Assuming that the interaction is propagated by gluons (spi particles)
and conserving helicity, such probability can be written as

Py =cp/[1+Q%/np?)* Y (10)

wheren is the number of constituent quarks afiés the average momentum of
the quark. A valug3?>=0.471 GeV can be determined from a fit to pion data
(wheren = 2). For the nucleon, proton and neutron as well, Eq. (10) redtc
the dipole formula

Py =c3/[1 +Q*(GeV?)/.71]% (11)

Note that, in non relativistic approach or in the Breit systé-Fs are Fourier
transform of the charge and magnetic distributions. Eq) ¢btresponds to the
Fourier transform of an exponential distribution, and thkie .71 GeV would
result from a root mean square radius? >=0.81 fn?.

Electric FFs data issued from Rosenbluth measurementsvfslich scaling
behavior forQ? > 2 GeV?, whereas polarization data do not. It has been re-
cently shown that adding logarithmic correction [26] cacamcile recent data
and QCD predictions. However those prescriptions are irradiction with
asymptotic properties following from analyticity.
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Figure 3. Angular asymmetry and polarization observaldesprding to Eqgs. (8) and
(9), for a fixed value of = 45°. Notations as in Fig. 2 .
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Another problem concerning FFs of pions and nucleons isatgeldiffer-
ence in the absolute values in SL and TL regions. For exarapig’=18 Ge\?,
the largest value at which proton TL FFs have been measute®fs in TL
region differ by a factor of two from the dipole value. The baiaity of FFs
allows to apply the Phragmén-Lindelof theorem [27] whiikies a rigorous
prescription for the asymptotic behavior of analyticaldtions:

lim FOD(t) = lim FTD(1). (12)

t——o0 t—o0
This means that, asymptotically, FFs have the followingst@ints:
1. The time-like phase vanishe&nF;(t) — 0, ast — oo;

2. Thereal part of FFs, in TL region, coincides with the cep@nding value
in SL region: ReFTL (1)t — oo] = FEL ()t — —oo], because
SL FFs are real functions, due to the hermiticity of the cgpmnding
electromagnetic Hamiltonian.

In order to test the two requirements stated above, the ladwye of the dif-
ferential cross section fart + e~ « p + p is not sufficient, and polarization
phenomena have to be studied also. In this respect, T-oddipaiion observ-
ables, such as the, component of the proton polarizationdrt + e~ — p+ p,
are very interesting, although they may be difficult to mea$?2].

4 The neutron electric form factor

Let us give a closer look to the neutron electric FF in SL ragidhe recent
measurements are based on the polarization method, anddkay to exceed
the Galster parametrization at largé.

Neutron FFs can also be deduced from the deuteron struatutes frame-
work of non relativistic 1A [28]. The deuteron structure fitions can be factor-
ized in a term containing the isoscalar electromagnetitemuncFFs,G ks, and
a term which contains the S- and D-components of the deuteava function.
The electromagnetic FFs of the nucleons are considereccasfres, without
off-shell mass effects.

In Fig. 4 we report the isoscalar nucleon FF, calculated fiteerexperimen-
tal data on the structure functioh(QQ?) and using the Paris wave function. We
illustrate the behavior of the different nucleon electfitsFG g s, Ggp andG gy,.

G s, derived from different sets of deuteron data, decreases®@h increases.
The solid line represents the Gari-Kriimpelmann paramegicn [29] forGgs.
The dipole behavior, which is generally assumed for thequralectric FF, is
shown as a dotted line. The n&g, data, which decrease faster than the dipole
function, are also well reproduced by the Gari-Krimpelmaarametrization
(thick dashed line).

The electric neutron FF can be calculated fréps, assuming foiGg, a
dipole behavior (solid stars) or Eq. (1) (open stars). Tis¢ dgotion leads to
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NUCLEON FORM FACTORS
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Figure 4. Nucleon electric form factors as functions of tremmentum transfe®? in the
framework of |A with Paris potential. Isoscalar electrigrfofactors are derived from
the deuteron elastic scattering data: Ref. [31] (solichgias), Ref. [32] (solid circles),
Ref. [33] (solid squares), and Ref. [4] (solid reversednigias). The electric neutron
form factors are shown as solid stars when calculated fradipole representation of
G g, (dotted line) and open stars whéhg,, is derived from Eq. (1) (thin dashed-dotted
line). The parametrization from Ref. [29] is shown f@1zs (solid line) and forG gy,
(thick dashed-dotted line). The thin dashed line is thepatezation from Ref. [30] for
GEgn.

values forG g,, which are in very good agreement with the parametrizati&h [2
These results shows th@ts,, is not going to vanish at large momentum transfer,
but becomes more sizeable than predicted by other paraatétns, often used
in the calculations [30] (thin dashed line). Starting fr@yh ~ 2 GeV? the form
factorGg,, may become even larger théf,,.

Recent measurements are reported as solid triangles (ftteustive com-
pilation see [34]) and seem to exceed the Galster paramttrizat large?
showing a tendency to join the present predictions. Evlgahts procedure
gives an upper limit for the neutron electric FF, as all otingredients of the
deuteron structure (relativistic corrections, meson arge currents..) are ne-
glected. So this result suggests that either such correctice not very large
or that they largely cancel. Such description reproducésonty A(Q?) by
construction, but also all other known data on the deutdatenstructure func-
tion B(Q?) and the tensor polarizatidn, 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 electnicfirctor data could
be at least partly solved by taking into account the two-phetxchange (TPE),
in ep elastic scattering (see the talk of L. Pentchev, this cemies).

For ep elastic scattering, the one-photon exchange is considerbd the
main mechanism. In the standard calculations of radiativeections [35], the
two-photon exchange mechanism is only partially taken émcount consider-
ing the special part of the integral (the 'box diagrams’) endone photon car-
ries all the momentum transfer and the second photon is almals It has been
pointed out long ago [36] that, at large momentum transfer role of another
mechanism, where the momentum transfer is shared betwedwdhphotons,
can be relatively increased, due to the steep decreasirg aléctromagnetic
form factors with@Q?. This effect can eventually become so large that the tradi-
tional description of the electron-hadron interactionemis of electromagnetic
currents (and electromagnetic form factors) can beconwract.

Note that the two-photon exchange should appear at snigfiéor heavier
targets: d, 2He, “He, because the corresponding form factors decrease faster
with Q? in comparison with the proton ones. In Ref. [37] the possifflects of
2~-exchange have been estimated from the precise data omubhgise function
A(Q?), obtained at JLab in electron deuteron elastic scattetipgp Q? =
GeV? [32, 33]. The possibility oRv-corrections has not been excluded by this
analysis, starting froni)? = 1 GeV?, and the necessity of dedicated exper-
iments was pointed out. From this kind of consideration® would expect
to observe the two-photon contribution éiV-scattering at larger momentum
transfer, forQ? ~ 10 GeV?.

The TPE contribution results, first of all, in a nonlocal spiructure of the
matrix element. Instead of two real amplitudes, functiohg®, in case of TPE,
the matrix element contains three amplitudéss, Q?), i = 1 — 3, which are
complex functions of two independent variableand@?. This makes the anal-
ysis of polarization effects quite complicated. The exadtwalation of the2-
contribution to the amplitude of the"p — e*p-process requires the knowledge
of the matrix element for the double virtual Compton scattgry*+p — v*+p,
in a large kinematical region of colliding energy and vitityeof both photons,
and can not be done in a model independent form. However,ahergl sym-
metry properties of electromagnetic interaction, suclha-invariance and the
crossing symmetry, allow to obtain rigorous results coniceythe properties of
TPE for elastice N-scattering and to analyze the effects of this mechanism in
eN-phenomenology [38].

The simplest way to measure the TPE contribution needs tredglastudy
of positron and electron scattering, in the same kinemiaticaditions. The
two-photon contribution cancels (in the first order of thegiing constanty)
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in the sum of the differential cross sectiods =) /dQ. + do'*) /dS2.. Alinear
e-fit of this quantity allows to extradt'z(Q?) and G, (Q?), through a gener-
alized Rosenbluth separation. At high@?, due to the small contribution of
Gr(Q?), the polarization transfer method should be used, whichireg the
measurement of th&, and P,-components of the final nucleon polarization
-with longitudinally polarized electron and positron besarfihis can be in prin-
ciple realized at the HERA® ring, with a polarized jet proton target, and at
VEPP3 (Novosibirsk) where experiments are planned.

In absence of positron beam two other possibilities to meeGy; 1 (Q?)
can be suggested, using only an electron beam [39, 40]. Cswhjildy is the
measurement of three T-odd polarization observables,@ffeven polarization
observables. All these observables, which vanish in th@ Bpproximation for
eN-scattering, must be of the order afand they should be measured with
corresponding accuracy. The extraction of the nucleortreleagnetic FFs is
still possible, but requires more complicated experimenith a very high level
of precision. Only in this way it will be possible to investig the nucleon
structure, at large momentum transfer, keeping the eldgamialism of QED,
traditionally used for this aim. Therefore, one needs urigadus experimental
evidence of TPE, before advocating the presence of this amésmm, in specific
kinematics conditions.

From an analysis of the experimental data, it appears tieaavhilableep
elastic scattering cross sections do not show any evidehdeviation from
the linearity in the Rosenbluth fit, and hence of the presefitee two-photon
contribution, when parametrized following symmetry pndjes [41].

The new generation of experiments performed at laf§enakes use of large
acceptance detectors and requires important correctiothe saw data for ac-
ceptance, efficiency, energy and angle calibrations [4iits of the procedure
and the approximations used for calculating radiativeemions were widely
discussed in the literature.

Radiative corrections to the unpolarized cross section reagh 30-40%,
whereas they are considered to be negligible in polarimaxperiments (al-
though one should stress that, in this case, no completelatitm is available).
In particular they contain an importantiependence which has a large influence
on the slope of the reduced cross section, changing eveigitsas shown in
Ref. [41]. It is this slope which is directly related ©2Ep' A careful study of
the effect of radiative corrections to the experimentahdatems necessary, due
to their large size and largedependence,in particular for the large values,of
where the recent experiments have been performed.

Recent measurements of the asymmetry in the scatteringrafuersely po-
larized electrons on unpolarized protons give values wffefrom zero, con-
trary to what is expected in the Born approximation [43, 44{is observable is
related to the imaginary part of the interference betwees and two-photon
exchange and can be related only indirectly to the real gaheointerference,
which plays a role in the elastigp cross section.
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From the theoretical point of view, it seems unavoidableiwsider the prob-
lem of the TPE contribution in thg + p — e™ + ¢~ reaction (for a complete
analysis see Ref. [45]). The procgss p — et + e~ and its crossing channel,
e + p — e + p, must have common mechanisms.

Particularly interesting is the single-spin asymmetryeasible with a polar-
ized antiproton beam on an unpolarized target, or with amlanjzed antiproton
beam on a polarized proton targég (), whered is the angle between the elec-
tron and the antiproton momenta in the- p — et + e~ reaction CMS.

A, (0) is determined by the spin vector component which is perpeteati to
the reaction plane. Being a T-odd quantity,(¢) does not vanish even in the
one—photon—exchange approximation due to the complexanafuhe nucleon
FFs in the time—-like region, in contrast with elastic elentrnucleon scattering.

When the electron is scattereddat 90° in the Born approximationt,, ()
vanishes, but the presence of the TPE contributions leadstn—zero value.
This quantity is expected to be small but increasing with

6 Conclusions

We have given an overview of the present status of nuclean factors and
presented future developments. Recent data have broughis&s, opened new
guestions and suggested a different understanding of ttieawstructure. From
a theoretical point of view few models give a good descriptiball four FFs in
all kinematical region.

We have shown that in framework of VMD models it is possibldital
a general description in all the kinematical domain. Measwents of single
spin asymmetry and angular asymmetry in TL region will bey\salective on
models, as well as double spin observables, which are reagasgully measure
FFs, as they are complexin TL region.

Many questions are still open. Recent data in the SL regiowghat the
ratio G g,/ Garp deviates from the expected dipole behavior. Experimenits wi
be soon extended unti)>=9 Ge\?. The TPE contribution has been suggested
to explain this discrepancy, and more experiments are pthimorder to sign
this mechanism, if present. In the TL region, the valuegf;| are larger than
the corresponding SL values. This has been considered asoagirthe non
applicability of the Phragmen-Lindelof theorem, (upstal8 Ge\?, at least) or
as an evidence that the asymptotic regime is not reachechduteon FFs in SL
region are far from being negligible even at largé. In TL region neutron FFs
are larger than proton FFs and more experiments are planfedszati.

Large progress in view of a global interpretation of the rod FFs is ex-
pected from future experiments with antiproton beams: it beé possible, at
the future FAIR facility at GSI, to separate the electric anagnetic FFs in a
wide region ofs and to extend the measurement of FFs up to the largest avail-
able energy, corresponding to~ 30 GeV?. The presence of a large relative
phase of magnetic and electric proton FFs in the TL regioaxderimentally
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proved at relatively large momentum transfer, can be cemnettla strong indi-
cation that these FFs have a different behavior. In pagicitlwill allow a test
of the Phragmen-Lindeldf theorem.

The study of the processgs-p — 7 + /T + ¢~ andp+p —» 7+ + 71~ +
¢+ 4 ¢~ [46,47] will allow to measure proton FFs in the unphysicajlioa (for
s < 4m?, where the vector meson contribution plays an importarm)rahd to
determine the relative phase of pion and nucleon FFs.
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