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Electromagnetic form factor represent the only experimentalprobe for non-perturbative quantum chromodynamics. They allow to access infor-
mation on the parton structure of hadrons in terms of energy-dependent couplings to photons. New sets of data, mainly in time-like region, coming
from flavor-factories, make possible more accurate analyses which require a deeper understanding of hadron structure andmore sophisticated fitting
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1. Introduction

Electromagnetic form factors (FFs) describe modificationsof pointlike photon-hadron vertices due to the structure ofhadrons.
The photon, interacting with single elementary charges, the quarks, represents a powerful probe for the internal structure of com-
posite particles. Furthermore, being the electromagneticleptonic interaction exactly calculable in QED, the dynamical content of
each vertex can be easily extract from data.

1.1. Nucleon Form Factors

The elastic scattering of an electron by a nucleone−N→ e−N is represented, in Born approximation, by the diagram of fig.1, in
the vertical direction. In this kinematic region the four-momentum of the virtual photon is space-like and hence its squared value
is negative:q2 = −2ω1ω2(1− cosθe) ≤ 0, beingω1(2) the energy of the incoming (outgoing) electron andθe the scattering angle.
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Fig. 1. One-photon exchange Feynman diagram for scatteringe−N → e−N and annihi-
latione+e− → NN.

The same diagram of fig. 1, but in the horizontal direction, represents the annihilatione+e− → NN or NN → e+e−. For these
processes the four-momentumq is time-like, in fact:q2 = (2ω)2 ≥ 0, whereω ≡ ω1 = ω2 is the common value of the lepton
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energy in thee+e− center of mass frame (CM).
The Feynman amplitude for the elastic scattering is

M = 1
q2

[
eu(k2)γµu(k1)

][
eU(p2)Γµ(p1, p2)U(p1)

]
, (1)

where the four-momenta follow the labelling of fig. 1,u andU are the electron and nucleon spinors, andΓµ is a non-constant
matrix which describes the nucleon vertex. Using gauge and Lorentz invariance the most general form of such a matrix is1

Γµ = γµF1(q2) +
iσµνqν

2M
F2(q2) , (2)

whereM is the nucleon mass.Γµ depends on two Lorentz scalar functions ofq2, F1(q2) andF2(q2) called Dirac and Pauli FFs,
they describe the non-helicity-flip and the helicity-flip part of the hadronic current respectively. Normalizations atq2 = 0 follow
from total charge and magnetic moment conservation and are

F1(0) = QN , F2(0) = κN , (3)

whereQN is the electric charge (in units ofe) andκN the anomalous magnetic moment (in units of the Bohr magnetonµB) of the
nucleonN.
Other pairs of FFs can be defined as combinations ofF1 andF2, of particular interest are the so-called Sachs FFsGE andGM

2 that
can be obtained from the hadronic current written in a special frame, i.e. the Breit frame. Indeed in such a frame the transferred
four-momentumq is purely space-like:q = (0, ~q) and the nucleon momentum, during the scattering, passes from−~q/2 to+~q/2.
Under these conditions the hadronic current gets the standard form of an electromagnetic four-current, i.e. the time and the
space-component are Fourier transformations of a charge density and a current density respectively, i.e.:



ρq = J0 = e

[
F1 +

q2

4M2
F2

]

~Jq = eU(p2)~γU(p1) [F1 + F2] .

(4)

As a consequence, Sachs electric and magnetic FFs are definedthrough the combinations


GE = F1 +
q2

4M2
F2

GM = F1 + F2 .

(5)

At the time-like production thresholdq2 = 4M2, assuming onlyS-wave contribution, that is, a non singular behavior forF1 and
F2, the Sachs FFs are equal each other, i.e.:

GE(4M2) = GM(4M2) . (6)

The normalization of the Sachs FFs atq2 = 0 follows from their interpretation in terms of Fourier transformations of charge and
magnetic moment distributions and it is

GE(0) = QN , GM(0) = µN , (7)

whereµN = QN + κN is the nucleon magnetic moment in units of the Bohr magnetonµB.

1.2. Time-like region, analytic properties and asymptotic behavior

Analyticity of nucleon FFs as functions ofq2 is guaranteed by the microcausality3 and the unitarity, implemented through the
optical theorem,4 defines discontinuities in theq2 complex plane. Nucleon FFs are real in the space-like region, i.e. for q2 ≤ 0.
In the time-like region, for positiveq2, the photon carries enough virtual mass to couple with intermediate, on-shell states.
Therefore, using the optical theorem as schematically represented in fig. 2, the imaginary part of the amplitude which describes
the coupling of the photon to the nucleon-antinucleon pair can be decomposed as

Im
[
〈N(p1)N(p2)|J|0〉

]
∼

∑

n

〈N(p1)N(p2)|J†|n〉〈n|J|0〉 , (8)

wheren runs over all the hadronic intermediate states allowed by conservation laws. The lightest hadronic state to be considered,
and hence the first that opens, is theπ+π− channel. It follows that the amplitude as well as the FFs, which characterize theq2

dependence of the nucleon current, acquire an imaginary part different from zero starting from the so-called theoretical threshold
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Fig. 2. Spectral decomposition of the time-like nucleon vertex.

s1· · ·s0

Im( q2)

Re(q2)

space-like region
eN→ eN

time-like unphysical region
no data

time-like data region

e+e− ↔ NN

Fig. 3. Theq2 complex plane with the discontinuity on the real axis given bythe superposition of all the intermediate-channel
cuts.

s0 = (2Mπ)2. The FFs are then analytic functions in the wholeq2 complex plane, shown in fig. 3, with a discontinuity cut, over
the real axis (time-like region), froms0 up to infinity.
Such a cut is the superposition of the infinite possible intermediate states that can couple with the virtual photon and produce the
final nucleon-antinucleon pair.
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Fig. 4. A photon at large virtuality interacts with the nucleon.

In the framework of perturbative QCD (pQCD), the FF asymptotic behavior in the space-like region, i.e. asq2 → −∞, is driven
by two principles: the quark counting rule5 and the hadronic helicity conservation.6 At asymptotically large values of−q2, the
photon has sufficiently large virtuality to see the nucleon made of three collinear quarks, as sketched in fig. 4. To keep the nucleon
intact, the momentum transferred by the photon has to be shared among the constituent quarks. The minimal action to be done in
order to guarantee the partitioning ofq is represented by two gluon exchanges as shown in fig. 4. The corresponding two gluon
propagators give the power low (−q2)−2 for the FF. More in detail, for the Dirac and Pauli FFs the asymptotic power laws are

lim
q2→−∞

F1(q2) ∼
(

1
−q2

)2

, lim
q2→−∞

F2(q2) ∼
(

1
−q2

)3

. (9)

The Pauli FFF2(q2) is connected to the helicity-violating part of the hadronic current and, since the helicity flip involves, at
leading order, a further gluon-exchange and hence an additional gluon propagator, the resulting power law is (−q2)−3, as reported
in eq. (9). The Sachs FFs, defined in eq. (5), have the same asymptotic power law, i.e.

lim
q2→−∞

GE,M(q2) ∼
(

1
−q2

)2

. (10)
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The asymptotic behavior in the time-like region can be inferred from the space-like one invoking the Phragmén-Lindelöfthe-
orema.7 In fact, having that the FFs are regular and bounded in the whole upper halfq2-complex plane (Imq2 ≥ 0), the limits
along the two lines that define this region, the negative and positive real axes, must be equal, i.e.:

lim
q2→+∞

GE,M(q2)
︸             ︷︷             ︸

time-like

= lim
q2→−∞

GE,M(q2)
︸             ︷︷             ︸

space-like

∼


1∣∣∣q2
∣∣∣


2

. (11)

Since in the time-like region FFs are complex, the fact that they vanish as real functions means that the imaginary part vanishes
faster than the real one or, in other words, that the phase, asq2→ +∞, tends to integer multiples ofπ radians.

1.3. Cross sections

Data on nucleon FFs can be obtained studying angular distributions of differential cross sections for the scatteringe−N → e−N
and the annihilatione+e− ↔ NN. In particular, as it is shown in the schematic representation of fig. 3:

• from elastic scattering we gain information on the real values of FFs in the space-like region (q2 ≤ 0);
• from annihilation cross sections we extract the moduli of the FFs above the physical thresholds1 = (2M)2;
• in the remaining energy interval, fromq2 = 0 up toq2 = s1, the so-called “unphysical region”, FFs are not experimentally

accessible even though, thanks to the analyticity, they arestill well defined.

The differential cross section for the elastic scatteringe−N → e−N in the laboratory frame, i.e.p1 = (M, ~0), and in Born
approximation is

dσ
dcosθe

=
πα2ω2 cos2 θe

2

2ω3
1 sin4 θe

2

{
GE(q2)2 − τ

[
1+ 2(1− τ) tan2 θe

2

]
GM(q2)2

} 1
1− τ , (12)

where:τ = q2/(2M)2, θe is the lepton scattering angle andω1(2) is the energy of the incoming (outgoing) lepton. The expression
of eq. (12) is known as the Rosenbluth formula.8

The differential cross section for the crossed process of the scattering, i.e. the annihilatione+e− → NN, in the CM is9

dσ
dcosθ

=
πα2

2q2
βCQN

[
(1+cos2 θ)

∣∣∣GM(q2)
∣∣∣2+ 1

τ
sin2 θ

∣∣∣GE(q2)
∣∣∣2
]
, β =

√
1− 1

τ
, (13)

whereβ is the velocity of the outgoing nucleon andCQN is the so-called Coulomb factor10

CQN =



πα/β

1− exp(−πα/β)
QN = 1

1 QN = 0 .

(14)

It accounts for the electromagneticNN final state interaction and corresponds to the squared valueof the Coulomb scattering
wave function at the origin.

2. Data and discoveries in the time-like region

The total cross section for production processes:e+e− → NN can be obtained from eq. (13) via angular integration and it reads

σ(e+e− → NN) =
4πα2

3q2
βCQN

[∣∣∣GM(q2)
∣∣∣2 + 1

2τ

∣∣∣GE(q2)
∣∣∣2
]
. (15)

The cross section of the time-reversed processNN → e+e− is related to the previous one through the proportionality relation:

σ(NN→ e+e−) = σ(e+e− → NN) |
~k1|2
|~p1|2 =

σ(e+e−→NN)
β2 , and hence

σ(NN→ e+e−) =
4πα2

3q2

CQN

β

[∣∣∣GM(q2)
∣∣∣2 + 1

2τ

∣∣∣GE(q2)
∣∣∣2
]
. (16)

Obviously the only difference between the expressions of eq. (15) and (16) lies in the phase-space factor, the dynamical
content, represented by the quantity inside the square brackets, is the same.

aThe Phragmén-Lindelöf theorem states that: given an analytic function f (z), such thatf (z) → a asz→ ∞ along a straight line, andf (z) → b asz→ ∞ along
another straight line, iff (z) is regular and bounded in the angle between these two lines,thena = b and f (z)→ a uniformly in this angle.
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2.1. The pp case

In order to have comparable data, what usually experiments give is an effective FF obtained under the working hypothesis
|GE(q2)| = |GM(q2)|. This assumption is exactly true only at the thresholdq2 = s1 = 4M2 [see eq. (6)].
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Fig. 5. Worldwide collection of data on|Gp
eff (q2)|. The experiments are:B AB AR,11 ADONE,12 SPKR,13 DM1,14 DM2(83),15 DM2(90),16

FENICE,17 WIRE,18 BES,19 CALO(93),20 CALO(99),21 CALO(03).22

Using the cross sectionσ(e+e− → pp) from eq. (15) andσ(pp→ e+e−) from eq. (16) in the proton case, i.e. withN ≡ p, such
an effective FF can be extracted from data through

∣∣∣Gp
eff(q

2)
∣∣∣ =

√√√√√√ σ(e+e− → pp)

4πα2

3q2
βC1

(
1+

1
2τ

) =
√√√√√√ σ(pp→ e+e−)

4πα2

3q2

C1

β

(
1+

1
2τ

) , (17)

where the second identity holds under the assumption of time-reversal symmetry. In terms of Sachs FFs,|Gp
eff | corresponds to the

following expression

∣∣∣Gp
eff(q

2)
∣∣∣ =

√
2τ

∣∣∣GM(q2)
∣∣∣2 +

∣∣∣GE(q2)
∣∣∣2

2τ + 1
. (18)

The worldwide collection of data on|Gp
eff | is shown in fig. 5. It is interesting to note that at largeq2, even though|Gp

M | → |G
p
E|,

the effective FF|Gp
eff | goes to|Gp

M |.

2.1.1. Production of pp at threshold

BABARhas measured the cross section of the process

e+e− → pp

with unprecedented accuracy, collecting more then 4000 events in a wide rage ofpp invariant mass: from threshold up to∼ 4
GeV. The measurement has been performed by using the initialstate radiation technique (ISR) and detecting the radiatedphoton.

Besides the unavoidable drawback to have a reduced luminosity by about a factor ofα, the main advantages in using this technique
are:

• the detection efficiency is quite high even at the production threshold, i.e. when thepp-system invariant mass is equal
to 2M. This is a consequence of the fact that thepp pair is produced together with a photon and hence it has always a
boost in the laboratory frame which makes the detection possible for anypp invariant mass;

• an energy resolution of∼ 1 MeV for the hadronic system;
• a full angular acceptance, even at 0o and 180o, due to the detection of the radiated photon.
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Fig. 6. Low-energye+e− → pp total cross section as measured byB AB
AR.11 The gray vertical line indicates the production threshold.

Figure 6 shows low-energyBABAR data on thee+e− → pp total cross section. At the production threshold such a cross section is
suddenly different from zero and then it maintains an almost constant values for about 200 MeV. At leading order, asq2→ 4M2,
the behavior of the cross sectionσ(e+e− → pp), reported in eq. (15), is guided by the phase-space factor and hence it should
vanish like the velocityβ =

√
1− 4M2/q2. However, since we are producing a pair of charged particles, the Coulomb correction

has to be considered. This correction is represented by the factorC1 defined in eq. (14), that, close to threshold, whenβ → 0,
goes like (πα/β) and thenit compensates the vanishing of the phase-space. In light of that, the threshold cross section can be
computed in terms of the modulus ofGp(4M2), the common value ofGp

E andGp
E atq2 = 4M2 [eq. (6)], and it is23

σ(e+e− → pp)(4M2) =
π2α3

2M2
×

∣∣∣Gp(4M2)
∣∣∣2 = (0.85 nb)×

∣∣∣Gp(4M2)
∣∣∣2 , (19)

that, compared with theBABAR threshold measurement11

σ(e+e− → pp)(4M2) = 0.85± 0.05 nb,

gives the FF normalization:

|Gp(4M2)| = 1.00± 0.05. (20)

This means that the proton and the antiproton, at the production threshold,behave like a pointlike fermion pair, i.e. their hadronic
structure does not have any effect.
Even though, the identity of eq. (20) corresponds to the normalizations ofGp

E(q2) andGp
M(q2)/µp atq2 = 0, as reported in eq. (7),

the validity of similar constraints in the time-like regionis completely unexpected. In fact, at that value ofq2, the interpretation
of FFs as Fourier transformations of charge and magnetization distributions, which underlies the identities of eq. (7), does not
make any sense. Micorscopic models24 describing nucleon FFs in both space and time-like regions can be easily tuned to fulfil
the normalization of eq. (20).
As already pointed out in § 1.1, the hadronic current can be parametrized in terms of different pairs of FFs. BesidesFp

1,2 and
Gp

E,M, also a partial-wave decomposition can be considered. Indeed, parity conservation allows onlyL = 0 andL = 2 angular
momentum for thepp system, hence we can use theS andD-wave FFsGp

S andGp
D. They can be defined as

Gp
S =

2Gp
M

√
τ +Gp

E

3
, Gp

D =
Gp

M

√
τ −Gp

E

3
, (21)

and the total cross section of eq. (15), written in terms ofGp
S andGp

D, becomes

σ(e+e− → pp) =
2πα2

q2

β

τ

[
C1

∣∣∣Gp
S(q2)

∣∣∣2 + 2
∣∣∣Gp

D(q2)
∣∣∣2
]
. (22)
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Here the Coulomb correctionC1 affects the onlyS wave because theD wave vanishes at the origin.
With a mild assumption on the relative phase betweenGp

E andGp
M, and using theBABAR data on the ratio|Gp

E|/|G
p
M | and total

cross section11 shown in fig. 7, time-like values of|Gp
S| and|Gp

D| can be extracted. Figure 8 shows moduli ofS andD-wave FFs,
obtained with this procedure in Ref.,25 and the function 1/

√
R, whereR is the resummation factor of the Coulomb correction.

More in detail, the functionC1 defined in eq. (14) is usually written as the product of an enhancement factorE and a resummation
factorR, with

E = πα

β
, R = 1

1− exp(−πα/β)
. (23)

BABARdata proved that

|Gp
S(q2)| ≃ 1

√
R
=

√
1− exp(−πα/β) , for q2 ∈ (4M2,∼ 4 GeV2) ,

i.e.: theS-wave FF, close to threshold, is in striking agreement with the function 1/
√
R, as it is shown in fig. 8. It follows that, a

Coulomb correction,̃C1, with the only enhancement factor should imply anS-wave FF,G̃p
S, which remains almost constant and

equal to one for about 200 MeV above threshold, i.e.

C1 = E × R −→ C̃1 = E =⇒ |G̃p
S(q2)| ∼ 1 , for q2 ∈ (4M2,∼ 4 GeV2) . (24)
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A naïve explanation25 for the introduction of the “rescaled” factor̃C1 of eq. (24) could be the existence of a cutoff for the
Coulomb dominance that, in case of baryons, is hundred timesgreater than that expected for pointlike charged fermions.

2.2. The ratio |Gp
E
/Gp

M
|

For the first timeBABARhas measured the modulus of the ratio between electric and magnetic FFs in the annihilatione+e− → pp.
There exists only one previous attempt done by the WIRE Collaboration, but in the time-reversed processpp→ e+e−.18 Recently,
performing a re-analysis of old data sets from; thee+e− experiments FENICE and DM2, and thepp experiment E835, two new
points have been added.26 Figure 9 shows all available data in the time-like region forthe modulus of the ratio

R(q2) = µp
Gp

E(q2)

Gp
M(q2)

. (25)
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The horizontal line represents the so called “scaling”, i.e. the identity|Gp
E| = |G

p
M |, that, in principle, holds only at the threshold,

see eq. (6), where not only moduli but also phases coincide. In particular the validity of the scaling above threshold hasbeen
definitively disproved byBABAR (fig. 9) that measured for the first time the inequality

|Gp
E(q2)| > |Gp

M(q2)| , for q2 ∼ 2 GeV2 . (26)

From the theoretical point of view the ratioR(q2) is an analytic function in the wholeq2-complex plane with the cut (s0,∞), as
each single FFs (see § 1.2), it follows that its time-like andspace-like values are intimately related. In particular, the time-like
enhancement has been connected with the space-like data that show, instead, a decreasing behavior.27

Furthermore, time-like data on|R| can be used to estimate the two-photon contribution in the processe+e− → pp. Indeed, the
two-photon exchanged annihilatione+e− → γ∗γ∗ → pp has positive charge conjugation,C = +1, hence its amplitude interferes
with theC = −1 Born amplitude, originating terms with odd powers of cosθ in the angular distribution. A study performed on the
BABARdata gave an estimate for two-photon exchange contributionof the order of few %,28 in agreement with natural expectations
for radiative corrections.
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Fig. 10. e+e− → ΛΛ (a),e+e− → ΛΣ0 + ΛΣ0 (b) ande+e− → Σ0Σ0 (c) total cross sections measured by theB AB AR29 experiment. The
gray vertical lines indicate the production thresholds.

2.3. Strange baryons

The peculiar behavior shown by thee+e− → pp process, i.e. a cross section which is suddenly different from zero at threshold
where it reaches its maximum value and then decreases uniformly, has been observed also in other reactions where baryon-
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antibaryon pairs are produced viae+e− annihilation.BABAR measured total cross sections for the processes:e+e− → ΛΛ, e+e− →
ΛΣ0 + ΛΣ0 ande+e− → Σ0Σ0 using the ISR technique,29 in particularσ(e+e− → ΛΣ0 + ΛΣ0) andσ(e+e− → Σ0Σ0) have been
measured for the first time, while forσ(e+e− → ΛΛ) there exists only one previous data point from the DM2 collaboration.16

Figure 10 shows the cross section data that, even if with larger errors, have the same trend as thepp data. The interesting thing is
that in all these processes the involved baryons are neutraland hence no “standard” Coulomb correction is expected. A possible
explanation, still based on the copositness of the baryons,could be that threshold behaviors are due to remnants of Coulomb
interactions but at quark level.25

A study of these strange baryon FFs usingU-spin30 relationships, and hence flavor-S U(3) invariance also in the low-q2 region,
could be justified by their small mass differences. In particular, assuming negligible electromagnetic transitions betweenU-spin
triplet and singlet, one can set the following relation among magnetic moments

µΛ = µΣ0 +
2
√

3
µ
ΛΣ0

that could be interpreted as the FF normalization

GΛ = GΣ0 +
2
√

3
G
ΛΣ0 ,

that should hold at least at someq2 value. In the time-like region at the production threshold the electric and magnetic FFs
coincide and are exactly proportional to the square root of the cross section, hence, at this momentum transferred, the previous
relationship can be written in terms of masses and cross sections as

MΛ
√
σ
ΛΛ
= MΣ0

√
σ
Σ0Σ0 +

2
√

3
MΛΣ0

√
σ
ΛΣ0 .

If we use threshold values extrapolated from the lowest energy point of the threeBABAR data sets shown in fig. 10, we can check
this identity by evaluating the ratio

∣∣∣∣MΛ √σΛΛ − MΣ0

√
σ
Σ0Σ0 − (2/

√
3)MΛΣ0

√
σ
ΛΣ0

∣∣∣∣
MΛ
√
σ
ΛΛ
+ MΣ0

√
σ
Σ0Σ0 + (2/

√
3)MΛΣ0

√
σ
ΛΣ0

= 0.01± 0.10. (27)

Despite the large error due the low statistics of the data, this result is impressive. In fact, the connection among the threshold
values of these quite different cross sections (the data are spread in a wide range, from tens to hundreds of picobarns) is incredibly
good.
However, vanishing cross sections at threshold, raising according to the baryon velocity phase space factor, cannot beexcluded
by the presentBABARdata.25 More precise measurements are needed to settle this issue.
Furthermore, in the case ofΛΛ production there is the unique opportunity to access the complex structure of theΛ electric and
magnetic FFs. Indeed, studying the angular distribution ofthe decayΛ → pπ− (Λ → pπ+) it is possible to measure theΛ (Λ)
polarization, whose component perpendicular to the scattering plane is proportional to the sine of the relative phase betweenGΛE
andGΛM.31 A first attempt to determine this phase has been done,29 but the limited statistics did allow only a poor estimate.

Figure 11 shows data on thee+e− → nn total cross section. There are only two measurements; the first one done in 1993
by the FENICE Collaboration in Frascati32 and a more recent set obtained in 2011 by the SND experiment33 at the VEPP-2000
collider in Novosibirsk. The red curve is a fit of the first fourdata points done using a dipole-type effective FF, with two free
parameters.
Even though there are no well establish predictions for sucha cross section, the obtained values appear quit high. Indeed, by
using asnn effective FF the measuredpp one, scaled by the ratio betweend andu quark charges, we get an estimate for such a
cross section, the blue curve of fig. 11, which, close to threshold, is at least a factor of four lower than the data.

3. Conclusions

The knowledge, the study and the comprehension of baryon FFsare indispensable steps towards a deep understanding of thelow-
energy QCD dynamics. Nevertheless, even in case of nucleons, the available data are still quite incomplete. The experimental
situation is twofold:

• many data sets in the space-like region where recently, withthe increasingly common use of polarization techniques
(see e.g.34), a great improvement of accuracy and hence of the capability to disentangle electric and magnetic FFs has
been achieved;
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Fig. 11. Total cross section ofe+e− → nn measured by FENICE32 and SND.33 The
gray vertical line indicates the production threshold, thered curve is the fit described
in the text and the blue curve represents the naïve expectation driven from thepp
data.

• few measurements in the time-like region, with only two attempts, which actually gave incompatible results, to separate
the moduli ofGE andGM for the proton.

From the theoretical point of view, different interpretations have been proposed and the wide variety of attempts reflects the
difficulty to connect the phenomenological properties of nucleons, parametrized by the FFs, to the underlying theory which is the
QCD in non-perturbative (low-energy) regime.
Nevertheless, the analyticity requirement, which compelsdescriptions to be valid in both space- and time-like regions, drastically
reduces the range of models to be considered. In particular,the more successful ones are the Vector-Meson-Dominance based
models,35 that not only are easily extensible from negative to positive q2, but they were also able to make quite “unnatural”
predictions then confirmed by the data. An example is the Iachello-Jackson-Landé model,36 the authors predicted in 1973 the
decreasing space-like behavior for the ratioGp

E/G
p
M well 30 years before its experimental observation.37

BABARdata gave a factual help in shedding light on the time-like behavior of proton FFs. Three very interesting aspects have been
clarified:

• the threshold unitary normalization for the proton FF, see eq. (20);
• the need of a rescaled Coulomb correction accounting for thestructure of baryons;
• the inequality of eq. (26):|Gp

E(q2)| > |Gp
M(q2)|, just above the production threshold.

Many other aspects of the time-like FFs, i.e.: a separate extraction of|GE| and|GM |, the measurement of their relative phase, the
explanation of the threshold normalization and the asymptotic behavior in connection with the space-like region, are still waiting
for further experimental results and theoretical interpretations.
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