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Abstract The damped oscillating structures were recently
revealed in the proton “effective” form factor data. For the
time being they can neither be confirmed nor disproved
by investigations of the individual proton form factors data
because the data have not yet achieved the required level of
precision. On the other hand, conjectures that the oscillat-
ing structures are direct manifestations of the quark-gluon
structure of the proton indicate that they should not be spe-
cific only to the proton and neutron. This opens a possibil-
ity to find these structures also in the data of other hadrons
by the same procedure as for the proton. In this paper the
oscillatory structures are investigated in the electromagnetic
form factor data of the charged and neutral K -mesons. If
the charged and neutral K-meson data are described by the
three parametric formula by means of which the oscillating
structures have been revealed for the proton (although with
a large value of χ2/nd f ) then oscillating structures appear.
On the other hand, if the physically well founded Unitary
and Analytic model of the K-meson electromagnetic struc-
ture is used for the description of the charged K-meson data,
no damped oscillating structures are visible. However, in the
case of the neutral K-meson data one cannot make a definite
conclusion, and more precise data are needed. These results
indicate that also the damped oscillating structures obtained
from the “effective” proton form factor data are likely an arte-
fact of the three parametric formula, which cannot describe
the data with sufficient precision.

1 Introduction

There have been historically two different approaches used
in measurements of the total cross section σ bare

tot (e+e− →
p p̄). The scan method [1–6] in which the measurement

a e-mail: stanislav.dubnicka@savba.sk (corresponding author)

of σ bare
tot (e+e− → p p̄) is carried out by a change of the

electron-positron collider energy from one value to another,
and the novel more precise approach using the initial state
radiation (ISR) technique of the process e+e− → p p̄(γ ) [7–
11] in which the c.m. energy squared s of the collider is fixed
at the value of the maximal collider luminosity with subse-
quent measurement of σ bare

tot (e+e− → p p̄) by a measure-
ment of energy of the radiated photon from the initial elec-
tron or positron. In this way values of σ bare

tot (e+e− → p p̄)
are obtained from the threshold up to the energy at which
the collider achieves the maximal value of its luminosity.
This technique gives the data on σ bare

tot (e+e− → p p̄) with
reduced errors in comparison with the scan method and con-
sequently in our investigations the data obtained by the ISR
technique are always preferred.

The behavior of the measured σ bare
tot (e+e− → p p̄) is

described theoretically by the relation

σtot (e
+e− → p p̄) = 4πα2Cpβp(s)

3s

[
|Gp

M (s)|2

+2m2
p

s
|Gp

E (s)|2
]

, (1)

with βp(s) =
√

1 − 4m2
p

s , α = 1/137 and where Cp =
πα/βp(s)

1−exp(−πα/βp(s))
is the so-called Sommerfeld-Gamov-

Sakharov Coulomb enhancement factor [12], which accounts
for the electromagnetic (EM) interaction between the outgo-
ing proton and antiproton, and s is the c.m. energy squared.

The functions Gp
E (s) and Gp

M (s) in Eq. (1) are the Sachs
proton electric and proton magnetic form factors (FFs),
respectively. At the proton-antiproton threshold the two FFs
have the same value, as follows from their definition through
the Dirac and Pauli proton FFs.

As one cannot determine both proton EM FFs, Gp
E (s)

and Gp
M (s), from measured σ bare

tot (e+e− → p p̄) at a
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given value s > 4m2
p simultaneously, experimental groups

[3,6,8,10,11], with the hope of getting more information
about the proton structure, generalized the threshold identity
|Gp

E (4m2
p)| ≡ |Gp

M (4m2
p)| in Eq. (1) for all higher s-values

up to +∞, and the data with errors were obtained by means
of the following expression

|Gp
ef f (s)| =

√√√√ σ bare
tot (e+e− → p p̄)

4πα2Cpβp(s)
3s (1 + 2m2

p
s )

(2)

which defines the the so-called “effective” FF.
Immediately after the BABAR data on Gef f were pub-

lished [8,9], the modified form [13] of the dipole formula for
nucleon EM FFs behavior in the spacelike region

Gp
ef f = A

(1 + s/m2
a)(1 − s/0.71GeV 2)2 , (3)

with parameter values A = 7.7 and m2
a = 14.8 GeV2

(without quoting neither the parameter errors nor the value of
χ2/nd f ) has been applied successfully for their description.
Afterwards, the result of the best fit given by (3) has been
subtracted from BABAR data [8,9] on the “effective” FF with
errors and in the plot of these differences damped oscillatory
structures with regularly spaced maxima and minima have
been revealed [14]. They were shown as a function of p(s) =√
s( s

4m2
p

− 1), which corresponds to the three momentum of

one of the proton or antiproton in the frame where other one
is at rest.

We have collected all existing data on Gp
ef f [3,6,8–11]

obtained till now, repeated their analysis with slightly dif-
ferent parameters with errors A = 8.9 ± 0.3 and m2

a =
9.2 ± 0.8 GeV2 and confirmed minima and maxima from
[14], see Fig. 1. We show the structure as a function of s
rather than p(s). The χ2/nd f ≈ 5 is very high, which means
that from the statistical point of view the data are not well
described.

The numerical value of χ2/nd f is not quoted in the paper
[14], but we suppose that it is similar as the value for our fit
and, consequently, that the fit of [14] cannot be considered
a good description of the investigated data. Therefore, we
presume that the damped oscillatory structures are simply
an artefact of an insufficiently precise fit by (3) and do not
reflect any property of the proton structure.

If this is incorrect, the origin of the damped oscilla-
tory structures from the proton “effective” FF data remains
unknown.

However, there are conjectures [15] that the damped oscil-
latory structures are direct manifestation of the quark-gluon
structure of the proton. If so, then they can not be specific
only to the proton and neutron, but should be present also for
other hadrons.

Nowadays there are three candidates of other hadrons for
which sufficient and reliable EM FF data for such investi-

Fig. 1 Result of a subtraction of the best fit of all existing data on the
proton “effective” form factor from these data with errors

gations exist and simultaneously there is also a physically
well founded theoretical model for their accurate descrip-
tion. These are the charged pion and the charged and neutral
K-mesons.

The search for the damped oscillating structures from
charged pion EM FF data has been carried out in the recent
paper [16]. Here with an aim to acquire more concrete sup-
port for the latter idea, damped oscillatory structures from
the charged and neutral K-meson EM FFs timelike data are
investigated.

2 Investigation of damped oscillating structures from
charged K-meson EM FF timelike data

The timelike data on the charged K-meson EM structure are
contained in the measured total cross section σ bare

tot (e+e− →
K+K−). To evaluate these data from σ bare

tot (e+e− →
K+K−), no extra nonphysical assumptions are needed,
unlike in the case the nucleon “effective” FF data from
σ bare
tot (e+e− → p p̄), because there is only one function

|F±
K (s)| completely describing the measured total cross sec-

tion of the electron-positron annihilation into K+K− pair.
The |F±

K (s)| with errors is calculated by means of the fol-
lowing relation

|FK±(s)| =
√

σ bare
tot (e+e− → K+K−)

3s

πα2CK
±β3

K
±

(4)

with βK
±(s) =

√
1 − 4m2

K
±

s , α = 1/137 and where CK
± =

πα/βK
±(s)

1−exp(−πα/βK
±(s)) is the so-called Sommerfeld-Gamov-Sak-
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Fig. 2 Charged kaon EM FF data |F±
K (s)|

Fig. 3 The data on |FK± (s)| at the region 2–7 GeV2 in more detail

harov Coulomb enhancement factor [12] of charged kaons,
which accounts for EM interaction between the outgoing
K+K−. The total cross section data we use in (4) will be
taken from two recent ISR measurements of the process
e+e− → K+K−(γ ), one from [17] for s < 25 GeV2,
and another from [18] in the range 6.76 GeV2 < s < 64
GeV2 and also from the measurement [19] for 4.0 GeV2

≤ s ≤ 9.49 GeV2, which achieved the best precision for
the process e+e− → K+K− at a number of c.m. ener-
gies by the scan method with the BESIII detector at BEPCII.
All these three data sets are graphically presented in Fig. 2
and the region (2–7) GeV2 is in more detail shown in
Fig. 3.

As one can see from Fig. 2, the data in [17] above 6.5
GeV2 are very scattered, even in some points inconsistent.
As a result it is impossible to achieve a statistically accept-
able χ2/nd f value in the description of such data. Fortu-
nately, the same experimental BABAR group in the paper
[18] repeated measurements of the e+e− → K+K− pro-
cess from 6.76 GeV2 to 64 GeV2 and obtained more pre-
cise and reliable data. Hence we have excluded all data
from [17] in the energies 6.76 GeV2–25 GeV2 and substi-
tuted them by more precise data from [18]. Moreover, we
also did not consider the scan data measured by BESIII
collaboration [19] in the range (4−9.49) GeV2 because
they are in tension with the selected data from [17] and
[18].

In order to investigate possible oscillatory structure from
the charged K-meson EM FF timelike data by using the
same procedure as for the proton, the modification of the
formula (3) has been made, in the sense that the magic
nucleon number 0.71 GeV2 was left as a free parameter
A3 in our analysis. Then the best description of the data
in Fig. 2 is achieved with A3 = 0.8403 ± 0.0024 GeV2,
m2

a = 0.2400 ± 0.0709 GeV2 and A = 5.14773 ± 0.0013,
and is graphically presented in Fig. 4 by the dashed line. If
dashed curve data are subtracted from the selected charged
K-meson FF data with errors damped oscillating structures
are observed around the line crossing the zero as seen in
Fig. 5.

Next we will show that when charged K-meson data are
accurately described by some proper physically well founded
model of the K-meson EM structure, no damped oscillatory
structures are observed.
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Fig. 4 Charged kaon EM FF data described by dashed line as generated by the modified three parametric formula (3)

Fig. 5 Damped oscillation structures revealed by a subtraction of
dashed line data in Fig. 4 from selected |FK± (s)| data with errors

We will use the model that has been suggested in the paper
[20] as the universal Unitary and Analytic (U&A) EM struc-
ture model of hadrons and which unifies three aspects:

1. The experimental fact of a creation of unstable vector-
meson resonances (see [21]), mainly identified in the
electron-positron annihilation processes into hadrons;

2. A two square root branch cut approximation of the ana-
lytic properties of FFs in the complex plane of c.m. energy
squared s;

3. The correct asymptotic behavior of FFs as predicted by
the quark model of hadrons.

To describe the selected data in Fig. 2 in the framework of
the U&A approach [20] we begin by splitting of the charged

K-meson FF, due to special transformation properties of the
K-meson EM current in the isospin space, into a sum of the
isoscalar and isovector parts

FK±(s) = Fs
K (s) + Fv

K (s), (5)

which satisfy the normalization condition

Fs
K (0) = Fv

K (0) = 1

2
. (6)

Next we must deal with the question of what isoscalar and
isovector resonances experimentally confirmed in [21] will
saturate the isoscalar and isovector parts of the charged kaon
FF, because in practice one can not consider all existing res-
onances with isospin I = 0 and isospin I = 1, as they
would produce all together 27 free parameters, too much to
be evaluated in the analysis of the up-to-date existing exper-
imental information. As a result a selection of contributing
resonances has to be carried out and is done in the following
way.

The K-mesons include also strange quarks, therefore one
could expect that in the description of the selected data in
Fig. 2 the φ resonances with the isospin value I = 0 will
be dominant and their masses and widths will be left as free
parameters of the model. There is no doubt about the inclu-
sion of the φ(1020) resonance clearly seen in Fig. 2. From
Fig. 2 (in more detail in Fig. 3) between 2.0 GeV2 and 7.0
GeV2 one finds two bumps corresponding approximately to
φ′(1680) and φ′′(2170). The first bump could contain a con-
tribution also from another resonance with I = 0, ω′′(1650),
which is therefore not excluded. There is no indication in
existing data of a contribution of the ω′(1420), therefore we
don’t consider it in our analysis.

On the other hand we have an experience that one can
not achieve satisfactory description of existing data without
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inclusion of the ground state resonances ρ(770) and ω(782).
Further, because contributions of the isovector part of the
K-meson FF, though not dominant, can not be ignored, we
include contributions of all three ρ-mesons, however with
fixed parameters from the paper [22], in which one can find
reasons why not to utilize their parameters from [21]. Masses
and widths of ω(782) and ω′′(1650) are also fixed at the PDG
values.

Then the U&A model of the K-meson EM structure takes
the following form. The isoscalar FF with 5 experimentally
confirmed [21] isoscalar resonances is

Fs
K [V (s)] =

(
1 − V 2

1 − V 2
N

)2
⎡
⎣ ∑
s =ω,φ

(VN − Vs)(VN − V ∗
s )(VN − 1/Vs)(VN − 1/V ∗

s )

(V − Vs)(V − V ∗
s )(V − 1/Vs)(V − 1/V ∗

s )

(
fsK K

fs

)

+
∑

s =φ′,ω′′,φ′′

(VN − Vs)(VN − V ∗
s )(VN + Vs)(VN + V ∗

s )

(V − Vs)(V − V ∗
s )(V + Vs)(V + V ∗

s )

(
fsK K

fs

)⎤
⎦ . (7)

where the concrete form of individual terms depends on
the numerical value of the effective inelastic threshold ssin
which is found numerically by the fit of the model to charged
K-meson EM FF selected data.

In the previous expression

V (s) = i

√(
ssin−ss0

ss0

)1/2
+

(
s−ss0
ss0

)1/2
−

√(
ssin−ss0

ss0

)1/2
−

(
s−ss0
ss0

)1/2

√(
ssin−ss0

ss0

)1/2
+

(
s−ss0
ss0

)1/2
+

√(
ssin−ss0

ss0

)1/2
−

(
s−ss0
ss0

)1/2

(8)

is a conformal mapping of the four sheeted Riemann surface
into one V-plane, and VN = V (0) is a normalization point
in V-plane, and ss0 = 9m2

π .
The isovector FF with 3 experimentally confirmed [21]

isovector resonances ρ(770), ρ′(1450), ρ′′(1700) takes the
form

Fv
K [W (s)] =

(
1 − W 2

1 − W 2
N

)2 [
(WN − Wρ)(WN − W ∗

ρ )(WN − 1/Wρ)(WN − 1/W ∗
ρ )

(W − Wρ)(W − W ∗
ρ )(W − 1/Wρ)(W − 1/W ∗

ρ )

(
fρππ

fρ

)

+
∑

v = ρ′,ρ′′

(WN − Wv)(WN − W ∗
v )(WN + Wv)(WN + W ∗

v )

(W − Wv)(W − W ∗
v )(W + Wv)(W + W ∗

v )

(
fvππ

fv

)⎤
⎦ , (9)

and again the structure of individual terms depends on
the value of the effective inelastic threshold sv

in numerically
evaluated in the fitting procedure of the model to charged
K-meson EM FF data.

In the previous expression

W (s) =

i

√(
svin−sv0
sv0

)1/2 +
(
s−sv0
sv0

)1/2 −
√(

svin−sv0
sv0

)1/2 −
(
s−sv0
sv0

)1/2

√(
svin−sv0
sv0

)1/2 +
(
s−sv0
sv0

)1/2 +
√(

svin−sv0
sv0

)1/2 −
(
s−sv0
sv0

)1/2
(10)

is a conformal mapping of the four sheeted Riemann surface,
on which Fv

K (s) is defined, into one W-plane, and WN =
W (0) is a normalization point in W-plane, and sv

0 = 4m2
π .

As a result, the U&A model of the K-meson EM structure
depends altogether on 14 free parameters and their numerical
values (see Table 1) have been evaluated in the analysis of
selected data from Fig. 2.

The corresponding accurate description of these charged
K-meson EM FF data is presented in Fig. 6 by full line. One
finds the description of the resonant region between 2.0 GeV2

and 7.0 GeV2 in more detail in Fig. 7.
Lastly, if the full line in Fig. 6 is subtracted from selected

charged K-meson FF data in Fig. 2 with errors, no damped
oscillating structures are observed around the line crossing
the zero as is shown in Fig. 8.

3 Investigation of damped oscillating structures from
neutral K-meson EM FF timelike data

The timelike data on the neutral K-meson EM FF |FK 0(s)|,
which completely describes the neutral K-meson EM struc-
ture, can be obtained from the measured total cross section
σ bare
tot (e+e− → KSKL), which is, however, more difficult

to measure than σ bare
tot (e+e− → K+K−). As a result one

can expect also that the obtained experimental information
on |FK 0(s)| will be of lower quality than the data on |F±

K (s)|.

According to our knowledge there are no data on the func-
tion |FK 0(s)| with errors published during the last decade,
nevertheless we calculate them in this paper by means of the
relation

|FK 0(s)| =
√

σ bare
tot (e+e− → KSKL)

3s

πα2β3
K 0

(11)
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Table 1 Parameter values of the analysis of selected data on the |FK± (s)| with minimum of χ2/nd f = 1.79

ssin = (1.0984 ± 0.2292) [GeV2];

mφ = (1019.298 ± 0.063) [MeV]; �φ = (4.304 ± 0.083) [MeV]; ( fφKK / fφ) = 0.331 ± 0.063;

mφ′ = (1656.620 ± 4.969) [MeV]; �φ′ = 356.860 ± 4.444) [MeV]; ( fφ′KK / fφ′ ) = −.568 ± 0.102;

mφ′′ = (2001.300 ± 22.817) [MeV]; �φ′′ = (530.502 ± 34.300) [MeV];

( fφ′′KK / fφ′′ ) = 1/2 − ( fωKK / fω) − ( fω′′KK / fω′′ ) − ( fφKK / fφ) − ( fφ′KK / fφ′ );

( fωKK / fω) = 0.273 ± 0.044; ( fω′′KK / fω′′ ) = 0.354 ± 0.103;

sv
in = (1.6765 ± 0.1337) [GeV2];

( fρ′KK / fρ′ ) = 1/2 − ( fρKK / fρ) − ( fρ′′KK / fρ′′ )

( fρKK / fρ) = 0.440 ± 0.017; ( fρ′′KK / fρ′′ ) = 0.036 ± 0.005;

Fig. 6 Charged kaon EM FF data described by U&A model

with βK 0(s) =
√

1 − 4m2
K0

s , α = 1/137, from one recent mea-

surement [23] of the process e+e− → KSKL(γ ) by the
ISR technique at the interval of energy values s (1.1664–
4.84) GeV2 and from two measurements [24,25] by the scan
method, the first one in the φ-resonance region (1.0080–
1.1236) GeV2 and the second at the range of energies
(4.0000–9.4864) GeV2. This second measurement is the first
measurement that has probed this interval of energies. Their
numerical values with errors are given in Table 2 and graph-
ically presented in Fig. 9.

In order to study eventual damped oscillatory structures
from the neutral K-meson EM FF timelike data by using
the same procedure as for the proton, again the modified
formula (3) with the third parameter 0.71 GeV2 released
as a free parameter A3 is utilized in a fitting procedure of
the data in Fig. 9. Their best description has been achieved
with parameter values A3 = 0.9269 ± 0.0003 GeV2, m2

a =
−.9267 ± 0.0016 GeV2, A = 0.4729 ± 0.0061 and is graph-
ically presented in Fig. 10 by the dashed line.

Fig. 7 Description of charge K-meson EM FF data by U&A model
between 2.0 GeV2 and 7.0 GeV2

If the dashed line is subtracted from the neutral K-meson
FF data with errors in Fig. 9, damped oscillating structures
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Fig. 8 No damped oscillatory structures appear if |FK± (s)| data are
accurately described by U&A model of K-meson EM structure as pre-
sented in Fig. 6

can be observed around the line crossing the zero as depicted
in Fig. 11.

Comparing the oscillations depicted in the Fig. 11 with
those of the Fig. 5 one can see that there is an analogy between
the behaviors of the damped oscillations in the K-meson FF
data and those of damped oscillations in the nucleon “effec-
tive” FF data, as presented in Fig. 1 and in Fig. 11b of [26]. In
both cases the oscillations in the data for one particle (say the
charged K-meson) correspond roughly to the oscillations in
the data for its partner particle in the respective isospin dou-

blet (say the neutral K-meson) if reflected through the axis
y = 0. Where the oscillations for charged kaons have max-
ima the oscillations for neutral kaons have minima, and vice
versa. The same property can be observed in the oscillations
of proton and neutron data.

This feature seems to be interesting and it has to be
resolved by some serious physical arguments.

Now, as in the case of the charged K-meson EM FF data,
we shall try to demonstrate that if neutral K-meson EM FF
data in Fig. 9 are accurately described by a proper physically
well founded model, no damped oscillatory structures are
observed.

The simplest way to obtain such a description is to exploit
the special transformation properties of the K-meson EM cur-
rent in the isospin space, from which it directly follows that
we can write the neutral K-meson EM FF as the difference
of the isoscalar and isovector parts

FK 0(s) = Fs
K (s) − Fv

K (s) (12)

where Fs
K (s) and Fv

K (s) are the same as those in (5). The
charged and neutral K-meson EM FFs then depend on the
same set of parameters of the U&A model.

Thus a substitution of the numerical values of parameters
from Table 1 into the K-meson EM FF U&A model (7)–(10)
should lead through (12) to an accurate description of data
in Table 2.

However, as can be explicitly seen in Fig. 12, especially
at the energy region from 1.4 GeV2 up to 6.0 GeV2, the
predicted dotted line does not follow the data for |FK 0(s)|
accurately.

There are several ways how to interpret this discrepancy. It
can be a consequence of the non-conservation of isospin sym-
metry or some subtle error in the definition of the isoscalar

Table 2 The data on |FK 0 (s)| with errors

s [GeV2] |FK 0 (s)| ± err. s [GeV2] |FK 0 (s)| ± err. s [GeV2] |FK 0 (s)| ± err. s [GeV2] |FK 0 (s)| ± err.

1.0080 11.4683 ± 0.3506 1.0588 16.7599 ± 0.1729 1.9600 0.2369 ± 0.0592 4.2025 0.1120 ± 0.0496

1.0201 19.6100 ± 0.1093 1.0692 10.9758 ± 0.1380 2.0736 0.2821 ± 0.0529 4.4100 0.0829 ± 0.0004

1.0241 27.1841 ± 0.1405 1.0816 07.8863 ± 0.1274 2.1904 0.2968 ± 0.0453 4.4944 0.0713 ± 0.0035

1.0302 36.4652 ± 0.4169 1.1025 05.0943 ± 0.0752 2.3104 0.3999 ± 0.0394 4.6225 0.0653 ± 0.0136

1.0323 45.4557 ± 0.2066 1.1046 05.1158 ± 0.1376 2.4336 0.4022 ± 0.0390 4.7306 0.0748 ± 0.0075

1.0343 57.6351 ± 0.1353 1.1236 03.8750 ± 0.1138 2.5600 0.4505 ± 0.0322 4.8400 0.0738 ± 0.0057

1.0363 70.4012 ± 0.1847 1.1664 02.4831 ± 0.0778 2.6896 0.4488 ± 0.0351 4.9836 0.0876 ± 0.0666

1.0384 81.3097 ± 0.1731 1.2544 01.2826 ± 0.0687 2.8224 0.3531 ± 0.0381 5.3333 0.0716 ± 0.0048

1.0404 77.0351 ± 0.1361 1.3456 00.8939 ± 0.0603 2.9584 0.2534 ± 0.0536 5.6949 0.0342 ± 0.0055

1.0424 59.0975 ± 0.1734 1.4400 00.7436 ± 0.0578 3.0976 0.1659 ± 0.0528 5.7408 0.0367 ± 0.0038

1.0445 48.1169 ± 0.1663 1.5376 00.5341 ± 0.0553 3.2400 0.0872 ± 0.0727 6.9929 0.0437 ± 0.0050

1.0465 37.7921 ± 0.2656 1.6384 00.4013 ± 0.0520 3.3856 0.1015 ± 0.0508 7.0034 0.0455 ± 0.0043

1.0506 26.1639 ± 0.3264 1.7424 00.3877 ± 0.0538 3.5344 0.0724 ± 0.0724 8.4100 0.0253 ± 0.0036

1.0568 18.6920 ± 0.1371 1.8496 00.3253 ± 0.0529 4.0000 0.1223 ± 0.0663 9.4864 0.0257 ± 0.0030
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Fig. 9 Neutral kaon EM FF data

Fig. 10 Neutral kaon EM FF data optimally described by dashed line as generated by the modified three parametric formula (3)

and isovector parts in the U&A model. Furthermore, it is
possible that the data are not precise enough to allow for a
good separation of the isoscalar and isovector components
by a fitting procedure on charged kaon data only (as opposed
to fitting on both the charged and neutral kaon data together).
And lastly, it could be that the two experimental data sets are
simply inconsistent. Nevertheless, resolving this issue is not
important for the purpose of the current article.

So, in order to achieve an accurate description of data in
Fig. 9 and to look for damped oscillation structures from the
neutral EM FF timelike data, one has to carry out a direct
fitting procedure of the latter data by the K-meson EM FF
U&A model (7)–(10). This yields the 14 parameters whose
numerical values are presented in Table 3. These parameters
differ from parameter values in Table 1. This may indicate

that the data on charged K-meson EM FF and the data on
neutral K-meson EM FF data are really in disagreement.

The most accurate description of the |FK 0(s)| data with
parameters in Table 3 is graphically presented in Fig. 13 by
the full line.

If full line data in Fig. 13 are subtracted from selected
neutral K-meson EM FF data in Table 2 with errors, one
obtains points with errors around the line crossing the zero in
Fig. 14, from which, however, one can not explicitly declare,
especially at the region of the φ-resonance peak, whether
there appear or do not appear damped oscillatory structures.
In order to obtain a more decisive resolution more precise
data on |FK 0(s)| are needed.

On this place, for completeness, it is also interesting
to investigate the poorer neutral K-meson EM FF data by
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Fig. 11 Damped oscillation structures revealed by a subtraction of
dashed line data in Fig. 10 from |FK 0 (s)| data with errors given in
Table 2

exploiting the isospin transformation properties of the K-
meson EM current, which lead to the splitting (12) of the
charge K-meson EM FF into a sum of the isoscalar and
isovector parts, to see to what extent they are able to repro-
duce the richer data that are available for the charged K-
meson EM FF.

For this aim one substitutes the numerical values of param-
eters from Table 3 into the K-meson EM FF U&A model (7)–
(10), together with (5), and compares the calculated dotted
curve with |FK±(s)| data as is shown in Fig. 15.

The discrepancies shown in Fig. 12 and Fig. 15 indicate
that the data on the charged and neutral K-meson EM FF may
be in disagreement.

4 Conclusions and discussion

The damped oscillating structures from the proton “effective”
form factor data raised an interest to study damped oscillatory
structures also from the electromagnetic form factors data of
other hadrons, for which solid data together with a physically
well founded model for their accurate description exist.

In this work the problem of the charged and neutral K-
meson electromagnetic form factor data by using the same
procedure as the one used in the case of the proton in [14]
has been investigated.

The data on the charged kaon electromagnetic form factor
are published together with σ bare

tot (e+e− → K+K−) data
and therefore in this paper they could be directly described
in Fig. 4 by the modified three parametric formula (3) where
instead of the magic nucleon number 0.71 an additional free
parameter A3 is introduced. If dashed line data in Fig. 4 gen-
erated by this modified three parametric formula are sub-
tracted from the charged K-meson electromagnetic form fac-
tor data in Figure 2, damped oscillation structures appear, as
presented in Fig. 5. If full line data in Fig. 6 obtained by an
accurate description of the charged K-meson electromagnetic
form factor data by the physically well founded Unitary and
Analytic model of the K-meson electromagnetic structure
are subtracted from the charged K-meson electromagnetic
form factor data in Fig. 2 with errors, no damped oscillation
structures appear (see Fig. 8).

Fig. 12 Predicted behavior of |FK 0 (s)| from data on charged K-meson FF by exploiting special transformation properties of the kaon EM current
in the isospin space does not describe experimental data on it accurately
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Table 3 Parameter values from the analysis of selected data on the |FK 0 (s)| by the K-meson EM FF U&A model (7)–(10) with minimum of
χ2/nd f = 4.37

ssin = (2.0728 ± 0.0196) [GeV2];

mφ = (1019.158 ± 0.176) [MeV]; �φ = (4.214 ± 0.030) [MeV]; ( fφKK / fφ) = 0.336 ± 0.001;

mφ′ = (1649.760 ± 5.356) [MeV]; �φ′ = 340.032 ± 12.438) [MeV]; ( fφ′KK / fφ′ ) = −.217 ± 0.001;

mφ′′ = (2028.740 ± 46.556) [MeV]; �φ′′ = (383.418 ± 45.489) [MeV];

( fφ′′KK / fφ′′ ) = 1/2 − ( fωKK / fω) − ( fω′′KK / fω′′ ) − ( fφKK / fφ) − ( fφ′KK / fφ′ );

( fωKK / fω) = 0.278 ± 0.001; ( fω′′KK / fω′′ ) = 0.088 ± 0.001;

sv
in = (2.0077 ± 0.0785) [GeV2];

( fρ′KK / fρ′ ) = 1/2 − ( fρKK / fρ) − ( fρ′′KK / fρ′′ )

( fρKK / fρ) = 0.606 ± 0.004; ( fρ′′KK / fρ′′ ) = −.044 ± 0.010;

Fig. 13 Neutral kaon EM FF data described by the full line to be obtained by K-meson EM FF U&A model (7)–(10) with parameters of Table 3

The neutral K-meson electromagnetic form factor data
can be extracted from σ bare

tot (e+e− → KSKL) and first they
were calculated with errors using (11) (see Table 2) and
only then the modified formula, like in the charged case,
has been applied for their description by the dashed line in
Fig. 10. If dashed line data generated by such three paramet-
ric formula are subtracted from the neutral K-meson elec-
tromagnetic form factor data in Table 2, damped oscillation
structures appear, as presented in Fig. 11. If, however, full
line data generated by the K-meson electromagnetic form
factor Unitary and Analytic model (7)–(10) with parameter
values in Table 3 in Fig. 13 are subtracted from the neutral
K-meson electromagnetic form factor data in Table 2, one
obtains points with errors around the line crossing the zero in
Fig. 14, from which, however, one can not explicitly declare,
especially at the region of the φ-resonance peak, whether
the damped oscillatory structures are present. For the solu-
tion of this problem new, more precise data on |FK 0(s)| are
indispensable.

Lastly, the consistency of the existing data on the charged
and neutral K-meson electromagnetic form factor data has

Fig. 14 Points with errors obtained by a subtraction of full line data in
Fig. 13 from |FK 0 (s)| data with errors in Fig. 9
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Fig. 15 The dotted line corresponds to the prediction of |FK± (s)| from
the data for the neutral K-meson EM FF (Table 2) by the use of the
isospin transformation properties of the kaon EM current. One can see

that the predicted curve does not describe the experimental data well,
besides a small region near the φ resonance peak

been investigated by exploiting the special transformation
properties of the K-meson electromagnetic current in the
isospin space, which lead to the splitting of the charged and
neutral K-meson electromagnetic form factors into a sum (5)
and difference (12) of the same isoscalar and isovector parts,
respectively. From this it follows that both sets of experimen-
tal data on |FK±(s)| and |FK 0(s)| should be described by the
same numerical values of the parameters of the Unitary and
Analytic model of the K-meson electromagnetic structure.
However, evaluations of these parameters by means of the
independent sets on |FK±(s)| and |FK 0(s)| produce different
values, as is presented in Tables 1 and 3, respectively, which
indicates some inconsistency between the data. In order to
further estimate the degree of this inconsistency, the predic-
tions of the behavior of the neutral form factor |FK 0(s)| from
the charged K-meson data and the prediction of the charged
form factor |FK±(s)| from the neutral K-meson data were
compared with the existing data, as is depicted in Figs. 12
and 15. Considering both the Figs. 12 and 15 we have come
to a conclusion that between charged and neutral K-meson
electromagnetic form factor data some disagreement likely
exists.
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ISSN 2673-8716, https://www.mdpi.com/2673-8716/3/1/9

17. J.P. Lees, V. Poireau, V. Tisserand, E. Grauges, A. Palano, G. Eigen,
B. Stugu, D. N. Brown, L. T. Kerth, Y. G. Kolomensky, et al.
(BABAR Collaboration), Phys. Rev. D 88, 032013 (2013c). https://
doi.org/10.1103/PhysRevD.88.032013

18. J. P. Lees, V. Poireau, V. Tisserand, E. Grauges, A. Palano, G. Eigen,
B. Stugu, D. N. Brown, L. T. Kerth, Y. G. Kolomensky, et al. (The
BABAR Collaboration), Phys. Rev. D 92, 072008 (2015). https://
doi.org/10.1103/PhysRevD.92.072008

19. M. Ablikim, M. N. Achasov, S. Ahmed, M. Albrecht, M. Alekseev,
A. Amoroso, F. F. An, Q. An, J. Z. Bai, Y. Bai, et al. (BESIII
Collaboration), Phys. Rev. D 99, 032001 (2019b). https://doi.org/
10.1103/PhysRevD.99.032001
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