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A Reggeized model for the exclusive kaon electroproduction p(e, e′K+)Λ(Σ0) is presented to de-
scribe the existing data from JLab experiments. The model includes the Reggeized meson exchanges
K(495) +K1(1270) +K∗(892) +K∗

2 (1430) in the t-channel where their coupling constants are de-
termined from the SU(3) symmetry relation to π, ρ, a2 and axial vector mesons with the F/D ratio
chosen appropriate for other experiments. The Gross-Riska charge form factors to nucleon and kaon
exchanges are introduced to preserve gauge invariance of the reaction. In this work longitudinal,
transverse, and unpolarized cross sections dσL, dσT , and dσU are analyzed with the numerical con-
sequences of the current model compared with those of Vanderhaeghen, Guidal, Laget (VGL) and
Vrancx, Ryckebusch, Nys (VRN) models.

PACS numbers: 13.60.Le, 13.60.-r, 13.60.Rj

I. INTRODUCTION

Understanding hadrons, which are composite particles
made up of quarks and gluons, poses a fundamental chal-
lenge in the field of nuclear physics. To address this topic,
the 1H(e, e′K+) reaction has drawn our attention as a
useful experimental tool that offers insights into flavor
degrees of freedom while involving strangeness in the sim-
plest possible system.
The electromagnetic form factors of hadrons directly

reflect their internal structure. Measuring the transition
to the asymptotic, pointlike regime is crucial for experi-
mental verification of a key prediction of quantum chro-
modynamics (QCD). Consequently, the investigation of
pion and kaon form factors is essential for both experi-
mental and theoretical purposes, as evident in the exist-
ing literature.
In the case of charged kaons, which are among the sim-

plest hadronic systems containing strangeness and are
available for experimental study, a single form factor
(FK) determines their structure. Experimental measure-
ments of the kaon form factor have been conducted at
low-momentum transfers (Q2 ¡ 0.2 GeV2) through elas-
tic scattering of high-energy kaons off atomic electrons.
However, to explore higher values of Q2, meson electro-
production is employed. This approach has been suc-
cessfully used to extract the pion electroproduction cross
section and form factor up to Q2 values of 3.91 GeV2.
Understanding the relative contributions of longitudi-

nal and transverse terms to the meson cross section, as
well as their dependence on the variables -t and Q2, is
of great interest in evaluating the potential for probing
the transverse spatial structure of the nucleon through
meson production. Recent calculations suggest that the
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leading-twist behavior for light mesons can be observed
at Q2 values ranging from 5 to 10 GeV2. Therefore, ob-
taining experimental data to validate these predictions is
highly valuable.

At JLAB the exclusive reaction p(e, e′π+)n has been
studied for a wide range of photon virtualities Q2 at an
invariant mass of the π+n system around the onset of
deep inelastic scattering (DIS) regime, W ≃ 2 GeV [?
? ? ? ? ]. A separation of the cross section into
the transverse σT, longitudinal σL and interference σTT

and σLT components has been performed. The CLAS
data for the polarized beam single-spin asymmetry in
p(e⃗, e′π+)n are also available [? ]. The HERMES data
at DESY [? ] extend the kinematic region to much higher
values of W 2 >10 GeV2 toward the true DIS region
Q2 ≫ 1 GeV2 and much higher values of −t. The cross
section for p(e, e′π+)n has also been measured above the
resonance region at the Cambridge Electron Accelerator
(CEA) [? ], in p(e, e′π+)n and n(e, e′π−)p at the Wil-
son Synchrotron Laboratory at Cornell [? ? ? ] and
DESY [? ? ? ? ? ]. [? ]

II. ELECTROPRODUCTION OF
PSEUDOSCALAR MESON

e(κ) +N(p) → e(κ′) + Y (p′) +K(q) (1)

The S-matrix element for electroproduction is1

1 For photoproduction the S-matrix element is given by

S =
1

(2π)2

√
MM ′

4Eγq0k0EE′ iδ
4(p+ k − p′ − q)Mfi
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S =
1

(2π)7/2
me

√
MM ′√

2Eγq0κ0κ′
0EE′

iδ4(p+ k − p′ − q)Mfi .(2)

A. kinematics

d3σ

dE′
edΩ

′
edΩK

= Γ
dσ

dΩK
(3)

where the flux of the electron current is given by

Γ =
α

2π2

E′
e

Ee

KH

Q2

1

1− ϵ
, (4)

with the equivalent photon laboratory en-

ergy KH = W 2−M2

2M and electron polarization

ϵ = 1/
(
1 + 2|⃗k|2

Q2 tan 1
2θe

)
measured by the angle θe

deviated from the reaction plane. Separating the
kinematical part of electron scattering in Eq. (2) the
cross section for pion production by the virtual photon

γ∗(k) +N(p) → Y (p′) +K(q) (5)

is expressed as follows,
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FIG. 1. Exclusive reaction N(e, e′π)N ′ in the laboratory. ϕ
stands for the azimuthal angle between the electron scattering
(e, e′) plane and reaction N(γ∗, π)N ′ plane.

dσ

dΩK
=

dσT

dΩK
+ ϵ

dσL

dΩK
+ ϵ

dσTT

dΩK
cos 2ΦK +

√
2ϵ(ϵ+ 1)

dσTL

dΩK
cosΦK . (6)

The mandelstam variables for the reaction in the three
channel are

s = (p+ k)2 = (p′ + q)2,

t = (q − k)2 = (p− p′)2,

u = (p− q)2 = (p′ − k)2 (7)

with the virtual photon momentum k2 = κ′2−κ2 in terms
of the initial and the final electron momenta κ and κ′.
We denote the virtuality of photon with Q2 = −k2.

III. THE MODEL

In this work, we utilize the effective Lagrangian ap-
proach for constructing the Born approximation ampli-
tude to one-photon exchange at the tree level. It is, then,
extended to reggeize the t-channel meson exchange by
replacing the Feynman propagator with the Regge prop-
agator [6? ].
As illustrated in Ref. [6] for kaon photoproduction, we

consider an extended version of the GLV model where the
tensor meson K∗

2 is introduced to give a better descrip-
tion of differential cross sections and spin polarization
observables with the reduction of the large K∗ coupling
constants of the original model to such a degree that
seems to be consistent with SU(3) value.

We also discuss the recent Reggeized model by VRN
to compare numerical consequences from different form
factors in other models.

In this work we utilize the monopole form of the charge
form factor for the exchanged mesons, φ = K, K∗, K1,
and K∗

2 , coupling to virtual photon.

A. Reggeized amplitude for electroproduction

For gauge invariance of the electroproduction ampli-
tude coupling to virtual photon we use the Gross-Riska
prescription [3, 9] for the charge form factors of nucleon
and kaon.

In constructing the electroproduction model, we use
the same physical constants as in photoproduction. Elec-
troproduction will be an extension of these photoproduc-
tion amplitudes with charge factors introduced in the
gauge invariant way. The charge form factor of kaon,
FK(Q2) which gives the leading contribution to the lon-
gitudinal cross section σL, can be treated as gauge in-
variant by including the nucleon pole in the s-channel
with charge form factor F1(Q

2). For the gauge invariant
introduction of charge form factors between kaon and nu-
cleon, we follow the recipe by the Gross-Risk and apply
to VGL model as well as the current calculation in this
work. Other promising models, the VRN model includ-
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ing the KM model for pion electroproduction, apply an
energy-dependent cutoff masses ΛN (Q2, s) to the nucleon
charge form factor in order to take into account the con-
tribution of baryon resonances in the low energy region.
Moreover, since they further consider the Regge pole for
the nucleon with the energy-dependent slope of kaon tra-
jectory α′

K(t;Q2, s), which is different from that of kaon

pole in the t-channel, they adopt the approach of simply
canceling with each other which is different from the GR
scheme as will be discussed below.

For the hyperon Y = Λ and Σ0, the reggeized K ex-
change in the t-channel that respects gauge invariance
can be written as

MK = i ū′
Y (p

′)

[
egγ5

(/p+ /k +M)

s−M2
F̃1(k

2) /ϵ+ eF̃K(k2)
(2q − k) · ϵ
t−m2

K

gγ5

]
(t−m2

K)PK(s, t)uN (p) , (8)

where the charge coupling proton pole term is considered to preserve gauge invariance with proton and kaon charge
form factors,

F̃1(k
2)/ϵ = F̃ ′

1 (k
2)/ϵ = F1(k

2)

(
/ϵ− /k

ϵ · k
k2

)
+ F1(0) /k

ϵ · k
k2

, (9)

F̃K(k2)(2q − k) · ϵ = FK(k2)(2q − k) ·
(
ϵ− k

ϵ · k
k2

)
+ FK(0)(2q − k) · k ϵ · k

k2
, (10)

which are normalized by F1(0) = 1 and FK(0) = 1, respectively.

Based on Ref. [7] for photoproduction the t-channel meson exchange, as depicted in Fig. 2, are written as by

MA = iū′(p′)
gγKK1

m0
FA(k2)(k ·Qϵµ − ϵ ·Qkµ)(−gµν +QµQν/m2

A)

[
gvANN γν + i

gtBNN

2M
σλνQ

λ

]
γ5PA(s, t)u(p) ,(11)

MV = −ū′(p′)
gγKK∗

m0
FK∗

(k2)εµναβϵµkνqα(−gβρ +QβQρ/m
2
V )

[
gvV NN γρ + i

gtV NN

2M
σλρQλ

]
PV (s, t)u(p) , (12)

MT = −ū′(p′)
2gγKK∗

2

m2
0

FT (k2)εµναβ ϵµkνqαq
ρΠβρ;λσ(q − k)

[
2g(1)

M
(γλPσ + γσPλ) +

4g(2)

M2
PλPσ

]
PT (s, t)u(p) (13)

with the mass parameter m0 = 1 GeV, the t-channel momentum transfer Q = q − k, and P = 1
2 (p+ p′).

We use ε0123 = +1.
The tensor meson spin projection is

Πβρ;λσ(Q) =
1

2
(ηβληρσ + ηβσηρλ)− 1

3
ηβρηλσ (14)

with ηµν = −gµν + QµQν

m2
T

.

The Regge propagator for the exchanged meson φ(=
K, K∗, K1, K

∗
2 ) is written collectively,

Pφ(s, t) =
πα′

φ × phase

Γ(αφ(t) + 1− J) sin(παφ(t))

(
s

s0

)αφ(s)−J

,(15)

where the canonical form of the Regge phase is 1
2 ((−1)J+

e−iπαφ(t)) for the meson of spin-J .
For the valid prediction within the Regge framework,

it is of significance to assign the correct phase to a
Regge pole in the reaction amplitude. In considera-
tion of the exchange-degenerate (EXD) pairs (K,K1),

and (K∗,K∗
2 ), we assume the weak EXD for αK ≈ αK1

and αK∗ ≈ αK∗
2
. Hence, we choose the complex phase

e−iπαφ(t) for all these meson exchanges, while denoting
these trajectories by

αK(t) = 0.7 t− 0.171 , (16)

αK1(t) = 0.7 t− 0.133 , (17)

αK∗(t) = 0.83 t+ 0.25 , (18)

αK∗
2
(t) = 0.85 t+ 0.273 . (19)

We use the trajectories in Eqs. (16) and (18) to agree
with γp → K∗+(892)Λ photoproduction in Ref. [8].
The meson-baryon coupling constants between models
are compared in Table I.
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FIG. 2. The diagrams describing kaon electroproduction amplitudes in exclusive reactions p(e, e′K+)Λ and p(e, e′K+)Σ0. The
nucleon pole and pion pole in (a) and (b) constitutes gauge invariant pion exchange.

B. Charge form factors for nucleon and mesons

1. Current model and VGL model

Given the meson exchange K +K1 +K∗ +K∗
2 in the

current model as in Eqs. (8), (11), (12), and (13) the
VGL model considers K + K∗ with the nucleon charge
form factor in Eq. (9) as the dipole form

F1(Q
2) =

1 + µN τ

1 + τ

(
1 +Q2/Λ2

N

)−2
(20)

and τ = Q2/4M2. Kaon charge form factor in Eq. (10) is
parameterized as a monopole of the photon momentum
squared,

Fφ(Q2) =
(
1 +Q2/Λ2

φ

)−1
, (21)

which will be applied to other charge form factors of
mesons coupling to the virtual photon in the t-channel
as well.
Since we have only one parameter Λφ in each meson

form factor as well as the meson-baryon coupling con-
stants determined from SU(3) flavor symmetry as shown
in Table II in the Appendix, the EM structure of the
hadrons can be investigated in a less model-dependent
way through the form factors with the cutoff mass ap-
propriately chosen to explain the data.
In the VGL model [1, 2] the cutoff mass for the nucleon

form factor is

ΛN = 0.843 GeV, (22)

and

ΛK = ΛK∗ =
√
0.6 GeV, and

√
1.5 GeV (23)

are chosen, respectively, for the meson form factors in
Eq. (21).

2. VRN model

The VRN model [4] is essentially an extension of the
KM model. There is no tensor meson exchange. Instead,
it takes into account the vector mesonK∗(1410) and axial

vector meson K1(1400) of other masses and uses their
coupling constants from the least χ2 optimized values.
Here, we select model IIb for the best χ2 fit to empirical
data and compare the numerical results with the current
model predictions.

In the model the trajectoryies of the K∗ and K∗(1410)
are chosen as

αK∗(t) = 0.85 t+ 0.324 , (24)

αK∗(1410)(t) = 0.83 t− 0.66 (25)

with the complex phase for the K and K∗, but the
constant phase for the latter, respectively.

• Kaon charge form factor

Charge form factors for these meson exchange are the
same as given in Eq. (21) with the cutoff massese

ΛK = ΛK∗ = ΛK∗
1410

= 0.838GeV . (26)

• Nucleon charge form factor

In the low energy region of π electroproduction,
Kaskulov and Mosel consider a recipe to include the res-
onance effect via a modification of the nucleon charge
form factor, and it has the energy-squared s-dependence
by introducing the s-dependent cutoff mass, as a result
[5]. The VRN model employs the nucleon charge form
factor

F1(Q
2, s) =

(
1 +Q2/Λ2

N (s)
)−2

(27)

and, similar to Ref. [5], the cutoff mass is parameterized
to have the s-dependence in the s-channel as

ΛN (s) = 0.84GeV + 1.354

(
1−

M2
p

s

)
GeV (28)

with the factor 1.354 GeV resulting from the difference
between the cutoff masses, Λ∞ − ΛN .

In addition, given the nucleon charge form factor in
Eq. (27), the slope of the K trajectory in Eq. (16) is
designed as the function of Q2 and s,

α′
K(Q2, s) =

(
0.7

1 + ξQ2

s

)
GeV−2 (29)
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with the constant ξ = 2.43 in the denominator fitted to
empirical data. Thus, the kaon Regge pole has an explicit
Q2-dependence, PK(s, t, Q2) with the slope given by Eq.
(29) for the αK trajectory in Eq. (16). The nucleon pole
term multiplied by the kaon Regge pole in Eq. (8) is
changed to

F1(Q
2)PK(s, t) → F1(Q

2)PK(s, t, Q2), (30)

whereas the kaon pole term with the Regge propagator
is given as usual

FK(Q2)PK(s, t). (31)

The effect of the N∗ contribution via a modification
of the nucleon charge form factor is a feature of the KM
and VRN models. Nevertheless, as can be seen in Eqs.
(9) and (10), the Gross-Riska gauge prescription is not
suited for such an approach because of inequality of the
kaon Regge propagator between the nucleon and kaon
pole terms as in Eqs. (30) and (31). The nucleon and
kaon pole terms in the VRN amplitude are given inde-
pendently with each form factor in Eqs. (21) and (27)
and the Regge propagator as discussed in Eqs. (30) and
(31). Thus, gauge invariance of the kaon exchange to-
gether with nucleon pole is restored by the gauge fixing
term,

MGF = egū(p′)γ5u(p)
ϵ · k
k2

(t−m2)

×
[
FK(Q2)PK(s, t)− F1(Q

2, s)PK(s, t,Q2)
]
, (32)

instead of introducing the Gross-Riska form factors F̃1

and F̃K in the above amplitudes. In practice, no differ-
ence is in the gauge prescription between the Gross-riska
and the subtraction form in Eq. (32).

C. Meson-baryon coupling constants

We determine the meson-baryon coupling constants
and the radiative decay constant from empirical infor-
mations in accordance with symmetry arguments. We
use fρ = 5.35 ± 1.15 from the ρ decay, Γ(ρ → e+e−) =
7.04 ± 0.06 keV. Therefore, gρ = 2.6 for the vector cou-
pling and κρ = 6.1 for the tensor coupling of the vector
meson are taken in the present work. Theoretical es-
timates for the radiative decay width of axial meson of
type-A (3P1) and -B (1P1) were reported to be Γ(A →) =
in the covariant quark model (COQM) [? ] and coupled
channel approach [? ? ].
• Radiative decay constants

ΓV (A)→Kγ =
1

96π

g2

m2
0

(
m2

V (A) −m2
K

mV (A)

)3

(33)

ΓT→Kγ =
1

10π

g2

m4
0

(
m2

T −m2
K

2mT

)5

(34)

TABLE I. Meson-baryon coupling constants and cutoff masses
in electroproduction γ∗p → K+Λ(Σ0) [6]. Energy-dependent

cutoff ΛN (s) is given by Eq. (28). (∗)This value is chosen
as a temporary convenience to follow the similar denotation
for listing coupling constants. Its product with gvK∗(1410)NΛ

yields eGγK∗(1410)KGK∗(1410)Λp in Ref. [4].

NSC97a VGL [2] VRN [4] This work
gKNΛ |13.24| −11.54 −13.2 −11.54
gKNΣ0 4.47 4.47

ΛK

√
1.5 0.838 1.2

ΛN 0.843 ΛN (s) 1.55

gγKK∗ 0.254 0.254 0.254
gvK∗NΛ −4.26 −23 −8.14 −4.5
gtK∗NΛ −11.31 −57.5 −8.47 −16.7
gvK∗NΣ0 - −25 - −2.6
gtK∗NΣ0 - 25 - 3.2

ΛK∗
√
1.5 0.838 1.2

gγKK∗
2

- - 0.276

g
(1)
K∗

2NΛ - - −4.45

g
(2)
K∗

2NΛ - - 0

g
(1)

K∗
2NΣ0 - - −4.9

g
(2)

K∗
2NΣ0 - - 0

ΛK∗
2

- - 1.5

gγKK1(1270) - - 0.071
gvK1NΛ - - −6.7
gtK1NΛ - - 15.36
gvK1NΣ0 - - 1.81

gtK1NΣ0 - - −1.4
ΛK1 - - 1.5

gγKK∗(1410) - 0.2(∗) -
gvK∗(1410)NΛ - 49.52 -
gtK∗(1410)NΛ - 34.66 -
ΛK∗(1410) - 0.838 1.5

IV. DATA ANALYSIS

A. Differential cross sections

From the phenomenological analysis based on the
model calculation, it could be made the following two
tentative points.

• Dominance of kaon exchange in the longitudinal
cross section dσL; solely determined by the single pa-
rameter ΛK and not sensitive to a change in other cutoff
masses. Further, it is not likely that the longitudinal
(or scalar) component of baryon resonances is to be
significant, though contributing. Therefore, similar to
pion, the case of kaon allows for a precise extraction of
kaon charge form factor FK(Q2) from the dσL.

• The transverse cross section dσT is largely deter-
mined by the parameter ΛN of the nucleon Dirac form
factor F1(Q

2) in comparison to other meson exchanges.
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FIG. 3. Q2 dependence of dσL, dσT and the ratio dσL/dσT

for K+Λ electroproduction. Solid curves are from the current
model calculation by choosing ΛK = 1.2 GeV together with
the dotted one by ΛK = 0.84 GeV. The (red) dashed curves
are from the VGL model and (blue) dashe-dotted from the
VRN model predictions, respectively. In what follows we keep
these notations for the curve. Data are taken from Ref. [10?
]

It is crucial to choose the cutoff mass ΛK for kaon
charge from factor and the cutoff mass ΛN for the nucleon
charge form factor to describe dσL and dσT of K electro-
production, respectively. Inconsistency of dσT with the
VGL and VRN models which favor using the on-shell cut-
off mass ΛN = 0.843 GeV implies a need for more of the
off-shell contributions. We advocate choosing rather a
large cutoff mass ΛN = 1.55 GeV as demonstrated in the
electroproduction of vector meson ω and π for this pur-
pose, avoiding a complication either from the inclusion of
N∗ resonances or from such a parametrization of nucleon
form factor F1(Q

2, s) as elaborated in Refs. [4, 5].
On the experimental side, there were activities to pre-

cisely measure the longitudinal cross section enough to
study the internal structure of the meson form factor.
R. M. Mohring et al. [10] reported measurements of
cross sections for the reaction 1H(e, e′K+)Y , for both
the Λ and Σ0 hyperon states, at an invariant mass of
W = 1.84 GeV and four-momentum transfers between
0.5 < Q2 < 2 (GeV/c)2. Q2 dependence of cross sec-
tions σL(T ) and their ratio were measured at fixed energy
W = 1.84 GeV and angle θK = 0◦ of the produced kaon,
where

tmin = −Q2 +m2
K − 2k0EK + 2|⃗k||q⃗| (35)

in the c.m. frame.
M. Coman et al. [11] studied 1H(e, e′K+)Λ electro-
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FIG. 4. Q2 dependence of dσL, dσT and the ratio dσL/dσT

for K+Σ0 electroproduction. Data are taken from Ref. [10]

production in experiment and obtained the dependence
of the cross sections σL(T )/dΩ and σU/dΩ upon invariant

energy W at Q2 = 1.9 and 2.35 GeV2 with −t fixed at
several values.

dσU = dσT + ϵ dσL . (36)

Solid curves in Fig. 4 shows the cross sections dσL(T )

and dσU compared with the predictions by the Reggeized
meson exchanges within the current framework. Since
the cross sections were in the energy range 1.8 ≤ W ≤
2.14 GeV, baryon and hyperon resonances are expected
to play role in the s- and u-channels, the separated cross
sections reveal a significant disagreement between data
and model prediction around W ≈ 2 GeV not satisfacto-
rily described by existing electroproduction models based
on the meson exchange. Such a deviation of the model
prediction from experimental data recalls a prominent
resonance peak around that energy region. It should
be noted that the dotted cross sections predicted by the
VRN model describes the resonance peak in the cross
section to a degree. The model includes the resonance
effect in the nucleon charge form factor as discussed in
Eq. (27) together with the modified kaon Regge pole by
the slope αK in Eq. (29).

Influence of the kaon pole on the cross sections was
investigated by adopting an off-shell form factor in the
Regge model, which better describes the observed energy
dependence of σT and σL.

Recently, M. Carmignotto et al. [12] studied
1H(e, e′K+)Λ electroproduction as a function of the
Mandelstam variable t using data from the E01-004 (FPI-
2) and E93-018 experiments that were carried out in Hall
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FIG. 5. Energy dependence of dσL(T )/dΩ and dσU/dΩ for

K+Λ electroproduction. Momentum-transfer squared −t and
electron polarization ε are taken as average values. Solid
curves result from the current model which correspond to σT

(upper curve) and σL (lower curve) in the left panels, while
the dotted are from VRNmodel with the same notation. Data
are taken from Ref. [11].

C at the 6 GeV Jefferson Laboratory. TheQ2 dependence
of the separated cross sections σL(T ) at fixed values of t

= 0.4 (GeV/c)2 and xB = 0.3 were presented with the
fraction and photon Lab energy defined as,

xB =
Q2

W 2 +Q2 −M2
N

, (37)

and

ν =
W 2 −M2

N +Q2

2MN
. (38)

The Q2 dependence of kaon charge form factor were
extracted by VGL model [1]. Data from 12 GeV Jef-
ferson Laboratory experiments are expected to have suf-
ficient precision to distinguish between theoretical pre-
dictions recent pQCD calculations with modern parton
distribution amplitudes. The leading-twist behavior for
light mesons is predicted to set in for values of Q2 be-
tween 5 and 10 GeV2, which makes data in the few-GeV
regime particularly interesting. The Q2 dependence at
fixed x and t of the longitudinal cross section that we
extracted seems consistent with the QCD factorization
prediction within the experimental uncertainty.

B. Kaon charge form factor

The extraction of the Q2-dependence of kaon form fac-
tor FK(Q2) from electroproduction is of importance to
understand the qq̄-substructure of kaon from soft to hard
pQCD region [? ]. In low Q2 region below around 0.3
GeV2 the kaon form factor is measured from elastic scat-
tering e + π+ → e + π+ [13]. It consistently continues

1 1.5 2 2.5 3

Q
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2
/c

2
]

10
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L
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2
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1

10
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3
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T
/d

t [
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/G
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2 ]

x = 0.3

-t = 0.426

K
+ΛCarmignotto

0.84

1.2

FIG. 6. Q2 dependence of dσL and dσL for K+Λ electropro-
duction. Cross sections from the current model are denoted
by solid curves. The (red) dashed curves are predicted by
VGL model. The VRN model gives the dotted curves. Data
are taken from Ref. [12]

to the form factor in Eq. (21) that is extracted from
electroproduction in the intermediate Q2 range with the
kaon dominance assumed in the longitudinal component
of the hadronic amplitude,

dσL

dt
∝ g2πNN (t)F 2

π (Q
2, t)

−tQ2

(t−m2
π)

. (39)

The cutoff ΛK of the monopole form factor determines
the size of the kaon charge distribution,

rK =
√
6/ΛK . (40)

Such a trend is illustrated in Fig. 8, where the pQCD
further predicts the asymptotic saturation in the large
Q2 realm,

Q2Fπ(Q2) → 16παsf
2
π (41)

with pion decay constant fπ = 93.1 MeV.
Therefore, the study of the form factor over large Q2

is indispensable to test pQCD predictions.

Appendix A: meson-baryon coupling constants from
SU(3) symmetry

Table II summarizes the meson-baryon coupling con-
stant of the exchanged meson within the Regge frame-
work for the high-energy photoproduction data. Cou-
pling constants from the Nijmegen soft core potential
(NSC97a;f ) are listed for comparison.

For the consistency-check of the ratio α = F/D in
Table II we use the SU(3) relation between the a2NN
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FIG. 7. Q2 dependence of kaon charge form factor. Data are
taken from Ref. [12]

TABLE II. Meson-baryon coupling constants for the ex-
changed mesons in photoproductions γN → π±N [7] and
γp → KY reactions [6]. The primary coupling constants gKpΛ

and gKpΣ are varied within a 20% symmetry breaking. The
maximum value is taken for γKK∗0

2 with negative sign(c).

NSC97a KM [5] BTK [6] α
gπNN 13.15 13.4 13.4 0.4
gvρNN 2.97 3.4 2.6 1
gtρNN 12.52 20.74 9.62(16.12) 0.4
gva1NN 7.1± 1.0 6.7 0.365
gtb1NN - −14 0.45

g
(1)
a2NN 1.4 2.25

g
(2)
a2NN 0 0.21

NSC97a VRN/VGL Present work
gKpΛ −13.24 −11.27/− 11.54 −11.54
gKpΣ0 4.11 4.6/4.47 4.47
g
γK

±
K∗ 0.254

gγK0K∗ −0.388
gvK∗pΛ −4.26 −1/− 23 −4.5
gtK∗pΛ −11.31 −15.38/− 57.5 −16.7
gvK∗pΣ0 −2.46 −2.6

gtK∗pΣ0 1.15 1.924

g
γK

±
K1

0.071

gγK0K1
−0.133(a)

gvK1pΛ −5.31 −6.7
gtK1pΛ −7.08 15.36
gvK1pΣ0 1.81

gtK1pΣ0 −1.4

gγK±K∗
2

0.276(b)

gγK0K∗
2

< 0.041(c)

g
(1)
K∗

2 pΛ −4.45

g
(2)
K∗

2 pΛ 0

g
(1)

K∗
2 pΣ0 −4.9

g
(2)

K∗
2 pΣ0 0
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FIG. 8. Total cross section for K+Λ photoproduction up to
Eγ = 16 GeV.

and the f2NN couplings,

g
(1,2)
f2NN =

1√
3
(4α(1,2) − 1) g

(1,2)
a2NN , (A1)

for g
(1(2))
f2NN = 6.45(0) and g

(1(2))
a2NN = 1.4(0).

Meson- baryon coupling constants for the strangeness
sector are determined from the SU(3) relations in Eqs.
(A2) and (A3) below [14]. They are consistent with those

obtained from the NSC97a [15]. The value g
(1)
a2NN = 1.4 or

1.6 is supported by the analyses of the NSC YN potential
[15, 16] and its extended version which yield the value

g
(1)
a2NN = 1.57 [17].

gKNΛ = − 1√
3
(1 + 2α) gπNN , (A2)

gKNΣ = (1− 2α) gπNN , (A3)

Appendix B: K+Λ photoproduction

Given the meson-baryon coupling constants in the
Table II, the total cross section up to photon energy
Eγ = 16 GeV and single spin polarizations, Σ and P
at Eγ = 16 and 5 GeV are presented for γp → K+Λ in
Figs. 8 and 9. These are the demonstration of kaon pho-
toproduction with the coupling constants adopted in this
work to ensure the validity of its extension to electropro-
duction. The parameters in the that case are mainly the
cutoff ΛK for kaon charge form factor and ΛN for the nu-
cleon charge form factor both of which play the crucial
role to determine the longitudinal and transverse cross
sections, respectively.

It is interesting to notice that the total cross section
cannot agree with high energy data without tensor meson
K∗

2 exchange. The role of the K∗
2 is prominent to reduce

the vector mesonK∗ coupling constants to a large degree.
Nevertheless, in the electroproduction, the role of the
K∗

2 is limited to the transverse component of the cross



9

0 0.2 0.4 0.6 0.8 1 1.2 1.4
-t [GeV

2
]

-1

-0.5

0

0.5

1

1.5

2

Si
ng

le
 P

ol
ar

iz
at

io
ns

γ p → Κ+ Λ
Σ    (Eγ = 16 GeV)

PΛ    (Eγ = 5 GeV)

+0.07

0.85t+0.273

FIG. 9. Beam polarization Σ at Eγ = 16 GeV and recoil
polarization asymmetry at 5 GeV for K+Λ photoproduction.

section dσT . Its role in the electroproduction is likely to
be confirmed in the spin polarization. The longitudinal
cross section dσL shows the sensitivity to a change of the
kaon exchange.
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Appendix C: Running gfortran code

• The execution file ekaon-btk.out will run by putting ” ./ekaon-btk.out ” under the gfortran code.

• Choose the reaction K+Λ (1) or K+Σ0 (2)

• Current conservation is checked out and jump over to the next step.

• Model: BTK(1), VGL(2), VRN(3) or BTK with free cut(4)
→ You can select the model, BTK is our model and the cutoff masses in the models of options (1), (2), and (3)

are fixed as listed in Table I. Choose (4) if you want to vary the cutoff mass in the BTK model

• WE WILL CALCULATE DIFF. CROSS SECTION(DCS)!!!’ WHICH ONE PRINT TO OUT: 4-kinds of DCS
& L/T ratio(1), dSU (2), SUM OF 4-DCS(3) OR SSA(4) ’

(1)=dσT , dσL, dσTT , dσLT , and dσL/dσT

(2)=dσU
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(3)=sum of 4 dcs in option (1)

(4) is not relevant to the present calculation

• WE WILL CALCULATE DIFF. CROSS SECTION!!! CHOOSE X-AXIS & FIX VARs. : W,QQ&t(1),
QQ,W&t(2), QQ,xb&t(3), QQ,xb&theta(4), QQ,W&theta(5) OR -t,W&QQ(9)
→ (1)=x-axis is W , Q2 and t are fixed. (2)=x-axis is Q2, W and t are fixed. (3)=x-axis is Q2, xb and t are fixed.

and so on.
→ if you select (2), you are asked to put the Q2 value for the endpoint of x-axis you want. and then put the W

and t as inputs.
→ INPUT: PHOTON POL EL(0¡EL¡1)?; need for dσU only. If not, PUT ANY VALUE.

• End


