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Based on our previous study of the QCD inspired eikonalized model for describing vector meson pho-

toproduction, pp, and p̄p elastic scattering at high energies, we apply the mode to high energy K±p

elastic scattering. The total cross section σtot(s), differential cross section dσ/dt, the ratio of the real

part to imaginary part of the forward scattering amplitude ρ(s), and nuclear slope parameter function

β(s) are calculated in the model. Our results show that the theoretical prediction for σtot(s) is in a

good agreement with the experimental data within error bars of the data. For the other theoretical

predictions there are no data to test the predictive power of the model. We need the corresponding

experimental data to examinate the validity of our QCD inspired eikonalized model. However, our

calculations clearly show that the Odderon exchange in the process makes a significant contribution to

the observable of ρ(s) and β(s). Therefore, we may conclude that there is a good opportunity to find

the QCD Odderon in the K±p elastic scattering at high energies.
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1 Introduction

A microscopic understanding of hadron–hadron scatter-
ing remains an elusive goal of hadron physics, and quark
gluon contents of the nucleon. Two experiments at the
ZEUS [1] and H1 [2] have measured the high energy
hadron–proton differential cross section. In recent years
many more data have been obtained in HERA experi-
ments, with high accuracy and statistics, and their com-
parison with theoretical calculations provides many op-
portunities to understand and describe important gen-
eral feature of the dynamics governing these processes.
We can learn quark gluon structure of hadron from these
processes. It also offers an opportunity to search for
new physics and new particles such as H-particle, Higgs,
Glueball and Odderon which has been predicted by QCD
and Color Glass Condensate model [3, 4].

It is well known, within Quantum Chromo Dynamics
(QCD), hadrons contain quarks, anti-quarks and gluons.
Meson is supposed to consist of quark and antiquark pair.
At the same time, we know that the photon can fluctuate
into a quark and antiquark pair according to the QCD

generalized vector meson dominance model. The medi-
ators of interactions between projectiles (the quark and
antiquark pair) and the hadron target (two quarks or
three quark system) are the tensor Glueball and Odd-
eron instead of the conventional hadron–hadron or pho-
ton hadron interaction such as the Reggeon and Pomeron
exchange. This theory is named QCD inspired model for
mesons or baryon interactions. In this paper, we use the
QCD inspired model and eikonalized formulism which is
initially proposed by Block [5, 6] in the two-dimensional
transverse impact parameter space to study K±p elastic
scattering at high energies.

This paper consists of four parts. In Section 2, we
briefly introduce the QCD inspired model and eikonal-
ized formulism. Theoretical prediction and comparisons
to experimental data are given in Section 3. Finally the
summary and conclusions is given in Section 4.

2 QCD inspired eikonalized model

According to the eikonal approximation, we can write
scattering amplitude [7] in the center of mass system
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within the framework of eikonalized formulism as:

F (s, t) =
k

π

∫
eiqba(s, b)d2b (1)

which ensures unitarity in the two-dimensional trans-
verse impact parameter space b, where a(b, s) is the
scattering amplitude in impact parameter frame with
a(b, s) = 〈ψi |

∏A
i=1[1−Γ i(b−si)] | ψi〉 where Γi is profile

function described two body interaction. d2b = 2πbdb
and q is a two dimensional vector in the impact parame-
ter space b and q2 = −t with t being momentum transfer.

As it has been pointed out [6, 7] that the scattering
amplitude of hadron–hadron scattering in QCD inspired
model is given by F (s, t) = F+(s, t) + F−(s, t), where
F+(s, t) is the crossing even amplitude and F−(s, t) is
the crossing odd amplitude of the interacting process.
The quark–quark, gluon–gluon interactions and quark–
gluon interference term contribute to the crossing even
amplitude F+(s, t) and the QCD Odderon contribution
is responsible for the crossing odd amplitude F−(s, t).
For photoproduction process off the proton, the interac-
tion between the incoming photon and the target hadron
is treated as a strong interaction of a quark–antiquark
pair, produced by photon, with the target proton in the
quark model of hadron [8] according to the assumption
of QCD generalized vector meson dominance model. For
hadron–hadron interacting system, the quark gluon de-
grees of freedom naturally are involved. In both cases,
the mediators of the interacting force are the tensor glue-
ball [8], which is constructed by two Reggeinized gluons
with mass of 2.23 GeV, decay width Γ ≈ 100 MeV and
quantum numbers IG,JP,C = 0+, 2+,+, and the QCD
Odderon is consisted of three Reggeinized gluons with
charge conjugation number C = −1. For K±p elastic
scattering, the mechanism of scattering is similar to pp
elastic scattering [7, 8]. The diagrammatic representa-
tion of the interacting mechanism can be seen in Refs.
[7, 8].

Assuming F (s, t) is scattering amplitude in general,
then the total cross sections σtot(s), ratio of the real
part to the imaginary part of the forward scattering am-
plitude ρ(s), and the nuclear slope parameter function
β(s) are normalized in such a way that [9, 10]

σtot(s) =
1
s
ImF (s, t = 0) (2)

ρ(s) =
ReF (s, t = 0)
ImF (s, t = 0)

(3)

β(s) =
d
dt

[
ln

dσ(s, t)
dt

]
t=0

(4)

with dσ(s, t)/dt in Eq. (4) being the differential cross
sections of the process under study which is determined
by F (s, t) and normalized such that

dσ(s, t)
dt

=
1

16πs2
|F (s, t)|2 (5)

Eqs. (2)–(5) are the fundamental formulae of our present
study of the K±p elastic scattering at high energies.
Now, the task to reach our goal is to work out the am-
plitude F (s, t) in QCD inspired eikonalized model. Ac-
cording to Glauber multiple scattering theory [11], the
scattering amplitude is given by

F (q) =
ik
2π

∫
eiqb[1 − eiχ(s,b)]d2b (6)

and the eikonal phase transition function χ(s, b) is de-
fined by

χ(s, b) = −2m
k

∫ ∞

0

V (
√
b2 + z2)dz (7)

with V (
√
b2 + z2) being interaction, and b is the impact

vector in colliding plane. The amplitude F (s, t) can be
simply expressed by χ(s, b). Therefore, calculating am-
plitude becomes a task to calculate χ. In the QCD in-
spired eikonalized model

χ(s, b) = χeven(s, b) + χodd(s, b) = χqq(s, b)

+χgg(s, b) + χqg(s, b) + χodd(s, b) (8)

where χeven is responsible for the crossing even amplitude
F+(s, t) and χodd corresponds to the crossing odd ampli-
tude F−(s, t). For K±p scattering in the QCD inspired
eikonalized model, the scattering amplitudes can be ob-

tained by substitution σij → 2
3σij and μij →

√
3
2μij

in the even and odd eikonal functions of the K±-proton
scattering according to additive quark model because we
use the formula derived for pp scattering [7] but K me-
son consists of two quarks and the proton is made up
of three quarks. Therefore, the χeven and χodd can be
written as:

χKp
even = χKp

qq (s, b) + χKp
gg (s, b) + χKp

qg (s, b)

= i
[2
3
σqq(s)W (b;

√
3
2
μqq)

+
2
3
σgg(s)W (b;

√
3
2
μgg)

+
2
3
σqg(s)W (b;

√
3
2
√
μqqμgg)

]
(9)

and

χKp
odd =

2
3
σodd(s)W (b;

√
3
2
μodd)

=
2
3
CoddΣgg

m0√
s
W (b;

√
3
2
μodd) (10)

Here χ is complex function χ(b, s) = χR(b, s) + χI(b, s)
and depends on the energy s and impact parameter b.
The W (b, μ) stands for the probability distribution func-
tion of partons ( quarks and gluons) in hadron. Using
the above discussions and formulism, the σtot(s), dσ/dt,
ρ(s) and β(s) of K± scattering off the proton, can be
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expressed by

σKp
tot (s) = 2

∫ [
1 − e−χKp

I (b,s) cos(χhp
R (b, s))

]
d2b (11)

dσKp(s, t)
dt

=
1
4π

∣∣∣
∫
J0(qb)

[
1−e−χI (b,s)+iχR(b,s)

]
d2b

∣∣∣2
(12)

ρKp(s) =
Re

{
i
∫ [

1 − e−χI (b,s)+iχR(b,s)d2b
]}

Im
{

i
∫ [

1 − e−χI(b,s)+iχR(b,s)d2b
]} (13)

βKp(s) =
1
2

∫ [
1 − e−χI (b,s)+iχR(b,s)

]
b2d2b∫ [

1 − e−χI (b,s)+iχR(b,s)
]
d2b

(14)

3 Theoretical prediction and comparison to
experimental data

As is known, the total even contribution is not yet
analytic. For large s, the even amplitude in Eq. (9)
can be made analytic by the substitution s → se−iπ/2.
Therefore, the contributions to total cross section from
quark–quark, gluon–gluon, quark–gluon interference can
be rewritten as [7, 12]:

σgg(s) = 2π(
ε

μgg
)2(log2 s

s0
− π2

4
) − iπ2(

ε

μgg
)2 log2 s

s0

(15)

σqq(s) = Σgg(C + Ceven
Regge

m0√
s

cos
π

4
)

+iΣggC
even
Regge

m0√
s

sin
π

4
(16)

σqg(s) = ΣggC
log
qg log

s

s0
− iΣggC

log
qg

π

2
(17)

The odd amplitude corresponding to Eq. (10) is not
yet analytic too, but it can be made analytic in the same
way as that for even amplitude, i.e., we replace the s by
use of se−iπ/2. In doing so, we arrive at

σodd(s) = CoddΣgg
m0√
s

cos
π

4
+ iCoddΣgg

m0√
s

sin
π

4

(18)

It should be emphasized that in the QCD inspired
eikonalized model, the mediators of the force are tensor
glueball and Odderon. This is very different from other
calculations because the exchange mediators are glueball
and Odderon, and in particular, it is completely differ-
ent from the conventional treatment in hadronic level
of high energy hadron–hadron scattering in which the
quark and gluon degrees of freedom have not been taken
into account.

Using the above discussions and the Eqs. (2)–(18), we
can calculate the total cross sections σtot(s), differential

cross section dσ/dt, ratio of the real part to imaginary
part of the forward scattering amplitude ρ(s), and nu-
clear slope parameter function β(s) of the K±p elastic
scattering in the QCD inspired eikonalized model.

Our theoretical predictions with the parameters given
in Refs. [13, 14] are shown in Figs. (1)–(4). As is seen
from Fig. 1, our prediction for total cross section fits the
experimental data successfully. The present prediction
of differential cross section dσ(s, t)/dt is shown in Fig. 2.
However, there is no data, so far, to prove this predic-
tion. Figure 3 and Fig. 4 show the ratio of the real part to
imaginary part of forward scattering amplitude ρ(s) and
the nuclear slope parameter function β(s) respectively
which are also required data to be proved. According to
our present calculations, the Odderon exchange interac-
tion makes a significant contribution to the observable
of ρ(s) and β(s). But corresponding data are urgently
demanded for testing our theoretical predictions.

Fig. 1 s1/2-dependence of total cross section σ(s) of K±p elastic
scattering at high energies.

Fig. 2 |t|-dependence of differential cross section dσ(s, t)/dt for
K±p elastic scattering at the energy of s1/2 = 80 GeV.

4 Summary and conclusions.

Based on our previous investigation of pp, p̄p and vector
meson photoproduction at high energies in the QCD in-
spired eikonalized model, we predict the total cross sec-
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Fig. 3 s1/2-dependence of the ratio of the real part to the imag-
inary part of forward scattering amplitude ρ(s) for K±p elastic
scattering.

Fig. 4 s1/2- dependence of slope parameter functions β(s) for
K±p elastic scattering.

tion σtot(s), differential cross section dσ/dt, ratio of the
real part to imaginary part of the forward scattering am-
plitude ρ(s), and nuclear slope parameter function β(s)
ofK±p elastic scattering at high energies. The numerical
prediction of total cross section is successfully consistent
with the experimental data. Although for our other the-
oretical predictions we urgently need experimental data
to examine the validity of our QCD inspired eikonalized
model, the agreement between theory and data for total
cross section, together with our previous excellent fits to
data of pp, p̄p and vector meson photoproduction off the
proton, we may conclude that the QCD inspired eikon-
alized model has a strongly predictive power to hadron

hadron scattering at high energies.
We emphasize that the Odderon exchange term makes

a significant contribution to the observable of ρ(s) and
β(s). Therefore, we may claim that the K±p scattering
can provide a good opportunity to search for existence
of the Odderon. We will investigate this problem in our
coming work.
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