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It is known that the K+-meson scattering can be
used as a weak hadronic interaction probe for inves-
tigating the neutron density distributions in nuclei
while the electron scattering is applied to study the
nuclear charge density. This is a reason for the spe-
cial interest to the experimental data on the elas-
tic scattering differential cross sections [1], [2] and
also on the total reaction cross sections [3]-[7] of
the kaon-nucleus interactions. In one of the first
theoretical works [8] the elastic and inelastic differ-
ential cross sections of K±-mesons with momentum
0.8 GeV/c on 12C and 40Ca nuclei were calculated
using the Glauber high-energy scattering theory [9],
and it was calculated that accounting for the mul-
tiple scattering terms in the theory does not con-
tribute a noticeable effect to improve the agreement
with the experimental data. The Glauber approach
has been also applied in Ref. [10] for calculating
elastic and inelastic scattering of K+-mesons from
6,7Li nuclei where the free K+N amplitude and a
cluster α2n,αt model has been used for these nuclei.
In Ref. [11] the optical K+-nucleus potential was
constructed based on the K+N t-matrix and the
considered nuclear one particle wave functions were
those of a square well potential. The agreement
with experimental data was achieved under the ad-
dition of 10-15% of S11 phase in the K+N ampli-
tude which was motivated as the in-medium effect.
Later on in Ref. [12] for the study of K+ scat-
tering a local version [13] of the Kisslinger poten-
tial [14] was applied which has been early suggested
for pion-nucleus scattering. In [15] a phenomeno-
logical 6-parameter Woods-Saxon optical potential
was fitted to the experimental data.

In our study, to avoid introducing the number of
phenomenological parameters, we suggest a micro-
scopic optical potential that does not introduce any
free parameters and, in contrast, uses the known
data both on the target-nucleus structure and the
K+N scattering amplitude.

Basic formulas

We use the microscopical optical potential (OP)
derived in Ref. [16] on the basis of non-relativistic
amplitude at high energy scattering from complex

systems [9], [17], [18] in the so-called optical limit.
In fact, the latter approximation means the sum-
mation of the K+N elementary amplitudes over all
the nucleons distributed in the target-nucleus. Both
the elementary amplitude and the density distribu-
tion function of the bare nucleons are known from
experimental data. This model is similar to a fold-
ing model but here an elementary K+N potential
would be used instead of the K+N scattering am-
plitude. Thus, in accordance with [16] we have,

UH = V H + iWH = − βc

(2π)2
∑

ν=p,n

σν
K(αν

K + i)×

×
∞∫
0

dq q2j0(qr)ρν(q)fν
K(q). (1)

Here h̄ = c = 1; ρn(q) and ρp(q) are form factors of
the bare neutron and proton densities of a nucleus.
For 12C and 40Ca nuclei we consider them to be of
the same form ρn(q) = ρp(q). For ρp(q) we use the
symmetrized Fermi function with two parameters
cited in [19] where they were reproduced from [20].
As shown in (1) the OP is defined by the total cross
section σν

K for kaon-nucleon interaction and αν
K , the

ratio of real to imaginary part of the K+N forward
scattering amplitude. In addition, the K+N form
factor has the form fν

K(q) = exp(−βνq
2/2). Values

for the quantities σν
K , αν

K and the slope param-
eter βν were derived in [22] from the known scat-
tering phases for five momenta klab from 0.489 to
0.902 GeV/c. For intermediate momenta these pa-
rameters were found using the Lagrange approxi-
mation method. Thus, the microscopic OP (1) does
not have free parameters. It is noticed that in the
above considered experimental data, the kinetic en-
ergy of the K+-meson is comparable to, or larger
than its mass, and therefore the problem is to be
solved in relativistic frame. To this end, in Eq.(1)
for OP one should use the relativistic expression
of the kaon c.m. velocity βc = klab/(E + m2

1/m2),
where E =

√
k2

lab +m2
1 is its total energy in labora-

tory system. Then, substituting the nuclear poten-
tial (1) together with the Coulomb potential Uc(r)
in the Klein-Gordon equation one obtains an equa-
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tion of a Shrödinger like form,

(∆ + k2)ψ(r) = 2µ̄
[
U − U2

2E

]
ψ(r) =

= 2µUeff (r)ψ(r), Ueff = γ(r)

[
U − U2

2E

]
, (2)

U(r) = UH(r) + UC(r). (3)

Usually in (2) and (3) both the term U2/2E and
the correction m2

1/m2E for the relativistic velocity
βc can be neglected, and therefore in calculations
one uses Ueff � γ(r)U and βc � β = klab/E. In
calculations, we take the known expression for the
Coulomb potential in the field of the uniform nu-
clear charge density distribution of radius RC =
rcA

1/3 with rc = 1.3fm. In Eq.(2) we take the
relativistic k value in c.m. system as follows,

k =
m2klab√

(m1 +m2) + 2m2T lab
, (4)

where T lab = E − m1. In the right hand side of
Eq.(2), the quantity µ̄= µγ(r) = γ�

1m1m2/(γ�
1m1+

m2) is the relativistic reduced mass (energy) of the
system, from which one follows the non-relativistic
reduced mass µ = m1m2/[m1 + m2]. In this nota-
tion the relativization factor of OP is given by,

γ(r) = γ∗1 · m1 +m2

γ∗1m1 +m2
, (5)

where the kaon Lorentz factor in c.m. system is

γ∗1 =
γ1m2 +m1√

2γ1m1m2 +m2
1 +m2

2

, γ1 =
E

m1
. (6)

Equation (2) can be solved using a standard pro-
gram for solving Shrödinger equation. To this pur-
pose we use code DWUCK4 [23] where one should
take the potential Ueff (r).

It should be noted that there exist a number of
expressions for the relativization factors γ(r) ob-
tained, e.g., in [24],[25],[26]. However, our calcula-
tions in [27] for the considered energies of the kaon-
nucleus scattering show that all the various expres-
sions of γ(r) lead to very close values. As a conse-
quences, for the kaon momenta 0.8 and 0.635 GeV/c
in the case of scattering from 12C nucleus these
relativization factors get the corresponding values
1.789 (±2.5%)and 1.557(±2%), while for scattering
from 40Ca at 0.8 GeV/c we have γ(r) = 1.866(±1%).
It was also shown that calculations of the differen-
tial cross sections using these different γ(r) do not
exceed the experimental bars.

In Fig.1 we show the calculated differential cross
sections (solid curves) and the corresponding ex-
perimental data. The dashed curves demonstrate

calculations at γ(r)=1 which can be conventionally
called as the ”non-relativistic” case, or better, the
”semi-relativistic” one because of the fact, that the
momentum k and velocity βc in (2) retain their rel-
ativistic values. The large difference between solid
and dashed curves points to the fact that the rel-
ativistic effects are significant. This conclusion is
also supported by calculations of total reaction cross
sections. Indeed, in the case of the K(+)+40Ca col-
lision we obtain at γ(r) = 1 a value σtot

r = 245mb
but when the relativization is accounted for with
γ(r) = 1.85 obtained from eq.(5), the corresponding
cross section becomes 367mb1. This indicates that
the relativization effect is about 30%.

Nuclear Structure Effect

As already noticed, the calculated microscopic
OPs depend on the distribution function of point
like neutrons and protons in the ground state of a
nucleus. These functions can be derived both from
nuclear model calculations and defined from inde-
pendent experimental data. We applied three forms
of the 12C density ρ(r) for distributions of the point-
like nucleons. Parameters of the Fermi type density
distribution

ρ(r) = ρ0

[
1 + exp

r − c

a

]−1

(7)

were estimated in [29] basing on the shell model
calculations. This form was applied in many works
for calculations of the nucleus-nucleus folding po-
tentials. Two other densities are taken from Refs.
[19]-[21] and from [30]. In Refs. [19]-[20], for the
12C density ρ(r), the symmetrized two-parameter
Fermi function was used being close to that given
in Eq.(7), while in [30], the 3-parameter form of
Fermi function was used for the same density,

ρ(r) = ρ0

[
1 + ω

r2

c2

]
×

[
1 + exp

r − c

a

]−1

. (8)

Fig. 2 shows the tested densities ρ(r) of the 12C
nucleus and the corresponding differential cross sec-
tions of the K+-meson scattering at different mo-
menta. It is seen that some difference in the calcu-
lated cross sections can be noticed in the range of
large angles of scattering but it is difficult to dis-
tinguish between the different curves. With respect
to the total cross sections σtot

r they differ from each
others by less than 1%. This is too small a quan-
tity to hope to get better agreement with the total
cross sections by improving the one-particle model
calculations of the ground state nuclear density dis-
tributions.

1As to the experimental value for this cross section, the
data from [3]-[7] on the K++40Ca reaction at 0.714 GeV/c
were reconsidered in [28] yielding 412.9±5.5mb.
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Total Cross Sections

The suggested microscopical model of the K+A
optical potential and the relativization of the prob-
lem enable one to explain successfully the K+A
differential cross section without any free param-
eters. As to the total cross sections, the problem
to get close agreement with the experimental data
is still open. It was shown that without relativiza-
tion the calculated total cross sections were lower
by about 30% in comparison with the experimen-
tal data, while with inclusion of relativization the
disagreement with the data is reduced to about 10-
15%. However, further attempts to improve the
result by including quadratic U2/2E terms in the
potential and by using other forms of the density
distribution function of the target nucleus do not
result in the desired correction. It is worthy of note
that this problem related to the total cross sections
has a long history. A lot of different mechanisms
have been suggested to account for the so-called in-
medium corrections for the kaon interaction with
the nuclei. In our study we want to draw attention
to another purely nuclear mechanism for the inter-
pretation of the mentioned discrepancy. We suggest
to take into consideration the effects connected with
excitations of the nuclear collective states as well as
the channels inherent in the nucleon removal reac-
tions. It is well known that these processes play an
important role in the nucleon- and nucleus-nucleus
collisions and their effect on the elastic scattering
can be as usually taken into account by introduc-
ing an additional imaginary potential in the periph-
eral region of the basic OP. To test the role of this
mechanism, we modified the optical potential given
in Eq. (3) to

U(r) =⇒ U(r) − gr
d(ImU)
dr

, (9)

i.e., by adding the derivative of the imaginary part
of our microscopic OP. This term has a ”bump”
in the periphery zone and its strength is defined
by the selection of the free parameter g. In Fig. 3
it is shown the effect of surface absorption on the
differential cross sections of elastic scattering of
K+ +12 C at momenta 0.635 and 0.715 GeV/c.
At the same momenta there exist the data on to-
tal reaction cross sections presented in Ref. [28].
These are σtot

r (0.656/,GeV/c) = 141.8±1.5 mb and
σtot

r (0.714/,GeV/c) = 149.3 ± 1.5 mb. From Fig. 3
it is obvious that the addition of the surface ab-
sorption potential with g = 0.07 and g = 0.1 at
momenta 0.635 and 0.715 GeV/c respectively, give
little change in the differential cross sections val-
ues. At the same time, such an addition leads to
the growth of the total cross sections from 125 mb
to 140 mb at momentum 0.635 GeV/c and from

Figure 1: Differential cross sections for K+-
nucleus scattering. For target-nucleus 12C: (a)
– at 0.635 GeV/c, (b) – at 0.715 GeV/c, (c)–
at 0.8 GeV/c; (d) – for target-nucleus 40Ca at
0.8 GeV/c. Solid curves – with the relativization
included, dashed – ”non-relativistic” calculations.
Experimental data from [1,2].

129 mb to 149 mb at momentum 0.715 GeV/c which
result in a good agreement with the given above ex-
perimental data. Thus, there arrives a possibility to
describe simultaneously both the data of the total
reaction and differential elastic scattering cross sec-
tions based on the elementaryK+N interaction and
by accounting for the nuclear dynamics of the scat-
tering process. In this case, the microscopic theory
should be developed so that to take into account
not only for the single-particle mechanism of the
reaction but also effects of the inter-nucleus corre-
lations, collective excitations, and coupling with the
nuclear reaction channel in continuum, the factors
which may affect the value of the parameter g.

Conclusions

We conclude that for explanation of the behavior
of angular distributions of the K+-mesons scatter-
ing on nuclei, it suffices to use a simple model opti-
cal potential given by Eq.(1) without using any free
parameters. In this model the energy dependence
is included in the elementary K+N scattering am-
plitude which is known from different independent
experimental data. In that respect it is not nec-
essary to make the model more complicated by in-
troducing, e.g., the non-local terms in OP as they
occur in the Kisslinger model or using a phenomeno-
logical optical potential with a large number of free
parameters. We notice that, when analyzing the ex-
perimental data, the relativistic effects were found
to play an important role. Thus, it was not possible
to describe the angular distributions of the elastic
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Figure 2: Elastic scattering of K+-mesons on 12C
calculated at different density distributions, (a)
– at 0.635 GeV/c, (b) – at 0.715 GeV/c, (c) –
at 0.8 GeV/c, (d)– density distribution functions.
Solid curves – for densities from [19,20], dash-dotted
– from [29], dashed – from [30]. Experimental data
from [1,2].

Figure 3: Elastic scattering of K+-mesons on 12C:
(a) – at 0.635 GeV/c and (b) – at 0.715 GeV/c.
Solid curve – without ”surface” term in OP, dashed
– with ”surface” term eq.(12): (a) – at g=0.07; (b)
– at g=0.1. Experimental data from [2].

scattering of kaons on nuclei and also to exclude
the strong discrepancy between the calculated and
the experimental data of total cross sections with-
out relativization. One can also note that the small
difference between nuclear one-particle density dis-
tributions predicted by different models weakly af-
fects the calculated results of both the elastic and
total cross sections. The same can be said on the
role of U2/2E terms in optical potential which ap-
pear when transforming the Klein-Gordon equation
to the relativistic Shrödinger one. In this connec-
tion, to interpret the data of the total cross sec-
tions it was suggested the nuclear mechanism for
the additional absorbtion in the peripheral region
of the elastic channel by introducing an imaginary
potential to the basic OP. This phenomenological
potential permits to account for an effect on the
elastic channel of the virtual channels of both ex-
citations of nuclear collective states and of direct

nucleon removal reactions available at energies of
incident kaons.
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