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Abstract

A new model (a la Glauber) for hadron–nuclei interaction at intermediate
energy (IE) is proposed. We utilized the principal assumptions as in the
approaches of others authors describing (in the framework of the models
without QGP) J/Ψ suppression in nuclear collisions at high energy. Yet,
a number of new ingredients (noneikonal corrections, correlations of nucle-
ons in the nuclei, etc.) are introduced. We show that experimental data
on the cross sections of K+–nuclei interaction at IE cannot be described
by the well-elaborated Glauber model. In comparison with other authors,
the model improve the agreement between theory and data but remain the
”window” for some ”exotics”. (This results have been obtained without fit-
ting any new parameters.) The nature of that ”exotics” (mass reduction, or
”swelling”,etc.) will be discussed later.

1 Introduction

The contemporary theory of strong interaction-Quantum Chromodynamics
(QCD) predicts, that at high nuclear density a new state of matter (quark-
gluon plasma-QGP) will be formed. One of the principal motivation for the
ultrarelativistic heavy ion experiments is the study of the signals of the exis-
tence of QGP. In this new stage of matter deconfinement of quark takes place
and hadron masses are reduced to zero (restoration of chiral symmetry takes
place). However, chiral symmetry is partially restored in medium, for exam-
ple, in nuclei, i.e., below the critical density. Reduction of hadron masses
in medium has been predicted as an effect of partial restoration of chiral
symmetry in nuclear matter. In the last years a lot of theoretical and exper-
imental work has been devoted to the search of a signals of such anomalous
properties of hadrons in the nuclear environment (in-medium effects) [1–5].
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At the same time, the problem of the investigation of the changing of masses
of particles is rather complicated. In that situation it is helpful to attack
the discussed problem by studding different nuclear reactions, to find others
occasions without doubt.

2 The model

Following Glauber [6] the amplitude for a projectile-target elastic scattering,
assumes the general form:

f(~q) =
ik

2π

∫
e2i~q·~bΓ(~b)d~b, Γ(~b) = 1− e2iχ(~b) =

1

2πik

∫
e−i~q·~bf(~q)d~b (1)
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where b is the impact parameter, and χ is the corresponding phase shift
function. More explicitly, for projectile–nucleus scattering, Eq.(1) can be
cast into the form:

F (~q) =
ik

2π

∫
ei~q·~b < |Γ

N
(~b, ~r1 , · · · , ~r

A)| > d~b, (3)

where ~sj is a component of the radius–vector ~rj of the j
th

target–nucleon in

the direction perpendicular to the incident momentum ~k, while the brack-
ets < > denote the target ground–state average. The parameters of kaon–
nucleon amplitudes were taken from the well–known Martin phase shifts [7].

Further, given the corresponding projectile–target nucleon amplitudes
f(q), one can express the above projectile–target nucleus amplitude in the
parameter–free way. It is then a straightforward matter to determine the
total cross section for the case of K

+
– target nucleus scattering according

to the optical theorem. The total and reaction cross sections may then be
approximated by

σt = 4π

∞∫

0

Re
[
1− eiχ(b)

]
bdb, σr = 2π

∞∫

0

[
1− e−2Imχ(b)

]
bdb, (4)

where χ(b) is the nuclear phase shift function. For scattering in the case
when the potential is spherically symmetrical, an eikonal expansion of χ(b)
is given by S.J. Wallace [8] in the form:

2



S.M. Eliseev In Pursuit of New Physics with K+ Scattering...

χ(b) =
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−∞

V n+1(r)dz, (5)

V (r) =
2πi

µ
f(0)ρ(r), (6)

where ρ(r) is the nuclear density and f(0) is the average forward scattering
amplitude of kaon interaction with moving intranuclear nucleons. The Fermi
momentum distribution of nucleons was taken from newly experimental data.
The calculation was performed by Monte Carlo method. (For detail see
Ref. [9].

3 Results and outlook

To examine the nuclear interior, the K+-meson at IE is regarded as a unique
probe due to its long mean free-path in the nuclear matter.
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Figure 1: The calculated and experimental total and reaction cross sections
for K+ - meson interaction with nuclei vs. kaon momentum. The solid lines
denote the prediction of our model. The experimental data are from Ref. [10]
The dotted lines demonstrate the theoretical results of Ref. [11]
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A detailed analysis of the cross sections of K+ - nuclei interactions at IE
is presented. We can see that our calculated cross sections for K+ meson
interactions fail to describe the experimental data. It seen an universal dis-
crepancy between the theoretical models and data for particles (K

+
-mesons)

interacting in deep regions of the nucleus. (It worth noticing that our results
have been obtained without fitting any new parameters.) In comparison with
other authors, the model improves the agreement between theory and data
but remain the ”window” for some ”exotics”. The nature of that ”exotics”
(mass reduction, or ”swelling”, etc.) will be discussed latter. The discrep-
ancy between calculations and data on K+ - nuclei scattering my be regarded
as one of more probable signal of new physics in nuclear collisions. (It is just
the contrary what was obtained by many authors for J/Ψ suppression in
relativistic nuclei collision and color transparency). In conclusion, our model
can be used to resolve puzzling discrepancy of theory and data on pion-nuclei
collision at IE (see, e.g., Ref. [4]).
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