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This thesis is devoted to the theoretical study of the kaon and sigma meson
productions in heavy ion reactions at intermediate energies. The time evolution of
the colliding nuclei is described within the framework of the Quantum Molecular
Dynamics (QMD).

We considered the bombarding energies in the 0.8-2 GeV per nucleon for
K™ production. It is thus expected that the K is a very ideal tool to probe the
in-medium kaon potential and the nuclear equation of state (EOS). In the present
study we have analyzed the KT in-plane flow and the kinetic energy distributions
of K™ production cross sections. It is found that the Lorentz force from spatial
component of the vector field provides an important contribution to the in-medium
kaon dynamics and strongly counterbalances the influence of the vector potential
on the KT in-plane flow. The FOPI data can reasonably be described using the
in-medium kaon potential based on effective chiral models. The information on

the in-medium K potential extracted from the kaon flow and the K production



v

cross section as a function of their center-of-mass kinetic energy is consistent with
the knowledge from other sources. It is confirmed that data of the K* production
cross sections are better described when a soft EOS is used.

The o meson is a broad scalar resonance and mainly decays into two pions
in free space. Recently, theoretical studies have shown that the ¢ mass (m,) and
width ([',) dramatically decrease with increasing of the nuclear density (p), which
means that the sigma meson may exist in a dense nuclear environment. This
causes great interest to further explore the modification of sigma meson properties
in nuclear medium. We investigate the sigma meson productions in 0.85 and 1.5
GeV proton colliding on nuclei of *2C, ¥Ca, and ®Pb. The simulation results
indicate a distinctive A dependence of the sigma meson production, in which the
increase of A is followed by that of the production cross sections. It is found that
the ¢ meson production in proton induced reactions is strongly medium-dependent,
and the produce ¢ meson decaying in a denser medium experiences a stronger
mass shift towards lower masses. This mass shift is an experimentally accessible
observation in the final state pion pairs which does not suffer reabsorption by
the surrounding nucleons. It is pointed out that the ratio of measured sigma
meson cross section as a function of the sigma meson invariant-mass from various
reactions opens the possibility to experimentally address the mass shift of the ¢

meson in a dense nucleus environment.
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