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In medium energy heavy ion collisions at around the Fermi energy, intermediate mass fragments (IMFs) are
copiously produced as well as a large number of nucleons and alpha particles. This phenomenon is called
multifragmentation. It is a challenging problem to understand the complex but rich quantum many-body dynamics of
multifragmentation. By using heavy-ion reactions, we want to explore the properties of nuclear matter. Especially, it
is interesting to study the connection between multifragmentation and the nuclear liquid-gas phase transition.

There are shortcomings in conventional theoretical approaches to heavy ion collisions at intermediate energies.
The dynamical approach by transport theories such as BUU, QMD and AMD simulates the time evolution of the
reaction using nucleonic degrees of freedom. Some of them are able to describe the fragment formation in
dynamical process. However, it is not straightforward to relate their results to statistical properties of nuclear matter,
such as phase transition. On the other hand, it is questionable to directly relate the results of the statistical approach

which assumes a complete equilibrium to the experimental data of multifragmentation reactions.

— 101 —



In this study, we establish a unified description of multifragmentation reactions and corresponding equilibrium
systems by simulating both situations with Antisymmetrized Molecular Dynamics (AMD). Employing this unified
description, we investigate whether the concept of equilibrium is relevant to the multifragmentation reactions, and if
so. in what sense. This is the first work, to our knowledge, that directly compares a dynamical multifragmentation
reaction and corresponding equilibrium systems by describing both with the same model.

We describe an equilibrated system with AMD by applying it fo a many-nucleon system confined in a container.
The AMD equation of motion is solved for a long time to construct a microcanonical equilibrium ensemble for a
given energy and volume. The system with 18 protons and 18 neutrons is studied. The constant pressure caloric
curves are then drawn by extracting temperature and pressure from the equilibrium ensembles. We demonstrate that
the negative heat capacity, which has been discussed as a signal of the phase transition in finite systems, appears in
the calculated result. We perform also the AMD simulation for central "Ca +"Ca collisions at 35 MeV/nucleon, to
confirm that it reasonably well reproduces the experimental data of the fragment yields with the exactly same model
parameters as those used in the above-mentioned equilibrium calculation. A reaction ensemble at time t is
constructed by gathering the many-body states at the time t in each simulation.

We then investigate whether the concept of equilibrium is relevant in multifragmentation reactions. More
specifically, the subject is to study whether the reaction ensemble at a given time t is equivalent to an equilibrium
ensemble with appropriately chosen energy and volume. The comparison of reaction and equilibrium ensembles is
performed for the average values of some selected observables. In this study, we choose the fragment charge
distribution and the distribution of the excitation energy of each fragment as the observables. Our calculations show
that there exists an equilibrium ensemble which well reproduces the reaction ensemble at each time t for the
investigated period 80 < t < 300 fm/c.

The surprising discovery is that the concept of equilibrium is relevant in the present multifragmentation reaction
as long as the test observables mentioned above are concerned, even though no equilibrium hypothesis has been
introduced in the reaction simulation. This study clarifies the evolution of the reaction system in terms of the
properties of the equivalent equilibrated system. This enables to draw a reaction path in the phase diagram (or the E-
T plane). Our unified approach will be useful also in relating the final observables in the simulation for
multifragmentation reactions, which are closely related to the experimental observables, to the properties of

equilibrated systems such as the liquid-gas phase transition.
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