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asymmetry and the phase diagram of hadronic matter”.

The main emphasis of the entire project is on issues having to do with medium energy and ultra-
relativistic energy and heavy ion collisions. A major goal of both theory and experiment is to study
properties of hot dense nuclear matter under various extreme conditions and to map out the phase
diagram in density or chemical potential and temperature. My studies in medium energy nuclear
collisions focused on the liquid-gas phase transition and cluster yields from such transitions. Here |
developed both the statistical model of nuclear multi—fragmentétion and also a mean field theory.
Cluster yields also appear in many areas of physics and nuclei offer the possibility of studying two
component systems. Nuclei are made of protons and neutrons and a special symmetry known as isospin
symmetry plays an important role. The role of the symmetry energy associated with this symmetry was
studied, along with the symmetry breaking coming from the Coulomb energy. Both play an important
role in the valley of nuclear stability and questions associated with large isospin asymmetric systems
fundamental to our understanding of future radioactive beam experiments. A fundamental question is
whether the liquid gas phase transition is first or second order. Using a canonical ensemble statistical
model developed from our multi-fragmentation cluster yield picture we found the phase transition to be
both first order in one and two component systems. A fast recurrence method was introduced to obtain
the canonical ensemble for the study of phase transitions. The nuclear compressibility was also studied
which is governs nuclear collapse in supernovae explosions. My most recent research involved the
questions associated with universal thermodynamics a phenoména associated with scattering lengths
that are large compared to inter-particle spacing. Nucleon-nucleon scattering and associated near zero
binding energies have this particle feature and are therefore offer an ideal situation for such studies.
The role of Feshbach resonances and the unitary limit was analyzed. Also studied are questions
associated with perfect fluid behavior governed by the viscosity to entropy density ratio. Ads/CFT made
a prediction of a lower limit for this ratio involving Planck’s constant and Boltzmann’s constant. The low
energy nucleon-nucleon case seems to be about five times the lower limit. However near perfect fluid
behavior seems to be realized in ultra-relativistic collisions.

The second aspect of my research involves relativistic and ultra-relativistic collisions. Here again |
worked on a statistical model to predict particle distributions for both particle-particle collisions and
nucleus-nucleus collisions. | was awarded a Fulbright fellowship and went to KFKI and the Hungarian




National Academy in Budapest, Hungary to work on event-by event distributions in particle-particle
collisions. A generalized statistical model based on the Gauss hypergeometric distribution was used in
the study. An example is the specific case of a Bose-Einstein model of particle multiplicity distribution
which was developed with the Budapest group. Previously Bose-Einstein condensation in Laser traps
was investigated using a micro canonical description that we solved exactly using partition theorems. |
also worked on fluctuations and isospin/strangeness correlations in relativistic heavy ion collisions. Void
distributions were also studied and fractal behavior, This work was later extended in a generalized
statistical model of voids and hierarchical structure in cosmology.

The third aspect of my work involves exactly soluble models in statistical mechanics. These stem from
my studies in cluster yields and multi fragmentation phenomena. Polya theory, partition theory, results
from permutation groups, and methods from combinatorial analysis from discreet mathematics, were
some of the tools used to generate the partition function of statistical mechanics. The resulting model
has a variable called x sub k, which contains the physical variables. For example the physical variables
are temperature, volume, Boltzmann factor in binding energy for cluster yields. Besides this factor there
are terms relating to critical exponents. Many well-known phenomena, both in physics and even in
biology are special cases of the simple generalized model that came out of this work. Some examples
discussed in more detail in my last DOE proposal are:

1. Fragmantation and 1% and 2™ Qrder phase transition — the initial motivation for this development
2. Bose-Einstein condensation for atoms in a box and also in a laser trép

3. Pionic event-by-event distributions

4. Percolation on a Bethe lattice

5. Flory-Stockmayer Polymer model

6. Feynman-Wilson gaé

7. Connections with disordered systems such as random Ising interaction models and spin glass theory
8. Random permutations

9. Ewen’s model in gene diversity and the neutral allele theory

10. Stochastic abundance models in ecology

11. Fibonacci-Lucas descriptions and br'anching processes.

12. Statistical Mechanics of cosmic strings

13. Power laws and cri"cical exponents.

This last work is being written up as a research textbook “Statistical Models and Stochastic Networks in
Physics and Biology”.
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