
Constrained Fermionic Dynamics of Nuclear Systems:  

Ground states and Giant Dipole Resonances 

T. Depastasa, G.A. Souliotisa, K. Pallia, M. Veselskyb, H. Zhengc,d, A. Bonaserac,d 

aLaboratory of Physical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens     
b Institute of Experimental and Applied Physics, Czech Technical University, Prague, Czech Republic 

cCyclotron Institute, Texas A&M University, College Station, Texas, USA                                           
dLaboratori Nazionali del Sud, INFN, Catania, Italy 

 

The nuclear interaction is one of the most fascinating and complicated forces responsible for stuctures in nature, 

while its understanding is the key for a broad range of applications. The nuclear interaction manifests itself in the 

nuclear N-body problem. In the present work, we employed the CoMD (Constrained Molecular Dynamics) model 

that provides an approximate solution of this problem through the Time Dependent Variational Principle leading 

to Hamiltonian equations of motion [3]. The total nuclear wavefunction is taken as the product of one-body 

nucleonic wavefunctions, parametrised as Gaussian wavepackets. For the solution of the equations of motion, the 

initial configuration of nucleons is needed. This is obtained via a Simulated-Annealing algorithm. The 

characteristics of the configuration space depend heavily on the parameters of the effective interaction. We studied 

the effects of these parameters and developed a process for global optimisation of a configuration based upon its 

binding energy, rms radius, average density and average phase space occupation fraction.   

In parallel, we studied the Giant Dipole Resonance (GDR) which is one of the most interesting phenomena of low 

energy nuclear dynamics. This resonance mode consists of an off-phase oscillation of neutrons against the protons. 

In our study, we developed a theoretical treatment of GDR based on the CoMD formalism.  The effect of the 

parameters of the effective interaction to the GDR characteristics were studied. Finally, we calculated the GDR 

spectra for the optimised configurations of several nuclei. We plan to systematically study the characteristic 

energy and the width of the GDR peak across the nuclear chart with the goal of obtaining stringent constraints of 

the nuclear equation of state [1,3]. 

 

 

Figure 1 GDR spectra of optimised 

configurations for 40Ar (left) and 208Pb 

(right). The black curve is a Random Phase 

Approximation (RPA) calculation from the 

literature[2]. 
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