
•  For symmetric nuclei (equal numbers of protons and neutrons) we see that the binding energy per nucleon in not affected much by the curvature of 
symmetric energy. We expect that because the symmetric energy is dependent on the systems N-Z value. The closer N-Z is to zero, the less of a role the 
symmetric energy plays. We also don’t see much of a change in the radius with different L values. 

•  On the calcium isotopes we see that L values of 50 and 90 MeV give close to experimental data for densities and BE/A. We see that lower values of L 
give over bound nuclei therefore showing that BE/A is some what linearly proportional to L. Similarly, the density of the nuclei’s also seem to be 
proportional to the L values. Because higher values of BE/A mean the system is less bound, we conclude that the higher L is, the less bound these 
systems become but their density increases. 

•  The biggest change was found when running the code for the neutron clusters. The binding energy on average was affected more compared to the 
previous results. In the case of the radius of the small neutron cluster, we find that over all, the radius is negatively proportional to L. As these neutrons 
become more bound, their radius decreases which logically makes sense if we think about them being more tightly held together, than their overall shape 
should decrease. On the other end, the radius increases. This is where we think that smaller clusters of neutrons are made instead of a single cluster 

•  For astronomically physical implications, we ran relatively big clusters of only neutrons with 50 MeV for the L value. We found that these neutrons 
quickly settle down to a negative binding energy. No matter the size they quickly went down to around -0.7 MeV. Although they’re loosely bound, the 
CoMD model predicts these neutrons overall can actually be bound. Interestingly the code predicted a denser system for the 500 neutron which sounds 
like a promising result for better understanding the physics of neutron stars. 

The code was designed to work better for heavy nuclei. Do to the shortage of time, I was only able to run nuclei/systems with a small mass number. For that reason, we 
get nuclei which are over bound, but for the purpose of my research, it wasn’t something to worry about too much. Now that the code has been modified, it can be used for 
further research. 

Constrained Molecular Dynamics (CoMD) is a 
computer program which models the dynamics and 

interactions of nucleons in nuclei. CoMD is a model in 
which the computational time is short enough to allow 
the study of the heaviest nuclei systems. Following the 
liquid drop model and including the Pauli Exclusion 

Principle, CoMD is used to study the Nuclear Equation 
of State (NEOS). Studying the NEOS through computer 
modeling can help predict and study exotic stable and 
unstable nuclei, light and heavy isotopes extending the 

chart of nuclides. Operation consists of producing 
ground state nuclei, and modeling collisions between 

these nuclei. It can also be used to predict whether or not 
a certain system consisting of any combination of 

nucleons can be stable. Since the model is currently 
fairly simple in principle, the goal is to modify the code 

adding a more robust equation for the symmetric 
potential energy, which in turn will produce more 

general data to study and analyze. The idea is that the 
symmetry potential takes a similar shape as the two 
body potential and the three body potential which is 

explained by Giuliani, Zheng and Bonasera, Progess in 
Particle and Nuclear Physics 76, 116 (2014). Once 

modified, it will be tested and compared to the original 
results. 

 

Before the modification, derivation of the force caused by 
the symmetric potential had to be derived. Once that was 
done, the coding took place. After the code was debugged 
and ready to run, there were some comparisons with the 
original code done to make sure the equation modified 

worked, the way it should.  
 
 
 
 
 
 
 
 
 
 
 
 
 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

As shown in the tables above, we got very similar results for 
all four systems/nuclei as expected. The reason why we 

assumed similar results was because we fed the new 
modified code the value that caused the right side of the 

symmetric energy equation to equal zero therefore making 
the new code act like the original code. 
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The original code had only the first two terms of the 
symmetric energy equation shown above. The first term 

is part of the kinetic energy. The second was the only 
symmetric potential term on the original code. The 

modification added the term on the right which added a 
new parameter to the code.  

 
 
 
 
 

The curvature of symmetric energy, L(ρ0), is the new 
parameter which we are interested in.   

   Nuclei where N=Z:                                Calcium Isotopes: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Neutron Clusters: 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

After the modification, we are able  
to manipulate the curvature of symmetric energy and see 
what are the affects of different L values on the system of 

nucleon’s binding energy, density and radius. 

Carbon 12 Oxygen 16 

L(ρ) = 93.5618 
 

New Code Old Code New code Old Code 
BE/A average 
(MeV) -11.8381 -11.8408 -10.4498 -10.4649 
Avg Radius 
(fm) 3.497577 3.449 3.73763 3.84443 

Calcium 40 12 Neutrons 

L(ρ) = 93.5618 New code Old Code New Code Old Code 
BE/A average 
(MeV) -8.30154 -8.45957 -2.59251 -2.58598 
Avg Radius 
(fm) 4.7951 4.7751 22.542 21.8229 
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