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Prospectus
Sam Bein

Advisor: James Shepard

Effective Potentials and Infinite Nuclear Matter
Background:

Understanding the atomic nucleus is one of the cldest outstanding problems in
physics. Since the early days of quantum mechanics, physicists have assembied the
Standard Model to explain phenomena on the atomic level, but the model has not shed
enough light on many interesting properties of nuclei. Many such properties, like the
binding energy of nucleons, are known through experiment, but are not readily accounted
for by theory. Perhaps the two largest obstacles preventing the success of theory arise from
difficulties of renormalization associated with the strong force, and the mathematical
complexity associated with the 3-particle problem. Many techniques have been solve or
circumnavigate these problems, development of which remains very much alive today. My
research is involved with a method of characterizing the nucleus and predicting its
properties, part of which is a model of infinite nuclear matter (explained later).

My research:

My research explores the use of simple effective potentials that approximate the
long-range nucleon potential to characterize the two-particle nucleon-nucleon interaction.
These effective potentials are the key ingredient to the model of nuclear matter, which
amalgamates the interactions of all constituent nucleons.

The first hope is that an acceptable two-particle interaction can account for the
overall nucleus behavior, and that a 3-particle interaction is not necessary to include. The
second hope is that the quantities I want to calculate (binding energy and saturation of
nucleons in a nucleus) can be obtained by treating the low-energy properties of nucleons
and ignoring the close-range, high-energy physics of the strong force. If this is true, simple
effective potentials will be acceptable.

My goals: ‘

My goal is to apply a simple effective nucleon potential to a model of nuclear matter
(infinite nuclear matter), and calculate the symmetry energy, binding energy, and
saturation energy of its constituent nucleons. 1 will be able to test the model against finite
nuclei by examining historical data.

The question remains: What effective potential should be used to approximate the
nucleon-nucleon interaction? My advisor has shown how a certain breed of effective
potentials, separable potentials, have delightfully elegant mathematical advantages over
generic potentials, allowing one to solve the Schrodinger equation for scattered particles
exactly. Another benefit of separable potentials is that with as few as two parameters, they
can be cooked to fit experimental nucleon-nucleon scattering data in the low-energy
regime. For these reasons I will apply separable potentials to the model of infinite nuclear
matter.

What is infinite nuclear matter? Invented in the 1960s, Infinite nuclear matter is
essentially a toy model of heavy atomic nuclei used to test for nuclear properties. In the
model, a nucleus is constructed of infinitely many protons and neutrons, equal in number.
Because of translational invariance, one can treat the nucleus initially as a free Fermi gas.
Perturbation theory is then applied to the system where H’, the perturbation, is the




effective separable potential that was cooked to fit experimental, nucleon-nucleon
scattering data. From there, the saturation can be calculated, along with binding energy
and symmetry energy. Results coming...

Timeline

September: 1 will use the remainder of this month to complete the program I'm
writing to computing scattering lengths and shape parameters of 1-dimensional,
unbound scattering states, given an inputted potential. I will obtain any graphing
software | might need to generate the plots I need. I will install and learn to use
xmgrace, which my advisor says is a léngthy and difficult process.

October: A time of literature reviewing, I will study Fetter and Walecka chapters,
especially the chapter on many-body scattering and Green’s functions.
Simultaneously, I'll develop my program to compute energy states of bound states
of the 1-d scattering potential. My goal here is to be able to calculate scattering
parameters associated with any potential, and find any bound state that might
exist.

November: Here, I will focus my understanding of scattering theory into the
theory of many body systems. Also, the deuteron bound state. Potentials will be fit
to match experimental scattering data. These potentials will be the backbone of the
model of infinite nuclear matter. By now I should have my defense panel picked

out.

December: I will apply for honors. Likewise, I’ll work toward creating a model of
the nucleus, and calculate the symmetry energy of infinite nuclear matter. I hope
to be reading as much as a possibly can on the subject. Also, I'll be taking another
honors seminar class.

Jan: I will at this point have a good idea of what I’ll be writing about. I will be
discussing my paper with Jim Shepard (advisor), Debralfliiasca, and others. Over
break I hope to make headway on the model of nuclear matter.

Feb: I’ll continue writing my thesis. I’ll will discuss it with as many faculty
members as possible. Most likely, I’ll still be involved in some research at this
point.

March:I’ll fimsh writing my thesis. I will redraft, get peer critiques, faculty
critiques, and redraft. I want to know the subject inside out.
April: Defend
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