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Aims and Learning Outcomes
This three-week TALENT course on nuclear theory will focus on
the interpretation of data on the structure of nuclei using the
Nuclear shell model as main tool.
Format: We propose approximately forty-five hours of lectures over
three weeks and a comparable amount of practical computer and
exercise sessions, including the setting of individual problems and
the organization of various individual projects.
The mornings will consist of lectures and the afternoons will be
devoted to exercises meant to shed light on the exposed theory, the
computational projects and individual student projects. These
components will be coordinated to foster student engagement,
maximize learning and create lasting value for the students. For the
benefit of the TALENT series and of the community, material
(courses, slides, problems and solutions, reports on students’
projects) will be made publicly available using version control
software like git and posted electronically on github.
As with previous TALENT courses, we envision the following
features for the afternoon sessions:
We will use both individual and group work to carry out tasks
that are very specific in technical instructions, but leave
freedom for creativity.
Groups will be carefully put together to maximize diversity of
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Motivation and introduction
To understand why matter is stable, and thereby shed light on the
limits of nuclear stability, is one of the overarching aims and
intellectual challenges of basic research in nuclear physics. To relate
the stability of matter to the underlying fundamental forces and
particles of nature as manifested in nuclear matter, is central to
present and planned rare isotope facilities.
Important properties of nuclear systems which can reveal
information about these topics are for example masses, and thereby
binding energies, and density distributions of nuclei. These are
quantities which convey important information on the shell
structure of nuclei, with their pertinent magic numbers and shell
closures or the eventual disappearence of the latter away from the
valley of stability.
During the last decade, the study of nuclear structure and the
models used to describe atomic nuclei are experiencing a
renaissance. This is driven by three technological revolutions:
accelerators capable of producing and accelerating exotic nuclei far
from stability; instrumentation capable of detecting the resulting
reaction products and gamma radiation, often on an event-by-event
basis, in situations where data rates may be many orders of
magnitude less than has been traditional; and computing power
adequate to analyze the resulting data, often on-line, and to carry
out sophisticated
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Audience and Prerequisites

You are expected to have operating programming skills in in
compiled programming languages like Fortran or C++ or
alternatively an interpreted language like Python and knowledge of
quantum mechanics at an intermediate level. Preparatory modules
on second quantization, Wick’s theorem, representation of
Hamiltonians and calculations of Hamiltonian matrix elements,
independent particle models and Hartree-Fock theory are provided
at the website of the course. Students who have not studied the
above topics are expected to gain this knowledge prior to
attendance. Additional modules for self-teaching on Fortran and/or
C++ or Python are also provided.

