Nuclear stability

Nuclear stability: refers to the balance between the forces holding the nucleus of
an atom together and those trying to push it apart. The stability of a nucleus is
crucial for the overall stability of an atom. There are a few key concepts to
consider when describing nuclear stability:

1-Binding Energy: Nuclear stability is closely related to the concept of binding
energy. Binding energy is the energy required to disassemble a nucleus into its
individual protons and neutrons. A more stable nucleus has a higher binding
energy per nucleon (proton or neutron). This means that the nucleons are more
tightly bound together.

2-Nuclear Forces: The forces that determine nuclear stability are the strong
nuclear force and the electromagnetic force. The strong nuclear force is attractive
and acts between nucleons, overcoming the electrostatic repulsion between
positively charged protons. The electromagnetic force, which causes repulsion
between positively charged protons, tends to destabilize the nucleus.

Electric Repulsion of Protons
Strains the Nucleus

But The (Residual) Strong Nuclear
Force Holds the Nucleus Together

Matt Strassler 2013

3-Number of Nucleons

No nucleus higher than lead-208 is stable. That's because, although the nuclear
strong force is about 100 times as strong as the electrostatic repulsions, it operates
over only very short distances. When a nucleus reaches a certain size, the strong
force is no longer able to hold the nucleus together.



4-Neutron-to-Proton Ratio: The ratio of neutrons to protons in a nucleus is
essential for stability. Generally, stable nuclei have a balanced neutron-to-proton
ratio. Too many or too few neutrons relative to protons can make a nucleus
unstable.

5-Magic Numbers: Certain numbers of protons or neutrons, known as magic
numbers (2, 8, 20, 28, 50, 82, and 126), correspond to increased nuclear stability.
Nuclei with a magic number of protons or neutrons are considered more stable than
those that do not follow these patterns.

6-Size of the Nucleus: The size of the nucleus also plays a role in stability.
Extremely large or small nuclei tend to be less stable. There is an optimum range
of nucleon numbers for stability, and nuclei that deviate from this range are usually
less stable.

7-Beta Decay: Unstable nuclei may undergo beta decay to achieve a more
balanced neutron-to-proton ratio. In beta decay, a neutron is transformed into a
proton with the emission of a beta particle (an electron) and an antineutrino.
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Auger electron

Auger electron emission is a process that occurs in atoms or solids where an electron
Is ejected from an inner-shell orbital, and the energy released in this process is
transferred to another electron, which is then emitted from the atom. This
phenomenon is named after Pierre Auger, who first observed it in 1925. The Auger
effect is a three-step process:

Initial Inner-Shell lonization: A high-energy particle, such as an X-ray or a high-
energy electron, interacts with an atom.

This interaction can lead to the ejection of an electron from one of the inner-shell
orbitals of the atom (usually K, L, or M shell). This leaves a hole in the inner shell.

Relaxation of Outer Electrons:

The hole in the inner shell creates an unstable situation because electrons in the
outer shells have a higher potential energy and tend to move closer to the nucleus
to fill the gap. As an outer-shell electron moves to fill the inner-shell hole, it
releases energy in the form of a photon (fluorescence) or transfers the energy to
another electron in the atom.

Auger Electron Emission:

The energy transferred to an outer-shell electron can be sufficient to overcome the
binding energy of that electron, causing it to be ejected from the atom. This ejected
electron is called an Auger electron. The energy of the Auger electron is
characteristic of the specific elements involved in the process.

Ruger Electron Emission
© Neutron

o Proton
‘ Electron

O Electron
Hole

Characteristic
@ X-ray
Electron Filling

Low Energy Hole

______________ -
Ruger
Electron

Photoelectic
Effect

Incident . Electron

Photon

ONCOLOGYMEDICALPHYSICS.COM %






