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14.1: Introduction to Nuclear and Particle Physics

Figure : Part of the Large Hadron Collider at CERN, on the border of Switzerland and France. The LHC is a particle
accelerator, designed to study fundamental particles. (credit: Image Editor, Flickr)

There is an ongoing quest to find substructures of matter. At one time, it was thought that atoms would be the ultimate substructure,
but just when the first direct evidence of atoms was obtained, it became clear that they have a substructure and a nucleus. The
nucleus itself has spectacular characteristics. For example, certain nuclei are unstable, and their decay emits radiations with
energies millions of times greater than atomic energies. Some of the mysteries of nature, such as why the core of the earth remains
molten and how the sun produces its energy, are explained by nuclear phenomena. The exploration of radioactivity and the nucleus
revealed fundamental and previously unknown particles, forces, and conservation laws. That exploration has evolved into a search
for further underlying structures, such as quarks. In this chapter, we will start with the fundamentals of nuclear radioactivity and the
nucleus, moving on to some of the important applications of nuclear physics. We will end the chapter by exploring the basics of
what we know about quarks and other substructures smaller than nuclei.

Figure  shows the structures and length scales involved in study of nucleus and elementary particles. In atomic and
molecular physics, we were already dealing with structures at nanometer scale, about 500 times shorter than the wavelength of
green light. The nuclear scale goes 100,000 times smaller; the size of largest stable nuclei is about 10 femtometers, or 10 m. All
other objects we are studying in nuclear and particle physics are smaller than this, with the most elementary particles, quarks and
leptons, having no known size and being considered as "point masses."

Figure : The properties of matter are based on substructures called molecules and atoms. Atoms have the substructure of a
nucleus with orbiting electrons, the interactions of which explain atomic properties. Protons and neutrons, the interactions of which
explain the stability and abundance of elements, form the substructure of nuclei. Protons and neutrons are not fundamental—they
are composed of quarks. Like electrons and a few other particles, quarks may be the fundamental building blocks of all there is,
lacking any further substructure. But the story is not complete, because quarks and electrons may have substructure smaller than
details that are presently observable.
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