· Lecture 12

· Ionizing radiation
· Ionizing (or ionising in British English) radiation is radiation that carries enough energy to free electrons from atoms or molecules, thereby ionizing them. Ionizing radiation is made up of energetic subatomic particles, ions or atoms moving at high speeds (usually greater than 1% of the speed of light), and electromagnetic waves on the high-energy end of the electromagnetic spectrum. 

· The term “ionizing radiation” includes the photons of the corresponding part of the electromagnetic spectrum as well as various kinds of corpuscular radiation. These are accelerated elementary particles as well as ions of various mass numbers. Depending on the source of the photon radiation, it is usually called g-radiation if it is the result of an atomic decay process. In 1895 the German physicist Wilhelm Röntgen detected a mysterious radiation, emitted by a cathode tube, which penetrates various materials. He termed it X-rays, using the mathematical designation for something unknown. This term is used even now for photon radiations emitted by various technical devices. In general, the terms γ-radiation and X-rays are synonyms for the same kind of photons, characterized solely by their wavelength resp. their photon energy.

· α-rays are the product of atomic decay of several naturally occurring isotopes of radium, uranium, thorium, etc. These are fast-moving helium nuclei with a mass number of 4 and an atomic number of 2. 

· The helium nucleus consists of two neutrons and two protons and thus carries two positive charges. Because of this strong charge, there is a correspondingly strong interaction between α-rays and the elementary particles of matter. The energy of α-rays emitted by radionuclides is generally quite high, namely of the order of several millions of electron volts (MeV). As the α -rays pass through matter, this energy is dissipated as a result of ionizing processes and the particles are slowed down. For example, the energy which is required to generate one pair of ions in air is 34.7 eV. It can easily be calculated that a radiation energy of several 106 eV is sufficient to induce about 105 ionizations. Consequently, α-particles will leave behind a straight-line track of limited length in irradiated matter which consists of the ionization products.

· β-rays consist of fast-moving electrons. These particles carry a single negative charge and an extremely small mass. Although it is possible to generate β-radiation of very high energy by means of particle accelerators, the energy of the β-radiation from radioactive nuclides on average is lower than that of a-radiation. In contrast to α-radiation, the energies of electrons of β-emitting radionuclides are not at all equal to each other but are spread across a specific range. Therefore, the terms mean energy and maximum energy are used when referring to the β-emission of radionuclides. The distance to which a β-particle penetrates matter will, naturally correspond with its energy. The ionization tracks of b-particles in contrast to those of α-particles, do not follow a straight line but their path becomes increasingly curved towards the end. In addition, the density of ionization increases as the energy of the particle decreases so that ionization is more densely packed with low energy radiation than with high energy radiation and, for the same reason, this effect can also be seen towards the ends of the tracks.

· Neutron radiation as the result of nuclear fission, occupies a rather special position in the classification of corpuscular radiation. Its particles are electrically neutral and possess a considerable mass when compared with β-particles. For this reason they are able to penetrate an atom and reach the nucleus where they can cause nuclear transformations. In this way the irradiated substance itself becomes radioactive. Neutron emission does not occur when a radionuclide decays spontaneously but takes place during nuclear fission or in the wake of other, externally induced reactions.

· Recently various kinds of nuclides have been used in cancer therapy. In this case ions like protons or carbon ions have been used, accelerated by synchrotron- or cyclotron-based facilities up to kinetic energies of several hundreds of MeV.

· In general, three types of absorption processes may be distinguished according to the relation between the required ionization energy and the available quantum energy:

· – With low quantum energies, the photo effect is produced. In this, a γ-quantum (i.e., a photon) is absorbed and this causes a displacement of an orbiting electron from the shell of an atom. The excess energy, above that which is required for the ionization process, serves to accelerate this so-called photoelectron.

· – The Compton effect occurs at a quantum energy of about 105 eV. In this case not only a Compton electron is ejected from the atom but this is accompanied by the scattering of secondary g-radiation. This latter radiation has a quantum energy lower than that which was originally absorbed.

