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Lanthanides are widely used in the industry. For example, they are used as the
active ions in luminescent materials used in optoelectronics applications, most no-
tably the Nd:YAG laser. Erbium-doped fiber amplifiers are significant devices in
optical-fiber communication systems. These and other applications are based on op-
tical transitions between levels of the ground configuration of the trivalent lanthanide
ions. Being forbidden in the electric-dipole approximation, those transitions are acti-
vated by the crystal-field potential created by the host material. The Judd-Ofelt (JO)
theory has been successfully applied since 60 years, to interpret the intensities of ab-
sorption and emissions lines of crystals and glasses doped with trivalent lanthanide
ions. Despite the fact that it is remarkably efficient for many cases, the standard ver-
sion of the JO theory cannot reproduce some of the observed transitions, because of
its strong selection rules 2.

In order to overcome this issue we present a modified version of the JO the-
ory, where the properties of the dopant are calculated with well-established atomic-
structure techniques, while the influence of the crystal-field potential is described as a
perturbation, by three adjustable parameters 3. In the extension we introduce also the
wavelength-dependence of the refractive index of the host material with the help of
the Sellmeier equation. We test the validity of our model on three ions: Eu3t, Nd3+
and Er3T. The results of the extension are very good. We are able to give a physical
insight into all the transitions within the ground electronic configuration, and also to
reproduce quantitatively experimental absorption oscillator strengths.
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