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Scintillators have been known for more than 110 years; it is curious that their properties are not well predictable yet. The lack of our knowledge is due to the complexity and interconnection of the different stages of energy transformation in scintillators.  The most important scintillator characteristics are determined by the structure of the track region created by an ionizing particle and by the migration, transformation and interaction of excitations in these regions. Physical processes in these regions in different crystalline materials and glasses are considered. We also pay attention to some problems concerning creation of secondary excitations in the low energy range (from forbidden gap energy to several hundreds of eV). Some of these problems are beyond the traditional approaches, realized in e.g. the GEANT4 package. The requirements for the development of scintillators for total absorption hadron calorimeters are considered. We discuss also additional emission in materials with very low scintillation yield (e.g. fast intraband emission) which can be compatible with Cherenkov yield. 

