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Conclusions 
 

In this work we presented the study of optical properties of Cu2O using novel 
experimental techniques. Using the possibility of the present experimental techniques, we 
studied the exciton gas in “ultra” regimes: high magnetic fields, low temperatures, high 
excitation densities.  

For example, we presented a study of the optical properties of the yellow exciton series 
in cuprous oxide in high magnetic fields. These experiments provide a unique opportunity 
to directly determine the thermodynamical properties of the paraexciton gas which could be 
used as indication of Bose-Einstein condensation of the paraexciton gas.  We have 
demonstrated that an applied magnetic field can be used to reveal the paraexciton emission 
due to a gentle breaking of the symmetry. For this particular case, the lifetime of excitons is 
not strongly affected allowing efficient thermalization. From our calculations we 
determined that the obtained exciton gas density is close to the critical gas density for 
which the gas is in the quantum regime. The results of the magneto-absorption study 
suggest that the hydrogen model can be applied only for states with small value of n. 
Deviations from the simple perturbation theory occur at the higher energies, but already at 
small magnetic field. For energies higher than the band-gap quasi-Landau levels are 
observed. This behavior of co-existence of Rydberg and Landau series might be understood 
in terms of the hydrogen model in high magnetic fields, which for hydrogen would mean 
fields as high as found in a white dwarf stars. 

Also, we investigated and discussed the ideas and results of the experiments aimed at 
determining the exciton gas parameters and their time evolution. It was shown that the 
lifetime is one of the most critical parameters determining whether a condensate state may 
occur. For the orthoexcitons, it was shown that the gas adjusts its quantum properties to the 
density and temperature and that it is in quasi-equilibrium. Apparently the particle decay is 
faster than the cooling rate, which inhibits a BEC transition. Further, the ways of direct and 
in-direct probing of the optically inactive paraexcitons were presented and described. Based 
on the results of the experiments and analysis of the experimental data, we discussed the 
processes which may contribute to paraexciton losses. The most important conclusion is 
that at the currently achieved densities (~1018cm-3) the main paraexciton loss process is 
trapping by crystal imperfections. It was concluded, that the lifetime is strongly depends on 
amount of copper impurities and a mechanism of exciton trapping by copper impurities was 
proposed. The presented experiments were carried out using quite impure samples: the 
cooling rate was not sufficient to overcome the particle loss. However, under the proper 
experimental conditions, it is possible for the paraexcitons to achieve a condensate state: 
low bath temperature (1,2K for densities ~1017cm-3), low concentration of crystal defects, 
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one-photon excitation method for a smaller excitation volume and intense enough 
excitation source. 

The induced response of the Cu2O in far infra-red energy range can be well-described 
using the Drude + Lorentz mathematical model. However, for now there is no 
straightforward statement, which can be done, in order to explain the observed effects and 
their time dynamics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




