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11. Summary of the new findings of the thesis

- For the two-component dilute Bose gas: The properties of the prewetting phase are
thoroughly investigated using the double parabola approximation (DPA) within the Gross—
Pitaevskii (GP) theory. Our study shows that, in the prewetting phase, the thickness of the
wetting layer increases linearly with the logarithm of the ratio of the chemical potentials as the
system approaches the fully wetting phase. During this process, the contact angle decreases
from a finite value (partial wetting) to zero (complete wetting). These findings will contribute
to the design of experiments aimed at observing the wetting phase transition in BECs.

- For the single-component dilute Bose gas: Our study shows that the Cornwall—
Jackiw—Tomboulis (CJT) effective action framework describes very well the thermodynamic
properties of dilute Bose gases not only at zero temperature but also at finite temperature. The
relative shift of the critical temperature due to interparticle interactions obtained in this work
agrees well with the corresponding results from numerical Monte Carlo simulations. The
results obtained within the one-loop and two-loop approximations are also found to be in good
agreement with each other. The use of the CJT effective action in the improved Hartree—Fock
(IHF) approximation yields very good results for the thermodynamic properties of dilute Bose
gases, especially the continuous and non-monotonic behavior of the chemical potential near
the phase-transition temperature. This resolves the limitation of the standard Hartree—Fock
theory, which predicts an unphysical discontinuity in the chemical potential at the transition
point.

12. Paratical applicability, if any: Although the doctoral thesis does not yet have direct
practical applications, its results provide a theoretical framework and analytical methods that
can be applied to the future study of Bose—Einstein condensate systems, quantum materials,
and low-temperature surface phenomena.

13. Further research directions, if any:

The investigation of the wetting transition presented in this dissertation is carried out
within the mean-field GP framework. This means that condensate depletion due to quantum
fluctuations and thermal excitations has not been included. Such effects may lead to significant
deviations from experimental observations when the system is not sufficiently cold,
specifically when the temperature is only moderately below the critical temperature. In
addition, the hard-wall boundary condition is an idealized model, and in current experiments
it is generally not feasible to construct perfectly rigid boundaries of this type. Building upon
the results obtained in this thesis, we propose several potential directions for future research:



- At zero temperature: explore alternative boundary conditions to replace the ideal hard
wall, with the aim of experimentally observing the wetting phenomenon in BEC systems.
- At finite temperature: assess the effect of temperature on the surface energy, and
consequently examine its impact on the wetting transition in BECs.
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