CAC KET QUA CHINH CUA LUAN AN

Két qua luan an gop phan bo sung nhitng hiéu biét vé tinh chat ciia h¢ BEC mot
thanh phan cling nhu hai thanh phan. Nhitng két qua chinh c6 thé tém luogc nhu sau:

1. B6i v6i khi Bose lodng hai thanh phan: cac tinh chét cia pha tién dinh w6t dugc
nghién ctru day du bang cach sir dung DPA trong 1y thuyét GP. Nghién ctru cua ching toi
chi ra rang trong pha tién dinh uét, bé day cia 16p dinh uét ting mot cach tuyén tinh theo
thang logarithm cua ti s6 thé hoa khi tiép can dan tir pha tién dinh w6t dén pha dinh w6t
hoan toan. Trong qua trinh nay goc tiép xtic (goc bod) giam dan tir gia tri hiru han (dinh
udt mot phan) vé gia tri 0 (dinh wdt hoan toan). Nhitng van dé nay cung cap nhiing thong
tin hitu ich cho viéc thiét ké thuc nghiém dé quan sat chuyén pha uét trong BEC.

2. Béi vé6i khi Bose loing mot thanh phén:

- Nghién ctru ciia ching toi chi ra rang phuong phép tac dung hiéu dung CJT mé ta
rat tot cac tinh chat nhiét dong cua khi Bose lodng khong chi ¢ nhiét do khong ma ca &
nhiét do hiru han. D6 dich chuyén tuong ddi cua nhiét do t6i han dudi anh hudng cua
tuong tac gitra cac phan tir khi ma ching t6i thu duoc phu hop tot véi két qua twong tng
thu dugc théng qua tinh sd theo phuong phap Monte Carlo. Két qua ma chung toi thu
dugc trong gan ding mot vong va gan dung hai vong kha phi hop nhau.

- Str dung phuong phap tic dung hiéu dung CJT trong gan dung Hartree—Fock cai
tién cho két qua rat tot vé tinh chit nhiét dong cua khi Bose loang. Dac biét 1a mo ta su
bién d6i lién tuc, khong don diéu cua thé hoa & 1an can nhiét do chuyén pha. Piéu nay
khic phuc dugc han ché cua 1y thuyét Hartree—Fock khi nd cho thay thé hoa cé budc
nhay phi vat 1y tai nhiét 6 chuyén pha.



MAIN RESULTS OF THE DOCTORAL THESIS

In this doctoral thesis, we have obtained several important results that contribute to
the understanding of the properties of both single-component and two-component Bose—
Einstein condensate (BEC) systems. The main outcomes can be summarized as follows:

1. 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.

2. 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.



