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V ¢om vidite uplatnenie
vysledkov projektu:

Nami rozpracované numerické metody, vdaka svojej vysokej flexibilite, mozu byt pouzité pri
d’alSom Stadiu silne korelovanych systémov, ale su 'ahko aplikovatelné aj na podobné problémy
teoretickej fyziky. Ziskané vysledky a metddy budu vyuzité v ramci vyucby na VS.




Charakteristika vysledkov

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu (max. 20 riadkov) - slovensky:

Ciele projektu boli v plnom rozsahu splnené. NajdolezitejSie vysledky dosiahnuté pri naSom teoretickom §tidiu vplyvu neidedlnosti
mriezky na vlastnosti zakladného stavu a termodynamiku silne korelovanych systémov su sumarizované nizsie:

Zistili sme, Ze geometria trojuholnikovej mriezky narusi symetriu fazového diagramu (FD) rovnako tak aj valenénych prechodov
(v porovnani so §tvorcovou mriezkou), a stabilizuje nové typy nabojovych usporiadani — axialne ¢iarové usporiadania a fazovo
separované distriblicie f- elektronov.

Rozpracovali sme novil numerickil metédu na popis vlastnosti zdkladného stavu (ZS) asymetrického Hubbardovho modelu.
Pouzitim tejto metddy boli skonstruované uplné FD-my modelu v jedno a dvojrozmernom pripade.

Pouzitim Hartreeho-Fockovej aproximécie s nestabilitou nabojovej hustoty sme popisali feroelektricky ZS so spontdnou
polarizaciou v dvoj a trojrozmernom modeli Falicova-Kimballa (FK) s f-f elektronovym skakanim.

Ukézali sme, ze mriezkové defekty (vakancie) maju silny vplyv na vlastnosti ZS v bezspinovom modeli FK (generujiici model
pre popis interagujucich d a f elektronovych systémov). Konkrétne, sme ukazali, ze za pritomnosti vakancii (distribuovanych
ndhodne) ZS modelu je vzdy fazovo separovany pre malé f-elektronové koncentracie n f a vykazuje d’alekodosahové
usporiadanie pre n_fblizke do polovice zaplnenému pripadu n_f=1/2.

Ukézali sme, ze ZS FD ako aj obraz valencnych prechodov a prechodov kov-izolator néjdeny pre konvenény model FK je
vyrazne naruseny zahrnutim nelokalnej Coulombovskej interakcie. Napriklad sme nasli, ze model vykazuje prechody kov-
izolator indukované nelokalnou Coulombovskou interakciou tak pre slabé ako aj stredne silné interakcie.

Zistili sme, ze pre trojrozmerny model FK fazovy prechod z nizkoteplotnej usporiadanej fazy do vysokoteplotnej neusporiadane;j
fazy, indukovany teplotou, je fazovym prechodom prvého druhu pre Coulombovské intrakcie U<4 a fazovym prechodom
druhého druhu pre U>4.

Predpovedali sme nové kvantové fazy (koexistujicu kovovu a izolatorovu fazu, ,,atomic-density-wave fazu) vo fermiénovych
zmesiach s vel'’kym rozdielom hmotnosti atdmov na optickych mriezkach.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - anglicky:

The project goals have been fulfilled in full scale. The most important results reached in our theoretical study of lattice
imperfections on ground-state and thermodynamic properties of strongly correlated systems are summarized below:

We have found that the triangular lattice destroys the symmetry of the phase diagram (PD) as well as the valence transitions (in
comparison to square lattice), and stabilizes the new types of spatial charge ordering - the axial stripes and the phase separated
distributions of localized f-electrons.

We have elaborated a new numerical method for a description of the ground-state (GS) properties of the asymmetric Hubbard
model. Using this method the comprehensive PDs of the model in one and two dimensions were constructed.

Using Hartree-Fock approximation with charge-density-wave instability we have described the ferroelectric GS with
spontaneous polarization in the two and three dimensional Falicov-Kimball model (FKM) with f~f hopping.

We have found that the lattice defects (vacancies) have strong effects on the GS properties of the spinless FKM (a generating
model for description of coupled d and f electron systems). In particular, we have found that in the presence of vacancies
(distributed randomly) the GS of the model are phase separated for small f~electron concentrations #_f'and exhibit the long-range
order for n_fnear the half-filled band case n_f=1/2.

We have shown that the GS PD as well as the picture of valence and metal-insulator transitions found for the conventional FKM
are strongly changed when the nonlocal Coulomb interaction is added. For example, we have found that the model exhibits the
nonlocal Coulomb interaction induced insulator-metal transition in the weak and intermediate coupling limit.

We have found that in the three dimensional FKM the phase transition from the low-temperature ordered phase to the high-
temperature disordered phase induced by temperature is the first order phase transition for the Coulomb interaction U<4 and the
second order phase transition for U>4.

We have predicted new quantum phases (coexisting metalling and insulating phases, the atomic-density-wave phases) in
fermionic mixtures with strong mass imbalance on optical lattices.
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