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Abstract: We examined the two-dimensional Hubbard model and determine the expressions for ground

state energy and eigenvector for a system of finite size and low density of electrons. It is found that the

concentration of doubly occupied sites and the kinetic energy change discontinuously as U  6 0. The

ground state energy is a smooth parabolic function of U. The ground state properties were studied over

a wide range of interaction strengths U.
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INTRODUCTION

In the search for a mechanism responsible for the

csuperconductivity  in the high – T  superconducting[1]

(HTSC) copper oxides, it is instructive to investigate

the variation of the ground state properties versus

interaction strength and interpret the observed features.

The Hubbard model  represents the electronic[2]

properties of molecules and solids in the form of both

electron-laltice and electron-electron interaction terms.

The Hubbard model enjoys some success in

representing narrow band solids and Mott insulators.

Finite size systems have been studied  by other[3 ,4]

workers. Such studies are limited by the size of

clusters used. Whoever, the results obtained are

numerically exact . It is the hope that careful analysis[4]

of finite-size effects can provide accurate information

about the infinite system limit.

In this study, we consider the system of 2

electrons on a 3 x 3 lattice described by using two

basis functions. This is a subspace of the Hilbert space.

The dimension of the Hilbert space is of the order.

                   and  equals the number of different 

2-electron configurations. This is much too large. The

use of the sub space of two basis functions is premised

on the use of the configuration  interaction  method .[5 ]

The  ground  state  of  the  system is            It  is 

expanded in term of seven basis functions in the

subspace ie.

 

                                                     is a 

creation (annihilation) operator. The spin index has

been included in the label i.

                        contributes  dominantly  to the 

ground state           

In this paper we investigate ground-state properties

of the 2 dimensional Hubbard model for different

values of Coulomb repulsion U. We calculate the

ground state energy, the kinetic energy and the double

occupancy.

The paper is organized as follows: After an

introduction, we review the Hubbard model and the

basic formalism for the configuration interaction.

Section 3 contains the solution of the configuration

interaction system of equations. Section 4 presents the

calculations of the ground state properties. Section 5

constitutes the summary. 

2. Hubbard Model and Configuration Interaction:

The two-dimensional Hubbard model is defined by the

Hamiltonian 
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Where        creates an electron of spin ó on site i and                       we consider only nearest neighbour 

                hopping on  a  square  lattice.  The Hubbard model serve as one of the simplest model to study 

electron correlation effects in solids t is the hopping term from site i to site j. U is the local repulsion. The

solution of the model (1) in the case of a finite-size system, gives the exact solution of the ground state energy,

the double occupancy and the kinetic energy. A 2 – dimensional 3 x 3 = 9 square lattice at one-ninth filling (2

electrons per cluster is considered). 

The configuration interaction (CI) method gives the ground state wavefunction as the following expansion;

 

Electrons are created and annihilated in canonical molecular orbitals. The subspace choosen to diagonalize the 

Hamiltonian H is 

 

where                              is the self consistent field ground state. The Hamiltonian is:

The spin index ó has been included in the subscript on the creation and annihilation operators. The system

of CI equations are;
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3. Solutions of the CI Equations: In general, the Harmiltonian is a seven by seven matrix.

 

The eigenvalues are;

 

The corresponding eigenvectors are:
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4. Calculations of the Ground-state Properties: From the solutions presented in section 3, the ground state

energy is 

Thus

In fig 1(a), we show the ground state energy as a function of the on-site interaction u/t. One is led to the

belief that the repulsive interaction is the driving force to convert the ground state to a correlated BSC state from

the Ideal Fermi gas (u = 0). In other words, the pairing of electrons cost much Hubbard on-site repulsion energy.

The energy of the system increases monotonically (algebraically) with u/t.

The kinetic energy is 

kinAway from the ideal Fermi gas,           approaches a finite value. And there is an abrupt change in E  near 

the ideal Fermi gas. The double occupancy is given by        .
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Fig. 1a: Ground state energy versus u/t 

Fig. 1b : Doubly occupied sites versus u/t

Fig. 1c : Kinetic energy versus u/t
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The kinetic energy serves as a measure for

estimation of electron pairing correlations . It is related[6]

to the double occupancy D.

The concentration of the local pairs or the double

occupied sites D is a much more sensitive measure of

pairing correlations than the ground state energy. For

0the ideal Fermi gas (u = 0), D = D

The local attraction of electrons favours the

formation of local pairs with opposite spins, while the

local repulsion of electrons suppresses the pair

formation. The kinetic energy and concentration of

doubly occupied sites transit into fully saturated spin

kinstates with constant E  and D as u increases.

5. Summary: In this paper we have calculated the

ground state properties in the two-dimensional Hubbard

model for arbitrary sign of u.

Several interesting features emerge from the

investigation of the ground state energy, kinetic energy

and concentration of doubly occupied sites under the

variation of u/t. The three thermodynamic quantities are

continuous functions of u/t excluding u = 0. They

exhibit sharp transitions near  u = 0 as portrayed by

the three figures.

The total ground state energy is a parabolic

function of u/t The variations of the ground energy,

kinetic energy and concentration of the doubly

occupied sites with u/t compare well with the exact

diagonalization done for the one-dimensional Hubbard

model . Overall there is good agreement with the[6]

exact results obtained for 2-dimensional Hubbard model

in .[3]
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