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ABSTItACP 

Approximating the quasi-particle self energy of the Hubbard 
nadei by a local function, it is found that the electrons near the 
Fermi energy can be localized above a certain value of U/A (0 is the 
intraatomic Coulomb interaction and A is the band width of 
noninteracting electrons). This localization of electrons can give 
rise to a metal-nonmetal transition in a nealy half filled band as 
found ia the paramagnetic state of high Tc superconductores. 

1. Introduction 

Recently it lias been discovered l  that in the paramagnetic state 
the nearly half filled band systems of high Tc superconductors make a 
transition from a nonmetallic to a metallic state as the number of 
electrons ar boles per lattice site is changed from unity to some 
criticai value. This metal-nonmetal transition cannot be explained 
from the conventional band modais based on either nonintracting 2  ar 
correlated 2  electrons. To understand this phenonmenon here we study 
the nearly half filled band Hubbard model in paramagnetic state by 
using a local quasi-particle self energy. 

2. Local Quasl Particle Self Eneray 

Recently the quasi-particle self energy of the Hubbard model 
has been obtained 4  by using a semi-classical approximation which gives 
the exact results for the quasi-particle spectrum in both weak and 
strong correlation regimes which correspond to 0/6 << 1 and U/A >> 1 
respectively. Here A is the band width of nonintracting electrons and 
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U in the intraatomic Coulomb interaction. 	However, this semi- 
classical self energy expression is quite complicated to perform any 
useful calculation. Therefore we try to reduce it to a simple fora by 
making some appropriate approximations. For this purpose we 
approximate the two particlwe correlation functions by using Wick t s 
theorem. Also if we note that Hubbard model neglects ali the 
intraatomic Coulomb interaction, it is reasonable to approximate the 
nonlocal self energy by a local function. Within these 
approximations, in case of narrow banda, we get the quasi-particle 
self energy as 

U2
n (1-n ) 

Ma  (w)Un-a+ — 	  
k w-U(1-n)-c -a k 

(1 ) 

This self energy lias been postulated earlier by Kishore s  in order to 
explain the photoemission experiments in nickel. 

It is easy to show that Eq. (1) gives the self energy exactly 
for both zero band width and zero intra-atomic intration. In the weak 
correlation regime, 	it differs from the rigorous results of 
Kishore 4  but reproduces the Hartree-Fock results. 	In the strong 
correlation regime, it gives the Hubbard first approximation 3 . For a 
Lorentzian form of the bare electron density of states, it gives the 
Hubbard third approximation s . Since the self energy (1) reproduces 
the known resulta ia appropriate limits, it can be a reasonable 
starting point for discussing the effects of electron correlations. 
The main advantage of Eq. (1) is that it is easy to evaluate 
numerically. 

3. Results and Discussions 

By using the rectangular form of the bare electron density of 
states in the self energy expression (1), the density of states in the 
paramagnetic state has been obtained by Kishore s . 	The density of 
states consists of three banda. 	The lower and the upper bands are 
separated from the middle band by an energy gap which decreases with a 
decrease in the parameter UM. Finally at some value of UM this gape 
goes to zero with the result that ali the bands merge into one. the 
imaginary part of the self energy is zero in lower and the upper 
bands. In the middle band, it lias a constant value which depends upon 
UM and makes ali the electronics states in the band damped. The 
damping of the states increases as UM increases. On the other hand, 
the number of states ia the middle band increases with a decrease in 
UM. This shows that as UM increases a dip in the middle of the 
density of states appear. This dip increases as UM increases. The 
states ia this dip are damped which sugests the possibility of the 
existence of localized states for nearly half filled band. Because of 
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the damping of states, an electron near the Ferrai energy has a finite 
life time and thereby a finite mean free path which increases with a 
decreases in U/B. For sufficiently large valse of UM, the mean free 
path can be less than the inter-atomic spacing. In this case, ali the 
electrons at the Fermi levei are localized at their respective lattice 
sites and no conduction occurs. By decreasing U/B, the mean free path 
increases, and at some value of um when it becomes equal or greater 
than the inter-atomic spacing, the system makes a transition from a 
nonmetallic to a metallic state. 
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Fig. I. Phase diagram indicating metal and nonmetal states. 
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An approximate value of the mean Free path at the Fermi 
energy, X.r  can be obtained from the semi-classical 
relation Z E=T fv f  where T f  and v f  are the life time and mean group 
velocity of electrons at the Fermi energy. The life time Tf can be 
obtained from fite imaginary part of the self energy but there is no 
straight forward way to calculate the Fermi velocity vf. A rough 
estimate of vf can be obtained from its semi-classical value for the 
non intracting electrons. For the rectangular density of states of 
band width A,vf=nA/kf where kf is fite Fermi momentum. Since for high 
Tc superconductors, the basic electronic properties are believed to 
depend on the nature of electrons or holes of copper-oxygan layers, we 
consider k for a two dimensional electron gas. In Fig. 1 we have 
shown fite metallic and non-metallic phases in the paramagnetic state. 
It shows that for a half filled band the system behaves as a non-metal 
below a certain value of A/U. But for nearly half filled band, the 
non-metallic state occurs between two lower and upper values of A/U. 
This behavior is consistent with the rigorous results of the Hubbard 
modal. According to these results for small band width, the quasi 
particle spectrum of the Hubbard model consists of two separate bands 
with exectly one electron par lattice site ia each band and therefore 
the system must behave as a non-metal for n = 1 and a metal for n 41, 
as shown in Fig. 1. For large values of A/U, according to Hartree-
fock results, the system must behave as a metal for all values of n. 
It should be noted that nonmetallic state for a nearly half filled 
band occurs because of the localized states which appear due to 
electron correlations. This localization for nearly half filled band 
is relevant for the metal-nonmetal transition ia high Tc 
superconducting oxide. 
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