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Convergence of continued-fraction representation for the Green's function in the Hubbard model
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Using the operator algebra technique with a set of projection operators generated from the primary
operator defined by Wilson's group [S.K. Kim and R. S. Wilson, Phys. Rev. A 7, 1396 (1973)],we set up
a continued-fraction representation for the single-particle Green s function in the Hubbard model. We
find that, in a simple one-dimensional system with five lattice points, at least one cuto6' stage appears in
the representation.

PACS number(s): 02.50.—r, 71.10.+x

One of the most popular ways to investigate transport
phenomena in condensed matter systems is the following
technique. The transport coefficients are expressed in
terms of the relaxation functions which are the Laplace
transform (LT) of time-correlation functions or Green's
functions of dynamical variables.

Among the several approaches to this problem report-
ed so far, the continued-fraction representation (CFR)
developed by some authors [1-5]has drawn the attention
of the present authors. %e, however, encounter frequent-
ly the question of whether the CFR is convergent or has
any cutoff stage in order that any numerical result can be
obtained.

The purpose of this paper is to show that the CFR for
the single-particle Green's functions (SPGF) may have at
least one cutofF stage. We choose the Hubbard model [6]
as our example, since this model is one of the typical
models adopted in the present time condensed matter
physics [7].

The SPCiF, in the co space, is defined in the unit system
in which Pi= 1 as

G;, ( )=([a;.,a,t (m)I), (1)

where at (co) is the LT of at (t)=exp(iLt)at . Here at
(a ) is the fermion creation (annihilation) operator for
the Wannier state at lattice site R~ and the spin state ~tr );
[ A, BI is the anticommutator; ( A ) means the grand
canonical average of any operator A; to co =is(s—~0+)
for the frequency co', and I. is the Liouville operator corre-

I

a;" (to) = (a) L„) —'a,"— (3)

where a;" —=I.„a;" ' and a; =—a; . Here the nth Liouville
operator L„ is defined as L„=(1 P„&)L„—

&
and Lz=L—

where the projection operators P„are defined as

p,x—=y a,.'. ( [a...x I )
J

for n =0 following Kim and Wilson [8] and

, ([a,".,xI)

for nAO. We then obtain the Dyson equation in the
CFR as

sponding to the Hubbard Hamiltonian defined by

H= —gn n —p, gn + g (t, a,ta +H". c. . ),I' J- J- ( J)-
(2)

where n =a aj, I is the intra-atomic Coulomb repul-
sion factor, p the chemical potential, and t; the matrix
element for the hopping from site j to nearest neighbor
site i. Hereafter we will drop the subscripts ij on t, as-
suming that the hopping intensity is constant throughout
the system.

Now, in order to obtain the Dyson equation in the
CFR, we set up a Hilbert space with the basis vectors
a;" (to) (n =1,2, 3, . . . ) as

il
CO COO+ GIJ (co)=1

N 602+
CO N+3

0 5,J.
(7)

where the modified frequency factor coo, the characteristic
frequency to„, and the reciprocal decay time (6„)'~~ are
given as

( [a,",L„ai"t] )

([an —1 an —lt] )

(nAO),

(9)
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