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ABSTRACT

In this paper we have shown how the single site Coherent Potential Approximation (CPA)
and the Averaged T-Matrix Approximation (ATA) become exact in the calculation of the
averaged single pamcle Green’s tunction of the electron in the Anderson model, when the site

energy 1s distributed randomly with Lorentzian distribution. Thus we repraduce Lioyd’s exact
result using the above-mentioned approximations.

OHERENT Potential Approximation (CPA) and

Averaged T-Matrix Approximation (ATA)_
(Korringa, 1958 ; Beeby, 1964) are useful approxima-
tions in the study of disordered systems. CPA 1is
the simplest self-consistent approximation which
gives the first several moments of the density of
states correctly (Schwartz and Siggla, 1972). In
the present note we wish to point out an interest-

where €, is the Fourier transform of V, , and

U (%, E) is the self-energy of electron which arises
because of averaging.

In the CPA we calculate G self-consistently as
follows. Dyson’s equation is

G=G+ GTG (2)

ing observation regarding the exactness of CPA
and ATA (from the averaged single particle Green's
function point of view) for the Lorentzian distri-
bution of randomness {diagonal) in the Anderson
Hamiltonian (Anderson, 1958). This, to the best
of ‘our knowledge, has not been observed before.
We consider the Hamiltonian of an electron in
the tight. binding approximation in the Waunnier
representation (Anderson, 1958)
H—ZEC+C+ZV Cm""cﬂ
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where C + and C, are the creation and annihilation
operawrs for the electron in the Wannier orbital
céntred at the n-th site, € is the corresponding
energy. which is assumed to be random with a
probability distribution P(¢), and V, is the
hopping matrix element which is not random.
Since it is essentially a one body problem we omit
the spin index.
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are the single particle Green's nperatorq And
ke VE) and G, (E) are the Green’s functions

m Ihe momentum and site representation respec-

tively. The ensemble averaged Green's function

(G tE)) = E—e< —- U (k, B)
= Gnkﬂ (E — ~ U (k, E))

where T is the total scattering matrix (T-matrix)
defined as

T = 27T,
m
mEn
and
£, = €n I,:I -
" 1 — (En o U) G
is the T-matrix corresponding to the n-th site, We
want to find a G self-consistently such that
(TY) = 0 (which implies that G={(g)}. In the
single site CPA we write
(t, £ Tuyx () ( & Tw
m¥n mAEn
LTy = (T ~ T(t,) (1 +(G)) < Tal
mEn
Therefore
(T) =0 =) (t,) = 0.
Choosing the Uorentzian distribution
1 r
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for the randomness in encrgy (contred at the origin)
with
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Performing the inlegration by using the contour-
integration method mahking use of the general
analytic propertics of G and U we get

U= —1I'S({E)
where

S (E) = sign (Im (G))
= sign {ImE)
- (G (E)) = G°(E + il'S(E)). (3)

This is exactly the exact (averaged) Green’s func-
tion got by Lloyd (Lloyd. 1969) for the Anderson
Hamiltonian with site energies distributed according
to Lorentzian distribution.

In the ATA we do not find U self-consistently.
But we just average the T-matrix with the follow-
ing approximations and find cut the self-energy. The
Green’s function

Gnn (1E)
=Q° . (E)+ 2 G%p, (E)ty Go%s (E)

mz=n

+ Z Glum (E) te Gl (E) ty G-y (E)
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Averaging G with the assumption that
(ta™) A2 (L) = (t)™.

(Because after averaging 7 is independent of the site)
we find

(Gnn (E))
= Gnnn (E) + 35: Guﬂm (E) (> Gnm" (E)

+ ZG%, (E) (t) Gpum (E) (£) G (E)
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We can also write (with no restriction in the sum-
mation} (Ziman, 1968)

(Gan (E))
= G%, (Ey + £ G°%, (E) U G",, (E)

+ z Gﬂnm (EJ UGﬂmm' (EJ U Gﬂm'm (E)
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U 1 + () G"o (E) (4)
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Performing the integration by contour integration
method as mentioned before

iIr'S(E)
1 '—"EFS(E) Gﬂnu(E) .

(1) =

Substituting for { r)

In  equation (4) we get
U=—1iI" S(E)

Thus agamm we get Lloyd’s exact result, namely,
(Ga (E)) = G (E + iT'S (E)).

In this note we have shown how the single site
CPA and ATA become exact in evaluating the
averaged single particle Green’s function with
Lorentzian distribution of energy in Anderson’s
model. Hence, in the calculation of the single
particle density of states (and properties which
can be calculated from the averaged Green’s func-
tton) for materials with cellular disorder with

the randomness approximately Lorentzian, CPA and
ATA will be good approximations.
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