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Abstract
We show that in the one-dimensional (1D) Anderson model long-range correlations within the sequence of on-site
potentials may lead to a region of extended states in the vicinity of the band centre, i.e., to a correlation-induced
insulator–metal transition. Thus, although still disordered, the 1D system can behave as a conductor.
r 2005 Elsevier B.V. All rights reserved.
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In the context of electronic transport in quasi1D binary solids, polymer chains or biological
molecules, recently, systems with correlations in
the sequence of on-site energies attracted increasing attention [1]. The examination of models with
correlated disorder is also challenging from a
theoretical point of view. In 1D noninteracting
electron systems with independent random atomic
potentials all states are exponentially localised at
any amount of disorder [2]. Internal correlations
within the potential landscape, however, might
cause a breakdown of the Anderson localisation
phenomenon in 1D and 2D [3,4]. Such long-range
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correlated random sequences without any intrinsic
scale are observed in several stochastic processes in
nature [5]. One of their characteristics is the
power-law decay of the Fourier transform of the
two-point correlation function with the wavenumber of the random ﬂuctuations, Fðhi j iÞ  1=ka :
Based on these ﬁndings de Moura and Lyra [4]
proposed
an
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ansatz for the on-site potentials,
j ¼ nðaÞ

N=2
X

ka=2 cosð2pjk=N þ fk Þ,

(1)

k¼1

where the N=2 random phases fk are uniformly
distributed in the interval ½0; 2p and a controls the
strength of the correlation. The case a ¼ 0
corresponds to strongest disorder and is almost
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ri ðEÞ ¼

N
X

jcn;i j2 dðE  E n Þ.

(2)

n¼1

For a given energy E, ri ðEÞ measures the local
amplitude of the wave function at Wannier site i
and therefore contains direct information about
the localisation properties. Contrary to the mean
(arithmetically averaged) density of states,
rav ðEÞ ¼ hri ðEÞi; the LDOS becomes critical at
the localisation transition. Concurrently, pðri ðEÞÞ
was found to have essentially different properties
for localised and extended phases [7]. Of course,
the study of entire distributions is a bit inconvenient, and for practical calculations the so-called
‘‘typical DOS’’ (geometric average) rty ðEÞ ¼
exphln ri ðEÞi is frequently used. Since rty ðEÞ
vanishes at the Anderson transition it acts as a
kind of ‘‘order parameter’’.
Numerically the LDOS distribution can be
easily calculated with the kernel polynomial
method [8]. The corresponding arithmetic and
geometric averages rav and rty are shown in Fig. 1.
In contrast to the uncorrelated Anderson model
we observe the following effects: (i) most notably,
while for small ﬁnite values of a the typical DOS
vanishes within numerical accuracy for the entire
band, with stronger correlation a region of
extended states appears near the band centre; (ii)
for larger values of a a dip in rav develops at the
band centre, which might be a signature of the 1D
DOS of the completely ordered system that is
expected for inﬁnitely strong correlation; (iii) even
though on average the model is symmetric with
respect to E ! E in Fig. 1 the averaged density
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equivalent to the uncorrelated Anderson model
with Gaussian distributed on-site potentials. In
order to obtain comparable results each disordered
sequence
is normalised to variance s2 ¼ 1; i.e.
PN=2
nðaÞ ¼ ð k¼1 ka =2Þ1=2 : This ensures that both
disorder and bandwidth remain ﬁnite in the
thermodynamic limit.
In the theoretical investigation of disordered
systems it turned out that distribution functions
for the random quantities of interest take the
centre stage [6]. Of particular importance is the
probability density pðri ðEÞÞ of the local density of
states (LDOS)
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Fig. 1. Average (solid) and typical (dashed) DOS for the
Anderson model with correlated disorder on a linear chain with
125,000 sites and different correlation strengths a: The typical
DOS was calculated at K s ¼ 32 sites for K r ¼ 32 realisations of
disorder using 32,768 Chebyshev moments, whereas for the
average DOS only 256 Chebyshev moments and a random
initial vector were used. Note that for a ¼ 1 rty o104 8E: The
lower panels show one characteristic sequence of atomic
potentials j for each value of a:
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Fig. 2. Probability distribution Pðri Þ in the band-centre for
different correlation strengths a (again N ¼ 125; 000; M ¼
32; 768; K r  K s ¼ 32  32).

of states shows a noticeable asymmetry for
intermediate values of a: We fear that, due to the
longer ranged ﬂuctuations within the on-site
potentials for increasing a; the considered rather
large ensemble (32  32 realisations) is still insufﬁcient to achieve a proper statistics.
Fig. 2 illustrates theR behaviour of the probability
r
distribution Pðri Þ ¼ 0 i pðr0i Þ dr0i : At small values
of a; Pðri Þ reﬂects the characteristics of the LDOS
distribution of localised states, i.e. large weight on
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electron systems and showed that our model
exhibits an insulator–metal transition with increasing correlation strength.
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Fig. 3. Contour plot of R in the correlation-energy plane for
the Anderson model with correlated disorder on a linear chain
with 125,000 sites. In the calculation 32,768 Chebyshev
moments and K r  K s ¼ 128  32 realisations were used.

small values of ri and a long tail. The jump-like
increase of Pðri Þ for a\2 signals the occurrence of
a very narrow symmetric distribution centred
around rav and describes extended states. Finally
Fig. 3 shows contours of the ratio RðEÞ ¼
rty ðEÞ=rav ðEÞ: Apparently all states become localised for at2; whereas the width of the region of
extended states saturates for a\5:
In conclusion, we analysed the effect of impurity
correlations on the localisation properties of 1D
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