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• Localization and correlated disorder.
• Dependence of the absorption spectrum on the degree of correlations.
• Direct relation between absorption spectrum intensity and the localization length.
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a b s t r a c t

In this paper, we numerically analyze the dynamics of a one-electron in a one-dimensional
model with stretched exponential correlations in the diagonal disorder distribution. We
analyze in detail the effect of this correlated disorder on the localization aspects and the
optical absorption. We offer an estimate for the localization properties and its dependence
on the intrinsic correlations in the disorder distribution. Our calculations of the optical
absorption spectra suggest that as the disorder distribution becomes more correlated
the absorption intensity decreases. We explain this behavior in detail by using heuristic
arguments.

© 2014 Published by Elsevier B.V.

1. Introduction 1

P.W. Anderson and co-workers proved by using scaling theory that extended eigenstates are absent in low-dimensional Q2 2

systems with uncorrelated disorder [1–5]. Since the end of the eighties, it was shown that low-dimensional disordered Q3 3

systems can support extended states or a localization–delocalization transition in the presence of short- or long-range cor- 4

relations in the disorder distributions [6–30]. From the experimental point of view, V. Bellani et al. [16] and U. Kuhl et al. [19] 5

have studied the effect of short- and long-range correlations on the transport properties of low-dimensional disordered sys- 6

tems.Moreover, it was suggested that an algorithm for generating random correlated sequenceswith desiredmobility edges 7

could be used in the manufacture of filters for electronic or optical signals [13]. Furthermore, the theoretical prediction that 8

it is possible to see Anderson localization in a random multilayer filter [31] opened a wide field of investigations of effects 9

of correlated disorder in optical systems. 10

In the recent years, a key problem in the context of condensed matter physics is to understand what is the effect of 11

correlated disorder on the optical spectroscopy properties [32–42]. Usually, it is well known that optical spectroscopy 12

fails in detecting localization–delocalization transitions. However, in Ref. [35] an anomalous behavior of the absorption 13
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spectrum in a one-dimensional (1d) lattice with long-range correlated diagonal disorder was reported. It was found that1

long-range correlated diagonal disorder promotes the appearance of an absorption spectrum profile with two peaks [35].2

Moreover, it was proposed to use this double-peak absorption spectrum as a spectroscopic tool to monitor the Anderson3

transition [35]. Furthermore, in Ref. [39] a double-peak absorption spectrum was numerically observed in a 1d lattice with4

long-range off-diagonal correlated disorder. In Ref. [40], a detailed study of the optical properties in 1dmodels with heavy-5

tailed Levy disorder distribution was done. The authors found a broadening of the optical line and a non universal scaling6

of the distribution of exciton localization lengths. The scaling of the optical absorption bandwidth and the non universality7

of the localization length within models with Levy disorder distribution were re-visited in Ref. [41]. In general, the study of8

the dependence of the absorption spectrum on the properties of the disorder distribution give us key information that can9

be used to study the nature of eigenstates.10

In this paper, we report further progress along these above lines. We will study the problem of one-electron localization11

and optical absorption spectrum in 1d systems with correlated disorder. Our calculations were carried out on open12

chains with stretched exponential correlations in the disorder distribution. We perform exact numerical diagonalization13

to compute the participation number and the optical absorption spectrum. Our formalism provides an estimate for the14

dependence of the localization length on the type of correlated disorder considered here. In general, the localization length15

increases as the generalized correlation length is increased; however, we have not found a localization–delocalization16

transition. Our results for the optical absorption spectra reveal an interesting dependence of the absorption spectrum on17

the correlated disorder distribution. We observe that as the disorder distribution becomes more correlated the absorption18

intensity is decreased. We will explain this behavior in detail by using heuristic arguments. We obtain a simple relation19

between the optical absorption intensity and the localization length around the specific eigenstates with largest oscillator20

strength. Numerical calculations of the optical absorption and the localization length give support to our heuristic21

arguments.22

2. Model and formalism23

We consider the disordered Anderson model defined by the one-electron Hamiltonian [1,2,4,29]24

H =

N
n=1

ϵn|n⟩⟨n| + t

⟨n,m⟩

|n⟩⟨m|, (1)25

where |n⟩ is a Wannier state localized at site n and


⟨n,m⟩
represents a sum over nearest-neighbor pairs. Hereafter we will26

use energy units of t = 1. ϵn represents the on-site disorder distribution. We will consider open boundary conditions. In27

our work, we are interested in studying the nature of the eigenstates and the optical absorption spectrum by analyzing the28

above Hamiltonian in the presence of an on-site disorder distribution with stretched exponential correlations. The on-site29

potential ϵn with stretched exponential correlations will be generated by using the following formalism: initially we will30

calculate the sequence En defined by31

En =

N
m=1

ηm ∗ exp(−|n − m|
γ /ζ ) n = 1, . . . ,N (2)32

where ηm are independent random numbers uniformly distributed in the interval [−0.5, 0.5] and γ and ζ are tunable33

parameters that control the degree of correlations. The on-site potential ϵn is obtained by using the formula34

ϵn = [En − ⟨En⟩]/


⟨E2
n ⟩ − ⟨En⟩2 n = 1, . . . ,N. (3)35

Therefore, the diagonal disorder displays zero mean value (⟨ϵn⟩ = 0) and fixed standard deviation (


⟨ϵ2
n⟩ − ⟨ϵn⟩2 = 1). Let36

us discuss now some properties associated with the parameters γ and ζ . We will also discuss the values of γ and ζ that37

will be considered in our work. We can see that, for a fixed γ , the degree of correlations within the disorder distribution38

increases as ζ is increased. ζ is a type of generalized correlation length, and it can be used as a way to quantify the degree39

of correlation within the disorder distribution; however, formally, it is not the correlation length. Only for γ = 1 the ζ40

parameter has the status of the standard correlation length. We also emphasize that for γ = 1 the disorder distribution41

is exactly the same that was investigated in Ref. [29]. For a fixed value of ζ > 0 and for γ = 0 there is no disorder at42

the sequence defined by Eq. (2). Therefore, the rescaling defined in Eq. (3) cannot be used in this case. In our study, we43

will focus our calculations on the disordered case (γ > 0). We observe that the internal correlations within the on-site44

energy distribution decrease substantially at the limit of large γ . From another side, for small γ , the decay of the correlation45

function becomes slower. Therefore, we will analyze the nature of the electronic eigenstates and the optical response atQ446

both limits: the case with weak correlations (γ ≫ 1 and ζ → 0) and also the case with strong correlations (0 < γ < 147

and ζ ≫ 0). In Fig. 1(a) (left panel) we plot the on-site energy ϵn versus n for N = 105, ζ = 10 and γ = 0.25, 0.5, 0.7548

and 1.25. One can notice how the energy landscape becomes smooth as γ decreases. In order to compare some statisticalQ549

properties of the above sequences, we compute the auto-correlation function (C(r) = [1/(N − r)] ∗
N−r

n=1 ϵnϵn+r ) of the50

potential landscape (see Fig. 1(b) (right panel)). Circles indicate the numerical calculation ofC(r) and the solid line represents51
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