Electron localization and replica symmetry breaking in the
quasicrystal-like system

I. Kanazawa ®!
& Department of Physics, Tokyo Gakugei University, Koganei-shi, Tokyo 184-8501, Japan

Abstract

We introduce the order parameter, which means replica symmetry breaking state in the transport property, in the
quasicrystal-like system by using the effective Lagrangian of diffusion models.
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1. Introduction

Recentry the present author [1,2] has considered the
transport property in the randomly distributed system
of the correlated configurations (the aggregation), in
which the nearest distance between each configration
is ~ 2m/2kr (the quasicrystal-like state). It is known
that the mean-free path of electrons in quasicrystals is
short. Thus, the transport property in the quasicrystal-
like system might be much referential to one in the qua-
sicrystal system. In this study, we will introduce the or-
der parameter, which means replica symmetry break-
ing state in the transport property, in the quasicrystal-
like system by using the effective Lagrangian of diffu-
sion models, taking into account the sp-d hybrization.

2. A Model System

In the quasicrystal-like state, we shall consider the
effect of the 2kr phase shift scattering by the randomly
distributed aggregation composed of correlated N num-
ber of configurations such as the prolate and oblate
rhombohadra, in which the nearest distance between
each configuration is ~ 27 /2kr in the Feynman graph
of Langer-Neal correction [3] with thermal Green func-
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tion technique. If the d orbitals of the transition metal
atoms located in unit-cell configurations are coupled
with sp antibonding states, the partial density of sp
states is increased below the Fermi energy which is
in the pseudogap. The 2kr phase shift scattering en-
hances strongly the density wave of sp electrons with
wave length ~ 27/2kr. When a high density region of
the standing wave is formed on the transition metal
atom, the sp electrons hybrize more strongly the d or-
bitals of the transition metal atoms located in the con-
figuration. Thus 2kr phase shift scattering and the sp-
d hybrization are strongly correlated with each other.
In this case, v o 1n;N|Va,sp|® becomes large, where
the matrix element Vj s, represents the sp-d hybriza-
tion, and n; is the density of the aggregation, which is
composed of N configurations connected with distance
~ 27 /2kr. The aggregation might be identified as the
icosahedral cluster such as the Bergman type and the
Mackay type [4,5]. N depends on the kind of materials.

To obtain the correct statistics we can obtain the La-
grangian of the diffusion mode by integrating over the
classical Fermi fields [6]. To average over the randomly
distributed aggregation, which is composed of N config-
urations connected with distance ~ 27 /2kr, we use the
replica method [7]. We calculate the partition function
Zn of n replicas of the system and average Z, over the
aggregations such the icosahedral clusters. Performing
averageing over the aggregation such as the icosahe-
dral cluster, the potential will be regarded as a random
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quantity with a Gaussian J-correlated distribution
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when V() is the effective potential of the clusters, and
v is the state density at T. Averaging Z, over the dis-
tributions (3), we obtain

(z) = [ exols) [ avave
S=/dr lz [Fntien + 5=+ )] v

n,a
”iN|Vd,sp|2

+ 4y

(W)Q] ; (2)

where

”iN|Vd,sp|2
xp 4y

é D @rr) (e thtzre bry —k-2kp )]

Py,Pok

. 2
Jeol- [t

- %niN|Vd,sp|2(7/)Q¢)] ~d7’}H dQ

~[/exp (_/WVmNin’SHQSpQer)HdQ] N .

3)

Here,

QY = Ui Qunth, SPQT = Qi Q.

Where a and b are replica indies, and n and m are en-
ergy states. The longitudinal variations of ) make a
large contribution to the free energy, so that these fluc-
tuations can be neglected. As a result, the problem of
electron diffusion reduces to a matrix non-linear sigma
model

F T / [DesSp(VQ)? = 4Sp(Q)] dr, (4)

va
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is the Fermi velocity. This means that the sp-d hybridi-
sation reduces strongly the diffusivity of electrons.

Using the analogy of the spin by Wegner [8], we can
show the relation,

where the effective diffusivity Deg ~ and vr
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Where o, (0b) is the set of Pauli matrices, P = |1/)?l 2

= |1/)£’n| and ¢2, = 0,2 Yl op. P2 means the
probability that the state (the replica indice, a, and the
energy level, n, ) is one of different valleys. The overlap
function, P(q), and g are defined as follows,
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where ( )ay is represents the bond averaged quantity.
By using the overlap function P(gq), we can introduce

Jmax

the relation, § = /dq q P(q).

Almost insulatoing quasicrystal-like system might
mean the broadly distributed overlap function, P(q),
which corresponds to the replica symmetry breaking
states.

3. Conclusion

We have introduced the order parameter, which
means replica symmetry breaking state in the tranport
property, in the quasicrystal-like system.
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