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Abstract

We investigate the Kondo effect in two-dimensional disordered electron systems using a finite-temperature quan-
tum Monte Carlo method. Depending on the position of a magnetic impurity, the local moment is screened or
unscreened by the spin of the conduction electron. On the basis of the results, we show that the distribution of the
Kondo temperature becomes wide and the weight at Tk = 0 becomes large as randomness increases. The average
susceptibility shows a weak power-law or logarithmic divergence at low temperature, indicating a non-Fermi-liquid

behavior.
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The Kondo effect in disordered systems has at-
tracted attention both theoretically and experimen-
tally. Using perturbative expansion, the Kondo effect
in the weakly localized regime was investigated [1].
It was shown that the Kondo logarithmic terms are
modified into the product of new anomalous terms
and the Kondo logarithmic ones, and that the latters
are scaled into the same Kondo temperature as that
without randomness [2]. The Kondo effect in strongly
disordered systems was studied by taking account of
the Coulomb interaction among conduction electrons
[3]. It was shown that the Kondo temperature has a
spatial distribution, which leads to divergence behav-
iors of physical quantities as temperature approaches
zero. Such a spatial distribution in the Kondo tem-
perature was suggested from experimental results of
strong broadening of the Cu NMR line of UCus_xPdx
[4]. In spite of these findings, the effects of strong ran-
domness itself on the behavior of a magnetic impurity
have not yet been fully investigated from a microscopic
viewpoint.

In this paper, we study the Kondo effect in two-
dimensional (2D) strongly disordered electron systems
using a finite-temperature quantum Monte Carlo
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(QMC) method [5]. Let us consider the single-impurity
Anderson model with on-site random potentials de-
scribed by the Hamiltonian

H= Z eiczaci(, —t Z CIUC]'O- + €d Z Ndo
io
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where random on-site potentials ¢; are chosen to be a
flat distribution in the interval [-W, W] under the con-
dition ), €; = 0, < i,j > denotes the summation of
the nearest-neighbor sites, and nge = dfds. The sys-
tem consists of a 41 x 41 square lattice with a mag-
netic impurity. For W > 3.0, the conduction electron
is localized with the localization length £(W) < 37.5
[6]. Thus, the system for W > 3.0 is probably in the
strongly localized regime in low temperature. We set
the condition €4 + (1/2)U = 0 and use the parameters
U =2.0and V = —1.0 in units of ¢.

Shifting the position of a magnetic impurity twenty-
four times around the center in the same realization of
the random potential, we calculate the susceptibility
of a magnetic impurity in 0 < W < 3.5. Depending on
the position of a magnetic impurity in given W, its lo-
cal moment can be screened or unscreened by the spin
of the conduction electron. In the former case the sus-
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ceptibility shows a local Fermi-liquid behavior, while
in the latter case the susceptibility shows a power-law
or a logarithmic divergence. The results indicate that
the Kondo temperature Tk has a spatial distribution
down to Tx = 0, since T = [27x(0)] " with x(0) be-
ing the susceptibility at zero temperature. We extrap-
olate x(0) and evaluate the distribution of the Kondo
temperature. The results are summarized in Fig. 1. As
W increases, the distribution of the Kondo tempera-
ture becomes wider and the weight at T, = 0 increases
considerably. We have shown that the spatial distribu-
tion of the Kondo temperature can be caused only by
the effects of a random potential.

To obtain the local information on Kondo screening,
we calculate the correlation function between the local
moment and the spin of the conduction electron. When
the local moment is unscreened, the antiferromagnetic
correlation at the magnetic impurity is suppressed no-
ticeably in contrast with the results for the screened
case. This suppression of the antiferromagnetic corre-
lation at the magnetic impurity probably cause incom-
plete screening and a divergence behavior of the sus-
ceptibility.

In the disordered systems with dilute magnetic im-
purities, where each magnetic impurity acts as a single
magnetic impurity, the observable susceptibility may
be obtained by averaging over the susceptibility at each
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Fig. 1. Distribution of the Kondo temperature for W = 1.0,
W = 2.0 and 3.5. Twenty-five positions of a magnetic impu-
rity is used around the center. T is the Kondo temperature
without randomness.
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Fig. 2. Average susceptibility for W = 1.5, 2.0, and 3.5. The
broken lines are fitted by the least-squares method. For W=1.5,
2.0, and 3.5, Xav = —1.36 logT + 0.397, 1.34T ~°477 and
0.867T 9744 respectively. Inset: log Xav (T") versus log T.

position of a magnetic impurity. We thus take an av-
erage over the susceptibility at twenty-five positions
around the center of the system. The results are shown
in Fig. 2. For W = 1.5, the average susceptibility xav
shows a logarithmic divergence in 0.05 < T < T% ~
0.14. For 2.0 and 3.5, xav shows a weak power-law di-
vergence Xav ~ 1T~ % with a ~ 0.477 (W = 2.0) and
a ~ 0.744 (W = 3.5). Therefore, in 2D disordered
electron systems with dilute magnetic impurities, the
observable susceptibility shows a non-Fermi-liquid be-
havior in low temperature.

Numerical computation was partly carried out at
Supercomputer Center, the Institute for Solid State
Physics, University of Tokyo. This work was partly sup-
ported by a Grant-in-Aid for Scientific Research from
the Ministry of Education, Culture, Sports, Science,
and Technology, Japan.

References

[1] F. J. Ohkawa, Prog. Theor. Phys. Suppl. 84 (1985) 166.

[2] S. Suga, H. Kasai and A. Okiji, in: Anderson Localization,
ed. T. Ando and H. Fukuyama (Springer-Verlag, Berlin
Heidelberg, 1988) p. 238.

[3] V.Dobrosavljevi¢, T. R. Kirkpatrick and G. Kotliar, Phys.
Rev. Lett. 69 (1992) 1113.

[4] O. O. Bernal, D. E. MacLaughlin, H. G. Lukefahr and B.
Andraka, Phys. Rev. Lett. 75 (1995) 2023.

[5] J. E. Hirsch and R. M. Fye, Phys. Rev. Lett. 56 (1986)
2521; R. M. Fye and J. E. Hirsch, Phys. Rev. B 38 (1988)
433.

[6] A. MacKinnon and B. Kramer, Z. Phys. B 53 (1983) 1.



