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Effects of Magnetic field and disorder on electronic properties of

Carbon nanotubes

Stephan Roche
Department of Applied Physics, University of Tokyo
Groupe d'Etudes et de Recherche sur les matériaux avancés - GERMA
Riihchiro Saito
Department of Electronic Engineering, University of Electro - communications
ABSTRACT:
According to their diameter and chirality, carbon nanotubes have been shown to be either
metallic or semiconducting. Indeed, from the chiral vector Ch=(n,m)(in the honeycomb
basis), it turns out that one may distinguish the nature of electronic spectra. In particular,
the semiconducting energy gap is shown to be related with the diameter of CN(dy)such
that A ~1/dex ~ |Cr| = %m . Carbon nanotubes (CN) are often presented as
1-dimensional structure like quantum wires, but electronic features reveal 2D
weak - localization, universal conductance fluctuations. Athigh temperature their behavior

becomes graphite - like.
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In this talk, after pointing out some experimental patterns of interest, the effects of
magnetic field perpendicular to the nanotube axis and disorder upon spectral properties will
be addressed. One shows that by increasing the magnetic field (chosen perpendicular to the
nanotube axis), an oscillating transition from metallic to semiconducting and vice - versa
is induced. In Fig 1, the evolution of TDoS as a function of dimensionless magnetic field
(L/Zzzl. withL = |Cy| and L= ﬁz7e_B) is shown for semiconducting (10,0) nanotubes. The
two peaks are locating values of the magnetic field where the gap will close and the CN will
have metallic character( 7 is related to a finite imaginary part of Green’s functions).
Conversely, TDoS as a function of the Fermi energy is reported on Fig. 2 where metallic
TDoS, semiconducting TDoS for zero - magnetic field are drawn together with the metallic
one affected by the magnetic field (in bullets). These patterns are further shown to be

resistant against disorder.
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Quantum transport in the ballistic/diffusive regime will be then tentatively related to a
method to investigate Kubo-formula for the electronic conductivity in infinte CN and by

means of real space methods.



Collapse of the Mott Gap
in the Disordered Hubbard model at Half Filling

Y. Hatsugail'z, Y. Otukai,and Y. Morita®
'Department of Applied Physics, University of Tokyo
’PRESTO, JST
Abstract
Effects of randomness on the half filled Hubbard model are investigated by quantum
Monte - Carlo method focusing on the Collapse of the Mott gap. The randomness closes the
Mott gap and low - lying states are created which is observed in the charge compressibility.
On the other hand, at least in one dimension, no (quasi- )Fermi surface singularity is
formed which implies localized nature of the low - lying states'. Extensions to the higher

dimensions are also discussed.
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'Temperature dependence of the charge compressibility £ in the one - dimensional Hubbard
model for a particular realization of randomness (L =36 and U/t=4). Without randomness,
# shows thermally - activated behavior and decreases toward zero at low temperature
indicating the existence of charge gap. With weak randomness, w < w,(w,/t ~ 1.5), & still
shows thermally - activated behavior. However, for strong randomness, w > w,, & is finite
down to the temperature we studied.

[ref] Y.Ostuka, Y. Morita, and Y. Hatugai, Phys. Rev.B15 Dec. (1998) and refernces

therein.
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Numerical Analysis of the Anderson transition

Dept. of Physics, Graduate School of Science, Osaka University Keith Slevin

Department of Physics, Sopnia university =~ Tomi Ohtsuki

Our current understanding of the Anderson transition (AT) is based on the non - linear o
model(NLoM). According to the NLoM it should be possible to classify the critical behavior
using three universality classes: orthogonal, unitary and symplectic depending on the
symmetry of the Hamiltonian with respect to time reversal and spin rotation.

Beyond the suggestion of the appropriate universality classes, it has not been possible to
make detailed predictions about the critical behavior using the NL 0 M. For example, it has
not been possible to predict the value of the critical exponent v. It has also been suggested
that there maybe an infinite number of relevant operators in the NLoM [1] though this is
disputed [2]. If true, however, the NLoM would be unsound. Numerical simulation is at
present the only alternative to the NLoM.

We have been able to demonstrate an important basic principle underlying our
understanding of the AT: the universality of the critical properties of the AT. To do this has
required us to address the principle uncertainty in previous numerical studies of the critical
properties of the AT, the presence of systematic corrections to scaling in the numerical data.
Such corrections arise because of the presence of irrelevant scaling variables and also
non - linearities of the scaling variables. By taking proper account of these corrections, we
have convincingly demonstrated the universality of the critical exponent for the orthogonal
universality for three different distributions of the random potential.

The Hamiltonian used in our study describes non - interacting electrons on a simple cubic
lattice with nearest neighbor interactions. We studied three models of the potential
distribution: box, Gaussian and Lorentz distributions. For these three models we analyzed
the finite size scaling of the localization lenghth A for electrons on a quasi- 1d dimensional
bar of cross section L XL.

Starting from the renormalization group equation which expresses the dimensionless

quantity A=A /L as function of the scaling variables

n o ).



(Here b is the scale factor in the renormalization group, x the relevant scaling variable and
¢ the leading irrelevant scaling variable. We should have y<0if ¢ isirrelevant.) we are led

to the fitting equations

A= ¢#LYE, (xL'), 0
n=0
ng
Fr(xL?*)= Y, L™ Fom. (2)
m=0

We take account of non - linearities in the scaling variables by expanding both in terms of the
dimensionless disorder w= (Wc-W)/W. where W¢ is the critical disorder separating the
insulating (w<0) and conducting phases (w>0).
x(w) = VMR b, ¢(w) =Y mhcauw”. (3)

A summary of our results appears in the Table below, for a more detailed account please see [3].

Taken together with our previous work [4], where the sensitivity of the critical exponent
to the breaking of time reversal symmetry was confirmed, we have been able to demonstrate
the soundness of the foundations of our understanding of the Anderson transition. The
demonstration of universality also allows us to be much more confident that our estimate

of the critical exponent v = 1.57+.02 is correct.

[1] V.E.Kravtsov,I. V. Lerner and V. I. Yudson Sov- Phys. JETP 67, 1441(1988); H. Mall and
F. Wegner, Nucl. Phys. B393, 495(1993).

[2] E. Brezin and S. Hikami, PRB 55, R10169(1997). 4085(1997).

[3] K. Slevin and T. Ohtsuki, preprint(1998).

[4] K. Slevin and T. Ohtsuki, PRL 78, 4085(1997).

|We A lv |v
Box 16.54(53,56)]0.576(74,78) | 1.57(55,59)|-2.8(3.3,2.3)
Gaussian |21.29(28,31)|0.576(74,77)|1.58(55,61)|-3.9(5.9,2.7)
Lorentz |4.265(52,72)0.579(76,88)|1.58(47,65)|-2.5(3.2,1.3)

TABLE I. The best fit estimates of the critical disorder, the quantity A =Fo(0) which is
expected to be universal, the critical exponent and the leading irrelevant exponent. The
numbers in brackets are 95% confidence intervals. The system sizes used in the study range

from L=4 to L=14 and the accuracy of the numerical data was either 0.1% or 0.05%.
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Recent Progress in Field Theoretical Approach to Quantum Chaos: Supermatrix Nonlinear Sigma Models
N. Taniguche (Hiroshima U.)
In this talk, I review recent progress in quantum chaotic systems mainly brought by using
field theoretical techniques known as supermatrix nonlinear sigma models. [ start
presenting several results from universal behaviors of quantum chaotic systems, which
corresponds to the zero-dimensional sigma model. Furthermore, beyond the universal
regime, current development can be viewed as three main directions — (1) from universal
to nonuniversal behaviors, (2) from diffusive to ballistic systems, and(3) from
Wigner - Dyson universalities to other universalities. In the talk, I mainly focus on the first
two directions. Emphasis is put on various similarity and difference between disordered
and ballistic (=quantum chaotic) systems, and underlying physical ideas will be explored
to bridge from the conventional (diffusive) sigma model used in localization problems to
new sigma models for ballistic transport.
References
[universal behaviors] See e.g, Altshuler, Taniguchi, & Simons, Sur. Sci. 361/362, 687(1996)
[Ballistic sigma models] Muzykantskii & Khmelnitskii, JETP Lett. 62, 76(1995); Andreev,
Agam, Simons & Altshuler, Phys. Rev. Lett. 76, 3947; Nucl. Phys. B 482, 536(1996); A.
Altland and M. Zirnbauer: Phys. Rev. Lett. 76, 3420 (1996) .
[Other universality classes] Andreev, Simons & Taniguchi, Nucl. Phys. B 432, 487 (1994) ;
Altland & Zirnbauer, Phys. Rev. B 55 1142(1997); Zirnbauer: J. Math. Phys. 37, 4986 (1996).

The World of Sigma Model approach
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Magnetoresistance in a Half- Filled Landau Level

Naoto Nagaosa
Department of Applied Physics, University of Tokoyo
Hidetoshi Fukuyama

Department of Physics, University of Tokyo

Abstract
The effects of the magnetic field AB= B— B, applied to the half - filled Landau level
( v =1/2) are studied for the quantum transport in the framework of the composite fermions
and Chern - Simons gauge field. The anomalously large positive magneto - resistance and
the A B-dependent quantum correction to the conductance with In 7" dependence, T being
the temperature, are explained by the gauge theory taking into account the particle - hole

symmetry at v =1/2.
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We discuss a possibility and an evidence that, in a disordered metal that exhbits
Anderson transition wtih electron localization, inter - level interaction for those pair of
energy levels that are distant comparable with or larger than the Thouless energy is
attractive to each other, and can be described by a partially attractive pair potential in

the framework of level dynamics.
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Gaudin’s linear gas model(Gaudin, Nucl. Phys.85(1966)545)

P(zi,.,zn) = Cn _£[L - Ik+) B Yukawa's equilibrium level dynamics
1 2
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Delocalization Transitions in Non-Hermitian Quantum Mechanics

Theoretical Divison, Los Alamos National Laboratory Naomichi Hatano
I introduce a non - Hermitian generalization of the one - particle Anderson model and its
novel delocalization phenomenon. The Hamiltonian of the generalized model is defined
[1,2] by H= (p+i7)*/(2m) + V(Z), where p= (h/i)d/6Z is the standard momentum
operator and V(Z)is a random potential. The vector field g (which, in the following, is
put to a real constant vector) makes the Hamiltonian non - Hermite. The model is reduced
to the standard Anderson model for g=0. The following have been shown [1]:

1 . As the non-Hermitian field § is turned on and increased, each localized
eigenstate of the model is delocalized at its own critical point g=g.. All
eigenstates are eventually delocalized. (See Fig. 1.)

2. At the delocalization transition, the eigenvalue of the state becomes complex. The
eigenvalue is fixed to a real value before the transition. (See Fig. 2.)
3. The inverse localization length of the state at g=0 is equal to g..
These properties can be utilized for calculation of the localization length of the Hermitian
Anderson model [2]. Suppose that we would like to know the inverse localization length

of a state ¢ ~ e ¥l (its eigenvalue &) of the Hermitian
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Fig. 1: Delocalization of the probability distri-
bution function of the ground state. A 1D-lattice

version of the non-Hermitian Anderson model of
size 1000 was diagonalized.

Fig. 2: The energy spectra of the same system as
in Fig. 1 for various values of g. The real-energy
axis is shifted for the plots with g # 0.
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Anderson model. Then we turn on and increase the non- Hermitian field g, monitoring
the eigenvalue of the state in question. The eigenvalue becomes complex at a certain point
ge. The value of g. gives an estimate of the inverse localization of the original state, « .
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We argue that the d - wave superconductor is marginally stable in the presence of

X2-y2
external perturbations. Subjected to the external perturbations by magnetic impurities,
it develops a secondary component of the gap, complex dyy, to maximize the coupling to
impurities and lower the total energy. The secondary dyy component exists at high
temperatures and produces the full gap ~20 K in the single particle spectrum around each
impurity, apart from impurity induced broadening. At low temperatures the phase

ordering transition into global d +idy state occurs.
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