[RTRB LU BRICBI 544 A LB H%]

Nonequilibrium Steady States and Current Fluctuation
in an AB ring with a Quantum Dot

Junko Takahashi ' and Shuichi Tasaki
Department of Applied Physics, School of Science and Engineering, Waseda University

Abstract

AT, BF K> b & Aharonov-Bohm U v 72 ASbE-HARICB T 2 EMEERET
O Fano HH%. BHEW O EDRI BV 2 EROICEH -, R2MhIBREMHETIHC C* REDFE
RV, GEEFONTELMEE LEETORBBEREZAN, Zh%xt— oo L T2 L THEEEETRK
BABEICHER L, #RE LT, #HaldFano 5%, B O ENRARB NS 7T AEEICHKETDZ
LERL, BEREBRAERTOBRIRR N> TRV EBROLEICPBWTEEBICRD Z L %2
WL,

Exact nonequilibrium steady states for a noninteracting system of an Aharonov-Bohm (AB) ring
with a quantum dot (QD) are explicitly constructed with the aid of the C* algebraic method. In
addition to Fano resonances and AB oscillations, current fluctuations are shown to strongly depend
on the bias voltage. Furthermore, the interference effect contributes to the current fluctuation, even
when it can not be seen in the average current.

Fano effect is well known to come from a coupling between resonant and nonresonant states [1]. Asym-
metric resonance peaks induced by the interference between them appear when electrons transport coher-
ently through mesoscopic systems such as quantum dots (QDs) embedded in an Aharonov-Bohm (AB)
ring [2]. The shape of the resonance peak depends on the magnetic flux enclosed with the two paths
and the conductance oscillates due to the interference effect (AB oscillation). We investigate how these
features and current fluctuation appear at far-from-equilibrium states with the aid of the C* algebraic
method [3]. Nonequilibrium steady states (NESS) are constructed for a noninteracting model of an AB
ring with a QD [4]. We then examine the bias-voltage-dependence of the Fano shapes and AB oscilla-
tion as well as the current fluctuation. Here, we focus on the magnetic-flux-dependence of the current
fluctuation at far-from-equilibrium regime.

The exact NESS for the model is constructed as follows. Initially, the two electrodes are prepared to
be equilibrium with the different temperatures and the chemical potentials. Then the system evolves
according to the total Hamiltonian and the NESS can be obtained as t — oo-limit. So-obtained NESS
satisfies Wick’s theorem and characterized by the two-point function with respect to the asymptotic in-
coming field operators of conduction electrons. Then the steady-states current and its fluctuation are
obtained by using the asymptotic field operators.

The wave-like behavior of electrons causes Fano resonances. On the other hand, their particle-like
behaviors can be seen in the shot noise. In order to see their interplay at far-from-equilibrium regime,

the relative current that indicates the particle profile is investigated in Fig.1 and Fig.2. As is shown in

Fig.1, the relative current fluctuation is dependent on the magnetic flux. In the low bias regime, when
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the current takes its minimum value due to the destructive interference, the noise is almost Poissonian
and when the current takes the maximum value due to the constructive interference, the fluctuation is
suppressed. With increasing the bias voltage, the relative current fluctuation dose not show the peak-
and-dip structures and it seems not to depend on the magnetic flux. This indicates that the contribution

of the transfer through the QD becomes small compared to the low bias voltage.
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Fig.1. Relative fluctuation at low bias voltage V' Fig.2. Relative fluctuation at high bias voltage V'
(eV/er = 0.01. €p: Fermi energy at eV = 0) (eV/er =01) (a) p=m, (b) o =7/2, (c) ¢ =0
(a) magnetic lux p =7, (b) ¢ =7/2, (c) p =0

In summary, we investigate the current fluctuation for the noninteracting model of a QD embedded in
an AB ring. The current fluctuation is calculated by using the asymptotic in-coming field operators. The

magnetic-flux-dependence of the relative fluctuation is shown and the different profiles appear between

the equilibrium and nonequilibrium states.
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