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The Kondo effect in dilute magnetic alloy



The Impurity Anderson Model
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Co-tunneling process and 2nd order perturbation

Four co-tunneling processes from
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s-d Hamiltonian

Dot spin operators



s-d Hamiltonian (2)

anti-ferromagnetic interaction
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No spin-flip process
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Spin flip process: Kondo anomaly
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S+とS−の非可換性

対数異常

Fermi面の存在による
多体共鳴効果



The Kondo effect in dilute magnetic compounds
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Resistance minimum

TK

∆ρ~ logT
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Fermi State
Magnetic impurity : Screened by a Kondo cloud

The Kondo singlet

Kondo
singlet ( )↑↓−↓↑ dsds

Yosida’s variational ground state

Single body resonance       Quantum coherence between multiply scattered 
waves

A. Yoshimori, PR168 (1967)

Spatially localized state, discrete energy levels

Many body resonance    　　multiple scattering with many electrons of the same 
energy  (Fermi energy) with quantum entanglement in spin                             　　

Spatially localized state, energy level is the same as the Fermi energy



The Kondo effect in quantum dot systems

W. G. van der Wiel et al.
Science 289, 2105 (2000).
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Semiconductor heterostructure

GaAs

Metallic
gate

Al0.3Ga0.7As:Si

1. Long mean free path

2. Low electron density
(long de Broglie wave-
length) 



AB ring made of 2DES at a hetrointerface
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量子ポイントコンタクト
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量子ポイントコンタクト
モデルは本当か？



量子細線の4端子抵抗測定

R. de Picciotto et al. Nature 411, 51 (2001)



メゾスコピック物理の
始まり

R. A. Webb et al. PRL 54, 1610 (1985).

Aharonov-Bohm 効果の観測



AB効果の非局所測定



２つの端子配置での位相変化

通常４端子

非局所４端子



静電的なAB位相制御



AB位相制御



30

25

20

15

10

5

0

R
 (Ω

)

0.040.00-0.04

Magnetic Field (T)
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非局所AB効果に対するOnsagerの相反定理


