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Qubit in a fermion bath

So far
Quantum coherence In qubit

How about the fermions
traversing the qubit?




What 1s “measurement”?
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Theoretical approach (1) (£ - & B 3 7=1F)

H. Akera, PRB59, 9802 (1999).
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Theoretical approach (2)

ODFak—L VX

yret|

¥ K v b

=
=

H. Akera, PRB59, 9802 (1999).
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FIG. 5. Interference signal for AB interferometer with a single
QD. Asymmetry in the magnitude of the signal appears for nonzero
[ Plotted 15 the flux-dependent part of the conductance, normalized
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Keldysh Green function approach
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FIG. 6. Sequence of asymmetry of AB oscillations in the Cou-
lomb blockade regime. The solid line depicts schematically the con-
ductance oscillations vs the gate voltage V', . and shows the Cou-
lomb peaks. Regions of small and large AB amplitudes are
indicated. showing the asymmetry between two adjacent Coulomb
blockade valleys (“large™ corresponds to a valley with a total spin
0. while “small” corresponds to an 5=1/2 valley).
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Experiment
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Problem: How to prepare the same transport condition
but the electron spins on the dot?

AB amplitude: strongly affected by conducting channels,
tunneling probabilities, etc. They easily change with the
gate voltage.

Answer: Find "spin-pair" state! the same guantum state but spin

N

Sample configuration
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Difference in the AB amplitude
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Neutron diffraction experiment
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Kenneth Wilson Jacques Friedel Jun Kondo
1936 - 2013 1921 - 2014 1930 - 2022

1982 Nobel prize



The Kondo effect in dilute magnetic alloy
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The Kondo effect in dilute magnetic alloys
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The Kondo singlet

Yosida’s variational ground state A. Yoshimori, PR168 (1967)
Kondo
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+-+ s Fermi State
\ Magnetic impurity : Screened by a Kondo cloud

/\.

Single body resonance «— Quantum coherence between multiply scattered
waves T, gpatially 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
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The Kondo effect in quantum dots
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“Phase Sensitive” Measurement
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sU = 0.3-0.7meV
A = 0.3-0.5meV
= Dot diameter ~ 50nm
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Coupling Strength Dependence of Anti-Resonance
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The Kondo Effect in an AB Ring + a Quantum Dot

With reference
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“Coherent” component and the Fano-Kondo Effect
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Weak entanglement between localized spin and conduction spin?

Yosida’s variational ground state
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Entanglement entropy between electron spins in
Kondo cloud and localized spin
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Entanglement entropy between an electron spin
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