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2. Motivation

Conductance through a quantum dot
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2. Motivation

Conductance through a quantum dot Transmission phases
025 ; 3
020 g i -
S £
= . 5 ]
g a) Fano-regime 5 =
© . =
S ol strong coupling 2
005 between dot and 5
: 8
contacts 2
005 80 ) g
Vy(mV) &
10,
08 v e
= 06| g, 3
© 04 :; £
02 b) Kondo-regime 2
intermediate coupling 5 A s o ; B
i 80 0 40 E
= H 1;; R S ) e
. ©) o -300 —QBI; -260 -240 —;ﬂ -200
0015 plunger voltage, 1, (mV)
2 3 7 T PR A
%0010 s £ i i =
e g / il & s b
S 7 . i 2
0.005 ;f i w5 5
o ¢) Coulomb blockade 3 AL 4 Il )
50 ) 40 20 . I 4 Yo JLw oyl s A1
Vy(@mv) weak coupling 5 . TTLR A
E PRl IOy "
a PP S ‘
. 2 S SR .
J. Gores et al, Phys. Rev. B, 2188 (2000) A I e SN

plunger voltage, V, (mV)

M. Avinun-Kalish et al, Nature 436, 529 (2005)



3. Scattering Problem
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Scattering potential
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3. Scattering Problem

Scattering potential
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3. Scattering Problem

2D-Schrédinger Equation in Contacts
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3. Scattering Problem

2D-Schrédinger Equation in Contacts
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3. Scattering Problem

2D-Schrédinger Equation in Contacts
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3. Scattering Problem
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3. Scattering Problem
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3. Scattering Problem

Wigner Eisenbud Problem = Eigenvalue problem of the quantum dot artificially closed

by Neumann boundary conditions
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3. Scattering Problem

Wigner Eisenbud Problem = Eigenvalue problem of the quantum dot artificially closed
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3. Scattering Problem

Current transmission matrix
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4. Resonances
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4. Resonances
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4. Resonances

S-matrix

S-matrix around a resonance energy

NP Y
S(E) = Sa(E) + 2= X

o0 J— -
Q=Y bf‘lo‘l = DD L0 =01+, E\E) = —ial

Background matrix

A ~ ~

S\(E)=6 1_2(i+m})—1] 6

Resonance energies

Eox— Ex—E\(Epy) =0



5. Fano Approximation
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5. Fano Approximation

Fano Function
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6. Conductance at low temperatures: G(V;) = %T(EF; Vi)
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6. Conductance at low temperatures: G(V;) = ET(EF; Vi)
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7. Conductance in the Fano Approximation
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7. Conductance in the Fano Approximation

Overlapping resonances - weak coupling regime
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7. Conductance in the Fano Approximation
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7. Conductance in the Fano Approximation

Overlapping resonances - strong coupling regime
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7. Conductance in the Fano Approximation

Overlapping resonances - strong coupling regime
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7. Conductance in the Fano Approximation
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7. Conductance in the Fano Approximation
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The strong coupling regime of an quantum system to the contacts is characterized
by the phenomenon of resonance trapping responsible for the existence of the quasi-
bound states in continuum.

In open quantum systems the neighbor resonances do not only overlap, but they
also interact with each other.

The open quantum systems support qualitatively new quantum modes, the hybrid
resonant modes.

The Fano approximation describes accurately the transmission probabilities and
phases through an open quantum system.

The transmission phase is a more sensitive quantity for describing Fano effect in
open quantum systems.



