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Kondo e↵ect

Figure: Quantum dot: (a,b) Schematic view, (c) SEM image.1,2

• Resonant spin-flip scattering at ! ⇡ µ

• Kondo resonance in spectral function
A(!) with width ⇡ 2TK

• Kondo scale TK exponentially small

• All energy scales T,�, B, ... ⌧ TK

fl eiHard to adress numerically! Figure: Comparison to NRG.3
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Method: Auxiliary master equation approach

1

• Dynamics governed by the Lindblad equation:

• Contains fit parameters for the mapping

• Exponentially exact for NB ! 1
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Solution: Time evolving block decimation

2

• Super-fermion representation 3

⇢̂ ! |⇢i in a larger state space

• State vector as MPS 4,5

• Time evolution |⇢(t)i = eLt |⇢(0)i
Steady state L |⇢1i = 0

• Trotter decomposition

eL�t = eLe

�teLo

�t +O(�t2)

• Steady state, Green’s functions, ...
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Spectral function

Equilibrium,

E↵ect of a magnetic field:

• Di↵erent spectral functions A"(!) = A#(�!)

• Suppression, broadening and shift/splitting of the Kondo resonance

• Splitting at B & TK between B and 2B
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Spectral function

Nonequilibrium,

E↵ect of a bias voltage:

• Suppression, broadening and splitting of the Kondo resonance

• Symmetric for B = 0, asymmetric for finite B

• 4-peak structure in total spectrum for certain parameters

D. Fugger (TU Graz - itpcp) Noneq. Kondo e↵ect in a magn. field Oct. 2016 5 / 9



Current & di↵erential conductance

• Delayed Kondo shift in the di↵erential conductance

• Similar linear current-voltage characteristics at large bias
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Double occupancy, magnetization

Double occupancy:

• Delayed Kondo shift, similar to the di↵erential conductance

• Minimum for small B, increase by enlarged transport window

Magnetization:

• Plateau until � . B for large B, decrease
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Comparison to recent experiments

• Quantum dot realized in an InAs nanowire 1,2

• Nice agreement to the experiment also outside the Kondo regime
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Thanks for your attention!
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