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Kondo effect

Figure: Quantum dot: (a,b) Schematic view, (¢) SEM image.!*?

e Resonant spin-flip scattering at w ~ 1 — | | | s
e Kondo resonance in spectral function i Eﬁii /\ 1 os|
A(w) with width ~ 2T R
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e Kondo scale Tx exponentially small

e All energy scales T, ¢, B, ... < Tk 0 . . . 05
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i  Hard to adress numerically! Figure: Comparison to NRG.?
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Method: Auxiliary master equation approach !

Approximate

Hybridization function

gy

éph (Cd)
Physical impurity problem :

Infinite interacting system
with bias voltage ¢ = pur — ur

A
Auxiliary impurity problem :

aux (w)

Small number of Ng bath sites
+ Markovian environments
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Dyson’s equation :

G (w) =gyt (W) = App(w) — Z(w) Goux (@) = g1 (@) = Age(w) = Z(w)

e Dynamics governed by the Lindblad equation:
Y —Lp=(Ly+Lp)p

£Hp = _i[Hauaca P] ) Huuz = ZEnmCLngo + UnOT”QL — BSy.
Lop= 3 [0 (cropelur — Hehoenss 1) + 2L (chopms — 2{emacn o)

e Contains fit parameters for the mapping
e Exponentially exact for Ng — oo
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Solution: Time evolving block decimation 2

3

e Super-fermion representation

p — |p) in a larger state space A% ,Aaf ,A(is ,AU4 A%

i s *\\ /? a t;}\: /41.
e State vector as MPS * 'V AUS
|:0> = ZC{ai} ‘{O-’L}> = ZA01A02A03A04A05 ‘{O-’L}> L/ & \\_i__ - i/, o \\_L
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e Time evolution [p(t)) = el |p(0))
Steady state L|pso) =0 oLi2At] |, LsaAt
e Trotter decomposition
eLAt _ eLeAteLoAt 4+ O(Atz) 8L23At €L45At

o Steady state, Green’s functions, ...
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Spectral function
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Effect of a magnetic field:

e Different spectral functions A4(w) = A (—w)

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

e Splitting at B = 1% between B and 2B
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Spectral function

Nonequilibrium, ¢ > 0 U=8T, T=005 Tk ~0.1I, B=T
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Effect of a bias voltage:

e Suppression, broadening and splitting of the Kondo resonance
e Symmetric for B = 0, asymmetric for finite B

e /J-peak structure in total spectrum for certain parameters
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Current & differential conductance
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e Delayed Kondo shift in the differential conductance

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

e Delayed Kondo shift, similar to the differential conductance
e Minimum for small B, increase by enlarged transport window

Magnetization:

e Plateau until ¢ < B for large B, decrease
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Comparison to recent experiments

U =451, Tx ~0.3T, B=0
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e Quantum dot realized in an InAs nanowire 2

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