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What happens when an optical excitation is used to “switch on” Kondo correlations?
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Transient Dynamics after Quantum Quench

Quantum dynamics after sudden
change in Hamiltonian? 0 >

Modern Example: o e (0
“Collapse & Revival” of coherent e (e ol ¢ W7
matter waves of cold atoms. o W - :E

(Greiner et al, Nature ‘02)

Old, well-known example:
X-Ray-Edge Singularity
(Mahan, PR ‘67)

Exciton + Fermi-See:
Analogous to X-ray-edge problem
(Helmes, Sindel, Borda, von Delft, PRB ‘04)




+ Experimental background

* Proposed experiment

» Transient dynamics of charge and spin
* Absorption spectrum at T=0

* Finite magnetic field B

* Finite temperature T

» Absorption threshold wy,

Experimental Setup
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Optical Emission of Single (!) Quantum Dot
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Discrete charge states tunable by back gate voltage

Optical Absorption for Single (!) Quantum Dot

T=42K

Hogele et al., PRL, 2004
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Transition energies tunable by magnetic field; optical polarization selects spin state




Hybridization of Dot with Fermi Sea (2DEG)

Smith et al, PRL’'05
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Hybridization with 2DEG can be strong, causing spin-flip dynamics for electron-levels

Further signatures for hybridization: Karrai et al, Nature '04 ; Dalgorno et al., PRL'08

Proposed Experimental Setup: Absorption

(Helmes et al. ’04) . R &
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Optical absorption induces a quantum quench: Hinitial # Hfinal

What is subsequent transient dynamics of dot + Fermi-sea ?

Transient dynamics after Kondo interaction is suddenly switched on ?




Hamiltonian

(Helmes et al. '04) .
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Anderson model (AM)
3 S
Hl/f = Héf) + Zka sk'o'czacko + V F/ﬂ-p EO’ (elca + hC)
HéD = ngiecrneo' + U’I’LeTnel Co = Zk Cho = ’(ﬁg (0)

Hbp = Y ehoneo + Unetne) + ehs SAM: ¢f = —U/2;nf =1
g

(symmetric Anderson model)

Proposed Parameters

Tar<a < Tx,T,B < T < UUsy < D < ens

Electron-hole recombination rate: I'ep, ~ 1ueV
Electron-hole exchange: Jon ~ 200pueV~ 2K
Decay width to reservoir: I' =~ 1-10meV
Coulomb charging energy: U ~ 15-20 meV
Electron-hole binding energy: Uep, =~ 20-25 meV
Reservoir bandwidth: D =1/(2p) ~ 30 meV
Hole creation energy: enz ~ 1.3 eV

Electron g-factor: g, ~ —0.6-0.7

Hole g-factor: gy ~ 1.1-1.2




Experimental Parameters (Imamoglu, ETH Zirich)

fridge microscope

gas handling system and dewar

objective s

mixing chamber (~10 mK)

Absorption spectrum

=
= 0.002
Base temperature: 50 mK <
c
Spectral resultion 100 mK %
0 0.001
£
Dot-Fermi-sea coupling: 10— 100 K %
i = 0.000
Charging energy: 150 - 250 K 2
E 1 1
Magnetic field: 6 Tesla e 0 100 200

laser detuning (ueV)

Lineshape probes different fixed points

H=Hpo+ dHro
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H % Hj pp + 6Hn

H = Hie + 6Hse




Anderson Model
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Numerical Renormalization Group (NRG)
(Wilson '75)

Mapping to "Wilson chain"
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NRG - Matrix-Produkt-Zustande - DMRG
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Transient Relaxation
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Absorption Lineshape (SAM)
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Absorption Lineshape: T=0 (SAM)
As(v) = 27 Z ‘f<ﬁ|e:r,|G>i‘2 (v + wen — Eg + EY) Helmes et al, ‘04
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Spectral function: T- dependence
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Spectral function: B- dependence
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