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Quantum dots:  
An artifical atom 

Atkinson et al.,Jpn. J. Appl. Phys. 45 (2006) Shields, Nat. Photonics, 221 (2007) 

Discrete energy levels 
 Optical properties by design 
 Electrical pumping possible 
But: 
Semiconductor environment (wetting 
layer, phonons) leads to dephasing! 
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Using product rule for operators: 

and generalized commutation relations: 

and  
 
their dynamics, e.g. 

for every possible combination of  
phonon, photon, and electron operators 
for example a two-level system:   
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 Spectrum shows the usual Mollow triplet and phonon-assisted Mollow  triplets 
 

 Additional anticrossings, when the Rabi-energy matches the phonon energy 
(Here 36.4 meV for InGaAs/GaAs-QD) 
 

 These anti-crossings scale with the electron-phonon coupling strength 
 

1PRB 84, 125324 (2011) 
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Non-resonant excited 2-level  system in an acoustic cavity 

High orders  of  
phonon operators 
become important 1,2,3  

1PRL 104, 156801 (2010), 2PSS(b) 248, 872 (2011), 3 submitted (2012) 
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1 submitted (2012) 

LA-phonon assisted collapse and revival 

cavity field prepared 
initially in Glauber states 

Coherent state: 

Collapse and revival 
phenomenon is enhanced 
due to LA-phonon induced 
dephasing 1  

Non-Markovian theory 
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Classical limit1:  

Photon-loss induced quantum feedback 
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Thank you for your attention !! 


