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Scientific applications 

Optical lattices: 

Quantum simulators, Quantum algorithms 

Mukherjee et al, J. Phys. B 44 (2011) 

Optomechanics:  

Sensing and dissipation studies 

Favero et al, New. J. Phys, 16 (2014) 

electrooptics.com/ 

Transform optics, Metamaterials 

Generating new states of matter: 

Condensates, Polaritons, Superfluids 

Plasmonics and 

subwavelength 

fabrication  

Schuller et al, Nat. 

Materials (2010) 

Spectroscopy 

Imaging 



New types of light 

Number of photons within the beam segments (regularity within the beam)  

determines the statistics 

Light  

source 
Photon  

counter 

random 

bunched 

regular 

Consider a beam of photons: 

Physics Today (2009) 



Measure the photon statistics 

Hanbury Brown-Twiss setup 

g(2) =
hE ¡ E ¡ E + E + i

hE ¡ E + i 2

Beamsplitter 

Light source 

Detector 1 

Detector 2 
Correlator 

unified description requires a fully  

quantum optical formulation  

cy
q :

cq :

creation of a photon 

destruction of a photon 



Quantify the light statistics 

g(2) = 1

g(2) > 1

random 

bunched 

regular g(2) < 1

Intensity-intensity correlation 



Microscopical equations of motion approach 



Microscopic Hamiltonian 

Electronic structure 

- continuum 

- confined states (few level systems) 



Microscopic Hamiltonian 

Electronic structure 

- continuum 

- confined states (few level systems) 

Light-matter interaction 

- dipole strength/selection rules 

- photon states, polarization, angle  



Microscopic Hamiltonian 

Electronic structure 

- continuum 

- confined states (few level systems) 

Light-matter interaction 

- dipole strength/selection rules 

- photon states, polarization, angle  

Electron-phonon interaction 

- longitudinal optical, acoustical phonon  

- diagonal coupling, THz frequencies 



1PRB 83, 041304(R) (2011) 

Strong deviations 

from Lorentz peaks 

Acoustic deformation potential 

Coupling elements input from material theory 

1PRB 83, 041304(R) (2011) 



Fröhlich potential1 

Coupling elements input from material theory 

1PRB 83, 041304(R) (2011) 



Observable dynamics 

Heisenberg picture: Input: microscopic Hamiltonian 

Example: Phonon cQED 

Hierarchy problem occurs 



- numerically exact, fast and controllable1 

- fully quantized optical Bloch equations 

- non-equilibrium phonon-photon dynamics computable 

 

Solve with inductive equation of motion approach 

All couplings to higher-order photon-phonon correlations included 

1PRL 104, 156801 (2010) 



Solve with inductive equation of motion approach 

All couplings to higher-order photon-phonon-electron correlations included 

1PRL 110, 113604 (2013) 

No particle conservation (electrons, holes) 



Solve with inductive equation of motion approach 

All couplings to higher-order photon-phonon-electron correlations included 

1PRB  81, 195319 (2010) 


