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Photo-Induced phase 

transitions  

Coherent control (IR and THz) 

Light control of quantum 

coherent phases 
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Incoherent Dressing e- 

hn>Eg 
t>0 

Coherent Dressing 

hn<Eg 
t>t1 0<t<t1 

High Vs. Low-photon energy excitation 

The boson is necessary 

Will this excitation 

mechanism influence response 

in conducting systems? 

Nat. Comm. 5, 5112, 2014 
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WIGNER FUNCTION 
RECONSTRUCTION 

M. Esposito et al.  
New Journal of Physics 16 (2014) 043004 
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Measurements of quantum states of light 



Daniele Fausti EXS2014, Trieste 

Quantum Optics for studying  Condensed Matter out of equilibrium 
 

Combining Homodyne and Pump&Probe 

BS NPBS 

PZT 

L1 

L2 

M1 

M2 

M4 

M3 

M5 

M6 

Local Oscillator 

F1 

φ 

P1 

HWP1 

HWP2 

HWP3 

P3 

P2 
Signal 

D1 

D2 

- 

PHOTODETECTOR 

F2 



Daniele Fausti EXS2014, Trieste 

Quantum Optics for studying  Condensed Matter out of equilibrium 
 

Combining Homodyne and Pump&Probe 

BS NPBS 

PZT 

L1 

L2 

M1 

M2 

M4 

M3 

M5 

M6 

Local Oscillator 

F1 

φ 

P1 

HWP1 

HWP2 

HWP3 

P3 

P2 
Signal 

D1 

D2 

- 

PHOTODETECTOR 

F2 

Sample 



Daniele Fausti EXS2014, Trieste 

Quantum Optics for studying  Condensed Matter out of equilibrium 
 

Experimental Quantum Optics 
Measurements of quantum states of light 

Study of out of equilibrium states in 
Condensed Matter: Pump&Probe 



Daniele Fausti EXS2014, Trieste 

Conclusions and perspectives 

The light pulses do not “just” inject energy into the system!  

Wavelength dependent responses of the low energy boson 

Coherent response of low energy degrees of freedom 

Full treatment of light matter interaction is needed beyond effective 

temperature models 

Time domain tomographic quantum state reconstruction 

hn<Eg 
t>t1 0<t<t1 
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