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Photo-Induced phase transitions  
Coherent control (IR and THz) 
Light control of quantum coherent 
phases 
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Pump   &   Probe 
Equilibrium physics:  
Adiabatic Vs.  
Non-adiabatic heat 
 

Non-equilibrium 
physics: 
Photo-induced phase 
transition 
Wavelength selectivity 
of the excitation 
processes 

Electronic Structure: 
Optical probes: Refl., 
Absorption, MOKE, WL 
Spectroscopy, XAS, 
XMCD, Probe quantum 
state 
Electronic states: 
Photoemission 
Structural probes: 
Electron and x-ray 
diffraction 

Dephasing 
processes, 
coherent 

“artifacts”, and 
Coherent 
control 

Non-equilibrium “Parameters Space” 
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Wavelength, Intensity, Pulse length... Electromagnetic pulse 
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Df=p/2 

Wavelength, Intensity, Pulse length... 

Carrier Envelope Phase Quantum State of the e.m. Field 

Electromagnetic pulse 

Pump & Probe 
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Outline 

Witnessing quasi-particles in strongly correlated electron systems 

• High Vs. Low-photon energy excitation in CTI La2CuO4 

 

Towards selective excitations of low energy modes 

• Phonon pump and dd-transitions probe in CuGeO3  

 

Quantum Optics for studying  ultra-fast processes in Condensed Matter 

• Balanced Homodyne Detection 

• Impulsive phonon excitation: the case of quartz 

• Time evolution of the probe quantum state after the 

interaction with the material 
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Ultrafast Dynamics 
Sub-gap excitation 

“Slow” thermal response 
Sub- and Super- gap 

Selectivity of the excitation process 
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High Vs. Low-photon energy excitation 
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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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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 
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Conclusions 

hn<Eg 

t>t1 0<t<t1 

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

Unravel e-e and e-ph interactions in condensed matter through 

selective excitations:  

•Witnessing the boson dressing of electronic excitations 

•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 
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Perspectives 

Higher order measurements of fluctuation spectroscopy in 

inhomogeneous phases 

Higher order measurements of silent modes AntiFerrimagnet 

Coupling infrared pumps with quantum state reconstruction 

IR “prepare” the low energy mode in a coherent state 

 

Homodyne reconstruction measure the interaction with 

electronic excitation 

Manipulation of optical pulses through light Matter interactions 

pump 

probe 

Sci. 318, p.1750 (2007) 

Nat. 406, 486-488 (2000) 

Nat. 450, 81 (2007)  
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