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Tzvetkov A. & al. PRB, 69, 075110 
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 V3+V3+ →V2+V4+ 
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ü Extrapolation of static optical properties (Tx+ΔT) 

ü Direct Exchange of SW between the two bands 
 i.e.  It is the same band! 
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Hubbard Exciton?! 
Phys. Rev. B 86, 165135 (2012) 
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ü The boson is necessary 
ü Will this excitation 
mechanism influence response 
in conducting systems? 

Nat. Comm. 5, 5112, 2014 
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  Source	
  

Zs.Bor and B.Racz,Opt.Comm. 54,165(1985) 
J.Hebling et al.,J.Opt.Soc.Am.B 25,B6(2008) 
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η ≥ 10-4 
 

≥ 100 nJ/pulse 
 
≥ 10 µJ/cm2 fluence 
 
ETHz ≈ 100 kV/cm 
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The	
  Franz-­‐Keldysh	
  effect	
  

ü Renormalization of the semiconductor gap with the application of a static field.  
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t) ü Ultrashort pulses in the mid-IR 

ü  5<λ<16µm 
ü  E>1µJ/pp 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  

Prb,	
  80,	
  235139	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  

Prb,	
  80,	
  235139;	
  Prb,	
  61,	
  12063	
  
	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  

pump 13µm 

Prb,	
  80,	
  235139;	
  Prb,	
  61,	
  12063	
  
	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  

pump probe 

Prb,	
  80,	
  235139;	
  Prb,	
  61,	
  12063	
  
	
  

probe 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  

pump probe 

Prb,	
  80,	
  235139;	
  Prb,	
  61,	
  12063	
  
	
  

probe 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  

pump probe 

probe 

Prb,	
  80,	
  235139;	
  Prb,	
  61,	
  12063	
  
	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Phonon	
  Pump	
  in	
  CuGeO3	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

ü  Equilibrium	
  Op8cal	
  Spectroscopy	
  
	
  -­‐The	
  op(cal	
  conduc(vity	
  in	
  the	
  Visible	
  and	
  Near-­‐IR	
  
	
  -­‐What	
  do	
  we	
  learn	
  from	
  op(cal	
  conduc(vity?	
  
	
  -­‐An	
  example,	
  metal	
  insulator	
  transi(on	
  in	
  complex	
  oxides	
  

ü  Non-­‐equilibrium	
  op8cal	
  (visible	
  near-­‐IR)	
  spectroscopy	
  
	
  -­‐Pump&probe	
  the	
  main	
  idea	
  
	
  -­‐«Single	
  color»	
  Pump	
  and	
  probe	
  
	
  -­‐Broadband	
  P&P	
  spectroscopy	
  

ü  Self	
  referen8al	
  examples	
  
	
  -­‐Revealing	
  the	
  excitonic	
  nature	
  of	
  excita(on	
  (Hubbard	
  Exciton) 	
  	
  
	
  -­‐The	
  electron-­‐phonon	
  (EP)	
  interac(on	
  in	
  with	
  strong	
  electronic	
  correla(on	
  

ü  Non-­‐equilibrium	
  Infrared	
  spectroscopy	
  
	
  -­‐Op(cal	
  pump	
  and	
  THz	
  probe	
  spectroscopy	
  (technique	
  and	
  example)	
  
-­‐THz	
  pump	
  and	
  op(cal	
  probe	
  spectroscopy	
  
-­‐Phonon	
  pump	
  op(cal	
  probe	
  spectroscopy	
  (MidIR	
  pulse	
  genera(on)	
  	
  

ü  Perspec8ves	
  
	
  -­‐Beyond	
  classical	
  spectroscopy	
  	
  
	
  -­‐Using	
  the	
  quantum	
  state	
  of	
  light	
  as	
  a	
  new	
  spectroscopyc	
  tool	
  
	
  -­‐Table	
  top	
  Vs.	
  FEL	
  and	
  sincrotrons	
  

Outline	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

ü  Equilibrium	
  Op8cal	
  Spectroscopy	
  
	
  -­‐The	
  op(cal	
  conduc(vity	
  in	
  the	
  Visible	
  and	
  Near-­‐IR	
  
	
  -­‐What	
  do	
  we	
  learn	
  from	
  op(cal	
  conduc(vity?	
  
	
  -­‐An	
  example,	
  metal	
  insulator	
  transi(on	
  in	
  complex	
  oxides	
  

ü  Non-­‐equilibrium	
  op8cal	
  (visible	
  near-­‐IR)	
  spectroscopy	
  
	
  -­‐Pump&probe	
  the	
  main	
  idea	
  
	
  -­‐«Single	
  color»	
  Pump	
  and	
  probe	
  
	
  -­‐Broadband	
  P&P	
  spectroscopy	
  

ü  Self	
  referen8al	
  examples	
  
	
  -­‐Revealing	
  the	
  excitonic	
  nature	
  of	
  excita(on	
  (Hubbard	
  Exciton) 	
  	
  
	
  -­‐The	
  electron-­‐phonon	
  (EP)	
  interac(on	
  in	
  with	
  strong	
  electronic	
  correla(on	
  

ü  Non-­‐equilibrium	
  Infrared	
  spectroscopy	
  
	
  -­‐Op(cal	
  pump	
  and	
  THz	
  probe	
  spectroscopy	
  (technique	
  and	
  example)	
  
-­‐THz	
  pump	
  and	
  op(cal	
  probe	
  spectroscopy	
  
-­‐Phonon	
  pump	
  op(cal	
  probe	
  spectroscopy	
  (MidIR	
  pulse	
  genera(on)	
  	
  

ü  Perspec8ves	
  
	
  -­‐Beyond	
  classical	
  spectroscopy	
  	
  
	
  -­‐Using	
  the	
  quantum	
  state	
  of	
  light	
  as	
  a	
  new	
  spectroscopyc	
  tool	
  
	
  -­‐Table	
  top	
  Vs.	
  FEL	
  and	
  sincrotrons	
  

Outline	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

PUMP	
  PULSE	
  

Quantum	
  Optics:	
  
measuring	
  quantum	
  states	
  of	
  light	
  

Ultrafast	
  processes	
  in	
  Condensed	
  
Matter:	
  Pump&Probe	
  

Basic	
  idea	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

PROBE	
  PULSE	
  

PUMP	
  PULSE	
  

Quantum	
  Optics:	
  
measuring	
  quantum	
  states	
  of	
  light	
  

Ultrafast	
  processes	
  in	
  Condensed	
  
Matter:	
  Pump&Probe	
  

Basic	
  idea	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

PROBE	
  PULSE	
  

PUMP	
  PULSE	
  

Quantum	
  Optics:	
  
measuring	
  quantum	
  states	
  of	
  light	
  

Ultrafast	
  processes	
  in	
  Condensed	
  
Matter:	
  Pump&Probe	
  

Basic	
  idea	
  

)(ˆˆ)(ˆ taatn +=



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

PROBE	
  PULSE	
  

PUMP	
  PULSE	
  

Quantum	
  Optics:	
  
measuring	
  quantum	
  states	
  of	
  light	
  

Ultrafast	
  processes	
  in	
  Condensed	
  
Matter:	
  Pump&Probe	
  

Basic	
  idea	
  

…
. 

)(ˆˆ)(ˆ taatn +=

)(ˆ2 tn

)(ˆ tnk

Photo-­‐diode	
  

Quantum	
  
sta8s8c	
  
detec8on	
  

Nature Comm. 6, 10249 (Dec. 2015) 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Higher	
  order:	
  Pump	
  and	
  Probe	
  α-­‐quartz	
  

O 
Si 

-0.5 1 0.5 1.5 2 2.5 0 
Time Delay (ps) 

Δ
Τ

 (a
rb

. u
ni

t) < ​" (%)> 

Coherent	
  Mo8on	
  

Nature Comm. 6, 10249 (Dec. 2015) 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Higher	
  order:	
  Pump	
  and	
  Probe	
  α-­‐quartz	
  

-0.5 1 0.5 1.5 2 2.5 0 
Time Delay (ps) 

Δ
Τ

 (a
rb

. u
ni

t) < ​" (%)> O 
Si 

Coherent	
  Phonon	
  	
  

Nature Comm. 6, 10249 (Dec. 2015) 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Higher	
  order:	
  Pump	
  and	
  Probe	
  α-­‐quartz	
  

-0.5 1 0.5 1.5 2 2.5 0 
Time Delay (ps) 

Δ
Τ

 (a
rb

. u
ni

t) O 
Si 

Coherent	
  Phonon	
  	
  

Nature Comm. 6, 10249 (Dec. 2015) 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Higher	
  order:	
  Pump	
  and	
  Probe	
  α-­‐quartz	
  

-0.5 1 0.5 1.5 2 2.5 0 
Time Delay (ps) 

Δ
Τ

 (a
rb

. u
ni

t) O 
Si 

Coherent	
  Phonon	
  	
   Fluctua8on	
  	
  
Distribu8on	
  

Nature Comm. 6, 10249 (Dec. 2015) 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Technology	
  overview	
  

Table top techniques are a nice complement to synchrotron and FEL facilities 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Technology	
  overview	
  

Table top techniques are a nice complement to synchrotron and FEL facilities 

Non-Equilibrium probes 

λ=300µm λ=30µm λ=3µm λ=300nm 

OPA+ SHG +THG OPA+DFG Optical Rep. Crystal 

NO Table Top 
SOURCES 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Technology	
  overview	
  

Table top techniques are a nice complement to synchrotron and FEL facilities 

Non-Equilibrium probes 

Non-Equilibrium pumps 

λ=300µm λ=30µm λ=3µm λ=300nm 

OPA+ SHG +THG OPA+DFG Optical Rep. Crystal 

OPA+ SHG +THG OPA+DFG 

Optical 
Rep. 

Crystal 

λ=300µm λ=30µm λ=3µm λ=300nm 

NO Table Top 
SOURCES 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Technology	
  overview	
  

Table top techniques are a nice complement to synchrotron and FEL facilities 

Non-Equilibrium probes 

Non-Equilibrium pumps 

λ=300µm λ=30µm λ=3µm λ=300nm 

OPA+ SHG +THG OPA+DFG Optical Rep. Crystal 

OPA+ SHG +THG OPA+DFG 

Optical 
Rep. 

Crystal 

λ=300µm λ=30µm λ=3µm λ=300nm 

NO Table Top 
SOURCES!!! 

NO Table Top 
SOURCES 



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

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

ü Classical	
  Parameters	
  of	
  the	
  light	
  pulses:	
  

•  Spectrally	
  selec(ve	
  excita(on	
  to	
  understand	
  equilibrium	
  

•  Selec(ve	
  excita(on	
  to	
  control	
  func(onali(es	
  

	
  
	
  

ü  Use	
  the	
  Quantum	
  State	
  of	
  light	
  pulses	
  as	
  a	
  spectroscopic	
  tool	
  

•  Photon	
  number	
  fluctua(on	
  (Coh.	
  Vs.	
  Squeezed	
  states)	
  

•  Quantum	
  state	
  reconstruc(on	
  

	
  

hν<E
g t>t1 0<t<t1 

Conclusions	
  



Daniele	
  Fausti	
  ICTP	
  17/03/2016	
  

Advert	
  


