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Impurity ionization  in Ge:Ga�
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THz%pump+and+visible%probe+system�
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Exciton ionization in ZnSe MQWs�
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THz induced luminescence  
Setup  GaAs quantum wells 

GaAs+

Al0.3Ga0.7As+

11.9+nm+
10+nm+

×272+

• +Non%doped++

• +Low+temperature+measurement+
(10+%150+K)+
+
• +The+electric+field+is+perpendicular++
to+the+stacking+direc3on+and+along++
the+(100)+direc3on+of+the+sample++



Bright exciton luminescence  
by THz pulse without photoexcitation 

Electric field dependence 

• +Luminescence+centered+around+1.55+eV.+
• +The+number+of+carriers+increases+by+about+three+orders+of+magnitude.+

at+10+K+

 

28 



Carrier+mul3plificion+

Zener+Tunneling�

Linear+Accelera3on�

Avalanche+effect+

Mul3ple+process+within+THz+
half+cycle+0.5+ps+�

E+=+1+MV/cm+=0.+1+V+/+nm�

Up+

Tunneling+ioniza3on�

Impact+ioniza3on�

103+mul3plica3ons!!�
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Extreme Hot Carrier 
Dynamics in Graphene 

Near%infrared+transient+
absorp3on+measurement+
with+single+cycle+THz+pulse+
excita3on+

According+to+op3cal%pump+op3cal%probe+
measurement+
• Carrier%carrier+scarering+�2+�+10+fs+
• Op3cal+phonon+emission+�+100+�+400+fs+

Near%infrared++
pump� THz+pump�
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THz induced transparency over 14% at 800 nm 

ETHz+=+290kV/cm+

800+nm+probe+
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THz%induced+Transparency+  �



Single+exponen3al+decay+

−+

  �THz%induced+Transparency+
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EF+

800+nm+probe+

Holes+

EF!

800+nm+probe+

Hole+distribu3on+in+the+momentum+space+

Boltzmann+equa3on+for+

•  No+screening+
•  ωTO+=+160+meV+

  �Boltzmann+equa3on+
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++I.I.+&+A.R.+

No+interband+

Experiment+

Experiment+

With+I.I.+&+A.R.+

No+interband+

ETHz+=+300+kV/cm+
EF+=+%+200+meV+

at+800+nm+

�+New+hole+
�+Ini3al+hole+

   �Monte+Carlo+Simulra3on+
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A(high(intensity(THz(source(is(
required(

THz wave 

Diffracted 
THz waves 

Objective lens 
(10x) 

Achromatic lens 
(f = 200mm) 

Probe beam 
(λNIR = 780nm) Image plane 

THz THz 

EO 
crystals 

Samples 

"   Probe light need to “read” THz waves 
before diffraction 

"   This spatiotemporal gating is obtained by 
using a thin EO crystal (10 µm-thick LiNbO3) 

Probe beam 
(λNIR=780nm) 

z 

x y 

Near%field+detec3on+

The+sample+is+illuminated+at+once+
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Near%field+image+of+metamaterial+

ETHz(200(kV/cm(
Photron(12(bits/(500(FPS(
34(averaged(images(
800(x(1000(pixels(

1 MINUTE ACQUISITION TIME!!

160+μm+
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Interes3ng+movies+of+SRR+

TRAVELLING WAVES! REFERENCE! DEFECT! SUBTRACTION!
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Conclusion+
!  Single-cycle carrier-envelope phase locked 

THz pulse is ready with E > 1 MV/cm  

!  Intense THz wave with E > 1 MV/cm can 
induce significant nonlinear optical 
phenomena in solids. 
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