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Sensitive to: 

THz waves 
are manipulated as light with 

access to the electric field 

•  Inter molecular vibrations and 
rotational transitions in molecules 

•  Electric transitions and vibrations 
modes in solids  

•  H2O dynamics (strong absorption 
in water based material) 

Background++++THz+wave+



Background     
State-of-the-art of  the high-power THz  
generation with femtosecond laser 
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Extreme nonlinear THz optics 
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"  single+cycle+=+Broad+band+covering+
many+octaves+

"  Carrier%envelope+phase+locking+ready+
"  Large+ponderamo3ve+energy+
"  Large+Rabi+frequency+++
+++++++++++++

+

ΩR ~ωc



Ponderamotive Energy 
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Up =
e2E 2

4mω 2 = 9.3×10−14 Iλ2

100 meV�

10 eV�

10 meV�

1 eV�

0.1 GW/cm2�

100 TW/cm2�



 Higher Harmonic Generation                                                       �
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Atom++++vs.++++++Solids+�

Ip++++++++++++10+~+20+eV++ + +10+~+50+meV+(impurity,+exciton)+
++++++++++++++++++++++++++++++++++++++++++++++++0.3++~+++3++eV++++(band+gap)+
Surface+++++++�������������+
damage+++++++�○�����������x�

THz+extreme+nonlinear+op3cs+in+solids+!�
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"  single+cycle+=+Broad+band+covering+
many+octaves+

"  Carrier%envelope+phase+locking+ready+
"  Large+ponderamo3ve+energy+
"  Large+Rabi+frequency+++
+++++++++++++ΩR ~ωc

J�

T�



Targets to be controlled by 
Intense THz field�
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+

"  Carrier+dynamics+in+solids+
"  Spin+dynamics+
"  La^ce+dynamics+
"  Water+dynamics+
+++++++++++++

+



Water dynamics�
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Phase matching condition 

g+THz+
c+ n+n+f+

c+l+
�+

=+
2+

Nahata et al., APL 69, 2321 (1996). 

k(ω+Ω) - k(ω) - k(Ω) = 0 

Phase+match+condi3on:+
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Frequency (THz)Coherent+length:+

op3cal+Index+of+
group+velocity+

refrac3ve+index+in+
THz+region+=+

ZnTe+

long+interac3on+length+ reasonable+efficiency+of++
genera3on+and+detec3on+

ω=800 nm  

ng~nTHz+
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Refractive index in LiNbO3�

“Handbook+of+Op3cal+Constants+of+Solids”,++
�����������edited+by+Edward+D.+Palik,+Academic+Press+(1985).+

ng~2.2+
nTHz~5+
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THz wave generation  
in high χ2 material 

THz+wave+

Op3cal+pulse+

excita3on+pulse++
with+spa3ally+3led+wavefront+

High+power+THz+pulse+with+10µJ!+
B.+Bartal+et+al.+Appl.+Phys.+B.+86,+419+(2007).++

THz+wave+

High+χ2+materials+(+LiNbO3+and+LiTaO3)++
nvis<<nTHz      Phase+match+condi3on+is+not+sa3sfied+
+
Vg

vis+>>++Vp
THz+
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Non%collinear+phase++
matching+condi3on+
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Stepanov+et+al.+Opt.+Express+(2005)++ Hebling,++J.+Opt.+Soc.+Am.+B+25,+6+2008+

THz wave generation  
in high χ2 material 

  �
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New configuration for THz 
generation from LN 

Set%up+for+LN%THz+genera3on+

θ i+θ d+

λ 0+Δλ&

λ 0−Δλ&
λ 0&

θ LN+

f1+

f1+
f2+

f2+

LiNbO3+crystal+

Gra3ng+

L1+

L2+

Intensity+front+of+
NIR+pump+pulse+

THz+pulse+(a)+
• +Image+of+gra3ng+is+parallel+to+the+3lted+pulse+front+for+large+area+THz+
spot.+

• +4%f+configura3on+for+making+the+different+colors+beam+parallel+in+LN+
+crystal.+Generated+THz+at+different+posi3ons+are+parallel+each+other.+

J.+A.+Fülöp,+J,+Hebling,+OE+18,+12311(2010).++
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Characterization of spatial 
THz pattern 

Observed THz image with THz microbolometer  
camera (NEC) 

•  Almost collimated THz beam (2 x 3 mm spot size). 
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Tightly+focused+THz+beam+
Set%up+for+measurement+of+THz++

• +Expanding+the+collimated+THz+beam+10+3mes+for+making+3ghtly+
focused+spot.+
• +Oscillator+sampling+for+avoiding+the+dull+THz+temporal+profile+due+to+
the+chirped+EO+sampling+pulse.+

(b)+

NIR+pump++
Pulse+

LiNbO3++
crystal+

PM1+ PM2+

PM3+

EO+sampling++
pulse+

WP+
λ/4+

GaP+

M+

PD+
THz+pulse+

f=10+mm+ f=100+mm+

f=50+mm+
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• +Highest+electric+field+
amplitudes+in+this+frequency+
region+in+the+world+
+
• +Centered+around+0.8+THz++

ETHz++~+1.2+MV/cm+
HTHz++~+0.4+Tesla++

H.+Hirori+et+al.,+Appl.+Phys.+Ler.,+vol.+98,+pp.+091106,+2011+.+
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