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THz pulse generation
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THz sources



Overview of laser-based THz generation

Masanori Hangyo 2015 Jpn. J. Appl. Phys. 54 120101



Photoconductive antenna

Optical Engineering, Vol. 56, Issue 1, 010901 (January 2017)



Air plasma
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Optical rectification
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Phase matching condition for OR

J. Hebling, K. -L. Yeh, M. C. Hoffmann and K. A. Nelson, "High-Power THz Generation, THz Nonlinear Optics, and THz Nonlinear 
Spectroscopy," in IEEE Journal of Selected Topics in Quantum Electronics, vol. 14, no. 2, pp. 345-353, March-april 2008



Tilted pulse front in LiNbO3
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J. Hebling et al, Opt. Express 10, 1161(2002)
K.-L. Yeh et al,  Appl. Phys. Lett. 90, 171121(2007)



Intense THz pulses

Tóth, G., Polónyi, G. & Hebling, J. Tilted pulse front pumping techniques for efficient terahertz pulse 
generation. Light Sci Appl 12, 256 (2023).



THz pulse detection
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THz field detection by electro-optic sampling

Lu, J., Li, X., Zhang, Y. et al. Two-Dimensional Spectroscopy at Terahertz Frequencies. Top Curr Chem (Z) 376, 6 (2018).

n ∝ E



Single-shot THz detection
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Ultrafast THz spectroscopy



Ultrafast optics

Ultrafast Optics
(too fast to be monitored
with electronics)

Harold Eugene Edgerton, MIT



Ultrafast laser pulses (ps ~ as)

Why?
• High peak power or intensity

• Nonlinearity
• Laser machining

• Short duration
• Excite materials “instantly”
• Ultrafast snapshot 
• Monitor dynamics with high temporal resolution

• Broad bandwidth
• Spectroscopy

How?
• Large bandwidth
• Phase correlation (Modelocking) RP Photonics Encyclopedia

1mJ/100fs=10GW



Pump-probe spectroscopy

J. Am. Chem. Soc. 2020, 142, 1, 3-15

Excite the sample and observe what happened in the femtosecond timescale 



Terahertz gap

1 THz = 1 ps = 33 cm-1 = 0.3 mm = 4.1 meV = 48 K
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THz time-domain spectroscopy

Ferguson, B., Zhang, XC. Materials for terahertz science and technology. Nature Mater 1, 26–33 (2002).

Measure THz in time domain and then Fourier transform



Identify explosives and drugs
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Drugs in envelopes
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Hidden paint layers
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THz-pump optical-probe spectroscopy

Kampfrath, T., Tanaka, K. & Nelson, K. Resonant and nonresonant control over matter and light by intense 
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THz-pump optical-probe spectroscopy

THz E field control of lattice vibration

a

THz E field control of gas phase molecular alignment

b

THz B field control of spin precession

c

THz-induced insulator to metal transition

d

Kampfrath, T., Tanaka, K. & Nelson, K. Resonant and nonresonant control over matter and light by intense 
terahertz transients. Nature Photon 7, 680–690 (2013).



2D THz and 2D THz-Raman spectroscopies
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2D THz spectroscopy
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2D THz spectroscopy with single-shot detection

200-fold speed up in acquisitions
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2D THz spectroscopy in gas
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THz-THz-Raman spectroscopy
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THz-THz-Raman spectroscopy of Bromoform
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Raman-THz-THz spectroscopy
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Raman-THz-THz spectroscopy of water

J. Savolainen, S. Ahmed, & P. Hamm, Two-dimensional Raman-terahertz spectroscopy of water, Proc. Natl. 
Acad. Sci. U.S.A. 110 (51) 20402-20407 (2013).



THz-pump X-ray-probe spectroscopy in VO2
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THz-pump X-ray-probe spectroscopy in STO
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