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Terahertz Radiation

Wavelengths:  3 mm — 30 um

Frequencies:  0,1·1012 — 10·1012 Hz

THz Frequency Range

1 THz ↭ 1 ps ↭ 300 um ↭ 33.3 cm−1 ↭ 4.1 meV ↭ 47.6 K.
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Interaction between broadband THz radiation and matter

           frequency           frequency

 time
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Main Applications of THz Radiation

А. Gorodetsky, Thesis for Dr. Sci. in Phys., ITMO University (2019).

Spectroscopy

Imaging

Accelerators

Carrier Dynamics
Telecommunicatio

ns

Couplings

THz
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Application of THz links in networks

Nature Photonics, 10, 371.
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Electro-Optical Detection of THz radiation
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Terahertz Radiation
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N.S. Balbekin, M.S. Kulya, A.V., A.A. Gorodetsky, N.V. Petrov 
Increasing the resolution of the reconstructed image in terahertz pulse 
time-domain holography. // Sci. Rep. 2019. Vol. 9, P. 180. 9

THz Pulse Time-Domain Holography
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Essence of the Technique
• Experimental setup schemes for the registration of collimated THz wavefront in 

the form of spatio-temporal profiles:
• Raster scanning
• THz field detection on a wide electro-optical crystal conjugated with matrix 

photodetector
• Numerical techniques for data processing:
• Digital signal processing (signal extraction, denoising)
• Iterative algorithms for field of view expansion and resolution increasing
• Mathematical methods for calculation of the diffraction of monochromatic 

spectral components of broadband radiation aimed for:
•  Analysis of the propagation dynamics of distribution of complex-structured fields
• Object image formation
• Software tools for data representation and analysis
• Representation of complex-valued fields in spatial, angular, temporal and spectral 

coordinates
• Specialized modules for extraction of data required to solve various tasks.

THz Pulse Time-Domain Holography
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THz-PTDH Conceptual Diagram

THz Pulse Time-Domain Holography
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THz Pulse Time-Domain Holography

• Methodology Development

• Denoising

• Increasing of field of view and resolution

• Measurement of Objects’ Amplitude-Phase Characteristics

• with complex gradient-step relief

• in dispersive media

• Spatio-Temporal Metrology of Broadband THz Wavevronts

• THz Gauss-Bessel beam propagation dynamics

• broadband uniformly topologically charged beams self-healing

THz PTDH Research Directions

22

Sci. Rep. 2019. 9, 180

IEEE Trans. Terahertz Sci. 
Technol. 2016. 6, 464

J. Mod. Opt. 2017. 64. 1283

Sci. Rep.
2018. 8, 1390

Appl. Opt. 2019. 34. G61

Opt. Express. 2019. 27, 18456 

Appl. Opt. 2019. 58. A90
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Hyperspectral Data Denoising
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Block-Matching Three Dimensional (BM3D) Denoising:

THz Pulse Time-Domain Holography

Opt. Express. 2019. 27, 18456 

Video-filtering (VBM3D)

Complex-domain denoising (CDBM3D)

K. Dabov, et al. 15 IEEE Euro Signal Process. Conf.,145 (2007)

V. Katkovnik, et al. Signal Process. 141, 96 (2017)



Fast THz Holograms Detection
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with codirectional (left) and retroreflected (right) probe IR beams

THz Pulse Time-Domain Holography

Sci. Rep. 2019. 9, 180
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Sci. Rep. 2019. 9, 180.
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THz Pulse Time-Domain Holography
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THz Pulse Time-Domain Holography
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THz Pulse Time-Domain Holography
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Broadband THz Wavefront Numerical Focusing

in spatio-temporal (left) and spatio-spectral (right) domains
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THz Pulse Time-Domain Holography
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Longitudinal Field Components Calculation
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THz Pulse Time-Domain Holography
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Longitudinal Field Components Calculation
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BS - beam splitter
TERA-AX - THz generator 

(LiNbO
3
), 

IRF – IR filter,
M - mirror, 
SPP – spiral phase plate 
(Teflon, n = 1.46),
PM – parabolic mirror
L - lens,
GP – Glan prism
HWP – half-wave plate, 
ZnTe – ZnTe crystal
QWP – quarter-wave 
plate,
GP – Wollaston prism
LIA - lock-in amplifier

Ti:Sa femtosecond laser system:
Central wavelength 790 nm
Average power 2 W
Pulse duration 30 fs
Repetition rate 1 kHz
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International Students and Scholars Rock
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THz Gauss-Bessel Beam Evolution

2607 - 09 Dec 2017, OPTIC’2017, Kaohsiung, Taiwan 23



Simulation (left) and the experiment (right)

THz Gauss-Bessel Beam Evolution
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THz Gauss-Bessel Beam Evolution

07 - 09 Dec 2017, OPTIC’2017, Kaohsiung, Taiwan 26
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Broadband THz beams Diversity
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R. Imai et al. Opt. Lett. 39, 3714, (2014).

M. Kulya, V. Semenova, A. Gorodetsky, V.G. Bespalov N.V. Petrov  
Spatio-temporal and spatio-spectral metrology of terahertz broadband uniformly 
topologically charged vortex beams // Applied Optics 2019. Vol. 58, № 5. P. A90.

THz Broadband Uniformly Topologically Charged (BUTCH) vortex beam

BUTCH Beam Self-Reconstruction
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Appl. Opt. 2019. 58. A90.

Scheme of the Experiment

Spatio-Spectral Evolution

Time Sweep
Spatio-Spectral Evolution

Phase           Amplitude

Singular Points
Spectral Trajectories
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BUTCH Beam Self-Reconstruction
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Mathematical model
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THz PTDH
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Borot A., Quéré F. Spatio-spectral metrology at focus of ultrashort lasers: a 
phase-retrieval approach // Opt. Express. 2018. Vol. 26, № 20. P. 26444.
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Spatio-Temporal Couplings



TERMITES

G. Pariente et al. Nature Photonics. 2016. V. 10. P. 547 

TERMITES Flowchart

Total E-field Reconstruction Using a Michelson Interferometer Temporal Scan”, 
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TERMITES

G. Pariente et al. Nature Photonics. 2016. V. 10. P. 547 
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INSIGHT

Borot A., Quéré F. Opt. Express. 2018. Vol. 26, № 20. P. 26444.

INSIGHT Flowchart
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R. Trebino. Frontiers and issues in the measurement of ultrashort laser pulses 
@ D. T. Reid, et al. Roadmap on Ultrafast Optics // J. Opt. 18 (2016): 093006.

State-of-the-Art

G. Steinmeyer. Optical pulse characterization at the single-cycle
Limit @ D. T. Reid, et al. Roadmap on Ultrafast Optics // J. Opt. 18 (2016): 093006.
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TERMITES INSIGHT PTDH
Frequency 

range Visible THz

Operation 
principle Interferometry and phase retrieval

Coherent 
electro-
optical 
sampling

Measured 
value

Cross-correlation 
function

Auto-correlation 
function

Real part of 
electric
field vs. time

Δτ·S product No less than 8·108 6,7·107

Techniques Comparison

N.V. Petrov - Ultrafast Digital Holography and Spatio-Temporal Metrology @
Roadmap on Holography // Journal of Optics 2019 (submitted)
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