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Project goals:

A Study of THz/microwave emission from 10 um filamentation:

* Investigate THz/microwave generation mechanisms
(single-color, two-color, 10.3 um + 10.6 um mixing schemes)

* High-power THz/microwave generation

1 Development of THz/microwave detection schemes:
« THz/microwave characterization (energy, spectrum, polarization,...)
« Single-shot THz/microwave spectroscopy with a femtosecond laser

 Characterization of CO, laser produced air flaments:
« THz/microwave radiation spectral analysis
« Plasma density measurement with a B-dot probe
« Time-resolved THz spectroscopy with a femtosecond laser
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THz/microwave emission from filamentation

Microscopic effects:

« Fast electron current by the ponderomotive force («cA?, THz emission)

« Slow neutralizing current (microwave/rf emission)
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Pyroelectric detectors

Absorption vs. wavelength

o T Calibrated at A=1~600 um

Pyroelectric Relative Spectral Response  WAVELENGTH (um)

101 02 03 0405 07 1 2 3 4 5 7 10 20 30 40 %N 7 100
<4} ey A e Pt et - - e e e e e et et @ = = -
s 0
%0'7 .’~.,.
e 06 2
= N
§ 0.4 Chrome Coating
g

0.3 — B S N - 1N i I




Spectral response
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ock-in imaging with microbolometers
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THz bandpass filters and polarizers

THz polarizers

Bandpass THz filters
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THz spectrum measurement via FTIR:
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THz waveform measurement via EQOS:
Electro-Optic Sampling
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THz generation and detection:
(a)

n”"'w ® 20
(O]
-

Energy measurement w/
Pyroelectric or

Plasma Thermopile detector (b)
BBO Si window
Lens Waveplate at Brewster
Teflon
o I
lOlg k
o 15 N

THz field
(MV/cm)

Filter .
THz beam profiling w/

e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

microbolometer

- - -

Spectral Intensity (arb. units)
5

0 10 20 30 40 50
Frequency (THz)

____________________________________________

THz waveform measurement



Single-shot THz waveform measurements

Spatial encoding Spectral encoding Interferometric method
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High-resolution single-shot THz/u wave spectrometer
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THz generation via two-color filamentation:

Air Four-wave mixing
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THz generation mechanism:
Plasma current model*
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*K. Y. Kim et al., Nature Photonics 2, 605 (2008).
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Plasma current model 0=0 0= m2
(semiclassical model): .
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Wavelength scaling with two-color mixing
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® | Phys. Rev. Lett. 110,
253901 (2013).
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Preliminary experiment at UMD (A = 3.9 um)

20 Hz Nd:YAG) 3 stage OPCPA

amplifier S
1064 nm, 100ps, 1J

. J

1 kHz Yb:CaF,)
1030 nm, 200 s, 1 mJ) é

:

Synchronization
electronics
1064 nm seed

: - compressor
3“stagle‘ OPA ]L[ GRISM | [FROGj >20md

\ nmn
pamg v
Ay, = 1460 Nnm

stretcher /\ ~120 fs
. = 1460 nm = K= 39 l,lm

A. V. Mitrofanov et al., Sci. Rep. 5, 8368 (2015).

\

« THz/microwave generation with single- & two-color pulses
 THz/microwave detection with various schemes



THz generation via long focusing In air
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THz divergence angle
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Conical emission: side imaging

Probe
P _\ THz pulse b
| ZnTe




aser produced



Plasma characterization

Plasma characterization by (a) active THz spectroscopy and/or (b)
passive THz/microwave spectral analysis
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B-dot probe experiment (800 nm + 400 nm)
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Analysis of 800 nm + 400 nm:
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B-dot probe experiment with CO,, laser:

Laser @ 10 um
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We can measure the electron density down to N, ~ 103 cm3



Summary:

d THz/microwave emission from 10 um filamentation:

= THz/microwave generation mechanisms (microscopic and
macroscopic) in single-color and two-color filamentation in air

» Favorable wavelength scaling for THz/microwave generation

d THz/microwave detection:
= Characterization of THz/microwave radiation
= Development of high-resolution THz spectroscopy with a fs laser

 Characterization of CO2 laser produced filaments:
» Plasma characterization with THz/microwave spectral analysis
» Plasma density measurement with a B-dot probe
= Active THz spectroscopy with a femtosecond laser

1 Anticipate exciting results over the next 5 years!



