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Abstract — The present paper analyses the main mechanisms
and properties of terahertz radiation generated by intense
femtosecond laser pulses from gas and nanosize gas clusters. The
possibilities of simultaneous generation terahertz and X-ray
radiations are discussed and demonstrated experimentally. It was
shown that optimal conditions for effective generation of
terahertz and X-ray radiation are different. That makes possible
to control the magnitudes of terahertz and X-ray signals
simultaneously generated from gas nano-cluster jet. Controlling
could be provided by means: by varying of time delay between
laser pulse and cluster jet formation moment, or by varying of
chirp parameter of laser pulses.

I. INTRODUCTION

igh-temperature plasma initiated by irradiation of target
with high-power femtosecond laser pulses with
intensities of 10"°-10'" W/cn?’, is a source of high-energy
particles, as electrons, ions and neutrons. The plasma
possesses strong nonlinear optical properties, and such
interaction is accompanied by plenty of nonlinear processes,
as self-focusing, stimulated Raman scattering, optical-
harmonic generation, X-ray and terahertz (THz) generation.
Cluster medium is a subject of worldwide interest since last
years. These nano- and microparticles are aggregated from
atoms or molecules and contain from few to 10’ atoms or
molecules, which are held together due to different type bonds
with energies from few tenths to few eV [1]. Recently, it has
been shown that there are many nonlinear effects mentioned
above take place under interaction of high-power femtosecond
laser pulses with gas-cluster jet such as self-focusing [2],
filamentation followed by plasma channel formation [3],
optical harmonics generation [4], characteristic X-ray [5, 6]
and terahertz wave [7-10] generation. It is noted, that
efficiency of spectrally bright characteristic X-ray radiation
from the cluster nano-plasma is comparable with efficiency in
the case of a solid target [11]. In the present paper we have
investigated interaction of high-power ultrashort laser pulses
with atomic and molecular clusters produced by means of
supersonic expansion of gas into vacuum through specially
shaped nozzle [12]. We show that the gas-cluster jet is the
promising and attractive medium for elaboration of nano-
plasma based generator of electromagnetic radiation, because:
- Such complex medium combines advantages of both solid
and gaseous media at the same time. Cluster density is close to
the density of condensed phase of the matter, and this leads to
high efficiency of interaction of such target with intense laser
radiation - gas-cluster jet is able to absorb up to 90-95% of
laser pulse energy, and generated plasma is heated to high

temperatures. But there is no ablation and spreading of drops
and fragments.

- The initial properties of the medium are restored to each
subsequent interaction act. Thus, there is no accumulation of
medium degradation occurs, and such target is a unique one
for efficient interaction with high-power femtosecond laser
pulses.

- Cluster size and number of atoms therein may be easily
controlled by varying of gas back-pressure [12, 13]. Efficiency
of clustering and hence concentration of clusters in the jet
could be controlled by adding of carrier gas.

Here we have demonstrated the properties simultaneous
generated the terahertz and X-ray radiation in nano-cluster
medium - gas-claster jets under excitation by high-power
femtosecond laser pulses, shown existence of optimal
conditions for these processes, and thereby complemented
usage range of  nano-plasma-gas-cluster pulsed
electromagnetic field generator with terahertz frequencies.

II. RESULTS

As excitation source we used radiation of Ti-Sa laser with
wavelength of 810 nm amplified in regenerative amplifier,
pulses rate 10 Hz, pulse energy up to 30 mJ, pulse duration 50
fs. Pulse duration could be varied by the compressor
mismatching by changing the distance between diffraction
gratings in compressor, providing negatively and positively
chirped pulses. Laser radiation was focused around 6 mm
below the nozzle in a cluster jet by /20 lense. Maximum value
of laser radiation intensity at lense focus was estimated, as
around 10' W/cmz, and it was 10"-10" W/em® in
experiments when chirped pulses were used for excitation.

Gas-cluster jet was formed with use of cluster generator on
the base of vacuum and high pressure chambers and conical
nozzle. Initial vacuum in vacuum chamber is 10 Torr, and
working one is 107 Torr. Working pressure in high-pressure
chamber could be varied between 107 atm and 50 atm. Input
and output diameters of conical nozzle are 0,75 mm and 4 mm
respectively, half-angle is 5 degrees. PMT equipped with a
Nal scintillator and a beryllium filter of 90 um thick was used
to detect and control the integral X-ray yield ranging over 2.5
keV. The PMT was placed at the cross direction to the laser
pulses propagation. Liquid helium cooled bolometer was used
for detection of THz radiation. Experimental scheme provided
possibility to measure THz signal along laser pulses
propagation direction and at 45 degrees direction.

Figure 1 demonstrates dependencies of terahertz and X-ray
radiation yields from Argon gas cluster jet as a function of the



delay between laser pulse and cluster jet formation. Zero delay
corresponds to valve opening moment and coming of the laser
pulses at the interaction point. Both, the X-ray and terahertz
signals arise after 0,3-0,4 ms delay required for the formation
of clusters flow and its arriving at the interaction point.
Maximum X-ray yield is achieved at 0,4-0,45 ms delay, while
the THz signal efficiency nearly unchanged throughout the
duration of the jet.
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Fig. 1. Amplitude of THz and X-ray signals generated in Ar clusters jet
along laser pulses propagation direction under “two-color” (fundamental and
its second harmonic) excitation versus the time delay between laser pulse and
the opening of the nozzle valve.

III. CONCLUSION

Amplitude of THz and X-ray signals generated in Ar
clusters under “one-color” excitation in the conic direction (30
deg) relative to the laser pulses propagation as a function of
pulse duration T and its chirp parameter a is shown at Figure 2.
Efficiency of X-rays generation demonstrates maximum value
in the region of minimal chirp, while the THz generation yield
is minimal under these conditions.
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Fig. 2. THz and X-Ray signals as a function of laser pulse width and chirp.
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To summaries, we have shown that optimal conditions for
effective generation of THz and X-ray radiation in nano-
cluster supersonic jet under high-power ultrashort laser pulses
excitation are different (Figure 2), and that makes possible
efficient control by ratio between values of THz and X-ray

signals generated simultaneously from gas based nano-cluster
jet by means varying of time delay between laser pulse and
cluster jet formation and by varying of laser pulse’s chirp.
Also it has been demonstrated that efficiency of THz
generation in clusters jet could be efficiently controlled by
varying the ratio between clustered and carrier (buffer) gases
in gas mixture.
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