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1. Introduction

The terahertz (THz) pulse generation from two-color laser pulse ionized gases is an actively
researched topic because of its simplicity and practical use in renewable secondary sources for
ultrafast technology. In this method, the two-color laser pulses, the fundamental beam and its second
harmonic are focused in ambient air or in different gases (see Fig. 1.). After the tunnel ionization, the
free electrons accelerate in the external electric field of the laser pulses. When the relative phase
between the fundamental and its second harmonic is +r/2 rad, the acceleration becomes asymmetric
and a significant net electron current develops inside the plasma [1, 2]. This phase-sensitive electron
current is the source of the THz pulse.
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Fig.1. Schematic diagram of the THz pulse generation in air by two-color laser pulses

Several groups have demonstrated the efficiency of THz pulse generation increase with the central
wavelength of the fundamental laser pulse [3-8]. A key reason behind this observation is the small
temporal walk-off between the mid-infrared (MIR) two-color laser pulses compared to the shorter
wavelengths [6, 7]. On the other hand, the smaller temporal walk-off makes it more difficult to control
the relative phase of the two-color laser pulses.

2. Results

The laser pulse parameters for the numerical simulations are based on the MIR laser system [9, 10]
located at ELI-ALPS user facility [11]. The central wavelength of this laser system is 3.2 um and the
spectral bandwidth supports 45 fs pulse duration, the pulse energy at the output window is 140 uJ.
The central wavelength of the laser system is tunable between 2.5 um and 4 um, but in this simulation
we expanded the spectral range from 2.15 um up to 15.15 um, while keeping the pulse duration,
expressed in optical cycles and the peak power at a constant value. The investigated spectral region
is defined by the gallium selenide (GaSe) crystal properties, which is used for the second harmonic
generation (SHG) process.
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In this research, we examined numerically the THz pulse generation in the spectral range between
2.15 umand 15.15 um. The THz pulse spectrum and peak of its electric field intensity in the function
of the central wavelength of the fundamental pulse is shown in Fig. 1., in case of various
commercially available low-pass THz filters [12]. Initially, the THz pulse electric field increase
continuously with the central wavelength of the fundamental laser pulse up to 14.30 um. The
generated THz pulse electric field is hundred times stronger compared to the Ti:Sapphire lasers,
which is the most commonly used lasers for this type of THz pulse generation. The mechanism behind
this is that the amplitude of the THz electric field is proportional to the first derivative of the transverse
electron current that is proportional to the velocity of the electrons and the density of the electrons.
The velocity of the electrons is proportionate to the combined electric field and the asymmetry of this
field. The asymmetry of the electric field changes significantly in the function of the central
wavelength of the fundamental pulse. The asymmetry of the electric field yields faster electrons as a
function of the central wavelength of the fundamental laser pulse. The velocity of the electrons
increases the transverse electron current needed for the more intense THz pulse intensity [1, 2].
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Fig.2. Terahertz pulse spectrum (a) and peak electric field (b) as a function of the fundamental pulse central wavelength in the case
of different terahertz low-pass filters.
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In addition to the above results, we have explored the use of barium-fluoride (BaF2), calcium-fluoride
(CaF2) and lithium-fluoride (LiF) crystals to control the relative phase between the fundamental pulse
and its second harmonic. The first two materials are alkaline earth halides [13] and the latter one is
an alkali halide [14]. The relative phase control ability of these plates are shown in Fig.3.a-C.
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Fig. 3. Terahertz pulse peak electric field as a function of different plate’s thickness and the AOI, where the materials are (a) BaF,
(b) CaF2 and (c) LiF, respectively.
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Let us discuss LiF (in Fig. 3.c) in particular. As one can see the LiF is capable to control the relative
phase of the two-color laser pulse and initially capable to increase the generated THz pulse intensity.
The phase velocity difference between the 3.2 um and 1.6 pum in LiF is few thousand times more than
in ambient air allowing the reduction of size of optical setup needed to control the phase. The optimal
thickness of the LiF plate is 540 um and the optimal incidence angle is 55.0°degree. Based on our
simulations, all the three fluorides are capable to control the relative phase of the two-color laser
pulses with various efficiencies.

3. Summary

In summary, we have examined the THz pulse generation in the MIR spectral region. We have found
that in the spectral range from 2.15 pum up to 15.15 pm, the generated THz pulse intensity
continuously increases with the fundamental pulse central wavelength up to 12.30 um, where it
reaches its maximum value. We have examined the control of the relative phase with co-propagation
of the pulses through a thin plate. We have found that several fluorides are not just capable to control
the relative phase of the two-color pulses, but also capable to improve the temporal overlap,
whereupon they are capable to improve the THz pulse generation efficiency. We have found that the
best candidate for good phase control is lithium fluoride.
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