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Fig. 1. Amplitudes of THz electric fields versus the rela-
tive phases of the second lasers with different frequencies.
The circular, square and triangular points show particle-in-
cell simulation results and the solid lines are cosine curves.
Intensities of the main lasers are taken as 10'* W/cm? in
(a) and 10'® W/cm? in (b), respectively. The second laser

intensities are taken to be 25% of the main laser [26].
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Fig. 2. The THz field strength as a function of the
two-color laser frequency ratio, where plots (a), (b), (c)
correspond to different series of 1 : 2n, 1 : (n + 1/2),
and 1 : (n £ 1/3) as well as the two curves in each
plot correspond to laser intensities of 10 W/cm? and
4 x 10'* W/cm?, respectively (28]
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Fig. 3.

Experimental results and setup [29]. (a) Experimental setup (L, lens; DM, dichromatic mirror; PM,

parabolic mirrors); (b) THz waveforms with wa /w1 = 1:4 and 2 : 3, respectively, obtained from the autocorrelation

measurements, in which the THz powers are normalized by the one with the 800 nm and 1600 nm pulses; (c¢), (d) THz

energy as a function of the second pulse wavelength A2, where the first pulse wavelength A is fixed as 800 nm in (c)
and 400 nm in (d); powers of the two pulses are taken as P, = 120 mW and P = 400 mW in (c¢) and P; = 180 mW

and P = 250 mW in (d).
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Fig. 4. Dependency of THz polarization (29]; THz energies of the horizontal and vertical components as a function
of the rotation angle 0 of the field polarization of (a) the 1600 nm pulse, (b) 400 nm pulse, (c) 1200 nm pulse, and
(d) 800 nm pulse, respectively, where when polarization of one pulse is rotated, polarization of the other pulse is
fixed at the horizontal. Experimental results are shown by crosses and circles and particle-in-cell results by lines.
The left column corresponds to the case with the 400 nm (with 180 mW) and 1600 nm (250 mW) pulses and the
right to the case with the 800 nm (120 mW) and 1200 nm (400 mW) pulses.
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Fig. 5. Dependency of THz polarization (29]: THz energies of the horizontal and vertical components as a function

of the rotation angle 6 of the field polarization of (a) the 1600 nm pulse, (b) 400 nm pulse, (c) 1200 nm pulse, and
(d) 800 nm pulse, respectively, where when polarization of one pulse is rotated, polarization of the other pulse is
fixed at the horizontal. Experimental results are shown by crosses and circles and particle-in-cell results by lines.
The left column corresponds to the case with the 400 nm (with 180 mW) and 1600 nm (250 mW) pulses and the
right to the case with the 800 nm (120 mW) and 1200 nm (400 mW) pulses.
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Abstract

Strong terahertz (THz) radiation of MV /cm can be generated from air via two-color laser scheme. In this paper,
we introduce three recent theoretical and experimental researches conducted by Wang et al., in which they explored the
long-standing problem of THz generation mechanism and extended the scheme with uncommon frequency ratio. In the
widely-studied two-color laser scheme, the frequency ratio of the two lasers is usually fixed at w2/w1 = 1 : 2. In 2013
they predicted according to the plasma current model, for the first time, that the two-color scheme can be extended to
a new frequency ratio 1 : 2n, where n is an positive integer. In 2017 they found that the frequency ratio can be further
extended to much broader values. In that year, their experiments showed, for the first time, efficient THz generation
with new ratios of wa/w1 = 1 : 4 and 2 : 3. They observed that the THz polarization can be adjusted by rotating
the longer-wavelength laser polarization, but the polarization adjustment becomes inefficient by rotating the other laser
polarization, which is inconsistent with the symmetric nature in the susceptibility tensor required by the multi-wave
mixing theory; the THz energy shows similar scaling laws with different frequency ratios, which is inconsistent with
the scaling predicted according to the multi-wave mixing theory. These experimental results are in agreement with the
plasma current model and particle-in-cell simulations. Therefore, their studies not only push the development of the
two-color scheme, but also show that the THz generation mechanism should be mainly attributed to the plasma current

model.

Keywords: terahertz radiation, light ionization, laser plasma interaction, particle-in-cell simulation
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