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Fig. 1. (color online) Schematic set-up of the exper-
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iment: BBO, frequency-doubling crystal; TF, Teflon
slice; ZnTe, zinc telluride crystal; WS, Wollaston

prism.
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Fig. 2. (color online) (a) Measured terahertz time-
domain electric field as a function of the position (y-
scan) of the supersonic jet and (b) the normalized ter-
ahertz spectrum. In panel (a) the amplitude of red
color is positive and that of blue color is negative; in
panel (b) the normalized spectral intensity is plotted in
the logarithmic scale, and the peak frequency is plot-
ted with the purple square for the experimental results

and the yellow solid line for the simulation results.
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Fig. 3. (color online) (a) Measured normalized ter-

Frequency/THz

ahertz spectrum at different position (y-scan) of the
supersonic jet, the black solid line is at y = 4.75 mm
and the red solid line is at y = 1 mm; (b) simula-
tion of the normalized THz spectrum is plotted in the
logarithmic scale, the yellow dotted line is the center

frequency.
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The red solid square is the experimental results and

the blue solid line is the simulation results.
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Abstract

The terahertz (THz) radiation becomes an attractive light source utilized in molecular dynamic spectroscopy,
remote sensing, medicine, communication and fundamental research. The controlling of the THz spectrum is necessary
for the applications. In this paper, a method is proposed for controlling the terahertz spectra generated from the laser
induced plasma by two-color pluses based on the contribution of plasma oscillation. The plasma current oscillation
can shift the THz spectrum when the length of medium is less than plasma skin depth. Experimentally we use a
short length of molecules by means of the molecular beam method. We investigate the changing spectrum of broadband
ultrashort terahertz THz generated from a jet of nitrogen (N2) molecules pumped with the two-color laser pulses following
the varying plasma density and plasma length. With the increase of plasma density and the decrease of the plasma
length, we observe the increase of THz central frequency (0.8-1.4 THz) and the broadening of the THz spectral width
(0.78-1.53 THz). The analysis and the calculation show that the THz spectrum changes due to the frequency and the
width of the plasma resonance. This scheme of controlling the THz spectrum by changing the plasma density and length
is easier to implement and do not need to use complex shaped optical pulses. The discovery provides a new way of

controlling the low-frequency broadband THz spectrum.

Keywords: terahertz, ultrashort laser field, plasma oscillation frequency
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