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Two-dimensional full particle-in-cell simulation of collective Thomson scattering
in equilibrium and non-equilibrium plasmas
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Thomson scattering measurement is commonly used to measure laboratory and ionospheric plasmas. When the wavelength
of the incident wave is longer than the Debye length of the plasma, it is called collective Thomson scattering. In the col-
lective Thomson scattering the spectrum of scattered light contains the information of the collective motion of electrons in
the plasma. For example, the scattered light spectrum through Langmuir waves (called the electron feature) is a function of
the electron density, temperature, and specific heat ratio of the electrons, and that through ion acoustic waves (called the ion
feature) is a function of the ion valence, temperature, and specific heat ratio. Therefore, the parameters of the plasma can be
estimated by theoretically fitting the measured scattered light spectra.

We aim to measure the transition region of collisionless shock waves generated in high-power laser experiments by col-
lective Thomson scattering. In general, the transition region of a collisionless shock is in a highly nonequilibrium state. But
the theory of collective Thomson scattering in a non-equilibrium plasma is not well developed. In this study, we reproduce
the collective Thomson scattering in equilibrium as well as non-equilibrium plasmas by using full particle-in-cell (PIC) sim-
ulation to develop a scattering theory. Although in the past PIC simulations one-dimensionality and uniformity of space are
assumed, the actual experimental system is two-dimensional and the incident light has a finite beam width. In this study,
we reproduce the collective Thomson scattering of incident light with finite beamwidth by two-dimensional PIC simulations
and discuss the characteristics of scattered light propagating in arbitrary directions. First, we reproduce the scattering in an
equilibrium plasma and compare it with theory. Next, we reproduce collective Thomson scattering in a beam-plasma system
as an example of a non-equilibrium system and discuss the results.
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