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Electron Temperature and Density Measurements by Using Thomson Scattering
System in GAMMA 10
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Electron temperature and density are important parameters to describe a state of plasma. In GAMMA 10, a
YAG-Thomson scattering (YAG-TS) system was constructed in order to measure electron temperature
under National Institute for Fusion Science collaboration program. We can successfully measure the
electron temperatures shot-by-shot. We tried to estimate the electron density by comparing the results of TS
experiments and the Rayleigh scattering experiments. We can successfully obtain the electron temperature
and electron density by using the Thomson scattering system in GAMMA 10.

1. Introduction
Electron temperature and density are important
parameters to describe a state of plasma. TS
measurement is a highly reliable measurement of
electron temperature and density in fusion devices
and in the GAMMA 10 device. GAMMA 10 is the
tandem mirror device that confines plasmas with
magnetic mirrors and electrostatic potentials. In
GAMMA 10, plasma is produced and heated by ion
cyclotron radio frequency (ICRF) heating. In
addition the electron in the central cell is directly
heated by electron cyclotron resonance heating
(ECRH).

In GAMMA 10, YAG-Thomson scattering
(YAG-TS) system was introduced in 2009, and the
first signal by the TS was obtained in 2010.

2. Thomson scattering

The TS is the elastic scattering phenomena by the
free electron when an electromagnetic wave is
injected. The incident electromagnetic wave is
scattered and the wavelength of it is affected by
Doppler shift by the electron thermal motion. The
scattered spectrum has the Maxwell distribution and
its half width of half maximum (HWHM) given by

following expression (1),

2Ky Te
HWHM = 4 (%) sin () Zte 1)
Here, A, c, 0, ky,, T. and m, are the wavelength
of the incident electromagnetic wave, the velocity
of light, the scattering angle, Boltzmann constant ,
electron temperature, and the electron mass,
respectively.
According to the equation (1), all quantities except
the electron temperature are given, and then the
electron temperature is estimated by measuring
HWHM of scattering spectrum.
In GAMMA10, we observed the scattering light
of 90 degrees. The side view of the TS system in
GAMMA 10 is shown in Figl.
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Fig. 1. The side view of the TS system in GAMMA
10.

3. Rayleigh scattering experiments

The Rayleigh scattering is the elastic scattering
with atoms and molecules. In Rayleigh scattering
experiment, we filled nitrogen gas in the GAMMA
10 vacuum vessel and reduced power of YAG-laser

is injected in. Then we measured the scattering light.

The Rayleigh scattering experiment is used for
adjusting the optical system and calibration of
optical sensitivity of total measuring system. It is
important for estimation of the plasma electron
density by the total measured photons in the TS
signals.

4. Electron temperature and density
measurement

In GAMMA 10, we can measure electron
temperature to 500 eV and the signal to noise ratio
is about 3 to 5. We can obtain electron temperature
about 50eV during ICRF heating periods. With
application of ECRH, electron temperature
increased to about 100eV.

The numbers of the photons in the scattering
phenomenon is given by the following equation (2),

P
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Here, N¢, P, n, L, h, 5, A, Cr, and A are the
number of photons, the laser energy, the density, the
scattering length, the Plank constant, the scattering
cross section, the solid angle, the transmission
efficiency, and the laser wavelength, respectively.
We obtained the electron density at the plasma
center n, = (2.140.5) x 10¥*m™3 during the
ICRF period. The electron density obtained by the

microwave interferometer is n, = 1.9 x 10¥m=3 .

The electron density obtained by using the TS

system is accord with that obtained by microwave
interferometer. Then, we can successfully obtain the
electron temperature and density by using the TS
system in GAMMA 10.

5. Summary

In GAMMA 10, we successfully measure the
electron temperature and density by using TS
system. We obtained electron temperature about
50eV and electron density about (2.1 £+ 0.5) X
10"m™ during ICRF heating periods.
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