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Plasma Property Measurement in a Miniature Microwave Discharge Ion Thruster by Laser
Thomson Scattering
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Abstract : The plasma parameters, electron number density and electron energy distribution
function, in a miniature microwave discharge ion thruster were successfully measured by
means of laser Thomson scattering without perturbations. A photon counting method and a
double monochromator were used against small Thomson scattering signal and strong stray
laser light. The result shows an electron energy distribution function is Maxwellian, since the
scattered spectrum can be fitted by Gaussian at the temperature of 1.5 eV. An electron
density is 2.3 X108 m3. The measured electron number density and electron temperature
values were found to be reasonable compared with estimation deduced form extracted ion

beam current.
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Fig.1 Cross section of a miniature microwave Fig.2 Magnetic field profile of miniature
discharge developed at Kyushu University ion thruster developed at Kyushu University
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Fig.3 Schematic of laser Thomson scattering system for miniature ion thruster
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Fig4  Thomson scattering spectrum, krypton mass flow rate of 1.6 mg/s, incident microwave power of 8 W,2 mm

downstream from the antenna and 6 mm away from central axis.
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Nomenclature
velocity of light
differential scattering cross section
electronic charge
laser energy
observed scattering spectrum
photon energy
ion beam current
intensity of Thomson scattering light
intensity of Rayleigh scattering light
intensity of incident laser
wave vector
wave vectors of the incident light,
vectors of the scattered light
scattering length
electron mass
ion mass
electron density
Thomson scattered photon number
neutral density of Rayleigh scattering
incident microwave power
Classical electron radius
laser beam cross section,
scattering volume
electron temperature
beam voltage
Bohm velocity
scattering volume
scattering parameter
ion production cost
infinite small wave length
solid angle of observation

the transmission coefficient

angle between wave number vector of incident laser and wave number vector of scattering light

wavelength of incident laser
Debye length

difference between scattering wave length and laser wave length
half width at half maximum of Thomson scattering spectrum

angle between y axis and wave number vector of scattering light vector projected vector on x-z plane

Thomson scattering cross section per unit solid angle
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