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Abstract

Laser-induced fluorescence of excited-state neutral- and ionic-xenon transitions has been used as a
diagnostic tool in xenon plasmas. Spectroscopic models based on Voigt-broadened line shapes were
developed from hyperfine-splitting information for the resonance-broadened neutral-xenon
6s[3/2]0 — 6p[1/ 2] transition at 828 nm, the predominantly Doppler-broadened 6s[3/2]5 — 6p[3/ 2],
transition at 823 nm, and the xenon-ion 5d[3]7,2 — 6p[2]‘5"/2 (4D7/2 - 4Ps/;) transition at 605 nm.
Tunable narrow-linewidth semiconductor diode lasers were used to probe the neutral-xenon transitions, and
an Ar*t-pumped dye laser was used for the xenon-ion transition. The models of the neutral-xenon transitions
were used to make measurements of the kinetic temperature from line-shape analyses in a low-pressure dc
glow discharge with an uncertainty of £10 %. The broadening of the 828-nm transition by the resonant
interaction of its lower level with ground-state xenon was also developed into a number-density diagnostic.
The spectral broadening of this transition was investigated in the dc glow discharge for densities of 4x102!
to 2x1024atomsm=-3. The 828-nm broadening constant at low densities and at 311K was found to be
6.04(+0.66)x10-2! MHzm3atom"!, in agreement with the impact theory for resonance broadening. At
densities above 6x1023 atomsm=3 the recorded line shapes of this transition exhibited an asymmetry,
providing clear evidence of the breakdown of the impact approximation. The measured Lorentzian
broadening for the 823-nm transition was 8.3 (i-l.8)x10'22 MHzm3atom-! at 311 K. LIF measurements of
xenon plasma parameters in the plume of a laboratory-model Hall thruster using the neutral-xenon 823-nm
transition and the xenon-ion 605-nm transition demonstrated the application of the diagnostics. Axial
neutral velocities from 100ms-! to 400m s-! and ion velocities as high as 12km s-! were measured,
indicating that the charge-exchange phenomenon was not significant. The spectral-line shapes of the ion
suggested a spread in ion energies through a non-Maxwellian distribution of axial velocities. Neutral kinetic
temperatures of 500(+200) K were observed under standard thruster operating conditions.
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