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HIGHLIGHTS

¢ LIF In multiple species demonstrated in low density plasma
a single 10 mW diode laser.

¢ Absorption line width, shift, and amplitude each provide
guantitative measures of key plasma source parameters.

¢ LIF in expanding helicon plasmas used to demonstrate exi:
of spontaneous double layer

¢ Detalled LIF measurements of ion beam (tomographic, time
resolved, and polarization resolved) address key aspects o
double layer formation and stability.
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OUTLINE

¢ LIF schemes employed for Ar I, Ar |, He |

¢ Examples of science issues examined through LIF
Source optimization (line widths)
Three dimensional flows (line shifts)
Velocity distribution anisotropy (multiplexed LIF)
Absolute He density (optical depth)
¢ LIF measurements of ion beams accelerated by double layzs
¢ Asymmetric optical pumping (Zeeman cooling due to gradie
¢ Tomographic and trasolved LIF

¢ Evidence for beam driven instability suppression of double |
pulsed plasmas
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TYPICALLY WE BEGIN OUR THREE-LEVEL LIF SCHEMES FOR LOW-TEMPERATURE
PLASMAS WITH EXCITATION FROM A LOW-LYING METASTABLE STATE
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OCCASIONALLY NON-METASTABLE AND 4-LEVEL SCHEMES ARE ALSO EMPLOYED FOR

LIF oN HE | AND AR |
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Helium Neutral Emission
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COMPACT, PORTABLE, DIODE-LASER BASED SYSTEM FOR LIF

1: scope 11: PMT
2. powermeter 12: Toptica laser
3: wavemeter 13: chopper
4: Y, wave retarder / polarizer
5: vacuum chamber 14: laser controller
6: plasma 15: lock-in amp.
7. LIF volume 16: DAQ card
8: laser dump 17: laptop PC

N 9: collection optics 18: signal
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AR Il LINE WIDTH (TEMPERATURE) MEASUREMENTS IDENTIFY OPTIMAL (@ ~ @, )
OPERATING CONDITIONS AND ANTENNA GEOMETRY FOR HELICON PLASMA SOURCE
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AR |l ION HEATING PEAKS AT SAME MAGNETIC FIELDS AND RF FREQUENCIES AS
PREDICTED BY THEORY
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2D AR LINE SHIFT (FLOW) MEASUREMENTS INDICATE STRONG ROTATION. 2D LIF
INTENSITY INDICATES CORE ~ 3 CM X 3 CM
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MULTIPLEXED AR LIF ENABLES SIMULTANEOUS PARALLEL AND PERPENDICULAR ION
VELOCITY DISTRIBUTION MEASUREMENTS
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HE LIF OPTICAL DEPTH MEASUREMENTS FOR ABSOLUTE NEUTRAL DENSITIES
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Theopticaldepth

Exponentialfit: 2= 0.0164cm, corresponds
to ametastabledensity of 1.47 x 10° cm3,

The metastabledensity is relatedto ground
state neutral density (n, (1) where z is the
degreeof ionization) through a steadysate
collisionatradiative model for an excited
statep

Using measured plasma parameters, the
predicted ground state neutral density Is
5.9x 102 cm3, ~ 10% ionized



