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A filtered Thomson scattering technique has been developed to measure electron temperature 7, and electron
number density n, in an atmospheric pressure argon plasma. The problems of the strong background scattered light
and the high plasma luminosity were resolved by employing an atomic vapor filter that provided strong attenuation
of stray scattered light at the laser wavelength while simultaneously allowing the passage of the spectrally broad
Thomsonscattered light. A relatively low-power Ti: sapphire laser (about 50 mJ/pulse) was used in conjunction with
an optically thick rubidium notch filer. High spectral purity of the laser was achieved by developing an amplified
stimulated emission filter. Because of the geometrical constraints of the plasma arc source, experiments were
performed in the backscatter geometry. Information on the electron number density and the electron temperature
was derived from the Thomsonsignal by fitting a model curve to the data. The measurement results gave an electron
temperature of 0.82 = 0.06 eV and electron number density of 1.61 X 10 + 0.05x 106 electrons/cm?.

Introduction

LASMA diagnostics have gained considerable attention in re-
cent years due to their vast industrial applications.! Particu-
larly, these diagnostics are in high demand in plasma aerodynam-
ics where both intrusive and nonintrusive techniques are used to
conduct plasma studies. The research work conducted in the for-
mer Soviet Union in 1990s indicated that the vehicle aerodynamics,
particularly the shock wave, may be altered by the presence of a
plasma.? Since then, several theoretical and experimental studies
have been conducted to investigate the mechanisms of plasma ef-
fects on supersonic flows, especially on shock waves.>~> The mech-
anisms involved are complicated, and a complete understanding of
the impact of plasma in such environment needs a thorough under-
standing of the plasma characteristics.In general, measurements of
electron temperature 7,, electron number density n,, ion temper-
ature 7;, and ion number density n; are required for the effective
control of plasma. Various intrusive and nonintrusive methods have
been extensively used to make these measurements within plasmas.
Langmuirprobes are widely recognizedas a standard tool to mea-
sure the local average of n, and T, in low-temperature and weakly
ionized plasmas that are usually encounteredin the semiconductor,
optics, and polymer industries$ In general these probes are limited
to the edge region of the plasmas because they can be damaged
by the intense heat flux at the central region of the plasmas. As
reported in Refs. 1 and 7, langmuir probes can be used no more
than 1-2 cm inside the plasmas of small Tokamaks, 1-2 cm out-
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side the limiter in large Tokamaks, and just 0.1- 0.5 cm inside the
separatrix in heated diverted plasmas. Langmuir probe techniques
have been recently refined’ to examine edge fluctuation phenomena
in Tokamak plasmas. In spite of their usefulness, the intrusive na-
ture and their restricted application to the low-temperature plasmas
make these probes unsuitable for high-temperature plasma studies.

Among the nonintrusivetechniquesthat have beenused to investi-
gate plasmas, Thomson scatteringhas emerged as a powerfultool for
plasma characterization®~!! This nonintrusive technique has been
found to be well suited to the confined plasmas, where geometrical
constraints put restrictions on the use of conventional techniques.
Because of its extensive use, several Thomson scattering systems
have emerged that have been designed by various research groups
to suit their plasma conditions and geometry. Issues related to sys-
tem alignment, calibration and optical access have been addressed
in a rigorous manner.'>~!> Experiments in plasmas with electron
densities in the range of 10'7 < n, < 10?! cm~? and electron temper-
atures in the range of 1< kT,< 5 eV are now being performed.'*!4
Recently attempts have been made to lower the detection limit for
Thomson scattering measurements to below 10! cm~. This den-
sity regime is commonly found in glow discharges that are used in
industrial applications, including etching and deposition.

In spite of several advantages, including the nonintrusivenessof
the technique, the high spatial and temporal resolution, and the ease
in interpretationof data, Thomson scattering does have limitations.
The Thomson scatteringsignal has to compete with plasma emission
and the elastic background radiation, both of which can mask the
Thomson signal. To minimize the uncertainties in the measured
Thomsonsignal,itis of vital importanceto eliminate the interference
effects from stray light and the backgroundradiation. To overcome
the problems of stray light and the backgroundradiation, an atomic
dispersive resonance filter was developed. One prominent feature
of the filter was to provide large spectral dispersion and resolution
in the spectral region that was very close to the resonance line.
The details of the Thomson scattering technique, the design and
developmentof the filter, and the details on the successful detection
of the Thomson signal from a plasma source are presented in the
following sections.

Thomson Scattering

When a laser beam is passed through a plasma, the scattered light
consists mainly of three components, namely, Thomson scattering,
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Fig. 1 Different components of the total scattered spectrum.

Rayleigh scattering, and elastic scattering (stray light component).
The Thomson componentarises from scattering from free electrons,
whereas Rayleigh scattering arises from bound electrons. The stray
light componentcomes from elastic scattering from various surfaces
in the system and has the spectral shape of the laser. Figure 1 shows
a simulated scattering spectrum. Note that both the Thomson and
Rayleighcomponentsare Dopplerbroadenedbuthave very different
spectral widths because of the much lower mass of electrons com-
pared with that of atoms and ions. Figure 1 clearly indicates that an
accurate Thomson signal can not be extracted without eliminating
the Rayleigh and stray light components.

The line shape of the Thomson scattering profile is a complicated
function of the parameter «, which, in turn, is a function of the
scattering angle and the plasma characteristics (electron number
density and electron temperature). The parameter « is defined as

a = 1/kip ~ ro/[47hp sin(6/2)] (1)

where A p is the debye length in the plasma and & is the magnitude
of the difference between the scattered wave vector Kg and the
incident wave vector K. Because the Thomson scattering is elastic,
|Ks| = K,|. The numerical value of the parameter « is given by the
following relation:

o = 1.58 x 10" 2Ag[n,/T,(1 — cos0)]? @)

where A is in angstrom, 7, in particles per cubic centimeter, and 7,
in electron volts. Noted that the parameter « is a nondimensional
number, and it representsthe ratio of the period of the incidentbeam
and scattering beam interference to debye length Ap. If o < 1, the
scattering,comes from the uncorrelatedelectronmotion and leads to
incoherent Thomson scattering, whereas for o > 1, collective elec-
tron motion plays a dominant role and leads to coherent Thomson
scattering.

The factor governing the spectral profile of the Thomson scat-
tering is referred to as the form factor and is denoted by S(K, w).
The simplified expression for the form factor can be obtained by
using the Salpeter’s!® approximations (see Ref. 8), which assume
that, for most of the practical cases, the electron mass is much less
than that of the ion and that the electron temperature and the ion
temperature are comparable. Under this assumption, the form fact
can be expressed as

Sk, w) = S, (k, w) + S;(k, w) 3)

1
Se(K» w) = —=Tl,(x,) dx,

V£

V4 o? :
Si(K, w) = ﬁ [m} [p(x;) dx; “4)
2
Tyoap() = HpCr) - 5)
[1+y2R,0)] + [y21.00)]
where
a=1/Kp, B = Z(T,/T)e* /(1 +a?)]

X, =a)/«/§kve,
v, =/ kgT,/m,,

X; = a)/«/zkv[
v, = kgT;/m; (6)

X axis

Fig.2 Function I', (x) vs x for various values of « (=0, 0.5,1, 2, 3, 3.5,
and 4).

T, and T; are the electron and ion temperatures, m, and m; are
the electron and ion mass, respectively, and kp is the Boltzmann
constant. Both the nondimensionalelectron feature and the ion fea-
ture have the same spectral profile, determined by the I'), (x) func-
tion. However, the electron feature has much larger spectral spread,
whereas the ion feature is much closer to the Rayleigh line. The
function I'y, (x) is even with respect to x and is shown in Fig. 2 for
various values of . The electron form factor has two symmetrically
sharp resonance peaks around the incident light frequency, and the
scatteringat other frequencies can be neglected. This feature can be
clearly seen in Fig. 2 for o =4.

The experimental detection of the line shapes provides infor-
mation on plasma temperature, electron number, and ion number
densities. Note that the frequency spectrum of the scattered light is
strongly dependent on the scattering angle and the motion of the
charged particlesin the plasma. As compared to large scattering an-
gles, spectral features at small scattering angles are compressed. In
this regime, stray light is a major interference that must be rejected
and attenuated for accurate measurement of the scattering profile.
As explained earlier, the Thomson scattering signal is often very
weak compared with the plasma emission intensities and Rayleigh
scattering, and also the cross section for scattering of radiation from
electrons is very small, which makes the scattered light extremely
small as well. The following equation can be used to predict the
number of photoelectrons N, in a scattering experiment'®:

Npe = (It /W) AVn, 0, AQT . Te @)

where I; is the laser intensity, 4 Plank’s constant, v the laser fre-
quency, AV the scattering volume, A2 the detection solid angle,
7, the pulse length of the laser, T the transmission of the detection
system, oy, the Thomson scatteringcross section, and ¢ the quantum
efficiency of the detector used. For typical values of given parame-
ters (laser power = 100 mJ/pulse, laser wavelength= 780 nm, beam
diameter=2mm, t, = 10ns, AV =6.3 x 107, T ~ 0.3, ¢ ~ 0.04,
AQ =0.11srad, oy, =6.65 x 1072 m?, and a plasma with electron
density of n, =10'"® m~3), Eq. (7) would result in about 21 photo-
electronsdetected per laser pulse. This is a very small signal, which,
in the presence of a strong background emission from the plasma,
can not be detected that easily. In most of the previous studies, very
high-power pulsed lasers have been used to detect Thomson sig-
nals in various experimental facilities. A few such examples are
presented in Table 1 (see Refs. 12 and 17-20).

Atomic Vapor Filters and Thomson Measurements

Atomic vapor filters have been widely used to suppress Rayleigh
signals and the background noise that arises from the elastic scat-
tering from medium particles and surfaces. Sabbaghzadeh et al.?!
were the first to use a resonant atomic vapor filter and succeeded to
suppress the Rayleigh line by more than four orders of magnitude.
Later, similar work by various researchers’?® confirmed that the
filter technique can measure the Raman intensities of gases only
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Table1 Various examples of measuring Thomson signal using high-power lasers

Plasma source Laser power Detection e, cm ™3 T, Reference

Alcator C-Model, Tokamak type, toroidal ~ Nd:Yag, 1.6 J/pulse  Avalanche photodiode 103-3 x 101 1-500 eV 12

Divertor of ITER (International Nd:Yag, 1 J/pulse Avalanche photodiode 10'2-5 x 10 5-500 eV 17
Thermonuclear Experimental Reactor)

Divertor plasma Nd:Yag, 1 J/pulse Charge-coupled device (CCD) camera  0.05-8 x 10'# 1-500 eV 18

Tokamak plasma Ruby laser, 12.5J Intensified CCD camera 10 100 eV-7 keV 19

RFX (Reverse Field Experiment) reverse, Ruby laser, 15T MCP, PMT 5x 1013 50-2500 eV 20
pinch field facility

Fig. 3 Schematic diagram of the rubidium filter: A, B, and C rep-
resent 114-mm-diam joining flange, and cell D has the dimension of
254 %127 X127 mm.

a few gigahertz away from the Rayleigh line without any appre-
ciable loss of Raman intensities. Based on the absorption atomic
vapor filters, a recent work from Princeton University shows that
neutral gas temperatures can be measured from the spectral profiles
of the scattered light in a weakly ionized plasma at low-pressure
(60 torr)(www.princeton.edu/~milesgrp). Such measurementshave
become possible due to the extremely high light rejection (1:10')
provided by an absorption atomic vapor filter. The blocking line
width of the filter is determined by the Doppler width of the transi-
tion and the length of the cell.

Because of their distinctive features, atomic vapor filters find very
useful application in Thomson scattering measurements where the
detection of the Thomson signal requires a strong suppression of
the Rayleigh scattering and the elastic background resulting from
medium particlesand surfaces. Bakkerand Kroesen?* used a sodium
vapor absorptioncell along with a dye laser at 589 nm for Thomson
measurements in a low-pressure discharge. The stray light was ab-
sorbed by the cell because it was resonant to the D, transition of
sodium. The experimental setup to detect the Thomson signal was
calibrated by the Raman scattering spectrum that was obtained from
nitrogen. The Thomson scattering experiment was performed in a
neon/mercury fluorescentlamp. With the experimental arrangement
described in Ref. 24, Bakker and Kroesen were able to detect the
Thomson signal from which the informationon the electron temper-
ature (0.9 eV) and the electron number density (1.3 x 10'2 cm™3)
was extracted.

In the presentwork, we developeda rubidiumnotch filterin which
rubidium D, line was used to suppressthe elastic stray light to detect
Thomson scattering for an atmospheric pressure argon arc plasma.
Figure 3 shows the physical dimensions of the filter used in this
work. A Ti:sapphirelaser system (explained in the next section) was
used at 780 nm so that the stray light and the Rayleigh scattering
became resonantto the D, transition of rubidium. Table 2 shows the
main differencesbetween the experiment performed by Bakker and
Kroesen?* and the current work presented in this paper.

Before employing this filter in the Thomson experiment, the per-
formance of the filter was thoroughly investigated. Various exper-
iments were performed to obtain the absorption profiles at various
operating conditions. Figure 4 shows both the theoretical and ex-
perimental results for the absorption profiles of the filter at various
temperature gradients. As the density gradient increases across the
filter, the absolute number density also increases, and the filter be-
comes more optically thick, a feature clearly seen in Fig. 4. Dur-
ing this experiment, the windows temperature was kept constant at
180°C so thatthe rubidium vapor condensedoutalong the filter arms
before they could reach the windows. Figure 4 shows a good agree-
ment between the theoretical predictions and the experimental data
obtained for various cases. The performance of the filter was also
confirmed by obtainingone-dimensionalspectroscopicprofile of the

Table 2 Comparison between current work and that performed
by Bakker and Kroesen?*

Parameter Ref. 24 Present
Laser source Dye laser Ti:sapphire laser
Laser wavelength, nm 589 780

Laser power, mJ/pulse 60 50

Pulse width, ns 30 10

Laser ASE 10~* 1072

Plasma source Ne/Hg fluorescent lamp Argon maxiarc source

10 mbar neon/2 Pa

mercury
ASE filter 20-fold prism 20-fold prism
monochromator monochromator
Detection angle 90 deg Backscatter geometry
Measured electron 0.9 0.82
temperature, eV
Measured electron 10'? 10'6

number density, cm™3

Normalized Transmission

T T T T T T T T T T d
777 778 779 780 781 782 783

Wavelength (nm)

Fig.4 Transmission profiles with measured and model predictions: e,
m, and A represent data taken for a temperature gradient of 287-60°C,
258-60°C, and 208-60° C, respectively.

rotational Raman scattering from CO,. The filter was heated from
below while keeping the top at a lower temperature, thereby creating
adensity gradientin the filter that was used to disperse the spectrum.
Figure 5 shows the CO, rotational Raman spectrum. In this work
a monochromator (McPherson Model 303; grating 1200 g/mm and
exit slit 150 um) was used to disperse the Raman rotational lines.
Figure 5 shows the average intensity after the slit exit as a function
of the slit spatial location. It is clear that the first several rotational
lines experienced a large deviation. Figure 5 also gives the theoret-
ical predictions for the rotational lines and their relative strengths.
Further details of this work have been includedin Ref. 23. Note that
for the current study the rubidium filter was not used as a dispersive
element but was only incorporated as a notch filter to suppress the
elastic stray light.

Laser System
An existing Ti:Al,O; laser was modified for this work.?> This
custom-built Ti:sapphire laser system is injected, seeded, and op-
erated with a novel cavity-locking scheme, which ensures almost
transform-limited narrow-linewidth single-mode output. The seed
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Fig. 5 One-dimensional carbon dioxide rotational Raman spectro-
scopic profile. (Vertical axes have arbitrary units.)
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Fig. 6 Schematic layout for the computer-controlled, narrow-line-
width Ti:sapphire laser system.

source, a continuously tunable, continuous-wave Ti:sapphire laser,
is tuned by modifyingits effectivecavity length and is stabilized via
feedback through an intracavity etalon. The pulsed Ti:sapphire res-
onator is pumped by a frequency-doubled Nd: YLF laser. Figure 6
is a schematic diagram for the injection-seeded, cavity-locked
Ti:sapphire system employed in this work. Thomson scattering is
frequencyindependent,and thus, the fundamental wavelengthof the
tunable Ti:Al,O; was used in this study. In the fundamental mode,
this laser runs at 10 Hz and yields as much as 50 mJ of energy per
pulse in the infrared region (about 780 nm).

Plasma Source

To demonstrate filtered coherent Thomson scattering, a stable
uniform plasma source with high electron number density was re-
quired. An argon maxiarc source was obtained from National In-
stitute of Standards and Technology (NIST), Optical Technology
Division. Figure 7 shows a diagram of the argon arc system. This
well-characterizedarc sourceis constructedessentially of five stain-
less steel plates separated by insulating rings and clamped together
to form the device. All five plates are water cooled. A flow rate of at
least 6 I/min of water is needed for proper cooling. Argon gas was
chosenas the operating gas (5000 cm?/min) because of its suitability
in providing a stable discharge. The discharge is initiated by apply-
ing a voltage between the electrodes and then inserting a tungsten
rod, which is externally connected to the anode, until it touches the
cathode protruding into the arc channel. The arc was constrainedin
the middle narrow channel (2.0-mm diam and 10 mm long) of the
device. This has been measured to be in thermodynamicequilibrium
with an electron number density of about 10" cm~ corresponding
to a temperature of about 1 eV (private correspondencewith NIST).
Further details on argon arc source may be found in Ref. 26.

Fho
RADIATION

i
GASKET

REMOVABLE COPPER
UV WINDOW
ARGON GAS
INPUTS
o ATM)

Fig.7 Diagram of the argon arc system.
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Fig.8 Backscatter experimental setup for Thomson scattering. Com-
ponents: 1, Ti:sapphire laser; 2, pulse Ti:sapphire laser; 3, ASE filter;
4, 6, and 13, iris; 5, 7, 12, and 16, lenses; 9 and 11, mirror; 10, argon
arc plasma; 15, rubidium filter; 17, spectrometer; 18, photomultiplier
tube; 19, boxcar; 20, computer; and 8, laser dump.

Plasma Luminosity and Amplified
Stimulated Emission

Note that, due to geometrical constraints, the arc lamp employed
in this study can only be used to detect the Thomson features in the
backward or forward directions. Recall that the line shape of the
scattered light spectrumis a strong function of the scattering angle,
parameter «, electron number density, and electron temperature.
In this work, where electron number density approximately equals
10' ¢cm~? and electron temperature 7, is about 1 eV, the backward
Thomson profiles approximates a Gaussian shape. In forward scat-
tering, two distinctive peaks appear about the central peak, which
represents the ion contributions overlapped by the Rayleigh peak.

The experimentwas set up to detect the Thomson features around
the laser line (780 nm) in the backscatter geometry. Figure 8 shows
the general experimental setup employed in this study. The first
experiment was performed without component 3 [amplified stim-
ulated emission (ASE) filter] shown in Fig. 8. The atomic filter
was heated up to 410°C, and appropriate spatial filters were used
to eliminate the background elastic scattering. Because the Thom-
son signal will be polarized in the plane of the incident laser, a
polarizer was used to further reduce the interference from the stray
light and plasma luminosity. The laser was tuned on the resonance
with the rubidium D, line. Although the Rayleigh and background
elastic scattering was greatly attenuated through the filter, we were
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Fig.9 Experimentally measured spectral profile of the argon arc lamp.
(Vertical axes have arbitrary units.)
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Fig.10 Experimentally measured ASE emission with and without the
ASE filter. (Vertical axes have arbitrary units.)

unable to detect any Thomson signal. Further careful investigation
revealed two main problems. The first was the luminosity of the
plasma source, and the second was the amplified stimulated emis-
sion from the laser itself. Both of these factors played a vital role
in masking the Thomson signal. The spectral profile of the plasma
source was investigated by collecting the emission from the source
into a monochromator. Figure 9 shows a typical scan. The entrance
and the exit slits of the monochromator (McPherson Model 303;
grating 1200 g/mm) were fixed at 120.0 and 100.0 pum, respec-
tively. The emission profile is significantly attenuated in the ultra-
violet region. This was because of the collecting lens, which was
made of Pyrex®. When the arc emission is assumed to be quasi-
blackbody radiation, the emission peak around 400 nm, using the
Wein’s displacementlaw (Apm7 =2.8978 x 1073), gives a thermal
temperature of the arc around 7000 K. Figure 9 also shows that the
plasma emission background in the infrared is significantly lower
than that in the visible region, but even this background was strong
enough to mask the Thomson signal. To reduce the luminosity, the
plasma source was operated at a lower current (about 20 A).

As mentionedearlier, the lasersystemused in this experiment was
an injection-seededlaser that produces a narrow linewidth output at
high energy. The disadvantagelies in that the amplifier not only am-
plifies the input field from the laser oscillator but also amplifies the
spontaneous radiation, which resembles the unseeded laser emis-
sion. This radiation is ASE. The problems associated with ASE in
Ti:sapphiresystems have been discussedin detailin Refs. 27 and 28.
To obtain a spectral scan of the ASE component of the injection-
seeded Ti:sapphire laser used in this study, the center laser line
(width ~100 MHz) was tuned to the rubidiumD, resonance and was
suppressed by the rubidium notch filter. Figure 10 shows that the

Fig. 11 Definition of various angles defined for the prisms in the ASE
filter.

<
£

Fig. 12 ASE filter and the associated optical setup.

full width at half-maximum of the ASE componentis about 2.0 nm,
corresponding roughly to the unseeded spectral width. This high
level of ASE lead to the unwanted fluorescence in the plasma and
masked the required Thomson signal. To reduce the ASE level, an
ASE filter based on the work of Bakkeret al.* was reproduced. This
filter was consisted of 20 prisms (SF10 glass), which were oriented
in four groups. For an equilateral prism and for a symmetrical zero
beam, «, as defined in Fig. 10, was calculated as 58.89 deg, which
is slightly lower than the Brewster angle (59.71 deg). This differ-
ence caused slightly higher reflection losses. The Fresnel reflection
loss per prism is 2.3 x 1074, whereas the internal transmission for
15-mm SF10 glass is 0.997. The deviation with respect to the zero
beam for angle y (as defined in Fig. 11) was found by the following
relation:

dn

tan(ag)

8y = 20|:2 :|6A = 2mrad/nm ®)

ny 0

Figure 12 shows the way the ASE prism filter was incorpo-
rated in the experimental scheme. Spatial filters were used before
and after the prism filters, and the incident beam was expanded to
10-mm-diam beam to avoid any damage on the glass prisms. The re-
jection of the light source occurs primarily at the exit pinhole due to
the spatial spread of the ASE componenton the focusing plane. Be-
cause of the high laser power, optical breakdown of air was observed
at focusing spots. Optical breakdown is undesirable because it sig-
nificantly reduced the laser power and also destroyed the Gaussian
spatial profile. In the work, a purge gas (nitrogen) was used to elim-
inate this problem. Note that, because the incident angle on each of
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Fig. 13 Experimental results showing Thomson signal along with the
lamp emission.

the prism surfaces was close to the Brewster angle, the total power
loss observed through the ASE reduction filter assembly was less
than 10%. This ASE filter, along with the atomic absorption filter,
was used to suppress the strong elastic light and Rayleigh scattered
light components (shown in Fig. 1), and the Thomson measurements
were made, which will be explained in the next section.

Thomson Measurement

The experimental setup shown in Fig. 8 was used to detect the
coherent Thomson features. The ASE filter shown in Fig. 12 has
been marked as component 3 in Fig. 8. The atomic filter was heated
up to 410°C and appropriate spatial filters were used to eliminate
the background elastic scattering.

Before making any final measurements, various steps were taken
to ensure the presence of the Thomson signal. The alignment of
the scattering detection system was checked by observing the peak
of Stokes Raman scattering of carbon dioxide gas. The laser fre-
quency was locked at rubidium D, line, and the spectrometer was
scanned across the laser line. After collecting the Thomson signal,
the experiment was repeated without the plasma to detect any laser
background. Similarly, a plasma scan without the laser was per-
formed to ensure that plasma luminosity did not change abruptly in
the spectral range where the Thomson signal was being collected.
Results from these three experiments have been plotted in Fig. 13
clearly showing the presence of the Thomson profile from which the
electron temperature and electron number density can be derived.
Note that, in Fig. 13, the increased signal from 778 to 780 nm is due
the strongelasticlaserscatteringand Rayleigh scattering. The rubid-
ium absorption filter suppressed the radiation at laser line center of
780.02 nm while some portion of the laser ASE component passed
through the filter causing the signal near the laser center wavelength
to increase. For the Thomson scattering curve fit, the section of the
profile not directly influenced by the Rayleigh line was used to ob-
tain the electron temperature and electron number density. This was
achieved by matching the experimental line profile with the theo-
retical model described in Ref. 15. In this study, only the electron
componentof the Thomson scattering was analyzed. The theoretical
line shape depends on the 7, and n, in a nonlinear way and is given

by
S(AL) o Fa[A A / [2% sin(@/2)y/ 2k T, /mecz:“ )

where A is the laser wavelength, AL =X — X, is the wavelength
from the laser line, 6 is the scattering angle, and c is the speed of
light. The nonlinear fitting was performed using the Levenberg-
Marquardt algorithm (see Refs. 30 and 31), and the fitted curve
is shown in Fig. 14. The theoretical line shape was fitted to the
data to give the electron number density and electron tempera-
ture. The argon current was 20 A and the discharge voltage was
47 V. The measurement results gave an electron temperature of
0.82£0.06 eV and an electron number density of 1.61 x 1016 =

600 . -
Emission
] O Thomson Scattering
= ASE Signal

Thomson Model

3 n=1.61*10" cm®|
£ T =0.82 eV
= 200 -
g LY
p=
m - F

0+ -

L—"»fx‘_‘_ adnia
4 T T T T T
2 3 4 5 6 7

Wavelength From Center (nm)

Fig. 14 Measured Thomson scattering spectrum, along with the spec-
trum of the plasma emission with the laser off and the laser ASE spec-
trum with the plasma off.

0.05 x 10" electrons/cm?. The uncertaintyin the measurementswas
determined by the standard deviation of the nonlinear curve fit be-
tween the experimental data and the theoretical Thomson scattering
line shape function. From the previous estimation for the neutral gas
temperature, the arc is in thermal nonequilibrium with an electron
temperature about 2500 K higher than the ion temperature.

Conclusions

Filtered coherent Thomson scattering technique has been used
to detect the Thomson signal from an argon plasma. The Thom-
son measurements were taken in the infrared region, where the
Rayleigh background from the neutrals was reduced as compared
with Thomson scatteringin the visible and in the UV region. In this
study, an approach of rubidium notch filtered with a high spectral
purity and narrow linewidthlaser has been demonstratedto suppress
the laser background and to capture backward Thomson scattering
from the source. The information on the electron temperature and
the electron number density was extracted from the Thomson signal
by fitting a model curve to the data.
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