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Received 14 May 1997

Abstract. The non-intrusive degenerate four-wave mixing (DFWM) method was
used to study the local thermal equilibrium atmospheric-pressure argon arc plasma.
The laser wavelength was in resonance with the 4s[3/2]0–4p′[1/2] ArI transition,
corresponding to the 696.5 nm emission line. The Abrams–Lind theory was verified
and proved to be valid under the conditions of our plasma. In the
high-laser-intensity limit, the DFWM signals were shown to be exclusively
dependent on the population difference between the relevant argon states. Well
resolved axial and radial profiles of the plasma temperature and the electron
density were determined.

1. Introduction

Optical emission spectroscopy (OES) has commonly been
used as a basic tool in laboratory plasma investigations. A
simple experimental set-up and non-intrusive measurement
are its major advantages. The OES proved to be
especially useful for probing homogeneous and stable
plasmas. However, it becomes less practical when one
deals with non-symmetrical and non-uniform media, due
to the line-of-sight measurement of an overall plasma
luminosity. In the case of an arc plasma, for side-on
observation of the plasma column, perfect axial symmetry
is assumed and the Abel inversion procedure is required to
determine the radial distribution of the emission coefficient.
Therefore, due to the prior assumption about the plasma’s
axial symmetry, information on any plasma asymmetries
is lost. The usefulness of the OES method sometimes can
be questionable when one is investigating the vicinity of
discharge electrodes, where steep gradients of the plasma
parameters exist and the symmetry strongly depends on the
position of the cathode spot on the electrode surface.

Some laser-based diagnostic techniques offer significant
advantages over OES. They permit high spatial and
temporal resolution as well as the detection of species that
are not emitting. One such technique is the degenerate
four-wave mixing (DFWM) method which gives coherent,
phase-conjugated and collimated signals that can be readily
discriminated against a high plasma luminosity (which is a
common difficulty for laser-induced fluorescence methods
in bright plasma sources). This technique was used, for
the first time, to detect atomic species in a flame seeded
with sodium [1]. Since then DFWM has been applied to

detect various molecular species such as NO [2], OH [3],
CH [4], C2 [5] and NH3 [6] and for determination of their
temperature and spatial density distributions.

In this work DFWM, in the phase-conjugate geometry,
is applied to study an electric argon arc plasma. The
Abrams–Lind theory is briefly described with emphasis on
its application for our case of an arc plasma. A norm
population difference is introduced in order to derive the
plasma temperature from the DFWM signals.

2. A description of DFWM

DFWM is a third-order nonlinear optical process in which
three laser beams of the same frequencyω interact with
a nonlinear medium to generate a coherent signal beam at
the same frequency. A schematic diagram of a DFWM
configuration is depicted in figure 1. Two pump beams
with electric vectorsEf (forwards) andEb (backwards)
are co-axial and counter-propagating. The third beamEp
(the probe beam) crosses the pump beams’ axis at an angle
θ . All three beams couple through interaction with the
nonlinear medium to generate the fourth beamEs (the
signal) that propagates exactly opposite to and collinear
with Ep. This geometry satisfies the phase-matching
condition for all anglesθ . A qualitative description of the
DFWM involves interference of all laser beams because
they are coherent and oscillate at the same frequency. For
instance, the probe beam interferes with the forwards beam,
forming a spatial light-intensity modulation pattern with the
fringe spacing3 (figure 1(b)),

3 = λ/[2 sin(θ/2)] (1)
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