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Laser Diagnostics for Plasma Turbulence Research

The purpose of the grant is to provide a tunable d'e laser for diagnostic
applications to experiments on plasma turbulence ion transport and ion beams.
The primary piece of appartus purchased is a Coherent Model 699-21 scanning,
single-frequency dye laser pumped by a 12 watt argon ion laser (Coherent
INNOVA 12-UV). The laser was delived in June 1985 and passed acceptance tests
in October 1985. The argon laser power was measured to be7 10 watts at 5145A
and the d.re laser power was measured to be 14 watts proadband and 1.1 watts,
single-frequenc,. The scanning feature appears to operate smoothl, except at
wavelengths where the d re (Rhodamine 6G)has low gain.

The ir'itial use of the laser facility is in connection with a joint research
project sponsored by the Scientific Affairs Division of NATO, the North Atlantic
Treat7 Prganization. This is a collaborative plan intended to bring together
leading expertise and facilities in two allied area: the h-rdrogen negative ion
beam effort and plasma phvsics. The goals are:

1) to develop novel diagnostic techniques specifically adapted for measuring
the essential properties of H and the plasmas in which H is formed b volume
processes, and

2) to use these methods to characterize ion and electron temperatures,
transport and local electric field values in volume- produced H sources.

The NATO project, entitled "Modern Diagnostics of Negative Hrdrogen Plasmas,"
is directed b r Prof. R.A. Stern of the University of Colorado [NATO #RG 85/0432]
and involved collaborative research with Dr. M. Bacal of the Ecole Polytechnique,
Palaiseau (Paris)France. The following sections describe the project and th(!
function of the Colorado laser facilitr in this research.

The generation of intense H- beams is a major effort of high current
interest. A main technological use is the synthesis of neutral beams for plasma
heating and inertial fusion, by merging positive with negative ion beams or by
direct laser photodetachmeyt of H-. A most promising current approach is the
volume generation process. This occurs effectivel , in large-volume
gas-discharge plasmas, to which extraction fields are applied by means of biased
grids.
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At the present stage, accurate characterization of the properties of these
plasmas is needed: the densities and temperatures of ions and electrons, their
transport as well as the local values of the fields in the plasma must be
measured. This information is essential to the understanding of the processes
involved, and to the optimization of the extraction function. Such measurements
must be carried out without perturbing the processes, a nd with high resolution.
The requires the development of a new generation of diagnostic techniques.2

The detailed characterization of particle and field properties in plasmas has
evolved rapidly in recent years, in great part through the use of laser
techniques.3 Many of these are based on resonance flurescence, and are
therefore not directly applicable to H-. However, adaptations and extension of
modern plasma diagnostics are possible. We propose to exploit current advances
and apply them to the H- configuration. Two specific examples are described
below.

1. To characterize ion properties directloi we propose to use variants of the
"optical tagging" technique, recentl7 developed by us. These are two-point,
two-time methods using two or more laser beams separted in space and time.
Each beam photodetaches H- locally, generating an electron current proportional
to the H- density. However, thermal motions and transport processes link the
densities of H- at the two points; thus changes in the electron current signal
which occur in coincidence with the two laser pulses provide a measure of ion
velocities at the kinetic scale.

These methods have been demonstrated on other plasmas, 3 and are currentlr
being further developed in our laboratories. They can yield, with great space and
time resolution, a complete description not just of ion densities and
temperatures, but of the Boltzmann velocit, distrbution function, which
underlies the macroscopic properties of the ions.

2. To evaluate field strengths and directions within the plasma, we propose
to make us? of newlr developed high resolution electron velocit- distribution
analyzers.4 Using these, we will unfold the details of the electron current
released by photodetachment pulse (this information is currentl' thrown awal,
since present techniques measure only the integrated electron current). The
electron distribution function is highly sensitive to local electric fields, and can
be used to deduce field magnitudes and directions.

The laser facility will be used for the central diagnostic of atomic states
generated in the photodetachment of H-. That is, the excited hirdrogen atom
resulting from the splitting of H- into a free electron and a hydrogen atom
carries a signature characteristic of a)the initial velocity of the H- ion, and
b) the final velocity of the free photoelectron. Using Laser-Induced
Fluorescence3 , e.g. b- scanning the narrow-band laser radiation across the
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spectrum of Balmer lines, we can obtain the local temperature and drift velocitr
of the h-rdrogen atoms, and distinguish them from the background atoms whose
properties are not affected by the photodetachment laser pulse. This
information, combined with the transport measurements and electron energr
analysis, completes the characterization of the volume generation and extraction
process.

These and other novel techniques will be brought to bear on H- ion plasma in
the presence of extraction fields. The sequence of the research program will be
first, to construct a test bench facility in which H is generated bj the volume
process, and in which the diagnostics can be introduced and tested. Following
this, the best suited methods will be introduced into actual devices in which H-
generation process and extraction are optimized. The interaction between these
two operations should produce high benefits to both the H- and the plasma
diagnostics communities.
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