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Abstract

Three IR and FIR based diagnostics will be developed and installed on the Advanced
Toroidal Facility (ATF) at ORNL. An interferometer operating at 119 \im will measure plasma
density along 14 vertical chords across the plasma cross-section. A small-angle Thomson
scattering experiment using a 10.6-tim pulsed laser will determine the feasibility of
measuring alpha particle distributions in a burning plasma. Plans are being developed for
installing arc FIR-based scattering experiment on ATF to measure density fluctuations.

Introduction

New fusion devices are being designed and constructed which place demanding requirements
on the design and operation of laser based plasma diagnostics. Increased plasma densities,
density gradients, and surface curvature are pushing the usable wavelengths toward smaller
values in order to avoid serious refraction effects. Most severely affected is the FIR
interferometer system because of the critical nature of the beara path. New interferometer
systems are being developed at Oak Ridge National Laboratory (ORNL) for use on the next
generation of plasma devices.1 A system has been designed and is being installed on the
Advanced Toroidal Facility (ATF) that is based on a high power FIR lasers system operated
at 119 tim. Development work is underway on an IR system at 10.6 ̂ m for installation on the
Compact Ignition Tokamak (CIT) and other burning plasma devices.2

Many of the new generation of plasma devices will have sufficient density and tempera-
ture to be near or in the burning plasma regime. In,these devices alpha particle produc-
tion and heating will play a major role in the physics of fusion confinement. To assess
the effects of alpha particles several alpha particle specific diagnostics are being
developed. At ORNL a pulsed carbon dioxide laser source and a complex filter and receiver
system is being developed and tested for use in measuring small-angle Thomson scattering
from plasma electrons which will prove the feasibility of using a similar system for
measuring alpha particle distributions in a burning plasma.3

To understand the Important role that ion waves, density fluctuations, and ICH driven
waves play in confinement and heating in a fusion device, direct measurements must be made
of these properties. Future plans for the ATF device include installation of an FIR scat-
tering experiment to fill these needs. Several options are being considered and which
design will be chosen will depend on budget levels, time restraints, and needs of the
experiment ."•

Interferometer

The laser source for the Interferometer system is a dual optically pumped FIR cavity
system. The carbon dioxide pump lasers are illustrated in Fig. 1 and feature a modular
design, no internal Brewster windows, ground potential end electrodes, and a fully isolat-
able center high-voltage section. Preliminary tests have shown stable operation on t,
line at power levels in excess of 150 W. External optics for the pump laser beam
reflective to eliminate distortion from the effects of high power on transmission
The FIR cavities are 240 cm in length and 2.3 cm internal diameter. Output powe
dally basis exceed 1 W cw with maximum power levels reaching 1.26 W. External Stark cell
stabilization provides stable output for periods in excess of two hours.
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Fig. 1. Modular CO2 laser design capable of 150 W cw output on the 9P36 line.

The laser systems are located on the ground floor two levels below the floor of the ATF
device (Fig. 2). Beans are focused through a 12-ln.-dlam. pipe to the ATF area and the
main beam Is refocused onto a set of beam expansion optics (Pig. 3) located on an 18 ft
high stand directly over the upper vacuum interface window. The expanded beam measures
approximately 2 cm by 45 cm. After passage of the beam through the plasma and the lower
window the beam is combined with the reference beam which has gone through a similar set of
optics. An array of optical elements divides the beam into 14 separate channels and
focuses each channel's beam onto the corresponding Schottky diode detector. A portion of
the probe beam is split off prior to going through the plasma and is mixed with the
reference beam to provide a reference for the phase. Data will be analyzed by the Vax com-
puter network and the resulting temporal density profile will be available to experimental
users immediately after the shot.
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Fig. 2. Installation layout of the
FIR interferometer system on ATF.

Fig. 3. Optics configuration for the
FIR interferometer to be Installed on ATF.

Alpha Particle Diagnostics

A diagnostic system for the measurement of fusion product alpha particles is under
development at OHNL. The purpose of the diagnostic is to measure the density and velocity
distribution of fusion product alpha particles; the slowing down of these particles from
their in i t i a l 3.5 MeV energy is crucial In a fusion reactor to heat the fuel and maintain
ignition.

The diagnostic is based upon the Thomson scattering of 10.6 urn CO2 laser radiation
(Fig. 4). A high power, long pulse, C02 laser as a source for tills radiation has beer.
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Fig. 4. Schematic of the alpha particle diagnostic system.

constructed and tested. Initial tests of a commercial TEA 103 laser modified by the addi-
tion of a low pressure cell within the cavity produced 8 Joule pulses up to 2 usec long.
This laser used unstable resonator optics which generated a small beam divergence (2 x 10"1*
radians). However, a single wavelength could not be consistently produced. This problem
was solved by removing the low pressure cell and injecting a low power, cw, grating tuned,
waveguide CO2 laser through a small hole in the back optic. This technique produced the
same results for the pulsed laser as the low pressure cell operation except the wavelength
was now consistently fixed at 10.6 \im.

Detection of the scattered radiation is to be made with a series of hetprodyne detectors
which make use of the lengthened laser pulse to improve the signal-to-nuise ratio. The
locai oscillator for each detector is to be a separate laser with a wavelength near the
10.6 iim CO2 laser. The spectrum of the scattered radiation will then be measured by the
selection of a series of local oscillators. To measure the alpha particle velocity distri-
bution will require observation of approximately a 20 GHz shift from the 10.6 11m source.
Tests cf the detector subsystem have found that with commercially available detectors (here
used as mixers), the heterodyne quantum efficiency can exceed 40%.

Thomson scattering which is characteristic of the alpha particle velocity distribution
will only occur at small angles (typically 1"). This requires a special consideration in
maintaining detector alignment and a reduction of stray laser radiation. To maintain
alignment, an automatic tracking system is being designed which also serves the dual func-
tion of supplying a continuous calibration of the detector quantum efficiency.

To reduce the stray laser radiation, an absorption cell consisting of hot CO2 gas is
being developed. Tests of a prototype cell were able to reduce stray laser radiation by a
factor of 20 with negligible (<1%) reduction of signal from a black body source; the
heterodyne local oscillator for this test was a sequence band C0 2 laser line shifted 11 GHz
from the source CO2 line, thus representing a central frequency of the alpha particle
spectrum.

Far Infrared Scattering

The need for more information about the role played by fluctuations and plasma wave phe-
nomenon in the confinement of a fusion grade plasma has encouraged interest in a scattering
experiment which can characterize the parameters involved. So far scattering experiments
have been limited and little data has been gathered from any major confinement device that
wat; well enough diagnosed to provide adequate Information for complete analysis. A far-
infrared scattering device is being designed to diagnose tbe ATP device, Because of the
magnetic field configuration and the limited access to the plasma there will be severe
limitations to the design and capabilities of the system. However progress has been made
in evaluating the requirements and a preliminary design is underway.



Conclusions

During a period of time when construction was underway on the ATF device, development
work was done on providing three new diagnostic systems capable of yielding data on den-
si ty , fluctuations, and alpha part icle production. Each of these systems will exceeded the
available state-of-the-art design limitations and will provide a new level of diagnostic
support for fusion energy research.
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