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Abstract

During 1991, the activities of the Johns Hopkins University Plasma
Spectroscopy Group have covered several areas of research, in the domain of
XUV spectroscopy of magnetically confined fusion plasmas. While the main
effo:t concentrated on the development of novel diagnostics which utilize
Layered Synthetic Microstructures (LSMs) as the dispersive/filtering
elements, work has also been done in the area of detector development and

the physics of the tokamak edge plasma. An XUV monochromator for the 20-
200A range, which uses flat LSMs, has 'been built and is currently operated on
the DIII-D tokamak at General Atomics in San Diego. A design for a follow-
up experiment at DIII-D is now in progress. As a preliminary step toward
tokamak plasma imaging in the XUV wavelength range using curved LSM
coated substrates, a prototype XUV camera was built and operated in our

laboratory to image the A1 1Tremission at k=175]_ from a Penning Ion" :ation
Discharge (PID) plasma. Based on these laboratory rosults, the design of the
XUV camera which will image plasma in the Phaedrus T tokamak O VI
emission (150/_), has been completed. This instrument is presently under
construction. Also, a detailed design of a system composed of four LSM based
imaging devices for Ne(0) and Te(0) fluctuation measurements on TEXT has
been completed. The accuracy and the uniformity of the LSM coatings on flat

and small (reflecting surface area <1.5cm 2) curved surfaces used in the above-
mentioned instruments have been evaluated in our laboratory using an in-
house built calibration facility and at the SURF II synchrotron at the National
Institute of Standards and Technology (N/ST).

Work done in collaboration with the group at the Hebrew University
in Jerusalem concentrated on the development of XUV detectors, scintillators
and collimator/filtr:'r systems, and XUV spectroscopic experiments of various
types on PID (reflex) discharges which ar_ relevant for the study of the scrape-
off and diverter emission of tokamak plasmas. The tested and/or newly
developed collimator/filter detectors will be used in the main program
experiments. The PID laboratory experiments were performed to study the
effects of non-Maxwellian electrons and charge exchange processes on the line
emission from low and intermediate Z atoms (up to three to four times
ionized) relevant for fusion studies.
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Overview

The Plasma Spectroscopy Group at The Johns Hopkins University, has
initiated a broad program for developing LSM based novel-XUV diagnostics.
In our laboratory at The Johns Hopkins University, we extended the XUV
calibration facility to enable the characterization of small (reflecting surface
area <1.5cm 2) curved LSMs used in the prototype imaging experiments. A
prototype device has been built and operated successfully to image the plasma
of a Penning Ionization Discharge at 175A (AI III emission) 1 and 304/_ (HeII
emission). We also continued the evaluation of flat LSMs referred to as

Multilayer Mirrors (MLMs), in the 10-25/_ range. 2 In this area of research, we
extended our cooperation with T. W. Barbee at Lawrence Livermore National
Laboratory and tested the products of a new commercial supplier, the Moxtek
Company, from Utah. We also contacted several other LSM-producing
groups: N. Ceglio's at LLNL, Ritva Keski-Kuha at NASA (Goddard Space
Flight Center), and T. Namioka (Japan). These contacts are very important,
considering the 'frontier' character of the work and the scarcity of the
suppliers in this domain (especially at the shorter wavelengths).

In the fidd, using the experience gained from the TEXT prototype
experiment (see last year's report to DOE), a new MLM-based monochromator
was mounted on the DIII-D tokamak at General Atomics in San Diego last

April. This instrument, which permits changing the MLMs, covers the ran_e
20-200]k. It was used to measure the CV and CV1 emission at 40,/k and 34A,

respectively. This was the first application of the LSM tectmology in tokamak
plasma spectroscopy for this part of the ,XUV wavelength range. It was also
used to measure oxygen and other metallic emissions in the 70-200/_
wavelength range. (The results are discussed in detail in the Section III.1).
When the work at DIII-D is finished, this MLM monochromator will be
modified and mounted on C-Mod to monitor the molybdenum XUV
emission in the 20-130/_ range.

This year we began working on two dimensional XUV imaging of
tokamak plasmas. As already mentioned, a prototype XUV imaging device

was built and used to image the A1 III emission at X=175/_ from a Penning
Ionization Discharge (PID) plasma. This work was a preliminary step for the
XUV camera which will be mounted on the Phaedrus T tokamak in

Wisconsin. This XUV camera has been designed and is presently under
construction. Its first stage operation, which is planned for the last quarter of

1991, will be to image the plasma in O VI emission at X=150/_. 3 The second

stage of this operation will be to image the plasma in O VIII Lyman a
emission at 19A.
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The final design has been completed for an imaging system at both
short (1-20A) and long (1-170 _) wavelengths, which will be used for electron
density, Ne, and temperature fluctuation, Te, measurements in the center of a

tokamak plasma (TEXT). 4 The implementation of this project now depends
on the availability of high quality curved LSMs for the short wavelength
range and the operation of the TEXT tokamak in its new configuration.

The design of a multichordal - multispectral device to monitor the CV
and CVI emission in the 30-40_ range on DIII-D is in progress. In
conjunction with a visible multichordal instrument which will monitor the
CI to CIV emission, we plan to study the transport of the carbon impurities
between the wall and the separatrix.

Experiments have been performed, both at The Johns Hopkins
University and in collaboration with M. Finkenthal's group at the Hebrew
University in Jerusalem, to study how processes such as charge exchange and
the impact of non-Maxwellian electrons affect the XUV emission from the
low charge states of atoms with atomic numbers ranging from Z=6 to Z=30 in
a PID plasma.5 These are characteristic processes of the scrape-off and diverter
regions of tokamak plasmas. The emission of various types of PID plasmas in
magnetic fields ranging from 1 to 5kG using C, AI, Ti, and Zn cathodes and H,
He, N, Ne, and Ar gases have been recorded and analyzed in the 50 to 5000_
wavelength range. The strength of this cooperative effort comes from the
availability of very good spectroscopic instruments for the XUV/UV

wavelength range (_=10-2500dk) at JHU and a high resolution XUV
spectrometer at Hebrew University, together with the solid basis that the two
groups have in atomic spectroscopy. In these experiments we also benefited
from the cooperation with A.K. Bhatia at Goddard Space Flight Center.
Under a subcontract, the group at Hebrew University has also started a study
on the evaluation of simple photodetectors for the LSM based experiments. 6

In view of the space limitations of the continuation procedures, an in-depth
report that more completely describes our activities over this budget period
has been submitted to our project officer with the Department of Energy,
Darlene Markevich in Germantown, Maryland.
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DISCLAIMER

ai account of work sponsored by an agency of the United States

This report was prepared as an

Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
', bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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