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The National SpheritaTorus Experimem (NSTX), designed for studyingoroidal plasma
confinementat very low aspect-ratiocan produce plasmasith aspect rai A = R/a =
0.85m/0.68m ~ 1.25, elongation up to 2.2 and triangularitp @®t [1]. The low aspect ratio
and lowmagnetic fiedl (B,,, < 0.6 T on axis) of NSTX create many challengdor plasma
diagnostics and control as well as opportunities for studying new plasma phenomena.

Following the achievemenof the first plasma inFebruary 1999two major experimental
campaigns have been conducted. The plasma current, which wast lcoitigldesign value of
1 MA in 1999 hasrecently (May2001) been increaseadtl.4 MA. Plasma heatindpy both
high-harmonic faswaves (HHFW) and neutrabeam injection(NBI) has been studied2].
Toroidal currents up to 360 kA have been generated by coaxial helicity injection (CHI) [3].

For determining the equilibrium configuration, NSTX is equgppéth a comprehensie se of

flux loops andmagnetic field detectors (Mirnogoils) surroundinghe plasma.The signals

from a subse of these arausedin real-time for control of the plasmacurrent, position and
shape while digitized data from the full set is used in off-line analf/sieglasna equilibrium

with the EFIT code[4]. In the interval between plasnshots (~10 min) the EFIT analysis
provides bothglobal parameterssuch asthe plasmaenergy,internal inductance ahohmic
power & functiors of time with a timestepas smallas 1 ms and the internaflux surface
configurations which are then used to map data from other diagnostidlux coordinates. In
future, kinetic measurementsf the componentsof the plasma pressure(n,, T, etc) will
supplement the magnetic data input to EFIT allowing subsequent analysis of the MHD stability.

The Mirnov coils arealso used ircombination witharrays of ultra-soft x-ray detecsofor
characterizig MHD instabilities. Some othe Mirnov coils have signal conditiogjrand data
acquisition capablef measurig fluctuatiors up to 2 MHz in frequency. Fo detectinglow
frequency and stationarmpagnett perturbations ("lock# modes"),a set of sixexternal large-
area coils has been installed around the outboard midplane to measure thedpadialiee|d.
The x-ray detecto arrays viewthe plasman 4 fans ead with 16 lines of sight througkhe
plasma poloidal cross-sectiantwo different toroidalangles.Thin filter foils can be placed
over the entrance apertures of the arrays to chaadevikr limit to the energy rangeo that it
is possibleto discriminate edge frontentral MHD perturbations Density fluctuationsat
frequencieaup to several MHz ardetectedoy afrequency-scanning microwaveflectometer
which probes the region of the plasma where the dessitythe rangg0.2 — 3.1) x 10*°m®,
A second microwaveeflectometer suitabléor densities characteristicof the plasm edge,
views the plasmahrough the RF couplerfor studies ofthe wave couplig during HHFW
heating. The spatial structure of density fluctuations at the plasma bpumberng studiel by
imaging the visible emission frorthe edge regiomwith a fast(10 ps exposurel kHz frame
rate) filtered camera. The emission is produced by a small localized gas puff directeztigeth
by a lineof nozzles, usin@ helium puff for deuterium plasmas, ovice versato distinguish
the emission resulting from the puff from the background recycling light.

A dedicated array of ultra-soft xyraletectos sensiti\e to radiation downto ~10 &/ in energy
viewing the plasma tangentially across the midplane is used to measposvin radiated The
local radiatecbower density iobtained by inversion othe chordaldata The total radiated
power, whit has generally remainedmall typically less than25% ofthe totalinput power.



Spectrometers, broad-band bolometers and filtered detectors spanning altogether the range from
the near IR to the VUV characterize impurities and measure the effective ion charginge

the completion of coverage of the plasma fadngaces bygraphite tiles and the routine
application of surfaceoronization, carbon e dominant intrinsiempurity, althoughsmall

amounts ofmetalimpurities have beeabserved following HHFWheating experiment&hen

the plasmasurface had been positioned close (~ 2cmthéo antenna shield at the outboard
midplane. In generdNSTX now operates with a £ in the range ofl.5 — 2 forreference

0.8 MA deuterium plasmas with an average density <r2x 10°m?. In high densityhelium

plasmas, the £ approaches 2, confirming the reliability of the measurement.

The profiles ofthe electron temperature and density are measurkohetions oftime in each

shot by a multi-pulse Thomson-scattering system. At present this system measurexiia 10
locations on the midplane of the vacuum vessel with a concentration of measurement points on
the outboard side othe magneticaxis for the normal plasmaonfiguration. TwoNd-YAG

lasers each pulsing @0 Hz areused andhe two pulse traingan be separated by Ete as

0.4 ms fordiagnosing reproducible transient phenomd@ree very high throughputletection

system, using low-number collection,fiber-optical transmission,interference filters and
avalanche photodiode detectors, minimizes the statistical uncertainties. The system is capable of
accurate measurements of the electron temperaturelessthan5 eV togreater tharb keV

for plasma densities ranging frolessthan 1x 10*m™ to more than Ix 10°°m™. Absolute
calibration of the density measureméontt each channel iperformed by Rayleigh scattering
measurementin situ while the vacuunwvessel isfilled with purified nitrogen gas to an
accurately measurgutessure oibout250 Pa. The line-integral of the density measured by
Thomson scatteringpas been confirmed by @ mm microwave interferometer in quiescent
discharges and, more recently, by measurementsthdtiirst chord of al19 um far-infrared
multi-chord interferometer and polarimeter system. High central electron temperaj(@esjpT

to 3.7 keV, have been measured durihgating of moderate-density (@) ~ 2 x 10°m?)
deuterium plasmas byYHHFW at power 4 e e
levels of 3 —4 MW as seen inFig. 1. 0.0935 ! ! 105016
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The profiles ofthe ion temperature and t
toroidal rotation of the plasma are meast
by spectroscopy ofthe emission fron
intrinsic carbon impurities (C) excited by
charge-exchange witlthe NBI used for
plasma heating(CHERS). The interim
system nowdeployed provideslata at 1<
radial locations. To separatéhe charge
exchange emission  containing 0

information about the spatigirofiles from Fig. 1. Profiles of theelectron temperaturend density

the intrinsic emission, which comesainly measured by Thomson scattering during 3.4MW HHFW
from near the plasma edge, onetltd three heating of a deuterium plasma; 80.45T, |, = 0.9MA.
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The measurement$ the kineticprofiles(n,, T,, T,, Py, the Z , ard the EFIT equilibrium,
together with data on the auxiliary heating (NBI and HHFW8 baing used in analysis ahe

plasma transport witthe TRANSP codeWithin the limitationsof the applical® plasna and
heatirg models, thé code provides consistency chexkor dat from different diagnostics,
particularly between kinetianrd magnetic measuremerdf the plasma energy content, asell

as calculations of the plasma transport coefficients for comparison with theory.

Several diagnostics for the plasma boupdae now in operation In particulat the first time-
resolved measurements the headeposition ontdhe HHFW coupler and théower divertor
tiles have recently beeobtained The latter will be combirgéwith da& from fixed Langmuir
probesm the divertor tiles andiigh spatial resolution measuremeatgshe deuterium Lyman-
alpha emissiomn aradial lineacros the lower divertortiles to begin characterizinheda and
particle fluxes in the scrape-off plasma, issues critical for the future development of STs.

Planned Diagnostic Upgrades

Within the nextyear, several diagnostics will have chamedded, including Thomson
scattering (020 channels)the FIR interferometer/polarimeter (to dhannels) the CHERS
diagnostic fo T, and v, (to 75 channels) and ¢0USXR arrayg (to 80 channels)The neutral
particle analyzer will hav@D scanning of itdine of sight added an@ new detector will be
installed to make energy and pitch-angle resolving measurements of the escaping ions.



Critical to the assessment of both plasma stability and non-inductive current dineeSit is
measuring the plasma currgnbfile. Currentdrive by boththe HHFW, whenlaunched with

the appropriatgohase velocity, an€HI are activeresearch areafr NSTX. The motional
Stark effect for both collisionally excited impurity fluorescencgCIF) and eventually laser
induced fluorescence (LIF) of injected neutrals will be used to determingholbcal poloidal
magnetic fieldand the radiaklectric field in NSTX. The latter may play a critical role in
controlling thetransport associated with microinstability turbulencethis nextyear, the first

two of 10 eventual channels for the CIF-MSE system will be installed. Development of the LIF
system is now in progress in the laboratory.

A fast reciprocating probe drive will be installéat measuring botlaverage and fluctuating
plasma quantities in the edge and scrape-off. This drive will also accommodate a probe to study
the fluctuations accompanying the "plasdymamo” proces$elieved to beresponsible for
generation of current on closeghgneticsurfaces duringCHI. The present measurements of
edge plasma parameters and fluxes will be supplemented by additional cameras and views.

In the longerterm, diagnostics for measuritige turbulence itself within the plasma core are
being planned and developed, including 2D imaging of the density fluctuations with microwave
reflectometry. An ultra-fast (MHz) camera for x-ray imaging of the plasma core will be installed
to study MHD perturbations.

Plasma Control Upgrades

The NSTX plasma control system uses real-time digital processing of engineering and plasma
diagnostic measurements to control the coil currents [5]. At present, the system utilizes only a
subset of the magnetic measurements and regulates by feedback only the plasma current, axial
position and the outer gap to the first wall; the plasma shape (elongation, triangeti@yity,
determined by programmed currents in the poloidal field coils. This has been adequate for the
initial experiments and enabled us to produce plasmagwih high as 25% (3.2<p>/B,,

where B, is the vacuum toroidal field at the plasma center). However, in order to reach its
ultimate objective of stable high-bef ¢ 40%) plasmas for longer than the resistive diffusion
timescale (>1s), control of plasma profiles using a variety of tools, including the configuration,
fueling sources, heating and current drive, will be required. To achieve this, real-time analysis
of the plasma equilibrium, including profile data from diagnostics must be implemented. The
next phase of the control development is to include all magnetic diagnostic data and to use
equilibrium analysis (real-time solution of the Grad-Shafranov equation) for control of multiple
gaps and shape parameters. This is planned for the 2002 operational period.
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