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Introduction









• 	Baseline: Provide broad range of basic diagnostics -



	1) Needed for machine operations



	2) Needed for characterization of fundamental discharge

	parameters (e. g., shape, position, Ip, Zeff, core Ti and

	Te, MHD activity, etc.)



	3) Relatively straightforward techniques requiring

	little or no R&D





•	Whenever possible minimize costs by making use of

	existing equipment



�
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Spherical Torus Physics Performance Elements and

Baseline Diagnostics





	1)	Plasma Control and Equilibrium.

			-	Magnetic diagnostics and visible discharge

				imaging



	2)	Confinement and Transport.

			-	Electron and ion temperature, density, and

				impurity profile diagnostics.



	3) 	MHD Stability.

		-	Magnetic and X-ray fluctuation diagnostics.



	4)	Scrapeoff layer and divertor physics.

		- 	Spectroscopic and bolometric diagnostics

			and edge probes.
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Baseline Diagnostics Summary��System�Function��Plasma current Rogowski coils1�Total plasma current��Eddy current Rogowski coils1�Halo current monitoring��Flux loops1�Poloidal flux for plasma control��Br, Bz coils1�
Plasma 
control/magnetic



fluctuations��Mirnov coils1�Magnetic fluctuations��Visible TV camera�External shape for plasma control��IR camera�Heat loads��   “Slow” diamagnetic loop

  (using toroidal field coil)�Stored energy��Multichannel bolometer�Radiated power profile��170 GHz microwave

 interferometer�Line-integrated plasma density��Survey spectrometer (SPRED)�Plasma impurities��Soft X-ray imaging system�Plasma instabilities and fluctuations��Ha detectors�Edge recycling��CHERS�Ion temperature & toroidal rotation��
Visible bremsstrahlung array
�
Zeff(r) from visible continuum��X-ray pulse height analysis2�Core electron temperature��Neutral particle analyzer2�Core ion temperature and fast ions��Visible spectrometer2�Edge/divertor spectroscopy��Ultra-soft X-ray array3�Start-up and impurity studies��Langmuir probes/thermocouples1�Divertor parameters��1Diagnostics to be installed as part of NSTX assembly procedure

2Diagnostics added since Research Forum (February, 1997)

3Diagnostic recommended by Program Advisory Committee
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Plasma Control and Equilibrium





1) Discharge Position, Shape, and Current:





2) Magnetics Summary:

	

	A) Center Stack:



		• 1
7
 flux loops

		• 2 plasma current Rogowski loops



	B) Inner Vacuum Vessel:



		• 20 Bz coils

		• 20 "2-D" [Bz and Br] coils

		• 
4
 internal flux loops

		• 4 halo current Rogowski loops



	C) Outer Vacuum Vessel:



		• 35 "2-D" [Bz and Br] coils

		• 2
4
 internal flux loops

		• 24 segmented loops


		• 16 “DR” loops


		• 8 locked mode coils
 (upgrade)
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Confinement and Transport





1) Electron Temperature:

	• Baseline: X-ray pulse height analysis for core Te

	(1 < E(kev) < 50 with ≈50 ms time resolution)

	• Upgrade: Multipulse/multipoint Thomson scattering



2) Ion Temperature:

	• Baseline: 

		a) Neutral particle analyzer for core Ti and			fast ion measurements

		(0.5 < A(amu)E(keV) < 600 keV

		with 10 ms time resolution)

		b) CHERS: ≈5 cm resolution using TFTR heating

		beam (with ≈30 ms time resolution)

		- provides edge Ti without neutral beam heating



 3) Impurities:

	• Baseline:

		a) Survey spectrometer (SPRED)

		(≈2Å spectral resolution over 100Å-1200Å

		with 1 ms time resolution)

		b) Visible bremsstrahlung array for Zeff profiles
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MHD Stability





1) Magnetics:

	• Baseline: Magnetic pickup coil arrays

	• High wall temperature: ≈600o C 

	• Thin center stack tiles: 1.3 cm

		- Requires #3
6
 gauge high-temperature

			wire (e. g., Ceramawire HT Magnet

			Wire: nickel-clad copper (Kulgrid) with

			ceramic insulation coating)

		- Boron nitride or MACOR form:  90-turn

			prototype coil manufactured using

			2 cm x 2 cm x 0.25 cm mandrel.



2) X-Ray Emission:

	• Baseline: Vertical and horizontal soft X-ray

	diode arrays

	(2-3 cm spatial resolution with

	0.001 ms temporal resolution)
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Scrapeoff Layer and Divertor Physics





1) Diagnostics in plasma facing components:

	• Baseline: Langmuir probes and thermocouples



2) Spectroscopic and bolometric diagnostics:

	• Baseline: Visible/IR cameras, bolometers,

		Ha array, and visible spectrometer (VIPS)



3) Ultra-soft X-ray diagnostics are being developed by 	Johns Hopkins University to study plasma start-up 	and impurity transport.
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• Br/Bz coils, Langmuir probes, and thermocouples and their signal leads have been located on layouts of plasma facing components.



a) Composite Center Stack & Inboard Divertor Tile Matrix

	(1 and 2)

		Legend:

			Square = Bz Coil

			Triangle = “2D” Coil

			Vertical Line = Thermocouple

			Dot = Langmuir Probe



b) Outboard Divertor Tile Matrix (3)



c) Secondary Passive Plate Tile Matrix (4)



d) Primary Passive Plate Tile Matrix (5)







�
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NSTX Diagnostics Summary



• In-vessel diagnostics a major challenge:



	- 	high temperatures in plasma facing components



	-	thin tiles mean very limited space on center stack







• Implementation priorities for baseline diagnostics:



	- 	essential for “Day 1” plasmas:



		1) Langmuir probes, thermocouples, and magnetics



		2) Interferometry for line-averaged densities



		3) TV cameras

		

	-	needed for characterization of fundamental

		discharge parameters



		1) Te: X-ray PHA & Thomson scattering (upgrade)



		2) Ti: NPA and CHERS (needs NBI: FY 2000)



		3) Impurities: SPRED and visible bremsstrahlung



		4) MHD: Soft X-ray arrays



		5) Edge: IR cameras, bolometry, Ha, and VIPS
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