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Introduction

The purpose of plasma diagnostics is to provide information on discharge parameters to characterize NSTX plasmas and guide NSTX operations for optimized performance. Those diagnostics that will be available when operations resume after the completion of NSTX-Upgrade (NSTX-U) are called baseline diagnostics. They are listed in Table D-1 with the designation “unaffected” or “available on day 1 after upgrade” in the column labeled “status after upgrade.”

Nearly all of the baseline diagnostics were installed and operational prior to NSTX-U. They either do not need any changes, or require minimal modification, as a result of the upgrade. The major exceptions are the center stack diagnostics and the multi-spatial point, multi-time point Thomson scattering (MPTS) system for electron temperature and density profiles. New magnetics, Langmuir probes, and thermocouples shall be installed on the new center stack. The MPTS system shall be redesigned to so that the larger diameter of the center stack does not interfere with its laser trajectories.

The NSTX-U program continues the NSTX emphasis on detailed measurements of plasma profiles for understanding the basic confinement and transport properties of 5 second, radio frequency-driven NSTX discharges with auxiliary heating. Some diagnostics are not included in the baseline set because of the cost and complexity of redesigning and relocating them after the installation of the new center stack and the second neutral beamline. They are listed in Table D-1 with the designation “eliminated” or “available within first year after upgrade” in the column labeled “status after upgrade.” Issues related to these diagnostics are summarized in the comments that follow Table D-1.
The long-term objective continues to be to upgrade and expand the diagnostic set further for the study of fluctuations and transport in long pulse, neutral beam-heated NSTX plasmas. In addition, plasma diagnostics shall provide input for advanced plasma control systems. New concepts and systems developed by the national NSTX team to implement these goals also shall be encouraged.

	Table D-1: Diagnostics Summary [R1, R2]

	Diagnostic
	Affected by CSU?
	Affected by 2nd NB?
	Status following upgrade

	Magnetics for equilibrium reconstruction1
	Y
	N
	available on day 1 after upgrade

	Diamagnetic flux measurement2
	Y
	N
	available on day 1 after upgrade

	Multi-pulse Thomson scattering (MPTS) (30 ch, 60 Hz)3
	Y
	N
	available on day 1 after upgrade

	Charge-Exchange Recombination Spectroscopy (CHERS): Ti(R) and V(r) (51 ch)4
	N
	Y
	available on day 1 after upgrade

	Poloidal CHERS (P-CHERS): V(r) (75 ch)
	N
	N
	unaffected

	Beam Emission Spectroscopy (BES) (32 ch)
	N
	N
	unaffected

	Neutral particle analyzer (2D scanning)5
	N
	Y
	eliminated-displaced by 2nd NB; replacement available within first year after upgrade

	Far-infrared tangential interferometer polarimeter (FIReTIP) (119m, 6 ch)6
	N
	Y
	eliminated-displaced by 2nd NB

	Interferometry/forward scattering (1 mm, 1ch)
	N
	N
	unaffected

	Visible bremsstrahlung detector (1 ch)
	N
	N
	unaffected

	Midplane tangential bolometer array
	N
	N
	unaffected

	X-ray crystal spectrometer: Ti(0), Te(0) (Bay L)7
	N
	Y
	eliminated-displaced by 2nd NB

	Motional Stark Effect – Collisionally-Induced Fluorescence (MSE-CIF) (18ch)
	N
	N
	unaffected

	Motional Stark Effect – Laser-Induced Fluorescence (MSE-LIF)8 
	N
	Y
	available on day 1 after upgrade

	High-n and high-frequency Mirnov arrays
	N
	N
	unaffected

	Ultra-soft x-ray arrays – tomography
	N
	N
	unaffected

	"Optical" soft x-ray array
	N
	N
	unaffected

	Fast X-ray tangential camera (2s)9
	N
	Y
	eliminated-displaced by 2nd NB

	Microwave reflectometers (65 Ghz backscattering, correlation, FM/CW, fixed frquency)10
	N
	Y
	available within first year after upgrade

	Tangential microwave scattering (high-k)11
	N
	Y
	eliminated-displaced by 2nd NB

	Fast lost-ion probe (energy/pitch angle resolving)12
	N
	Y
	available on day 1 after upgrade

	Neutron detectors (2 uranium and 4 fast scintillator)
	N
	N
	unaffected

	Locked-mode detectors13
	N
	Y
	available on day 1 after upgrade

	RWM sensors (n = 1, 2, and 3)14
	N
	Y
	available on day 1 after upgrade

	Gas-puff Imaging (2sec)- midplane and divertor
	N
	N
	unaffected

	Langmuir probes-PFC tiles15
	Y
	N
	available on day 1 after upgrade

	Edge Rotation Diagnostics (Ti, V, Vpol)
	N
	N
	unaffected

	1-D CCD H cameras (divertor, midplane)
	N
	N
	unaffected

	2-D divertor fast visible camera
	N
	N
	unaffected

	Divertor bolometer (20 ch)16
	N
	N
	unaffected

	IR cameras (30Hz) (3)
	N
	N
	unaffected

	Tile temperature thermocouple array17
	Y
	N
	available on day 1 after upgrade

	Scrape-off layer reflectometer
	N
	N
	unaffected

	Edge neutral pressure gauges
	N
	N
	unaffected

	Fast visible camera
	N
	N
	unaffected

	Visible survey spectrometer
	N
	N
	unaffected

	UV survey spectrometer (SPRED)18
	N
	Y
	available within first year after upgrade

	VUV transmission grating spectrometer19
	N
	Y
	available within first year after upgrade

	Fission chamber neutron measurement
	N
	N
	unaffected

	Visible filterscopes
	N
	N
	unaffected

	Wall coupon analysis
	N
	N
	unaffected

	Vertical x-ray crystal spectrometer (Bay D)
	N
	N
	unaffected

	LLNL EUV spectrometer XEUS (Bay L)20
	N
	Y
	available on day 1 after upgrade

	LLNL EUV spectrometer LoWEUS (Bay E)
	N
	N
	unaffected

	Fast camera view of RF antennas (Bay L)21
	N
	Y
	available within first year after upgrade

	Sample probe
	N
	N
	unaffected

	Fast ion D diagnostic
	N
	N
	unaffected

	Biased Electrode and Probe (BEAP)
	N
	N
	unaffected

	Edge deposition monitors
	N
	N
	unaffected

	Edge Neutral Density Diagnostic (ENDD)
	N
	N
	unaffected

	Langmuir probe array-inter-LLD
	N
	N
	unaffected

	Langmuir probes-RF antenna
	N
	N
	unaffected

	Langmuir probes-outboard edge
	N
	N
	unaffected

	RF edge magnetic probe
	N
	N
	unaffected

	Plasma TV
	N
	N
	unaffected

	SWIFT 2-D flow diagnostic
	N
	N
	unaffected


	Comments:

	

	1.     Replace/enhance equilibrium magnetics on center stack.

	2.     Install new diagmagnetic loop through centerstack or continue to use TF as diamagnetic loop.

	3.     MPTS upgrade to accommodate new CS: relocate beam dump, re-aim laser, re-aim viewing optics (may require Bay F port cover modification), and modify viewing optics.

	4.     No good location for CHERS background view with 2nd NBI. Present plan is to re-install background view at Bay L and rely on beam notching. Other possibilities being investigated.

	5.     Eliminate existing scanning NPA with 2nd NBI. Replace with array of fixed SSNPAs.

	6.     Eliminate FIReTIP with 2nd NBI. Relocation would be difficult.

	7.     Eliminate x-ray crystal spectrometer (Bay L) with 2nd NBI.

	8.     Edge MSE-LIF sightlines blocked by extension of beam armor toward Bay G for 2nd NBI. Modify armor and add graphite insert to DNB hole in armor. Incorporate these features into 2nd NB design.

	9.     Eliminate fast tangential SXR camera with 2nd NBI.

	10.   Microwave reflectometers are at Bay J which will move out. In-vessel horns may need to be moved closer to plasma.

	11.  Eliminate present tangential microwave scattering (high-k) diagnmostic with 2nd NBI. Relocation of existing system not possible. Investigate implementation of new system with k capability at different location.

	12.  Needs to be modified to accommodate expanded vacuum vessel at Bay J.

	13.  Locked-mode detectors need to be relocated inside vessel for 2nd NBI.

	14.  RWM sensors need to be relocated inside vessel for 2nd NBI.

	15.  Fixed Langmuir probes on center stack need to be replaced.

	16.  Bay J midplane array needs to be modified to accommodate expansion of vacuum vessel.

	17.  Tile temperature thermocouple array on center stack needs to be replaced.

	18.  UV survey spectrometer (SPRED) to be relocated from end of pumping duct to new Bay L port cover.

	19.  EUV transmission grating spectrometer needs to be relocated.

	20.  LLNL EUV spectrometer (XEUS) (Bay L) to be relocated from end of pumping duct to new Bay L port cover.

	21.  Fast camera view of RF antennas (Bay L) to be relocated to new Bay L port cover.


	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	

	

	
	

	
	

	
	

	
	

	
	

	
	

	

	


	
	

	
	

	
	

	
	

	

	

	
	





Diagnostic System Requirements

1.0 Functions
1.1 Baseline Diagnostics

The function of baseline diagnostics shall be to support basic machine operations. They shall also support the near-term emphasis of the NSTX program. This shall be effected by detailed measurements of plasma profiles for understanding the basic confinement and transport properties of 5 second, radio frequency-driven NSTX discharges.

The baseline diagnostics are listed in Table D-1.[R1] They shall support the NSTX program in the following areas.

1.1.1 Plasma Control and Equilibrium
For discharge position, shape, and current determination, there shall be flux loops, Rogowski loops, pickup coils, and visible TV cameras.

1.1.2 Confinement and Transport

a. For electron temperature and density profile measurements, the baseline diagnostic set shall include the MPTS system.
b. For ion temperature measurements, there shall be a charge-exchange spectroscopy system (CHERS) for ion temperature profile measurements. The spatial resolution shall be ≈5 cm (using the TFTR heating beam) and the time resolution shall be ≈30 ms. There shall be a high-throughput CHERS background array that also serves as visible continuum diagnostic for Zeff profile measurements.

c. For impurity measurements, there shall be a vacuum ultraviolet survey spectrometer (SPRED) with a spectral resolution of ≈2Å over 100Å-1200Å, and a time resolution of 1 ms. There shall also be a visible spectrometer with a spectral resolution of ≈1Å over 2000Å-7500Å, and a time resolution in the range of 50-100 ms. There shall also be high-resolution “short wavelength” and “long wavelength” extreme ultraviolet spectrometers (XEUS and LoWEUS) for detailed impurity identification.
d. For current profile measurements, motional Stark effect polarimetry based on collisionally-induced fluorescence (MSE-CIF) using the first neutral beamline shall continue to be used. Laser-induced fluorescence MSE (MSE-LIF) using a dedicated diagnostic neutral beam shall also be available after NSTX-U operations resume.

1.1.3 MHD Stability

a. Magnetic pickup coil arrays shall be used to provide external mode information.

b. Vertical and horizontal soft X-ray diode arrays shall be used for soft X-ray profile measurements with 2-3 cm spatial resolution and 0.001 ms temporal resolution.

1.1.4 Scrapeoff Layer and Divertor Physics

a. Diagnostics in the plasma facing components shall include Langmuir probes and thermocouples for edge plasma measurements.

b. Visible and IR cameras, bolometers, H detectors, and a visible spectrometer shall be used as spectroscopic and bolometric diagnostics for edge plasma measurements.
1.2 Upgrade Diagnostics [R2]

The most significant profile diagnostics that are not included in the baseline set are the far infrared tangential interferometer polarimeter (FIReTIP) for line-averaged density measurements, and the tangential microwave scattering (high-k) turbulence diagnostic.  It could be possible to reinstall them in the future, but the cost and complexity of redesigning and relocating them after the installation of the second neutral beamline may make this difficult. They are thus listed in Table D-1 as “eliminated” in the column labeled “status after upgrade.” 

2.0 Configuration Requirements and Essential Features

2.1 Diagnostic Port Requirements

a. After the completion of NSTX-U, the plasma diagnostics on NSTX shall continue to connect to the vacuum vessel and support structure (WBS 12) at the machine interface vacuum valve and/or the points of mechanical support for the diagnostic inside the vacuum vessel. The largest impact on diagnostics of the changes necessary for NSTX-U is on midplane access. The following large midplane ports shall be available primarily for diagnostics. The major diagnostics utilizing these ports are given in Table D-2.1-1. Diagnostics shall continue to use space on the large midplane ports in Bay H and I.
	Table D-2.1-1: NSTX Diagnostic Port Requirements

	Location
	Diagnostic System

	Large midplane port - Bay B
	CHERS and MSE-CIF



	Large midplane port - Bay F
	

MPTS

	Large midplane port - Bay G
	
Ultrasoft X-ray arrays, single-channel interferometer, tangential bolometer, and MSE-LIF

	Large midplane port - Bay J

	

Microwave reflectometry 

	Large midplane port - Bay L
(replaces large midplane port at Bay K that is used for second neutral beamline)
	

Visible spectrometer

Survey spectrometer (SPRED)
EUV spectrometer





b. All diagnostics connected to NSTX shall be compatible with a 150o C bakeout temperature at the torus isolation valve.

2.2 Requirements for Internal Diagnostics
a. All coils, loops, and other diagnostics mounted inside the vacuum vessel shall be compatible with a 350o C bakeout temperature for the plasma facing components and a 150o C bakeout temperature at the flanges which provide the interfaces to the diagnostics [R3].

b. All coils, loops, and other diagnostics mounted inside the vacuum vessel shall be installed in a way that minimizes damage due to interaction with the plasma. This includes protection against high voltages and large heat loads, particularly for components located on the center column.

c. The number of coils and loops shall be as follows.


A) Center Stack:



• 15 flux loops



• 2 plasma current Rogowski loops


B) Inner Vacuum Vessel:



• 13 B() and B() coils



• 12 "2-D" [B() and B()] coils



• 6 internal flux loops



• 6 halo Rogowski loops


C) Outer Vacuum Vessel:



• 19 "2-D" [B() and B()] coils


• 18 internal flux loops

• Additional high-frequency Mirnov coil arrays
d. Thermocouples shall be placed on the backing plates of the plasma facing tiles in the main plasma chamber (including the passive stabilizer plates) and the divertor region.

e. All materials utilized within the primary vacuum boundary shall be on the PPPL Vacuum Committee approved list, or shall be approved by the committee [R4]. 

2.3 Diagnostic Vacuum System Requirements
a. The vacuum system, if required, for each diagnostic shall be included in the diagnostic fabrication task. This includes, for example, forepumps, turbopumps, cryopumps, and associated controllers. 

b. The exhaust outlets for forepumps shall be provided as part of the NSTX vacuum pumping system (WBS 31).

2.4 Electrical Power and Isolation Requirements
a. All diagnostics shall be isolated via optical and/or magnetic (isolation transformer) means prior to exiting the test cell boundary. The isolation shall be rated to withstand a one minute AC hipot test at 20 kV AC rms [R5].

b. All ancillary components which are in mechanical contact with the vacuum vessel shall be electrically isolated from the vacuum vessel. The isolation shall be rated to withstand a one minute AC hipot test at 2 kV AC rms [R5].

c. Diagnostic elements which must be located in the center stack between the OH coil ground plane and the center stack casing (e. g., Rogowski coils and flux loops) shall be referenced to ground and shall be insulated to withstand the full coaxial helicity injection (CHI) voltage. The insulation shall be rated for a one minute  DC hipot test at 5 kV [R6].

d. All connections to and from diagnostic equipment in the NSTX test cell shall be with optical fiber. All connections between the data acquisition systems for each diagnostic shall be with optical fiber.

e. AC power for diagnostic signal processing, data acquisition, and control subsystems shall be derived from the general 480V AC distribution system at D-site. However, sufficient isolation and/or filtering shall be provided to ensure that the quality of the input power (flicker, noise, harmonics) applied to the diagnostic systems is adequate for their reliable operation.

f. Each diagnostic shall be independently grounded to a single point ground as determined by the NSTX machine grounding specifications.

g. Diagnostic components located outside of the NSTX Test Cell shall be electrically isolated to permit safe access while NSTX is operating.








A.1 List of References

	R
	Description
	Value
	Units
	Reference

	1
	Baseline Diagnostics Set
	na
	na
	GRD Table 1.5.1

	2
	Upgrade Diagnostics
	na
	na
	GRD sec 1.1.2.b

	3
	Bakeout Requirements
	na
	na
	GRD sec 2.3.2

	4
	Vacuum Material Requirements
	na
	na
	GRD sec 1.1.4.c

	5
	Electrical Isolation Requirements
	na
	na
	GRD sec 1.1.5

	6
	Center Stack Electrical Isolation Requirements
	na
	na
	GRD sec 1.5.b


