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NSTX EXPERIMENTAL PROPOSAL

Optimization of RFA and RWM detection algorithms
OP-XP-702 

1.
Overview of planned experiment  


This experiment will attempt to improve the real-time mode-detection “signal-to-noise” ratio to potentially allow higher feedback gain and improved resonant field amplification (RFA) detection and suppression.  Further, this experiment will assess if it is possible to use enhanced RFA detection to achieve dynamic error field correction (DEFC) performance using n=1 feedback alone comparable to that achieved previously using a combination of n=1 feedback plus a time-dependent estimate of TF(OH error-field correction. The same improved detection will likely enhance the feedback control of the unstable resistive wall mode (RWM).     
2. 
Theoretical/ empirical justification

In previous experimental campaigns, mode detection often suffered from missing sensor information (dead sensors).  Phase-optimized up/down averaging is predicted to eliminate the combined side effects of missing sensor data and “mode deformation” which sometimes results in a mode or RFA only appearing in either the upper or lower sensor array.  The modified detection algorithms will therefore utilize mixtures of upper and lower poloidal field (BP) sensors, mixtures of upper and lower radial field (BR) sensors, and ultimately mixtures of BR and BP sensors. Further, dynamic error field correction in FY06 was only robust with a combination of a good estimate of the intrinsic error field and feedback control using the measured mode n=1 field.  Enhanced detection might allow suppression of the RFA using feedback alone, which would eliminate the need for time-dependent estimates of the machine intrinsic error field.  
3.
Experimental run plan
a) Reproduce target plasma:                                                                                
(2 shots)
i) 800kA, 4.5kG LSN NBI heating discharge 120669 (which had early rotation collapse)
ii) If available, use shot from XP701 that exhibits rotation collapse from RFA of intrinsic EF. 
iii) If intrinsic EF is too small to produce measurable RFA or cause rotation damping, apply constant pre-programmed n=1 field to enhance RFA and induce rotation collapse.
iv) Or, if the experiment can be performed at a discharge time of low intrinsic error field, using externally applied n=1 field could be the preferred method for this experiment.

( Goal of 3.a.iii or 3.a.iv would then be to have DEFC correction system null the applied currents.

For all shots below, the OHxTF EF compensation algorithm should be turned off, i.e. only the n=1 active feedback is to be used. 

b) Document RFA suppression by DEFC using BP-U only

i) Scan feedback phase and gain to minimize RFA & rotation damping 

(8 shots)
c) Use up/down average of BP
i) Scan feedback phase and gain to minimize RFA & rotation damping

ii) Is stable gain higher?  Is RFA suppression better? 



(6 shots) 
d) Use up/down average of BR 

i) Scan feedback phase and gain to minimize RFA & rotation damping 

(8 shots)
e) Use mixed up/down average of BR + up/down average of BP
i) Scan feedback phase and gain to minimize RFA & rotation damping

(8 shots)
4.
Required machine, NBI, RF, CHI and diagnostic capabilities

The usual diagnostic capabilities are required, NBI voltage on A,B,C = 90,90,80kV
5.
Planned analysis

EFIT/LRDFIT, TRANSP, MPTS, CHERS, and RWM/EF sensor analysis will be performed.

6.
Planned publication of results


Results will be published in conference proceedings and/or journal such as Nuclear Fusion or Physics of Plasmas within one year of experiment.

PHYSICS OPERATIONS REQUEST
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Machine conditions (specify ranges as appropriate)

ITF (kA): 53kA

Flattop start/stop (s):  _-0.02s_/_1.3s____
IP (MA): 0.8

Flattop start/stop (s):  0.12-0.18 / 1.2s
Configuration: LSN
Outer gap (m):
10cm
Inner gap (m):
2cm
Elongation :
2.2
Triangularity :
0.6
Z position (m):
0.00
Gas Species:  D,
Injector:  CS Midplane, Outer Midplane
NBI - Species: D,
Sources: A, B, C Voltage (kV): 90, 90, 80          Duration (s): N/A


ICRF – Power (MW): ____,
Phasing: N/A,
Duration (s): _____
CHI:  Off
Either:
Previous shot numbers for setup: 120669 
Or:
Sketch the desired time profiles, including inner and outer gaps, , , heating, fuelling, etc. as appropriate. Accurately label the sketch with times and values.
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	Diagnostic
	Need
	Desire
	Instructions

	Bolometer - tangential array
	
	(
	

	Bolometer array - divertor 
	
	(
	

	CHERS
	(
	
	

	Divertor fast camera
	
	(
	

	Dust detector
	
	(
	

	EBW radiometers
	
	(
	

	Edge deposition monitor
	
	(
	

	Edge pressure gauges
	
	(
	

	Edge rotation spectroscopy
	
	(
	

	Fast lost ion probes – IFLIP
	
	(
	

	Fast lost ion probes – SFLIP
	
	(
	

	Filtered 1D cameras
	
	(
	

	Filterscopes
	(
	
	

	FIReTIP
	(
	
	

	Gas puff imaging
	
	(
	

	High-k scattering
	
	(
	

	Infrared cameras
	
	(
	

	Interferometer – 1 mm
	
	(
	

	Langmuir probes - PFC tiles
	
	(
	

	Langmuir probes - RF antenna
	
	(
	

	Magnetics – Diamagnetism
	(
	
	

	Magnetics – Flux loops
	(
	
	

	Magnetics – Locked modes
	(
	
	

	Magnetics – Pickup coils
	(
	
	

	Magnetics - Rogowski coils
	(
	
	

	Magnetics - RWM sensors
	(
	
	

	Mirnov coils – high frequency
	(
	
	

	Mirnov coils – poloidal array
	(
	
	

	Mirnov coils – toroidal array
	(
	
	

	MSE
	(
	
	

	Neutral particle analyzer
	
	(
	

	Neutron Rate (2 fission, 4 scint)
	(
	
	

	Neutron collimator
	
	(
	

	Plasma TV
	(
	
	

	Reciprocating probe
	
	(
	

	Reflectometer - FM/CW
	
	(
	

	Reflectometer - fixed frequency homodyne quadrature
	
	(
	

	Reflectometer - homodyne correlation
	
	(
	

	Reflectometer - HHFW/SOL
	
	(
	

	RF antenna camera
	
	(
	

	RF antenna probe


	
	(
	

	Solid State NPA
	
	(
	

	SPRED
	
	(
	

	Thomson scattering - 20 channel
	(
	
	

	Thomson scattering - 30 channel
	
	(
	

	Ultrasoft X-ray arrays
	(
	
	

	Ultrasoft X-ray arrays - 2 color
	
	(
	

	Visible bremsstrahlung det.
	
	(
	

	Visible spectrometers (VIPS)
	
	(
	

	X-ray crystal spectrometer - H
	
	(
	

	X-ray crystal spectrometer - V
	
	(
	

	X-ray pinhole camera
	
	(
	

	X-ray TG spectrometer
	
	(
	

	
	
	
	



