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NSTX EXPERIMENTAL PROPOSAL

Assessment of intrinsic error fields after TF centering
OP-XP-701 

1.
Overview of planned experiment  


This experiment will attempt to infer the residual vacuum error fields in NSTX following TF centering inside the OH tension tube. The response of the plasma flow damping to the applied error field at high beta will be used to infer the error field.  The amplitude and toroidal phase angle of externally applied n=1 mid-plane field will be scanned to find any variation in rotation collapse. If the EF is reduced or is otherwise inferred to be very similar to that observed in 2006, only 1 shot at each phase angle is required, and we will then investigate the intrinsic n=3 EF using n=1 RWM and locked-mode onset and rotation decay/collapse.    If the EF is not significantly reduced in amplitude, but has changed in a measurable way, the phase angle scan will be refined to better measure the EF amplitude & phase for input to EFC algorithm. 
2. 
Theoretical/ empirical justification

In 2005 and 2006, several long-pulse scenarios in NSTX were shown to be limited by rotation decay near the plasma edge which then propagates to the plasma core leading to locked island formation and/or RWM destabilization and plasma disruption.  The addition of n=1 field to such plasmas resulted in maintenance of the plasma rotation and extended pulse durations for a particular applied field phase and/or feedback control gain and phase.  These results imply the existence of a residual intrinsic error field consistent with TF coil motion induced by the OH.  The TF coil has since been restrained by a shim inside the OH tension tube, so it is important to assess the residual error field following the incorporation of the shim.   

3.
Experimental run plan
a) Reproduce target plasma:                                                                                    
    (2 shots)
i) 800kA, 4.5kG LSN NBI heating discharge 120669
ii) If plasmas last much longer than before, EF magnitude has likely been reduced
b) Apply time-ramping n=1 EF w/ 6 phases as done in 2005 


      (6 or 12 shots)
i) Reference shots are 117571, 117577, 117578, 117579, 117580, 117581
(1) NOTE:  117571 should be modified to have 250A flat-top values

ii) If EF is apparently smaller, or is nearly identical to 2005/6 results, only 1 shot at each phase angle – measure time to collapse vs. phase angle to verify phase symmetry

iii) If EF not significantly smaller and is significantly different than in 2005/6, refine phase angle scan to better measure EF amplitude & phase for input to EFC algorithm

Decision point:

c) If n=1 EF has NOT been reduced, and is significantly different than in 2005/6, then:  

(1) Minimize rotation damping near q=2-3 




    (4 shots)
(2) Determine new correction coefficients for 2007 TFxOH interaction conditions

ii) Use OHxTF EFC + feedback = DEFC 





   (8 shots)
(1) Scan feedback phase – 6 shots

(2) Scan feedback gain – 2 shots

iii) Operate w/ pre-programmed EFC using time-averaged currents, compare 
   (2 shots)
d) If n=1 EF has been reduced, or is very similar to that observed in 2005/6, then:  

i) Investigate intrinsic n=3 EF using n=1 RWM onset and  decay/collapse

(1) Operating above  n=1 NW limit, ramp-up n=3 amplitude linearly in time at 2kA/s starting at t=0.5s (or best time) until rotation collapse is induced

  (3 shots)
(a) Once threshold in n=3 amplitude is found, flat-top n=3 amplitude in time at 200A below threshold value – maintain this level for remainder of discharge.
(2) Flip sign of n=3 applied field, induce collapse, look for differences vs. sign  (3 shots)
(3) Once max allowable n=3 magnitude has been determined – apply n=3 square-wave pulse to look for n=3 RFA






  (2 shots)
(4) Repeat with opposite polarity 





  (2 shots)
ii) Investigate intrinsic n=3 EF using n=1 LM onset and island formation

(1) Repeat n=3 ramp scans above at reduced N 



             (6 shots)
(2) Apply n=3 square-wave pulse to look for EFA, repeat at lower                   (2 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.

DIAGNOSTIC CHECKLIST
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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
	
	(
	

	
	
	
	



