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NSTX EXPERIMENTAL PROPOSAL

Measurement of ideal plasma response by asymmetric external magnetic perturbations 
OP-XP-7044 

1.
Overview of planned experiment  


This experiment will attempt to directly measure asymmetrically perturbed plasma responses induced by external magnetic perturbations. Using RWM/EF coils, traveling n=1 external fields will be used to perturb target plasmas with three different βn~5, 3, 1. The externally driven n=1 error field will produce j(b torque and induce the damping of plasma rotation, so periodic perturbations during flat-top will also give different plasma responses as a function of plasma rotation VΦ.  The resulting n=1 total field as a plasma response will be measured by n=1 Br/Bp sensor arrays. The n=1 plasma displacement itself can be inferred from 60Hz MPTS or divertor probes located at different toroidal angles. Inner displacement around resonant surfaces, which is expected to be large, can also be inferred from SXR measurement if n=0 plasma evolution can be properly subtracted.  
2. 
Theoretical/ empirical justification

Asymmetric magnetic perturbations have been intensively used to control and improve the performance of plasmas in tokamaks. Many interesting results have been found and analyzed in terms of overall impacts on plasma operation in terms of major MHD activities, but the detailed plasma response has not been understood clearly yet. Over recent years, the numerical modeling of the asymmetric plasma response based on the theory of perturbed equilibria, IPEC, has been successfully developed and now the asymmetrically perturbed quantities can be precisely computed in ideal MHD regime. Since IPEC have been verified in the applications to observed locking behaviors in DIII-D and NSTX, the extension of the theory to various plasmas is envisioned and proposed. The computational results have shown that the plasma response is a strong function of βn, but the plasma rotation VΦ or damping will change the perturbation feature beyond the ideal MHD regime, so experimental observations and comparisons with the computations will provide useful database for further applications.    
3. Experimental run plan : 
a) Reproduce target plasmas βn~5.0:  (2 shots)
i) 800kA, 4.5kG LSN NBI heating discharge #124411
b) Apply n=1 traveling wave to the βn~5.0 target plasmas:  (4 shots)
i) Use (1-1) and (1-2) SPA waveforms (n=1, 1.2kA, +30Hz)
ii) Use (2-1) and (2-2) SPA waveforms (n=1, 1.2kA, (30Hz)

* Change amplitudes during shots if necessary 

* Refer to the attached list for SPA configurations corresponding to the labels 

c) Produce target plasmas βn ~3.0:  (3 shots)
i) 800kA, 4.5kG LSN with reduced NBI power from #124411

ii) Either of B or C NBI source will be turned off during shots

d) Apply n=1 traveling wave to the βn~3.0 target plasmas:  (4 shots) 
i) Use (1-1) and (1-2) SPA waveforms (n=1, 1.2kA, +30Hz)

ii) Use (2-1) and (2-2) SPA waveforms (n=1, 1.2kA, (30Hz)

e) Reproduce target plasmas βn~5.0 in (a) and apply n=3 standing wave:  (2 shots)
i) Use (3-1) and (3-2) SPA waveforms (n=3, 1.2kA, 30Hz)


f) Reproduce target plasmas βn~3.0 in (c) and apply n=3 standing wave:  (2 shots)
i) Use (3-1) and (3-2) SPA waveforms (n=3, 1.2kA, 30Hz)


If time permitting, try (g)

And if quiet target plasmas are producible, try (h)
And if target plasmas can be sustained and signals are above noise level, go on (h)

g) Otherwise, directly go to (i)


h) Produce target plasmas βn ~1.0:  (3 shots)
i) 600kA, 4.5kG LSN NBI heating discharge #124411
ii) Both of B and C NBI source will be turned off during shot


i) Apply n=1 traveling wave to the βn~1.0 target plasmas:  (6 shots)
i) Use (1-1) and (1-2) SPA waveforms (n=1, 1.2kA, +30Hz)

ii) Use (2-1) and (2-2) SPA waveforms (n=1, 1.2kA, (30Hz)
iii) Use (3-1) and (3-2) SPA waveforms (n=3, 1.2kA, 30Hz)

j) Take vacuum shots to calibrate signals from 1.2kA (30Hz n=1,3 external perturbations:  (4 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
a) MPTS: Change outer gap to put most MPTS points in region where the code predicts largest displacement

b) SXR: 
i) First use both of 10(m and 100(m filters for upper and down chords respectively, but change filters after looking at signals
ii) Insert Neon gas through gas injector #2


c) Divertor Langmuir probe: Use the saturation mode to obtain sufficient time resolution
5.
Planned analysis

EFIT/LRDFIT, TRANSP, MPTS, CHERS, and RWM/EF sensor analysis will be performed and compared with the IPEC computations

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: 124411
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
	
	(
	

	
	
	
	



