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1.
Overview of planned experiment  

The ultimate goal of this line of research is to implement realtime stability limit assessment via measurements of resonant field application (RFA). The present XP (XP-930) has two goals which contribute to this larger effort: i) make more detailed measurements of RFA as a function of bN, and ii) assess how RFA changes as a function of parameters like dl and li. If time permits, studies near the low-q limit will also be attempted. In this XP, n=1 traveling waves will be applied to the plasma, and the n=1 plasma response will be measured. This response will be measured as a function of plasma internal inductance, boundary triangularity, q*, and traveling wave frequency. 

2.
Theoretical/ empirical justification

It is likely that the reliable operation of a tokamak power plant will require realtime assessment of the plasma stability. Ideally, this would be done by stability calculations on highly converged equilibria, constrained by pitch angle and kinetic profile data, all done in real time. The ability to do such calculation does not exist at the moment, and is unlikely to exist anytime in the near future. 

An potential alternative method for assessing the stability of the plasma to the deadly n=1 resistive wall mode has been suggested, for instance in Reimerdes, et al. NF 45. When the plasma b value is near or exceeds the stability limit in the absence of a conducting wall (the no-wall limit, or bN,no-wall), the plasma response to an applied n=1 field is to amplify that field, possible with a phase shift. Hence, by monitoring this plasma response, it is possible to assess the proximity of the plasma to this important stability limit. 

For this scheme to work for stability-limit detection, it is important to verify that the variables that are known to impact the ideal stability of the plasma will also change the RFA level. For instance, it is known from numerical and discharge optimization studies that increasing the plasma triangularity or internal inductance will improve the plasma’s stability to n=1 modes. There is also a current limit at q*~2. It is the purpose of this XP to assess how changes in these two quantities will impact the measured RFA in NSTX.

3.
Experimental run plan

Lithium Specification: 20 mg/min, no D2 glow discharge, 10 minute shot cycle.

SPA/ EFC Coil Specification: Standard anti-series connection.

Regarding SPA waveforms: For each condition, apply traveling waves at 4 frequencies: -60, -30, 30, 60. 

PCS waveform inputs for these cases can be derived from the following table.
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Information for generating SPA waveforms. 

Step 3.0: Develop a low-d, high-k shot. 
· This to be done before the XP is run.  Shot #_________

· Call this “Shape #1”

· Shape #1 k:_____

· Shape #1 Outer Gap:_____

Step 3.1: Demonstrate RFA vs. bN trend in a single low-li, high-d discharge.

· Reference shot is a recent fiducial:_133025_______
· Adjust kappa and outer-gap to match those of Shape #1. Call the new shape “Shape #2”.

· Modify NBI timing to have smooth bN ramp-up and ramp-down. Likely source timings for this case, in msec: A: 40-End of shot, B: 80-1000, C: 80-130, 400-600.

· Add 30 Hz co-going n=1 perturbation, along with slow n=1 feedback (tSPA=100msec). Verify that there is no n=1 feedback request perturbation at the frequency of the traveling wave.

· Repeat this target discharge with the 4 different TW frequencies.

	Case
	Frequency
	Shots

	1
	30
	

	2
	-30
	

	3
	60
	

	4
	-60
	

	
	
	


Step 3.2: Test of RFA at low-l​i​, low-d.

· Reload Shape #1 (low-d)

· Keep NBI ramps from previous step, though be aware that this shape may require a reduction in input power to maintain stability.

· Repeat this discharge with the 4 different TW frequencies. 

	Case
	Frequency
	Shots

	1
	30
	

	2
	-30
	

	3
	60
	

	4
	-60
	

	
	
	


Step 3.3: Test RFA at higher-l​i​, high-d.

· Reload Shape #2 (high-d)

· Reduce the early beam power to delay the H-mode transition until the start of the flat-top. Likely source timings for this case, in msec: A: 40-End of shot, B: 180-1000, C: 400-600.

· Repeat this discharge with the 4 different TW frequencies. 

	Case
	Frequency
	Shots

	1
	30
	

	2
	-30
	

	3
	60
	

	4
	-60
	

	
	
	


Based on the results of steps 3.1-3.3, go to either step 3.4 or 3.5

Step 3.4: Test RFA at high-d, near the current limit.

· Reload Shape #2 (high-d). Increase IP to 1.3 MA. This should achieve q* values in the range of 2.3. 

· Revert to beam timing for early H-mode, likely similar to that used in 3.1.

· If shot survives, use as target. Otherwise, reduce IP to 1.2 MA.
· Repeat this discharge with the 4 different TW frequencies. 

	Case
	Frequency
	Shots

	1
	30
	

	2
	-30
	

	3
	60
	

	4
	-60
	

	
	
	


Step 3.5: Test RFA at higher-li, low-d
· Reload Shape #1 (low-d)

· Reduce the early beam power to delay the H-mode transition until the start of the flat-top. Likely source timings for this case, in msec: A: 40-End of shot, B: 180-1000, C: 400-600.

· Repeat this discharge with the 4 different TW frequencies. 

	Case
	Frequency
	Shots

	1
	30
	

	2
	-30
	

	3
	60
	

	4
	-60
	

	
	
	


4.
Required machine, NBI, RF, CHI and diagnostic capabilities

It is highly desirable to operate in a Li-conditioned scenario on a 10-minute shot cycle.

It is highly desirable that the development of shape #1 be done before this XP is executed.

5.
Planned analysis

Equilibrium reconstruction (EFIT & LRDFIT) are essential tools. The stable plasma response to the applied n=1 field will be studied with the RWM sensors and the optical USXR array. The plasma’s ideal stability will be tested with the DCON code. It may be necessary to use the CHEASE code coupled to DCON in order to compute the no-wall and with-wall stability limit.

6.
Planned publication of results

If successful, these results will make for excellent presentations at, for instance, the IAEA and EPS meetings. Publication in a journal such as Nuclear Fusion or PPCF would be appropriate. Equally important, these results would contribute to the design of realtime stability calculation software in NSTX.
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(use additional sheets and attach waveform diagrams if necessary)
	Describe briefly the most important plasma conditions required for the experiment:

This XP will need two different shapes:

Shape #1, high-k, low-dIt appears that k=2.25 and dl=0.38, shifted down ~2cm, is a reasonable equilibrium, diverting with the PF2 coils only. Ideally, this shape should be developed before this XP is run.

Shape #2, high-k, high-d This shot should be a PF1A shot with k and outer gap matched to Shape #1. This can likely be achieved with very minor modifications to the fiducial.

	Previous shot(s) which can be repeated:


Previous shot(s) which can be modified:
2009 fiducial such as 133025

	Machine conditions
(specify ranges as appropriate, strike out inapplicable cases)
ITF (kA):  0.45 T
        Flattop start/stop (s): Standard Waveform
IP (MA):  900 kA, 1300 kA 
Flattop start/stop (s): 0/1.3 sec.

Configuration: See above
Equilibrium Control:  Isoflux (rtEFIT)
Outer gap (m):  ~10cm
Inner gap (m):  
Z position (m): 
 -0.02
Elongation :  2.25
Upper/lower triangularity :  varies, see above
Gas Species:  D2 
Injector(s):  Standard D2 prefill and HFS gas.
NBI Species: D
Voltage (kV)
A: 90  B: 90  C: 70-90
Duration (s):  up to 1.3 sec
ICRF Power (MW): 0 
Phase between straps (°):  
Duration (s):  
CHI:
Off 
Bank capacitance (mF):  

LITERs:  On             Total deposition rate (mg/min):  20 (or whatever is sufficient for a 10 minute, no-glow scenario)
EFC coils:  On
Configuration:  Odd
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Bolometer – tangential array
	√
	

	Bolometer – divertor 
	
	

	CHERS – toroidal
	√
	

	CHERS – poloidal
	√
	

	Divertor fast camera
	
	

	Dust detector
	
	

	EBW radiometers
	
	

	Edge deposition monitors
	
	

	Edge neutral density diag.
	
	

	Edge pressure gauges
	
	

	Edge rotation diagnostic
	
	

	Fast ion D_alpha - FIDA
	
	

	Fast lost ion probes - IFLIP
	
	

	Fast lost ion probes - SFLIP
	
	

	Filterscopes
	
	

	FIReTIP
	
	

	Gas puff imaging
	
	

	H camera - 1D
	
	

	High-k scattering
	
	

	Infrared cameras
	
	

	Interferometer - 1 mm
	
	

	Langmuir probes – divertor
	
	

	Langmuir probes – BEaP
	
	

	Langmuir probes – RF ant.
	
	

	Magnetics – Diamagnetism
	
	

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	√
	

	Magnetics – Pickup coils
	√
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	√
	

	Magnetics – RWM sensors
	√
	

	Mirnov coils – high f.
	√
	

	Mirnov coils – poloidal array
	
	

	Mirnov coils – toroidal array
	√
	

	Mirnov coils – 3-axis proto.
	
	



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MSE
	√
	

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron measurements
	√
	

	Plasma TV
	√
	

	Reciprocating probe
	
	

	Reflectometer – 65GHz
	
	

	Reflectometer – correlation
	
	

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	

	Reflectometer – SOL
	
	

	RF edge  probes
	
	

	Spectrometer – SPRED
	√
	

	Spectrometer – VIPS
	
	

	SWIFT – 2D flow
	
	

	Thomson scattering
	√
	

	Ultrasoft X-ray arrays
	√
	

	Ultrasoft X-rays – bicolor
	√
	

	Ultrasoft X-rays – TG spectr.
	
	

	Visible bremsstrahlung det.
	√
	

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray fast pinhole camera
	
	

	X-ray spectrometer - XEUS
	
	



