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NSTX EXPERIMENTAL PROPOSAL

Study of TAE stability vs. q shear and q(0)
OP-XP-517 

1.
Overview of planned experiment  

The primary goal of this experiment will be to document the dependence of toroidal Alfvén eigenmodes (TAE) and energetic particle mode (EPM) stability on the current (q) profile, on fast ion distribution, on , and particularly for the TAE, on the density profile.  A secondary goal will be to optimize the plasma conditions for the soft x-ray cameras, FIREtip and the heterodyne reflectometer diagnostics for the acquisition of data on the internal structure of the modes.

The experiment will utilize the H-mode onset time to vary the current profile evolution.  Early H-mode onset induced with early beam injection, current ramp pauses and control of the x-point height will presumably result in the slowest current penetration with elevated q on axis.

The results will be used to benchmark the M3D-k and NOVA codes which simulate the Alfvén eigenmode structure and evolution, which in turn affects the fast ion distribution and the core plasma current densities in NSTX.
2.
Theoretical/ empirical justification


Supra-Alfvénic fast ion driven instabilities and fast ion loss and dispersion may play a strong role in the determination of NB heating and current drive efficiencies in NSTX.   These processes may affect the sustainable current density profiles in high-performance NBI-heated NSTX plasmas and the long-pulse "hybrid" plasmas projected in ITER.  Enhanced losses of fast ions have been observed in the presence of a broad range of fast ion driven MHD activity on NSTX.  This research will therefore aim to develop a basis for predictive understanding to advance long-pulse high performance plasma research on NSTX, and to strengthen the scientific basis for the ITER hybrid mode operation.

3.
Experimental run plan


The target plasma will be chosen from earlier experiments in this campaign.  If no acceptable target plasmas were generated previously in this campaign, then a target similar to, for example, 114036, an 800 kA, early H-mode shot, from the last campaign will be developed.  At each condition a power scan will be performed, starting with source A at 90 kV (for MSE), then source B and C will be added in subsequent shots.  Timing of additional sources to be determined.

In the next phase, the H-mode transition will be delayed to the more typical time coincident with start of current flattop.  Six more shots will be taken here to make a beam power scan.  Then in the third phase an attempt will be made to keep the plasma in L-mode.  First by adjusting the x-point height, then, if necessary, with Helium puffing.

After completion of phase III, a decision will be made as to whether to continue to push for more peaked current profiles, by slower current ramps and/or delayed NBI, or to start a beam voltage scan.  This decision will be based on how successful phases I-III were in changing the character of the TAE and EPM, and in how much time is left, given that a beam voltage scan will take a fair amount of time.

Goals:

Determine q-profile, density profile shape dependence of stability,

Look for Landau damping stabilization of TAE ( scan)
(Reference shot tbd, based on early shots in campaign)
()
Early H-mode, fast current ramp.

(8 shots)

One, two and three sources, 2 shots each.

Delay third source, decouple  and q, 2 shots.

B)
Delayed H-mode



(6 shots)

No current ramp pause, beam power scan, 2 shots each. 

C)
L-mode (He puffing)



(6 shots)
One, two and three sources, 2 shots each. 

D)
Slower current ramp, delayed H-mode
(6 shots)
Let qmin drop lower. 

or:

D)
Beam Voltage Scan



(? shots)
Choose best condition from A-C.  Source A on time at time of peak MHD activity, to be determined at time of experiment. 

Sources B and C dropped down to 65 kV (or tbd).

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


MSE should be reliably available.  State-of-the-art error field correction on.
5.
Planned analysis


Extensive TRANSP analysis to calculate fast ion distribution.  Benchmark TRANSP resistive current diffusion modeling against MSE data.  As much useful data as possible will be used to benchmark M3D-k and NOVA simulations.

6.
Planned publication of results


Target would be Physics of Plasmas Journal article.

PHYSICS OPERATIONS REQUEST
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OP-XP-517 

Machine conditions (specify ranges as appropriate)

ITF (kA): 52
Flattop start/stop (s):  0.0/0.45
IP (MA): 0.8
Flattop start/stop (s):  0.18/0.4
Configuration: Lower Single Null
Outer gap (m):
_____,
Inner gap (m):
_____
Elongation :
_____,
Triangularity :
_____
Z position (m):
0.00
Gas Species:  D / He,
Injector:  Midplane / Inner wall / Lower Dome
NBI - Species: D,
Sources: A/B/C,
Voltage (kV): 90/80/80,
Duration (s): 0.45


ICRF – Power (MW): 0,
Phasing: Heating / CD,
Duration (s): _____
CHI:  Off

Either:
List previous shot numbers for setup: ≈114036
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
	
	
	

	Infrared cameras
	
	
	

	Interferometer - 1 mm
	
	
	

	Langmuir probe array
	
	
	

	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 measurements
	(
	
	

	Plasma TV
	(
	
	

	Reciprocating probe
	
	
	

	Reflectometer – core
	(
	
	

	Reflectometer - SOL
	
	
	

	RF antenna camera
	
	
	

	RF antenna probe
	
	
	

	SPRED
	
	
	

	Thomson scattering
	(
	
	

	Ultrasoft X-ray arrays
	(
	
	

	Visible bremsstrahlung det.
	
	
	

	Visible spectrometers (VIPS)
	
	
	

	X-ray crystal spectrometer - H
	
	
	

	X-ray crystal spectrometer - V
	
	
	

	X-ray PIXCS (GEM) camera
	
	
	

	X-ray pinhole camera
	
	
	

	X-ray TG spectrometer
	
	
	



