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1.
Overview of planned experiment  

NSTX experiences impurity accumulation in ELM-free H-mode plasmas induced by lithium evaporation. Indeed deuterium is apparently effectively pumped, and the steady density rise in the later half of a relatively quiescent lithiated pulse is due to the accumulation of non-fuel components. Both C-Mod and DIII-D have regimes without ELMS, the EDA and QH mode respectively. In both cases fluctuations in the plasma edge are believed to arrest impurity influx and density rise, in the case of DIII-D these are Edge Harmonic Oscillations, and in the case of C-MOD they are Quasi-Coherent Modes. On NSTX we have observed clear signatures of EHO’s in lithiated discharges at about 800 kA and 4 MW of beam power. We propose to explore the possibility of amplifying these modes by driving them with audio-modulated HHFW power. (There is a mini-proposal at C-Mod, independent of this one, to drive the much higher frequency QCMs by the same means.)
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2.
Theoretical/ empirical justification

In DIII-D QH modes, the EHO is observed with n’s in the range of a few, each rotating in the toroidal direction with n*f, where f is the rotation frequency. On NSTX we have observed modes with n = 4 – 6 (blue to magenta on the figure above) on the Mirnov coils rotating at about 4, 5 and 6 kHz. The measured plasma rotation at the furthest out measured point of 144cm is above 1 kHz. The ultra-soft X-ray system observes modes at these same frequencies. We have carefully examined the scan from XP 1043, with lithium evaporation, and the EHO’s are reproducible in ELM-free shots at plasma current around 800 kA, with beam power in the range of 4 MW, such as 138239, but weaker at higher and lower power, and at higher current. It is important to avoid low-n MHD for these modes to be observed. There is no claim here that these EHO’s are controlling impurity influx, but it is possible that if they were enhanced they would do so. 

If it were possible to exert external control over the amplitude of such oscillations through coupling to RF, it would be very favorable for ITER and other devices ​– for example if such modes could be used to reduce the edge pressure gradient and mitigate ELMs. The alternative of direct inductive coupling, e.g., by coupling power from the SPAs to the RF straps, while possible, would be more cumbersome, so it behooves us to test this simpler approach first.

3.
Experimental run plan

I  Establish conditions similar to 138239:
· Establish the presence of EHOs both on the Mirnov and soft X-ray systems

· Measure impurity accumulation

3 shots
II  Add Amplitude-Modulated HHFW Power
· Determine level of power and pulse length that can be reliably obtained. Don't need to push to the highest power levels, which would make this unreliable.
3 shots

· Establish level of amplitude modulation that can be obtained at observed frequency of strongest EHO ~ 4 kHz.
3 shots

· Sweep frequency of amplitude modulation from 0.5 – 7.5 kHz, and determine where maximum amplification occurs.
3 shots

III Maximize effect

· Select optimum point for EHO amplification, if some is observed, and maximize modulated RF power. By looking at the swept results may decide to have some sweeping still in this case. Interleave with shots with same RF power but no amplitude modulation.
6 shots
4.
Required machine, NBI, RF, CHI and diagnostic capabilities

· Lithium evaporation, 4 MW of NBI power, 800 kA, LSN

· Best if this happens soon after HHFW experiments have established reasonably healthy operations

· Need Mirnov array, soft-x-rays, rotation, and impurity accumulation measurements


5.
Planned analysis

Will examine impurity accumulation as a function of EHO strength. Will use results to motivate theoretical analysis of coupling of HHFW power to EHO’s. If the result is that there is no change in the amplitude of the EHO’s, then will need to consider inductive drive. It would be valuable also to observe any change on the divertor heat flux. It could go up due to reduced radiative power, or go down (in the most favorable case) due to increased edge oscillation.
6.
Planned publication of results

If successful, would merit a PRL.
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	Brief description of the most important operational plasma conditions required:

Need conditions similar to those for shot 138239 (shape of the standard high-triangularity morning reference shot).  Stable operation at 4.5 kG, 0.8 MA with 4MW NBI (2 MW Src. A, 1 MW Srcs. B & C). ELM-free, lithiated H-mode.

	Previous shot(s) which can be repeated:
138239
Previous shot(s) which can be modified:


	Machine conditions
(specify ranges as appropriate, strike out inapplicable cases)

ITF (kA):  as 138239
Flattop start/stop (s):  as for shot 138239
IP (MA):  0.8MA
Flattop start/stop (s):  as for shot 138239
Configuration: LSN   - see 138239 for parameters below

Equilibrium Control: Isoflux (rtEFIT) 
Outer gap (m):  
Inner gap (m):  
Z position (m): 
 
Elongation:  
Triangularity (U/L):  
OSP radius (m):  
Gas Species:  D
Injector(s):  

NBI Species: D
Voltage (kV)
A:  ~ 90
B: ~ 65
C: 65
Duration (s):  1.2
ICRF As high modulated power as possible, 0.6 – 0.9 sec
CHI:
Off 
Bank capacitance (mF):  

LITERs:
Total deposition rate (mg/min):  See 138239
LLD:
Temperature (°C):  See 138239 

EFC coils: as for 138239
Configuration:  Odd 
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	
	

	Bolometer – divertor
	
	x

	Bolometer – midplane array
	x
	

	CHERS – poloidal
	
	X

	CHERS – toroidal
	X
	

	Dust detector
	
	

	Edge deposition monitors
	
	

	Edge neutral density diag.
	
	

	Edge pressure gauges
	
	

	Edge rotation diagnostic
	X
	

	Fast cameras – divertor/LLD
	
	x

	Fast ion D_alpha - FIDA
	
	

	Fast lost ion probes - IFLIP
	
	

	Fast lost ion probes - SFLIP
	
	

	Filterscopes
	
	x

	FIReTIP
	
	x

	Gas puff imaging – divertor
	
	

	Gas puff imaging – midplane
	
	

	H camera - 1D
	
	x

	High-k scattering
	
	

	Infrared cameras
	x
	

	Interferometer - 1 mm
	
	

	Langmuir probes – divertor
	x
	

	Langmuir probes – LLD
	X
	

	Langmuir probes – bias tile
	X
	

	Langmuir probes – RF ant.
	X
	

	Magnetics – B coils
	√
	

	Magnetics – Diamagnetism
	x
	


	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	x
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	

	Magnetics – RWM sensors
	x
	

	Mirnov coils – high f.
	
	x

	Mirnov coils – poloidal array
	
	

	Mirnov coils – toroidal array
	X
	

	Mirnov coils – 3-axis proto.
	
	


Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MSE
	
	x

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron detectors
	X
	

	Plasma TV
	x
	

	Reflectometer – 65GHz
	
	

	Reflectometer – correlation
	
	

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	

	Reflectometer – SOL
	X
	

	RF edge  probes
	X
	

	Spectrometer – divertor
	X
	

	Spectrometer – SPRED
	x
	

	Spectrometer – VIPS
	x
	

	Spectrometer – LOWEUS
	
	x

	Spectrometer – XEUS
	
	x

	SWIFT – 2D flow
	
	

	Thermocouples LLD
	X
	

	Thomson scattering
	X
	

	Ultrasoft X-ray – pol. arrays
	X
	

	Ultrasoft X-rays – bicolor
	x
	

	Ultrasoft X-rays – TG spectr.
	x
	

	Visible bremsstrahlung det.
	x
	

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray tang. pinhole camera
	
	



