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1.
Overview of planned experiment  

ELMs are seen to expel energy from the plasma and reduce the energy confinement relative to that for the equivalent ELM-free case.  For HHFW heating the ELM can have the additional effect of reducing the HHFW power coupled to the plasma by enhancing the HHFW power coupled to the edge plasma.  This experiment seeks to quantify the effect of ELMs on the HHFW core energy confinement that is dominated by electron confinement and the effect of ELMs on edge power deposition by comparing the ELMy H-mode case to the ELM-free H-mode case in deuterium.  All of the usual diagnostics will be used to measure the core energy confinement and modulation of the RF power will be used to measure the E for the HHFW conditions.  The edge HHFW power deposition will be evaluated using IR cameras and probes as described in XP1017, as well as with the ERD diagnostic, to include both the edge power deposited in the divertor and on the antenna and that estimated for the PDI effect.  Of particular importance will be the fast IR data showing the heat deposition at the lower divertor region for the ELMy case relative to the ELM-free case.  

2.
Theoretical/ empirical justification

In order to optimize HHFW power coupling to the ELMy H-mode, it is necessary to determine the conditions under which the power coupled to the core plasma is maximized.  A key issue is to what extent the level of edge density relative to the onset density for perpendicular wave propagation, and the associated edge density radial profile, affect the power coupled to the core plasma.  This edge density level is usually affected by the ELM and the profile is affected by the H-mode in general as well as by the ELM specifically when present.  It is found from previous fast IR camera data for ELMy HHFW/NB discharges that the ELM energy deposited on the outer divertor plate is peaked at the outer strike point and diminishes approximately monotonically with increasing major radius away from the strike point.  This IR data did not “view” the first pass of the RF “hot” zone and thus did not show clearly the effect of the ELMs directly on the edge HHFW heat flux. By increasing the magnetic field pitch it should be possible to determine if HHFW power is being coupled directly to the ELM or if the ELM is causing an increase in edge density generally which in turn increases the edge power deposition.  The comparison of ELMy and ELM-free H-mode data should give a good idea of the effect of ELMs on HHFW core heating efficiency and whether it is acceptable to power through the ELMs with the HHFW system without blanking or diverting the power during the ELM.

3.
Experimental run plan

I  ELMy H-mode case:

    A  No RF modulation:

· Setup conditions of shot 135337 (-150°) – 4.5 kG, 0.8 MA, PRF 2 MW, PNB 2MW – 1 shot

· Increase IP to 1 MA (if stable). [Alternative is 5.5 kG, 1.2 MA] – 2 shots

· View fast IR at Bay H to make sure RF peak is visible

· Background no RF – 1 shot

· Repeat for antenna phase = -90°  - 1 shot

    B  With RF modulation:

· Setup conditions of shot 135337 (-150°) – 4.5 kG, 0.8 MA, PRF 2 MW, PNB 2MW with RF 100 ms on/off modulation – 2 shots
· Background no RF shot  - 1 shot
· Repeat for antenna phase = -90°  - 1 shot
II  ELM-free H-mode case:

    A  No RF modulation:

· Setup ELM-free case – start with 135337 shot (-150°, 4.5 kG, 0.8 MA, PRF 2MW, PNB 2 MW) and add lithium conditioning to achieve ELM-free operation [Alternative go to conditions of shot 130608] – 2 shots

· Increase IP to 1 MA at 4.5 kG or 1.2 MA at 5.5 kG – 2shots

· Background no RF shot  - 1 shot

· Repeat for antenna phase = -90°  - 1 shot

    B  With RF modulation:

· Setup ELM-free conditions of II.A with 4.5 kG, 0.8 MA, PRF 2 MW, PNB 2MW with RF 100 ms on/off modulation – 2 shots
· Background no RF shot  - 1 shot
· Repeat for antenna phase = -90°  - 1 shot

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

HHFW plasma conditioning under XMP026 required.  Need to return to conditions of 135337 in presence of LLD.  Discharge development needed for part II ELM-free case.  NB and HHFW required.  Large complement of diagnostics desired – core and edge.

5.
Planned analysis

EFIT, GENRAY, AORSA, TORIC etc. codes will be employed.  Power coupling with ELMs will rely especially on IR cameras and analysis of their data.  Usual analysis for energy confinement properties and edge heating will be conducted, including the estimated effect of PDI.

6.
Planned publication of results

POP, RF Conference, EPS etc.
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	Brief description of the most important operational plasma conditions required:

Need conditions similar to those for shot 135337 for ELMy H-mode to start.  Stable operation at 4.5 kG, 0.8 MA with NB source A injection at 2 MW.  Will go to 5.5 kG at 1 MA if necessary for stability.  ELMy H-mode desired – worked best after conditioning away lithium in 2009.  For ELM free H-mode case, attempt to use lithium condition to achieve ELM-free operation for the discharge parameters of 135337.

	Previous shot(s) which can be repeated:
135337

Previous shot(s) which can be modified:


	Machine conditions
(Start with those of shot 135337)

ITF (kA):  54 - 66
Flattop start/stop (s):  
IP (MA):  0.8 – 1.2
Flattop start/stop (s):  

Configuration: Limiter / DN / LSN / USN

Equilibrium Control: Outer gap / Isoflux (rtEFIT) / Strike-point control (rtEFIT) 

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

NBI Species: D
Voltage (kV)
A:   90
B: 
C: 
Duration (s):  0.5
ICRF Power (MW):  2 - 4
Phase between straps (°):  as selected 
Duration (s):  0.3
CHI:
Off / On
Bank capacitance (mF):  

LITERs:
Off / On
Total deposition rate (mg/min):  

LLD:
Temperature (°C):  cold
EFC coils:  Off/On
Configuration:  Odd / Even / Other 
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	X
	

	Bolometer – divertor
	
	

	Bolometer – midplane array
	
	

	CHERS – poloidal
	X
	

	CHERS – toroidal
	X
	

	Dust detector
	
	

	Edge deposition monitors
	X
	

	Edge neutral density diag.
	X
	

	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
	
	

	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
	
	

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	

	Magnetics – RWM sensors
	
	

	Mirnov coils – high f.
	X
	

	Mirnov coils – poloidal array
	X
	

	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
	
	

	Spectrometer – VIPS
	
	

	Spectrometer – LOWEUS
	
	

	Spectrometer – XEUS
	
	

	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.
	
	

	Visible bremsstrahlung det.
	
	

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray tang. pinhole camera
	
	



