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1.
Overview of planned experiment  

It is important to understand the characteristics of the HHFW edge heating that has been observed in “hot” zones on the outer divertor plates which are linked along the magnetic field lines to the SOL in front of the HHFW antenna.  This data will serve to benchmark edge heating effects in advanced RF heating codes.  In order to perform this study in the presence of the new LLD system, it is necessary to perform a power scan for the “hot” zone located on the LLD plate to determine the maximum HHFW power compatible with the LLD operation.  This will be followed by a magnetic pitch scan to sweep the “hot” zone into the views of the Bay I and H IR cameras, and simultaneously, over the RF probes at Bay J.  Ideally the camera at Bay J can be filtered to give IR data as well.  Also, it is essential to have camera views as usual of the global plasma/center stack region and of the antenna.  Likewise, a camera filtered to give IR data viewing the antenna is needed to assess the local heating on the antenna.  Once these steps are done, the effect on the ‘hot’ zone heating of gapout scans and of antenna phase scans will be conducted to see if the zones map with the location of the onset density for perpendicular wave propagation.

2.
Theoretical/ empirical justification

The edge HHFW heating must be minimized in order to maximize the core plasma heating effectiveness of the HHFW power.  The HHFW power lost in the edge as evidenced by the discovery of the divertor plate heating linked along the magnetic field from the SOL region in front of the antenna must be understood and minimized as a step in this process.  The experimental characterization of the loss to the divertor plate is well underway.  The location of the ‘hot’ zone has been shown to move around and away from the center stack as the magnetic field pitch is reduced.  Only at the highest pitch levels has it been possible to place the most intense part of the “hot” zone in the view of the IR cameras available in 2009.  With additional IR cameras in 2010 it should be possible to characterize the edge heating at lower pitches as well as with various antenna-plasma gaps.  At the same time, the IR views of the antenna will help to determine the relative heating between the antenna and the divertor plate regions as a function of gapout. Also, the local RF/sheath voltage properties in/near the hot zone will be investigated with RF and Langmuir probes at Bay J bottom.  Magnetic field pitch sweeps will be especially valuable for the probe studies.  All of the information from this XP will be used to help determine the influence of edge density and possibly of direct ELM activity on the observed HHFW edge loss process.  This will help substantially to guide the development of credible advanced RF codes that include this edge loss effect.

3.
Experimental run plan

I  Edge HHFW heating vs power:

· Setup conditions of shot 135337 but with PRF = 500 kW – 2 shots (1 no RF)
· 4.5 kG, 0.8 MA

· Alternative: 5.5 kG, 1MA if better for stability

· Increase PRF in steps of 500 kW to maximum allowed by LLD operation – 6 shots
· Closely for monitor molybdenum impurity and stop at acceptable level

· Also, monitor effect on lithium in discharge 

II  Scan magnetic field pitch at best PRF:

· 4.5 kG, 1 MA - 2shots (1 no RF)
· 4.5 kG, 0.9 MA - 2shots (1 no RF)
· 4.5 kG, 0.7MA - 2shots (1 no RF)
· 4.5 kG, 0.6 MA - 2shots (1 no RF)
· Alternative: scan current with B = 5.5 kG starting at 1.2 MA
III  Scan gapout:

· With 135337 conditions with acceptable PRF, run shots with and without RF for three gaps – 6 shots

· 4-6-8 cm or 4-8-12 cm gaps
IV  Scan phase in single shot:

· 135337 case above with 4.5 kG, .8 MA 

· -150° to -90° during pulse – 100 ms each – 1 shot
Total shots 23
4.
Required machine, NBI, RF, CHI and diagnostic capabilities

XMP026 – RF conditioning in plasma required.  New IR cameras needed.  RF probe is needed.

NB source A at 90 kV.  HHFW required.  Stable discharge at 4,5 kG and 0.8 MA needed – probably requires discharge development in presence of LLD.


5.
Planned analysis

EFIT, IR data analysis, probe analysis, field line analysis, etc. 

6.
Planned publication of results

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

Need conditions similar to those for shot 135337.  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.

	Previous shot(s) which can be repeated:
135337 (at lower RF power to start)

Previous shot(s) which can be modified:


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

ITF (kA):  
Flattop start/stop (s):  as for shot 135337
IP (MA):  
Flattop start/stop (s):  as for shot 135337

Configuration: Limiter / DN / LSN / USN  - see 135337 for parameters below

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:  D
Injector(s):  

NBI Species: D
Voltage (kV)
A:  X
B: 
C: 
Duration (s):  
ICRF Power (MW):  variable
Phase between straps (°): 150° to start  Duration (s):  
CHI:
Off 
Bank capacitance (mF):  

LITERs:
Off to start
Total deposition rate (mg/min):  

LLD:
Temperature (°C):  cold to start or as advised by LLD team 

EFC coils:  Off/On as for 135337
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
	
	

	Edge neutral density diag.
	
	

	Edge pressure gauges
	
	

	Edge rotation diagnostic
	X
	

	Fast cameras – divertor/LLD
	X
	IR filtered also

	Fast ion D_alpha - FIDA
	
	

	Fast lost ion probes - IFLIP
	
	

	Fast lost ion probes - SFLIP
	
	

	Filterscopes
	
	

	FIReTIP
	
	

	Gas puff imaging – divertor
	
	

	Gas puff imaging – midplane
	
	

	H camera - 1D
	
	

	High-k scattering
	
	

	Infrared cameras
	X
	

	Interferometer - 1 mm
	
	

	Langmuir probes – divertor
	X
	

	Langmuir probes – LLD
	X
	Bay J bot

	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
	
	

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron detectors
	X
	

	Plasma TV
	
	

	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
	
	

	Thomson scattering
	X
	

	Ultrasoft X-ray – pol. arrays
	X
	

	Ultrasoft X-rays – bicolor
	
	

	Ultrasoft X-rays – TG spectr.
	
	

	Visible bremsstrahlung det.
	
	

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray tang. pinhole camera
	
	



