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PHYSICS OPERATIONS REQUEST

   Search for missing power during HHFW
 

Machine conditions (specify ranges as appropriate)

ITF (kA):
Flattop start/stop (s):  0.1
IP (MA): 0.6
Flattop start/stop (s):  0.5
Configuration: Lower single null
Outer gap (m):

Inner gap (m):
0
Elongation :

Triangularity :

Z position (m):
0.00
Gas Species: He,
Injector: NA

NBI - Species: D,
Sources: NA,
Voltage (kV): NA

ICRF – Power (MW): 1,2,3
Phasing: -7,+7,14 m-1,    Duration (s): modulated
CHI:  none
Either:
List previous shot numbers for setup: 112699
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

Fast-ion Transport by Fishbone Instabilities
Error! Reference source not found. 

	Diagnostic
	Need
	Desire
	Instructions

	Bolometer – tangential array
	
	 X
	

	Bolometer array - divertor 
	
	
	

	CHERS
	
	X
	

	Divertor fast camera
	
	
	

	Dust detector
	
	
	

	EBW radiometers
	
	
	

	Edge deposition monitor
	
	
	

	Edge pressure gauges
	
	
	

	Edge rotation spectroscopy
	X
	
	Only available by special request of T. Biewer @ MIT

	Fast lost ion probes – IFLIP
	
	
	

	Fast lost ion probes – SFLIP
	
	
	

	Filtered 1D cameras
	
	
	

	Filterscopes
	
	
	

	FIReTIP
	
	
	

	Gas puff imaging
	
	
	

	High-k scattering
	
	
	

	Infrared cameras
	
	
	

	Interferometer – 1 mm
	
	
	

	Langmuir probes - PFC tiles
	
	
	

	Langmuir probes – RF antenna
	X
	
	

	Magnetics – Diamagnetism
	
	 
	

	Magnetics – Flux loops
	(
	
	

	Magnetics – Locked modes
	
	
	

	Magnetics – Pickup coils
	(
	
	

	Magnetics – Rogowski coils
	(
	
	

	Magnetics - RWM sensors
	
	
	

	Mirnov coils – high frequency
	X
	
	

	Mirnov coils – poloidal array
	X
	
	

	Mirnov coils – toroidal array
	X
	
	

	MSE
	
	X
	

	Neutral particle analyzer
	
	
	

	Neutron Rate (2 fission, 4 scint)
	
	
	

	Neutron collimator
	
	X
	

	Plasma TV
	
	
	

	Reciprocating probe
	
	
	

	Reflectometer - FM/CW
	
	
	

	Reflectometer - fixed frequency homodyne quadrature
	
	
	

	Reflectometer - homodyne correlation
	
	
	

	Reflectometer - HHFW/SOL
	X
	
	

	RF antenna camera
	X
	
	

	RF antenna probe


	X
	
	

	Solid State NPA
	
	
	

	SPRED
	
	
	

	Thomson scattering - 20 channel
	(
	
	

	Thomson scattering - 30 channel
	
	
	

	Ultrasoft X-ray arrays
	X
	
	

	Ultrasoft X-ray arrays - 2 color
	
	
	

	Visible bremsstrahlung det.
	X
	
	

	Visible spectrometers (VIPS)
	
	
	

	X-ray crystal spectrometer - H
	
	
	

	X-ray crystal spectrometer - V
	
	
	

	X-ray pinhole camera
	
	
	

	
	
	
	

	
	
	
	


1	Overview of planned experiment.


		The goal of this experiment is to account for all the RF power radiated into the machine at the HHFW frequency.





2	Theoretical/experimental justification.


		 HHFW power is expected to heat and/or drive current in the plasma in order to sustain a long plasma pulse and possibly control the current profile.


	In other situations it is expected to be able to assist in the breakdown in the startup phase.


	The first experiments were somewhat disappointing: good heating at high k|| (14m-1), but not so high at k|| = -7m-1 , the wavelenght necessary for current drive, longer and co-current launched.


	It has also been observed that Counter-CD has better heating efficiency than Co-CD.


	These inequalities are not predicted by theory and a sizable portion of the RF power injected in the machine is not accounted for. 


 	This XP is devoted to finding this "missing" power and possibly recover it.


	


      Four possibilities have emerged during the previous experiments.


 Strong parametric instabilities have been observed mainly at


 k|| = -7m-1


	There are strong indications that some power is coupled to surface waves and probably dissipated by collisions: again it is for Co-CD that this power is the largest. 


	MHD instabilities are observed even at low power: in most cases they are n=1 and m=1 or 2modes that cause stored energy loss.


Finally, there is the possibility that asymmetries of the hardware inside the machine favors a certain direction of launch respect to the current. This problem will be addressed in another XP.
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	Experimental run plan.





We will work with modulated RF, taking care that the power between two pulses (necessary for locking the phase of the antenna) be minimum.  


We want to start the run day by establishing a stable discharge, free of MHD like 112699. A special care should be devoted for this task.


We will monitor all the edge diagnostics available (especially a new rf probe at the opposite side of the vessel respect of the antenna) with the goal of estimating how much power is lost to the various mechanism mentioned.


Once again, antenna phases will varied between kll  =  -7m-1, 


kll  =  +7m-1 and kll  =  14m-1.


The day will be spent doing a power scan for each phase at PRF = 1MW, 2MW, 3MW. A no-rf shot will be taken before the scan. (10 shots)


Then there will be a "gap" scan for the same phases. Our definition of gap will be a particular density contour obtained by the reflectometer in the antenna: edge density is fairly constant during the shot even when the last closed surface calculated by EFIT is varying (coupling is determined almost exclusively by density in front of the antenna). Based on earlier data, it seems that a good measure for distance would be the distance between antenna and the density = 2x1011.


According to previous data this layer is 3.5 cm from the antenna. Therefore we will try 3.5, 4.5 and 5.5 cm, all at 2MW (10 shots). Should time permit we will run 1.0 and 3.0 MW at 4.0cm and 5.5 cm.














An important paper dedicated to HHFW coupling, supported by theory.





6	Planned publication of results





	Analysis will start calculating the heating efficiency in the various conditions.


With these data in hand we will compare the amplitude of the PDI vs. phase, vs. RF power and vs gap.


The same for the MHD signal, radiated power and amplitude of D(. Measure the far field amplitude of  the launched waves, if possible.





	











5	Planned analysis.





	 Since this is an experiment about HHFW, neither NBI nor CHI are needed. Essential diagnostics are antenna probe and reflectometer, probe equatorially opposite to the antenna, edge rotation spectroscopy and toroidal and poloidal Mirnov coils.	





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