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1.
Overview of planned experiment  


We have shown [Wong et al., PRL-2007, PoP-2008] that microtearing modes can quantitatively explain the observed electron thermo-conductivity in some beam-heated discharges in NSTX, and the density scaling appears to be right. It is highly desirable to look for direct or indirect evidence for these modes in the plasma, and find a way to improve electron energy confinement by avoiding this instability. This is part of milestone R(10-1).
2.
Theoretical/ empirical justification


Microtearing modes are found to be unstable in some NSTX H-mode plasmas, and their saturated levels are high enough to produce stochastic magnetic fields which can explain the observed (e at r/a > 0.5. These modes are expected to be stable in high temperature low density plasmas, and thus allows easy mitigation. This theoretical result needs experimental confirmation.

Microtearing modes give rise to electron temperature fluctuations in the plasma. Since the plasma X-ray emissivity is proportional to (Te , the SXR camera on NSTX can be used to search for evidence of microtearing modes.  SVD analysis will be needed to sort out the mode structure and temporal behavior from the line-of-sight measurement. In addition, microtearing modes are expected to distort the electron distribution function which can be inferred from the X-ray energy spectrum measured by the new X-ray spectrometer. 
3.
Experimental run plan


Start with an H-mode plasma similar to #116313. Vary the magnetic field and beam power to change (e . Repeat with a low density plasma ne(0)~2x1019m-3, and heat it to high temperature [Te(0)~5 keV] with HHFW heating. Various antenna phasing can be tried to optimize coupling and to alter the tail electron distribution. All the 46 channels of the SXR camera should use 5 or 10 (m Be filters. Aluminum foils of various thicknesses will be placed in front of the X-ray spectrometer to measure the X-ray energy spectrum emitted from the plasma core. The scattering volume for high-k scattering should be placed at r/a~0.7.

Shot sequence:

1. Re-run H-mode discharge #116313 with Ip=0.75 MA, 6 MW NBI and scan the magnetic field: 

    B=3.5, 4.5, 5.5 kG. Use 10mm Be  filter for the SXR camera, and then 5mm Be.     (6)

2. Select one Be foil thickness (5 or 10 mm) from above data and repeat step-1 with 4 and 2 MW 

    beams after H-mode transition. Higher beam power at the front end may be used to trigger H-mode 

    transition.  (6)

3. Select one best shot from above and vary the aluminum foil thickness (1, 2 and 4 mil)

    in the X-ray spectrometer.   (3)

4  Re-run discharge #124914 with Ip=0.7 MA, B=5.5 kG, 1.2 MW HHFW heating at ne(0)=2x1013cm-3. 

    Then repeat with maximum available RF power (for reliable operation). Use 1 mil aluminum foil for 

    the X-ray spectrometer, 10 (m Be filters for the SXR camera and 50 ms beam blips for Ti  

    measurement.  Then repeat with 4 mil Al foil.    (4)

5. Repeat step-4 at higher density:  ne(0)= 4 - 6x1013cm-3.     (4)

6. If time permits, combine NBI with HHFW heating and repeat step-3.    (3)

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


H-mode access at reasonable power is required. The HHFW antenna must be well conditioned for reliable operation at 2 MW or higher. All the 46 channels of the SXR camera must use the same filters (5 and10 (m Be). This experiment must be scheduled after the X-ray spectrometer is installed and fully operational. Scattering volume for high-k positioned at r/a ~ 0.7.

5.
Planned analysis


GS2 analysis of microtearing instability and SVD analysis of SXR data are needed. TRANSP runs needed to obtain (e in NBI plasmas. TRANSP  runs with HHFW heating are highly desirable.

6.  Planned publication of results


Nuclear Fusion paper if any evidence of microtearing mode is observed; a PRL is possible if data permit unambiguous mode identification.
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(use additional sheets and attach waveform diagrams if necessary)
	Describe briefly the most important plasma conditions required for the experiment:

Need H-mode discharge in NBI plasma.

Need HHFW antenna well conditioned for reliable operation at 2 MW or higher.

	Previous shot(s) which can be repeated:
116313 for NBI, 124914 for HHFW heating
Previous shot(s) which can be modified:


	Machine conditions
(specify ranges as appropriate, strike out inapplicable cases)
ITF (kA):  40-67(0.35-0.55 T)
Flattop start/stop (s): 
IP (MA):  0.7-0.75 MA         
Flattop start/stop (s): 

Configuration:   LSN 
Equilibrium Control: Outer gap / Isoflux (rtEFIT)
Outer gap (m):  
Inner gap (m):  
Z position (m): 
 
Elongation :  
Upper/lower triangularity :  
Gas Species:   Deuterium
Injector(s):  
Midplane
NBI Species: D
Voltage (kV)
A: 90
B: 90
C: 90
Duration (s): 0.5 
ICRF Power (MW):  2
Phase between straps (°):  varies
Duration (s): 0.5
CHI:
Off 
Bank capacitance (mF):  

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

EFC coils:  Off
Configuration:  Odd / Even / Other (attach detailed sheet
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Bolometer – tangential array
	
	y

	Bolometer – divertor 
	
	y

	CHERS – toroidal
	y
	

	CHERS – poloidal
	y
	

	Divertor fast camera
	
	y

	Dust detector
	
	

	EBW radiometers
	
	

	Edge deposition monitors
	
	

	Edge neutral density diag.
	
	y

	Edge pressure gauges
	
	y

	Edge rotation diagnostic
	
	y

	Fast ion D_alpha - FIDA
	
	y

	Fast lost ion probes - IFLIP
	
	

	Fast lost ion probes - SFLIP
	
	

	Filterscopes
	
	y

	FIReTIP
	y
	

	Gas puff imaging
	
	

	H camera - 1D
	
	y

	High-k scattering
	y
	

	Infrared cameras
	y
	

	Interferometer - 1 mm
	y
	

	Langmuir probes – divertor
	
	y

	Langmuir probes – BEaP
	
	

	Langmuir probes – RF ant.
	
	

	Magnetics – Diamagnetism
	y
	

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	
	y

	Magnetics – Pickup coils
	√
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	y

	Magnetics – RWM sensors
	
	y

	Mirnov coils – high f.
	y
	

	Mirnov coils – poloidal array
	y
	

	Mirnov coils – toroidal array
	y
	

	Mirnov coils – 3-axis proto.
	
	y



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MSE
	y
	

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron measurements
	y
	

	Plasma TV
	
	y

	Reciprocating probe
	
	

	Reflectometer – 65GHz
	
	y

	Reflectometer – correlation
	
	y

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	

	Reflectometer – SOL
	
	y

	RF edge  probes
	
	y

	Spectrometer – SPRED
	
	y

	Spectrometer – VIPS
	
	y

	SWIFT – 2D flow
	
	

	Thomson scattering
	y
	

	Ultrasoft X-ray arrays
	y
	

	Ultrasoft X-rays – bicolor
	y
	

	Ultrasoft X-rays – TG spectr.
	
	

	Visible bremsstrahlung det.
	y
	

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray fast pinhole camera
	
	

	X-ray spectrometer - XEUS
	
	



