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1.
Overview of planned experiment  

The goal of this XP is to quantify the effects of the plasma triangularity on the pedestal structure (height and width).  A critical part of this XP is to fix the X-point height to make sure the L-H transition power threshold is not being varied inadvertently with that quantity; this is now within reach of the present control system capabilities. First we scan the bottom triangularity from 0.7 to 0.4 in NSTX plasma discharges by keeping the top triangularity constant. Second, we allow both top and bottom triangularity to vary while fixing their average.  The data from this XP will be used to test pedestal models such as EPED, as part of the FY2011 Joint Research Target on pedestal structure.  

Questions this XP might address:

1) How does the pedestal width and gradient depend on the bottom triangularity?

2) Is the pedestal buildup during an ELM cycle dependent on the shaping? 

3) Does one of the two knobs  (bottom or average triangularity) have a larger effect on the pedestal structure?

4) Can we determine the range of values in triangularity enabling to transition from the peeling to peeling-ballooning dominated drive in the stability curve?

5) What are the fluctuation characteristics during an ELM cycle for high and low triangularity?
[image: image1..pict]2.
Theoretical/ empirical justification

It has long been established that plasma shaping, through the triangularity, plays a significant role in the MHD stability. At high triangularity, larger current density is required for the onset of the peeling mode, which is believed to be one of the candidate modes underlying the ELM. Note that recent studies have shown that the more appropriate drive for the ELM is the peeling-ballooning mode, which is able to tap its free energy from both the current density and pressure gradients. Lower triangularity, however, is typically associated with the ballooning instability, which tend to give rise to smaller ELMs. 

Extrapolations of calculations (see figure 1) suggest that the triangularity could be important in setting the pedestal height at at low R/a. Studies using the ELITE code in large R/a devices have demonstrated that the pedestal height increases with stronger shaping (i.e., high triangularity) [1].  

In NSTX, high and low triangularity discharges are routinely accessed and have a strong impact on ELM behavior [2]. A clear quantification of the dependence of triangularity on the pedestal will serve as a key input for predictive pedestal structure models such EPED.    

[1] P. Snyder et al. PPCF (2004)

[2] A. Sontag et. al, IAEA (2010) 

3.
Experimental run plan

This XP consists of two parts. First we will try achieving the targeted shapes required. We will start by developing a low (~ 0.3-0.4), medium (~0.5-0.6), and high (~0.7-0.8), triangularity discharges with Ip =0.8 MA. These discharges will target as much as possible constant elongation and X-point height, which should be possible now with the PCS. Second, once we achieve the targeted shapes, we will document the pedestal height variation with triangularity at two different beam powers and for various toroidal velocities. The discharges will be biased down with a drsep ~ -0.5 cm, and minimum deposition of Lithium is required to access ELMy H-mode. Finally, if time permits, we aim at adding two cases where the average triangularity is kept fixed [e.g., high bottom (~0.6) and low top triangularity (~ 0.4), and low bottom (~ 0.4) and high top (~ 0.6) triangularity]. This last part might require varying drsep.

Session 1: Shape development








   ½ day
1) Establish the reference #135155 shot at low triangularity ~ (0.3-0.4) 


               7 shots

   
          Set Ip = 0.8 MA, Bt = 4.5 kG, 6 MW NBI (may reduce to 4 MW) 


          Include the X-point height and X-point strike controls 

          Keep the top triangularity fixed between 0.3 and 0.5, and the X-point height constant

          Try to keep drsep at -0.5 cm




2) Establish the high triangularity target at 0.7-0.8        (#141608)
             7 shots 

     Keep the top triangularity fixed, and the X-point height constant

3) Establish the medium triangularity request to 0.5-0.6 (#132708)


               7 shots

          Tweaking the high triangularity discharge, and the X-point height constant

4) If time permits, we vary the top and bottom triangularity in LSN maintaining their average.

This last part will entail starting with the above shape target and developing/implementing the control system to get a high upper triangularity (~ 0.6) while keeping a LSN. Hence, we will obtain the low bottom  (~0.4) and high top triangularity (~ 0.6) part of the average triangularity scan. Note that if part 3) of the XP is completed, we consequently have the second half of the average triangularity scan.
Session 2: Document the pedestal height with triangularity scan



    ½ day

1) Reload the previously development discharges and we execute six discharges at each shape.



Pinj = 3MW and Pinj =5 MW 





           2x3 shots

2) If successful with shape, we will add part 4) of the shape development where we keep the average triangularity fixed between 0.8 and 1.  



                                                   2 shots

3) Attempt to document the effect of the toroidal velocity on the pedestal structure by applying n=3 braking for each shape (300 A & 600 A)
      


                                               2x3 shots  

Session 2 could end up being executed on the same day as session 1, depending on the success made on the discharge development.

Reload the developed discharges and tweak the fuelling and reduce the Lithium deposition rate as needed (~to 50mg between shots, if possible) to achieve ELMy discharges.
4.
Required machine, NBI, RF, CHI and diagnostic capabilities

Describe any prerequisite conditions, development, XPs or XMPs needed.
Attach completed Physics Operations Request and Diagnostic Checklist.
5.
Planned analysis

What analysis of the data will be required: EFIT, TRANSP, etc.?

Profile analysis using Python tools, ELITE, PEST, TRANSP.

6.
Planned publication of results

What will be the final disposition of the results; where will results be published and when?

Depending on the quality of the data, I plan on publishing the results in a Nuclear Fusion article and supplement other publications.

PHYSICS OPERATIONS REQUEST

	TITLE:

	No.  OP-XP-942

	AUTHORS:

	DATE:



(use additional sheets and attach waveform diagrams if necessary)
	Describe briefly the most important plasma conditions required for the experiment:

MHD quiescent ELMy discharges

	Previous shot(s) which can be repeated:


Previous shot(s) which can be modified:135155,141608,132708

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

ITF (kA):  4.5 kG
Flattop start/stop (s): 
IP (MA):  0.8
Flattop start/stop (s): 

Configuration: LSN/DN
Equilibrium Control:  strike-point and X-point
Outer gap (m):  10 cm
Inner gap (m):  
Z position (m): 
 
Elongation :  2.1-2.2
Upper/lower triangularity :  0-0.35; 0.3-0.8 (scans)
Gas Species:   
Injector(s):  


NBI Species: D
Voltage (kV)
A: 
B: 
C: 
Duration (s):  

ICRF Power (MW):  
Phase between straps (°):  
Duration (s):  
CHI:
Off 
Bank capacitance (mF):  

LITERs:
Off 
Total deposition rate (mg/min):  5
EFC coils:  On
Configuration:  Odd 


DIAGNOSTIC CHECKLIST

	TITLE:

	No.  OP-XP-942

	AUTHORS:

	DATE:


 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Bolometer – tangential array
	
	√

	Bolometer – divertor 
	
	√

	CHERS – toroidal
	√
	

	CHERS – poloidal
	√
	

	Divertor fast camera
	
	√

	Dust detector
	
	

	EBW radiometers
	
	

	Edge deposition monitors
	
	

	Edge neutral density diag.
	
	

	Edge pressure gauges
	
	

	Edge rotation diagnostic
	
	

	Fast ion D_alpha – FIDA
	
	

	Fast lost ion probes - IFLIP
	
	

	Fast lost ion probes - SFLIP
	
	

	Filterscopes
	√
	

	FIReTIP
	
	√

	Gas puff imaging
	
	√

	H camera - 1D
	√
	

	High-k scattering
	
	√

	Infrared cameras
	
	√

	Interferometer - 1 mm
	
	

	Langmuir probes – divertor
	
	√

	Langmuir probes – BEaP
	
	

	Langmuir probes – RF ant.
	
	

	Magnetics – Diamagnetism
	√
	

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	
	√

	Magnetics – Pickup coils
	√
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	

	Magnetics – RWM sensors
	
	√

	Mirnov coils – high f.
	√
	

	Mirnov coils – poloidal array
	√
	

	Mirnov coils – toroidal array
	√
	

	Mirnov coils – 3-axis proto.
	
	



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MSE
	√
	

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron measurements
	
	

	Plasma TV
	
	√

	Reciprocating probe
	
	

	Reflectometer – 65GHz
	
	√

	Reflectometer – correlation
	
	

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	√

	Reflectometer – SOL
	
	√

	RF edge  probes
	
	

	Spectrometer – SPRED
	
	

	Spectrometer – VIPS
	
	

	SWIFT – 2D flow
	
	

	Thomson scattering
	√
	

	Ultrasoft X-ray arrays
	
	√

	Ultrasoft X-rays – bicolor
	
	

	Ultrasoft X-rays – TG spectr.
	
	

	Visible bremsstrahlung det.
	
	√

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray fast pinhole camera
	
	

	X-ray spectrometer - XEUS
	
	


Fig. 1.  Dependence of pedestal pressure limit in major radius at fixed minor radius, i.e. an aspect ratio scan, from [Snyder PPCF 2004]. Note that NSTX appears at the left side of the figure.









