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1.
Overview of planned experiment  

It is found that when the x-point height is lower the H-mode access is easier on NSTX plasmas. Comparing #117747 (low x-point) with #123644 (high x-point), low x-point case generated L/H transition at 1 MW NBI heating power while high x-point case didn’t make H-mode, even with up to 6 MW NBI power (in a nearby discharge). This evidence appeared repeatedly in a series of shots. While reducing the X-point height has been known to reduce the power threshold in tokamaks, the role of the physical distance between the X-point (related presumably to neutral physics) and the connection length (related to electron/ion physics) needs clarification, particularly since reducing the X-point height also reduces the connection length at constant Ip and Bt.

One candidate of interpretation for this phenomenon is the gyrocenter shift theory (discussed below) in which a narrow gap between the x-point and diverter strike point increases the neutral density gradient so that the induced radial electric field becomes higher , leading to a reduced H-mode power threshold. The goal of this XP is to measure the power threshold at two different X-point heights and two different plasma currents (connection length variation) to document which is more important in setting the value of PLH. To test the gyro-center shift theory, the neutral density profile in the X-point region must be measured during the power threshold determination in the four conditions described above. 
2. Theoretical/ empirical justification
The gyrocenter shift theory appeared as one of the most important mechanisms of H-mode transition [K.C. Lee, Phys. of Plasmas, (2006)]. To verify the effect of gyrocenter shift the measurement of neutral density profile is required. On DIII-D the neutral density profile study was carried out using diverter D-alpha camera and x-point tangential D-alpha camera and diverter Thomson scattering with analysis of emission dependency on plasma parameters [Colchin, Maingi et al.,Nuclear Fusion (2000)]. Using this technique, it was found in DIII-D that the neutral density gradient in the low x-point case was higher than the high x-point case.
· NSTX has capability to measure the neutral density profiles for same study which was done on DIII-D, assuming that the midplane Thomson can be mapped to the X-point region (this is reasonably valid for the low density L-mode phase preceding the L-H transition).
· NSTX has mid plane D-beta camera and edge rotational diagnostics to measure the neutral density and edge rotation profiles just before the L-H transition.
· NSTX will be the first machine to investigate the H-mode power threshold in conjunction with the gyrocenter shift theory by measuring the neutral density gradient at variable X-point height. 
· The run plan includes verification of x-point height and effect of connection length by scanning of plasma current. 
3.
Experimental run plan

The standard shot will be #117747 (600 kA, 4.5 kG, with NBI power increase; 1MW, 2MW and 4MW, low x-point case). A more recent version of this shot with rtEFIT control is 124641 from 6/5/2007. However the NBI timing from 117747 will be used.

1 Start with low x-point height, Power threshold measurement with all diagnostics (4-5 shots). To localize the power threshold, we will need 1 src as low as it goes (historically source C at ~ 56 kV), but source B at 60 kV would be fine also. The second source (B or C) would be set to ~ 1.2 MW, and source A will be at full voltage for MSE, i.e. at 2 MW. 
2 H-mode Power threshold measurement with high x-point and high Ip~ 0.8 MA i.e. 123644 at slightly lower Ip, except use Bt=0.45 T for consistency with step 1. From past experience, it is likely that this discharge will not go into H-mode at all with large drsep. This is the shortest connection length (2-3 shots)
3 Decrease Ip to 0.6 MA to increase connection length with high X-point, and measure PLH. From past experience, it is likely that this discharge will not go into H-mode at all with large drsep.
4 Repeat #1 with 0.8 MA (4-5 shots)

Below is a table with the conditions, and the anticipated H-mode access (O = yes, X = no).

	
	Low x-point
	High x-point

	Low Ip ~ 0.6 MA (large lc)
	O
	X

	High Ip ~ 0.8 MA (small lc)
	O
	X(?)


Total: 14 shots
4.
Required machine, NBI, RF, CHI and diagnostic capabilities


3 sources of NBI with B and C at reduced voltages, one for ~ 600-800 kW, and the other for 1.2 MW Source A at nominal voltage.  See diagnostics table for diagnostics required.

5.
Planned analysis


D-alpha emission analysis will need to be developed. This means implementing an algorithm similar to the one used for tangential TV analysis to convert the 3-D view to a poloidal cut, assuming toroidal symmetry. Alternately analysis of the emission profiles with DEGAS-2 tools may lead to a direct estimate of the neutral density gradient scale length as needed for the theory calculation.

The gyrocenter shift calculation will be done with the best profiles available.

6.
Planned publication of results


Results will be submitted to Plasma Physics and Controlled Fusion or similar Journals

PHYSICS OPERATIONS REQUEST

Title: X-point height and H-mode Power threshold
OP-XP-

Machine conditions (specify ranges as appropriate)

ITF (kA): 4.5 kG
Flattop start/stop (s): *

IP (MA): 0.6-0.8 MA
Flattop start/stop (s): *
Configuration: 

Outer gap (m): *

Inner gap (m): *
Elongation : *

Triangularity : *
Z position (m): *

Gas Species: D2
Injector(s): *
NBI - Species: D
Sources: all
Voltage (kV): A at 90, B or C at 70, 60 respectively
Duration (s): *
ICRF – Power (MW): no
Phasing: n.a.
Duration (s): n.a

CHI: no

Either:
List previous shot numbers for setup: (*) 124641
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

Title: ELM characterization and the effect of Lithium
OP-XP- 

	Diagnostic
	Need
	Desire
	Instructions

	Bolometer – tangential array
	X
	
	

	Bolometer – divertor 
	
	X
	

	CHERS – toroidal
	X
	
	

	CHERS – poloidal
	
	X
	

	Divertor fast camera
	X
	
	

	Dust detector
	
	
	

	EBW radiometers
	
	
	

	Edge deposition monitors
	
	
	

	Edge pressure gauges
	X
	
	

	Edge rotation diagnostic
	X
	
	

	Fast ion D_alpha - FIDA
	
	X
	

	Fast lost ion probes - IFLIP
	
	
	

	Fast lost ion probes - SFLIP
	
	
	

	Filterscopes
	X
	
	

	FIReTIP
	X
	
	

	Gas puff imaging
	X
	
	

	H camera - 1D
	X
	
	

	High-k scattering
	
	
	

	Infrared cameras
	
	X
	

	Interferometer - 1 mm
	
	
	

	Langmuir probes - divertor
	X
	
	

	Langmuir probes – RF antenna
	
	X
	

	Magnetics – Diamagnetism
	X
	
	

	Magnetics - Flux loops
	X
	
	

	Magnetics - Locked modes
	
	X
	

	Magnetics - Pickup coils
	X
	
	

	Magnetics - Rogowski coils
	X
	
	

	Magnetics - RWM sensors
	
	
	

	Mirnov coils – high frequency
	X
	
	

	Mirnov coils – poloidal array
	X
	
	

	Mirnov coils – toroidal array
	X
	
	

	MSE
	
	X
	

	NPA – ExB scanning
	
	
	

	NPA – solid state
	
	
	

	Neutron measurements
	
	
	

	Plasma TV
	X
	
	

	Reciprocating probe
	
	X
	

	Reflectometer – 65GHz
	
	X
	

	Reflectometer – correlation
	
	
	

	Reflectometer – FM/CW
	
	
	

	Reflectometer – fixed f
	
	
	

	Reflectometer – SOL
	
	
	

	RF edge  probes
	
	
	

	Spectrometer – SPRED
	
	X
	

	Spectrometer – VIPS
	
	X
	

	SWIFT – 2D flow
	
	
	

	Thomson scattering
	X
	
	

	Ultrasoft X-ray arrays
	
	X
	

	Ultrasoft X-ray arrays – bicolor
	
	
	

	Ultrasoft X-rays – TG spectr.
	
	
	

	Visible bremsstrahlung det.
	
	
	

	X-ray crystal spectrometer - H
	
	
	

	X-ray crystal spectrometer - V
	
	
	

	X-ray fast pinhole camera
	
	
	



