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NSTX EXPERIMENTAL PROPOSAL

Density Control Through Plasma Termination Control
OP-XP-410 

1.
Overview of planned experiment  


The IPPA 5 year goal for end FY 2005 includes: “Determine the ability for managing intense energy and particle fluxes in the edge geometry and for increasing pulse durations...” Currently long pulse H-modes suffer from an uncontrolled density rise that will prevent their extention to pulse lengths longer than about 1 second unless techniques are developed to control the density. In the 2003 campaign, HHFW current drive XP-312 was run on February 12th and required low plasma current (500kA, 0.45 Tesla) low density helium single null discharges to maximise the current drive efficiency. Because of the relatively low plasma current, the operator was able to control the plasma current ramp down to avoid a reconnection event. The density was low and the switch to D2 fueling toward the end of the run produced runaway electrons.


Typical high current discharges in NSTX end in a minor reconnection event / disruption and disruptions are well known to be deleterious for wall conditions. The purpose of the present XP is to isolate the key factors leading to the low density in XP-312 that enable good density control in long pulse H-mode discharges. Candidate factors are: He gas feed; RF to heat the edge plasma and increase interaction depth with plasma facing components; smooth current ramp down to avoid a disruption. The metric of success will be a decrease in the rate of density rise in a LSN, 4 MW NBI long pulse H-mode with center stack D gas puff. The logic is illustrated in Fig. 1. Some redundant discharges will check for secular changes over the run day. Assuming 3 conditioning discharges are sufficient to make an effect the total number of discharges needed is about 20. Possibly some further conditioning discharge development will be done for HHFW before this XP is run. 

2.
Theoretical/ empirical justification


Brief justification of activity including supporting calculations as appropriate

3.
Experimental run plan


Describe experiment in detail, including decision points and processes

See fig. 1

Figure 1. Experimental plan with decision points. F = Fiducial: LSN H-mode 4 MW NBI with center stack gas puff e.g. # 108728 C =  conditioning discharge, from XP-312 He+RF, e.g. 110152 Sm = smooth rampdown of Ip with reduced reconnection event.  Ro = rough rampdown of Ip with regular reconnection event  He can displace D from wall; RF increases edge temperature, interaction depth and increase D depletion; Sm can  avoid deconditioning the wall - aim is to identify which is most important in logical sequence of discharges If Fiducial is better, then repeat to restore original bad conditions for next test. 'Better' means slower density rise[image: image3..pict].
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

Required: RF, NBI, MPTS, 

· Prerequisites: 
Recent boronization, 
NBI available, 
RF available

· IRTV available ?  
VIPS2 set to look for CD4 band emission on lower divertor ?
Filterscopes set to monitor D/CII and D / HeII 4686 in lower divertor. 
Langmuir probes should be operational for commissioning of diagnostic. ? 

5.
Planned analysis


Model discharges with UEDGE to challenge / benchmark model ?:


Assess contribution of CH4 to density rise ?
6.
Planned publication of results


Results are expected to facilitate longer pulse H-modes. Results may be reported in Henry Kugel’s PSI paper. 

PHYSICS OPERATIONS REQUEST 1

Density Control Through Plasma Termination Control
No.: XP-410
Machine conditions (specify ranges as appropriate)  D Fiducial
ITF (kA): -54 (downrated from 58kA for 108741)
Flattop start/stop (s):  0 / 0.9 
IP (MA): 0.8
Flattop start/stop (s):  0.2 / 0.8 
Configuration: LSN
Outer gap (m):
0.11,
Inner gap (m):
0.1
Elongation :
2,
Triangularity :
0.5
Z position (m):
0

Gas Species:  D,
Injector:  Midplane / Inner wall / Lower Dome
NBI - Species: D,
Sources: A, B,
Voltage (kV): 80,
Duration (s): 0.6


ICRF – Power (MW): 0,
Phasing: na,
Duration (s): 0
CHI:  Off

Either:
List previous shot numbers for setup:  108741
Or:
Sketch the desired time profiles, including inner and outer gaps, , , heating, fuelling, etc. as appropriate. Accurately label the sketch with times and values

[image: image1.wmf]
PHYSICS OPERATIONS REQUEST 2

Density Control Through Plasma Termination Control
No.: XP-410
Machine conditions (specify ranges as appropriate)  Conditioning (from XP 312)
ITF (kA): -? (4.5 kG)
Flattop start/stop (s):  0 / 0.7 
IP (MA): 0.5
Flattop start/stop (s):  0.11 / 0.6 
Configuration: LSN
Outer gap (m):
0.05,
Inner gap (m):
0.05
Elongation :
,
Triangularity 

and  :


Z position (m):
0.0

Gas Species:  He,
Injector:  Midplane / Inner wall / Lower Dome
NBI - Species: D,
Sources: A, B,
Voltage (kV): 80,
Duration (s): 0.0


ICRF – Power (MW): 2-6 MW,   Phasing: co-CD,  Duration (s): 0.5 s
CHI:  Off

Either:
List previous shot numbers for setup:  109765 but with Ip= 500 kA
Or:
Sketch the desired time profiles, including inner and outer gaps, , , heating, fuelling, etc. as appropriate. Accurately label the sketch with times and values

[image: image2.wmf]


DIAGNOSTIC CHECKLIST 
Density Control Through Plasma Termination Control
XP-410 

	Diagnostic system
	Need
	Desire
	Requirements (timing, view, etc.)

	Magnetics
	(
	
	

	Fast visible camera
	
	
	

	VIPS-1
	
	
	

	VIPS-2
	√
	
	

	SPRED
	
	√
	

	GRITS
	
	
	

	Visible filterscopes
	√
	
	

	VB detector
	√
	
	

	Midplane bolometer
	
	
	

	Diamagnetic flux
	
	
	

	Density interferometer (1mm)
	
	√
	

	FIReTIP interf'r/polarimeter
	
	√
	

	Thomson scattering
	√
	
	

	CHERS
	
	
	

	NPA
	
	
	

	X-ray crystal spectrometer
	
	
	

	X-ray PHA
	
	
	

	EBW radiometer
	
	
	

	Mirnov arrays
	
	
	

	Locked-mode detectors
	√
	
	

	USXR arrays
	
	
	

	2-D x-ray detector (GEM)
	
	
	

	X-ray tangential camera
	
	
	

	Reflectometer (4 ch.)
	
	
	

	Neutron detectors
	
	
	

	Neutron fluctuations
	
	
	

	Fast ion loss probe
	
	
	

	Reciprocating edge probe
	
	√
	

	Tile Langmuir probes
	
	√
	

	Edge fluctuation imaging
	
	
	

	H-alpha cameras (1-D)
	
	√
	

	Divertor camera (2-D)
	
	√
	

	Divertor bolometer (4 ch.)
	
	√
	

	IR cameras (2)
	√
	
	View lower divertor

	Tile thermocouples
	
	√
	

	SOL reflectometer
	
	
	



