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1.
Overview of planned experiment  


This XP is designed to investigate the relationship between the severity of Type I ELMs as measured by the loss in total stored plasma energy, and the perturbed electron transport that occurs during the ELM event. This perturbed electron transport can be measured by analyzing the speed of the cold pulse that propagates radially inward from the edge to the core of the plasma.
2.
Theoretical/ empirical justification


Preliminary observations have indicated that a roughly proportional relationship exists between the energy loss due to an ELM and the perturbed electron transport during the ELM. A simple cold pulse analysis of temperature data inferred from SXR measurements show that during “giant” Type I ELMs (~Wtot ~ 15-30%) the perturbed electron transport in the outer half of the plasma is significantly higher than during ELM events with lower stored energy (Fig. 1).
[image: image1.wmf]
Fig. 1 – Perturbed electron transport increases proportionally to ELM severity
Additionally, linear stability analysis using GS2 has indicated large growth rates in the ETG range during “giant” Type I ELMs, but these modes are predicted to be absent during small Type I ELM activity. Correspondingly, high-k measurements during Type I ELM events show short wavelength fluctuations during these Type I ELMs, with an increased activity that appears to scale with the stored energy lost during the ELM.


Finally, recent confinement scaling experiments in weakly shaped plasmas show an increase in the size of the smaller, 2-5%, Type I ELMs as the NBI power is increased. The enhancement of these ELMs accompanies a saturation in the toroidal beta as the injected power is increased indicating a degradation of the energy confinement time of the plasma. If the increased magnitude of these ELMs similarly corresponds to an increase in the perturbed electron transport for these discharges, the degradation of confinement with beta in weakly shaped plasmas may be related to the change in electron transport with the increased power flux in the plasma. Given the consistent scaling of the small Type I ELM size with NBI power in these plasmas, they will form the testbed for probing the dependence of the severity of these ELMs and perturbed electron transport.
3.
Experimental run plan


The basic plan is to generate plasmas with a variety of Type I ELMs that have a range of Wtot from a few percent up through 20-30% and measure and compare the speed of propagation of the resultant cold pulses. These cold pulses will also be correlated with short wavelength fluctuations as measured by the high-k diagnostic in the various Type I ELM regimes. Ideally, high-k data will be taken at two radial locations corresponding to a position ~130-135cm, which shows a large difference in perturbed electron transport (but still outside the region that is encompassed by the prompt loss from the ELM MHD mode), and a location near the core of the plasma, ~115cm, which will allow a determination of the existence and relative timing of any core fluctuations related to the ELM event.
The first part of the run plan is to reproduce the small Type I ELM regime as observed in XP713. Two shots will be taken at each condition to boost ELM reconstruction confidence (high-k, TS, SXR). High-k measurements will be positioned at ~130-135cm.
Shot:
124369
800kA, 6MW





2 shots





4MW





2 shots





3MW [priority 2]



2 shots





5MW [priority 2]



2 shots

Subtotal:








4 + [4] + 1 contingency

Next, restore LSN, larger Type I ELM discharge

Shot:
119083
1MA, 6MW





2 shots




1MA, 4MW





2 shots

Mirror coil currents for DND configuration, smaller ELMs:

Shot:
119083[mod]
1MA, 6MW





2 shots




1MA, 4MW





2 shots

Subtotal:








8 + 2 contingency

Decision matrix: if 119083 doesn’t work after 2 shots, substitute 123859
Shot:
123859
1MA, 6MW





2 shots




1MA, 4MW





2 shots

Subtotal:








2 [fail] + 4 + 1 contingency

If 123859 doesn’t work after 1 shot, lower k to 1.8

Shot:
123859[mod]
1MA, 6MW





2 shots




1MA, 4MW





2 shots

Subtotal:








3 [fail] + 4 + 1 contingency

If 123859 doesn’t work with lower kappa, use SPAs
Shot:
123874
1MA, 6MW





2 shots




1MA, 4MW





2 shots

Subtotal:








4 [fail] + 4 + 1 contingency

Total, high-k ~ 130cm:






15 + [4] priority 2

Next, move high-k to ~115cm (~1hr controlled access or separate ½ day)

Repeat shot tree with new high-k position




12 shots
Total shots: 27 + 4

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


See diagnostics, physics ops.
5.
Planned analysis


This data will be analyzed using EFIT/LRDFIT on fast timescales to follow the equilibrium during the ELM perturbation and TRANSP to provide steady state transport profiles. GS2 results will provide a linear analysis of growth rates using the information from the fast equilibrium results along with profiles provided using the multicolor SXR, fast Te analysis. A comparison of high-k fluctuations with GS2 results in the context of ELM severity will provide insight on the relationship between ELMs and perturbed electron thermal transport.
6.
Planned publication of results


The subject of this XP is currently nominated for a 2007 APS invited talk and corresponding publication. Additionally, the results will be published in PoP or similar journal, or PRL if the results are interesting and conclusive enough to support a relationship between ELM severity and electron thermal transport. 
PHYSICS OPERATIONS REQUEST

Title
OP-XP-745
Machine conditions (specify ranges as appropriate) see shot matrix
ITF (kA):
Flattop start/stop (s): 
IP (MA):
Flattop start/stop (s): 

Configuration: 
Outer gap (m): 

Inner gap (m): 
Elongation :

Triangularity : 
Z position (m): 
Gas Species: 
Injector(s):  
NBI - Species: D
Sources: A,B,C
Voltage (kV):90/90/60-90 
Duration (s): >1s
ICRF – Power (MW): 
Phasing: 
Duration (s): 
CHI: 
Either:
List previous shot numbers for setup: 124369, 119083, 123859, 123874
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
OP-XP-745 

	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
	
	x
	

	Fast lost ion probes - SFLIP
	
	x
	

	Filterscopes
	
	x
	

	FIReTIP
	x
	
	

	Gas puff imaging
	
	x
	

	H camera - 1D
	
	x
	

	High-k scattering
	x
	
	Setup for 2 positions

	Infrared cameras
	
	x
	

	Interferometer - 1 mm
	
	x
	

	Langmuir probes - divertor
	
	x
	

	Langmuir probes – RF antenna
	
	x
	

	Magnetics – Diamagnetism
	x
	
	Need EFIT magnetics

	Magnetics - Flux loops
	x
	
	

	Magnetics - Locked modes
	
	x
	

	Magnetics - Pickup coils
	
	
	

	Magnetics - Rogowski coils
	x
	
	

	Magnetics - RWM sensors
	
	x
	

	Mirnov coils – high frequency
	x
	
	

	Mirnov coils – poloidal array
	x
	
	

	Mirnov coils – toroidal array
	x
	
	

	MSE
	x
	
	

	NPA – ExB scanning
	
	x
	

	NPA – solid state
	
	x
	

	Neutron measurements
	
	x
	

	Plasma TV
	
	x
	

	Reciprocating probe
	
	x
	

	Reflectometer – 65GHz
	
	x
	

	Reflectometer – correlation
	
	x
	

	Reflectometer – FM/CW
	
	x
	

	Reflectometer – fixed f
	
	x
	

	Reflectometer – SOL
	
	x
	

	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
	x
	
	

	Ultrasoft X-rays – TG spectr.
	
	x
	

	Visible bremsstrahlung det.
	
	x
	

	X-ray crystal spectrometer - H
	
	x
	

	X-ray crystal spectrometer - V
	
	x
	

	X-ray fast pinhole camera
	
	x
	



