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1.
Overview of experiment:  

The proposed experiment continues the assessment of TESPEL penetration and its perturbative effects on the NSTX plasma, in preparation for future dedicated studies of particle and heat transport. Previous TESPEL injection using smaller (~0.5mm) pellets have demonstrated little penetration in high power H-mode plasmas.
Deuterated polystyrene TESPEL shells (1.0, 1.5mm) will be loaded with ~3-5 1017 Li atoms, in the form of LiH. We will inject pellets in low power L-mode discharges for an assessment of deep core penetration and in high density H-mode discharges for an assessment of injection and penetration inside the pedestal. 

In L-mode we will operate the injector at half velocity using the smaller (1.0mm) pellet to reduce the probability that the pellet will terminate the discharge. If the discharge survives, an option to increase the velocity or use the larger (1.5mm) pellet will be considered.
In H-mode we will use only maximal velocity injection, for optimal penetration through the high density edge. The NB power will be operated at 6MW and 4MW, including a “ramp-down” case where the beam power is initially at 6MW, the power is decreased to 4MW and the pellet is fired after a beam slowing down time (~25ms). In each of these cases, a background, 1mm pellet, and 1.5mm pellet shot will be obtained.
To differentiate between the effects of the polystyrene shell and of the embedded Li impurity, an empty TESPEL shell will be injected for the 4MW NBI condition.
The pellet penetration and its effects will be monitored using the SXR system, MPTS, CHERS, as well as fast Li I light measurements.

The proposed XMP could be executed in half a run day, using around half of the available pellets. 

2.
Justification:

TESPEL is an injection technique developed at LHD, in which a small amount of impurity (1017-18 atoms) is enclosed in a thin polystyrene shell and deposited by a high velocity injector at a radius inside the plasma. The spatial and temporal evolution of the shell of tracer ions can then provide unique information about the local transport coefficients around the radius of deposition. Well defined Te profile perturbations have also been obtained at LHD using TESPEL injection (see e.g., Tamura et al., NF 2005). Deep penetrations that minimize the perturbation to the plasma could be used for local deposition of mid to high-Z impurities for impurity and electron temperature perturbation studies.
3.
Plan:

Condition 1 – Injection in low ne, high Te L-mode at 1/2 velocity.  

· The proposed baseline shot is 117783: DN, 1 MA, 4.5 kG, NBI source A at 90 kV, 2 MW, injecting from 0.2 s to 0.6 s, and having <ne> ( 2 1013 cm-3 at beam turn on.

· The field will be increased to the maximum allowable, in order to delay the onset of n=1 MHD.

· The TESPEL will be injected during the flattop of the current and Te evolution, at t ( 0.33 s.

The sequence of 2-3 shots is as follows:
Shot Number

· Restore baseline shot 117783
______________

· Inject 1mm filled TESPEL at half velocity 
______________

· If shot survives consider full velocity or 1.5mm injection 
______________

Condition 2 - Injection in high ne  H-mode at 6, 4, and 6(4 MW  beam power.

· The proposed baseline shot is high ne, small-ELM  H-mode 121154: high triangularity and elongation DN, 1 MA, 4.5 kG, all NBI sources at 90 kV, 6 MW beam power, dropping to 4MW at .425s
· The pellets will be injected with maximal velocity at t ( 0.45 s.

The sequence of 9 shots is as follows:

· Restore three source baseline shot 121154 (no beam drop)
______________

· Inject filled 1mm TESPEL at t ( 0.45 s 
______________

· Repeat with 1.5mm TESPEL 
______________

· At t ( 0.425 s turn off Source C and inject 1mm TESPEL at t ( 0.45 s 
______________

· Repeat with 1.5mm TESPEL
______________

· Repeat with no injection (background shot) 
______________

· Restore baseline without source C (4MW NBI) 
______________

· Inject filled 1mm TESPEL at t ( 0.45 s
______________

· Repeat with 1.5mm TESPEL 
______________

4.
Required machine, beam, ICRF and diagnostic capabilities:

Main diagnostics required are poloidal SXR in the three color configuration, MPTS, CHERS, fast EFIT.

MPTS pulses will be timed at ~5 ms intervals, synchronized 2 ms before and 3 ms after pellet arrival.

CHERS also synchronized for full frame before and after pellet arrival.

Other required diagnostics are bolometry and fast camera with Li I filter.

The tangential optical SXR array, the Li and C filter-scopes and high resolution SXR spectroscopy  (LLNL), MSE and fire-TIP are highly desirable.

NPA in fast Ti mode is also desirable for estimates of the ion temperature perturbation.

5.
Sign-off and Documentation

5.1
Permission to Proceed:



_______________________



Head, Experimental Research Operations Division

5.2
Documentation of results:


Documentation of the results completed, attached to proposal and sent to Ops. Center



_______________________



Test Director

PHYSICS OPERATIONS REQUEST

TITLE: Assessment of TESPEL Pellet Penetration In NSTX
OP-XMP-47

Machine conditions

ITF (kA):  -52
Flattop start/stop (s):  -0.05 / 0.8
IP (MA):  1.0
Flattop start/stop (s):  0.15 / 0.6
Configuration: DN Divertor
Z (m):  
Gas Species, injectors:  Deuterium

NBI:  A, B, C at 90 kV
ICRF:  No
CHI:  No
Lithium evaporation:  No
Previous shot numbers for setup:
117783 for L-mode, 


121154 for H-mode

DIAGNOSTIC CHECKLIST


OP-XMP-47
	Diagnostic
	Need
	Desire
	Instructions

	Bolometer – tangential array
	*
	
	

	Bolometer array - divertor 
	
	*
	

	CHERS
	*
	
	Timing synchronized to pellets

	Divertor fast camera
	
	*
	

	Dust detector
	
	
	

	EBW radiometers
	
	
	

	Edge pressure gauges
	
	*
	

	Edge rotation spectroscopy
	
	*
	

	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 probe array
	
	
	

	Magnetics – Diamagnetism
	
	*
	

	Magnetics - Flux loops
	*
	
	

	Magnetics - Locked modes
	
	*
	

	Magnetics - Pickup coils
	*
	
	

	Magnetics - Rogowski coils
	*
	
	

	Magnetics - RWM sensors
	
	*
	

	Mirnov coils – high frequency
	
	*
	

	Mirnov coils – poloidal array
	
	*
	

	Mirnov coils – toroidal array
	*
	
	

	MSE
	
	*
	

	Neutral particle analyzer
	
	*
	

	Neutron measurements
	
	*
	

	Plasma TV
	*
	
	

	Reciprocating probe
	
	
	

	Reflectometer – core
	
	*
	

	Reflectometer - SOL
	
	
	

	RF antenna camera
	
	*
	

	RF antenna probe
	
	
	

	SPRED
	*
	
	

	Thomson scattering
	*
	
	5ms separation of lasers, synchronized to pellets

	Ultrasoft X-ray arrays
	*
	
	

	Ultrasoft X-ray arrays – multicolor
	*
	
	

	Visible bremsstrahlung det.
	*
	
	

	Visible spectrometer (VIPS)
	*
	
	

	X-ray crystal spectrometer - H
	
	
	

	X-ray crystal spectrometer - V
	
	
	

	X-ray fast pinhole camera
	
	*
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