
	Princeton Plasma Physics Laboratory

NSTX Experimental Proposal

	Title: Plasma Transport with Varying Fractions of PNBI and PHHFW

	OP-XP-???
	Revision: 
	Effective Date:  

(Ref. OP-AD-97)
Expiration Date: 

(2 yrs. unless otherwise stipulated)

	PROPOSAL APPROVALS

	Author: C. Kessel, B. LeBlanc, R. Wilson, P. Ryan, T. Biewer, R. Bell, E. Synakowski, anyone else?
	Date  02/18/04

	ATI – ET Group Leader: R. Maingi and D. Stutman
	Date

	RLM - Run Coordinator:  Stan Kaye
	Date

	Responsible Division:  Experimental Research Operations

	Chit Review Board (designated by Run Coordinator)



	MINOR MODIFICATIONS (Approved by Experimental Research Operations)

	


NSTX EXPERIMENTAL PROPOSAL

Error! Reference source not found.
OP-XP-??? 

1.
Overview of planned experiment  


Examine the transport regimes, power absorption and current drive channels under incremental NBI and HHFW powers.  Using an HHFW H-mode as the basis at 4 MW with heating phasing, perturb discharge by replacing some fraction of the HHFW power with NBI power in the middle of the flattop, and then return back to the original HHFW only situation.  This is done keeping the total injected power fixed.  In addition, the HHFW would be run with co-CD and ctr-CD phasings.  A schematic is given below.
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2.
Theoretical/ empirical justification


Analysis with CURRAY (ray-tracing/HHFW) indicates that significant fast ion and thermal ion absorption of the HHFW power takes place when NBI power is injected simultaneously.  This will result in almost no current drive when using HHFW with CD phasing at any k||, and alters the absorption profile on electrons.  Experimental observations support the fast ion absorption on beam ions (NPA), although no verification of the thermal ion absorption exists yet.  The fast ion absorption is due to the presence of a fast ion population, while the thermal ion absorption is only significant when Ti/Te > 1, which is a condition produced in NBI-only discharges.  In contrast, HHFW-only discharges produce Te/Ti > 1, and therefore should get virtually all of the HHFW power on electrons.  It is of interest to know what transport regime will exist under simultaneous HHFW and NBI injection, and whether it actually precludes any significant electron heating or CD.

The experimental plan is designed to use the NBI as the perturbing power to an HHFW-only plasma, to avoid the possibility that NBI will establish conditions that preclude the HHFW from heating electrons at all.  It is desired to observe the transition from HHFW-only to HHFW+NBI, and then NBI+HHFW back to HHFW-only.  This modulation should allow the characterization of the transport regimes; thermal diffusivities, Ti/Te,  power thresholds, power deposition among species, deposition profile modifications. 

3.
Experimental run plan


The base plasma is Ip = 700-800 kA (beam source confinement and V-s consumption), BT = 0.45 T, diverted DN H-mode, n(0) ( 3.0 ( 1019 /m3in first HHFW-only phase, and a 300 ms flattop.  A heating step is probably required in the current rampup, say 1-2 MW to reduce V-s consumption.  The maximum injected HHFW power is 4 MW.  The flattop is broken into three 100 ms time regions, HHFW-only, HHFW+NBI, and HHFW-only, with the total injected power fixed at 4 MW.  The first discharge type has HHFW-only at 4 MW throughout the flattop, so no NBI, and this serves as the reference.  The second discharge type has 4 MW HHFW in the first time region, 2 MW of HHFW and 2 MW of NBI in the second time region, and then 4 MW of HHFW in the third time region.  The third discharge type has 4 MW of HHFW in the first time region,  0 MW of HHFW and 4 MW of NBI in the second time region, and then 4 MW of HHFW in the third time region.  These are shown below.  A fourth discharge type could be a 4 MW of NBI only for reference.

Heating phasing (k|| = 5.5 m-1)

P(HHFW) = 4, 4, 4 MW,   P(NBI) = 0, 0, 0 MW      (   3 shots

P(HHFW) = 4, 2, 4 MW,   P(NBI) = 0, 2, 0 MW      (   3 shots

P(HHFW) = 4, 0, 4 MW,   P(NBI) = 0, 4, 0 MW      (   3 shots

Co-CD phasing (|k||| = 5.5 m-1)

P(HHFW) = 4, 4, 4 MW,   P(NBI) = 0, 0, 0 MW      (   3 shots

P(HHFW) = 4, 2, 4 MW,   P(NBI) = 0, 2, 0 MW      (   3 shots

P(HHFW) = 4, 0, 4 MW,   P(NBI) = 0, 4, 0 MW      (   3 shots

Cntr-CD phasing (|k||| = 5.5 m-1)

P(HHFW) = 4, 4, 4 MW,   P(NBI) = 0, 0, 0 MW      (   3 shots

P(HHFW) = 4, 2, 4 MW,   P(NBI) = 0, 2, 0 MW      (   3 shots

P(HHFW) = 4, 0, 4 MW,   P(NBI) = 0, 4, 0 MW      (   3 shots

NBI-only shot,  P(NBI) = 4 MW     (   2 shots
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Issues:

Beam blips required for Ti measurement must be kept to 10 ms or they will disturb HHFW-only phase

Volt-second consumption is a concern for HHFW at 800 kA, since HHFW does not supply the level of heating and CD that NBI does in typical shots, can 300 ms be obtained?  Want to use the lowest Ip possible that confines A and B beam sources.

Like to avoid sawteeth, so some form of early heating in rampup is desired, HOWEVER, do not want to produce strong reverse shear plasmas in first time region of flattop

If HHFW H-modes are not produced reliably in DN, go to L-mode or use LSN

Density evolution control using different injectors or Li pellets would be desirable, but not sure if this will be developed

Experiments would benefit from results on previous experiments; 1) HHFW-only H-mode (LeBlanc), 2) HHFW CD (Ryan), 3) HHFW+NBI (LeBlanc), and 4) HHFW DND

Any difficulties with k||, then change to higher value, for example 7 m-1 

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


The base plasma is Ip = 700-800 kA (beam source confinement and V-s consumption), BT = 0.45 T, diverted DN H-mode, n(0) ( 3.0 ( 1019 /m3in first HHFW-only phase, and a 300 ms flattop.  A heating step is probably required in the current rampup, say 1-2 MW to reduce V-s consumption.  The maximum injected HHFW power is 4 MW.  The flattop is broken into three time regions, HHFW-only, HHFW+NBI, and HHFW-only, with the total injected power fixed at 4 MW.

HHFW system needs all six transmitters operating for long pulses at 600-750 kW each, phase control feedback

NBI sources A and B should be prepared to operate at 80 kV, D, for 500 ms

Magnetics and EFIT analysis

Thomson Te(r)

SXR

CHERS Ti(r), V( (beam blips in HHFW-only phases,minimize duration)

V(
NPA, fast ion probe, neutron signal

n(r)

MSE

Zeff?

Ar spectroscopy, no-beam Ti(r) measurement?

5.
Planned analysis


EFIT, TRANSP, CURRAY (in TRANSP and stand-alone), AORSA

6.
Planned publication of results

Results would b presented at APS (or similar meeting) and then publication in peer reviewed journal

PHYSICS OPERATIONS REQUEST
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Machine conditions (specify ranges as appropriate)

ITF (kA):Bt = 4.5kG
Flattop start/stop (s): 0.0/0.7
IP (MA):0.7-0.8
Flattop start/stop (s): 0.2/0.5
Configuration: Double Null (possibly LSN)
Outer gap (m):
0.05,
Inner gap (m):
0.025
Elongation :
1.9-2.1,
Triangularity :
0.6-0.8
Z position (m):
0.00
Gas Species:D
Injector:  Midplane / Inner wall / Lower Dome
NBI - Species: D,
Sources:A and B
Voltage (kV):80,
Duration (s):0.5


ICRF – Power (MW):4
Phasing: Heating / CD,
Duration (s): 0.5
CHI: Off

Either:
List previous shot numbers for setup: _____________________________
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
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	Diagnostic
	Need
	Desire
	Instructions

	Bolometer – tangential array
	
	
	

	Bolometer array - divertor 
	
	
	

	CHERS
	X
	
	

	Divertor fast camera
	
	
	

	Dust detector
	
	
	

	EBW radiometers
	
	
	

	Edge deposition monitor
	
	
	

	Edge pressure gauges
	
	
	

	Edge rotation spectroscopy
	X
	
	

	Fast lost ion probes - IFLIP
	X
	
	

	Fast lost ion probes - SFLIP
	X
	
	

	Filtered 1D cameras
	
	
	

	Filterscopes
	
	
	

	FIReTIP
	X
	
	

	Gas puff imaging
	
	
	

	Infrared cameras
	
	
	

	Interferometer - 1 mm
	
	X
	

	Langmuir probe array
	
	X
	

	Magnetics - Diamagnetism
	X
	
	

	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
	
	X
	

	Neutral particle analyzer
	
	
	

	Neutron measurements
	
	
	

	Plasma TV
	(
	
	

	Reciprocating probe
	
	
	

	Reflectometer – core
	
	X
	

	Reflectometer - SOL
	
	X
	

	RF antenna camera
	X
	
	

	RF antenna probe
	
	X
	

	SPRED
	
	
	

	Thomson scattering
	X
	
	

	Ultrasoft X-ray arrays
	X
	
	

	Visible bremsstrahlung det.
	
	X
	

	Visible spectrometers (VIPS)
	X
	
	

	X-ray crystal spectrometer - H
	
	X
	

	X-ray crystal spectrometer - V
	
	X
	

	X-ray PIXCS (GEM) camera
	
	
	

	X-ray pinhole camera
	
	
	

	X-ray TG spectrometer
	
	
	



