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NSTX EXPERIMENTAL PROPOSAL

1.
Overview of planned experiment 
The goal of this XP is to achieve start-up in NSTX with reduced gas fueling to achieve low density with Lithium conditioning, rather than to follow the usual prescription of increasing gas fueling as the recycling rate is decreased with Li conditioning.  It will be necessary to develop a new start-up scenario, since if the one presently in use is changed simply by reducing the gas fueling, the plasma suffers from being unreliable, and from various MHD activity including locked Modes.  This proposal covers 3 possible start-up scenarios to achieve reliable, low density, MHD benign start-up.

A. Employ zero OH precharge (to avoid OH X TF) error fields at start-up

B. Employ low voltage start-up and low Ip ramp-rate

C. Employ high voltage start-up with a large initial major radius and plasma volume

Generally the approach is to achieve a low density before H-Mode transition by limiting (eliminating) gas puffing and attempt to keep li low by starting the plasma with as large a cross-section as practical.  The timing of the transition to H-Mode will be explored as a tool to achieve lower density at the start of Ip flattop.  Use of the SSGI will be made to explore access to H-Mode with minimal gas fueling if required.  The issue of MHD will be attacked by utilization of the RWM coils in open loop mode for error field correction and with n=1 feedback beginning as early in the discharge as is practical.

2.
Theoretical/ empirical justification

Other machines, notably TFTR, have been able to achieve low density at the start of flattop  (~ 0.1 of the Greenwald density limit compared to the usual NSTX value of 0.3) successfully.  NSTX needs to minimize the density to decrease the collsionality.  Further, this needs to be accomplished with broad pressure profiles (H-Mode) to maintain a high Beta limit and preferably at low li to permit operation at high Ip with significant flattop.

3.
Experimental run plan

A. Initiate a discharge with zero OH precharge.  Use the shot133705, an inductive discharge from a CHI run-day to breakdown, but use no PF1B and symmetrize the PF1, 2,3 coils in the start-up phase (20 ms).  Use the handoff from a fiducial shot at 20 ms in attempt to get a shot comparable to the fiducial, but lower Ip to 600 kA and use no LFS or CS gas.

a. Adjust the OH pre-programmed current in the first 20 ms to match the usual loop voltage in this phase.  

b. Adjust PF5 and  PF3 currents in the first 20 ms to reproduce the fiducial  size/shape at this time.

c. Inject  2 NBI sources  (at 40  and 80 ms) as is usual  for the fiducial

d. If there is no locked mode  or deleterious MHD with no gas feed continue to develop the  discharge to  get H-Mode if it does not naturally happen.

i. First add a short  (40 ms blip of the 3rd  NB source at about 120 ms) 

ii. If that  is not successful, attempt to add a small amount  of  LFS  gas (about ¼ the usual  amount and double it in successive shots up to  the usual  amount)

iii. If that is not successful to get H-mode use small amounts of CS gas (1/4 the  usual and double each shot up to the usual level or until H=Mode is achieved).

iv. If  the CS puffer was required to  get H-Mode, attempt to replace the  initial flow with the SSGI.

e. Success is a discharge with no/ much reduced gas fuelling compared to  the fiducial that is free of locked modes or deleterious MHD.  Produce a 600 kA fiducial like plasma with the usual gas programming for comparison of Density, stored energy, flattop duration, etc.

f. If this is successful, repeat with  12kA OH pre-charge (scaling initial PF5 and PF3s from the fiducial) ,  perform  a binary search to find the highest  pre-charge that  is  successful with the low gas fueling.

g. Perform another XP to investigate the use of the RWM coils to correct for the presumed cause of the MHD (OH x TF  error fields), or simply wait for NSTXU  to  eliminate  the issue.

h. If this  is  not successful in finding a regime of reduced fueling, presume that it is not the TF x OH that is the issue, but something  else and proceed to step B.
B. Produce a 700 kA discharge with the fiducial shape using low voltage start-up and reduced ramp-rate compared to the usual fiducial.  (issues in this  approach are short flattop and  or limited maximum Ip)

a. Begin  with the present (2 source) fiducial and  about 200 mg /shot  of Li evaporation.

b. Reduce dIp/dt of .35 MA/s during the ramp-up by a  factor of 4 during the ramp-up after 20 ms, delay the start of NBI  by 40  and 100 ms to  account for the lower Ip and poor beam confinement.  It will be necessary to modify the PF1AU&L currents to account for the reduced eddy currents  during the ramp-up. (Probably 3 or 4 shots for the  PF1A adjustments)

c. Reduce the initial loop  voltage  to just under  2  V/turn by programming  the OH start waveform and  reduce the prefill by about 25%.

d. If necessary, adjust the discharge shape phase to match the handoff at 20 ms from the shot start phase and at 70 ms to match the shape adequately in the  rtEFIT-isoflux phase

e. If  li is increasing (or begins too high say >.5) adjust the plasma shape to fill the  vessel earlier or move the  beams earlier (this  will be mostly in the  discharge shape phase)

f. If  the lower  currents  at 70-100 ms present computational difficulties for rtEFIT, delay the start of the isoflux control phase to a time  when Ip is adequate for good reconstructions.

g. Now that the major  plasma  current  and shape changes have been made, begin reducing the gas fueling.  

i. Reduce the LFS gas to zero

ii. Reduce the CS gas by ½

iii. If there are locked modes or MHD,  use  the  RWM  coils as early as possible  in the  discharge to correct for n=3 error fields and for active n=1 control.

iv. If there is still  MHD, use the Li powder  injector  to  see if this  can eliminate  MHD  like it did on the East low-density discharges.

h. Eliminate  CS gas if Ok, proceed, if  MHD  comes back use RWM or Li powder to attempt to  eliminate  it.

i. Presume now have  low density, (but maybe MHD) and L-Mode plasma. If g. iii.  or iv. was at least moderately successful  in eliminating  MHD,  add some  LFS gas to see if  that can eliminate the MHD.  If so, try to  initiate  H-Mode

i. Add a 3rd NBI source to overpower and  get into  H-Mode. (about 300 ms) 

ii. Add flat spot  in Ip programming at 300 ms to induce H-Mode.

iii. Add ½ the  usual  CS gas at about 200 ms.

iv. If H-Mode still not achieved, or if it was achieved, but the density rose too far before the start of Ip flattop, delay the  3rd source, the Ip flat spot and/or the CS gas by 300 ms

v. If H-Mode is achieved, but density is  still too high, replace CS gas with  SSGI to eliminate the continued  flow from the CS valve.
C. Attempt to produce a discharge that achieves very low li by rapid  initiation of  the plasma  at as large a plasma cross-section  as  is possible.  The CHI shot 142140 is an  example of this, but without CHI to supply the rapid initial current rise, it will be necessary to  use the OH  and  higher  loop voltage.   The transformer can supply about 4 V/turn while NSTX usually uses  2.5 V/turn  for breakdown.  Again begin with a well-conditioned machine and use 200 mg Li  per shot.

a. Modify the  present fiducial to use  4 V/turn by programming the OH  to drop by an  additional  60% in the first 20 ms.  Increase  the prefill by 60%.  Use fiducial shape in isoflux control regime (after 70-100 ms) and  begin with fiducial  NBI  timing (2  sources  plus a blip)

b. Increase the Ip request at 20 ms to maintain a higher loop voltage (~2.8V)  until 30 ms then slow Ip ramp rate to roughly match the rate in the fiducial of .35 MA/s up to flattop.  Use no LFS gas or CS gas in the initial attempts.

c. Modify the PF5 in shot start and the outer gap and the PF3 coil currents in Discharge shape to achieve a plasma radius and elongation similar to that in shot 142140, (kappa=2.3 and Rmidout=1.45 rather than the usual kappa =1.9 and Rmidout =1.28m) at 30 ms until handing off to isoflux  control.  (Note:  While this twiddling is going on over the course of several shots, the density of the plasma should fall from shot-to-shot since there is no fueling other than prefill and NBI, keep an eye  on Hard X-Ray detector and add gas if necessary for  runaway control.)

d. Advance NBI timing  to start at the same Ip as in the fiducial.

i. Presume now have low li, L-Mode discharge with no/little fueling, if there is MHD, use  the  RWM  coils as early as possible  in the  discharge to correct for n=3 error fields and for active n=1 control.

ii. If there is still  MHD, use the Li powder  injector  to  see if this  can eliminate  MHD  like it did on the East low-density discharges.

e.  Now attempt  to transition to  H-Mode.

i. Add a 3rd NBI source to overpower and  get into  H-Mode. (about 90 ms) 

ii. Add flat spot  in Ip programming at 90 ms to induce H-Mode.

iii. Add ½ the  usual  CS gas at about 60 ms.

iv. Increase  CS gas

v. If H-Mode is achieved, but density is  still too high, replace CS gas with  SSGI to eliminate the continued  flow from the CS valve.

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

NSTX must be well conditioned  with good long-pulse H-Mode access and 200 mg/shot of  Li from LITER  must be available.

5.
Planned analysis

Since this is primarily an  XP to investigate the ability to  produce stable H-Mode discharges with reduced fueling to take advantage of the benefits of Li  conditioning, the initial analysis  requirements are modest (EFIT for stored energy).  If the XP is  successful, Transport analysis   will be useful  to  compare the collisionality of these plasmas to that  of  those produced  with higher fueling.  

6.
Planned publication of results

If discharges with lower collisionality are produced, the results will be published in a variety of papers that make use of the technique.  A paper in the operational techniques  will be published at the  EPS and APS meetings and possibly in Physics of Plasmas.
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	Brief description of the most important operational plasma conditions required:

Modified fiducial plasma at lower Ip and with reduced gas fueling.

Fiducial shape

	Previous shot(s) which can be repeated:
140013(12) (but will use recent fiducial )
Previous shot(s) which can be modified:
140013(12) (but will use recent fiducial )

	Machine conditions
(specify ranges as appropriate, strike out inapplicable cases)

ITF (kA):  53
Flattop start/stop (s):  0/1.4
IP (MA):  0.6 to 0.7
Flattop start/stop (s):  .1 to .7/1.2
Configuration: Limiter / DN / LSN / USN

Equilibrium Control: Outer gap / Isoflux (rtEFIT) / Strike-point control (rtEFIT) 

Outer gap (m):  
Inner gap (m):  
Z position (m): 
 
Elongation:  
Triangularity (U/L):  
OSP radius (m):  
Gas Species:  
Injector(s):  

NBI Species: D
Voltage (kV)
A: 90
B: 90
C: 90
Duration (s):  1.2
ICRF Power (MW):  0
Phase between straps (°):  
Duration (s):  
CHI:
Off
Bank capacitance (mF):  

LITERs:
On
Total deposition rate (mg/min):  200 mg/shot
LLD:
N/A
EFC coils: On
Configuration:  1 coil/SPA
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 Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	
	

	Bolometer – divertor
	
	√

	Bolometer – midplane array
	
	√

	CHERS – poloidal
	
	√

	CHERS – toroidal
	
	√

	Divertor L-alpha array
	
	√

	Divertor visible camera
	
	√

	Dust detector
	
	√

	Edge deposition monitors
	
	√

	Edge neutral density diag.
	
	

	Edge pressure gauges
	
	√

	Edge rotation diagnostic
	
	

	Fast cameras – divertor/LLD
	
	√

	Fast ion D_alpha - poloidal
	
	√

	Fast ion D_alpha - toroidal
	
	√

	Fast lost ion probes - IFLIP
	
	√

	Fast lost ion probes - SFLIP
	
	√

	Filterscopes
	√
	

	FIReTIP
	
	√

	Gas puff imaging – divertor
	
	

	Gas puff imaging – midplane
	
	

	H camera - 1D
	
	√

	High-k scattering
	
	

	Infrared camera – standard
	
	

	Infrared camera – 2-color
	
	

	Infrared camera – wide-angle
	
	

	Interferometer - 1 mm
	
	

	Langmuir probes – divertor
	
	

	Langmuir probes – LLD
	
	

	Langmuir probes – bias tile
	
	

	Langmuir probes – RF ant.
	
	

	Magnetics – B coils
	√
	

	Magnetics – Diamagnetism
	
	√

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	√
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	

	Magnetics – RWM sensors
	√
	



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MAPP
	
	

	Mirnov coils – high f.
	
	√

	Mirnov coils – poloidal array
	
	√

	Mirnov coils – toroidal array
	
	√

	Mirnov coils – 3-axis proto.
	
	√

	MSE-CIF
	
	√

	MSE-LIF
	
	√

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron detectors
	
	√

	Plasma TV
	√
	

	Reflectometer – 65GHz
	
	

	Reflectometer – correlation
	
	

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	

	Reflectometer – SOL
	
	

	RF edge  probes
	
	

	Spectrometer – divertor
	
	

	Spectrometer – SPRED
	
	√

	Spectrometer – VIPS
	
	

	Spectrometer – LOWEUS
	
	

	Spectrometer – XEUS
	
	

	SWIFT – 2D flow
	
	

	TAE Antenna
	
	

	Thomson scattering
	√
	

	USXR – pol. arrays
	
	

	USXR – multi-energy
	
	

	USXR – TG spectr.
	
	

	Visible bremsstrahlung det.
	
	√

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray tang. pinhole camera
	
	



