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NSTX EXPERIMENTAL PROPOSAL

Title: _Long pulse high current plasmas at high triangularity____
No.:     228     _
1.
Overview of planned experiment  


The success of the spherical torus concept relies on the development of long pulse dicharge scenarios. Recent results at low triangularity have demonstrated the utility of raising the poloidal beta, and hence, presumably driving bootstrap current. These results were achieved in reasonably low current high toroidal field plasmas. In theory one should be able to extend these results to plasmas with higher values of I/aB.


The proposed experiment would attempt to create plasmas that had simultaneous high poloidal beta and low loop voltage for long pulse in higher current (1MA) plasmas. The tool that would be exploited to achieve this goal is the stabilizing influence of high triangularity. In particular, the triangularity would be ramped early in the discharge. The improved stability  achieved in this manner would be used to help stabilize a more rapid current ramp – which should allow for a reduction in the flux consumption during the ramp up phase of the discharge. This would be combined with the tools which have been developed already (namely rapid kappa and radius ramps combined with early beam heating) to reduce the plasma internal inductance as much as possible. Power would then be applied to raise the poloidal beta and hopefully extend the discharge substantially (reaching towards a 1sec pulse)

2.
Theoretical/ empirical justification

Evidence that high triangularity allows a more rapid current ramp is already found in shot 108019  (which will be the basis shot for this experiment) seen in Fig.1. This shot is fascinating, in that it reaches 1MA of plasma current with only 8kA used on the second half swing of the OH coil. It is also the longest 1MA pulse to date on NSTX.

Shots later in XP38 wherein the delta was lowered required the Ip ramp rate be reduced in order to avoid MHD during the current ramp.
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3.
Experimental run plan

1. Repeat shot 108019, adjust high field side gas puff to give similar results. (2 shots)

2. Using 1 neutral beam source (source B preferably), increase ramp rate of PF1AU/L to raise kappa and delta to ~2.0 and 0.8 respectively early in the discharge (and keep fixed throughout discharge). Also adjust outer gap to ~6-7cm. (4 shots)

3.  Decrease time of maximum current in 10 ms steps until maximum rate is found. (4 shots)

4. Add second beam source at t=200ms. Adjust start time in 20ms increments until optimum is found (4 shots)

5. Add 3rd beam source at t=280ms, adjust timing to maximize pulse length. (3 shots)

6. Reduce current to by 50kA steps to attempt to achieve 1 sec discharge at maximum current possible. (4 shots)

7. If successful in extending pulse, lower TF in 0.5kGauss steps

8. As a backup, attempt lower delta shots to avoid ELMs and lower loop voltage.

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

Operational beams at full power (5MW) will be required, with 4.5kGauss operation. RF will not be required.

5.
Planned analysis

EFIT will be required between shots as usual. TRANSP analysis will be required after the fact to determine the bootstrap and beam driven current fractions. Ideal MHD stability analysis (PEST, DCON) will also be desirable.

6. Planned publication of results.

Hopefully, these results will be shown at the APS in an invited talk If they are exciting enough they will go in a PRL?

PHYSICS OPERATIONS REQUEST

Title: _ Long pulse high current plasmas at high triangularity _____
No.: 228            _
Machine conditions (specify ranges as appropriate)

ITF (kA): 54kA
Flattop start/stop (s):  ASAP
IP (MA): 0.8 – 1.0MA
Flattop start/stop (s):  ALAP
Configuration: Inner Wall / Lower Single Null / Upper SN / Double Null l 
Outer gap (m):
7cm,
Inner gap (m):
2cm
Elongation :
2.0,
Triangularity :
0.8
Z position (m):
0.00
Gas Species:  D,
Injector:  Midplane / Inner wall / Lower Dome
NBI - Species: D,
Sources: A/B/C,
Voltage (kV): 80kV,
Duration (s): <1s


ICRF – Power (MW): 0,
Phasing: N/A,
Duration (s): N/A
CHI:  Off

Either:
List previous shot numbers for setup: 108019
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: ______________________________________
No. __________ 
Diagnostic system
Need
Desire
Requirements (timing, view, etc.)

Magnetics
X



Fast visible camera
X



VIPS-1

X


VIPS-2

X


SPRED

X


GRITS

X


Visible filterscopes
X



VB detector

X


Midplane bolometer

X


Diamagnetic flux
X



Density interferometer (1mm)

X


FIReTIP interf'r/polarimeter
X



Thomson scattering
X



CHERS

X


NPA

X


X-ray crystal spectrometer

X


X-ray PHA

X


EBW radiometer

X


Mirnov arrays
X



Locked-mode detectors

X


USXR arrays

X


2-D x-ray detector (GEM)

X


X-ray tangential camera

X


Reflectometer (4 ch.)

X


Neutron detectors
X



Neutron fluctuations

X


Fast ion loss probe

X


Reciprocating edge probe

X


Tile Langmuir probes

X


Edge fluctuation imaging




H-alpha cameras (1-D)

X


Divertor camera (2-D)

X


Divertor bolometer (4 ch.)

X


IR cameras (2)

X


Tile thermocouples

X


SOL reflectometer

X








