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1.
Overview of planned experiment  


Small island stabilizing effects (transport, polarization current, etc.) set the marginal beta above which neoclassical tearing modes (NTMs) can be excited. The marginal full island width 
[image: image1.wmf] is the value of 
[image: image2.wmf] at which growth, 
[image: image3.wmf], is largest. This island size plays an important role in determining the electron cyclotron current drive (ECCD) requirements for stabilization in ITER. In “high” aspect ratio devices with 
[image: image4.wmf] (ASDEX-Upgrade, DIII-D and JET), the marginal island width is found to be about twice the ion banana width, 
[image: image5.wmf]. The purpose of this experiment, in NSTX, is to investigate if this scaling occurs at reduced aspect ratio.

2.
Theoretical/ empirical justification


An NTM can be excited when there is a region of parameter space with 
[image: image6.wmf] between 
[image: image7.wmf] 
[image: image8.wmf] and 
[image: image9.wmf] 
[image: image10.wmf]. In general 
[image: image11.wmf] is a maximum at 
[image: image12.wmf]. When sufficiently seeded, 
[image: image13.wmf], the island grows to the saturated size 
[image: image14.wmf]. If beta is then slowly reduced, the island shrinks as the destabilizing bootstrap current 
[image: image15.wmf] is reduced. When 
[image: image16.wmf], 
[image: image17.wmf] for all 
[image: image18.wmf] and stabilization occurs. An example from DIII-D is shown in Fig. 1. 

[image: image19.wmf]
Figure 1   NTM island width vs. poloidal beta in DIII-D and theoretical island growth rate vs. island width

Data from ASDEX Upgrade, DIII-D and JET is plotted in Fig. 2; this is the normalized electron beta poloidal, the dominant destabilizing perturbed bootstrap term, versus the normalized poloidal ion gyroradius at 
[image: image20.wmf] for the spontaneous stabilization of the 
[image: image21.wmf] NTM. This is equivalent to a scaling of 
[image: image22.wmf]. However, 
[image: image23.wmf] is essentially the same in all cases. While 
[image: image24.wmf] is most consistent with the polarization threshold, this is not a proof. The empirical scaling predicts ITER will be very susceptible to destabilization, as also shown in Fig. 2.

[image: image25.wmf]
Figure 2   Normalized electron poloidal beta vs. normalized poloidal ion gyroradius at q = 1.5 for several devices

NSTX, with a much larger 
[image: image26.wmf] has a larger 
[image: image27.wmf] and can extend tests of small island threshold physics. With 
[image: image28.wmf], 
[image: image29.wmf], and q95=6.8, one expects 
[image: image30.wmf] to be 
[image: image31.wmf] times larger in NSTX.

3.
Experimental run plan


To best add to the existing database, an m/n=2/1 NTM needs to be excited and allowed to saturate. Desirable is q95=6.8 and 
[image: image32.wmf] so that the 
[image: image33.wmf] value of q=2 will be similar to large aspect ratio devices for the q=3/2 cases already run. This should follow XP740 in which such modes are excited and piggyback on that to develop beta ramp down after excitation. Once excited and saturated at near constant heating power, the power should be lowered in steps to get beta to decrease “slowly”. Steps could be -40% every 
[image: image34.wmf] for about 4 steps taking 
[image: image35.wmf] down to 
[image: image36.wmf] of the saturated value. H-mode with ELMs should be retained. One could first just try turning off selected beams in series and adjust further if necessary with modulation pre-programmed. A IP&BT scan with beta ramp down is desirable, keeping 
[image: image37.wmf] fixed, if time permits. The reference discharge is shape of 123487. An ELMy H-mode, ELMs or n=1 kinks excite the m/n=2/1 mode; the method of excitation is not an issue.  This will previously have been developed in XP740.
This is a ½ day experiment.
XP739 Shot Plan:
1. Establish the plasma with a reproducible m/n=2/1 mode that saturates as beta stops rising using results of XP740 and step down beams sequentially (2.0 to 1.5 to 1.0 to 0.5 assuming only 2 beams are available with 10msec on, 10msec off to get a 50% beam.) Does n=1  stabilize before H to L? If not, some development is needed to try to stay in H mode.  Increase kappa and/or drsep.                                                                        (4 shots)
2.
 Repeat with heating power “ramped” down more gradually before the mode stabilization in 1. by using adjusted modulation of beams that are stepped down. Stay in ELMing H-mode and look for the decrease in mode amplitude (by n=1 Mirnov) until spontaneous stabilization occurs. Check that even if no H to L transition, the n=1 mode does not lock. If desired result is obtained, stagger the 2 Thomson lasers from the usual 16 msec spacing to fire at 180 degrees difference in phase of rotating mode; for example 1 kHz would be 0.5 msec apart every 32 msec.          

(4 shots)

3.
 Repeat 2 with different IP&BT at fixed q95 to vary the plasma conditions for stabilization. A reduction of both in proportion to 0.75MA and 3.4T would be a modest mini-scan. Desired is a variation in rhoitheta during the ramp down.                                              

 (4 shots)
4.
Required machine, NBI, RF, CHI and diagnostic capabilities
Toroidal Field: 
[image: image38.wmf]






  for q95=6.8
Plasma current:  Ip=1.0 MA


Shape:  NSTX 123487 

Beams: Enough power to raise beta high enough to excite the m/n=2/1 mode. 2 needed but 3 is desirable.
Essential Diagnostics :          Magnetics (fast and slow), RWM detectors
                 CHERS for core 
[image: image39.wmf] and rotation


                 Thomson
     
                 SXR for island width

5.
Planned analysis


EFIT is needed to locate q=2 and determine 
[image: image40.wmf]. 
[image: image41.wmf] profile measurement is then needed to get 
[image: image42.wmf]. Lacking ECE radiometer, 
[image: image43.wmf] will have to be computed from magnetics using calibration by SXR inversion if possible.  Data for the marginal point, as shown as C in Fig. 1, for 
[image: image44.wmf], 
[image: image45.wmf], 
[image: image46.wmf] and 
[image: image47.wmf] will be added to the existing date set in Fig. 2.  CHERS has high radial resolution and Thomson bursts may also help get the island width by “flat spots”.

      Note that 2/1 experiments are planned in DIII-D, AUG and JET so that the 2/1 NSTX data fits there. ECCD beta removal experiments for the m/n=2/1 mode in DIII-D suggest the same 
[image: image48.wmf] scaling holds but no database at high aspect ratio was gathered due to going out of H-mode before the 2/1 mode stabilized. Higher q95 is expected to resolve this so the q95~6.8 in NSTX would be matched.

6.
Planned publication of results


Results could be published as a letter in Nuclear Fusion to follow up previous publication of results in multiple high aspect ratio devices.

PHYSICS OPERATIONS REQUEST

Title
OP-XP-739

Machine conditions (specify ranges as appropriate) SAME AS 740 WHICH PRECEDES THIS. LI EVAPORATOR REQUIRED. HE GLOW BETWEEN SHOTS.

ITF (kA): 4.5 kG field
Flattop start/stop (s): 
IP (MA): 0.7 – 1.1 MA
Flattop start/stop (s): 

Configuration: see shot 123487
Outer gap (m): 

Inner gap (m): 
Elongation :

Triangularity : 
Z position (m): 
Gas Species: D
Injector(s):  
NBI - Species: D
Sources: A,B (C optional)Voltage (kV): 90
Duration (s): 
ICRF – Power (MW): 
Phasing: 
Duration (s): 
CHI: 
Either:
List previous shot numbers for setup: 123487, or suitable shot from XP740, use shot 123184 for n = 3 braking if these waveforms not available in setup shot.
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- 739

	Diagnostic
	Need
	Desire
	Instructions

	Bolometer – tangential array
	
	x
	

	Bolometer – divertor 
	
	x
	

	CHERS – toroidal
	x
	
	

	CHERS – poloidal
	
	x
	

	Divertor fast camera
	
	x
	

	Dust detector
	
	x
	

	EBW radiometers
	
	x
	

	Edge deposition monitors
	
	x
	

	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
	

	Infrared cameras
	
	x
	

	Interferometer - 1 mm
	
	x
	

	Langmuir probes - divertor
	
	x
	

	Langmuir probes – RF antenna
	
	x
	

	Magnetics – Diamagnetism
	x
	
	

	Magnetics - Flux loops
	x
	
	

	Magnetics - Locked modes
	x
	
	

	Magnetics - Pickup coils
	x
	
	

	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
	
	x
	

	Spectrometer – SPRED
	
	x
	

	Spectrometer – VIPS
	
	x
	

	SWIFT – 2D flow
	
	x
	

	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
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