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1.
Overview of planned experiment  


The goal of the experiment is to measure the dependence of the neoclassical tearing mode (NTM) onset on plasma rotation.  This is an important element in predicting NTM thresholds for ITER, since virtually all NTM work to date has been done in neutral beam-heated plasmas with rapid toroidal rotation.  The results are also relevant to determining error field tolerances for ITER.  As presently envisioned, beta will be allowed to increase until an n=1 rotating mode appears.  The onset beta will then be measured as varying amounts of n=3 (non-resonant) magnetic braking are applied.  If time permits, n=1 (resonant) braking will also be applied. 


If the mode onset is early enough in the discharge, and reproducible enough, it may be possible to get some marginal island width data at the end of the discharge for XP 739.  This would involve turning off the braking in order to recover the normal rotation rate, and then ramping down the beam power (and beta) to observe the point at which the mode is stabilized.  Such observations will also help to confirm the identification of the n=1 mode as a neoclassical tearing mode.

2.
Theoretical/ empirical justification


Previous experiments in JET and DIII-D have shown a dependence of the NTM threshold on plasma [R. Buttery, et al., Proc. IAEA Technical Teeting on Theory of Plasma Instabilities, York, March 26-28, 2007.]  In JET experiments where the rotation was reduced by varying the neutral beam mix or by substituting ICRF heating, the beta threshold for m/n=3/2 NTMs was found to decrease.  Similarly, in DIII-D experiments using near-balanced beam injection, the beta threshold for m/n=2/1 NTMs decreased as the neutral beams were varied from full co-injection to balanced injection.  In both machines the change was significant: the threshold was reduced by as much as one third of the high-rotation value.  Study of the n=1 mode in NSTX should allow a comparison with the DIII-D results.


Several physical mechanisms have been suggested to explain this effect.

· Rotation may affect the small-island threshold at which the NTM becomes unstable.  The modified Rutherford equation includes an explicit rotation dependence in the ion polarization term: apol ( i(  g(,)   (i* ( )/e*2 where  is the island propagation frequency in the ExB frame of reference,   and e are the ion and electron diamagnetic drifts.  Depending on the island propagation frequency, the effect of this term may be either stabilizing or destabilizing.
· Rotation may affect seeding of the NTM.  Specifically, greater rotational shear is expected to shield the NTM’s resonant surface from the magnetic perturbations generated by instabilities at other radial locations (sawteeth, ELMs, etc.).  A greater absolute rotation will also tend to shield the resonant surface from static error fields.

· Rotation relative to a nearby conducting wall may have a stabilizing effect, which will be lost as the mode rotation frequency decreases toward the inverse of the wall’s L/R time.
In DIII-D, the lowest threshold does not occur where the rotation of the q=2 surface is lowest.  Furthermore, even with the addition of a significant n=1 error field, the NTMs are born rotating, not locked.  These observations tend to rule out the second and third mechanisms mentioned above, leaving ion polarization effects as the most likely.  

3.
Experimental run plan


Describe experiment in detail, including decision points and processes

1.  Establish a discharge with a reproducible NTM, no braking
(5 shots)

a) Reproduce the setup shot (123487), look for long duration n=1 mode.

b) If no n=1 mode, reduce elongation from 2.3 to 2.0 in increments of 0.1 until mode appears.

c) If necessary to raise beta, reduce Ip from 1.0 to 0.9 or 0.8 MA.

d) If possible within the discharge duration, decrease the NBI power using beam modulation to create a beta rampdown near the end of the Ip flattop (t ~ 0.5 - 0.6 s) to allow mode stabilization.  This may provide data on the marginal island width (XP 739).

2.  Vary the plasma rotation with non-resonant braking (n=3)
(10 shots)

a) Apply n=3 braking with 1.0 kA current, from t = 0.25 to t = 0.7 s.   

Use setup shot 123184 for n=3 braking pulse, change the timing.

b) If possible within the discharge duration, turn off the n=3 pulse and decrease the NBI power near the end of Ip flattop (t ~ 0.5 - 0.6 s) to allow mode stabilization.  This may provide data on the marginal island width (XP 739).

c) Vary the amplitude of the braking pulse.  Expected range is 0.5 – 1.5 kA.

d) Vary the NBI timing if needed to change the mode onset time relative to the rotation braking

e) Vary the start time of the braking pulse if needed to change the rotation at the mode onset.

3.  Apply a resonant error field (n=1) to vary plasma rotation and mode seeding
(5 shots)

a) Apply n=1 field from t = 0.25 to t = 0.7 s.   

Use setup shot 116939 for n=1 pulse, change the timing and amplitude.

OR simply set the currents: (SPA1, SPA2, SPA3) = (0.4, 0.4, 0.8) KA

b) Vary the amplitude of the braking pulse.  Expected range is 0.5 – 1.5 kA.


TOTAL:
20 shots

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

This experiment requires a minimum of two NBI sources.

The lithium evaporator is required.  

Key diagnostics include magnetics and soft x-ray measurements for mode identification, CHERS for toroidal rotation, and MSE for the presence and location of rational surfaces. 

This experiment has features in common with XP 739, Marginal island width of NTMs in NSTX (R. LaHaye).  They will use very similar discharges, and the plan for the present XP allows the possibility of additional data for XP 739 in the end of the discharge.

5.
Planned analysis

EFIT, CHERS, and MHD spectrum analysis will be needed, in order to obtain beta, q-profiles, rotation profiles, and mode identification.

6.
Planned publication of results


Results will be presented in conference proceedings and/or a journal such as Nuclear Fusion.  The goal is a joint publication including DIII-D and JET data.

PHYSICS OPERATIONS REQUEST

Title: NTM threshold at low plasma rotation
OP-XP-740

Machine conditions (specify ranges as appropriate)

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

Flattop start/stop (s): 

Configuration: see setup shot 123487

Outer gap (m): 

Inner gap (m): 
Elongation :

Triangularity : 
Z position (m): 

Gas Species: D2
Injector(s):  

NBI - Species: D
Sources: A,B,C(optional) Voltage (kV): 90 
Duration (s): 

ICRF – Power (MW): 0
Phasing: 
Duration (s): 
CHI: 0
Either:
List previous shot numbers for setup: 123487
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: NTM threshold at low plasma rotation
OP-XP- 740 

	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
	



