HHFW and NBI Combination for Plasma Heating

The following has been extracted from notes taken during a discussion held on Nov 19, 2003 between C. Kessel, G. Taylor, J.R. Wilson and B. LeBlanc. A more extended meeting was held on Dec 2, 2003, where from one’s memory were present  E. Synakowski, J.C. Hosea, S.M. Kaye, C. Kessel, G. Taylor, and others.
These notes were put together by B. LeBlanc.

This experiment has two parts: the first is to couple HHFW into a high-T target plasma, the second is to inject NB into a HHFW driven H-mode target plasma. The discussion dealt mainly with HHFW into NBI H mode. It was felt that three days would be needed.

HHFW into High T Plasma

Want to apply HHFW power to high T, rotating NBI plasma in order to take advantage of (1) the absorption by thermal and fast ions at the expense of the electrons absorption; (2) the high shearing rate induced by the toroidal rotation. Also want to study the effects of off-axis power deposition associated with high T. The aim of the experiment is the development of useful NBI+HHFW plasmas for the NSTX research program.

Apply HHFW power during Ip flattop
BT = 0.45 T, Ip ≥ 0.8 MA, T ( 10-15%,  ≥ 2, à la 109070 or 108730

· Start with k//  = 7 m-1, then 14 m-1 and 3.5 m-1
Use “balance” phasing. Emphasis of the experiment is heating, and possibly the identification of symbiotic effects between NBI and HHFW.

· Establish target plasma

· Preferred target plasma is NBI driven, DND H mode with fueling from high field side. Plasma outer edge at R = 1.5 m. 

· Consider using supersonic gas injector.
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· If no reliable H-mode operation can not be obtained, then proceed with L-mode plasma. L-mode operation would then be enforced by touching CS or equivalent.

Monitor plasma

Data gathered during this experiment is a priority. Need to have means to look quickly at as many as possible of the following diagnostics, between shots.

· loading 

· stored energy 

· parametric decay

· ORNL reflectometer?

· UCLA reflectometer

· SXR 

· CHERS: effect on Ti and v 

· ERD (edge rotation diagnostic)

· MHD

· MPTS

· NPA: loss or improvement in fast ions, time resolution is 1 ms.

· Divertor/CS  cameras: is divertor plate getting all the power?

· X-point tangential view camera, needs RF camera hardware…

Couple HHFW to plasma

The idea is to apply HHFW power after H-mode transition, during the quiescent and Elming phases. Avoid pushing the plasma edge too close to the antenna in order to prevent elm-related increase of density within the antenna box, which is conducive to arcing.

· Start with DND and plasma edge at 1.5 m

· If loading but not bulk heating, then try 1.54 m

· If loading but no bulk heating, then vary k// 

· If no success try again with LSN plasma

· If success, i.e. bulk absorption (stored energy increase)  then… 

· Add/remove NBI source to see effect of rotation and T 

· Vary Ip first, since easier than TF

· Vary TF, choose among 0.35 T, 0.4T, and 0.5 T or 0.55 T is possible, depending on time availability and plasma condition.

· Additional considerations

· Look at current in passive plates if available

· Consider high duty cycle HHFW power modulation to help understand HHFW power deposition. Modulation to be closely linked to CHERS data framing.

· Hope to extract ion power deposition profile from CHERS data. Time resolution is 10 ms.

· Consider current-drive phasing if propitious.
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NBI into HHFW Driven H-mode Plasma

This experiment will be performed after the HHFW driven H-mode experiment and will take advantage of its results. The idea is to inject NB into HHFW-driven H mode.

This part of the xp will be developed when HHFW H-mode discharges have been developed.
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