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NSTX EXPERIMENTAL PROPOSAL

Title: HHFW Heating and Current Drive of NB Driven Discharges   
No.: 311
1.
Overview of planned experiment  


In this experiment, we will attempt to couple HHFW power effectively to NBI heated plasmas, with an aim of studying auxiliary heating and ascertaining current drive under these conditions, and also of generating useful plasma heating scenarios making use of these two auxiliary heating systems. Attempts have been made previously to use a combination of these auxiliary-heating systems, but always in the context of the development of a particular discharge necessary for the conduct of a specific xp. The goal here is different, where we study HHFW + NBI heating per se. Success will be ascertained based on increase of stored energy and temperature relative to a corresponding “no-HHFR” discharge. The experiment also calls for a comparison between co-directed phasing and counter-directed phasing to ascertain current drive.

Objectives of the experiment are: 

1. Show significant electron heating in plasma core at highest possible PRF, with directed and balanced phasing with k// = 7m-1.

Look at loading versus phasing

Electron and ion heating versus phasing

Energetic ion production

Stability characteristic

2. Compare co-counter CD for optimum conditions.

Select best co condition

Match electron parameters with counter heating conditions

[image: image1.wmf]
2.
Theoretical/ empirical justification

[image: image2.wmf]Figure 1 has been extracted from paper Phys. Plasmas 2 (1995) 4075. It shows the dependency of the electron absorption – the imaginary part of the of the perpendicular wave vector – against the magnetic field for two values of n// in a low aspect ratio machine with Te = 1 keV and ne = 5 x 1013 cm.  Noting the logarithmic vertical axis, we see that the electron power absorption is expected to increase rapidly with increasing T. Keeping in mind that n// = k// c/, we also see that absorption should increase with increasing k//. One goal of this experiment is to couple HHFW power into high T.

So far, the combination of HHFW and NBI heating has been used principally for two purposes.  (1) Heating during Ip ramp-up in hopes of extending the plasma duration by slowing down the current profile evolution;  (2) A study of the acceleration of the NBI induced fast ions by the HHFW field (XP-214). In the present case, we will revisit the first condition as a starting point, but will try to avoid the second by maximizing the absorption of HHFW power by the electrons before the wave reaches the plasma core, where the fast ions reside. This can be done by increasing the peripheral density and the plasma T.

This XP intends to build on some successful discharges obtained previously (105912-105915 and 106134, 106136) to develop HHFW + NBI scenarios on NSTX

[image: image3.wmf]Figure 2 shows an MPTS summary plots for shot 105915, where HHFW is applied to an NBI heated discharge. The electron temperature reaches 2.7 keV. Although interesting, this discharge is probably too old to be used as a template. We will base the experimental plan on more recent discharges like 109757, which was developed .for early HHFW coupling.

3.
Experimental run plan


The approach proposed here is to look under the lamp post so to speak, which is the experimental observation that good results were obtained when HHFW and NBI were applied during current ramp-up. But the experiment proposes to expand the auxiliary heating phase and change plasma conditions to explore beyond the patch of light. CSL, LSN, and DND shapes should be investigated, but in view of the limited time we will start with LSN and pursue with DND time permitting. The rational behind this choice is the LSN has given the best results in the past and that there is experimental evidence that large elongation plasma perform better. 

Subsequent  

DAY ONE

Below is a shot list that would be used during day one of this experiment. It uses LSN plasma geometry. The plasma current of 0.9 MA has been chosen in hopes of delaying the onset of sawtooth activity while confining fast ions. The Ip ramp is set to 5 MA/s and flattop starts around 0.18 s. The BT scan is done to verify the theoretical prediction of increased HHFW power absorption with increasing T.  Target T  is greater 15%. H-mode transitions will not be avoided and the center stack gas puffer should be used to enhance access to H mode. Most of the experiment will done at k// = 7m-1, but we will have a few shots at k// = 14 m-1 to verify the theoretical prediction of increased wave absorption at higher k//. We intend to use two values of the toroidal field: 0.4 T and 0. 375T. We may have to leave out BT = 0.375 T if too difficult. The Ip ramp two-value scan is to help sort out apparent dIp/dt effects in HHFW in heating and help understanding current drive effects.

Establish good HHFW – no NBI – heating in LSN in deuterium, diverted before 0.1 s.  ( 1.9. Ip = 0.9 MA, dIp/dt = 5 MA/s. PHHFW ( 3 MW, k// = 7 m-1. HHFW power on during 0.1-0.45 s. nel = 3x1015 cm-2 is target density for the HHFW (no-NBI) plasma. To the limit permitted by LSN operation, higher triangularity  might be used to delay the onset of q0 = 1. In the table below, <7> means balanced phasing, 7> means co-phasing and <7 means counter phasing of the antenna.

Shot list for day one

	
	Ip-ramp

@ (s)
	BT 

(T)
	NBI
	RF

(m-1)
	Comments
	SHO-TS

	Target plasma is LSN based on 109757, but Ip = 0.9 MA, IP ramp stops at 0.2 s. LSN

	A
	0.18 
	0.45
	NO
	<7>
	OH + RF @iso-phasing
	3

	B
	0.18
	0.45
	A
	<7>
	Same as A, but add NBI (A) 0.075-0.475 s

Focus on outer gap control, start with 2 cm.
	2

	C
	0.18 
	0.45
	A,B
	<7>
	Same as B, but add NBI (B) 0.18-0.475 s

Focus on outer gap control
	2

	D
	0.18
	0.45
	A,B,C
	<7>
	Same as C, but add NBI (C) 0.23-0.475 s

Focus on outer gap control
	2

	E
	0.18
	0.45
	TBD
	NO
	Get no-rf for best condition among B,C,D
	1

	F
	0.18
	0.45
	TBD
	7>
	Repeat E with RF co-phased
	2

	G
	0.18
	0.45
	TBD
	<7
	Repeat E with RF counter-phased
	2

	H
	0.18
	0.375
	A,B
	<7>
	Repeat E at 0. 375, with RF balanced. T
	2

	I
	0.18
	0.375
	A,B
	NO
	Get no-rf comparison
	1

	J
	0.18
	0.375
	A,B
	7>
	Repeat I with RF co-phased. 
	2

	K
	0.18
	0.375
	A,B
	<7
	Repeat I with RF counter-phased 
	2

	L
	0.18
	0.45
	A,B
	<14>
	Repeat E, but with k// = 14 m-1.
	2

	M
	0.18
	0.375
	A,B
	<14>
	Repeat H , but with k// = 14 m-1.
	2

	
	
	
	
	
	 
	

	

	The following set of shots is lower priority. They will done after the above set is complete.

	Target plasma is 0.9 MA LSN, but with Ip ramp stopping at 0.3 s.

	N
	0.3
	0.45
	NO
	<7>
	OH + RF 2iso phasing, longer Ip ramp
	2

	O
	0.3
	0.45
	A
	<7>
	Repeat S, but add NBI (A) 0.75-0.475
	2

	P
	0.3
	0.45
	A,B
	<7>
	Repeat T, but add NBI (B) 0.3-0.475 s
	2

	Q
	0.3
	0.45
	A,B
	<7>
	Repeat U, but add NBI (C) 0.35-0.475 s
	2

	R
	0.3
	0.45
	TBD
	NO
	Get no-rf for best condition among S,T,U
	1

	S
	0.3
	0.45
	TBD
	7>
	Repeat V, but with RF co-phased
	2

	T
	0.3
	0.45
	TDD
	<7
	Repeat V, but with RF counter-phased
	2

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


DAY TWO

Day two would not occurred the following day of day one. Based on the results of day one, the plan for day two is likely to be modified. But it is hoped to couple HHFW power simply during IP flattop – not during Ip ramp-up. Also continuing this experiment in DND discharge is a desirable.

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


Describe any prerequisite conditions, development, XPs or XMPs needed.

Attach completed Physics Operations Request and Diagnostic Checklist


Need HHFW and NBI systems.

5.
Planned analysis


EFIT, TRANSP, HPRT and CURRAY if available. 

Compare CD with GA fast wave into NBI heated plasma results.

6. Planned publication of results.

 This work will be used for publication. There is a RF conference this Spring.

PHYSICS OPERATIONS REQUEST

Title: HHFW Heating and Current Drive of NB Driven Discharges 
No.: 311
Machine conditions (specify ranges as appropriate)

ITF (kA): 53 kA
Flattop start/stop (s):     / 
IP (MA):  0.9 MA
Flattop start/stop (s):  0.18 / 0.5
Configuration: Lower Single Null 
Outer gap (m):
2 cm,
Inner gap (m):
_____
Elongation :
> 1.9,
Triangularity :
0.4
Z position (m):
0.00
Gas Species:  D ,
Injector:  Inner wall 
NBI - Species: D,
Sources: A/B/C,
Voltage (kV): _____,
Duration (s): _____


ICRF – Power (MW): >= 3 MW,     Phasing: 90 deg/Heating/CD,



        Duration (s): 0.350 s
CHI:  OFF
Either:
List previous shot numbers for setup: 105915, 109757
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: HHFW Heating and Current Drive of NB Driven Discharges
No.: 311 
	Diagnostic system
	Need
	Desire
	Requirements (timing, view, etc.)

	Magnetics
	(
	
	

	Fast visible camera
	
	(
	

	VIPS-1
	
	(
	

	VIPS-2
	
	(
	

	SPRED
	
	(
	

	GRITS
	
	(
	

	Visible filterscopes
	(
	
	

	VB detector
	(
	
	

	Midplane bolometer
	
	(
	

	Diamagnetic flux
	
	(
	

	Density interferometer (1mm)
	
	
	

	FIReTIP interf'r/polarimeter
	(
	
	

	Thomson scattering
	(
	
	

	CHERS
	(
	
	

	NPA
	(
	
	

	X-ray crystal spectrometer
	
	(
	

	X-ray PHA
	
	(
	

	EBW radiometer
	
	(
	

	Mirnov arrays
	(
	
	

	Locked-mode detectors
	(
	
	

	USXR arrays
	(
	
	

	2-D x-ray detector (GEM)
	
	(
	

	X-ray tangential camera
	
	(
	Very desirable and expected to be on line.

	Reflectometer (4 ch.)
	
	(
	

	Neutron detectors
	
	(
	

	Neutron fluctuations
	
	(
	

	Fast ion loss probe
	
	(
	

	Reciprocating edge probe
	
	(
	

	Tile Langmuir probes
	
	(
	

	Edge fluctuation imaging
	
	(
	

	H-alpha cameras (1-D)
	
	(
	

	Divertor camera (2-D)
	
	(
	

	Divertor bolometer (4 ch.)
	
	(
	

	IR cameras (2)
	
	(
	

	Tile thermocouples
	
	(
	

	SOL reflectometer
	
	(
	


Fig. 1: Imaginary part of k( against magnetic field, for two values of n//.





Fig. 2: MPTS summary plot for shot 105915.
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