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NSTX EXPERIMENTAL PROPOSAL

beta-suppression of Alfven Cascade Assess the effects of supra-Alfvénic fast ion
driven instabilities on driven current in the plasma core OP-XP-72?

1.

Overview of planned experiment
Upward chirping modes identified as Cascade modes were discovered in very low density,

low beta discharges, without MSE data and with limited reflectometer data. We will return to
conditions of these shots (120102-120104) and acquire a more complete set of data. A well
conditioned machine is probably required to make plasmas with the target peak density on
axis of 1 x 10"*/cm’. The first phase of this experiment be to document the q profile
evolution, either by stepping source A on-time through the start-up phase or by substituting
source A for source C. The next phase will perform a density (beta) scan and document affect
on range of frequency chirps. As the density is raised, more reflectometer data will be
acquired. If additional shots are required for good reflectometer coverage, they will be taken
at this time. In the final phase, The toroidal field will be increased to 5.5 kG, and a beta scan
will be performed there to test the theoretical beta scaling predictions as well as allow
operation at somewhat higher density, aiding in acquisition of more complete reflectometer
coverage.

This experiment cannot be done as piggyback. It must be done in a very low density
regime. May take some time to step source A on-time through the shot to map g-profile

evolution.

Theoretical/ empirical justification
Alfvén Cascade or rsAE modes have been studied on many conventional tokamaks. They

are found to be an accurate indicator of the qmin(t). Their presence in reverse-shear plasmas
on DIII-D, in plasmas with neutron deficits, has also raised suspicion that they may enhance
fast ion transport. Until recently, AC modes were absent from reverse shear plasmas in STs,
and a theoretical explanation was developed which predicted that AC modes would only be
present at very low (by ST standards) electron beta.

Alfvén Cascade-like modes were discovered at very low beta in ultra-low density plasmas
during XP607 in the 06 campaign. The predicted suppression at high electron beta was
observed. Unfortunately, MSE data was not available to confirm identification of modes as

Alfvén Cascades. A return to this experiment would allow for more complete documentation
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of the beta-threshold, as well as confirmation of the identification of these modes as Cascades.
The expanded array of reflectometer channels might also make possible the documentation of

the expected change in mode structure as the frequency chirp saturates.

3. Experimental run plan
The primary goal is to document g-profile evolution. The secondary goal is to acquire good
reflectometer data to verify mode localization to the qmi, region. Strong velocity shear
introduces uncertainty into the interpretation of frequency chirping. A possible solution is to
use n=3 braking to reduce rotation. This should be tried early in the density scan, and if

considered otherwise unperturbing, used throughout.

1. Reproduce low density shot 120102/120103/120104, with source C at 90 kV 3
2. Document g-profile evolution
a) Substitute source A at 90 kV for source C 1-2
b) If no Cascades are present, use Source C, step Source A every 25ms to get MSE 6-8
3 Density (beta) scan to study (Source A, if possible) to = 3.5x10"*/cm’ on axis 5
a) If necessary, repeat q evolution documentation at intermediate density 6-8

Evaluate data acquired to this point, return to conditions where documentation is uncertain.
Verify that good reflectometer and MSE data was acquired.

Add source B at 70 kV to see affect of higher fast ion beta. 1-2
Repeat with only source B at 70 kV to lower fast ion beta. 1-2

Repeat, as much as possible, at higher field (5.5 kG), and then at low field (3 kG?)

Try Argon puffing to enhance soft x-ray emissivity

Use n=3 braking to keep rotation at low level

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
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More than the standard three reflectometer channels would be desirable, but the full proposed
set is not required. MSE is a must. N=3 braking capability is desired.

5. Planned analysis
What analysis of the data will be required: EFIT, TRANSP, etc.

Apart from the initial and simple analysis of the frequency chirping, sufficient data should
have been acquired for careful NOVA modeling of the Cascade mode chirps, comparison of
Nova radial eigenfunctions to multipoint reflectometer data, and possibly Orbit estimates of

the effect of the Cascades on fast ion confinemnt.

6. Planned publication of results

What will be the final disposition of the results; where will results be published and when?

I would envision one longer paper as follow-up to the initial report on observation of Cascade

modes.
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PHYSICS OPERATIONS REQUEST
beta-suppression of Alfven Cascade OP-XP-7??

Machine conditions (specify ranges as appropriate)
Itr (kA): 53 Flattop start/stop (s): 0.0/1.0
Ip (MA): 0.800 Flattop start/stop (s): 0.2/0.9
Configuration: 120103

Outer gap (m): , Inner gap (m):

Elongationx: | Triangularity o:

Z position (m): 0.00
Gas Species: He, Injector: Midplane / Inner wall / Lower Dome
NBI - Species: D, Sources: A/B/C, Voltage (kV): 90/90/90, Duration (s): 0.90
ICRF — Power (MW): =2 MW, Phasing: "Heating", Duration (s): 0.2s

CHI: On/Off

Either: List previous shot numbers for setup: 120103

Or: Sketch the desired time profiles, including inner and outer gaps, «, 9, heating,
fuelling, etc. as appropriate. Accurately label the sketch with times and values.
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DIAGNOSTIC CHECKLIST

beta-suppression of Alfven Cascade

OP-XP-72?

Diagnostic

Need

Desire

Instructions

Bolometer — tangential array

Bolometer array - divertor

CHERS

Divertor fast camera

Dust detector

EBW radiometers

Edge deposition monitor

Edge pressure gauges

Edge rotation spectroscopy

Fast lost ion probes - IFLIP

Fast lost ion probes - SFLIP

Filtered 1D cameras

Filterscopes

FIReTIP

Gas puff imaging

Infrared cameras

Interferometer - 1 mm

Langmuir probe array

Magnetics - Diamagnetism

Magnetics - Flux loops

Magnetics - Locked modes

Magnetics - Pickup coils

Magnetics - Rogowski coils

R RS

Magnetics - RWM sensors

Mirnov coils — high frequency

Mirnov coils — poloidal array

Mirnov coils — toroidal array

MSE

Neutral particle analyzer

Neutron measurements

Plasma TV

B N N RS

Reciprocating probe

Reflectometer — core

Reflectometer - SOL

RF antenna camera

RF antenna probe

SPRED

Thomson scattering

Ultrasoft X-ray arrays

Visible bremsstrahlung det.

Visible spectrometers (VIPS)

X-ray crystal spectrometer - H

X-ray crystal spectrometer - V

X-ray PIXCS (GEM) camera

X-ray pinhole camera

X-ray TG spectrometer
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