NSTX EXPERIMENTAL PROPOSAL

OP-XP-625: Thermal Electron Bernstein Wave Conversion to O-Mode
at 8-40 GHz

Overview of Planned Experiment

The goal of this experimenis to measure3-40 GHz thermalelectronBernsteinwave
(EBW) emission coupling via the slow extraordinary mode to the ordinary
electromagnetienode(B-X-O emission).The experimenthasthreeobjectives;1l) map
the coupling efficiency asa function of antenngpointing directionand compareresults
to theoreticalpredictions,2) analyzethe polarizationof the thermalEBW emissionand
compareresultsto theoreticalpredictions,and 3) measurethe electrontemperature
profile evolution using thermalEBW emission.Experimentswill be conductedusing
two-antennaystemsgachwith anobliqueview at bay G mid-plane. Oneantennawill
measurdundamenta(8-18 GHz) emissionandthe secondantennawill measuresecond
harmonic(18-40 GHz) thermal EBW emission. Eachantennais coupledto a dual-
channel EBW radiometer at bay G mid-plane.

Theoretical/Empirical Justification

The modeconversionandtunnelingprocessetweenEBWs andthe electromagnetic
O-moderequiresthe coincidenceof the X-modeand O-modecutoffs[1-5]. This process
hasbeenstudiedextensivelyon Wendelstein7-AS both for heating[6] andasa T (R)
emissiondiagnostic[7]. The B-X-O emissionleavesthe plasmathroughan angular
window at an oblique angle with a transmission function given by [3,5]:
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where:k, is the wavenumberN, .= = [Y/(Y+1)], Y= (! J!), ! .is evaluatedat the
cutoffand! is thewavefrequency.For NSTX this B-X-O emissionwindow is located
at about55’from the directionof the magneticfield. The emissionwindow hasa width
thatincreasesvith decreasing-,,atthe O-modecutoff. For high powerEBWCD systems
modelingpredictsthattheresiliencyof the couplingefficiencyto variationsin L, canbe
improved by polarizationadjustmentsto the launchedmicrowave power allowing
efficient EBW coupling over a broad rangelqf{8].

In a previousexperimenon NSTX (XP-514)thermalEBW emissionmeasurements
were obtainedin the 24-32 GHz frequencyrange(secondharmonic). A single dual-
channelradiometersystemwas manually steeredto an alignmentlocation that was
optimizedfor 28 GHz emissionmeasurementsResultsfrom XP-514 and subsequent
numericalmodelingof the coupling, EBW propagationanddepositionare summarized
in Figure 1 for NSTX shot 117970.The central electrontemperatureprofile from
Thomsonscattering(black dashedine in Figure 1) reachests peakof ~1 keV at0.3 s
andgraduallyfalls to ~0.35keV at 0.6 s. Thetime averagedeBW T, (blueline in



Figurel) reachesabout0.3 keV at 0.15s andthengraduallyfalls to 0.15keV at 0.6 s.
For XP-514, the measured mode conversion efficiency was ~20%.

A numerical3-D ray tracingmodel, that utilized the EFIT equilibrium and
electronkinetic profiles from Thomsonscatteringwas usedto modelthe evolution of
the 25 GHz thermalEBW emissionfor shot117970(Figure2). Thequad-ridgecantenna
usedin the experimentallowed orthogonalradiation polarizationsto be measured
simultaneously.Polarizationmeasurementsvere consistentwith the near-circular
polarization predicted by the numerical model (Figure 2b).
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Figure 1. T, is plotted versus time for NSTX shot 117970. The red trace is the radiation temperature
obtainedfrom the absolutelycalibratedradiometerfor 25 GHz emission. The greytraceis the smoothed
T..qdata. The black dashed line is the Thomson scattering electron temperature on axis.
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Figure 2. Measured T, and emission polarization for shot 117970 for 25 QHET,.4 vs. time is
plotted. The black trace is the time-averaged measured emission. Also plotted is the simyfated T
shot 117970, the blue trace.(Z0) neglects the effects of collisions, the pinl£3) and green (£=5)
include collisional effectgb) The black trace shows the measured emission polarization while the red
trace shows the simulated emission polarization.



This numericalmodelingpredictedthatthe effectivetemperaturdT ) of thethermal
EBW emission(Figure2a,blueline) sourceelectrongeachesabout0.8keV at0.2sand
thengraduallyfalls to 0.3 keV at 0.6 s. However,the measurecffectivetemperature
was 2-4 timessmallerthanthe predictedeffectivetemperature. The measurementfor
XP-514wereobtainedusingan H-modetargetplasmawith anelectrontemperatureear
the upperhybrid resonancdayer of ~10-30eV. In this temperaturgange,collisional
lossescanbe significant. It is hypothesizedhatthesecollisionallossesarethe causeof
the low EBW coupling efficienciesmeasured. A simplistic collisional model was
incorporatednto the numerical3-D ray-tracingmodelto investigatecollisional effects
on the thermalEBW emissionradiatedtemperature.In Figure 2a, simulatedthermal
EBW radiationtemperaturefor shot117970including collisional effectsfor Z=3 (pink)
and Z=5 (green)are shown. From thesesimulations,it is shownthat low electron
temperaturesiearthe upperhybrid layer can havea significanteffect on the measured
thermal EBW radiation temperature.

A significantupgradeto the previousdual-channel18-40 GHz oblique-viewing,O-
modeEBW radiometemwill be availablefor this XP. The 18-40GHz systemwill be
remotelysteerableand can be re-positionedbetweenshotsusinga PC locatedin the
NSTX control room. A seconddual-channel8-18 GHz (fundamentalfrequency)
oblique-viewing,0-modeEBW radiometersystem(on Bay-G, Figure 3) will alsobe
available for this XP.
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Figure 3. Machinelayoutof the upgradedemotely-steere@BW emissiondiagnostic. Eachantenna
is coupledto a dual channel,absolutelycalibratedradiometersystem. The 8-18 GHz radiometerwill
measuréd-modeEBW emissionis the fundamentafrequencyrangewhile the 18-40GHz radiometemill
measure emission in the second harmonic frequency range.

The 8-18 GHz systemwill also be remotely steerabléby computer. The remote
steeringcapabilitywill allow a detailedmappingof conversiorefficiency asa function
of antenngpointing directionto be performedduring this XP. Both of the systemswill
be ableto measurgwo orthogonalpolarizationssimultaneously. The experimenthas
three objectives:1) map the coupling efficiency as a function of antennapointing



directionand compareresultsto theoreticalpredictions,2) analyzethe polarizationof
the thermal EBW emissionand compareresultsto theoreticalpredictions,and 3)
measure the electron temperature profile evolution using thermal EBW emission.
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3. Experimental Run Plan

Initially EBW radiometerswill acquiremeasurementduring otherexperimentsin
orderto debugthe new instrumentand identify optimum conditionsfor conducting
dedicatedexperimentsData will be takenin fast frequencyscanningand dwelled
frequencymodeundervariousplasmaconditions.The experimentwould benefitfrom
the useof rtEFIT and a relatively long, 200 - 250 ms, |, flattop, preferablywithout
significantelectrondensityglitchesanda fairly well controlledshapeBoth L-modeand
H-mode plasmaswill be usedfor the dedicatedshots,with shotoperatingparametrs
chosenbasedon experiencegainedin analyzingthe Opiggyback@atafrom the. This
experimenill requireatleasttwo half-dayrunswith 10 reproduciblevell documented
shotseach.Thomsonscatteringl (R) andn(R) profile datawill beacquiredduringthel,
flattop. Also we will needto obtainthe scrapeoff density profile at Bay C with the
ORNL reflectometeiand/orat Bay J with the UCLA O-modemicrowavereflectometer.
EFIT will beessentialn orderto reconstrucequilibriafor numericalmodelingwith the
3-D EBW ray tracing code and for modeling EBW mode conversion.

There are two main objectives for these experiments on NSTX:

1. To obtain a mapping of B-X-O mode conversionefficiency for both H- and
L-mode plasmas.This mappingwill be achievedby remotely steeringthe
antenna while repeating the same plasma shot.

2. To investigate collisional effectson mode coupling. Dataanalysisfrom shot
117970revealedhatthe predictedeffective EBW temperaturavasa factor of 2-
4 lower thanthe measureceffective temperaturgfigure 2). Gaspuffs (at 50,
100, and 165 torr-I/s) will be introducedinto the plasmaedgeto changethe
effective collision frequency.

Shot List - 2 half-day runs (minimum)
Day 1) H-mode plasma, similar to reference shot #117405

Shots(1-3) Setupand repeatthe target plasmashot until the plasmaconditions
become reasonably reproducible.



Shots (4-13) Repeat best shot from (1-3) and scan antenna pointing direction to obtain
a B-X-O mode conversion efficiency mapping.

Shots(14-15) Repeatbestshot from (4-13) with atoroidal field sweepduring |
flattop.

Shots(16-18) Repeatbestshotfrom (4-13) and introducegas puffs from low field
side of 50, 100 and 165 torr-I/s at ~0.3 s.

Day 2) L-mode plasma, similar to reference shot #113544

Shots(1-3) Setupand repeatthe target plasmashot until the plasmaconditions
become reasonably reproducible.

Shots (4-13) Repeat best shot from (1-3) and scan antenna pointing direction to obtain
a B-X-O mode conversion efficiency mapping.

Shots(14-15) Repeatbestshot from (4-13) with atoroidal field sweepduring |
flattop.

Shots(16-18) Repeatbestshotfrom (4-13) and introducegas puffs from low field
side of 50, 100 and 165 torr-l/s at ~0.3 s.

Required Machine, NBI, RF, CHI and Diagnostic Capabilities

NBI is requiredfor this experimenin orderto providestable,200-250ms, |, flattop.

Seeattachedist of requireddiagnosticsand machineparameterequirementsMPTS,
ORNL reflectometer and EFI&quibria are essential for this experiment.

Planned Analysis
ComparemeasuredB-X-O mode transmissionefficiency (T,,/T.) and emission

polarizationwith the calculatedcoupling efficiency and wave polarizationusing the
density scalelength at the electron plasmafrequencycutoff, EFIT equilibria, and
electron kinetic profiles from laser Thomson scattering.

Planned Publication of Results

PPPL report and a journal publicationHhysics of Plasmas



PHYSICS OPERATIONS REQUEST

Title: Thermal Electron Bernstein Wave Conversion to O-Mode at 8-40 GHz OP-XP-625

Machine conditions (indicate range where appropriate):

TF: Flattop (kG) 4.5 Flattop start/stop (s) 0.0/ 0.5

Ip: Flattop (kA) 800 Flattop start/stop (s) 0.2 /0.4

Position: Outer Gap (m) 0.05-0.15 Z(m) O tanerwall/ Single null /-Deuble-null

Gas: He or D (inside gas feed) Puff NO plus LDGFIS ? n..| programmed to avoid flat-top
tearing mode. Low field side gas puffs of 50, 100 and 165 torr-I/s at ~0.3 s.

NBI:. Power (MW)  ~2 Start / stop (s) Voltage (kV)
RF: Power (MW) Start / stop (s) Frequency (MHz)
CHI: Off / Start-up / Ramp-up / Sustainment

If this is a continuation of a previous run or if shots from a previous run are similar to those
needed, provide shot numbers for setup

Day 1) Setup shot similar to 117405, |, = 800 kA, B, = 4.5 kG, final parameters to be
determined based“piggback” EBW emission data analysis
Day 2) Setup shot similar to 113544, |, = 800 kA, B, = 4 kG, final parameters to be
determined based“piggback” EBW emission data analysis

If shots are new and unique, sketch desired time profiles and shapes. Accurately label the
sketch so there is no confusion about times or values. Attach additional sheets as required.




DIAGNOSTIC CHECKLIST
Thermal Electron Bernstein Wave Conversion to O-Mode at 8-40 GHz OP-XP-625



Diagnostic

Need

Desire

Instructions

Bolometer B tangential array

Bolometer array - divertor

CHERS

Divertor fast camera

Dust detector

EBW radiometers (Bay G)

Needed at Bay G

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

High-k Scattering

Infrared cameras

Interferometer - 1 mm

Langmuir probes b PFC tiles

Langmuir probes B RF antenna

Magnetics - Diamagnetism

Magnetics - Flux loops

Magnetics - Locked modes

Magnetics - Pickup coils

Magnetics - Rogowski coils

Magnetics - RWM sensors

Mirnov coils B high frequency

Mirnov coils B poloidal array

Mirnov coils P toroidal array

MSE

Neutral particle analyzer

Neutron measurements

Plasma TV

Reciprocating probe

Reflectometer B FM/CW

Needed for some dedicated shots, but turn off on mo,
dedicated shots to avoid rf interference with radiomet]

Reflectometer B fixed frequency homodyne

Reflectometer Bhomodyne correlation

Reflectometer B HHFW/SOL

Needed for density scrape-off data

RF antenna camera

RF antenna probe

Solid State NPA

SPRED

Thomson scattering - 20 channel

Essential to get Ln for EBW conversion efficiency

Thomson scattering - 30 channel

Desired to get Ln for EBW conversion efficiency

Ultrasoft X-ray arrays

Ultrasoft X-ray arrays B 2 color

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




