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EBW Emission from Plasmas Limited Near the HHFW Antenna    

1. Overview of planned experiment
The goal of this experiment is to enhance the mode conversion efficiency of electron
Bernstein waves (EBW) to the extraordinary electromagnetic mode (X-mode) by steepening
the density gradient at the mode conversion layer near the edge of the plasma. Discharges will
be limited by the HHFW antenna structure in order to steepen the density gradient at the upper
hybrid resonance where the mode conversion occurs. The gap between the outer edge of the
plasma and the front face of the HHFW antenna will be varied in an attempt to vary the scrape
off length at the HHFW antenna. The EBW emission will be measured by a microwave
radiometer connected to a horn located between the HHFW antenna straps. The electron
density profile near the plasma edge will be measured by a microwave reflectometer located
at the same toroidal location as the EBW horn.

2. Theoretical/ empirical justification
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Fig.1 ORNL microwave reflectometer data showing scrape off density profile steepening.

Previous EBW emission measurements on NSTX have yielded B-X mode conversion
efficiencies of < 15%, consistent with calculations that use the measured density scale length
at the mode conversion layer near the EBW antenna[1]. Recently, experiments to investigate
the EBW to X-mode (B-X) conversion process on CDX-U have shown that a local limiter
located in the scrape off region can significantly enhance the B-X mode conversion efficiency
[2]. The local limiter steepens the density gradient in the mode conversion layer, which on
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CDX-U is in the scrape off for fundamental and second harmonic EBW frequencies,
enhancing the B-X conversion and tunneling efficiency. The B-X mode conversion efficiency
approached 100% on CDX-U, consistent with theoretical calculations using the measured
density scale length in the mode conversion layer [3]. Recently, significant density profile
steepening has also been observed in the scrape off region of NSTX during shot# 106335, at
densities relevant to fundamental EBW mode conversion (Fig. 1). This experiment uses a
microwave horn mounted on a port between the HHFW antenna straps and uses the HHFW
antenna on either side of the horn as a local limiter to enhance the B-X mode conversion
efficiency.
[1] G. Taylor et al, Phys. Plasmas 9, 167 (2002)
[2] G. Taylor et al., AIP Conf. Proc. 595, 282 (2001)
[3] B. Jones et al., “Enhanced Mode Conversion of Thermally Emitted Electron Bernstein

Waves (EBW) to Extraordinary Mode” Submitted to Phys. Rev. Lett. (January 2002)

3. Experimental run plan
This experiment should be preceded by 1-2 hours of He GDC. Then an ohmically-heated,
deuterium plasma will be established using the setup from shot 106837, an Ip = 800kA, Bo =
3kG, lower single null plasma. The experiment needs about 100 ms of Ip flattop without
electron density glitches and a well-controlled shape. Five minutes of He GDC will be
performed between shots.

a) Repeat same shot until the plasma conditions become reasonably reproducible and without
significant MHD. Acquire MPTS Te(R) and ne(R) profile data during Ip flattop. Also obtain
scrape off density profile at HHFW antenna with ORNL microwave reflectometer. We would
also like to get a scrape off density profile using the UCSD fast scanning probe on the
opposite side of the machine from the HHFW antenna. Use EFIT to determine ∆gap distance
between last closed flux surface (LCFS) and the front face of the HHFW antenna and adjust to
~ 4 cm.

b) Reduce ∆gap to as close to zero as possible and repeat (a) for ∆gap ~ 0 cm. Look for
steepened scrape off density gradient on reflectometer data and enhanced EBW B-X
conversion efficiency.

4. Required machine, NBI, RF, CHI and diagnostic capabilities
No RF, NBI or HHFW required for this experiment, these are ohmically-heated discharges.
See attached list of required diagnostics and machine parameter requirements. MPTS, ORNL
reflectometer and EFIT equibria are essential for this experiment.

5. Planned analysis
Compare measured B-X mode conversion efficiency (Tebw/Te) and the calculated conversion
efficiency using the density scale length derived from the ORNL microwave reflectometer.

6. Planned publication of results
PPPL report and perhaps a journal publication if the results warrant it.
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PHYSICS OPERATIONS REQUEST

Title:  EBW Emission from Plasmas Limited Near the HHFW Antenna  XP No.: 213

Machine conditions (indicate range where appropriate):

TF: Flattop (kG)  3.0 Flattop start/stop (s) 0.0 / 0.5

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

Position: Outer Gap (m) 0-0.04 Z (m)   0 Inner wall / Single null / Double null

Gas: D (inside gas feed) Puff  yes, plus LDGFIS ? ne.l programmed to avoid flat-top

tearing mode

NBI: Power (MW)  ______ 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

Setup shot 106837, Ip = 800 kA, B=3 kG, lower single null limited target plasma

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.
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DIAGNOSTIC CHECKLIST
Title: EBW Emission from Plasma Limited Near the HHFW Antenna No. 213

Diagnostic system Need Desire Requirements (timing, view, etc.)
Magnetics 4

Fast visible camera 4

VIPS-1 4

VIPS-2 4

SPRED 4

GRITS 4

Visible filterscopes 4

VB detector 4

Midplane bolometer 4

Diamagnetic flux 4

Density interferometer (1mm) 4

FIReTIP interf'r/polarimeter 4

Thomson scattering 4 Essential for EBW conversion efficiency
CHERS
NPA
X-ray crystal spectrometer
X-ray PHA 4

EBW radiometer 4 Essential at HHFW location
Mirnov arrays 4

Locked-mode detectors
USXR arrays 4

2-D x-ray detector (GEM) 4

X-ray tangential camera 4

Reflectometer (4 ch.) 4 Scanning mode
Neutron detectors
Neutron fluctuations
Fast ion loss probe
Reciprocating edge probe 4

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 4 ORNL reflectometer is essential


