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Key Points

Particle Transport and Density Fluctuations in HSX

1. Peaked Electron Density Profiles with both QHS mode and

Mirror Mode

2. Perturbative Particle Transport Study shows: D ~ 1m3/sec , and

decreased with electron density

3. Density Fluctuations with Frequency ~ 50kHz were observed in

QHS mode ECRH Plasma

1. Interferometer on HSX

Interferometer Capabilities

maximum bandwidth 250 kHz [with 2 MHz sampling]

Spatial resolution: 9 chords, 1.5cm spacing and width.

Fast time response: analog: 100-200 usec, real time

digital: <10 psec
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Low phase noise: 24 mrad (1.6°)
=9x 10" cm™

0.4% level density fluctuations can be measured

Density fluctuations: wavenumber resolution
(1) k, <2.1 em, (ii) k; < 0.07 cm’!
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2. Equilibrium Density Profile

Density Evolution for QHS Plasma
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QHS and Mirror Mode Density Profile
n,~ 1x10*? cm-3
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Inversion Process:
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Density Evolution for QHS Plasma
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QHS and Mirror Mode Density Profiles

n,~ 0.4x10'% cm3
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Profile is broader for Mirror Mode at low density

3. Perturbative Particle Transport

Perturbative Transport
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Analysis approach computes Fourier coefficients of the line integral ﬁe = I nd

Lineariie Eh:e cg%’ryi}ty e)quation for small density perturbations,
model ¢~ , and solve for amplitude and phase.

N/ <10%
Use ~10 cycles (f~200-400 Hz), A e ’

Solving the Continuity Eq. for Steady-State Plasma

Vel'=§ where 1'=-D_ Vn,
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For details, see J. Canik poster

DEGAS code and H, Measurements
used to estimate the neutral particle

distribution in HSX
(1) peaked in the core (2) broad

x10"

12

source (cm'33'1)
2

~

source rate (cm'as'1)

EH

6 8 B 8

OO

r(cm‘S
n,~1x 102 cm3

r(ém)
n,~ 0.4 x 10%2¢cm3

Density profile peaked due to source peaking in plasma core (no pinch required)

Reasonable Fit (to amplitude) using D,,,4=2 m?/s

n,~ 1.0x10%2cm-3
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Density Fluctuations

Time evolution of Ch-5 Nedl, date: 2-4-03, shot 35
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5. Summary

Equilibrium electron density profile is peaked for both the QHS and Mirror Mode configurations (at low
density, Mirror Mode plasmas are broader than QHS)

Peaking on axis likely arises because the source profile is broad and extended to the plasma core.

Modulated gas feed studies indicate constant D4 ~ 2 m?/s, and decreased with density. No inward pinch required due
to centrally peaked source profile.

Future operation at higher density should move the source to the plasma edge allowing particle transport issues to be
addressed

High-frequency density fluctuations (f~25-120 kHz, m=1) are observed for QHS plasmas.

These fluctuations are clearly associated with temperature or pressure gradients (but no resonant surface). Trapped
Particle Modes?



