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Motivation

Proposed JHU research at NCSX :

— MHD and equilibrium measurements

— Impurity and electron transport (stellarator-ST comparison)
— Plasma control using SXR

Tool: Dual-energy SXR tomography system

— T, iso-surfaces for equilibrium reconstruction

— 2-D T, (n,, n,) perturbations (MHD mode, island, injection)
— Real-time T for feedback control

Stems from multi-energy SXR diagnostic developed at NSTX



Dual-energy SXR diagnostic (DE-SXR)

Filter transmission
detector arrays . C
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* Plasma simultaneously imaged in two energy ranges

« SXR profiles modeled using ab-initio atomic data
(HULLAC, CHIANTI)



Fast T, profiles in sub-keV plasma
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reconstruction on NCSX



Simultaneous edge and core MHD
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 DE-SXR ‘decouples’ core and edge modes

* Mode 6T, (on,, 6n,) also possible (Stutman et al PoP 06)



Impurity and electron transport

E>04keV
00y (He-, H-like Ne)

00 02 04 06 08 1.0
r/a

« DE-SXR discriminates edge and core charge states

» T, perturbation diagnostic in lieu of ECE



Tomography using AXUV diode detectors

Island model emissivity = Tomographic reconstruction (45 chords)
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* Uniform AXUV response + algorithm optimization ->
tomography with relatively sparse coverage



Proposed NCSX DE-SXR system

A 2-3 m Kapton
——— coax cable (260°C)
4 cm \\
N| AXUV-20
™ 0.75 x 4 mm
v /' diode array
curved (200°C)
movable /%
Be filter * Cooled
support rail
* Multiple DE cameras, 20 chords each
E>2T, « <1.5cm, <5 ps resolution
camera

a1 » 100s of nA signal with AXUV-20 diodes
“‘\\cameera * Modular design for staged completion
» Based on NSTX in-vessel diode array

» Special amplifiers outside vacuum



Special amplifiers enable using long cables

107 V/A transimpedance gain, 2 x 5 mm AXUV-16 diode, RG-58
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JHU / AccentPro collaboration



Summary

* Dual energy SXR tomography system proposed for:
- T, iso-surfaces for equilibrium reconstruction
- tomography of MHD T, n_, n, perturbations
- perturbative particle and electron transport
- plasma control using SXR T,

« Compact, economical and tested solution using AXUV arrays
« Modular design for phased implementation (possibly from 2009)

» Multi-chordal transmission grating spectrometer (10-300 A)
for improved accuracy in DE-SXR modeling



