
Pre-CDR Diagnostics Work Plan
NCSX Diagnostic Task (PVR Recommendations addressed) Co-Workers FY01 FY02

Continue to develop the logic linking diagnostics to physics program and
priorities as indicated in the diagnostic implementation plan. Develop matrix
relating physics issues to plasma parameters measured to diagnostic
requirements. Include in the matrix a summary of geometrical access
requirements for diagnostics in the plan. Provide more detail on plans for
measurements of flow and turbulence. (II-5, IV-8, IV-11)

D. Johnson
M. Zarnstorff

Trip to W7-AS

5 5

Integrate diagnostic access requirements with the VV and coil design for
particular diagnostic systems included in the diagnostic implementation plan
with initial assessments of sightlines and fields of view obtainable, and
identification of critical issues. In particular, consider whether diagnostic access
to symmetry planes be obtained. Also give particular attention to diagnosing 3-
D nature of the pl asma. (IV-8, IV-12)

D. Johnson
M. Cole

5 16

Complete conceptual design of magnetic diagnostics required for plasma
control, equilibrium reconstruction and MHD analysis. This design should be
integrated with the engineering design of the vacuum vessel, the PFC system,
and the diagnostic access ports. Begin optimization of sensor number and
location in conjunction with development of 3- D EFIT. Consider strategy for
installation and maintenance of in-vessel senors.(IV-10)

E. Lazarus
D. Johnson
M. Cole

2 5

Develop concepts for implementation of adequate beam-based diagnostics D. Johnson 4
Complete conceptual design of E-beam mapping system and plan for operation.
Assess feasibility of a retractable system deployable without serious impact on
plasma operations. (IV-9)

D. Johnson

Trip to HSX

5

Prepare for CDR presentation 5
Total DWJ days 12 40



Initial Plasma Heating and Transport

Research Goals

months

Year 2

Between shot GDC

2 MW H, 40 kV, 0.3 sec. 3 MW H, 50 kV, 0.3 sec.

Digital Feedback Control
of Boundary and Density

Initial NBI Heating Expts.

Local Transport Studies

Enhanced Confinement Regimes

Disruption Studies

IR Camera
Bolometer Arrays 1

Diagnostics

Other Capabilities

Thomson Scat. 1
CHERSDNB

MSE 1

Magnetics 2
SXR Arrays 2

Visible Cam. 2

Fixed Langmuir Probes

1 Co, 1 Ctr. Source

350° C He Bakeout



Diagnostic Implementation Strategy

• Baseline Diagnostics will provide:

– Magnetics needed for plasma initiation and control, and to derive stored
energy for assessment of global confinement. Also will serve as primary
input to equilibrium reconstruction code.

– Spectroscopic assessment of impurities

– Fast camera views of plasma edge to observe plasma wall interaction.

– Line average density measurements.

– Initial indications of MHD activity

• Upgrade Strategy

– Initial emphasis will be on profile diagnostics (MPTS, CHERS, MSE)
for local transport studies.

– Continuing evolution and expanded capability in magnetics, x-ray
tomography, bolometry, and fast ion diagnostics

– Divertor and turbulence diagnostics come later in plan



Diagnostic Implementation Plan
ports

1st Plasma, Field Mapping, and OH Studies assembly

Magnetics 1 100 channels 12
Visible Cameras 1 3 views, 1 fast, 2 slow 3
Interferometer single chord, 1mm 1
UV Spectroscopy single sightline 1
Visible Spectroscopy direct+several fibers 1
Visible Filterscopes 1 3 views, 10 sightlines 3
SXR Arrays 1 1 compact array 1
e-Beam Field Mapping probe, mesh, CCD 2

Initial Plasma Heating and Transport

Magnetics 2 50 additional channels 6
Visible Cameras 2 2 add. fast cameras
SXR Arrays 2 2 additional arrays 2
Bolometer Arrays 1 2 arrays 2
Fixed Langmuir Probes 20 probes 5
IR Camera 1 camera, multi. wind. 3
Thomson Scattering 1 100 Hz, 15 pos. 4
CHERS 50 ch system, 5 msec. 2
MSE 1 1 view, 10 channels 1
Diagnostic Neutral Beam ??? 1

Optimize Confinement and Beta

Magnetics 3 50 additional channels
SXR Arrays 3 3 add. arrays, 3
Bolometer Arrays 2 2 add. arrays 2
Reflectometry multiple scanning 1
Thomson Scattering 2 200 Hz, 30 chns.
MSE 2 2nd view, 10 chns. 2
Fast Ion Loss Probe fixed probe 1
Fast Scanning Edge Probe 1 pos. 1

Sustainment at High Beta

Magnetics 4 additional channels
IR Camera 2 additional camera
Fluctuation Imaging 2-D imaging system 1

Divertor Bolometer 2 high res. Arrays 2 design and installation

Divertor UV Spectrometer scannable instrument 1 debugging

Fluctuation Diagnostic undetermined 1 operation

total 65

Phase 4Year 1 Year 2 Phase 3

outage

outage

outage



Conceptual Design Will Address Several
Access Issues

• No access presently available at
symmetry planes, which are
optimum locations for many
diagnostics. As machine design
evolves, will look for opportunities
to improve this access.

• Interface ports are at the end of
rather long vacuum extensions.
Thus wide angle views will require
re-entrant diagnostic assemblies.

• The difficulty of personnel access
inside the vacuum vessel will
complicate diagnostic installation
and maintenance/calibration.



Thomson Scattering Example

• An optimal geometry for Thomson
scattering is a horizontal beam at the
bullet symmetry plane.

• Always sees the peak and has the
longest scattering length.

• One could approach this geometry by
adding a small port on the inside of the
machine, and with minor
modifications to a lower viewing port.

• At the low TF fields and densities
expected on NCSX, plasmas are
overdense for ECE radiometry. Thus,
Thomson scattering be relied upon for
Te profiles.

laserdump

laser



Beam-Based Diagnostics

• The geometry of the heating beams
on NCSX makes localization very
difficult for CHarge Exchange
Recombination Spectroscopy
(CHERS - Ti and vφ) and impossible
for Motional Stark Effect
polarimetry (MSE - J and Er) for core
measurements.

• A Diagnostic Neutral Beam will be
needed, particularly for MSE. Nova
Photonics has developed a suitable
DNB for MSE measurements on
NSTX.



Adequacy of Diagnostic Access

• Planned diagnostics need ~ 65 ports.
Current vessel design has 87 ports for
all systems.

• A concept has been developed for
Thomson scattering which looks
feasible with some port modifications.

• Access concepts for all of the
diagnostics listed will be developed as
a priority in the conceptual design.

• Diagnostic integration is an explicit
part of the project plan.

• At this point, diagnostic access appears
adequate for measurement needs, if
available space is used optimally for
specific views.


