PPPL-3134 - Preprint: August 1995, UC-420, 426

Optimal geometry for neutral-beam-based optical dlanostlcs in
tokamaks

R.J. Goldston and J.E. Goldston

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

MASTER

DISTRIBUTION OF THIS DCCUENT IS UNLIMITED X




PPPL-3134 - Preprint: August 1995

I o l I . I L s I ! l *
Robert J. Goldston®) and Joshua E. Goldstonb)

3) Princeton Plasma Physics Laboratory, Princeton, NJ 08543
b)125 Clover Lane, Princeton, NJ 08540

(Received

PACS numbers: 50. Fluids, Plasmas, and Electric Discharges +

52. The physics of plasmas and electric discharges

Spatial resolution is an important issue for neutral-beam-based
optical diagnostics in tokamak plasmas, such as charge-exchange-
recombination spectroscopy (measuring Ti and vy) and motional Stark
effect (measuring Bp). The key geometrical constraint is that the optical
sightlines of these diagnostics must be as nearly tangent as possible to
magnetic surfaces at the point where they cross the path of the neutral
bea{m. This minimizes the effect of the width of the neutral beam on the
spatial resolution of the diagnostic in the direction perpendicular to the

flux surfaces. (See figure 1.)




FIG. 1. Optical views of a charge-exchange recombination spectroscopy or motional
Stark effect pinhole camera crossing the path of an atomic neutral beam, in the

midplane of a tokamak plasma.

It is desirable, in general, to optimize the spatial resolution of these
diagnostics near the magnetic axis of the plasma, where peak values of ion
temperature and toroidal rotation are observed and where the poloidal
field reverses sign. At the same time it is also desirable to optimize
resolution near the plasma edge, where strong pressure and flow gradients
can exist in the H-mode, and bootstrap currents can be localized. In this
note, we derive the optimal geometry for a single "pinhole camera"

diagnostic system, based on these considerations.

Figure 2 establishes the geometry for solution of the problem. We
assume that the magnetic axis (or other interesting interior point in the

plasma) is located at radius Rx measured from the axis of symmetry of the

tokamak (point A), and the plasma edge is located at radius Re. The center




of the finite-width neutral beam is assumed tangent to a toroidal circle of
radius R¢. It is convenient to orient the geometric axes such that the
neutral beam travels in the x direction, at y = Ry. The (x, y) location of the
optimal pinhole camera (x¢, yc,at point D) is given by the intersection of
the two sightlines shown. These sightlines are tangent to the circles of

radius Ry and Re at the points where the circles are crossed by the neutral

beam.

In order to solve for (x¢, yc), we construct the circle which passes
through the axis of symmetry of the tokamak (point A), the neutral-beam
crossing at R = Ry (point B), the neutral-beam crossing at R = Re (point C)
and the optimal camera location (point D). This is possible, of course,
because right triangles inscribe semi-circles. The x location of the center of
this circle, point E, is clearly the same as the x location of the center of the

horizontal line-segment BC.

xg = ~[ Rx2 -ROI2 + Re2 ~RD)12] /2
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FIG. 2. Geometry for determining the optimal camera location (point D).

Sightlines

The equation for the perpendicular bisector of the line segment AB is given

by the point-slope formula

X +Rx2-RA)22 = (y-Ry2) Rt/ R2-RAH2.

Since this line passes through the point E, the y location of E is given by
yE= [Ri—(Re2 -RAVZR2 -RA)V2 R;] /2
By construction, the optimal camera location is then

Xe = 2xg= - (Re2~ ROV~ Re2 ~RHI2

ye = 2yE= Ri—(Rx2 ~RZA12(R2 -R2)12 R,

yielding the simple result that



Re = (xc2 + yc2)I/2 = ReRx/Ry
(This final result can also be obtained by purely geometrical reasoning.)

Devices with more tangentially aimed neutral beams require optical
systems with equivalent pinhole camera geometry closer to the plasma
edge. Since the ratio Rx/R¢ tends to decrease for double-pass tangential
injection into higher-aspect-ratio plasmas, Rc/Re decreases at higher aspect
ratio. This simple geometrical result may have a significant impact on the
configuration of neutral-beam-based optical diagnostics for the steady-
state Tokamak Physics Experiment, TPX, which has both a relatively high
aspect ratio, to optimize the generation of bootstrap current, and also
highly tangential neutral beams, to maximize beam current drive and

provide a wide density range for current-drive experiments.
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