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1 Introduction
An initial memo was prepared investigating the feasibility of three lines-of-sight (LOS)
for a CO2 laser based scattering system on ASDEX-Upgrade (AUG) [1]. One vertical
and two tilted LOS were considered; it was concluded that both of the tilted LOS would
be suitable for implementation. Four operational scenarios were treated, and the total
pitch angle variation was between 9 and 19 degrees. An objection raised by H Bindslev
in response to the memo was that it is the pitch angle p projected onto the plane
perpendicular to the LOS that is relevant, and not the angle
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used in the memo. The purpose of this report is two-fold:
1. Derive the full expression for the pitch angle for tilted LOS (section 2)
2. Having obtained the pitch angle variation, calculate scattered power versus selected
plasma position (section 3)

2 Pitch angle derivation
We will treat LOS L1, AUG shot 14034, an internal transport barrier (ITB) shot, case
2 in [1]. Here, (SR; Sz) = (R2 ; R1; z2 ; z1) = (1.11-2.24 m, -0.59-0.48 m) are the
LOS coordinates. The magnetic eld components along the LOS are plotted versus the
normalised minor radius  in gure 1. BR is the dotted line, Bz the dashed line and B'
is represented by the solid line.
The rst geometrical quantity to be determined is the angle of the LOS with respect
to horizontal. This angle is given by
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Figure 1: Magnetic eld components, case 2. BR is the dotted line, Bz the dashed line
and B' is represented by the solid line.
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which is 43.4 degrees for our example. The next task is to project the BR and Bz
components onto the plane perpendicular to the LOS. The resulting component is
proj
BRz
= Bz cos LOS ; BR sin LOS

(3)
Finally, since B' lies in the orthogonal LOS plane, it should not be modi ed. Collecting the results, the pitch angle in the plane perpendicular to the LOS is
!
proj !
Bz cos LOS ; BR sin LOS
BRz
= arctan
p = arctan
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(4)

The two limits for horizontal and vertical LOS are
!
Bz
p(LOS = 0 degrees) = arctan
=
pz
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!
;
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;
p(LOS = 90 degrees) = arctan
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(5)

where LOS is 0/90 degrees for a horizontal/vertical LOS, respectively.
Since we have the components of both B~ and S~ , we can calculate the pitch angle
versus . To compare the method used in [1] and derived above, we show p (solid line)
and pz (dotted line) versus  in gure 2.
The conclusion is that the angles are very similar, and therefore the conclusions drawn
in [1] remain valid, at least for the L1 LOS.
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Figure 2: Pitch angles compared. Solid line is p, dotted line pz . The +7.5 degree angle
is low eld side (LFS), -3.5 degrees high eld side (HFS).

3 Turbulence pro les
The signal observed by the scattering diagnostic is not simply density uctuations, but
density uctuations squared (n2e ) multiplied by an instrumental function; the product is
integrated along the LOS [2]. NOTE: The uctuation pro les and scattered power below
are always in arbitrary units; no absolute calibration has been done. For the calculations
we assume a relative uctuation pro le having shape
ne =ne = b + cp ;

(6)

where b, c and p are t parameters. Below we use c=b = 197 and p = 7.2, the W7-AS
L-mode pro le [3]. Further, since we have no density pro le measurements available for
the design study, we take the normalised density to be
q
n=n0 = 0:1 + 0:9 (1 ; 2 )

(7)

Once we have this information and the pitch angle variation, the only remaining input
is the measurement volume waist w and the wavenumber selected k? . Thereafter we are
able to calculate the total scattered power observed by the diagnostic as a function of
the spatial position determined by varying the wavenumber angle . Good localisation
means that the product wk? has to be large:
2  180  j (LFS) ;  (HFS)j
(8)
p
p
wk?

In gure 3 we show scattered power versus for a xed k? of 20 cm;1. The left-hand
plot is for a waist w of 1 cm (narrow volume), right-hand plot for a waist of 3 cm (wide
volume). It is obvious that the variation of scattered power for a narrow volume is small,
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Figure 3: Modelled scattered power integrated along LOS L1 versus diagnostic angle .
Left: w = 1 cm, k? = 20 cm;1, right: w = 3 cm, k? = 20 cm;1.
but pronounced for the wide volume. So a volume waist of about 3 cm will be sucient
to guarantee excellent localisation, even at this comparatively small wavenumber.
For actual measurements the procedure will be inverse of the one sketched above:
Measurements will provide data as that shown in gure 3; supplying a measured density
pro le the remaining unknown is the relative uctuation pro le which is extracted by
assuming a pro le shape and making a least-squares- t to the measurements [3].

4 Conclusions
We have shown that good spatial localisation of density uctuations can be achieved
using a double-pass wide volume diagnostic having a tilted LOS. The total pitch angle
variation for LOS L1 ranges between 9 and 19 degrees for the four cases presented in [1],
while the wavenumber resolution (left-hand side of equation (8)) for a beam diameter
2w of 6 cm and wavenumber of 20 cm;1 is 1.9 degrees. This means that localisation is
possible for all case studies.
Standard re ectors of infrared light (as opposed to retrore ectors) mounted on the
inner wall of AUG are quite insensitive to vibrations [4]. We suggest as the next step in
the design process that it is determined where mirrors can be placed above and below the
heat shield. The diameter of the mirrors for a 6 cm volume diameter should be roughly
12 cm (two times volume diameter) to minimise edge di raction e ects.
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