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The paper presents the description of the density profile computing methods by the five-channel probing on the base
of the developed program code and gives the results of model investigations.

PACS: 52.55.Hc

1. INTRODUCTION

The presented complex problem was firstly
developed, both on the hardware base and at the stage of
data processing, for the torsatron U-3M with
submillimeter probing and later on for the torsatron U-2M
[1]. As a result, a program code was developed for
preliminary analysis of the density profile. Subsequently,
it was expanded in order to use the microwave diagnostic
data for plotting and analysis of the plasma density
profile.

The well-developed microwave FM-CW reflectometry
is an advanced research technique permitting to obtain
necessary data for density profile analysis [2, 3]. As the
probing waves are very sensitive to the plasma
turbulence, the reflected signals show constantly
perturbations provoking the distortion in the density
profiles obtained. The methods of multichannel
microwave interferometry enable to reduce the turbulence
effects and to simplify the density profile plotting. And
having a sufficient number of probing channels one can
obtain a high spatial resolution.

The probing channels are designed by the fan-like
array with a maximum opening of 40° and with a central
channel in the horizontal plane. The authors considered
different methods of plasma profile plotting basing on the
model for Abelian transformation with the use of
gradient-displaced ellipses.

2. THE MODEL AND METHODS
OF SIMULATION FOR PLASMA PROFILE

The development of simulation methods for
determining the plasma profile is based on the calculated
model of the plasma formation in the torsatron U-2M
composed of 11 measured magnetic surfaces [4]. On each
of these surfaces the density value is assumed to be
constant (Fig.1a, for the simplicity 5 surfaces are shown).
For the plasma cross-section the parabolic density
distribution
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was taken, where x is the number of surface in the model
of plasma formation, L and p are the parameters of profile
broadening-flattening.

2.1. THE PROFILE CALCULATION BY FAN-TYPE
CHORDS

In accordance with the applied plasma cross-section
model and five probing chords designed by the fan-like
array (Fig.1a), the program was developed for calculation
of plasma density profile. For every chord we determined
and recorded in the program the values x; for points of
chord intersection with corresponding surfaces and, also,
the point in the section center between the surfaces.

So, for chords K1, ..., K5 determined were 17, 21, 23,
21 and 17 points, respectively. For model calculations the
values of measured NL,, ..., NLs by 5 chords for the test
profile were calculated using the graphic model with
parabolic distribution of density values on the surfaces.

The program calculation was performed by the
following procedure. The conventional profile y(x)= n.(x)
for the values of n, = 1007 cm™, L = 10, p = 1 is
calculated by formula (1). The x value changes within the
range from 0 to 10. Thus, we obtain 11 initial values
ny, ..., ny; for the profile model from 0 to 1010 cm™.

Then the values y(x;), ..., ys(x;) for 5 chord probing
channels in compliance with the calculated values n,, ...,
n;; are determined. Basing on the obtained profile values
in compliance with lengths x; for every chords, the areas
Sy, ..., Ss, proportional to the values NL of the real profile
are calculated. The method for area calculation can be
various, e.g. simply the method of triangles or the method
with the use of smoothing splines when plotting the
profile curve.

Taking the horizontal channel K3 (Fig.1a) as a basic
one we determine the correspondence between the
obtained value of the area S; and NL;, i.e. we obtain the
coefficient of density recalculation C = NL;/ S;.

2.2. AUTOMATIC CALCULATION ALGORITHM

Using the coefficient C we calculate for the rest four
channels the expected values nl,, nl,, nly, nils, for example,
nl; = C S, (nls = NL;s). By comparison of the calculated
values n/ with measured ones, the error is determined.
Basing on this error the broadening-flattening parameter
profile parameters (L and p) are changed and a new
calculation is performed. After several recalculations the
optimum values n/,, ..., nls with a minimum error, relative
to the measured values NL of the real profile, are chosen.
The choice is carried out, for example, by the method of
least squares. Finally, wusing the optimum values
ni ..., Ny the proﬁle Wlth N/, veey N/[ (N/ = C Dn, etc.) iS
plotted.
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Fig. 1. Arrangement of the model probing chords for microwave interferometers in the torsatron U-2M

The simulation results are presented in Fig.2. For the
test parabolic profile the error in determining the values
NLy, ..., NLs is ~ 1%.

In the real experiment for every probing channel it is
intended to use a quadrature interferometer with the two
separate output signals S; = Aldos¢ and S, = Alsling. The
processing and conversion program allow us to obtain the
phase values for every chord. These data are used for
determination of the current measured values NL,, ..., NLs.
With the data reception frequency of 3 MHz for the
discharge time interval of ~10 ms it is possible to obtain
near 3000 profiles.
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Fig.2. Result of the calculation of the test parabolic
profile model for five probing chords K1 — K5 (Fig.1a)

2.3. USE OF THE MODEL FOR ABELIAN
TRANSFORMATION

Plasma profile plotting basing on the Abelian
transformation is often applied to the layered onion-like
structures [5]. The external chord K1 determines the
density value in the external layer (Fig.1b). The next
chord K2 intersects the external and second layers and so
on.

The above-described method was considered as a base
for plasma profile plotting in the case of five probing
chords located in the upper part of the chamber (Fig.1b).
Here the cross-section of plasma surfaces is simulated by
the five gradient-displaced ellipses. In this model for the
first channel K1 we have three intersection points — on the
left with the last surface, in the contact with the second
one and on the right. For the second chord K2 there are 5
points, for K3 -7 points and for K4 — 9 points. And, at
last, for K5 there are 11 points (with taking into account
the central point).

The simulation procedure was as follows. First we
calculated the initial test profile for 11 plasma surfaces
(similar to that in Section 2.1), named P,.;; (the analogous
profile is shown in Fig.2, curve K3). Then the calculation
results were used to determine the expected values n/, ...,
nls for probing chords K1 — K5 (Fig.1b). They were used
as the initial data to calculate the profile basing on the
model for Abelian transformation which we named PAs.
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At the first stage, the profile Py.;; by formula (1) with
the parameters L = 10, p = 1 was calculated.
Unfortunately, for this profile we did not succeed in
plotting the maximally corresponding profile PA,.s (with
changing the parameters L =4 — 5, p = 0.4 — 3) because
of a great error, from 20% to 70% over the channels.
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At the second stage of calculations it has been
established that the best correspondence between the
initial profile P,.;; and the calculated profile PA,.s can be
obtained by plotting Py, with the parameter p = 2.3
(Fig.3, curve 1). In this case for the profile PA;.s (with the

parameters L = 5, p = 0.62, Fig.3, curve 2) the maximum
error in determination of the values nl,, ..., nls was near
9%. In the profile center the density decrease by ~14% is
obtained.

At the third stage we introduced into formula (1) the
additional coefficient of profile correction #,:
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that permitted to decrease the error in the calculation of
the values nl,, ..., nls. So, for the profile PA,s (with the
parameters n, = 0.15,, L = 5, p = 1.18, Fig.4, curve 2)
the maximum error in the calculated values n/,, ..., nls was
2%. Thus, in the central profile part the density values
became lower (by 5 — 15 %) due to the additional density
increase at the extremity.

3. CONCLUSION

Reasoning from the calculation results, the following
is deduced. Using the model with a sufficient number of
surfaces (11 and more), the plasma profile can be
reconstructed with a high accuracy (to several percents).
For the case of simulation with the use of 5 gradient-
displaced ellipses the value of error depends on the
calculation method and can be within 5 — 20 %.
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ABTOMATHU3ALNA AHAJIN3A ITPODPUJIS INIOTHOCTHU IVIA3MBI 110 U3BMEPEHUAM
MHOI'OKAHAJIBHBIM CBY HHTEP®EPOMETPOM VIS TOPCATPOHA Y-2M

B.JI. Ouepemenxo, B.JI. Bepescuwiii, A.B. IIpoxkonenxo, H.b. ITunoc

Omnucansl  METOIBI

pacuera TpOQHIS IUIOTHOCTH TIPH MATHKAHAJIHEHOM

30HAUPOBAHUM Ha OCHOBaHHU

pa3pa60TaHHOr0 MIPpOrpaMMHOTIO KOAa U NPUBCACHBI PE3YJIbTATHI MOACIIbHBIX HCCHeﬂOBaHHﬁ.

ABTOMATHU3AIIA AHAJII3Y ITPO®LIIO I'YCTUHMU IVIAZMHU 110 BUMIPIOBAHHSAX
BA'ATOKAHAJIBHUM HBY IHTEPO@EPOMETPOM JJISI TOPCATPOHA Y-2M

B.JI. Ouepemenxo, B.JI. Bepesrcnuii, A.B. IIpoxonenxo, I.b. Ilinoc

Omnwcani MeTOIM po3paxyHKy HpO(iII0 TYCTHHH TIPH IT'STH KaHAJIHHOMY 30HIYBaHHI Ha IifcTaBi po3poOieHoro
HPOrPaMHOTO KOJY 1 ITpUBE/ICH] Pe3yJIbTaTH MOJEIbHUX JOCIIIKEHb.
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