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Abstract
The capability of Doppler reflectometry to determine the perpendicular velocity akd the
spectrum of the density fluctuations has been studied) two-dimensional fulwave code
in X and Omode. The numerical results show that the Doppler frequency can be obtained
with high accurag for broad ranges of antenna tilt angles and turbulence levels. However
the efficiency of the backscattering prosetepends oithe probed wawaumber, which
must be taken into account in the evaluation of the waneber spectra
|. Introduction
Doppler reflectometry measurements have been carried out in diffastoin experiments
in order to measure the pendicdar velocity [1-3] and thek-spectrum of the turbulence
like density fluctuationg3]. An important issue is the dependence of the reflectometer
response on a finite level density turbulence as well as the antenna geometry. This requires
the use of a fullvave code to solve Maxwell’s equations in the magnetized pl&smaous
numeri@l simulations performed using two-dimensionalfull-wave code inX-mode [4]
showed that Doppler measurements require an optimized antenna system to minimize the
errors in tle determination of the perpendicular velocity of the turbulence [5]. Those studies
also showed that the amplitude of the Doppler spectra, related to the efficiency of the
backscattering process, depends on the probed-mawber. In this work we present a
systematic study carriedut to determine the performancé the Doppler reflectometry
efficiency on probed waveumbers and turbulence levels.
I'l. Numerical smulations characteristics
In our simulations we consider a constant magnetic fiBld { T) and a plasma slab with a
linear density profile [in = 2.510%* m™*). The density distribution is:
(%, y,t) = ng (%, ) L[1+3n, (%, v, 1)] (1)

on (X, y,t) = 00 > a(ks)sin(ks (Y = V,t) + 6 angom(Ko 1)) (2)

SD
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wheren,(x,y) is the averaged linear density profienddn,(x,y,t) takesinto account the

turbulence.We consider 48 poloidal modds, equally spaced within the wawveumber

range O0<k,/k, <12 . The k, -spectrum of the turbulenceis essentially flat with

coefficients a(k,) =1. The random phase terngs

andom

(ky,t) are uniformly distributed
betweenzrt. The summation in (2) is normalized by the standard desviatignand the
variation of o /o, resuls in rms values from 0.1%<dn,/n,<10% . To avoid the

deleterious effects of the waWweont curvature [5] the antenna system is modelled by a
monostatic high directivity Gaussian beam anteanha tilt angled , which results inan
esentially plane wavdront. In these simulations the beam waist is 4.8 cm, the vacuum
wavelength is 7.5 mm (f = 40 GHz) and theminal cut-off layer isat a distance of 8 cm
from the beam waist position.

[11. Numerical ssimulationsresults

Two separag sets of simulationsvere undertakenFirst, the antenna tilt angles kept

constantand the turbulence levek varied from 0.1%<0dn,/n,<10% ; second, the

turbulence leveis kept constarend® is variedfrom 8° to 30°.
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Figure 1. Complex amplitude spectra obtai Figure 2. Normalised spectral width as
with 8 =18 andk_ /k, =0.618 for different function of the rms level for 4 tilt angles

rms values of the turbulené®m 0.5% to 10%
Thefour spectra have the same vertical scale.

In figure 1 we show the complex amplitude spectra of the sietllsignals obtainetbr
B =18 and differentturbulence level The Doppler shifted structure charactecstare

obtained by fitting the nomrsymmetric part of the speat with a Gaussiarfunction
A, exp(f - f )?/Af ?) where A is the amplitude of the Doppler peak, is the Doppler

peak frequency, andf is the spectral widthThe Doppler shiftegpeak is located close to
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the expected positior, = f, = kv, /21t irrespective of the turbulence levdihis result

holds when the tilt angle is varied fromt8°30°.The important result is that ewthe range
of turbulence levels and antenna tilt angles stydi#ee error in determing the
perpendicular velocity oflensity fluctuations is lower than 5%kigure 2 shows the

normalizedspectral widthAf / f, obtainedfrom the Gaussiafits of the spectralhis figure

shows that the spectrum broadening is influenced by the turbulence amplitude. Similar
results were obtained with an analytical model in 6o possible meclhmasms may be
responsible for theleterioration of the spectreg¢solutionwith increasing turbulence level

the broadening of the microwave beam tludigh turbulence and the tempanaddulation

of the microwavebeam, which also badens the frequency spectruAigure 3 showsthe
Doppler peak amplitudeof the spectrafor different turbulence levelsn the range
0.1%<dn,/n,<10% (6 =8°, i.e. k;/k, =0.28).
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Figure 3. Doppler peak amplitude versus rms
value of the turbulence. The antenna tilt angle is

8° andk /k, =0.28

Figure 4. LorLog plot of Dopper pea
amplitude as a function d_ /k, for different

turbulence levels.

One observes linear dependence between the Doppler peak ampbiudi¢he turbulence

level if the ratiodn,/n, is below2 %. Inthis regime, théDoppler peakamplitudecan be

used as a monitor dhe turbulence levelAbove this value, the dependence is not longer

linear andthe Doppler peak amplitudsaturates whedn, /n, is above7%. In this regime,

the Doppler pealamplitudedoes not reflect the changes in the turbulence &, same

result holds for the squared root of the frequency integrated power spéetrsatlirations

dueto multiple scattering of the microwavbeamfrom the density fluctuationand (as a

result) partial screening of the region close to theotffutayer. Figure4 shows a Log.og
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plot of the Doppler peak amplitudd the spectra versus the normalisgdve number for
five values of the turbulenclevel (dn,/n, =0.1, 0.5, 2, 4.8 and 10 %} shows that the

backscattered power depends not only on the rms value of the turbulence but @leo on

probed wavenumber. Figufeshows aslight increaseat low wavenumbers(k; /k, < 0.6)
and then a decrease large wave numbe(k/k, = 0.6). The same trend is observed for

the squared rootof the frequency integrated powspectra.The results appear to be
independentfothe turbuénce level. We havdoneadditionalsimulationsincluding a radial
wave-numberspectrum tothe density fluctuations. First, we added 6 radial madpslly

space within the range-0.36<k, /k, <0.36, then we addect8 radial wavenumbers
equally spacedavithin the range-1.2 <k, /k, <1.2. In bothcases, the result® not change
significantly and the same dependence of Doppler peak ampbtuéte / k, is observed

V. Conclusions
An important result of the numerical simulations tlgat using Gaussian beams with
optimized spot sizéhe frequency of the Doppler shifted structure is in good agreement with

the Doppler shift given byf, =k,v, /2rt irrespective of théurbulence levelTherefore, the

perpendicular rotation vetity of the density fluctuations can be measured with high
accuracy using Doppler reflectomet@are must be taken in determining the level of density
fluctuations from measured power specirae decreasing athe Doppler peak amplitudst
large probed wavenumbersmust be taken into account in the ewion of the wave
number spectrum of the density fluctuations
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