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A "9 ~m homodyne laser scattering experiment is used on ASDEX to Inv~stigate 
wavenumber and frequency spectra of t~e density fluctuations occurring in the 
different operational condl tions of the machine. Details of the scattering 
system are described In [1] . It allows shot-ta-shot spatial scans In three 
horizontal and two vertical channels which traverse the plasma at distances 
of 0, 10.5. 25 , 30 and 39.5 cm from the plasma cenfre (minor plasma radius· 
110 cm). The wavenumber range accessible is 2.5 cm- < kl. < 25 cm-I and can be 
scanned within one shot. F'or kl. < 10 cm-I. where the dominant part of the 
fluctuation spectrum is found . the measurements are chord- averaged. 

The changes o f the density tur bulence caused by additional heating are of 
primar y interest wi th regard to a poss! ble correlation to anomalous trans­
port. The r efore . In the current experiment particular emphasis Is placed on 
these invest i gations. On the other hand it is the ohmic phase which consti­
tutes the least complicated physical situation in a tokamak and 1s therefore 
best suited to reveal the basic physical nature of the density turbulence. In 
the following we present a summary of our findings in the ohmic phase and 
make an attempt to compare these findings with what would be expected from 
the simplest model of density-gradient-driven driftwave turbulence saturated 
at the miXing- length leveL 

1. Density scaling of the density turbulence. 

The rms value of the frequency integr ated scattered power scales li nearly 
with the mean electron density, as illustra:.ed in F'i~. l_~or a density ramp 
with two plateaU5 . This was established for ne < 5xl0 3cm In . the important 
kL range and in dIfferent spatial chords. Since the shape of the densIty 
prof1les (and hence the gradient length Ln) during density ramplng remained 
fairly similar, our result suggests that 'i'Y'e/n Is constant. This scaling is 
consistent with a fluctuation level determined by the mixing length criterion 
ne /ne o«k,lLn )- I . The linear dependence of the fluctuation le,'el on line 
density was observed both in the SOC (standard ohmic confinement) and IOC 
(improved ohmic confinement) regimes . Note that the homodyne system pre­
sently used does not allow to determine the propagation direction of the 
fluctuations . This leaves open the possibility of the existence of the 111 -
mode travelling in the ion diamagnetic drift direction. 

2. Isotope scaling of the density turbulence. 

The maximum of the frequency integrated kl. spectrum shifts towards lower kJ.. 
and its value increases when the gas filling is changed from pure hydrogen to 
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an approximately 1:1 mixture of hydrogen and deuterium at co ns t ant electron 
density (Fig . 2) . Both the s hift of the maximum and the increase of t he fluc ­
tuation level are cons i sten t with kT.3X · PS .. const . and ~/neO(,(k1ax'Ln)- as 
sugges ted by driftwave turbulence theory . The quantity Ps co~s~tutes a cha ­
racteristic length scale and is g iven by Ps " (kBTe/rnj) / /wC! ' where 
wc! .. ZeB/m j (m j - ion mass; Ze - ion charge) , Not e t hat the global confine­
ment time incr eases with atomic mass in ASDEX [2] . Hence the increase of the 
fluctuatio n l evel is in contrast to what would be expected if the conf inement 
were determined predominantly by the density f luctuation level . 

3 . Scaling o~ the density turbulence wi th toroldal magnet ic f i eld . 

In a series of discharges in deuterium the toroidal magneti c fJeld was varied 
from 1. 9 T to 2.8 T wh ile keep ing t h e lJne electron density a nd the safety 
factor constant (q.(a)-3) . The shape o f the de nsi ty and temperature profiles 
remained practically unchanged . The e l ectro n temperature on the a xis in­
creased froll Te(O) . 1.1 keV at BT .. 1.9 T to Te(O) a 1.7 keV at Br .. 2 . 8 r. 
The frequency integrated k .l. spectra are shown in fig . 3. The clea r decrease 
of the fluctuati on level with increasing field is consistent with the miXing 
length model . No definite statement can be made abou_t a possible Ps scaling 
of the kJ.. spectra expected from the r elation kl.m a&:ps I , since no maXimum is 
obser ved in deuterium at these temperatures even at the highest aChievab l e 
to r o! dal field. 

~ . Scaling of the density turbulence with electron temperature . 

In "cold " hydrogen discharges a maximum o f the frequency integrated k.l.. spec ­
tra is observed as can be seen in Fig . ~ for Te(O) a 650 eV . The maximum 
sh ifts to wards lower wavenumbers with increasing electron temperature. This 
is consistent with the Te dependence of the ps-scaling . A value kfax · ps .. 0.3 
is in ferred from the "cold " shot under the assumpt i o n that the main contribu­
tion of t he scatte r ed radiation origina t es from the grad ient region . 

5 . Frequency spectra. 

In the cen tral chord which sees primar i ly poloidally propagating fluctuations 
a maximu m of the scattered po wer is obse rv ed around - 100 kHz in the dominant 
kJ. range . This is on the or der of the diamagnetic drift f requency eval uated 
i n the gradient r egion o f the d i scharge. In the outer vertical chord which 
sees predominantly radially propagat ing fluctuations the frequency spect ra 
are significantly narrower [1 J. 

In a prelJminary heterodyne e xperiment a frequency shift of ~5 kHz for the 
lo:::al OSCillator was achie ved wi th a rotating diffracti on g·rating . This was 
sufficient to obse rve bot h the positive and negati ve frequency components of 
the narro w spect rum in the outer ve rti cal channel c l ose to th e se paratri x. 
The spectra were found to be symmetric. Simila r results ha ve been r e ported 
for t he ra dial components o f t he fluctuations c l os e to t he limiter in TEXT 
[3 J. 

A clear correlation was observed between the Mirnow coil signals at f requen­
cies o f a few kHz . This indicates a prinCipal complication f or the i nterpre­
tation of frequency and wavenumber spectra , because it becomes difficult to 
distinguish bet we en microturbulence and mac r oscopic MHD phenomena. 
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Cone Ius ions 

The aJm of the illvestigatlon In the ohmic phase was t he determination o f the 
effect of a systematic variation in pl asma parameters o n the density turbu­
lence , with the view to identifying the nature of the fluctuations. The in­
terpretatio n o f t he results is complicated by the fact t hat one- parameter­
scans a re inherently impossible . Nevertheless , there is strong evidence for a 
drift wave origin of th e fluctuations observed under ohmic condl tions . 
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fig.': Density scaling o f t he r ms 
scattering signal (Ps) 1 /2 illu­
str a ted in a shot with a density 
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fig . 2: Chan ge of t he wavenumbe r 
spectra with gas filling . Note : 
Same vertical scale for both cur ­
ves. 
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Fig .3 : Wav enumber spect ra in ohmic 
discharges wi th low and high toroi­
dal 3.a@~etic field (ne(O) • 
~x101 cm - , D+) _ Note : Same verti­
cal scale for both curves . 
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Fig .q: Wavenumber spect ra In "hot" 
and "co ld" ohmi c hydr oge n plasmas. 
The densitie3 in t he c en\er are 
1.75xl013 cm - 3 a:'l d 4. 8x l 0 j , re ­
spectively. Signals a re normalized 
to maximum value . 
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