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Br oadband fluctuations of the electr on dens i ty and t he magnetic f ield were 
observed under various oper ational conditi ons of AS DEX using a l aser scat ­
ter ing exper iment and Mi r nov coils , respecti vely. The aim of such meas ur e ­
ments is to reveal the physical nature of the fluctuations and their pos ­
sible correlation to anomalous particle and energy transport properties. 

1. De nsi t y fluctua t ions . 

The scattering system using a 119 µm CH30H l aser and homodyne detection is 
described in more detai l elsewher e [1]. It is abl e to detect density fluc ­
tuati ons pr opagati ng i n nearl y ver ti cal direction. Mova ble optics allow a 
stepwise k.1.-scan within one tokamak discharge and a shot to shot spatial 
scan of a l arge part of the poloidal plane. The spatial reso l ution is± 1 
cm i n the vertical direction and depends on k.1. in the horizontal direction. 
For k.1. li 10 cm-' , whe r e t he do minant part of t he fluctuation spectr um i ~1 found , t he measur e ments are chord- averaged. The k.L r esolution is ± 3. 2 cm . 

The temporal development of the fluctuation spectra could be monitored 
with fixed freque~cy channels . Plateau phases of the tokamak discharge al­
lowed frequency spectra to be scanned continuously wi t h a spectr um analy­
zer. 

a) Ohmic heating 
In the range 5 cm-' li k~ S 20 cm- 1 the frequency integrated scattered power 
Ps(k.1. ) decreases as k.;. -a• where a ~ 4. The f requency powe1' spectra Ps(f) 
fo r f ixed k.l are broadband. A frequency roll - off o n the order of 6 dB /1 00 
kHz is observed above 100 kHz. The root of the frequency Integrated power 
Ps' / 2 sc:ales linearly wi th ~he mean electron dens i ty n e in t he range 5 x 
10 1 2 cm ' S ne li 5 x 10 1 3 c m ' (Fig . 1) . This corresponds to a nearly con ­
stant rel ative fluct ua tion l evel n e/ne . 

b) Neutral beam injection ( NI) heating . 
L- discharges : With neutral injection the frequen cy spectra Ps(f) become 
broader with incr easing heating power . In t he majority of L-discharges the 
frequency i ntegrated scattered power increased above the ohmic level du­
ring neutral injection as illust rated in Fig.2. A maximum enhancemen t by a 
factor of -9 was observed with co-injection. In a ser i es of counter-injec­
tion sho t s at constant ne the inc r ease of Ps with PNI was a p proximately 
linear fo r PNI up to 3,5 MW. 

H-discharges : The temporal development of the fluctuation spectra at the 
trans i tion from t he L-phase into a bur stfree H- phase is shown i n Fig. 3. A 
compar i son of t he low- and high frequency c hannels shows a broadening of 
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the spectrum and a decrease in the frequency integrated s cattered power 
although the line dens ity ne increases. A similar observati on was reported 
in [3] . There i s evidence for a sh ift in the k~ spectrum towards l o nger 
fluctuation wavelengths. In contrast to the sharp L-H transition indicated 
by the 0

0
-monitor in the divertor chamber the frequen cy .ntegrated scat­

tered power changes on a muc h longer time seal~, which corresponds to the 
global change i n the density and temperature profiles . 

I n normal H-discharges with edge-localized modes the behaviour of the scat­
t ering signals i s irregular . 

c) Ion cyclotron resonance heating . 
The sca tt ering signals increase above the ohmic level for k.._:0 5 cm - • as 
reported also by [4]. Density fluctuations with k~ S 7.5 err - • are observed 
at the heating frequency (33.5 and 67 MHz) . 

d) Lower hybrid heating and current drive . 
No sign if icant changes in the low-frequency density fluctu3tions with re­
spect to the ohmic phase are found. 

e ) Sawtooth activity . 
Precursors to the sawtooth crash in the soft X-ray signals are observed in 
the frequency range > 500 kHz. There is experimental evidence that they are 
localized only inside the q-1 surface. Increased fluctuations below 500 kHz 
are also found outside the q=l sur face , but only after the sawtooth crash 
[ 1 ] • 

f) Pellet injection. 
An increase of the scattered signal is observed which start~ with the abla­
tion of the pellet. for single pellets the scattered signal decreases with 
the relaxation of the radial density profile [1 ]. 

I n order to obtain a conclusive picture of the nature of the density turbu­
lence and possible correlations to anomalous transport properties the mea­
surements will be extended to wavenumber s below 5 c m-•. 

2 . Magnetic fluctuations . 

Mirnov coils in the limiter shadow of ASDEX were used to demonstrate the 
existence of broadband magnetic fluctuations with radial and poloidal com­
ponents . Above about 70 kHz the temporal evolution of these spectra is dis­
tinctly different from the coher ent Mirnov osc i llat i ons and their harmonics 
at lower frequencies. 

I f we assume that the field due to current disturbances decays like a va­
cuum field outside the plasma boundary in a cylindrical geometry, we can 
estimate the dominant poloidal mode number . for L- mode discharges with NI 
the plasma position , and thus the distance to the Mirnov coil , were varied. 
from the observed radial decay length a value of m ~ 10 is deduced . Typical 
fl uctuation levels at the probe position were Br/Bt = 10-•. from 70 kHz to 
200 kHz the spectral power densi ty dr ops by a factor of 10. No qualitative 
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differe nce was 5een in the tempor al development of the radi al a nd polotd?.l 
field components . 

a) Ohmic heati ng . 
The power spectra of the magnet ic f l uctuat i ons are not correlated with those 
of the density fl uctuations . Dur ing a linear density ramp the signal power 
of t he magnetic f l uctuations decr eased slightly in contras t to the de nsity 
fluct uations (Pig . 1) . 

b ) Additional heat ing (L - phase ). 
The signal po wer increases f or all t y pes of heati ng used and t he frequenc y 
spect rum broadens . An e xampl e recor ded dur ing an L-discharge w:t h NC is 
gi ven i n Fig. 2 . 

c) Add i t i onal heat i ng ( H-phase) . 
After the transition i nt o a bu r st f r ee H-phase the signal puwcr begins to 
i ncrease again as shown i n Fig. 4. When edge local i zed mode$ , indicated by 
spikes in the Oa signal , appear , t he magneti c f luctuation signal ls st r o ng­
ly mod ulated. 

d) Sawtoot h actUlty . 
In the presence o f sawteeth (during additional heat ing) the fluctuations 
suddenly increase at the time of the sawtooth crash, si milar ly to the Oa­
signal obser ved in the d i vertor chamber [2] . 

e) I nf l uence of boundary layer . 
The magnetic probe signal s seem t o depend on conditions in the p:asma boun­
dary layer , as can be seen i n the c ase of gas puffing or the modulat ion by 
e dge localized modes . 

3. Summa ry. 
Si gnifi can t but jisti nct changes in t he f l uctuation spectra have been ob­
served in t he va r ious opera t i ng reg i mes o f ASDEX. Whe n comparing t he beha­
viour of the de nsity and magnetic f ield fl uct uations it s ho uld be kept in 
min d t hat t he t wo diagnostics ha ve di ffe r ent spat i al weighti ng functions , 
de fined by t he scatteri ng vol ume i n the former case and by the distan ce 
f r om t he probe and t he mod e n umber m i n the lat t er case. Further· exper i ­
ments wil l be needed before a compar ison with proposed theor e tic.al models 
f or the f l uctuations and the i r pr opagat i on mechanism inside the pl asma can 
be made . 

References 

[1] Dodel, G., Hol zha ue r , E. , Massig , J . , Vogel , T. , Igna cz , P. , AS DEX-, 
!CRH- , LH- , Kl- , and Pellet - Teams , in "Basic and Advanced Diagnost i c 
Techniques for Fusion Plasmas" , Varenna (Italy), Sept . 1966,Vol. Il ,p . 589 
DOC. CEC EUR- 10797 EN. 

[2] IPP Garching , Annual Report 1966 , p. 15 
[3] Crowley , T. , and Mazzuca to , E., Nucl . Fusion 25 , (1965) , 507 
[4] TFR Group , and Tr ue , A. , Plasma Phys ., 27 , (1965) , 1057 



252 

- ·~ .. "' ....... . -u.~ 

fig . 1 Density- and magnet ic 
fluctuation signals in a shot 
with density ramping . 
from top to bottom : 
rms-scattering signal Ps'/ 2 ; 

f • 100 ± ·5 kHz; k~ = 7 . 5 cm- ' 
Magnetic s'.gnal power; 
f = 100 ± ·5 kHz . 
Line electron density ne . 
(full time interval of abscissa : 
1. 5 s) 

fig .3 Density fluctuation signals 
in different frequency channels at 
the transition from an L- phase into 
a burstfree H-phase . kL = 5 cm- 1 • 

Lower traces : line electron density 
ne and Da-monitor . (full time inter­
val of abscissa : 300 ms) . 

fig .2 Density- and magnetic 
fluctuation signals in a L-d i s­
charge with NI. 
from top to bottom : 
Scattering signal Ps ; f • 60 kHz -
1600 kHz; kL• 7 . 5 cm- '. 
Magnetic signal power ; 
f • 100 ± 15 kHz . 
Line electron density ne . 
NI beam monitor; PNI - 2 . 64 M\-1 . 
(full time interval of abscissa : l . 8 s) 

fig . 4 Magnetic fluc ~uation signal 
power at the transition from an 
L- phase into a burstfree H-phase 
followed by edge localized modes; 
f = 100 ± 15 kHz. Lower trace : Da­
monitor . (full time interval of 
abscissa: 200 ms) . 
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