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MEASUREMENTS OF DENSITY TURBULENCE WITH FIR LASER 
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Previous measurement s of density turbulence in ASDEX [1 ). [2] were limited 
to a wavenumber range k.L > 5 cm-1 and to distances ~ 21 cm of the meas­
uring chords from the plasma centre. After modificat ion of the scattering 
system the important range of lower k~ and the region near the separatrix 
are now accessi ble. First results of the investigations are presented. 

Scattering system: 

The scattering system using a 100 mW, 11 9 µm CW CH10H laser and homodyne 
detection with a Schottky diode is shown in a schemaEic view in Fig.1. 
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Fig. 1 Left : Schemati c of the optical setup. Right : Pol oidal section of 
ASDEX showing t he beam paths inside the plasma vessel f or the 
different chor ds and the window array. The scat tered beams ~re 
indicat ed schemati cal ly by dashed lines . 

The parameters of t he scattering experiment are as follows : 
beam waist in the plasma: w0 = 1. 6 cm 
wavenumber range : 2.5 cm-1 ~ k~ < 25 cm-1 
wavenumber resolution: ± 1 .25 cm- 1 
spa t i a l r esolution: ± 1.6 cm perpendi cular to beam, chord averaged along 
line of sight 
Accessible chords (dist ance measured from plasma cent er): 
horizontal : 0 cm, 10.5 cm, 25 cm; vertical: 33 cm, 39.5 cm 
freque ncy a nalys i s : spectr um analyser with fixed channels and continuous 
frequency s weeps in pl ateau phases 
wavenumber scan: possible within one plasma shot. 
spatial scan: different measuri ng chor ds can be chosen from shot to shot. 
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Previous measurements of density turbulence in ASDEX [l], [2] were limited
to a wavenumber range Kl > 5 cm'1 and to distances g 21 cm of the meas—
uring chords from the plasma centre. After modification of the scattering
system the important range of lower kl and the region near the separatrix
are now accessible. First results of the investigations are presented

§cattering system:

The scattering system using a 100 mw, ll9 um cw CH3OH laser and homodyne
detection with a Schottky diode is shown in a schematic View in Fig.L
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Fig. 1 Left: Schematic of the optical setup. Right: Poloidal section of
ASDEX showing the beam paths inside the plasma vessel for the
different chords and the window array. The scattered beams are
indicated schematically by dashed lines

The parameters of the scattering experiment are as follows:
beam waist in the plasma: 1 w = 1.6 cm 1
wavenumber range: 2.5 cm” 3 kL ( 25 cm—
wavenumber resolution: t 1.25 cm—
spatial resolution:i L6 cm perpendicular tobeann chord averaged along
line of sight
Accessible chords (distance measured from plasma centerh
horizontal: 0 cm. 10.5 cm, 25 cm; vertical: 33 cm, 39.5 cm
frequency analysis: spectrum analyser with fixed channels and continuous
frequency sweeps in plateau phases
wavenumber scan: possible within one plasma shot.
spatial scan: different measuring chords can be chosen from shot to shot
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Ohmic discharges : Evidence for driftwave nature of the turbulence. 

The f ol l o wirg fin ding s on ASDEX are cons i stent with t he assumption of 
dens ity gradient driven dr iftwave turbulence : 
a) The rms value of the frequency integrated scattered power scal es linear­

l y with the mean electron dens ity if t he re lative density profiles r e­
main fairly similar. This was es tablished for ne < 5 x 1013 cm-3 (where 
TE 0< ne in ASDEX) in the important kl. range and in different chords. 

b) I n the certral chord which sees primarily pol oi dally propagating fluc­
tuations a maxi mum of the scattered power is obser ved around - 100 kHz in 
the domina nt kJ. r ange . This is on the order of the d i amagneti c drift 
frequenc y evaluated i n t he gr ad i ent r egion of t he discharge. In the 
outer vertica l chord which sees predominant ly r adially propagating f luc­
t uations the f r equency spectra a re significant l y nar r ower (Fig. 2). 

c) The max i mum of the frequency integra t ed k.L spec trum shifts towards 
lower kl. with inc reas ing Te (Fig. 3). A value k .L max · S s = 0.3 is 
inferr ed f rom the "cold " shot s in Fig. 3. It shoul d t e kept in mind, 
however, that the shape of Ps( k..L ) and the shape of t he flu ctuation 
spectrum ne(k l. ) are not identical. The latter resul ts from an integra­
t ion ove r all spatial Fourier components whil e P s (k .L ) cont ain s o nl y 
those comp3nents which a re selected by the scat t ering geometry. 
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Fig.2: Frequency spectra of scat t er ed power 
in the central horizontal chord and outer 
vertical chord (D+ plasma) 

Fig .3 : Wavenumber spectr a i n "hot" an d 
"co l d" ohmic hydrogen plasmas. The densi­
ties in the center a r e 1.75x10 13 cm-' and 
4.8x10 13 cm- 3

, r espectively. Signals are 
normalized to maximum value. Chor d 10 . 5 cm. 

Fig.4: Change of wavenumber spectra with 
10 gas fi ll ing. Note: Same vertical scale for 

both curves . 

Ohmic gl§yhu£égsl Evidence for drifiwaye natgre of the turbulence.

TL~ followirg findil_
density gradient driven driftwave turbulence:
a) The rms value of the frequency integrated scattered power scales linear~

ly with the mean eLeclron density if the relative densit' profiles re—
main fairly similar. This was established for nU < 5 x 1033 cm'5 (where
TE 54 n6 in ASDEX) in the important kl range and in different chords

b) In the certral Chord which sees primarily poloidally propagating fluc—
tuations a maXinunn of the scattered power is chserved around ~TOU kHz in
the dominant hL range. This is on the order of Lhe diamagnetic drift
frequency evaluated in the gradient region of the discharge. In the
outer vertical chord which sees predominantly radially propagating fluc—
tuations the frequency spectra are significantly narrower (Fig. 2L

c) The maXimum of the frequency integrated kl spectrunrshifts towards
lower kL xqirh increasing Te (Fig. 3% A value kl, “fix . 95 : 0_3 is

inferred from the “(511” shots in Fig. 3. It should :e kept in mind,
lMMJGVHF. that the shape of PSEKL ) and the shape of 1he fluctuation
spectrum ne(kL ) are not identical. The latter results Trom an integra—
tion over all spatial Fourier components while P3(kl lcontains only
those Compihent: wh_ch are selected by the scattering geometry.

on ASSEX are cansistent with :ne assumption
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Fig.2: Frequency spectra of scattered power
in the central horizontal Chord and outer
vertical chord (D+ plasma)

Fig.3: Wavenumber spectra in ”hot“ and
"cold" Ohmic hydrogen plasmas.The densi—
ties in the center are 1.75x7013 cm"3 and
H.8x1013 cm‘3. respectively. Signals are
normalized to maximum value. Chord 10.5 cm.

Fig.u:Change of wavenumber spectra with
gas filling. Note: Same vertical scale for
both curves.
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d) The maximum of the frequency integrated k.l spectrum shifts towards 
lower k.L and its value increases when the gas filling is changed from 
pure hydr ogen to a ~ 1: 1 mixture of hydrogen and deuterium at cons tant 
electron density (Fig. 4). 

e) The frequency and wavenumber integrated scattered power decreases with 
increasing toroidal magnetic field at constant plasma current. 

A detailed analysis is beyond the scope of this summary. It should be noted 
that unambiguous experimental tests of theoretical models for drift wave 
turbulence would require pure one-parameter scans which iri general are dif­
ficult to realize. 

L-phase with neutral beam injection (NI): 

NI heating produces complex changes of the density turbulence. A dramatic 
broadening of the frequency spectra with respect to the ohmic phase occurs 
as is illustrated in Fig. 5. The temporal development of the frequency 
integrated scattering signal was recorded at the transition from an ohmic 
to an L-phase, the density profiles remaining essentially unchanged (Fig. 
6). The k .L spectrum is shifted t owards longer wavelengths with NI, and the 
time behaviour is different for different k1 . It is an open question 
wether the change in the spectra is solely due to the increase in Te or due 
to a change in nature of the turbulence induced by NI. 
As can be seen in Fig. 6 sawtooth activity during NI strongly affects the 
scattering signals at low k1 . A clear difference in arrival time and shape 
of sawteeth on the scattering signals is observed in the different chords 
(not shown in the figure). 
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Fig .5: Change of frequency spectra 
with NI-heating (L-shot; chord 0 cm) 
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Fig.6: Change of frequency integra­
ted scattering signals fpr different 
k1 in a series of identical L-shots. 

d) The maximum of the frequency integrated kl spectrum shifts towards
lower Kl and its value increases when the gas filling Ls Changed from
pure hydrogen to a 21:1 mixture of hydrogen and deuterium at constant
electron density (Fig. H).

e) The frequency and wavenumber integrated scattered power decreases with
increasing toroidal magnetic field at constant plasma current.

A detailed analysis is beyond the scope of this summary. It should be noted
that unambiguous experimental tests of theoretical models for drift wave
turbulence would require pure one—parameter scans which in general are dif—
ficult to realize.

L—phase with neutral beam injection (NI):

NI heating produces complex changes of the density turbulence. A dramatic
broadening of the frequency spectra with respect to the ohmic phase occurs
as is illustrated in Fig. 5. The temporal development of the frequency
integrated scattering signal was recorded at the transition from an ohmic
to an L—phase. the density profiles remaining essentially unchanged (Fig.
6L The kl spectrum is shifted towards longer wavelengths with N1, and the
time behaviour is different for different kl . It is an open question
wether the change in the spectra is solely due to the increase in Te or due
to a change in nature of the turbulence induced by NI.
As can be seen in Fig.6 sawtooth activity during NI strongly affects the
scattering signals at low kl' A clear difference in arrival time and shape
of sawteeth on the scattering signals is observed in the different chords
(not shown in the figurex
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Transition f r om the L into the burs t-free H-phase . 

By shifting the horizontal plasma pos ition by a few cm the region inside 
and outside the separatrix can be scanned with the outer vertical chor d. In 
a series of L-H trans itions the behaviour of the fluctuations was investi­
gated at dis tance s of-0 .5 cm outside a nd -1 c m i nside the separatrix . In 
both cases the scattering signals decrease sharply at the time of the tran­
sit ion (Fig. 7) . Thi s behaviour cannot be explained by a drop in density 
and/or decrease in the density gradient length , as can be seen f r om Fig. 8. 
It shows the density profiles obtained from the L:i beam probe before and 
after the transition as we ll as t he position and radial extent of the FIR 
laser beam with respect to the separatrix radius rs. 

Further investigations are necessary in order to obtain a conc lusive pic­
ture of the fluctuation behaviour at the L-H transition. 
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Fig.7: Density fluctuation signals 
measured close to the separatrix in 
different frequency channels at the 
transition from an L- phase into a 
burstfree H- phase (Outer ver tical 
chord; l ower traces: Da monitor and 
line electron density) . 
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Fig.8 : Electron density profiles in 
the sepa ratr ix region befor e and 
shortly after the L-H transiti on. 
The position and width (1/e 2 of in­
tensity) of the l ase r beam re l ati ve 
to the separatrix are marked with 
vertical lines. 
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Transition froni the L into the burst—free §:phise;

By shifting the horizontal plasma position by a few (nithe region inside
and outside the separatrix can be scanned with the outer vertiiai rhord. in
a series of L—H transitions the behaviour of the fluctuations was investi—
gated at distances of~0.5 cm outside and ~I cm inside the Separatrix. In
both cases the scattering signals decrease sharply at the time of the tran—
sition (Fig. 7). This behaviour cannot be explained by a drop in density
and/or decrease in the density gradient length, as can be seen from] Fig. 8.
It shows the density profiles obtained from the L1 beaniprobe before and
after the transition as well as the position and radial extent of the FIR
laser beam with respect to the separatrix radius r5

Further investigations are necessary in order to obtain a conclusive pic—
ture of the fluctuation behaviour at the L—H transition.
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Fig.7: Density fluctuation signals
measured close to the separatrix in
different frequency channels at the
transition from an L—phase into a
burstfree H—phase (Outer vertical
chord; lower traces: D0 monitor and
line electron densityL
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Fig.8: Electron density profiles in
the separatrix region before and
shortly after the L—H transition
The position and width (1/;2 of in—
tensity) of the laser beam relative
to the separatrix are marked with
vertical lines.
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