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1 INTRODt JCT I ON 

A new magnetic probe system, consisting of coils mounted 
on a pneumatically driven manipu l ator , has been i nstalled on 
ASDEX. The manipulator may b e scanned through a distance of 
8 cm in the r a d i al direction within 150 ms. This system then 
possesses t h e capabi l ity of o btaining measurements of the 
radial decay of broadban d magnetic fluctuations at a single 
poloidal location /1/ . Other experiments have used coils 
positioned a t different pol oidal l ocations and measured the 
radial decay by plotting the f l uctuation amplitude as a 
function of the radial position of each coil /2 , 3/ .Measurements 
of magnet i c fluctuation amplitude during Land H transitions 
were previously made by co i ls l ocated at a d i stance of 14 cm 
from the sep aratrix /4/. The new coils may be moved to within 
4 cm of the separatrix . 

2 EXPERI MENT 
The radi al , poloidal and toroidal component s of the 

fluctuating magnetic fie l d may be detected simultaneously. A 
passive high pass filter is used to attenuate the dominant 
coherent magnetic fluctuations due to Mirnov oscillations. The 
signal is amplified with a gain of 200 and monitored by an 
analogue - to- digital converter , a spectrum analyser or a 
frequency comb . The frequency comb contains a spl itter and a 
set of 8 bandpass fi l ters . This a l lows the RMS amplitude of the 
probe signa l at 8 frequencies i n the range 30 kHz to 1 MHz to 
be measured s i multaneously . 

The signal - to- noise rat i o at distance of 4 cm from the 
separatri:-: is greater than 20 dB up to a frequency of 1 MHz for 
the radial and poloidal components in Ohmic discharges. At low 
frequencies t he toroidal component is smaller than the poloidal 
and radial components , while at higher frequencies they are of 
comparable magnitude. In ASDEX , t he measured poloidal field 
contains a component generated by switching noise on the 
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multipole and ve r tical field coils. Radial profi les o f t h e 
fluctuation ampli tude of the radia l component were therefore 
studied . 

The radial decay of broadband magnetic fluctuati o n s was 
measured by scanning the coils through a distance of 8 cm . The 
pro be starts 12 cm away from the separatrix, moves to within 
4 c m o f the separatrix and returns ( see Fig . 1 ). The closest 
distance to the separatrix was deter mined by observed in c reases 
in t he hard x-ray flux, which r esulted fro m runaway electron 
collis i ons with t he probe . Ohmically heated and neutral beam 
heated plasmas wi th various values of magnetic field a n d plasma 
cur rent have been studied. 

The poloidal mo de number, rn, h as been inferre d from the 
radial decay of the magnet i c fluctuat i o n amplitude, sinc e in a 
c urrent free region the amplitude decreases as r-(m+l) in 
c ylindrical geometry /2 ,3 / . This impl i citly assumes t hat the 
conducting wa l l is positioned at an infinite di stance from t~e 
plasma and t hat the t oro idal wavelength is infini te ( k z = 0 ) 
A plot of the l ogarithm of the amplitude versus the logarithm 
of t he minor radial p os iton was used t o find m. The decay o f 
magnetic fluctuation amplitude i n the presence o f a conducting 
wall at a finite di s tance from the plasma with k z ~ 0 h as been 
co n s idered /5/. The expected radial decay for a si ngle mode may 
be expressed in terms o f modified Bessel functions . With the 
conduct ing wall on ASDEX at r = 6 1 cm and the separatrix at 
r = 40 cm, it wa s found that the m number was overestimated, 
whe n the effect of the conducting wall and finite k z we r e 
ignored. 

Modes with the lowest m predominate when a numbe r of modes 
with different m are unstable, because of the strong depen dence 
of the radial decay on m. From these measurement s of the radial 
de c ay of broadband magnetic flu ctuations, it is found that 
m ~ 8 on ASDEX . This va lue- is consistent wi th those observed in 
other experiments / 1 - 3/ . 

3 THEORY 
The identificat i on of the plasma instability responsible 

for the generation of broadband magnetic fluctuations and the 
extent to which magnetic fluctua t i o n s cause ano ma lous elect o n 
tran s port are important topics in fusion r esearch. It h as been 
suggested tha t broadband magneti c fluctuat ions are due to 
micro tearing modes /2,6/. These modes are high m temperature 
gradient driven tear ing modes. 

Calculatio n s con cerning the l inear i nstabi lity of 
mi crotearing modes in ASDEX , show that modes with m S 10 may be 
unstable for typical discharge condit i ons /7/ . In Ohmic 
discharges the unstable modes are l ocated at radial positions 
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inside of half the plasma minor radius, while in neutral beam 
heated plasmas the most unstable modes are located closer to 
the plasma boundary ( see Fig. 3 ). This result suggests that 
the enhanced magnetic fluctuation level measured in neutral 
beam heated plasmas /4/ may be partly due to a change in the 
position of the unstable modes , and this should be taken into 
a c count in those experiments considering the scaling of t he 
inverse o f confinement time, 'rE -1, with broadband magnetic 
fluctuat i o n amplitude /8/ . 

11 CONCLUSION 

For ASDEX plasma parameters, experimental observations 
and theoretical calculations suggest that the microtearing mode 
remains as a candidate for the plasma instability whi ch is 
responsible for the generation of the broadband magnetic 
fluctuations. 

Further work is required to apply a more sophisticated 
theory which describes the non-linear and toroidal coupling of 
different modes and the saturation of each mode to the 
experiment . In the linear theory each mode generates 
fluctuations at a frequency determined by the plasma 
parameters. A broadba nd spectrum is produced as a result of the 
non-linear and toroidal coupling of modes that are located at 
different radial positions within the plasma. 
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The movement of the manipulator is monitored and the radial 
profile of the RMS ampli tude of Sb/dt is measured at 
f = 82 kHz in an Ohmic discharge with B = 1.85 T and 
Ip = 320 kA. The bandpass fi Iter has M / f = 0.1. 

Radial decay of broadband magnetic fluctuation amplitude as a 
function of frequency for an Ohmic discharge. A plot of .the 
logarithm of t he amplitude versus the logarithm of the minor 
railial position yields the poloidal mode number. m. The 
presence of t he conduct'ing wall needs to be taken into account. 

Fig. 2 ~ 
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Microtearing mode stability 
tn a plasma wtth B = 1.85 T 
and I = 320 kA. The 
imagfnary part of the 
eigenvalue. t. versus 
normalised radius for an 
Ohmic discharge is plotted 
in Fig. 3(a) ana for a 
discharge with neutral 
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beam inlect ion In Fig. 3(b). 
The mode is unstable when 
t> o. 

Fig. 3 
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