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ABSTRACT 

Anomalously strong, periodic instabilities «rare observed in the MT-1 
tokának. Characteristics of these instabilities were partly similar to that 
of internal disruptions, but there were features making them different from 
the normal relaxational oscillations. Basic characteristics of the phenomenon 
were studied with the aid of generally used diagnostics. 

АННОТАЦИЯ 

Обнаружены чрезвычайно сильные, периодические возмущения в некоторых 
режимах токамака МТ-1. Диагностические сигналы, измеряемые с помощью общеис-
польэуемых методов, показали подобные характеристики, что и в случае внут
ренних дисрупций, но имеются и серьезные расхождения. 

KIVONAT 

Anomális intenzitású, periodikusan ismétlődő instabilitások figyelhetők 
meg az MT-1 tokárnak bizonyos üzemmódjaiban. Az instabilitások egyes jellem
zői a belső diszrupció egyes jellemzőire hasonlítanak, de lényeges eltérések 
is észlelhetők. A jelenség alapvető tulajdonságait vizsgáltuk az általánosan 
használt diagnosztikai módszerekkel. 



Introduction 
The well known "sawtooth" oscillation has been subjected 

to intense experimental and theoretical study /l/. 
Although most of the authors agree upon the feasibility 

of the early model devised by Kadomtsev /2/, there are 
features related to internal disruptions, which cannot be 
understood using this model only /З,'»/» 

The internal disruption observed virtually in every 
tokárnak has been considered to be driven by a single mechanism, 
and which has characteristics fitting into scaling laws /5/. 
However, very recently heavy, oscillatory disruptions have been 
observed in the ALCATOR С toknmak/6/.The sequence of these dis
ruptions lasted sometimes as long as *i00 ms without terminating 
the discharge. The phenomenon described in the cited letter 
makes clear that the problem of internal disruption, that is 
disruptions which occur periodically in toroidally confined 
plasmas should be more complex, and might comprise several 
type of processes. 

In this short communication we describe periodical dis
ruptions found in MT-1 tokamak, which in some sense are similar 
to those described in ref 6. 

Apparatus used 
During a series of experiments .aiming at a possibly 

complete study of the relaxational oscillations in MT-1 tokamak 
/U='iO cm, a=9 cm, described in more detail in /7// intense, 
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disruption-like events could be observed. 
The experiments were carried out using routine diagnostics 

to be found on every Machine of this type. The plasma current 
I , loop voltage V., the integral of the radiated-off power 
P ., the time derivative of plasma current dl /dt, and the rad' -̂  P 
fluctuation of poloidal induction В i» were Measured in the 
usual way. An array of five, lithium drift silicon detectors 
completed the experimental apparatus to detect the intensity 
of radiation above 100 eV photon energy. The outlay of the 
detectors and the volumes of plasma seen by each of them are 
shown in fig. 1. The energy limit was set by an Al absorbent, 
of 0.7 /им thickness. 

In some diagnostic channel the slowly varying component 
of the signal was filtered out electronically. 

Program of the experiments was devised in such a way, 
that it would permit the study of the relaxational oscilla
tions if there are any, over the whole accessible region of 
operation. 

The parameter area investigated lies within the limits of 
0.5 T •£. B, ^ 1.2 T in toroidal induction, 15 kA^.1 =̂-

tor ' p 
^ - "55 kA in plasma current. This corresponds to values 
2.6 é: q / r . / é*- 7.9 of the safety factor at the l imi ter radius 
/ r x = 9 cm/. 

The H„ gas pressure in the chamber at the moment of 

initiating the discharge was monitored, and used as a para

meter. 

Explanation for using it as a parameter is as follows. 

During the discharge the electron density evolves in a rather 

complex way with respect to time and place, as measured by a 

microwave interferometer. It turned out, however, that 

general features of the processes are largely determined by 

the initial gas pressure P i n» a problem which we hope to 

return at a later time too. This way p. qualifies itself 

as an easy to handle parameter of sufficient selectivity. 
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Characterist ics of the periodic disruptions 

While performing the original program оГ experiments 
we noticed that above a certain l imit in the i n i t i a l gas 
pressure periodical ly returning i n s t a b i l i t i e s occured with
out terminating the discharge. These periodic disruptions 
could he observed at every combination of toroidal induction 
and plasma current whenever the la t ter exceeded liO kA. The 
c r i t i c a l Ras pressure depends but weakly on other physical 
parameters of the discharge. 

General features and the phasing of diagnost ic s ignals 
were s imilar to that of the common sawtooth o s c i l l a t i o n s . 
The main differences making a clear d i s t i n c t i o n between the 
internal disruption and th i s regime was the much slower repe t i 
t ion rate /'j-lO times slower/ then the normal sawtooth rate , 
and the magnitude of modulation, which was f ive - t en times 
the usual l e v e l . / F i g . 2 . / 

Depending upon the actual parameters of the given d i s 
charge, the number of these heavy disruptions varieri between 
two and ten during the ent ire duration of the discharge. 

The period of repe t i t i on was extraordinari ly s tab le , 
and amounted from about '»OO /Us to 1 ms or so . In subsequent 
discharges with the same parameters not only the period 
between two disruptions remained s tab le , but even the time 
at which the disruptions oecured showed l i t t l e var iat ion. This 
indicates that th is type of disruptions may depend upon the 
global evolution of the plasma r ing . 

In a few cases superposition of the two type of disrup
tions could be d e t e c t e d ^ i g . З. /In other cases the normal 
relaxational o s c i l l a t i o n s t a b i l i z e s after two or three 
heavier d i srupt ions . /F ig . >»./ 

At the c r i t i c a l pressure level i t was frequently possible 
to detect enhancement of the intens i ty of precursor o s c i l l a 
tion superimposed on the normal sawtooth s igna l , accompanied 
by a r ig id coupling with the f luctuations of poloidal 
induct ion . /F ig . ri,J 
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At the same time the level of fluctuation greatly enhances, 
and reaches 6 % as measured fro« peak to peak of the alter
nating component. 

The intensity of fluctuations of the poloidal induction 
generally grew in regimes with the heavy disruptions. This 
feature is distinct in nature fron the normal sawtooth regime, 
where the fluctuation level drops /8/. 

The parameter range in which this periodic disruption 
occures is depicted in fig. 6. The toroidal induction is in 
this specific case B. =IT. The behaviour is similar at other 
values of toroidal induction as well. 

Conclusions 
Strong, periodically returning disruptions were observed 

in MT-i tokárnak. They are anomalous is the sense that their 
characteristics do not fit to the known scaling laws. 

Diagnostic signals show similarity with the normal relaxa-
tional oscillations including the phase inversion. However, 
the place of the inversion is shifted outwards with reference 
to the normal case. 

On the other hand there are features which differ sub
stantially in the normal and anomalous case. For instance the 
level of fluctuations of poloidal induction shows a reversed 
trend in the two distinct cases. 

Occurrence of the instability depends on the initial gas 
pressure of the discharge chamber, which, in turn, largely 
influences the evolution of the electron density in the 
vicinity of plasma axis. The problem of interrelation of 
theses parameters, and the causes and occurence of anomalous 
disruptions are under experimental and theoretical study at 
present. 

Experimental results on one hand show agreement with the 
observations made on ЛЬСАТОН С /6/, on the other hand they 
complete substantially the information related to the 
phenomenon. 
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Because in our case the electron density and the toroidal 
induction is euch lower /1-2 x lO 7 m J

t 0.5-1.2 T respec
tively/ the dissimilarities can he attributed to the different 
regimes of the discharges. 
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Fig. 1. Outlay of the silicon detectors. Volumes of 
plasma column seen by each of the detectors 
are shaded. 
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Fig. 2а. Diagnostic signale showing the general features 
characteristic for the disruptions described in 
the text. 
a - loop voltage, 
b - plasma current, 
с - time derivative of the plasma current, 
d - the radiative power-loss measured along a chord 

crossing the plasma axis. 
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Fig. 2b. Soft X-ray signals taken during a discharge with 
heavy disruptions. 
a - signal of the detector Ho 4, 
b - signal of the detector Ho 2. /The low frequency 

components (below 1 kHz) are filtered out/, 
с - signal from the detector Ho 5, 
d - signal from the detector Ho 1. 
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tig. 3. Signale \owing the superposition of the normal 
and anoma-.um "eautooth" oeeillatione. The phaee 
inversion ie apparent. 
a - signal from the detector Mo 3, 
b - signal from the detector Wo 4. 
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fig. i. Signals shoving the stabilisation of the normal 
disruptive regime after two heavy disruptions. 
a - signal from the detector Wc *, 
b - the same from the detector Ho 2. 

file:///owing
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Fig. 5. High intensity precursor oscillations and their 
coupling with the fluctuation of the poloidal 
induction. After stabilisation of the normal 
sawtooth regime the level of fluctuation drops. 
a - signal of the detector No 3t 

b - В j . pol 
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Fig. 6. Parameter domain where the periodic disruptions 
oacure /ehaded area/. 
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