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ABSTRACT

Sawtooth oscillations in the thermonuclear neu,mbn production
nate have been observed in Alcaton. They are comrelated with oscillations
An 804t x-nay emission grom the plasma and indicate Large (>15%) oscilla-
tions of central Lon temperature.

Soft x-ray emission from the Alcator plasma has been observed
using a multi-diode imaging apparatus built by Petrasso et al [1]. The
x-ray flux exhibits the characteristic sawtooth behavior first noted by
Von Goeler [2]. 1In addition, similar fluctuations have now been seen in
the emission of D-D fusion neutrons (Figure 1). The strong temporal cor-
relation between these two diagnostic signals iﬁdicates that similar pro-
Acesses affect both the electron and ion temperatures during the internal
disruption. This would follow if present theorieg of the disruption process
are correct [3, 4].

| The rapid growth of magnetic islands from the g=1 surface and re-
connection of magﬁetic field lines is a process which should affect both
the electron and ion radial temperature profiles. We have developed a quan-
titative picture by fitting temperature profiles to the experimental data
and studying the effects of the disruptions on the calculated x-ray and
neutron emission.

Prior to the internal disruption, the temperature profiies are
approximated by Gaussian functions [5]. The peak electron temperature is
determined by matching the measured x-ray flux with that calculated using

a computer code developed here [6]. The code takes into account the spe-

cialized geometry of the detectors and aperture, the transmission effects




of various x-ray filters, and the assumed density, temperature, and im-
purity.profiles. The electron temperature calculated by this method is
in excellent agreement with temperatures determined‘by Thompson scattering [7].
Immediatel& after the disruption, it is assumed that the tempera-
ture profile becomes flattened in the cenfral‘sectibn of the plasma while
remaining constant elsewhere (Figure 2). By requiring conservation of
total energy (both kinetic and magnetic) during the internal disruption,
we can rela;e the radius of flattening to the temperature of the flatteﬁed
region, thus leaving only one independent parameter tb vary. This parameter
was determined by again matching the measured x-ray signal ﬁith the computer
model. | |
In a disruption, we theorize that the ion temperature profile is
perturbed in essentially the same manner as the electron temperature profile.
Previous experimental measurements [ 8] indicate that the ion temperathre in
Alcator is lower than the electron temperature by an amount which is related
to the ion-electron thermal equilibration time. Therefore, prior to the dis-
ruption, the ion profile is assumed to be Gaussian but with a peak tempera-
ture 70 eV below thg electron central temperature. During the disruption
it is postulated that the ion profile flattens out.to thé same radius as
the electron profile. Since the time scale for this process is so short
(<20 usec), the electron-ion energy fransfer can bé neglected;-therefore,
energy conservation fequirés that the ion temperature drop be about the same
as the electron drop, orbapproximately 130 eV for the discharge in Figure 1.1
Given these temperature profiles, the change in the neutron production rate
was calculated and was found to agree with that which is observgq.
Additionally, the fitted electron temperature profiles were used

to calculate the current density immediately before and after the internal

1The neutron signal is averaged with a time constant of 0.5 msec, resulting
in the apparent difference in the shape of the neutron and x-ray sawteeth.




disruption. The resulting current density profiles (which are quite flat
in the central region due to inductive effects) were then used to determine
safety factor profiles, q (r) (Figure 3). The results are in good agreement

with theory.
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