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Density limit disruptions set an upper bound on the electron density in tokamaks and
are important for future reactor-size tokamaks, which will typically need to operate at high
densities to achieve ignition [1]. In the standard picture of disruptions [2], a large MHD
mode, or combination of MHD modes, causes a mixing of previously nested magnetic flux
surfaces across much of the profile. Rapid heat and particle transport across the separatrix
result, and the thermal energy of the discharge is lost along open field lines into the
divertor on a millisecond time scale or faster.

In this work, a density limit disruption is initiated by ramping up the density in a lower
single-null discharge in the DIII-D tokamak [3]. As in most disruptions, a large MHD
precursor is observed. However, in contrast with the disruption scenario described above,
it is found that the plasma thermal energy, rather than being conducted into the divertor, is
dominantly lost by radiation to the main chamber walls. This has been referred to as “self-
mitigation” of the disruption, in comparison to the intentional mitigation of localized heat
loads in disruptions by the introduction of pellets or liquid or gas jets to enhance radiation.
The self-mitigation effect appears to result from a release of neutrals (deuterium and
carbon) from the graphite vacuum vessel walls. These results could have favorable
implications for the severity of divertor heat loads during density limit disruptions in
future large tokamaks.

Figure 1 shows time traces from various diagnostics in the disruption studied here:
(a) the amplitude of magnetic fluctuations (dominantly from an n=1 MHD mode), (b) a
midplane soft x-ray view chord (showing the core electron temperature collapse), (c) a
midplane XUV photodiode view chord (showing total radiated power [4]), (d) a midplane
Dg filterscope view chord (indicating deuterium ionization), (e) the total electron number
estimated from COj interferometer signals (demonstrating neutral influx), and (f) the
toroidal plasma current (showing the slow current quench). From the core electron tem-
perature collapse, Fig. 1(b), it can be seen that the thermal quench of the plasma occurs
around ¢ = 1912 ms. The thermal quench coincides with significant MHD activity,
Fig. 1(a); however, it is not clear from the timing of the traces if the MHD activity begins

before or after the enhanced recycling seen in Fig. 1(d).
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Fig. 1. Time traces from the density limit disruption.
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magnetic flux surfaces reconstructed ‘ Ch 30
immediately before the onset of the 100 :
thermal quench. The zonal inversion of i : .

_ , 50 |-/ XUV diode
the xuv brightnesses shows that the radi- . array
ation during the density limit disruption LE-L . i
comes primarily from the main chamber, N H ) :_.
rather than the divertor. This can be seen -50; ' Ch1
in Fig. 3(a), where the plasma emissivity | i
is separated into main chamber (sum of -
radiation from regions 1-5) and divertor -150L
(sum of regions 6-7) radiated power. The 100 150 200 250
total energy radiated during the main R (cm)
radiation spike of Fig. 3(a) is calculated Fig. 2. DIII-D cross section showing XUV

. diode array view chord geometry and
to be about 0.8 MJ, accounting com- boundaries of emission zones used for
pletely for the estimated 0.6 MJ of initial inverting brightness signals.

plasma thermal energy. The dashed red line is the total divertor heat load obtained from
IR thermography, showing reasonably good agreement with the XUV data.

For comparison with the density limit disruption, radiated power measurements are
shown from a current limit disruption, Fig. 3(b), a downward VDE disruption, Fig. 3(c),

and a downward VDE preemptively mitigated by a massive main chamber injection of
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neon gas, Fig. 3(d) [5]. In the current limit and of (@) i cgla\?e]:)tirr:
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electron number seen in Fig. 1(e), clearly ® 15 110217
demonstrates a large influx of neutral particles E :)(5) |
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to ionize within a mean free path of about 15 0.0 15
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10 cm and then get re-deposited as ions back

into the divertor, thus not causing significant  Fig. 3. Power radiated from the divertor and
main chamber as function of time for four
different types of disruptions. In each case, tq

The composition of neutrals emitted from  corresponds to the peak in total radiated
power.

main chamber radiation.

walls appears to consist dominantly of deu-

terium mixed with some (of order 5%) carbon. This can be seen from main chamber
filterscope measurements of the Dp (4681 A) over Cyp1 (4650 A) line ratio, which was
found to be 1.1 before the disruption and 0.7 at the peak of the thermal quench. Using a
sx/b (ionizations per photon) ratio of 140 for Dg and 7 for Cyyy [6], the measured line ratios
give estimated carbon fractions of f,. = 0.06 before the disruption and f,. = 0.04 during the
disruption. It is likely that the carbon neutrals, while the minority species, are the
dominant source of radiated power during the thermal quench, since a typical D atom is
expected to radiate only about 7 eV, on average, before becoming ionized [7], thus giving
only 6 kJ of radiated energy from the 6x10%! new electrons seen in Fig. 1(e).

The cause of the main chamber impurity release is not well-known at this point. Since
most of the plasma thermal energy is radiated away, rather than conducted into the walls,
it seems unlikely that the standard mechanisms of thermal desorption of deuterium and ion
sputtering of carbon can be the dominant release mechanisms. It is possible that the
observed neutral release is the result of a transient materials physics effect, i.e. a sudden
release of deuterium and hydrocarbons from the highly saturated plasma-facing graphite
tiles.

The transport mechanism by which the impurities are mixed into the core on the

thermal quench time scale is also poorly understood at this point. Analysis of the XUV
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signal delays between different view chords indicates a large impurity diffusion
coefficient of order D | = 100 m?/s. This is much larger than the impurity transport rate
D) =1 m?/s observed previously during normal (H-mode) operation [8] but is roughly in
agreement with impurity transport observed during disruptions triggered by impurity
pellet injection [9]. It is thought that large-scale magnetic reconnection events could be
responsible for transport rates of this magnitude [10].
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