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Abstract: The evolution of the profiles of electron density and tempera-
ture, soft X-ray (SX) and bolometer radiation is investigated in ASDEX
discharges close to the onset of sawteeth., For the transition phase these
diagnostics show the signature of a strong sawtooth-like collapse, which
removes impurities accumulated in the plasma center. A comparison of
electron density transport before and after the transition indicates that
the bulk plasma transport has not significantly changed and the observed
broadening of the density profile is due to the additional relaxation
mechanism of sawteeth.

Introduction: The time evolution of the electron density profile is studied
in detail during density build-up in ohmic ASDEX divertor discharges. After
a flat distribution in the ignition phase, the profile continues to peak
till sawtooth activity sets in. Following this event, the profile con-
tinuously flattens till the density plateau is reached.

Diagnostics: The transition phase to a sawteething discharge often shows a
sudden decay of the central density and a strong broadening of the profile.
This behaviour is demonstrated in figs. 1 and 2, which show 3-D-plots of
vertical density profiles, measured by HCN-laser interferometry /1/. In
fig. 1 the sawteeth already start during the rising phase of the density,
while fig. 2 shows an even more pronounced onset at the beginning of the
plateau, indicated by the sharp decay of the center of the distribution. A
similar decay, after an initial peaking phase, is also observed in the SX
radiation, The case of rapid sawtooth onset is confronted with a less
common one, characterized by a gradual sawtooth development during which
the density profile shows a smooth braodening and no central peaking of the
SX radiation is found. In case of no sawtooth development at all, the den-
sity and SX profiles continue to peak, generally terminated by a disruption
due to a radiation collapse. A comparison of the temporal development of
the central SX radiation for these three cases is shown in fig. 3.
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The density profiles reached shortly before a distinect transition to the
sawtooth phase are characterized by a nearly constant shape, independent of
plasma current Ip, toroidal field By, de/dt and safety factor ql(a). For
deuterium plasmas more peaked profiles are found as compared to hydrogen,
similar to an investigation made for the density plateau phase of saw-
teething ASDEX discharges /2/. A faster density rise normally leads to a
more pronounced transition at broader profiles.

A 3-D-plot of radial SX profiles measured during the time window of the
transition is shown in fig. 4. The strong decay is only seen on channels
corresponding to the plasma core within the radius of the g=1 surface. This
radius is identified from the inversicon point of SX and ECE, when sawteeth
have started, and stays constant within measurement resolution. The picture
also shows that the transition does not always occur in a single decay but
may include a cascade of steps. An Abel inversion of SX channels immediate-
ly before the decay gives central emission values, which are at least one
order of magnitude higher than bremsstrahlung. Shortly before the transi-
tion bolometer profiles show the build-up of a central peak (fig. 5), which
vanishes with the onset of sawteeth. The electron temperature profile
measured by guasi-stationary YAG scattering before and after the transition
is presented in fig. 6. It indicates a pronounced flattening of the central
region during the event.

¥ 16474

# 18508

PR3- GHR 296- B7 IPP3- GHR 295- 87
Fig. 1: Time evolution of the Fig. 2: As in fig. 1, but with more
electron density profile pronounced transition at the
close to the onset of saw- beginning of the density
tooth oscillations, tran- plateau.
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Fig. 3: Temporal develop-
ment of the central SX
radiation for a rapid saw-
tooth onset as compared to
the cases of gradual saw-
tooth development and no
sawteeth.

Fig. U4: SX radiation pro-
files during the transi-
tion to the sawtooth
regime, showing a strong
decay in the plasma ccre
region.

(note the reverse of

the time scale)

Fig. 5: Bolometer radi-

ation profiles showing the
build-up of a central peak
before the transition. The
solid curve gives the pro-
file reached immediately
before the onset of
sawbeeth.
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Fig. 6: Electron temperature
profiles measured shortly before
and after the transition to a

08 . sawteething discharge, indicating a
1 pronounced flattening of the
= ion.
g 06+ central region
i 1

In summary, the transition to the
sawtooth regime shows the signature
of a strong sawtooth-like collapse,

029 —0— 1:=0.458s, before
trans

—-o—= t=0.475 s , after
1 ‘ removing metal impurities from the
0 ¥ center of the discharge, which have
=40 e " L o accumulated there during density
ricm) PP G 2T 87 build=-up. No m=1 precursors are
P found, however, and the strong MHD

activity seen during this phase, which was not studied in detail, does not
allow to exclude a more complicated instability with higher mode numbers.
The connection to impurities is supported by experiments, where krypton
pulses were injected into the plasma. With increasing krypton content,
indicated by higher initial levels of central SX radiation, ths onset of
sawteeth is shifted to later times and MHD activity during the transition
increases. At too high impurity content no sawteeth develop and the
discharge disrupts.

Transport: Electron density transport has been investigated shortly before
and after the collapse. Using the continuity equation in eylindrical geo-
metry, fluxes have been calculated neglecting sources. These fluxes in the
plasma core region can be interpreted in terms of a model of electron
transport consisting of diffusive and convective driving terms:

r(r)= -D(r)*n'(r) - n(r)-vir).

The fluxes analyzed in the phase without sawteeth and, after the transi-
tion, averaging between sawtooth crashes, could be described by the same
set of values for D and v. This indicates that the bulk plasma transport
has not significantly changed after sawtooth onset. The observed broadening
of the density profile is attributed to the started sawtooth activity,
balancing the counteracting inward fluxes.
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