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Transient ion heat transport analysis in internal transport barriers on JT-60U
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One of the purposes of JT-60SA is to establish
schemes of steady-state operation for a fusion
reactor. In such scenarios, the controlling of an
internal transport barrier (ITB) is essential, because
it can enhance a bootstrap current by its large
pressure gradient. Therefore, a lot of works have
been devoted to understand the physical
mechanisms of the ITB. The ITB is known as the
reduced transport states, i.e., the transport
coefficients are decreased and their levels are
closed to the neoclassical predictions. The transient
transport  experiments, however, show the
contradictory results that the amplitude of cold
pulse is enhanced inside the ITBs [1]. This indicates
that the ITB is not simply sustained by the diffusive
transport process, which was considered from a
steady-state power balance analysis. One of the
possible explanations of the increase of the cold
pulse amplitude in the ITB region is provided by
the critical gradient model; the ITB transiently
returns to the turbulent transport state due to the
changes of the local temperature gradient [1].

In this presentation, we show the results of
transient transport experiments of ITBs performed
in JT-60U by using a supersonic molecular beam
injection (SMBI). The cold pulse of an ion heat
channel is induced by the SMBI [2], and the
dynamics of ion heat transport is analyzed for the
weak magnetic shear ITBs [3]. As shown in Fig.
1(a), we observed that the flux-gradient relation
contains a hysteresis, and the heat flux is
independently changed with the local temperature
gradient. We also observed that the changes of ion
heat flux are independent to the other local
parameter changes (Ti, Te., Te-gradient, ne and
ne-gradient). These results indicate that the local
model cannot fully explain the experimental results,
and thus, non-local features should be also taken
into account on the transport process of the ITB
region. We also observe the relation between the
hysteresis in flux-gradient relation and structure of

ITBs. As shown in Fig. 1(b), the profile of the
width of hysteresis ( A g™/mi) is different
according to the strength of ITBs. The appearance
of the hysteresis seems to correlate with the width
of ITBs. We will discuss the difference of cold
pulse propagations with respect to the different
cases of ITBs.
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Fig 1. (a) Flux-gradient relation of ion heat

channel. (b) Profiles of ion temperature and
hysteresis width ( A g#*™/n;).
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