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1. Introduction

Although Reversed Shear (RS) plasma, whose current profile essentially allows large

BootStrap (BS) current, is one of the leading candidates for advanced scenarios, frequent

disruptions limit the performance and feasibility of tokamak reactors. Recently, a fastest

disruptive current quench was observed in JT-60U RS plasmas with strong Internal Transport

Barrier (ITB) [1], and has impacted design study of ITER. Hence, it is particularly important

to understand such disruption characteristics of fast current quench in RS plasmas and

further to clarify the underlying mechanism accounting for the role of ITB-generated, high

BS current, which might play a different role from Positive Shear (PS) plasmas.

   Axisymmetric MHD simulation using Tokamak Simulation Code (TSC) [2] has

demonstrated detailed process of the ITB crash and following disruption dynamics of high-!

plasmas, and direct comparison with the JT-60U experiments were made. Disruption

dynamics specific to the RS plasmas, such as plasma current spikes at thermal quench and

following current decay, were also described in contrast to the PS plasmas.

2. Simulation Modeling

In the TSC, a simple ITB model was additionally installed such that location of the ITB with

a prescribed pressure gradient is always adjusted to the magnetic shear profile, i.e., the ITB

foot was placed on the magnetic shear reversal. We utilized the model of BS current given by

Hirshman [3]. In addition, we made use of a model of destruction of magnetic surfaces or

“magnetic braiding” [4], which describes fundamentally nonlinear three-dimensional effects

on a two-dimensional axisymmetric field representation as follows:
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where ∀ is an arbitrary positive function of position. The second term of RHS leads to

anomalous current viscosity, dissipating energy, but conserving global helicity. Thus, the

model of “magnetic braiding” enables us to reproduce the experimentally observed abrupt

change of the current profile during thermal quench [5].

   Consequently, one can model an abrupt disappearance of high-! region inside the ITB

and a simultaneous destruction of magnetic surfaces, both of which are prime events of

thermal quench. Therefore, we can always ensure profile consistency of the ITB-generated

BS current during both disruptions of high-! PS and RS plasmas.

3. Disruption of High-  Positive Shear Plasma

Figure 1 shows Ti, Te profiles in the JT-60U high-! PS discharge (E26446). A steep gradient

was observed in Ti profile at # ~ 0.7, indicating existence of the ITB. Major parameters of

the initial plasma are poloidal beta !p ~ 1.1, plasma current Ip ~ 2.2 MA and effective safety
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