
The response of toroidal drift modes to profile evolution: 

a new model for small-ELMs  
A. Bokshi

1
, D. Dickinson

1
, C. M. Roach

2
 and H. R. Wilson

1
 

1
 York Plasma Institute, Dept. of Physics, University of York, Heslington, York YO10 5DD, UK 

2
 EUROfusion CCFE, Culham Science Centre, Abingdon, Oxon OX14 3DB, UK  

 

 

Toroidal drift instabilities, such as the ion temperature gradient (ITG) mode, are likely drivers 

of turbulent transport in tokamaks. Depending on the radial profile of the instability drive, the 

ballooning theory identifies two distinct linear mode structures for all toroidal 

microinstabilities [1, 2]: for a peaked drive profile, the violent Isolated Mode (IM) can exist on 

the outboard midplane, whereas for a linear profile, the relatively benign General Mode (GM) 

sits at the top/bottom of the plasma. The IM only exists under special conditions, so one 

generally expects the GM to drive turbulence. 

 

In this work, we consider a time-dependent global electrostatic linear toroidal fluid ITG model 

to study the evolution of these modes as profiles (e.g. flow-shear) vary with time. While we 

consider the ITG mode as a specific example, the results are expected to be valid for most other 

toroidal microinstabilities. A key result is that when there is a maximum in the ion temperature 

gradient and the flow-shear evolves through a critical value, the initial GM transitions into the 

more violent IM and then back to the GM: the transient IM burst is reminiscent of small-ELMs 

and occurs at relevant time-scales. We further find that once a linear mode structure forms, it 

retains a coherent structure independent of how rapidly the equilibrium changes - even when 

the transient structure is not an eigenmode. We additionally find that the global growth rate can 

be maximum when the evolving mode is away from the outboard side. A characteristic time can 

be associated with the GM-IM-GM transition, which means there is an observable lag when 

profiles vary rapidly. We associate time-scales with the formation of the two distinct linear 

eigenmode structures, and discuss their relation to Floquet Modes [3]. 

 

We theorise that for a pedestal evolving between large Type-I ELMs, a GM-IM-GM transition 

can occur under certain conditions causing a burst in the linear growth during the IM phase, 

driving a small-ELM. The associated transport would degrade the pedestal pressure gradient, 

keeping it below the ideal-MHD peeling-ballooning limit and thus avoiding Type-I ELMs. This 

model could explain the replacement of Type-I ELMs with smaller ELMs, or the mixed 

small/large ELM regime depending on whether the plasma profiles evolve through the critical 

flow-shear needed for the IM to exist before the peeling-ballooning boundary is reached. 
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