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H-mode has been subject to intensive studies. The role of radial electric field on
H-mode was theoretically predicted[l] and is widely recognized in experiments. ITER
design is made relying on H-mode. However, there still exists a mystery. The plasma profile
in core region was found to change in a much faster time scale than the diffusion time scale
after the L/H transition[2]. Such fast responses are seen in the heat pulse propagations of the
sawteeth, heating power modulation, injection of the impurity, etc. Understanding of the
mechanism of the fast response not only reveals the physics of H-mode but also provides a
dependable prediction for the burning dynamics in the core plasma of a fusion reactor, in
which H/L (or H/L) transitions and ELMs could occur.

The non-local transport model has been formulated and successfully applied to the
problems of transient response[3]. Extending the analysis of the heat pulse propagation, we
here study the fast responses in plasma profile at L/H transition. Physics basis of this model
is that fluctuations with a short radial correlation length and those with a long correlation
length (like macroscopic perturbation and convective vortex of size /) are considered. The
latter causes a nonlocal gradient-flux relation. A generalized formula of the heat flux is
employed as,

qe(r,t) = - f ne(r;t)xJr',t)K,(r - r%XVTe[r,t) + (1- X)VTe{r;t)]dr; (D
Jo

where a, qe, ne, %e and Te are the plasma minor radius, the electron heat flux, density, heat
diffusivity and temperature, respectively. X, (0 < X < 1) is introduced to model explicitly the
influences of local and distant gradients on the heat flux. The kernel is chosen as

- r') (2)

where / is the half width of non-local interactions, S(r - r') is a delta function, C t o , and
Cglobal local +Cgiobai = -0 a r e the numerical constants. In the limit I -» 0, the heat flux is
reduced to the one of the local transport model, qe(r,t) = -nJr,t)%e(r,t)VTe(r,t). The weighting
function r/r' is introduced to assure the condition, q(O,t) = 0. For the insight of problem,
the constant electron density is assumed and simplified form of %e is used: The heat diffusivity
is kept constant in L-mode regime. In H-mode regime, it is given by
XH<r)={XL-XH{a))[rc-a)-2{r-a)2 + XH(a) (rc<r<a) and %H(r) =%L (0<r<rJ, where
%H(a) <%L and rc = 0.8a for the medium size plasmas. Parameters I aniCg!obal are related

with the radial correlation length and relative amplitude of large scale fluctuations, respectively.
In this study, parameters are chosen as X = 0.5, Cglobai = 0.1 and I/a = 0.5, which should be
determined in future by the comparison study with experiments.

Figure. 1 shows the temporal evolution of the electron temperature in the core region
(at r/a = 0.3 and r/a = 0.5). AT(t) is normalized and represents the deviation from L-mode
temperature profile. The solid line and the dotted line correspond to the non-local model and
local model, respectively. L/H transition occurs at t = 0 ms. Transition in %e is limited in the
edge region, r> rc; However, the temperature of the core plasma starts to change much faster
than the diffusion process. The fast response in the temperature is observed over the plasma
column in the case of non-local model. The non-local model can qualitatively reproduce the
fast response in the core region after L/H transition.

The hysteresis characteristics in the heat flux-gradient phase space are observed in the
transient response of the L/H transition. In the local model, the heat flux follows one
characteristic line. On the other hand, in the non-local transport model, heat flux in the core
is affected by the change in the edge region at the transition, being faster than the change of
temperature gradient.

To summarize our results, based on the non-local transport model, we analyze the
transient response of the L/H transition. As results, (1) the fast response in the central region
is reproduced and (2) the hysteresis characteristics in the heat flux-gradient phase space are
obtained. Analysis based on a realistic %e model, which can explain L-mode scaling, will
also be presented. A model of global change of %e was proposed to analyze the L/H
transition in JET [4]. Our method provides more general model, by which other types of
transient phenomena could be explained in a unified way. The non-local model analysis will
give us a new understanding for the transient transport in high temperature plasmas.
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Figure. 1: The temporal evolution of the temperature. The temporal evolution of
the electron temperature is calculated (a) at r/a=0.3 and (b) at r/a=0.5.
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