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Abstract

The maximum stable pedestal pressure has been shown to increase with core pressure and

in combination with profile stiffness this can lead to a positive feedback mechanism. How-

ever, the effect is shown to saturate for high β in ASDEX-Upgrade [1]. This paper investigates

whether this effect appears in ITER scenarios, using ideal MHD numerical codes HELENA

and MISHKA for different ITER scenarios from inductive 7.5-15 MA plasmas to steady-state

scenarios at 10 MA. No pedestal pressure saturation is found for inductive scenarios; on the

contrary for the 10MA steady-state scenario the pedestal pressure is the same for a wide range

of total β and is limited by low n kink-peeling modes. Finally, a comparison of the achievable

pressure for various levels of core profile stiffness is made with the IPB98(y,2) scaling law.

Introduction

To achieve the ITER fusion production goals it is essential to achieve high energy confine-

ment plasmas (H-mode). Ideal MHD studies of the pedestal stability have shown that the max-

imum stable pedestal pressure increases with more peaked core pressure profiles due to the

Shafranov shift [1]. On the other hand, because of profile stiffness a higher pedestal pressure

results in a larger core pressure and higher plasma energy; i.e. a positive feedback mechanism.

This effect is shown to have a saturation limit in some cases (e.g. ASDEX-Upgrade [1]), so

that extrapolations from current devices, such as JET, [2] may not necessarily be applicable to

ITER.

Model

In order to describe this core-edge feedback mechanism, the plasma poloidal beta, βtot , is

split into two components: the poloidal pedestal beta, βped which considers the pedestal, and

the poloidal core beta, βcore for the core plasma. In this paper we investage the relation between

βped and βtot , which is assumed to be a power law dependence:

βped ∝ β
α
tot . (1)

The stiffness of the core pressure profile is represented by a another power law, in which the

ratio of core and pedestal is related to the input power:
βcore

βped
∝ Pδ

in (2)
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with Pin the input power and δ a measure for the stiffness. Finally, the relation

βtot ∝ Pγ

in (3)

determines the energy confinement scaling with power that can be compared with the IPB98(y,2)

scaling law, for which γ = 0.31 [3]. We determine the parameter α by ideal pedestal MHD sta-

bility analysis and then we can evaluate γ for various stifness coefficients δ in a self-consistent

form and compare to the ITER scaling law value.

The edge MHD stability analysis performed with MISHKA has been carried out for a range

of self-consistent plasma equilibria generated with HELENA in which the bootstrap current has

been evaluated according to [4] and the pedestal width (in normalized poloidal flux coordinates)

has been assumed to be either constant or to scale as ∆ψ ∝
√

βped [5]. The reference pedestal

width has been evaluated by application of the model in [6] to ITER plasmas. Our studies have

been performed for the flat-top phase of three ITER scenarios (15MA/5.3T Q=10, 10MA/5.3T

Q = 5 steady-state and 7.5MA/2.65T half current-half field H-mode scenarios) modelled with

ASTRA and CORSICA. MHD stabilty is only evaluated for s =
√

ψ ≥ 0.5 as the focus of our

study is on the plasma edge.

Results

Figure 1 summarizes the results of the analysis both for constant pedestal width for the 15

MA/5.3 T Q = 10 and the 10 MA/5.3 T steady-state plasma. The stability diagram shows a

high βN limit for both scenarios which corresponds to infernal modes in the core plasma. βped

is limited by external modes which depend on the plasma scenario. For the Q =10 scenario

these are the usual peeling-balooning modes with n = 20-30. On the contrary, the steady-state

scenario pedestal pressure is limited by low n = 2-4 kink-peeling modes. This difference also

modifies the dependence of βped on βN which is gradual for the Q = 10 plasma while it is weakly

dependent on βN for wide ranges in this parameter for the steady-state plasma, except at very

high βN values, because of the low n of the instabilities.

The steady state 10 MA case has a much higher stability limit for βped than the Q = 10 case.

This is the result of the lower plasma current and the fact that the stability limit is dictated by

kink-peeling modes which scales as Ip×Bt instead of I2
p for ballooning modes.

The points of the upper boundary of stability diagrams have been fitted according to equation

1 to obtain the values of α considering only H-mode conditions (βN ≥ 1.5 for Q = 10). The re-

sults of these fits are shown in figure 2 for the three plasmas studied both considering a constant

and varying pedestal width. The 15 MA/5.3 T and 7.5 MA/2.65 T plasmas show similar trends,

as expected from balooning stability being dominant, with an increasing βped with total poloidal

βtot . There is no saturation even for βtot values well beyond those required for the achievement

of the the Q = 10 goal in ITER at 15 MA (βtot = 0.6− 0.7). The values of α (also given in

figure 2) for constant pedestal width are much lower than for varying pedestal width showing
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(a) 15MA/5.3T (b) 10MA/5.3T

Figure 1: Edge MHD stability diagram characterized by βped and βN for the 15MA/5.3T (left)

and 10MA/5.3T (right) plasmas with constant pedestal width. Each point represents a different

pressure profile for which stability is calculated for toroidal mode numbers n=[2,40]. The most

unstable mode is plotted by color with open circles being stable cases. The reference cases,

from ASTRA-CORSICA simulations, are indicated by the black cross.

that the positive feedback between core and edge is increased with the widening of the pedestal

at higher pressures. For the 10 MA steady-state case the use of a power law is less suitable due

to the different nature of the MHD limit stability. Despite this, the results in 1 show that for

this case the results are weakly dependent on the changes of the pedestal width with βped . In

particular for the steady-state Q = 5 reference operating the positive feedback is only significant

for βtot > 1.2 for both cases, which is close to the ITER operational point for this scenario.

The values found for α in these ITER plasmas can be compared to experimental values. From

[2], values for α in JET plasmas can be evaluated (α = 0.41,0.62 and 0.79), depending on wall

material (C vs. W/Be) and plasma shapes. The case closest to the ITER studies for 15 MA and

7.5 MA plasmas corresponds to the JET high triangularity with the carbon wall; this is also

most likely to be the condition in which JET edge stability resembles most that of ITER with

high pedestal pressure and high bootstrap current achievable with low gas fuelling.

By assuming values for stiffness, the data from figure 2 can be used to find a value for γ from

equation 3. This is done for the 15MA case with varying pedestal width in figure 3. Stiffness

values of δ = [0.1,2.0] are taken, which then gives a relation between δ and γ:

γ = 1.18δ . (4)

γ = 0.31 corresponding to the IPB98(y,2) scaling law requires a stiffness of δ = 0.26 according

to our modelling.

Summary

We have applied ideal MHD numerical codes HELENA for equilibrium and MISHKA for

edge stability analysis to evaluate self-consistently the MHD stability of a range of ITER plas-
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Figure 2: Highest stable βped values as a function

of βtot and corresponding fits for the three ITER

plasmas studies, for both constant pedestal width

and a pedestal width changing according to the

EPED model

Figure 3: Predicted βtot versus input power for

the 15MA plasma with varying pedestal width

and βped limited by edge stability for a range of

stiffness parameter δ and resulting energy con-

finement scaling (γ from equation 3).

mas in terms of the achievable βped versus βtot . For the 15MA and 7.5 MA plasmas we find

that βped is limited by peeling-balooning modes and increases with βtot according to a power

law, whose exponent depends on pedestal width assumptions up to βtot ≈ 1. For the 10 MA

steady-state plasmas βped is limited by low n kin-peeling modes and depends weakly on βtot up

to the reference βtot ≈ 1.2. An estimate of the power degradation of energy confinement for a

range of core stiffnes parameters for 15 MA plasmas has been provided.

Disclaimer: The views and opinions expressed herein do not necessarily reflect those of the ITER Organization.

ITER is the Nuclear Facility INB no. 174.
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