2015 report on AWP15-ENR-01/CCFE-03 Predictive model for pedestals
Introduction

The goal of the project is to produce a model called Europed that can be used to predict the pedestal height and width that can be used in scenario development and transport simulations of future plasmas. The developed model builds on the idea of EPED1 [1] and improves the parts that EPED1 takes as input instead of predicting. This document lists the progress achieved in different parts of the Europed project during the year 2015. 
Framework

The first job of the project was to build a framework that would be easy to use and would allow several developers to work simultaneously to improve the models. This has been implemented as a python code that uses git for version control. Several users have used the code as it is being developed. The python code uses HELENA code for equilibrium reconstruction and ELITE or MISHKA codes (user’s choice) for stability analysis. As a benchmarking exercise we compared the results from Europed to previously published EPED1 results of JET discharges [2]. There was a good qualitative agreement when comparing the pedestal height for deuterium fuelled and nitrogen seeded plasmas. However, quantitatively there was a 20-30% discrepancy in pedestal height between models. The stability code dependency was test and it was found that there is no significant deviation in the EPED prediction when using either MISKHA-1 or ELITE. With respect to the magnetic equilibrium reconstruction the ‘squareness’ shaping parameter when varied from -0.1 to 0.1 can account for a significant shift (20%) in EPED predictions for all plasmas. (deliverable 1)
Self-consistent core model

One of the important features to be improved in the EPED model is the requirement of specifying global  and the core density peaking as an input. We have implemented two different ways to solve a coupled core-pedestal problem. The first model is based on the empirical observation from JET that the core temperature is about 5 times the pedestal temperature over a wide range of experiments. This is relatively simple method, but not very useful since it contains no dependence on the heating power. In the second model we implemented a more sophisticated transport model based on global confinement scaling as described in [3]. In this model we obtain diffusivity from the global confinement time scaling H98IPB(y,2) and use this to constrain the core temperature gradient. The input to this method is the total power. The initial tests show that for JET the transport model gives similar results to the predictions done with  given as input. The model will be used to predict JET-DT plasmas and compared with a more sophisticated transport code results. (deliverable 8)
Gyrokinetic simulations

This project aims to improve the EPED model’s reliance on using either a fixed scaling or local ideal MHD n=∞ ballooning mode stability as a proxy for the kinetic ballooning mode (KBM) limit for the pedestal pressure gradient. The main weakness with this idea is that when the bootstrap current in the pedestal region is high and the magnetic shear is low, the pedestal accesses so called 2nd stable region for the n=∞ ballooning modes where the pressure gradient is no longer limited. Our local gyrokinetic calculations [3] confirmed that this applies also for the KBMs, whose stability limit increased significantly when the pedestal bootstrap current was included in the equilibrium reconstruction. However, in the pedestal region the local assumption that the gradient lengths are much longer than the ion Larmor radius is not met. Therefore we used global ORB5 code to test if the access to 2nd stability still applies for KBMs at low magnetic shear or if the global effects close this access. In the analysis, it was found significantly better stability for KBMs in the case with bootstrap current confirming the local result. (deliverable 2,3)
It has been demonstrated using a novel technique with a local gyrokinetics code, that global effects impact directly on the stability of ion temperature gradient driven instabilities [4]. This work was carried out using a global extension to the circular cyclone benchmark equilibrium. Maximum growth rates are achieved for modes that balloon on the outboard midplane, but including the radial variation of equilibrium profiles like safety factor and magnetic shear, leads to a new dominant mode that peaks away from the outboard midplane, with a reduced global growth rate. The influence of toroidal flow shear has also been investigated, and has been found to introduce an asymmetry into the global growth rate spectrum with respect to the sign of ’ , such that in a calculation with radial variation in other equilibrium profiles the maximum growth rate is achieved with non-zero shearing, consistent with recent global gyrokinetic calculations. This machinery will be applied to deepen our confidence in and understanding of results on the stability of KBMs in the pedestal from the global GK approach using ORB5. (deliverables 2,3)

Recent electromagnetic local gyrokinetic calculations, that extend previous studies [5] to higher kyi, find that microtearing modes (MTM) and ETG modes at shorter wave lengths dominate in the plateau region at the edge of the confinement zone in MASTH-mode plasmas.  Nevertheless, the stabilisation of the dominant plateau microinstabilities as dne/dr increases on a surface joining the expanding pedestal during the ELM recovery (that was shown in [5] to apply to MTMs) also applies to ETG. (deliverable 5)

Small ELM modelling
A model for global toroidal ion temperature modes has been exploited to study the impact of time-evolving profiles on linear growth rates and mode structures. We have written a code to solve the time-dependent system, and found good agreement with earlier eigenmode approaches in the situation that profiles do not evolve. Specifically, two distinct mode structures are found, depending on the flow shear: generally, a rather weak instability is found but, if the flow shear is within a narrow window about a critical value, there is a more violent mode. We have used our new model to explore how the mode evolves as flow shear is ramped through the critical value, finding a burst of instability that might trigger a small ELM in the pedestal. A publication is about to be submitted, preparing the way for a more self-consistent quasi-linear model that incorporates the interaction between the flow and the instability (e.g. via a Reynolds stress. An unanticipated issue is the role of Floquet modes in our simulations. (deliverable 4)
Non-ideal effects on pedestal stability

BOUT++ has been coupled to the SLEPc eigenmode library and the resulting growth rates successfully compared against initial value simulations. The run-time for these calculations is very problem and setting dependent, but SLEPc now provides a spectrum of eigenmodes in approximately the run-time previously required to find only the fastest growing mode using initial-value simulations. Sub-dominant mode structures can now be studied, and potentially used to better understand mode coupling. An interface and procedures have been established to allow JET equilibria from JOREK to be transferred into BOUT++ accurately, enabling cross-comparisons. Initial simulations took longer than anticipated, but now that the differences in conventions and geometry have been established we can move on to comparisons of non-ideal effects and SOL profiles using both codes. (deliverable 6).

The nonlinear MHD code JOREK has been improved to allow simulations of ELMs in JET using bootstrap current terms and diamagnetic effects, at resistivity levels that are close to experiments (a factor 50), which was not possible in the previous year cycle. ELM simulations with JOREK are generally started with initially unstable pressure gradients in the pedestal. The present study will now aim to use that improved version of the JOREK code in order to start simulations below the unstable pedestal pressure gradient threshold, and increase the pedestal pressure progressively until the ELM onset is obtained (deliverable 13).
Extension of ELITE to low-n modes
The equations describing ideal MHD instabilities for arbitrary toroidal mode number, n, have been derived and incorporated into the ELITE code. Initially we had some trouble getting agreement between the new code and the old version of ELITE in the regime n=10-20. The problem turned out to be related to the need to accurately take account of cancellations in equilibrium quantities. The problem has now been fixed by an improved numerical algorithm and now there is excellent agreement between the new and old versions of ELITE in this intermediate n range provided an ideal wall is placed on the plasma. There remains a discrepancy for the more realistic case where the plasma is surrounded by a vacuum. We believe we have identified the source of the error - a need to keep additional poloidal Fourier harmonics of a second field (the binormal displacement) that needs to be introduced at low n. We are presently implementing the necessary modifications to ELITE, and would expect results in the next few weeks. (Deliverable 9)
Fast particle effects on pedestal stability

A stability study was conducted on a JET discharge at low density to maximise the fast particle effects, but it was found that the stability effect from the fast particle pressure modifying the pedestal pressure gradient is negligible and can be ignored in the stability analysis. The fast particle effect via modification of the core pressure still has to be taken into account. 
Pedestal density and impurity modelling using SOL fluid codes
Parameter scans with the multi-fluid code EDGE2D-EIRENE were conducted to investigate the sensitivity of the predicted ne,sep/ne,ped-ratio, Te,sep,OMP, and nimp,ped on the control parameters, assumptions, and boundary conditions used in the model. The typical ne,sep/ne,ped-ratios and Te,sep,OMP values predicted by the simulations were in the range of 0.35 - 0.7 and 70 - 120 eV within the investigated parameters space in JET H-mode relevant conditions. The varied parameters included deuterium fuelling, nitrogen seeding, divertor configuration, heating power by 50%, radial diffusivity in the edge transport barrier and SOL by a factor of 5, and radial heat conductivity in the edge transport barrier and SOL by a factor of 2. The predicted nimp,ped was observed to reduce by a factor of 2 when increasing the radial diffusivity of impurities in the edge transport barrier and SOL by a factor of 5. (deliverable 14).

The measurement of the bootstrap current

While analysing the active probing MAST SAMI data we have observed a center-of-mass Doppler shift measurements responding to NBI and L-H transitions as would be expected based on previous conventional 1D Doppler experiments. In addition, we have used SAMI's unique 2D capability to make pitch angle measurements. Bragg back-scattering is most efficient when the K-parallel component of the probed turbulence K-vector is small. This results in the observed back-scattered radiation being concentrated along a line perpendicular to the magnetic field allowing a magnetic pitch angle to be made. The speed of SAMI analysis has been improved by implementing the code on GPU CUDA. We have also upgraded the SAMI system that was installed on NSTX-U. (Deliverable 19)
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