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Preamble

At its meeting on 22 July 2008 in Brussels the EFDA Steering Committee approved the first Revision of the EFDA 2008-2009 Work Programme, including a second set of tasks relating to the EFDA Topical Groups on Heating & Current Drive, MHD, Transport and Diagnostics. This Call covers the activities to be carried out on these tasks and implemented on the basis of the provisions given in Article 5 of the EFDA Agreement.

No JET related activities are meant to be implemented as a result of this call. JET related activities are implemented under EFDA Article 6. However some JET activities are mentioned for information when they closely relate to the activity implemented under Article 5. JET data collected and analysed under the JET part of the EFDA WP can be brought together with other data under EFDA Article 5 Task Agreements, when relevant for the progress of the work or used in multi-machine modelling activities. Publications that make use of JET data are subject to the EFDA JET publication rules, including clearance by the EFDA associate leader for JET. 

Co-ordinated experiments performed in one or more device(s) and/or in cooperation with the JET work programme, must be integrated in the experimental programme of the respective devices. These experiments must follow the procedures for selection, preparation and execution in place for that device and comply with the established data analysis and validation procedures and publication rules.    

Some of the tasks will be implemented in two phases: 
Phase I : feasibility study
Phase II:  hardware development and/or dedicated experiments on Tokamaks or other devices.
All tasks foreseen to be implemented in two phases are presently subject to (i) a Call for participation for their Phase I and (ii) a Call for Interest for their Phase II. Only those Associations having expressed an interest for Phase II will be involved in the Call for Participation in Phase II.
This call includes tasks that were included in the First call for the programme under the Heating & Current Drive, MHD, Transport and Diagnostics Topical Groups launched on 13th June 2008, but were not implemented due to insufficient response from the Associates. 

These include the following tasks:

Task HCD-01-04: Neutral Pressure

· Neutral Pressure in front of antenna.

Task DIAG-01-04: Helium content in divertor

· Helium content in divertor

Task TGS-01a-05: Real Time Erosion

- Real Time Erosion

Task Agreement MHD-02: Disruptions

· Development of Diagnostics for Disruptions and other MHD Studies Part I

The new activities to be implemented following this call for participation:

Task Agreement MHD-02: Disruptions

· Runaway electron generation.

· Thermal quench and power load
· Development of Diagnostics for Disruptions and other MHD Studies Part II

Task Agreement (HCD-01): Heating and Current Drive

List of tasks to be implemented under this call

· WP08-HCD-01-04 (WP III-3-b) Neutral Pressure in front of antenna (Phase I + Call for Interest to participate in Phase II) (Re-launch of task from the first call)
Resources foreseen for the Task Agreement 

1.5 ppy under Baseline Support; 2 ppy under Priority Support related to task coordination, joint experimentation team;  150 kEuros for hardware development  (Phase II) under Priority Support. 
WP08-HCD-01-04: Diagnosis of edge plasma in front of ICRH and / or LHCD launchers and neutrals in front of NB ducts

Background

Coupling of Radio Frequency (RF) waves to the plasma is still one of the areas of concern in the field of heating and current drive. The density profile in the scrape-off layer and edge in front of the antenna and ideally at different poloidal locations would allow better understanding of sheath effects and convective cell generation by the RF. For the ITER system at reduced BT it would be necessary to measure density down to 0.5 × 1018 m-3. Additionally it is extremely desirable to have a good measurement of the neutral pressure in front of the RF antennas, in particular during ELMs. Indeed, a lowering of the voltage stand-off has been observed during ELMs. Arcing may be due either to plasma penetrating the antenna box (across the Faraday shield) or to a pressure rise, inside the antenna box, that decreases the breakdown voltage. 

Objectives

Development of diagnostics to measure the density and neutral pressure profiles in front of RF antennas at any suitable device. The emphasis is put on specifically the neutral pressure, because this parameter is the most difficult one to diagnose. Techniques that bear a promise for density measurements are reflectometry, Li-beam and probe measurements, but all the RF antennas offer a difficult environment. 

The pressures to be measured range from 10-3 or 10-2 Pa (for lower pressure, there is no risk of arcing) to about 1 Pa (at this pressure and above, there is a strong risk of arcing). The time resolution should be typically 0.1 – 1 ms to be able to resolve ELMs. The pressure should be typically measured over the full scrape-off width or the last 5 cm of the scrape-off layer (if wider) and further outside (to locations similar to the inside of an antenna box: ~20 cm), with a spatial resolution of ~1 cm. The dimensions are not really machine-dependent, but the scrape-off layer should be wide enough to allow extrapolation to ITER plasmas.

Work Description and Breakdown

A plan for detailed feasibility studies on a present device should be available 2 months after the start of the task. Results of the feasibility study should be available 9 months after task starts. 

Following the conclusions of the feasibility study, the implementation of a system at a present device should take place in 2009 and preferably first measurement results should be reported within 18 months after task start. Participation in this second phase will be organised through a specific call for participation restricted to those Associations having answered positively to the present Call for Interest.
JET related activities

There is no JET task on this issue. To optimise the coupling JET is concentrating on the measurements of the electron density and for the arc detection the new ITER like ICRH antenna is already equipped with three engineering systems based on subharmonic arc detection, scattering matrix and voltage standing waves arc detection.

Deliverables

Realisation of a diagnostic to measure the density and neutral profiles in front of the antennas at any suitable device

Milestones

Phase I:  Report on the feasibility study for the proposed solution (9 months)

Phase II: Installation and test of this device on a present experiment (9 months)

Task Agreement (DIAG-01): Diagnostic Developments

List of tasks to be implemented under this call

- WP08-DIAG-01-04 Helium content in divertor (Diag TG) (Phase I + Call for Interest to participate to Phase II) (Re-launch of task from the first call)
Resources foreseen for the Task Agreement 

2 ppy under Baseline Support; 2 ppy under Priority Support related to task coordination, specific software development, joint experimentation team.

Detailed Description of the Tasks
WP08-DIAG-01-04: Helium content in divertor

Background

Knowledge of the helium content is important for the evaluation of the ability of the plasma to exhaust helium ash, for the optimisation of the divertor operation and for the validation of models of divertor performance. An important figure of merit is the helium compression factor: the ratio of the divertor helium density to the main plasma helium density.  This compression factor is different for He than for main species, due to the different atomic processes governing the leakage of divertor helium back into the main plasma. Typically the divertor is not as helium rich as the main plasma (helium enrichment factor < 1). In many present experimental evaluations, the helium concentration of the exhaust gas is used instead of the divertor plasma. However, direct measurement of the He content is preferred. No clear candidate diagnostic technique is established for the measurement of the helium content in the ITER divertor. An additional spectroscopic system at the divertor level could be a candidate technique.
Objectives

Perform a feasibility study to assess potential techniques for measuring the helium content in the ITER divertor (in the range 1017-1021 m-3, with 1 ms time resolution and 20% accuracy) and to make a proposal for implementation of a diagnostic to measure the helium content in a present device.

Work Description and Breakdown

A detailed plan should be submitted 2 months after start. Feasibility study for application of a diagnostics to measure the divertor helium content along with costing estimates and a project plan ready 9 months after start of the task. 

A plan for further development and implementation of a diagnostic for measuring the helium content in a present device should be ready 18 months after start. Participation in this second phase will be organised through a specific call for participation restricted to those Associations having answered positively to the present Call for Interest.
JET related activities

No activity is foreseen on this issue at JET for the moment. On the other hand the JET divertor would be the most relevant to qualify the technique once tested on a smaller device.
Deliverables

Report on the feasibility study of a diagnostic to measure the divertor helium content.
Milestones

Phase I: Feasibility study of a diagnostic for plasma flow measurements in the divertor (9 months)

Phase II: Plans for further developments of this diagnostic and its testing on a present device (9 months)
Task Agreement (TGS-01a): Diagnostic Developments

List of tasks to be implemented under this call

- WP08-TGS-01a-05 (III-3-c) Material deposition and composition of wall materials  (Re-launch of task from the first call);

Resources foreseen for the Task Agreement 

2.25 ppy under Baseline Support; 1.5 ppy under Priority Support related to task coordination, joint experimentation team;  200 KEuros for hardware development  (Phase II) under Priority Support.
Detailed Description of the Tasks
WP08-TGS-01a-05: Real-time erosion measurements (Jointly with the DIAG/PWI Topical Groups/Task Force)

Background

Net erosion of the divertor plate surface, with redeposition elsewhere due to sputtering is expected in ITER, and the life of the divertor surface must be monitored in real-time for the long high-power pulses. Therefore, it is important to demonstrate diagnostic methods for real-time erosion measurements that could be implemented onto ITER. Techniques that have been proposed thus far are Speckle interferometry and an optical radar system. The system for ITER should be able to meet the following characteristics: Erosion rate 1–10 × 10−6 ms−1; time resolution 2 s; spatial resolution 10 mm; accuracy 30% and the requirements for the net erosion are 0–3 mm per pulse; spatial resolution 10 mm; accuracy 12 × 10−6 m.

Objectives

Demonstrate a real-time erosion measurement on a relevant device having high erosion rates. Most likely this demonstration needs to be on a plasma simulator or linear plasma source in which the high erosion rates can be mimicked, but it is not excluded that also relevant demonstrations can be given on present tokamaks.

Work Description and Breakdown

Feasibility study for application of a real-time erosion technique along with costing estimates and a project plan ready 9 months after start of the task. 

Depending on the outcome a task for the actual implementation might be launched. Participation in this second phase will be organised through a specific call for participation restricted to those Associations having answered positively to the present Call for Interest.
JET related activities

No activity is foreseen on JET on this point mainly because the erosion rate is too low to be detectable even on a shot to shot basis.

Deliverables

Development of a device to measure high erosion rate 

Milestones

Phase I: Feasibility study of this device (9 months).
Phase II: Realisation of a prototype (if feasibility study is successful) (12 months); Installation on a plasma simulator or linear plasma source for calibrated erosion rates (18 months). 

Task Agreement (MHD-02): Disruptions
List of tasks to be implemented under this call

- WP08-MHD-02-02 Development of Diagnostics for Disruptions and other MHD Studies Part I (Re-launch of task from the first call)
- WP08-MHD-02-02 Development of Diagnostics for Disruptions and other MHD Studies Part II
- WP08-MHD-02-04 Runaway electron generation
- WP08-MHD-02-05 Thermal quench and power load


Resources foreseen for the Task Agreement 

5 ppy under Baseline Support; 1.8 ppy under Priority Support related to task coordination, joint experimentation team; 250 KEuros for hardware development (Phase II) under Priority Support

Detailed Description of the Tasks
Introduction 

Unmitigated disruptions represent an intolerable risk for ITER and should be avoided by a reliable control of the plasma discharge. However the understanding of how to predict and avoid such events is at a rudimentary level since extensive development of avoidance and control techniques has not been envisaged on existing devices. In addition, an extrapolation of the effects of a disruption from existing devices to ITER is affected by uncertainties which must be reduced to guarantee the integrity of the machine. The generation of runaway electrons is one of the biggest concerns regarding the occurrence of unmitigated disruptions in ITER, because these high energy electron beams can cause localised heat fluxes to plasma facing components.  

WP08-MHD-02-04: Runaway electron generation.

Background

The evolution of the electric field has to be determined self-consistently to obtain a clear picture of the generation and of the dynamics of the runaway electrons. Tools to mitigate runaway electron still need to be assessed either numerically or experimentally. This is a vital issue in developing mitigation strategies for runaways in ITER.

Objectives

Develop a model for 3D runaway drift orbits in 3D magnetostatic perturbed fields to assess the effect of RMP coils on loss enhancement. This work may also be augmented by 1d and 2d threshold physics codes to study the primary and secondary runaway generation criteria, including in the presence of potential mitigating effects of RMPs. 

Work Description and Breakdown

- Develop an appropriate description (model equations) of the electron runaway drift orbits in 3D magnetostatic perturbed fields, including the effect of the energy balance between the synchrotron radiation and accelerating electric field.

- Develop adequate numerical schemes and implement solvers for the model equations.

- Develop the numerical interfaces in order to study different tokamak configurations, including ITER relevant geometries and mitigation strategies using perturbed fields.
- Include extension (if possible) capable of studying the interaction with massive gas injection (MGI).
Deliverables and milestones

A model for 3D runaway drift orbits in 3D magnetostatic perturbed fields (9 months). 

Report on results in ITER relevant configurations for different mitigation strategies (12 months).  

Any code development will be conducted in coordination with ITM, in view of making possible integration at a later stage technically achievable.

WP08-MHD-02-05: Thermal quench and power load

Background

The duration of the energy release on the walls (thermal quench), which relates to the outflow of plasma from the core, is an important factor for ITER. The motion of plasma in the SOL at the stage of thermal quench depends on many factors such as the anomalous transport, the evolution of the electromagnetic structures and the impurity transport. Studies of procedures for their mitigation, using e.g. killer pellet injection, have still to be assessed numerically or experimentally.

Objectives
Quantify the processes and relative timescales during the disruption thermal quench in order to improve predictive capability and disruption mitigation techniques.  

Work Description and Breakdown

Establish the appropriate tools capable of assessing the plasma dynamics during the energy quench: 

- Magnetostatic reconstruction,

- Scrape off layer properties, 

- Anomalous energy and impurity transport.

Promote the use and the development of 2D and 3D codes for these studies.  Inputs and contributions from the broader fusion community on the role of 3D effects are welcome. Quantify the relevant timescales and physics processes.    

Develop adequate numerical schemes and implement solvers for the model equations.

Develop the numerical interfaces in order to study different tokamak configurations, including ITER relevant geometries. 
Include the effect of mass gas injection (MGI) on disruption quench time and plasma profile evolution.
Deliverables and milestones

Use magnetostatic codes to study the heat pulse to the wall and impurity penetration into the plasma during thermal quench (9 months). Any code development will be conducted in coordination with ITM, in view of making possible integration at a later stage technically achievable.

Report on results in ITER relevant configurations.
WP08-MHD-02-02: Development of Diagnostics for Disruptions and other MHD Studies Part I (Fast measurements of impurity radiation during disruptions - Includes a Call for Interest.)
Background

The motion of plasma in the SOL at the stage of thermal quench depends on many factors such as the anomalous transport, the evolution of the electromagnetic structures and the impurity transport. Disruptions in tokamaks are complex phenomena, involving MHD, but also depending strongly on particle and heat transport of the main and impurity species, coupled to electromagnetic field behaviour. An integrated approach is required to obtain a realistic picture of the processes involved. Time and species resolved spatial measurements of impurity line and continuum radiation during disruptions are instrumental for this kind of analysis. Presently, spectroscopic diagnostics are optimised for measurements during slowly evolving “healthy” plasmas. During a disruption, plasma quantities evolve on timescales in the order of a fraction of a millisecond. In order to understand the physics behind a disruption and to develop physics-based prediction models, it is key to diagnose plasmas either close to a disruption or disrupting on the relevant time scales. Present spectroscopic diagnostics normally either cannot be adjusted to suit disruption dynamics (since this would mean operating the diagnostic beyond design limits) or cannot be diverted from their routine operation.

Objectives 

Develop diagnostics techniques aiming at quantifying the influx of impurities (and their properties like temperature and density) from the plasma facing components during the disruption and understand the penetration of injected impurities in mitigated events. 

Work Description and Breakdown

To support the interpretation of disruption dynamic by providing spatial and time resolved < 1 ms information on impurity spectrum, localization and influx, on plasma density and temperature during the pre-disruptive or disruptive phases of a plasma, the impurities of interest are:

a) those coming from the first wall as a consequence of the interaction with the disrupting plasma (i.e. first wall materials like C, W or species stored in the first wall);

b) those actively injected into the plasma to mitigate disruptions, like Ne, Ar, He.
For the aforementioned information in the environment typical of a pre-disruptive or disruptive plasma, the design should mostly aim at a diagnostic where:

I. time resolution high enough to follow disruption dynamics (i.e. < ms), and

II. species resolution, i.e. capability of providing spectral information on the atomic elements involved (ionization stages, abundances, Zeff,…), with particular attention to plasma facing components constituents.

Spatial resolution is lower priority, provided that requisites I) and II) are satisfied. To this extent, concepts based on line integrated measurements (e.g. systems of solid-state detectors and material filters) might be appropriate.

Phase 1: feasibility study and preliminary design
Analysis of existing diagnostics and/or concepts, and/or design options 
On the basis of the physics requirements, realization of a feasibility study for one (or more) options and eventually of a preliminary design. The feasibility study must be accompanied by a comment on the transportability of the diagnostic concept to ITER.

Phase 2: detailed design, manufacture, installation, commissioning and final acceptance test
Realization of the detailed design and of the specifications for the diagnostic construction. Selection of the device(s) where the diagnostic will be installed.

Manufacture of the diagnostic, off-line tests and acceptance tests.
Installation of the diagnostic on the device, commissioning and final acceptance tests. 

Participation to this second phase will be organised through a specific call for participation restricted to those Associations having answered positively to the present Call for Interest.

Deliverables and Milestones

Phase 1: Final report on the investigation of present diagnostic capability and on the feasibility study (9 months).

Phase 2: Detailed design report, including manufacturing drawings, technical specification, tender documents; manufactured diagnostic and construction report, installation plans, commissioning plans, operation manuals; installation, final reports, including acceptance tests and first plasma measurements (18 months).

WP08-MHD-02-02: Development of Diagnostics for Disruptions and other MHD Studies Part II (Reconstruction and imaging of key processes)
Background

New diagnostics form a crucial element in understanding disruption processes and a strong need has been identified for better imaging (2d/3d) of key processes. The development of SXR tomography, using cross-correlation against other diagnostics provides a more quantitative measurement of key elements (2d ne and Te), while other possibilities include 2d ECE imaging. In addition to the field of disruptions, a high quality reconstruction will give an inside view of the events which helps for physical understanding and provide more quantitative verification of theoretical predictions of fast particle modes, RWMs, ELMs.   
Objectives

Develop 2D/3D imaging diagnostics and compare actual disruptions with MHD models. Such tools may also be of benefit for study of tearing, RWM and ELMs, so to be considered jointly. Develop SXR tomography, using cross-correlation against other diagnostics to provide a more quantitative measurement of key elements (2d ne and Te).
Diagnostic requirements are the following:

- Frequency resolution should be not less than 400-500kHz (better for the whole discharge, but at least for selected time windows) for the probes involved (eg 2D/ECE , ECE, SXR, Fast particle detectors and Magnetic probes) which is necessary for fast disruption dynamics and fast particle physics.

- 2-D spatial resolution (i.e. both in the radial and in the poloidal directions) should be good enough  for improved reconstruction of the nonlinear MHD events, corresponding to a number of lines for line integrated diagnostics (eg SXR and Bolometry) of the order of 100 and distributed in multiple cameras, viewing the plasma from different poloidal angles, in order to get sufficiently good tomography reconstructions. 

- good integration between the various elements of the diagnostic is required, in particular in terms of integrated data analysis.

- availaibility of an user-friendly data analysis tool (including reconstruction algorithms).
Work Description and Breakdown

Phase I

- Survey the different diagnostic techniques capable of providing 2D/3D imaging for MHD studies.

- Assess the capabilities of the different techniques in providing information relative to different events including disruptions. 

- Provide a recommendation on the most promising techniques, including forecast of the measurement accuracy in terms of time and spatial resolutions.

- Provide the specifications for the proposed diagnostics.     

Phase II

- Implement the proposed diagnostics in a fusion device relevant in the studies of disruptions, and other MHD phenomena such as fast particle modes, NTMs, RWMs, ELMs etc … .   

Deliverables and Milestones 
Phase I: Feasibility study of diagnostics for fast radiation measurements and 2D/3D imaging for MHD studies, along with costing estimates and a project plan ready 3-6 months after start of the task. 

Phase II: Implementation depending on the outcome of feasibility study (18 months).
Scientific and Technical reports

Progress reports 

At the end of each calendar year and at intermediate times where appropriate, the Task Coordinator shall submit a report on activities under the Task Agreements resulting from this call to the EFDA Leader for his approval. These  reports  shall integrate the progress made by each Association on each task, and they shall indicate the level of achievement of the objectives, the situation of the activities, the allocation of resources and recommendations for the next year when applicable. The EURATOM financial contribution will be made through the usual procedures for baseline support through the Contract of Association.

Report of achievements under Priority Support (final report and, when appropriate, intermediate reports)

Achievement of Priority Support deliverables will be reported separately to the EFDA Leader. A final report (and intermediate reports marking substantial progress in the achievement of deliverables, if the EFDA Leader so requests) shall be prepared by the Task Coordinator and submitted to the EFDA Leader. These reports shall include specific sub-sections for each of the Associations involved. They shall document the degree to which the deliverables have been achieved, and shall include a breakdown of expenditure for each Association. The EURATOM financial contribution will be made after approval by the EFDA Leader of these reports.
Association Proposal

The Associations are requested to complete the Association Response Tables.

· Activities Proposed under Baseline Support

· Activities Proposed under Priority Support

· Priority Support Response Sheet

· Indicative Mobility Support
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