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H-mode pedestal, ELMs, fueling, and power threshold

1. What sets the H-mode pedestal widths, e.g transport, stability or fueling?

· How can the pedestal be optimized in NSTX? 

· Does the pedestal limit core performance in NSTX?

· Is there a correlation between pedestal and global performance in NSTX?

· How does the pedestal in an ST compare with models of the pedestal, i.e. fully identify the role of aspect ratio?

· Can Enhanced Pedestal H-mode be extended to long pulse?

· Should identify the role of shape on pedestal and ELMs

· Need additional edge Thomson channels 

· Need improved ERD spatial and time resolution

· Additional 3-color USXR capability would give fast, spatially resolved Te by cross-calibration with Thomson

· To attack the fueling problem, neutral density measurements/interpretation at multiple poloidal locations might be needed

· Given the edge fueling source, the edge transport properties can be computed with TRANSP (see transport section)

· Tighter coupling to neoclassical theory desired – find as many connections to XGC calculations – need to develop the ideas here

2. What determines the ELM regime, e.g transport, stability or fueling?

· Are there steady small ELM regimes? How to extrapolate?

· Are small ELM regimes common across tokamaks and ST’s? 

· In general, NSTX seems to have lower toroidal mode number than tokamaks and even MAST – specifically the Type V ELM has n=1-2 only. What is the underlying instability? 

· Attack the problem with M3D? 

· Tighter coupling to neoclassical theory desired – XGC recently upgraded with ELITE edge stability code coupling

· What role do error fields play?

· Active control requires additional EFC coils and/or research to develop and verify algorithms across all shapes 

· Internal coils being considered for RMP control of ELMs as well as adding to the RWM research

· Optimal placement being modeled with help from GA, i.e. location relative to passive plates or vacuum vessel wall

· Assessment of required currents in progress, and results to be included in document

· May also help to spread out heat flux – must be connected to next section

· What is the role of Scrape-off layer current in determining the ELM stability?

· Need to install a tile current monitoring system (poloidal and toroidal)

· If currents are high and predictable by theory to affect edge stability, then consider addition of localized biasing hardware

3. Does the fueling method affect plasma performance in an ST?

· H-mode access seems to be much easier with center stack (HFS) gas puffing than LFS fueling in STs than tokamaks – what is the physics reason behind the difference?

· Quantify fueling efficiency and performance with various gas puffing techniques (including SGI with various nozzles and other upgrades) vs. center stack fueling vs. deuterium pellets 

· Should we consider CT fueling research, given the ITER approval?

· CT injector is in storage on-site at PPPL, cost is to retro-fit onto NSTX and then resources to run a program

· Role of neutral density values vs, scale length, etc?

· Need fueling upgrades (SGI, pellets, CTs?), plus improved edge diagnostics above

4. Power threshold studies – here we can special items add to existing worldwide effort

· Quantify the role of shape, e.g. triangularity and X-point height

· Compare with recent models (XGC)
· Need to implement algorithm for obtaining a 2-D neutral density profile in X-point region, e.g. collaboration with W. Meyer (LLNL)

· Need to verify Ip and Bt dependencies as that will be important for extrapolation to next step STs

SOL and divertor physics themes

1. Liquid lithium test in diverted machine with hot SOL

· Test to see if better core confinement, reduced Zeff, improved edge stability, reduced recycling and neutral fueling at fixed external rate

· Demonstrate that density can be reduced in the flat top

· Investigation of impurity sources and transport with Li PFC

· Quantify pumping efficiency of Lithium – partly for FY09 milestone

· Density reduction vs. e.g. evaporation rate, number of LiTERs used, temperature of liquid lithium, etc.

· Comparison with simple models, e.g. vs. Lithium surface area, vs. 2-chamber 0-D model

· Comparison with 2-D models, e.g. UEDGE predictions by Stotler

· Study hydrogenic retention by Lithium – partly for FY09 milestone

· Gas balance during discharges – present capability

· Gas balance between discharges, with and without HeGDC

· Identify role and optimum duration of HeGDC 

· Wall coupons for long term film thickness composition

· Possible DiMES-like probe for controlled sample exposures

· Shot by shot changes to film thicknesses with Quartz Micro-balance

· Requires upgrade of test Penning gauge near pump port to quantify exhaust during HeGDC
· Study divertor regimes, divertor heat flux handling, and X-point MARFE formation with lithium pumping and strong lithium radiation.
· Compare different Lithium delivery methods: powder, pellets, molten Li

· Lithium tray in ‘09, need new diagnostics and to retro-fit existing diagnostics

· IR cameras with known emissivity problems – need a solution (several ideas: dedicated tile gaps, looking at the back side of a tile spectroscopically, thermocouples, Langmuir probes)

· Desire for large toroidal coverage of tray means that divertor diagnostics will be packed into small toroidal gaps – pushes toward smart tile solutions with many diagnostics integrated into single tile

· May require implementaton of rtEFIT/isoflux strike point control algorithms for power flux control

· Additional, DOLLOP-like Lithium aerosol delivery systems

· Future decision point to determine if advanced Lithium tray or cryopump needed – end FY 11

2. What sets the SOL width, i.e. role of turbulence, gyro-motion, flows, and transient events?

· Turbulence studies beginning to make comparisons with analytic theory (Myra) and desire more complex theory comparison

· First step in understanding the turbulence, i.e. comparing with models, and more advanced step is controlling it, e.g. with biasing

· Existing models predict 1-2mm for midplane heat flux SOL width; qmid from divertor IR~ 6-10mm when far from detachment – why do ST’s look so different? Is critical parameter minor radius, not major radius?

· How do the heat flux widths compare with ne, Te, and Gamma widths at the midplane, e.g. from reciprocating probe? 

· Can simple models reproduce the trends?

· How does a more complex model predict the SOL width dependencies, e.g. GEM (B. Scott) or BOUT (X. Xu) 

· Extrapolation to NHTX requires well-characterized PNBI dependence (6 MW -> 40 MW), Ip (1.2 MA -> 3.5 MA), and Bt (0.5 T -> 1.9 T), e.g. experimental plan

· What is the role of SOL flows in setting the SOL width?

· Need many more diagnostics

· Divertor Thomson (+ 2-D JHU imaging system for ne, Te?)

· Fully implemented divertor bolometry

· more divertor Langmuir probes, 

· fast IR camera, 

· X-point reciprocating probe, 

· densely packed diagnostic “smart” tiles, 

· divertor GPI, 

· div. Penning gauge, 

· div. Imaging spectrometer

· Edge and divertor flow diagnostic continued development, e.g. SWIFT from S. Paul

3. ST divertor physics and heat flux amelioration

· How does an ST divertor extrapolate, e.g. which is the correct parameter: P/R, q||, and/or q(?

· What is role of magnetic balance, divertor volume, private flux region?

· Need 2-D divertor measurements of ne, Te, Prad (divertor Thomson and/or divertor USXR system, divertor imaging spectrometer), and maybe neutral density measurements

· Is a radiative or detached divertor compatible with good E in NSTX? Seems to be so in high triangularity discharges; what about low delta?

· Improved outer divertor detachment may require 

· more closed geometry, 

· with divertor target shape and passive plate modifications and 

· reduction of midplane/divertor vacuum conductance

· How important is the private flux region in determining the SOL? This issue may be important for the ITER dome physics.

· Integration of radiative divertor regimes, obtained with deuterium or impurity injection, with main plasmas (confinement, MHD, ELM, stability).

· Can/should we test the X-divertor concept?

· How much improved control of the heat flux profile does this provide, given that we can generate high flux expansion without them?

Need internal hardware to make X-divertor, plus additional divertor diagnostics as listed above
· How does a lithium-coated plate or a lithium tray handle high heat flux
· What are the divertor regimes obtained with lithium pumping and strong lithium concentration in the divertor region?
· SOL and/or divertor biasing

· Existing biasing electrodec

· May need additional hardware for divertor biasing

· MARFE studies

· MARFE formation and operational space in various configurations (LSN, DN)

· MARFE models - presently observe very low Te and high ne which is not explained by “classical” radiative instability” models

· Develop models for the observed MARFE dynamics
· Where are impurity sources? What is role of sources and transport in setting Zeff? Role of Dust?

· Need impurity injection and testing system, like DIII-D DiMES

4. SOL transport and turbulence
· Use available SOL and divertor measurements to infer transport using multi-fluid edge transport codes (UEDGE) or kinetic edge transport codes (XGC, TEMPEST) together with neutral transport (DEGAS 2)
· Use edge turbulence codes (BOUT, Bruce Scott, XGC) to model existing diagnostic measurements (fast cameras, GPI, edge reflectometry, fast UCSD probe)

· From the modeling, obtain time-averaged transport coefficients and turbulence characteristics related to particle (hydrogenic and impurity) transport
· Continue with blob transport studies both experimental (fast cameras, GPI) and analytic theories of blob formation and transport (Lodestar)
· Experimental studies of SOL flows?

· Need SOL flow diagnostic (SWIFT or divertor imaging spectrometer)
