Base Case: 14 run weeks in FY 2009, 14 run weeks in FY 2010 and FY 2011
1. Transport and Turbulence: Physical processes that govern heat, particle and momentum confinement:

Research Milestone R(11-1) Study turbulence regimes responsible for ion and electron energy transport. (September 2011)
Description:  Results from 2006-2008 indicate that electron and ion energy transport scalings with magnetic field and plasma current differ in the ST, and also differ from high-aspect-ratio tokamak scalings.  Understanding electron transport is particularly important as the electron channel is commonly the dominant anomalous energy loss channel in NSTX plasmas, while ion transport levels commonly approach neoclassical values.  High-k scattering measurements from 2007-2008 indicate that ETG turbulence is a leading candidate for anomalous electron energy transport.  However, low-k fluctuations are not only likely controlling anomalous ion transport, they could also contribute to electron transport.  The low-k portion of the turbulent density fluctuation spectrum will be measured with a Beam Emission Spectroscopy (BES) diagnostic, and low-k magnetic-field fluctuations will be measured using MSE and/or MSE-LIF diagnostics (if technically ready). Experiments will be performed to vary plasma parameters such as collisionality, ExB shear, magnetic shear, plasma current, and magnetic field to span the instability drive space of candidate micro-instabilities (ITG, CTEM, micro-tearing, and ETG) thought to possibly be responsible for anomalous energy transport.  The measured k-spectrum of the turbulence will be measured as function of these parameters and correlated with energy diffusivities inferred from power balance analysis, and these results will be compared with linear and non-linear instability calculations to infer, where possible, the micro-instabilities most likely responsible for the observed transport.  Improved understanding of electron and ion energy transport in the ST is highly desirable to reduce the uncertainty of extrapolation to next-step STs, and this research also contributes broadly to a fundamental understanding of transport.

2. Macroscopic Stability: Role of magnetic structure on plasma pressure and bootstrap current:

Research Milestone R(09-1) Understand the physics of RWM stabilization and control as a function of rotation. (September 2009)
Description: NSTX experiments during FY 2006 demonstrated active stabilization of the resistive wall mode at low rotation.  The experiments revealed the important roles of the ion collisionality and the details of the plasma rotation profile in RWM stabilization.  In FY 2009, the RWM stabilization mechanisms will be characterized over a wide range of plasma conditions at rotation Mach numbers (up to 0.8) using non-resonant field control. These experiments will allow comprehensive comparisons with theory to develop the physics of RWM stabilization. Understanding this physics at various levels of plasma rotation and collisionality will enable reliable projections of the RWM stabilization requirements to the burning plasma devices with low rotation (e.g. ITER) as well as devices with high rotation (e.g. KSTAR, JT-60SA, CTF).  Plasma rotation is anticipated to strongly affect plasma stability and confinement, and hence the overall performance of these devices.
Research Milestone R(10-1) Assess sustainable beta and disruptivity near and above the ideal no-wall limit. (September 2010)
Description:  Stable and sustained high beta are required for efficient neutron production in ST-CTF and future burning plasma ST devices, ITER advanced operating scenarios, and tokamak-based reactors. Results from NSTX and other advanced tokamaks have previously shown that plasma rotation and active mode control can sustain normalized beta, N, near and above the ideal no-wall limit.  However, disruptions due to resistive wall modes (RWM) and locked neoclassical tearing modes (NTMs) still occur.  Disruptions can be triggered when N approaches the ideal-wall stability limit – for example due to a transient confinement improvement, transient loss of rotation, or a transient increase in pressure-profile peaking.  To more fully characterize the achievable beta sustainment and disruption avoidance in the ST, mode control improvements will be implemented which may include: (i) application of N control via active control of applied neutral beam power, (ii) optimization of present mode control system parameters and RWM sensors, (iii) improvements to the RWM feedback algorithm by implementing advanced state-space control logic, and (iv) real-time feedback on measured resonant field amplification (RFA).  The degree to which other instabilities, such as 2/1 NTMs, impact the disruptivity will also be characterized.  Motional Stark Effect and enhanced soft X-ray diagnostics will be assessed for detection of disruption-inducing instabilities and for comparison of measured mode characteristics to theory. Codes such as DCON, IPEC, MISK, MARS-K, and VALEN will be used to calculate ideal beta limits, plasma response to 3D fields, and RWM stability and control.  The above control techniques, diagnostics, and simulation tools will significantly aid in the development of a predictive capability for the sustainable plasma pressure of high-performance ST and tokamak devices.
3. Wave-Particle Interaction: Role of electromagnetic waves & modes in sustaining and controlling hot plasmas:

Research Milestone R(09-2) Study how j(r) is modified by super-Alfvénic ion driven modes. (September 2009)
Description:  This research aims to determine the effects of modes driven by the super-Alfvénic ions from neutral beam injection on the neutral beam driven current profiles, which can be a major component of current profile j(r) in NSTX.  Results from FY 2006 suggested that these effects can extend the durations over which q(0), the safety factor at the magnetic axis of the plasma, can exceed 1. In this research the redistribution of the super-Alfvénic ions in the presence of Alfvén modes will be measured spectroscopically as a function of the measured Alfvén mode amplitude and spatial localization driven by these fast ions. Simultaneously, the plasma current and safety factor profiles will be determined using Motional Stark Effect (MSE) measurements of the pitch angle of the magnetic field and the measured plasma temperature, density, and rotation profiles to constrain the MHD equilibrium reconstruction. The resulting profile of the total toroidal plasma current will be compared to that modeled using neoclassical transport theory and classical slowing of the beam ions. Alfvén modes driven by the measured fast ion distributions will also be calculated to compare with the measured mode amplitudes and locations. This research will enable more realistic predictions of the effects in ITER and CTF of the copious super-Alfvénic fusion alpha particles on the driven Alfvénic modes and the efficiency of plasma self-heating.
Research Milestone R(10-2) Characterize High-Harmonic Fast Wave (HHFW) heating, current drive, and current ramp-up in deuterium H-mode plasmas.  (September 2010)
Description: HHFW/ICRF auxiliary heating is expected to be important in next-step STs such as NHTX and ST-CTF as a means of supplementing NBI heating for plasma ramp-up and sustainment.  Building on the improved understanding and mitigation of parasitic surface-wave excitation in 2006-2007, the HHFW system on NSTX will be tested as an efficient bulk heating and central current profile control tool in deuterium H-mode plasmas.  HHFW has previously achieved bootstrap fractions as high as 85% in low-IP H-mode ramp-up plasmas, but was limited by antenna voltage constraints and the deleterious effects of ELMs.  Antenna upgrades to increase the coupled power and to provide ELM resilience will be implemented to attempt bootstrap current overdrive ramp-up of an ST plasma for the first time.  The same antenna upgrades will also enable tests of increased electron heating in reduced-density sustained H-mode discharges which could enhance the NBICD (and HHFW-CD) efficiency.  Power deposition and current-drive calculations will be performed, and these results will be utilized by the TRANSP code to characterize the heating efficiency, current drive, and transport modifications induced by HHFW.  The interaction of HHFW with fast-ions from NBI will be modeled to assess the electron heating efficiency in advanced scenarios with strong NBI heating.  Finally, simulations of the plasma current ramp-up will also be utilized to understand and optimize current ramp-up with HHFW. Understanding and performance improvements of HHFW/ICRF coupling and heating could significantly reduce the risk of extrapolating present results and RF technologies to next-step STs and ITER.
4. Start-up, Ramp-up and Sustainment: Physical processes of magnetic flux generation and reconnection to simplify fusion device configuration:

Research Milestone R(10-2) above is a milestone shared between the wave-particle interaction group and start-up and ramp-up research groups, since this milestone aims to achieve bootstrap current overdrive ramp-up of an ST plasma for the first time.  

5. Boundary Physics: Interface between fusion plasmas and normal temperature surroundings:

Boundary physics research on NSTX will make a key contribution to the FY 2009 DOE Joint Research Milestone: Conduct experiments on major fusion facilities to develop understanding of particle control and hydrogenic fuel retention in tokamaks. In FY09, FES will identify the fundamental processes governing particle balance by systematically investigating a combination of divertor geometries, particle exhaust capabilities, and wall materials.  Alcator C-mod operates with high-Z metal walls, NSTX is pursuing the use of lithium surfaces in the divertor, and DIII-D continues operating with all graphite walls.  Edge diagnostics measuring the heat and particle flux to walls and divertor surfaces, coupled with plasma profile data and material surface analysis, will provide input for validating simulation codes.  The results achieved will be used to improve extrapolations to planned ITER operation.
Boundary physics research on NSTX will also make a key contribution to the FY 2010 DOE Joint Research Milestone: Conduct experiments on major fusion facilities to improve understanding of the heat transport in the tokamak scrape-off layer (SOL) plasma, strengthening the basis for projecting divertor conditions in ITER.  In FY2010, FES will measure the divertor heat flux profiles and plasma characteristics in the tokamak scrape-off layer in multiple devices to investigate the underlying thermal transport processes.  The unique characteristics of C-Mod, DIII-D, and NSTX will enable collection of data over a broad range of SOL and divertor parameters (e.g., collisionality, beta, parallel heat flux, and divertor geometry).  Regimes similar to the ITER operating scenarios will be among those studied and characterized. Coordinated experiments using common analysis methods will generate a data set that will be compared with theory and simulation.
Finally, although the milestone details have not yet been finalized, it is also anticipated that the boundary physics research group on NSTX will contribute to a FY2011 Joint Research Milestone to understand H-mode pedestal structure.

Research Milestone R(10-3) Assess H-mode pedestal characteristics and ELM stability as a function of collisionality and lithium conditioning. (September 2010)
Description: The high performance scenarios of next-step ST’s such as NHTX and ST-CTF are based on lower Greenwald density fraction and significantly lower pedestal collisionality than NSTX, which could significantly alter H-mode pedestal characteristics.  Possible differences include deviations from the L-to-H transition threshold power scaling obtained from present ST experiments, different projections for the pedestal height and barrier width, pedestal stability (ELM type/size), and the down-stream divertor plasma and surface conditions, which can also influence the pedestal.   Many different ELM regimes have been identified on NSTX, and the dependence of these regimes on collisionality and lithium will be investigated utilizing high-resolution kinetic equilibrium reconstructions coupled to leading linear and non-linear ELM stability codes to compare to experiments.  Pedestal profiles will be compared to kinetic neoclassical predictions to determine if the observed transport is consistent with theory. Particle pumping and density control in these experiments will utilize the liquid lithium divertor (LLD), and a major research focus in this research will be to determine the relative roles of reduced pedestal density and collisionality versus the possible direct effects of lithium. This research will aid development of a predictive capability for pedestal transport and stability limits for the ST, and through comparisons to results from higher aspect ratio tokamaks, will help aid understanding of the role of toroidicity in H-mode confinement.  

Research Milestone R(11-3) Assess relationship between lithiated surface conditions and edge and core plasma conditions. (September 2011)

The plasma facing components (PFC) of fusion devices play a key role in determining the performance of the fusion plasma edge and core by providing particle pumping and fueling and acting as a source of plasma impurities.  On NSTX, coating the divertor carbon PFCs with evaporated Li has resulted in transient particle pumping, increased energy confinement, and suppression of edge localized modes (ELMs).  To extend the duration of particle pumping, and to investigate the impact of liquid lithium on plasma performance, a liquid lithium divertor (LLD) will be installed in FY2010, and the relationship between lithiated surface conditions and edge and core plasma conditions will be determined. To understand pumping, D retention will be studied as a function of surface conditions such as:  Li coverage and LLD surface temperature, and plasma exhaust parameters such as: scrape-off layer density, temperature, strike-point location, and flux expansion. Recycling and retention on the divertor carbon and LLD surfaces are particularly important, and a Lyman-α AXUV diode array will be utilized for recycling measurements in the presence of highly-reflective liquid Li.  Further, an in-situ materials analysis particle probe placed near the LLD will provide ‘real-time’ analysis of retention and surface composition in the divertor region.   These retention measurements will be compared to dynamic retention measured by quartz micro-balances and to retention models.  Finally, D, Li, and C sources from the divertor will be measured with an imaging spectrometer, and Li charge exchange recombination spectroscopy will be used to measure Li transport from the plasma edge to the core. This research will provide the scientific understanding necessary to comprehensively assess liquid lithium as a possible PFC solution for NSTX and next-step ST facilities.   
6. Physics Integration: Integrated plasma operation scenarios to optimize CTF and ITER:

Research Milestone R(09-3) Perform high-elongation wall-stabilized plasma operation. (September 2009)
Description: Conditions will be studied on NSTX in which the toroidal plasma current is maintained for durations longer than the plasma current redistribution time using available current drive methods. The plasma elongation  will be varied with values up to 2.8 employed to increase the safety factor q.   The expected positive scaling of the neoclassical bootstrap current fraction with increased q will be assessed, and wall-stabilization will also be utilized to prevent the development of pressure-driven instabilities. Strong neutral-beam injection (NBI) will be applied in low density plasmas, obtained using such techniques as lithium wall coating developed during FY 2006–2008. This will increase the fraction of current driven by the NBI towards that anticipated in CTF. Discharges have already produced in NSTX in which the solenoid-induced loop voltage has been reduced to the range 0.1 - 0.2 V for durations much longer than the current redistribution time. This was achieved by a combination of optimizing the current ramp-up, an early transition to the H-mode and strong plasma shaping to increase plasma stability and to minimize the impact of ELMs. Possible synergistic effects between the current drive mechanisms, such as current profile modification by super-Alfvénic-ion driven modes described in Milestone R(09-2), will be investigated to determine the optimal plasma scenarios. Simulation codes, which will have been benchmarked through comparison with NSTX data, will be used to identify combinations of techniques to produce long-pulse plasmas in conditions relevant to CTF.
Research Milestone R(11-3)  Dependence of integrated plasma performance on collisionality. (September 2011)
The high performance scenarios of next-step ST devices such as NHTX and ST-CTF are based on lower Greenwald density fraction and significantly lower pedestal collisionality than NSTX.  Building on the research of the FY2010 boundary physics milestone R(10-3), this milestone would extend research on high-performance plasmas toward lower  density and collisionality and systematically assess integrated performance (such as non-inductive current fraction, confinement, core and pedestal stability, pulse-duration, impurity content) of long-pulse H-mode plasmas as a function of density and collisionality.  Assuming sufficient development, the liquid lithium divertor (LLD) will be utilized to vary plasma density and temperature by varying LLD pumping through control of parameters such as the strike-point position, flux expansion, LLD temperature, and Li thickness on the LLD.  Further, and also assuming sufficient development and run-time, the upgraded high-harmonic fast-wave (HHFW) system will be utilized for sustained heating of core electrons in deuterium H-mode to attempt to increase the bootstrap current and the neutral-beam current-drive in high-power H-modes.   The influence of these advanced pumping and heating capabilities on NSTX high-performance plasmas will be compared to time-dependent simulations such as TSC and predictive TRANSP (p-TRANSP) to develop a predictive capability for advanced ST operating scenarios.
Incremental Funding Case for FY 2009: 20 run weeks
This incremental funding case with about a ???% budget increase enables a significant improvement of about 42% in the facility utilization.  Research areas such as boundary physics and wave-particle interactions are heavily oversubscribed in FY2009, and a portion of the additional run-time from the increment will be utilized to support more comprehensive boundary physics research.  This improved utilization of NSTX will also enable the following incremental research milestone in the wave-particle interactions research area that is also heavily oversubscribed and of high programmatic priority:
3. Wave-Particle Interaction: Role of electromagnetic waves & modes in sustaining and controlling hot plasmas:

Research Milestone IR(09-3) by expanding R(09-2) Integrate MHD mode modification of j(r) into optimized operation. (September 2009)
Description: In the incremental budget case, research milestone R(09-2) will be expanded in scope.  The results from addressing milestone R(09-2) will be used to model the effects of neutral beam source distribution, acceleration voltage and power modulation on the performance of discharges. Varying the timing of the neutral beam sources is expected to modify the characteristics of the MHD modes (Including possibly the Alfvén Eigenmodes) and their modification of the plasma current profile j(r) on NSTX. This modeling will then be applied to optimize the evolution of long-pulse, high- and high- H‑mode discharges.  Operational techniques and modeling capability developed in this research will enable more realistic simulation of sustained burning plasmas in ITER and CTF, which are dominated by super-Alfvénic fusion alpha particles.
Incremental Funding Case for FY2010: 20 run weeks in FY 2010
This incremental funding case with about a ???% budget increase enables a significant improvement of about 42% in the facility utilization.  This improved utilization of NSTX will also enable the following incremental research milestone on the topic of highest programmatic priority, namely the influence of reduced collisionality on neutral beam current drive in integrated high-performance plasma scenarios.  The Research Milestone R(11-3) “Dependence of integrated plasma performance on collisionality” would be accelerated by 1 year and performed near the end of the FY2010 run contingent upon successful operation of the LLD for density reduction and/or high-power HHFW for electron heating in H-mode scenarios.
Incremental Funding Case for FY2011: 20 run weeks in FY 2011
This incremental funding case with about a ???% budget increase enables a significant improvement of about 42% in the facility utilization.  This improved utilization of NSTX will also enable the following incremental research milestones in the wave-particle-interaction and possibly macroscopic stability research topics of high programmatic priority, namely understanding fast-ion transport by Alfvénic instabilities and the influence of reduced collisionality on stability.  If 20 run weeks are allocated in FY2010, and R(11-3) is accelerated by 1 year, incremental research milestone IR(11-1) below will become the new research milestone R(11-3) in FY2011, and IR(11-2) below will become the highest priority incremental research milestone in FY2011.  
3. Wave-Particle Interaction: Role of electromagnetic waves & modes in sustaining and controlling hot plasmas:

Research Milestone IR(11-1) Assess predictive capability of mode-induced fast-ion transport.  (September 2011)
Description: Good confinement of fast-ions from neutral beam injection and thermonuclear fusion reactions is essential for the successful operation of  ST-CTF, ITER, and future reactors.  Significant progress has been made in identifying the Alfvénic eigenmodes (AEs) driven unstable by fast ions, and in measuring the impact of these modes on the transport of fast ions.  However, the predicted transport of fast-ions caused by AEs often does not agree with the measured fast-ion transport even in conditions when the measured mode amplitude is utilized to constrain simulations.  At present, it is unclear if the source of the discrepancies lies in the mode displacement measurements, in the theory/modeling, or both.   To improve the predictive capability for mode-induced fast-ion transport, NSTX experiments will build on results of the FY2009 milestone (to measure the current profile dependence on AE modes) and make new measurements of the mode eigenfunction structure utilizing a Beam Emission Spectroscopy (BES) diagnostic and enhanced reflectometry resolution. NSTX will also make new measurements of the internal magnetic field structure of AEs using far-infrared polarimetry (if available) and improved measurements of the fast-ion distribution function utilizing a tangentially viewing Fast-Ion D-alpha (FIDA) diagnostic. Finally, to broaden the range of discharge conditions studied to those more relevant to future devices, eigenfunction measurements will be extended from L-mode to H-mode scenarios.
2. Macroscopic Stability: Role of magnetic structure on plasma pressure and bootstrap current:
Research Milestone IR(11-2) Assess sustained operation above the no-wall limit at reduced collisionality. (September 2011)
Description: The proposed operating scenarios of next-step ST’s such as NHTX and ST-CTF rely on the ability to sustain beta values at or above the no-wall kink stability limit.  NSTX has already demonstrated sustained operation above the no-wall limit utilizing rapid toroidal rotation from co-injected neutral beams to stabilize the resistive wall mode (RWM).  Passive and dynamic error field correction and active feedback control of unstable RWMs were essential elements in achieving sustained high-normalized-beta operation. However, the lower Greenwald density fraction and significantly lower collisionality of next-step STs could make rotational stabilization of the RWM more challenging. Specifically, initial results from NSTX indicate that lower ion collisionality may increase the rotation needed to stabilize the RWM, and if neoclassical toroidal viscosity (NTV) scales as 1/i as predicted, the torques from plasma-amplified error fields will increase.  Variations in equilibrium profiles and associated no-wall and with-wall stability limits will be characterized as a function of density and collisionality.  The RWM critical rotation and associated stabilizing dissipation will be determined by varying the plasma rotation with non-resonant magnetic braking, and the damping torque from both resonant and non-resonant braking will also be characterized as a function of collisionality.  Several advanced numerical tools will be utilized to model the RWM control and critical rotation physics, plasma rotation damping, and plasma response effects. This research will aid development of a predictive capability for the passive and active suppression of error fields and resistive wall modes (RWM) for the ST and for ITER.
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