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Opportunities for NSTX ST Research Contributions to ReNew Goals
NSTX Mission Elements:

1. Understand the unique physics properties of the ST, including low aspect ratio, high beta, and high fast ion speed relative to the Alfven speed.

2. Complement tokamak physics and support ITER, by exploiting unique ST features to improve tokamak understanding, while also benefiting from tokamak R&D.
3. Utilize advantages of the ST configuration to address key gaps between ITER levels of performance and that needed for Fusion Nuclear Science (FNS) missions and DEMO, and establish attractive ST operating conditions for fusion applications.
NSTX Capabilities: Base program as of FY2010
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Additional upcoming capabilities from ARRA funding: FY09-11
· Additional Thomson scattering channels at edge to improve pedestal structure diagnosis
· Real-time rotation measurement for rotation profile control using magnetic braking 

· 2nd Switching Power Amplifier for 3D coils to improve ELM, RWM, and rotation control
· Enhanced diagnostics and replenishment technology for liquid lithium divertor (LLD)
· MSE-LIF system completion for q-profile diagnosis w/o heating beam + |B| measurement
Proposed major upgrades of NSTX: FY12 and beyond

· New center-stack to support BT = 1 Tesla, pulse = 5 second, IP  = 2 MA plasma operation 

· 2nd more tangential NBI for increased heating, current drive, and J(r) profile control
NSTX Contributions to Addressing ReNew Thrust elements

1 – Exploit and understand magnetic turbulence, electromagnetic waves, and energetic particles for mega-Ampere plasma current formation and ramp-up.
· Develop coaxial helicity injection startup to a current level of 0.3-0.5MA (0.2MA achieved)

· Heat start-up plasma to Te ~ 1keV with high-harmonic fast wave, ramp-up and sustain current fully non-inductively at ~0.4MA with bootstrap + fast-wave + NBI
· Collaborate on ECH start-up experiments on DIII-D tokamak device at the 0.2-0.4MA level.

· Develop physics-based, self-consistent, integrated models of startup, with sufficient predictive capability to permit an evaluation of the most promising startup approaches.
2 – Develop innovative magnetic geometries and first wall solutions such as liquid metals to accommodate multi-megawatt per square meter heat loads.

2.1 – Develop and understand innovative magnetic geometries and  particle control
· Test and develop the “snowflake” divertor and volumetric momentum and power exhaust, and explore innovative plasma-facing components, e.g. liquid lithium (see below) 

· Implement and utilize a liquid lithium divertor for hydrogenic and low-Z impurity control with a goal of density control at levels of 50-70% of the empirical (Greenwald) density limit.
· Implement and utilize edge and SOL turbulence diagnostics to provide data for validation of theoretical and numerical models of edge transport and turbulence in the ST.
2.2 – Develop and understand liquid metal plasma facing components
· Characterize particle pumping performance of, and plasma response to, Liquid Lithium Divertor version I (LLD-1).  Depending on LLD-1 results, possibly install additional LLD plates on inboard divertor, improve Li replenishment technology, and/or develop and deploy an actively cooled LLD for increased power exhaust handing capability.  

· Based on LTX results, assess whether a full lithium wall is useful and/or required, or if partial walls, or a divertor alone, are sufficient.

· Utilize the new higher spatial resolution Thomson scattering diagnostic capability to obtain first measurements of the detailed pedestal structure in the presence of Li (from evaporated Li and from the LLD).

· Diagnose edge plasma effects and plasma-material interactions with a liquid lithium divertor. Use this data to validate models for the plasma edge, and core-edge coupling, over the available range of global recycling coefficients.  Understand the effect of low recycling on the edge and core plasma to project the results to larger, hotter devices.

3 – Utilize upgraded facilities to increase plasma temperature and magnetic field to understand ST confinement and stability at fusion-relevant parameters.

 Thermal transport:

· Determine confinement trends over an extended range of collisionality utilizing particle pumping from the liquid lithium divertor and enhanced high-harmonic fast electron heating.
· Utilize high-k scattering diagnostic to measure ETG and AE turbulence, and relate measured turbulence to measured electron transport using advanced simulations.
· Utilize the Beam Emission Spectroscopy (BES) diagnostic to measure long wavelength turbulence and its relation to ion energy, momentum, and particle transport. Use BES data and advanced simulation to project ion confinement to next-step ST devices/missions.
Energetic particle (EP) transport:
NSTX will continue to engage in theoretical investigation of the interaction between multiple Alfven modes and the background plasma, and measure the Alfven mode structure and the effects of these modes on thermal ion heating and electron transport.
· Utilize the BES diagnostic to measure the radial profile of the eigenstructure of Alfvenic instabilities and perpendicular and tangential fast-ion D to measure moments of the fast-ion density profiles.  Utilize this data to establish the database of EP loss and transport, for both present day and next step STs, and compare this data to simulation to develop a predictive capability for fast-ion transport.
· Utilize new MSE-LIF diagnostic to measure q profiles during AE experiments for much wider (i.e. arbitrary) range of NBI injection energies and heating source combinations.
4 – Implement and understand active and passive stability control techniques to enable long-pulse disruption-free operation in plasmas with very broad current profiles.
· Reduce the plasma collisionality (utilizing the liquid lithium divertor for improved particle control and/or HHFW for core electron heating) to test theoretical RWM stabilization and the expected increase of non-resonant magnetic braking.

· Exploit electron temperature profile broadening from Li operation to reduce the plasma internal inductance to test kink/ballooning and resistive wall mode (RWM) stability near the current-driven kink limit.  
· Utilize upgraded 3D field control with 2nd switch power amplifier to improve variation/control of plasma rotation and assess impact of varied rotation profiles on RWM, EF, and RMP physics.
5 – Employ energetic particle beams, plasma waves, particle control, and core fueling techniques to maintain the current, and control the plasma profiles.

· Implement particle pumping to achieve factor of 2 to 4 reduction in normalized density to support access to reduced collisionality values for investigation of NBI and fast-wave current drive efficiency physics and scaling. 
· Assess and optimize the impact of reduced collisionality on core and edge transport – in particular the impact of transport on the bootstrap current density profiles.
6 – Develop normally-conducting radiation-tolerant magnets for low-A applications

There are presently no NSTX plans to design and construct candidate magnet systems for future ST facilities.  At the present time, the NSTX project is focused on design and implementation of a new center-stack supporting proposed 1 Tesla, 5s operation.
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