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Opportunities for Pegasus ST Research Contributions w.r.t. ReNew Goals
A.
Pegasus Capabilities: Base program + ARRA-funded (as of FY12)
I - Existing and planned with proposed minimal resource increase 
Ip ≤ 0.3 MA; A ~ 1.15 – 1.3; Ro ~ 0.25 – 0.45m; Bt ≤ 0.3T; k ~ 1.5 – 2.5; tdischarge < 0.05 sec;  li ~ 0.2 – 0.5; IN > 10; PHHFW ≤ 0.8 MW; double-null divertors; Plasma-guns for point-source helicity injection; active Ip, Ro, Z control; high-field (> 10 T)) central solenoid; variable BTF(t); independently programmable poloidal field coil sets; edge plasma biasing.
Existing and developing diagnostics capabilities
120 channels of magnetics, including wall-current loops; 32-ch SXR array; 32-ch bolometer; 1 mm interferometer; multipoint Thomson scattering @ single time; passive ion spectroscopy; equilibrium j(r,t) via Hall probe array; scanning Langmuir probes; High-speed imaging; scanning VUV spectroscopy; visible bremsstrahlung; edge probe arrays for helicity injection; EBW radiometry; SXR PHA.

B. Proposed additional capabilities: FY12

PEBW ≤ 1 MW @ 2.45 GHz
C. Proposed additional capabilities: FY13
DNB and spectroscopy for Ti(r,t) and flows diagnostics,.
Contributions to Addressing ReNew Thrust elements, keyed to capabilities
1 – Exploit and understand magnetic turbulence, electromagnetic waves, and energetic particles for megampere plasma current formation and ramp-up.
A.
Scalable non-solenoidal formation via helicity injection
· Develop understanding of point-source helicity injection (HI) for projection of non-solenoidal startup of ST to ~MA scale in NSTX-class experiment
· Ip ~ 0.3 MA demonstration with resolution of critical elements: a) Verification of scaling model for Ip limits; and b) Determination of physical processes which set the edge current scale length, source impedance, and helicity dissipation rates (i.e., confinement)
B.
Non-solenoidal startup using EBW, HI, HHFW, and synergistic combinations thereof

· Verify predictive models for integrated startup in larger experiments.
· Use of high-power EBW to grow and sustain ST plasma 
C.
Ion dynamics in presence of strong reconnection processes during HI + EBW, HHFW
· Ion channel contributions to HI-plasma helicity and power balance 
· Flows and flow shears resulting from strong edge biasing.
2 - Develop innovative magnetic geometries and first-wall solutions such as liquid metals to accommodate multi-megawatt per square meter heat loads.



No significant contributions.
3 - Utilize upgraded facilities to increase plasma temperature and magnetic field to understand ST confinement and stability at fusion-relevant parameters.
A.
Confinement and transport in nonsolenoidal startup plasmas 

· Helicity dissipation and losses in reconnecting, HI-driven plasmas

· Confinement and losses in RF-assisted startup and growth 
· Impurity properties of HI & RF startup and growth plasmas
· Minor contributions to general confinement 

· Complement database at extremely low A and Bt.
· Possibly compare to LTX if Li-vapor deposition added

B. Confinement properties of combined HI and EBW-heated plasmas

C.
Quantitative assessment of ion dynamics with strong magnetic reconnection

· Added Ti(r,t) and vf(r,t) measurements for ion channel energy and flows
4 - Implement and understand active and passive stability control techniques to enable long-pulse disruption-free operation in plasmas with very broad current profiles.
A.
MHD and disruption boundaries at high IN, high bt, low li as A approaches unity

· Determination of internal stability and disruption boundaries with no wall
A. 
Peeling-ballooning studies exploiting high jedge(r)/B intrinsic to operation at A ~1.

· Validation of peeling-ballooning model for edge stability and ELM precursors, 

· j(r) and Pe(r) profiles in edge plasma region

· Effects of local shear and separatrix operation

· Potential modification of jedge via current injection

· Possible extension to H-mode operating regime
C.
Validation of peeling-ballooning models with critical flow-field measurements

· Modification of edge flows via biasing
5 - Employ energetic particle beams, plasma waves, particle control, and core fueling techniques to maintain the current, and control the plasma profiles.
A.
Current channel control and evolution during formation
· Tests of understanding of formation and stability at li ≥ 0.2, including j(r) manipulation via HI and OH formation schemes, and auxiliary heating
· Extend low-li plasmas to longer pulse length
B. 
Test EBW local heating and CD to manipulate j(r) for formation and maintenance

6 - Develop normally conducting radiation-tolerant magnets for low-A applications.
Generally minimal contributions; experience with high stress systems at A ~ 1.
