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Key Scientific Contributions:
· Disruption halo currents: Developed innovative halo current diagnostics and measurements of halo current characteristics, including characterization of the critical non-axisymmetric dynamics of these currents [S.P. Gerhardt, et al,  NF 53, 023005 (2013)]. 
· Disruption detection: Development of physics-based disruption detection algorithms that synthesizes the results of many real time measurements but does not rely on neutral-network training, achieving a high detection rate with minimal late warnings and false positives – important for FNSF/ITER/DEMO [S. P. Gerhardt, et al,  NF 53, 063021 (2013)].
· Disruptivity studies in high-performance ST plasmas: Demonstrated that the NSTX disruptivity is minimized in high-N scenarios with strong boundary shaping and broad plasma profiles. [S.P. Gerhardt, et al,  NF 53, 043020 (2013)].
· Plasma control development: Implemented N​ control using pulse-width modulated neutral beams as an actuator, and implemented numerous improvements to both RWM and vertical position control systems [S.P. Gerhardt, et al, Fusion Sci. Tech. 61, 11 (2012)].
· Predictive scenario modeling for NSTX-Upgrade: Used new free-boundary TRANSP to complete a comprehensive study of NSTX-U scenarios, including a range of 100% non-inductive scenarios, high-t cases, and very long pulse examples; these simulations now being used for both diagnostic simulations for NSTX-U and development of coil and power supply operations requirements [S.P. Gerhardt, et al, NF 52, 083020 (2012)]. 

· TAE avalanche induced current transport: Developed phenomenological model of fast ion current redistribution due to TAE avalanches, eliminating discrepancies in the current profile modeling that occurred without the redistribution – motivates studies of TAE for NBI-CD redistribution for FNSF and ITER-AT [S.P. Gerhardt, et al,  NF 51, 033004 (2011)].
· Experimental development of high-performance ST scenarios: Lead high-t (2008) and high-fNI (2009) discharge development, including the highest sustained elongation in NSTX, development of the low internal-inductance scenarios used for RWM control, and NSTX-U scenario prototyping [S.P. Gerhardt, et al, NF 51, 083047 (2011)].
 
· ST confinement scaling: Quantified the scaling (with Pinj, ne, Bt, Ip) of confinement and non-inductive current components over a wide range of NSTX H-mode scenarios.  Experimental results used to inform modeling assumptions for NSTX-Upgrade and next-step STs [S.P. Gerhardt, et al,  NF 51, 083047 (2011)].
· Edge localized mode (ELM) control: Demonstrated for the first time ELM pacing by vertical jogs in a ST [S.P. Gerhardt, et al,  NF 50, 064015 (2010)].
· Error field correction: Helped develop the optimal n>1 error field correction strategy for NSTX, resulting in significantly improved routine operation [S. P. Gerhardt, et al, Plasma Phys. Control. Fusion, 52, 104003 (2010)].
· Neoclassical tearing modes: Used soft x-ray emission to understand the coupled mode structure of m/n=1/1+2/1 kink/tearing modes in NSTX high-performance discharges.  Showed importance of rotation shear effects on the 2/1 NTM offset threshold [S.P. Gerhardt, et al,  NF 49, 032003 (2009)].
· Novel FRC formation: Developed a new FRC formation scheme using co-helicity merging of noble-gas formed spheromaks + solenoid induction [S.P. Gerhardt, et al,  NF 48, 032001 (2008)].  
· FRC stability: Developed FRC equilibria that are stable to all n=1 modes (tilt, shift, axial) by proper shaping of the equilibrium field and (limited) use of passive conductors. [S.P. Gerhardt, et al, Phys. Plasmas 13, 112058 (2006)].
· FRC sustainment: Developed long-lived FRC sustained by solenoid induction and stabilized to n=2-4 modes by FLR and resistive effects [S. P. Gerhardt, et al,  PRL. 99, 245003 (2007)].
· Flow damping in a quasi-symmetric stellarator: Demonstrated the reduction in flow damping with quasi-symmetry compared to traditional stellarators, using a novel interpretation of Mach probes and a new calculation of the non-orthogonal Hamada coordinate basis vectors to allow theory/experiment comparisons [S. P. Gerhardt, et al,  PRL. 94, 015002 (2005)]. 
Leadership, Responsibilities & Service:

· Published recent first-author papers in numerous critical areas of spherical tokamak physics, including advanced scenario modeling & experimental development, ELM pacing, error field correction, plasma stability, plasma control, and disruption physics & detection.

· Referee for Nuclear Fusion, Physical Review Letters, Physics of Plasmas, Plasma Physics and Controlled Fusion, Review of Scientific Instruments, and Fusion Science & Technology.
· Cognizant physicist for mission-critical NSTX magnetic diagnostics and plasma control algorithms.

· Deputy leader for the NSTX Macroscopic Stability topical science group (2008).
· Leader of the NSTX Advanced Scenarios and Control topical science group (2009-present), and author of corresponding chapter in NSTX-U 2014-2019 5-year research plan (2013).

· Member of the DIII-D Physics Advisory Committee (2011-present).
· Member of the ITPA (International Tokamak Physics Activity) Integrated Operation Scenarios (IOS) group (2009-present).

· US Burning Plasma Organization, deputy (2012) and leader (2013) for the Integrated Scenarios topical group.
· National coordinator for the 2013 Three Fusion Facility Joint Research Target (JRT).
· Reviewer of major DOE proposals.

· Functioned as a primary interface between PPPL engineering and NSTX physics in areas of plasma control, diagnostics, magnetic materials, and the NSTX device configuration.

· Member of thesis committees in both MAE and Astrophysics departments.

· PPPL tour guide.
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