Appendix X. Information supporting the near term (~5 years) ST research priorities to enable the ST FNS mission
Research questions of potentially high leverage provided in Appendix W are answered here.  The scientific Uncertainties (U) in the research outcome, and the potential Benefits/Impacts (BI) of the Uncertainties to the ST FNS design and performance are estimated using the approximate degrees of  H=3, M=2, and L=1, vetted by the discussions so far among some STCC members, using recent published and a ReNeW white paper information [1,2,3,4,5].  ST research Priority (P) with regard to the FNS ST is very roughly proportional to the product of U and BI (P = U*BI).  The research questions already identified in the Thrust 16 report [6] of the magnetic fusion ReNeW are used, with necessary additions (in blue) to account for additional high leverage research questions.  
	Stage
	I
	II
	III
	
	U= Uncertainties
	BI= Benefit/Impact
	Priority = U*BI

	Relevant research questions organized by ReNeW Thrust-16 research elements
	Research needed to understand the physics basis and adequately project to FNS conditions
	
	
	

	1: Startup and ramp-up

	1a: Startup (formation)
	Can CHI, EBW, CHI+EBW startup large toroidal current with high Te (~1keV)?
	· Form ~0.5MA high Te plasma
	M
	H
	6

	1b: Ramp-up
	Can CHI, EBW, NBI, CHI+EBW+NBI ramp up to full current with high Te (~1keV) and density (~1013/cm3)?
	· Ramp up to ~1MA at high Te and density
	M
	H
	6

	2: Divertor and PFC

	2a: Configuration
	Can XXD* be made to reduce peak steady state and transient heat fluxes to levels that permit very long pulse operations, even with uncertain SOL thickness?
	· Produce and test XXD at ~1MA in HIHM

· Determine common database and understanding with Tokamak
	M
	H
	6

	2b: Liquid metal surface
	What research will be required to provide long pulse high heat flux data using liquid metal surfaces? Can high impurity influx be prevented?
	· Develop high heat flux liquid metal surface research program to determine risk and benefit 
· Verify the capability of liquid metal surface to eliminate impurity influx
	H
	unknown
	unknown

	3: Confinement stability

	3a: Confinement
	Will Ei ~ 0.7 Neo,i; Ee ~ 0.7 ITER-H remain sufficiently correct?
Can HIHM be maintained, even if Ee improves as *(10-3?
	· Review database on HIHM from Tokamak and ST to establish working Ee scaling

· Investigate electron turbulence, transport, confinement in ST for *(10-3 in HIHM
	M
	
	

	3b: Stability (energetic particles)
	Will sub-Alfvenic beam and some super-Alfvenic  cause unacceptable effects on fast ion confinement and JNB profile?
	· Update ITER energetic particle database with ST data for HIHM
	M
	M
	4

	4: Stability control

	4a: Active
	Will N << nwl require active control?
	Will N < nwl require active control?
	Will N ~ 1.3nwl require active control?
	· Complete active stability control research on ST and Tokamak for N <<nwl, N < nwl, and N ~ 1.3nwl for HIHM plasmas
	
	
	

	4b: Passive
	Does disruption-free plasma operation require only passive control for N <<nwl, N < nwl, and N ~ 1.3nwl?
	· Update ITER database with ST data on low disruptivity conditions removed from known stability limits for HIHM plasmas
	M
	H
	6

	4c: Resonant field error Berror/BT
	Can Berror be made sufficiently small to avoid the need for active stability control for N <<nwl, N < nwl, and N ~ 1.3nwl?
	· Review Tokamak and ST database on plasma conditions in the presence of very low resonant error fields ( possibly <104-5)

· Create and study plasma conditions in the presence of very low resonant error fields (possibly <104-5)
	M
	H
	6

	5: Maintain current and profiles

	5a: Energetic particle beam (co-ENBI)
	Can 100-kV PINB be made continuous?
	Can 240-kV NINB be made continuous?
	Can 300-kV NINB be made continuous?
	· Develop engineering science basis for steady state positive ion neutral beam for ~100 kV, similar to KSTAR, EAST NBI concepts.

· Develop engineering science basis for steady state negative ion neutral beam for ~300 kV, scaled down from ITER prototype.
	M
	M
	4

	5b: Plasma wave
	Can EBW be applied to maintain qmin > 2 or 3 and avoid NTM?
	· Test EBW H&CD at ~ MW level in HIHM plasmas
	M
	M
	4

	5c: Particle control
	Can extended or expanded SOL divertor + cryo-pump be adequate?
	· Scale down ITER cryo-pump prototype
	L
	H
	3

	5d: Core fueling
	Can high-field side pellet provide adequate fueling?
	· Scale down ITER pellet injector prototype
	L
	H
	3

	5e: Continuous burn time (s)
	Can the plasma be maintained continuously for 103 s, and in steps progressively for 106 s?
	· Apply modern simulation capabilities such as SWIM, GTLF, TLF23, TSC, FSP, etc. to refine estimates of FNS ST plasma projections
	M
	H
	6


*XXD = eXtended or eXpanded-SOL Divertor
A working basis for the levels of U and BI is provided here.
1. Startup and ramp-up: Preliminary progress in achieving Te ~keV plasmas during EBW assisted startup at ~100 kW power reduces the U to M.  Since minimal or no solenoid is strongly required to accrue the advantages of ST for FNS summarized in Section 3, the BI is raised to H.  Research in this area at the level of 0.5-1 MW EBW power to 0.5-1MA current is estimated to be required to prove the physics principles for reliable extrapolation to the 3-4 MA current higher EBW power conditions required for FNS Stage I operation. 
2. Divertor and PFC: XXD configurations are anticipated to be required to ensure attractive ST FNS designs (BI=H), and extend from well established magnetic divertor models.  However, experimental tests at the MA level current are proposed to happen in the next few years with a reasonable prospect for success at the proof of principle level (U=M).  For liquid metal surface PFC, most basic data is missing at present to make U=H, and prevents an estimate of BI.
3. Confinement stability: Electron energy transport has been shown to dominate energy confinement in HIHM ST (and tokamak) plasmas, and to be consistent so far with the ITER H-mode scaling expression (U=M).  Initial results suggest an improvement of tau-Ee with decreased collisionality (BI=M).  At high central beta-energetic/beta-total (up to 0.5), Alfven instabilities are regularly observed without preventing high confinement and beta plasmas (U=M).  Energetic particle physics over wide A is a well studied and substantially understood topic (U=M).  Moderate dispersion beyond classical transport of these particles (evidenced by a beneficial sustained small rise in q0) is also inferred (BI=M).
4. Stability control: By choosing plasma operating conditions far below all known stability limits for Stages I and II FNS operation, active feedback mode control may be avoided via long time scale profile control.  For stage III, experimentally observed beta-N values (when field error was minimized) are assumed, introducing a possible need for active control, These combine to suggest U=M.  This uncertainty is not expected to bring large BI, as there is sizable margin to known stability limits (BI=M).  Very long duration tokamak operations at high temperatures without active control and disruptions have been shown to exist in tokamaks (U=M).  However, the BI of even rare disruptions would be H.  It is well established that MHD instabilities (locked mode, RWM, etc) become less virulent as the normalized resonant field errors are reduced toward 10-4 (U=M).  However, the potential BI would be H if it can be determined a threshold for such field errors below which such instabilities can be avoided without active feedback mode control.
5. Maintain current and profiles: Continuous plasma operation for long durations eventually up to 106 s should be extendable in principle from the ITER-AT and Hybrid scenarios, which are being simulated at present (U=M).  However, the BI for this uncertainty is H as this is required for the FNS mission.  The levels of U and BI for the other research sub-elements (NBI, plasma wave edge particle control, and core fueling) are judged to lead to a medium level of research priority.
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