ST for Fusion Nuclear Science (FNS) [1,2] – Draft 10/31/09
Mission: to enable the investigation of synergistic effects of interest to plasma material interactions and fusion power extraction in a fusion nuclear environment – encountering four phases of matter, across the nuclear, atomic, nano, meso, and macroscopic scales and for time scales of scientific interest (thousand to million seconds).
Why: For application to FNS research, the ST configuration, compared to higher aspect ratio tokamak and stellarator, has the following expected advantages:
1) Experimentally verified high stability beta limits to allow strongly stable continuous disruption-free plasma operation, already demonstrated in normal aspect ratio tokamaks at very modest plasma parameters, to produce for an ST device the fusion neutron fluxes required for FNS research.
2) Experimentally verified high ion and adequate electron confinement (~ ITER H-mode scaling) to provide high confidence to extend to JET-level plasma confinement conditions (Q<1, Hot-Ion H-Mode), for the first D-T stage of FNS research operation.  Electron confinement better than the ITER H-mode would allow improved performance and/or reduced engineering requirements for the same performance.
3) Assuming ability to build single-turn toroidal field center leg, and to startup plasma target and ramp-up to full plasma current with little or no central induction, very compact designs with major radii in the range of 1+ m.

4) This also simplifies the engineering configuration readily to allow extensive modular components and remote handling, which are prerequisites to achieving adequate duty factors in component testing and fusion power applications.
5) These in turn enable flexible staging of the FNS research program, starting from D-D stage already encountering substantial fusion neutrons, to D-T stage with moderate (JET-level) burning plasma conditions to enter into FNS research as a prelude to component testing, and also to high performance burning plasma and fusion nuclear conditions for fusion power production.

Note that for multi-turn, jointed toroidal field coil concepts requiring low operational duty factors, while encountering substantial nuclear activation, the first two advantages still apply.
Plasma Conditions required by the mission for ST Thrust 16 research elements:*
	Stage
	I
	II
	III

	Fuel
	D-D
	D-T
	D-T

	Pressure, TB2 (%T2)
	18
	86
	133

	Outboard fusion neutron WL (MW/m2)
	0.01
	1.0
	2.0

	Plasma current Ip (MA)
	3.4
	8.2
	10.1

	Safety factor qCyl
	9.2
	3.7
	3.0

	Toroidal beta T (%)
	5
	18
	28

	Normal beta N (MA/Tm)
	1.9
	3.8
	5.9

	Avg. Ti (keV), Hot-Ion H-Mode
	5.4
	10.3
	13.3

	Avg. Te (keV), Hot-Ion H-Mode
	3.1
	6.8
	8.1

	
	
	
	

	ReNeW Thrust-16 research elements (added in red)

	1: Startup and ramp-up

	1a: Startup (formation)
	PHI, EBW, PHI+EBW

	1b: Ramp-up
	PHI, EBW, NBI, PHI+EBW+NBI

	2: Divertor and PFC

	2a: Configuration
	SXD, SOL thickness uncertain

	2b: Liquid metal surface
	Not Yet - high impurity influx; no high heat flux long pulse data

	3: Confinement stability

	3a: Confinement
	Ei ~ 0.7 Neo,i; Ee ~ 0.7 ITER-H
Hot-Ion H-Mode, Ee improves as *(10-3?

	3b: Stability (energetic particles)
	Sub-Alfvenic beam; some super-Alfvenic 

	4: Stability control

	4a: Active
	No (N < nwl)
	N ~ 1.2nwl

	4b: Passive
	Yes, for disruption-free plasma operation

	4c: Resonant field error Berror/BT
	<10-4 to avoid active stability control

	5: Maintain current and profiles

	5a: Energetic particle beam (co-ENBI, kV)
	100
	240
	300

	5b: Plasma wave
	EBW to maintain qmin > 2 or 3, avoid NTM

	5c: Particle control
	SXD, cryo-pump

	5d: Core fueling
	High-field side pellet

	5e: Continuous burn time (s)
	103 ( 106

	Other?
	
	
	


*using A95=1.5 case used in 2008 publications with R0 = 1.2 m, BT = 2.18T, fBS ~ 0.5; A=1.7 and 1.35 designs, including D-T operation with the JET level plasma pressure, are also calculated during 2009 showing similar range of possibilities, based on the same set of systems analysis models and assumptions [3,4].  nwl = no-wall limit.
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