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1. Goals: The goals should stress measurement of basic stability and confinement properties in quasi-steady discharges (that is, pulse length >> all characteristic times for MHD, transport, current profile relaxation etc and of course many many transit times or Alfven times).  The required dimensionless parameters should be based on the best current assessment of relevant physics not arbitrary dimensioned quantities.  Evaluation of basic schemes for formation and sustainment of the configuration and heating would be an early focus for this research.  Talk of “pre-burning” experiments are premature until this step is carried out. In particular, the goals for ITER era in Hoffman’s 15 pager are unrealistic. What is basis to expect that effort to reach ITER-like readiness in a CT is less than that for a tokamak? The near-term goal seems more reasonable for the ITER era.
2. Current drive and sustainment: There are currently three reactor-relevant current drive and sustainment schemes for FRC: Rotating Magnetic Fields (RMF), Neutral Beam Injection (NBI), and charged fusion product that is available in burning plasmas. The steady-state current drive by RMF has been demonstrated, but, current drive efficiency is presently limited by highly anomalous resistivity. How to improve RMF current drive efficiency? Given very limited understanding on cross-field transport, how much confidence do we have to scale up to next-step experiments?  Which is better, full or partial penetration of RMF?

NBI current drive of FRC has not yet been demonstrated experimentally. What are the potential issues for this technique? There were extensive neutral-beam injection experiments on the field-reversed mirror at LLNL in the 1980s. Unfortunately, they did not succeed in achieving field reversal.  Is this work pertinent to neutral-beam injection into the FRC?  What has (or can) be learned from them? 

What is the perspective of using RF such as low frequency Alfvén waves for current drive and heating of FRC?
3. Transport:  In MFE, our biggest lever for improving confinement is making (*(1/s small.  So far, because of the underlying spatial and temporal scales of turbulent structures, this holds for anomalous transport as well as collisional.  Why the FRC community feels they can achieve the necessary performance with such a large (*? How does the putative resistivity due to the lower-hybrid instability scale with s?  Does this lead to optimism for confinement scaling?
4. FRC Configuration:  How much work/certainty is there on experiments with Bt exactly 0?  How important is this to assumptions and extrapolations?
What are the effects of (small but finite) toroidal fields, which are possibly self-generated during formation and sustainment?
5. Stability: Currently observed stability in small-s FRCs is largely attributed to ion kinetic effects. It is unclear how to stabilize MHD modes of large-s FRCs. What are required to address these issues? 
6. Confinement: For RMF-driven FRCs, field line opening by RMF is a serious concern. This may be addressed by odd-parity RMF, which is still in the early stages of development.  What are the potential issues for odd-parity RMF drive? In addition, large edge current, hence large electron-to-ion drift speeds, are expected for large-s cases, which would lead to substantially anomalous transport at the edge, as predicted by drift-driven transport theory, and thus lead to confinement degradation. What are the means to address this?

For NBI-driven FRCs, beam-driven instabilities may lead to degradation of confinement and loss of energetic particles. What is required to resolve these confinement issues?
7. Aneutronic fuels:  This defies credibility.  Performance in CTs is currently orders of magnitude below a tokamak where we have to work very hard to get good enough confinement and stability to produce burning plasmas with DT.  With DHe3, ion temperatures have to be 3 times higher to get 1/10 the reaction rate as DT.  For pB11, it takes 10 times the temperature to get 1/10 the reaction rate.   Although these may be of interest for long-term fusion development, what are the points of pursuing these during the ITER era, i.e., in next 20 years? 

8. Scientific Roadmap:  The documents frequently describe experimental results that are beyond theory and modeling in both low s and moderately high s regimes. If there is such a gap between less-well-diagnosed experiment (compared with the tokamak, RFP, and spheromak program) and a predictive physics understanding, are we really ready for a next step design? 

The bulk of existing FRC data is for low s devices. A reactor is supposed to be in the MHD rather than kinetic regime, how much confidence can we derive from the low-scaling in guiding the high-s research, which must be the focus in the next twenty years?
9. What are the status and opportunities of the pulsed approach to FRC fusion energy, e.g. in the form-translate-burn approach (e.g. the PHDX experiment) or other scenarios?  For example: What are the important physics time scales (e.g. Alfvén, resistive, stability, energy confinement, translation, compression, burn) estimated to be in this approach, and what physics can be considered to be in a quasi-steady state regime for each pulse?  What are the major physics issues requiring resolution? How serious will the problem of repetitive material stresses be and is there reason to expect that the reactor lifetime will not be significantly shortened by the pulsed operation? Why is this approach not being researched more strongly?
10. Table I in both Hoffman’s and Cohen’s documents is very helpful. Consider improving it based on the concept operating parameters, listed on the next page. Is dependence on plasma parameters only calculated or is there data? Power required for scale-up seems low based on power into TCSU for present parameters. Is a favorable scaling assumed which has been tested? If so, to what extent? What is the anomalous resistivity factor (times Spitzter or Braginskii)? 
Concept Key Parameters

	Parameter
	Present value†
	ITER-era goal
	Reactor Target

	Confining Fielda (T)
	
	
	

	Plasma currentb (MA)
	
	
	

	Pulse length t (sec) and t/E
	
	
	

	External sustainment/current drive type
	
	
	

	External sustainment/current drive power‡ (MW)
	
	
	

	Current drive efficiency (()
	
	
	

	Major Radiusc (m)
	
	
	

	Minor Radiusc (m)
	
	
	

	Elongation ()
	
	
	

	Central density ne or (ne( (m-3)
	
	
	

	Central Te  or (Te(  (keV)
	
	
	

	Central Ti or (Ti( (keV)
	
	
	

	Central beta (% and N)
	
	
	

	Energy confinement timed (s)
	
	
	

	Fusion power density BE (T-s)
	
	
	

	Core electron transportd ((e m2/s)
	
	
	

	Core ion transportd ((i m2/s)
	
	
	

	* = D /a or SD = L*/D
	
	
	

	S=L*/
	
	
	

	Collisionality (*)
	
	
	

	Normalized pulse length (/r)#
	
	
	

	Normalized pulse length (/Ti=Te)#
	
	
	

	Estimated Fusion Power (MW)
	
	
	

	Estimated wall loading (MW/m2)
	
	
	

	Estimated plasma exhaust power (MW/m2)
	
	
	


a peak on axis
b ohmic or driven or diamagnetic
c mean values if not axisymmetric

‡ power to plasma needed to maintain configuration, magnetic field, or plasma current

d measured or estimated from power balance, size, beta, or ne, Te, and Ti

# r (Ti=Te) is relevant time scale for configuration redistribution (temperature equilibration)

* use either a or R as appropriate
† indicate if not simultaneous

Table values based upon known or estimated values from present experiments, possible ITER-era targets based on extrapolation from present experiments, and estimated reactor conditions based on previous reactor studies or back-of-envelope style spreadsheet calculations.

Please provide definitions, formulary, or assumptions on a separate sheet.

