Jon, here are some quick feedback, for your consideration.

Jon,

Good.  I will next post your input on the meeting page.

To help enable efficient discussion on 11/1, please also add your "plasma science objectives" derived from the mission or missions, using the reference you provide.  This will help the STCC to focus on specifics, and avoid debating generalities.  I know we all would not like to see that happen again.

For example: high beta normal - does this mean 3, 4, 5, 6, or other.  Very helpful would be the "plasma science objectives" regarding the research elements from ReNeW T16:  

To achieve the stated mission, what are the required plasma science objective regarding:

1: startup and ramp-up

1a: plasma formation? [MP: agreed}
Device would be designed to have OH solenoid, at least for initial operation at low to moderate neutron fluence.  Start-up could of course be tested/developed in such a device.
1b: plasma ramp-up? [MP: note inductive scenario allows densities near the GW limit.  So Ti close to Te is ensured.]
Initial estimates of OH single-swing flux indicate 5.5-6Wb (NSST paper) and IP=9-10MA is possible (using recent NSTX NBI-assisted Ejima coefficients).  Non-inductive ramp-up to 12-15MA would require NBICD + high confinement for high bootstrap fraction + possibly 50:50 DT operation to access the additional alpha heating power needed for ramp-up to the highest current values.
2: divertor and PFC [MP: I think we have passed the P/R label.  What are the divertor configurations and possible liquid metal PFC to handle the estimated heat flux for the burn duration required by the mission?]
High normalized heat-flux (P/R = 16-82MW/m, P/S = 0.2-1MW/m2) and PFC capabilities comparable to that of FNST/ST-CTF are expected, so the research requirements are also similar.
2a: innovative divertor magnetic configuration?

Similar to FNST/ST-CTF, i.e. would build on developments in NSTX-U and MAST-U.  High flux expansion:  (X-divertor, snowflake, Super-X) divertors are very likely required for heat-flux mitigation.  Due to the low duty cycle, a very low retention wall and hot walls may not be required as would ultimately be required for FNST/ST-CTF for reactor-relevant wall and blanket operation.
[MP: Correction: FNS ST will investigate the synergistic effects of multi-spatial and time scale and multi-material-phase of interest to PMI and harnessing fusion power.  At present, a common opinion is that high temperature walls are of potential interest, so FNS ST will be designed to enable this study.  The highly flexible design approach of FNS ST will allow the investigation of whatever temperature walls that are deemed potentially required by or desirable for fusion Demo.]
2b: liquid metal surface?

FNST/ST-CTF is targeting H98=1.5.  BPST would also target confinement this high and higher.  For example, to match and study ST-Demo-relevant fast-ion parameters (normalized fast-ion speeds and stored energy fraction) at high fusion gain and fully non-inductive scenarios, H98=1.5 to 2 would be required.   If Li-walls are shown to significantly improve ST confinement through low recycling, this technology could/should be employed to assess very high confinement scenarios in BPST.  See Zakharov IST reference for Li-wall concept.
[MP: where is the engineering database for an operating high heat flux long pulse liquid Li system?  I submit that such technology does not yet exist, due to absence of any such system having operated.  As a result, there is no plasma confinement data for LL limited plasma edge, because no such plasma has been produced. Please prove me wrong by showing me data and published references to the contrary.]
3: Confinement stability

3b: confinement?

See 2b above – but research issues are similar to FNST/ST-CTF, except possibly goal of achieving thermal ion rho* values comparable to reactor.
[MP: Do you plan to operate the BPST plasma in low density HIHM also?  Inductive current maintenance allows high density where Te and Ti are forced to be nearly equal.  Further, HIHM leads to much larger rho* ~ 1/50 for FNS.]
3a: stability (energetic particle)?

At 1MW/m2 neutron wall loading, BPST normalized fast-ion speeds and fast-ion stored energy fractions are very similar to FNST values at similar normalized density, so the energetic particle physics would be largely the same.  However, to match ST reactor fast-ion parameters, similar wall loading is required (peak outboard of 4-6MW/m^2) at approximately one half the normalized density value of ARIES-ST, i.e. BPST would need to have Greenwald fraction of 0.4-0.5 vs. 0.8 for ARIES-ST.  Known FNST/ST-CTF operating scenarios apparently cannot simultaneously match NBI and alpha normalized speeds and stored energies of an 

ST reactor (need higher fusion gain and at higher density).
[MP: mission of FNS ST puts ST reactor like conditions at a lower priority, and does not aim to match the conditions either.]
4: stability control

4a: active stability control?

For scenarios with 1MW/m^2 wall loading, the normalized beta (assuming BT=2.4T) is approximately 4, so some active feedback control for RFA suppression and possibly RWM would be needed.  For higher wall loading scenarios, the normalized beta increases to 6-7 and likely approaches the ideal-wall limit, and active RWM stability control would be required, implying more advanced plasma stability control would be required for a BPST than for FNST/ST-CTF. 
[MP: FNS ST will explore betaN from ~1 to the no-wall limit, and determine the highest betaN conditions for disruption free plasma operation.  Nor will FNS ST operate at any wall loading beyond the engineering science capabilities of its components.  Please note that the mission of FNS ST is drastically different from that of CTF.  Because of this, “FNSF/ST-CTF” no longer makes logical sense in mission discussions.]
4b: passive stability control?

For scenarios with intermediate fusion gain (Q=2-10), 20-40MW of NBI heating, CD, and torque is applied, and high plasma rotation is likely, which could aid rotational stabilization of the RWM.  At higher fusion gain, kinetic stabilization (from fusion alphas) might further contribute to RWM stability, but the detailed RWM stabilization requirements for a BPST have not yet been determined. 
5: maintain current and profiles

5a: energetic particle beam?

Initial operation of BPST could utilize 120keV PNBI for Ip up to ~6MA (NSST studies), but similar to FNST/ST-CTF scenarios, NNBI at 500keV (leveraging JT60-SA and ITER) is assumed for higher current operation for increased current-drive efficiency and plasma penetration.
[MP: we should assess the FNS ST parameter space for PINB, and that for NINB.]

5b: plasma waves?

Not much consideration of this yet, but auxiliary non-NBI heating via RF (such as EBW-CD) could be useful for sustaining high density, high bootstrap fraction scenarios in BPST. 

5c: particle control?

A goal of BPST is to provide sufficient particle control to assess a range of operating points with density values = Greenwald fraction of 0.25 to 1.  The viability of achieving this range of density compatible with power exhaust and impurity control needs further investigation for BPST and an FNST.
[MP: FNS ST due to its Q goals of 0.01 to 2+, does not require high Q physics data from BPST, to achieve the FNS mission.  FNS ST, due to its flexible design configuration, appears to be a viable candidate for a BPST design configuration.]

5d: core fueling?

Possibly – if Li-wall regime is used, and this regime requires core fueling.  Core fueling might be essential for controlling the density profile and fusion power at high fusion gain and high bootstrap fraction.
[MP: What are the engineering and technology performances required of a LL system to enable the attainment of the Li-wall regime?  Could send me a reference paper on this subject?]
6: any other special plasma operational requirements

6a: e.g., pulse length > energy confinement time


See 6b below.
6b: e.g., flux diffusion time > pulse length

Minimum pulse lengths similar to ITER are required (i.e. 200-400s) to achieve  ~50-100 current redistribution times at high density (Greenwald ~ 0.7-1) to demonstrate disruption-free control of high bootstrap fraction scenarios at high fusion gain, and 5-10 current redistribution times at reduced density (Greenwald ~0.2-0.3) similar to FNST.
[MP: FNS ST mission requires only f-BS ~ 0.5, Greenwald ~ 0.2-0.4, and low to modest Q.  The continuous burn time of FNS ST is determined by the time scales of physical mechanisms of interest in the investigation, such as the tritium build up time in a solid breeder pellet under an anticipated blanket conditions.  If the study requires x seconds to carried out, that will be the pulse length.  This is not related to the equilibrated plasma state at all.]
Finally you are responsible for providing the BPST example parameters as reference for the STCC to discuss gaps and research needs regarding the above research elements.  

The STCC is not charged to debate what the missions should be.  

The STCC will discuss and arrive at its various views regarding the research to establish the plasma science basis for BPST during the next 5-7 years, accounting for the strengths of the world ST programs.

Please do not hesitate to identify and ask questions regarding these suggestions.


Martin
