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NSTX-U capabilities & operating regimes provide excellent

environment to advance Energetic Particle research
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FY-16 results and near term goals (FY18-19) provide
improved tools for re-start of NSTX-U operations
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Challenging NSTX-U regimes indicate path for integration
between experiments, analysis & modeling

Me33ured vs predicted

¥ FIDA fil DIlI-D
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comprehensive “whole discharge optimization” 5
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* New insight applied to NSTX-U to achieve control of AE instabilities, performance
optimization
— Set of tools available to close the loop experiment/modeling/predictions
= Magnetics + AE antenna, flexible NBI, 3D-fields, RF

= Modeling: TRANSP + reduced models, NOVA-K, HYM, FIDASIim
— Collaborations strengthen experimental research & modeling efforts | see Kaye’s talk |

[Heidbrink, PoP 2017]
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* Near-term goals & NSTX-U operations
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FY18-19 research targets urgent issues for EP physics
In preparation for NSTX-U ops in FY-20

* Notable Outcome FY-17 (with I1&T): “Modeling EP losses due to AEs using Resonance-broadened Quasi-
Linear (RBQ1D) model”
+ JRT-18: “Test predictive models of fast ion transport by multiple Alfvén eigenmodes”

— Coordinated by NSTX-U
— Main candidate models (kick, RBQ-1D from PPPL) being validated on NSTX/NSTX-U and DIII-D

— Initial results indicate importance of phase-space resolution for quantitative predictions
* Milestone R18-4: “Optimize EP distribution function for improved plasma performance”

— Demonstrated AE suppression, mitigation by tailored NBl on NSTX-U
— Also exploring EP distribution optimization for improved ramp-up scenarios

» Milestone R19-4: “Effects of NBl parameters on EP distribution & NB-CD”

— Leverage FY-16 NSTX-U results, extend FY-18 modeling work in TRANSP
— Will combine AE suppression/mitigation with scenario optimization across NSTX-U program

> Work being extended through collaborations with DIlI-D, MAST-U, AUG, JET et al.
| see Kaye'’s talk |
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NSTX-U operations will provide critical data, challenge
validity of codes/theory towards burning plasmas

Experiments will target AE/EP physics vs properties of fast ion distribution function
— Supported/enabled by new capabilities, e.g. AE antenna

— Required to develop AE control strategies based on available actuators

Extended range of achievable B, & |, enables investigation of expected AE regimes
— E.g. bursting/chirping vs stationary TAEs -> critical for predicting EP transport levels

— Critical to advance predictions for alphas in burning plasmas (including large p, and orbit width)
Small R/a, high B, lead to multi-mode scenarios relevant for burning plasmas

— Coupling among different types of modes -> highly non-linear regimes

Unique NSTX-U regimes lead to identify missing physics for more reliable predictive
capabilities & projections
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Partnership with theory has led to unravel key physics
to predict AE regimes in future devices (ITER, FNSF)

« Understand physics of “bursting/chirping” vs quasi-stationary TAEs
— Common on STs, uncommon on conventional R/a devices

> Developed predictive theory; tested/validated on NSTX, TFTR, DIlI-D

measured spectra (NSTX)
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EP research is integral part of Core Science mission
for NSTX-U & beyond
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Summary

« EP research on NSTX/NSTX-U is addressing critical issues for burning plasmas
— Understand stability of EP-driven modes & associated EP transport
— Inform on modeling, development of control tools for their suppression/mitigation
— Develop knowledge for integrated tokamak simulations across multiple topics

* Near term plans focus on characterizing the effects of complex fast ion distributions
— Develop predictive capabilities across devices/scenarios for reliable projections

» Restart of NSTX-U operations will enable access to unique operating space
— Move towards high/fully NI operations
— Supports model development & validation
— Leverage strong partnership with theory/codes developers at PPPL and abroad

> NSTX-U offers unique capabilities & complementarity with other devices
— Unique operating regimes at high .., super-Alfvénic ions mimicking alphas in burning regimes
— Excellent platform to inform on, develop & validate models/theory for ITER & beyond
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Backup
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EP research in high-f3 plasmas with super-Alfvénic ions
addresses critical issues for burning plasmas

Mirnovs, AE antenna — mode stability |

* Investigate drive & damping mechanisms for EP-driven modes FIDA. NPAs, SFLIP — fast ions
» Study EP transport, inform model development for integrated tokamak I\ = —

modeling
— Strong partnership with theory at PPPL and abroad (cf. ScCiDAC-EP)
— Complement Core Science research (macro-stability, kink/fishbones, thermal transpo
by AEs)
» Assess NB-CD efficiency, degrat:
— Coordinating ITPA EP-8 Joint Experiment on NB-CD

* Provide alternative scenarios wrt conventional R/a devices
— Challenge model validation & projections to future devices (ITER, FNSF, DEMO)

> Integrate EP physics with plasma scenarios

> Develop tools for mitigation/suppression (control) of EP-
driven instabilities
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Unique NSTX-U capabilities complement other devices
for rapid progress in EP physics through collaborative work

Understand physics of “bursting/chirping” vs quasi-stationary TAEs
— See next slide

Observed GAE suppression, counter-TAEs w/ OA-NBCD

> Analysis reveals key ingredients for AE destabilization
= Super- vs sub-Alfvenic ions (NSTX-U vs DIII-D), competition in phase space gradients

— Additional tool to investigate thermal transport by AEs [ see Guttenfelder’s talk |

Development/validation of reduced EP transport models

— Being extended to several classes of instabilities (marco-stability, kink/fishbone, sawtooth)
= Connects to Macro, Scenarios TSG work | see Battaglia, Sabbagh’s talks |

— Collaboration with several devices (DIII-D, MAST-U, TCV + other ITPA-EP participating facilities)

Characterize NBI+RF synergy (restart of plasma ops)
— Important to understand RF-driven TAEs (JET, AUG, ..., ITER and RF-heated ST-FNSF)
— Validate models (under development for TRANSP) -> export to JET DT, ITER
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Goals & Plans for year 1-5 (1)

« Extend characterization of fast ion distribution with 2"d NB line beyond FY-16
— Use FIDA, ssNPA, sFLIP to measure fast ion profile and losses
— Compare with classical predictions from TRANSP

« Assess effects of broadened pressure, NB-CD profile on plasma stability/
performance
— Compare with time-dependent simulations

— Investigate effects on *AE stability
» Characterize mode structure with reflectometers, BES
» Characterize damping rate through *AE antenna (TAEs, RSAES)

= Compare with linear/nonlinear codes

« Characterize scenarios with combined NBI+HHFW
— Assess RF power deposition on fast ions as a function of RF injected spectrum, power
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Goals & Plans for year 1-5 (2)

» Extend *AE studies to nonlinear, multi-mode regimes
« Study GAE/CAE effects on electron thermal transport at higher B, and current
— Joint task with T&T-TSG
— Validate codes for GAE/CAE modes
» Contribute to non-inductive ramp-up research
— Study "AE stability in low-I1, flat-top plasmas prototypical of ramp-up conditions
» Extend validation of reduced models for EP transport by MHD (*AEs, low-f kink-like
modes)
— Validate Critical Gradient & “kick” models for broad range of *AE activity, NB injection parameters

>Assess requirements to affect F,,, NB-driven current through available actuators (NBI,
HHFW, external coils)
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Counter-TAEs can be destabilized by off-axis
co-NB injection from 2"9 NB line

NSTX-U 203609
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Details of fast ion distribution explain

destabilization of counter-TAES by co-NBI
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Understanding drive mechanisms leads
to develop control strategies via NBI

NSTX-U 203609
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Counter-TAEs are not simply destabilized
by inversion in radial EP density gradient

NSTX-U with 2" NBI only - EP density (TRANSP) remains flat/
PNB~1 MW, tangentlal injection monotonlc in thls case
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Sawtoothing L-mode scenarios used to

test EP transport models in TRANSP
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ORBIT modeling provides insight
for development of improved models
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Synergy between different perturbations
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Main EP diagnostics
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NSTX-U capabilities extend parameter range & flexibility

achievable by other devices
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