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ABSTRACT

AOneof thefirst systematiaqyyrokinetic(GTC) studieson HL-2A, targeting
a suspectedRSAElike instability in discharge#27055(H-mode, hight ,
reversemagneticshear)

AThe observednodeis calledfi R S A B lexausét showsclearchirping
but differs structurallyfrom classicaRSAE

ALinear multi-n simulations based on experimental profiles identify a
dominant mode that chirps into the TAE frequencyband and migrates

radially. | | | | | |
AS . h od e . . | 9 Simulation crossectional setup: (a) TemperatureNand density profiles of all particle
ensitivity scans with varied g-profiles show g-min controls mode species; the fagbn profiles are scaled. (b) Origin® profile and the intentionally

existence frequency,and growth rate asg-min © 2 the lineardrive and  adjusted\ profile.

saturatiormamplitudedrop markedly i ey o e P L e L T P & [ e
ANonlinearsinglen simulations(on a subdominant) revealrapid zonal =~ ~ / o / ..._ / / K 4_.
flow growth (~2 thelinear modegrowthrate)thateffectively suppresses : | _ ..‘ A . | | | :’m":-; :
RSAE like activity. N Yeaal) <\ Suadd -\ P ' .
AEnergetieparticle transportis weak during the linear phasebut increases | = =% . N # ” \\ \\f,./
substantially after saturation, correlating with chirping and structural » « o= = w w5 5 5T 0 e s bom o oe wow s w o
evolutiontowardthe TAE regime e _\ _ _ _ _______ _ __
AComparisonwith other devices finds a universal chirping migratiori et T J'
transportcoupling,while HL-2A showsspecificdependenciesn g-profile, pee:
I, andenergetieparticledistribution hﬁ

AThe sequential workflowd experimentbased linear mode selection
_ S _ L (al ﬂl) are the crossectional snapshots at the start of the simulatiorg fort and
followed by nonlinearvalidatiord providesa quantitativeframeworkfor ¢, showing RSAfiike features; (a262) are the crossectional snapshots at
diagnosingand controlling AE-like instabilities on HL-2A and guides  linear-growth saturation foe 1 ande @, which have evolved inward into TAES.
future experimeritmodelintegration th rate of the(2,3)mode on
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* Mode saturation: RSAHke modes saturate at reduced amplitude when
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zonal regulation Is strong.

* Energeticparticle transport: weak during the linear phase, but rises
sharply after mode saturation, chirping, and transition to TAE.

* Mode transition: RSAHIke activity can evolve into TAE, enhancing
fastion redistribution and losses.

* n-profile effect: moving) cl oser t o an integel
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damping, lower saturation amplitude, and improved mode control.
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. i . . . Dependence of the normalized frequency and growth rate @2 tBemode o
The figure shows the Alfvén continua for the 11 configurations computed ¥ . y J (2 BB)en ol

with two different approximations: the left panels use the-slound o—o—o—o—o—o— 0200
approximation, while the right panels include the exact acoustic coupling. 0.5 - . 0.175
LINEAR ANALYSIS 0,150
. ‘ L 1. 0.4
*Do.m|.nant modes_ c. RSAEIlke instabilityd upward frequency < 0,125 <>
chirping and radial migration.
. . . : -0.100
* Spectral evolution: mode evolves into the TAE band with clear structural 0.3
change and energy redistribution. -0.075
0.2
*  dependence: ay approaches smalhtionals(fe.gnear 2) Y . . . | | | | | =" 10.050
l inear growth rate Z, saturation ambpi 1.6 uldel8Z19 @6 n2tli H2u @3 24 a2hpi ng
spectrum compressed. Amin

*Highd effects: at elevatdd observe atypical evolution and transitions
toward BAE/TAElike behavior. ACKNOWLEDGEMENTS
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