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'ABSTRACT | | DIAGNOSTIC SYSTEM DEVELOPMENT |
» The steady-state operation of a thermonuclear reactor requires low fast-ion A mylti-diagnostic approach was employed to study the influence of TAEs on fast particles at
losses, which are compromised by magnetohydrodynamic (MHD) instabilities Globus-M/M2 [2]: heutral

Injector

that cause significant particle redistribution;
» This work investigates Alfvén instabilities [1] (TAE/EPM) to understand their
driving mechanisms and impact on fast-ion transport, which is essential for

Alfvén Eigenmode Characterization:
* Mode Identification — toroidal (8 fast, 50—-300 kHz) and poloidal

developing mitigation strategies (15 slow, 0-150 kHz) magnetic probes; Scanning
) . : TS : | NPA
» The study is conducted on Globus-M/M2 spherical tokamaks in a wide range Radial Localization = Doppler Backscattering (DBS) method [3]. e “,m .

of plasma parameters: I, = 160-450 kA, B;=0.4-0.9 T, n,=10"°-10*m>, E;; ~ East-ion transport and losses:
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= 20-50 keV, Pyg = 0.3-1.5 MW. The non-dimensional parameter domain * Evolution of the fast 1on spectrum — 3 NPAs, equipped with scanning systems and intertorometer- A =
Vrast/Va-Brast/Brotar achieved in these experiments covers domain of the operating in active mode (t resol. up to 0.1 ms); o W‘ R Scaming
future ITER DD and DT experiments. * Study co-going fast 1on losses — tangential 16x16 silicon precision detector (SPD) matrix Nggg. (matri|  ZLProbe |} ACORD-24M
' amplltude at probe mT ' ' array (t reSOI' Of 1'6 “S)D RS : : TS pecbing boam
o0 A A | study losses of trapped and counter-going 1ons — single-channel SPD (t resol. of ~0.2 mS );  [ieutron detectors] © i CNPA
20| 2 ﬁ,@ A * Study first-wall heating from Alfvén-mode-induced fast-ion losses — infrared (IR) camera
Q %é% - (t resol. up to 0.3 ms), two-color pyrometer (t resol. up to 2 us); Globus-M2 experimental layout (top view).
1,5} o a . . . . . "N\ Marked diagnostics are used to directly study
CgA A * Langmuir probe — 10n saturation current (evolution of the 1on flux near the separatrix); e
A ] . . . T . wave-induced fast ion losses and transport.
rol | * Neutron diagnostic system — used as a primary indicator of fast ion confinement
O TAE
R [OBSERVATION OF THE FAST ION TAE-INDUCED TRANSPORT AND LOSSES ]
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» Experiment observed a single down-chirping branch with > TAE exists in the continuous frequency spectrum gap, caused

Alfven-type instabilities parameter domain of the Globus-M/M?2 experiments. Shaded regions — ITER . . . . - 1 . .
xponential amplit nd fr ncy chan nsistent with th
parameter domain. The color differentiation of the dots corresponds to the amplitude of the burst. CXpone 'a amp ude and eql.le cy C d geos’ co ) 5 S © i W C by .the tOI'Ol(.ll.Clty of p lasma and bel.ng Weakly damp ed is
Berk-Breizman model for an anisotropic fast-ion distribution [8,9]. casily destabilized by the super-alfvenic particles [1].
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 Mode characteristics (frequency, localization, amplitude, mode numbers) were Mode drive calculated from NUBEAM for discharge #44193 (147 ms). TAE
taken from experimental measurements (DBS, magnetic probes) and the linear : distribution (437001, 141 ms). localizati DBS iment) [5].
p (DBS, mag P ) » TAE-related transport and losses were observed by multiple ocalization from DBS (experiment) [3]
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' diagnostics. Fast 1on transport from the plasma center to the - .
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= Analysis reveals that the coherent heat flux component originates el wo | =—Orbital loss
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G kinis o Tt 2 10t m 20 20 from wave-induced radial transport. This transport moves 1ons to
> For the first time at Globus-M2, a direct correlation between EPM-induced the plasma boundary, where high neutral density enhances charge-
fast 1on transport and losses was experlmentally measured. eXChange losses. Both fast-1on loss mechanisms - orbital and CX - ol . ) ——"'/;.1 —
I R e I A 42p are caused by the convective resonance mechanism [4] of fast 1on TR Rl By T
Eh 1 2] | w . transport from the plasma center to the periphery. Simulation of fast-ion losses induced by TAE, showing the dependence of loss
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0.0 power (from wall collisions and charge exchange) on the mode amplitude.
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