Transport of Energetic Particles in STs
due to Non-Conservation of the Magnetic
Moment

V. A. Yavorskij', D.Darrow?, V. Ya. Goloborod’ko* &
S.N.Reznyk'

'KINR, Kyiv, Ukraine
“PPPL, Princeton, USA

NSTX Research Forum 2001
Energetic Particle Session TG5
January 17, 2001



TIME VARIATIONS OF MAGNETIC
MOMENT

K =N (NS X I\?’(KB‘O\(&\_\)G“ G = -Oq

« ="/ g - Magnetic moment,

o - gyro-phase,

N perpendicular component of particle velocity,
wg;j - cyclotron frequency and

o - curvature radius of magnetic field line

For p/p << 1 magnetic moment  _ x«
« - gyro-averaged magnetic moment
s -/ (Eo Y% Gl /“\‘\/ NSt - GYTO oscillations

of ot < o due to resonant interaction of ion gyration and
bounce oscillations of guiding center



RESONANCE CONDITION

WBj — |(Db, | = 1,2,

wgi, Wp — gyro and bounce frequencies,

| = wg/wpx(R/pL)(qA%?) ~ 10%-10° for fast ions in
conventional tokamak

| = wg/wp, ~ 10-30 for NBI ions in NSTX

low | essentially enhances efficiency of resonant
interaction




GYRO-ORBITS OF NBI IONS IN NSTX

1. Quasi-adiabatic orbits (deeply trapped fast ions)

Variation of gyro-averaged w is superposition of
regular oscillations s, o, With bounce (o, ) and
“superbanana” (wg, ) frequencies correspondingly;
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Time variations of magnetic moment

a) time variations including gyro-oscillations
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b) gyro-averaged oscillations of u
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neighbouring resonances
Variations of u are adiabatic — no stochasticity




2. Stochastic behaviour of circulating and barely
trapped ions

1 beta=23%, E=80 keV
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Barely trapped orbit transforming into circulating one due to
the nonconservation of magnetic moment
(AE/E < 10°, AP /P < 10




time variations of magnetic moment

kntam2E%, E=50 WV

AW sp=>> Ueg - Wy

For above Fig. distance between two neighbouring
resonances, W+1 - W ~ 10'2u, while Aw g4 >10'1u

Circulating and barely trapped NBI ions in
NSTX possess stochastic behaviour due to
non-conservation of magnetic moment




For typical variation of magnetic moment per bounce
period, Auy~ 10w , we obtain the following estimation

of stochastic diffusion rate in magnetic moment
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CONCLUSION

nonconservation of magnetic moment of
fast particles in NSTX shown to result in
stochastic behaviour of circulating and
barely trapped NBI 1ons and rather
strong diffusion of them iIn radial

coordinate and pitch-angle



