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® Category: © Collective mode (3)
°© Runaway electrons (1)
© Diagnostics (1)
o Ripple loss (1)
© MHD mode (1)



Topics

® Alfvén Cascades

o0 (JET, JT-60)
cOpioioboboboboboononoououutndndnd (Breizman, Borba)
cUuduuoudoudootboouoodd (Fukayama)

¢ Sphrical Tokamaks:

cuUonoououonooodoud (Yavorskij)
cuUubnoouodon (NSTX)

® Fishbone induced ITB:
cooUUupuoobDoOoOUOOooobDoboOoUgoonn (Pinches)



Alfvén Cascades

e U0 (JET, JT-60)

cbouuobidddn=1~6,f =20~ 120kHz
cygnmn O UOOUOOOOOOON

® Interpretation of Alfvén Cascades in Tokamaks: (Breizman)

cpobooboouounouoboouotuotd EPM
cpububoboubouboobotbood

® Modelling of Alfvén waves in JET plasmas (Borba)

© CASTOR-K code: MHD + Gyrokinetic
CTAEODUDUOODODDOODOOOUOO0oOUooobDOooood EPM
cynn UOOOO0O0O TAEODOOODOOOODODOOOOOO

® Analysis of Alfvén eigenmodes driven by energetic ions (Fukuyama)

°© TASK/WM code: Maxwell Eq + Kinetic Dielectric
cOdbOdI0oOooUnD TAEODODUOODOOOooOOooooooooon
cooUoouoooooOoon



Alfvén Cascades

e U0 (JET, JT-60)

cbouuobidddn=1~6,f =20~ 120kHz
cygnmn O UOOUOOOOOOON

® Interpretation of Alfvén Cascades in Tokamaks: (Breizman)

cpobooboouounouoboouotuotd EPM
cpububoboubouboobotbood

® Modelling of Alfvén waves in JET plasmas (Borba)

© CASTOR-K code: MHD + Gyrokinetic
CTAEODUDUOODODDOODOOOUOO0oOUooobDOooood EPM
cynn UOOOO0O0O TAEODOOODOOOODODOOOOOO

® Analysis of Alfvén eigenmodes driven by energetic ions (Fukuyama)

°© TASK/WM code: Maxwell Eq + Kinetic Dielectric
cOdbOdI0oOooUnD TAEODODUOODOOOooOOooooooooon
cooUoouoooooOoon



Wave Equation

* Maxwell’s equation for stationary wave electric field E
(angular frequency w, light velocity c[]

0)2

V><V><E:?6-E+ia),u0jext

o € : Dielectric Tensor
[Effects of finite temperature (Cyclotron damping, Landau damping)

© j. ¢ Antenna Current

®* Wave equation in non-orthogonal coordinates (radial components)

110 [gu (0E3 OEy\ gn (0E; OE3\ g3 (OE, OE,
I _— = _ — —
(VxVx By = J lﬁxz { J (8)62 6x3> T <8x3 le) T o TR
B 0 221 6E3 B 8E2 + 822 5E1 B 3E3 + 823 (9E2 B 8E1
ox3 | J \ox* 0x3 J \ox® ox! J \ox!  ox?
° (x', x%, %) = (.6, 9)
© Similar expression for poloidal and toroidal components




Analysis of TAE in Reversed Shear Configuration

Assumed g profile

pmin

Plasma Parameters

Major Radius

Minor Radius

Wall Radius

Toroidal Magnetic Field
Center Electron Density
Edge Electron Density
Central Temperature
Edge Temperature

Ion Species

Central Safety Factor
Edge Safety Factor
Toroidal Mode Number
g-Minimum Radius

3m

I m
1.2m
3T

1020 ;3
1020 ;=3
3keV
3keV
Deuterium
3

5

1

0.5



dmin Dependence of Alfvén Frequency Profile
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¢min Dependence of Eigen Frequency and Damping Rate
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Complex Eigen Frequency of Alfvén Eigenmode
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Radial Mode Structure of Alfvén Eigenmode (n = 1)

fr =97.0kHz fr = 199.4kHz
fi = =23.6kHz fi = —3.37kHz
Etheta Etheta Etheta

fr =136.4kHz f = 149.8 kHz f. = 164.3kHz
fi=-24.1kHz fi = —8.12kHz fi = =5.08 kHz



Mode Structure with Energetic Particle

® Ry = 2 X 10" Hl_3, Tg =500keV, L,g =0.5m
7/

Im f [MHz]
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Modes and Eigenfunctions Driven by Energetic Ions

® Ry = 2 X 107 m_3, Tr=500keV, L =05m,n=1
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Effect of Rotation on » = 7 mode

*n="7,m=-17~ -3, f =223 kHz: Eigen function agree with Nova-K
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Influence of poloidal mode range : n = 7 mode

¢ Structure of Alfvén Continuum: m=-17 ~ =3 m=-21~ -7
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Jobobobobooobobbooddd

* Non-adiabaticity induced fast ion transport in ST (Yavorskij)

cunuuubouubouun
oSTUUUOOUOOUp/Lg =2 0.1
cbUubobuoboubtubtuubillUwe ={wy
cuugubt bbb oo gt

® Compressional Alfvén eigenmode instability in NSTX (Gorlenkov/Cheng)

cpubouboboouboun

OSNSTX U OUOONBIODOOUOOOODOUOUOUOoOoooo
08< f<25MHz, f < n™!

cubugubutbouotdbbotgtdbuotdboougbod

m2v2 k2K27’2
2 A 1
W — 1+ 5
K°r m

cupoubotboobbotdootdboougtn
cubugubutdbouotbotdbubttbotbootb bt




Jooobobouddddddtgni

® Fishbone generation of sheared flows and the creation of transport barriers
(Pinches)

e ASDEX-U D UDOOODOOOOON
oottt boutyo

cubtbouotbbtutdbutdbooubbotutdn
cuugubttdbExptgdbgt
cuugubuubootdbotgd

o [ Brage L1 O I
f ~ 20kHz, Trepetition ™~ 1 ms — ,Bfast ~ 0.36%



