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Outline
Experimental New fishbones regimes are
results | == observed in JET ICRH-only low

densities discharges.

New fishbones regimes are

ualitative
Qanalysis ' == explained using a variational
formalism.
Numerical Orbits of resonant particles
analysis — and frequency dependence

are analysed
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Introduction

® Fishbones (and sawteeth) are caused by the internal kink
mode

@ They correspond to different solutions of the dispersion
relation

Dispersion relation for the internal kink mode:

sl s)elfolo—o, )2, |& Whteetal
6\/\/|\/|HD + 6VV|-|OT A9/4F[(A3’2 _1)/4J60A =0 5 );25 (ijég(s)))

(Large aspect ratio aproximation)
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JET

Usual solutions for the internal kink dispersion relation

High 5,

Fishbone branch

Unstable branches Instability Frequency

Precessional
fishbones

Low ,Bh 1

Kink branch

lon branch

Sawteeth

Diamagnetic
fishbones

Intermediate 5.
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JET

New fishbones regimes in low density plasmas

Usually
observed

New regimes
observed

<

r

\.

\.

Precessional drift fishbones

Diamagnetic fishbones

Hybrid fishbones

Both types occuring simultaneously
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Frequency (kHz)

Precessional fishbones gawtooth crash

Pulse No: 54301 channgl: OG22 Amplitude
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@ T[he different instabilities occur in sequence !

Precessional

/ fishbones \
Monster Hybrid

Sawtooth

Crash fishbones

Diamagnetic < Both types of

fishbones fishbones INSTITUTO
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Objective: explain observed fishbones behaviour

(

Solutions of the
dispersion relation |:> !
depend on three
parameters

Y| |deal growth rate

@,; Diamagnetic frequency

| Ph Fast particles beta

Step 1: Determine the range of parameters for which each
branch of the dispersion relation is unstable.

the monster sawtooth.

Step 2: Determine the evolution of each parameter during

Step 3: Determine how the evolution of these
parameters affect fishbones behaviour
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‘Step 1: Determination of the regions of stability ‘

To determine the regions of stability we need only to know
when mode stability changes, i.e, Im(w)=0

@ |ntroducing this condition in the dispersion relation,

I I el L N e il

- 5 .

sl i) o) Two soluions

(ideal limit, ICRH population)
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Reqgions of stability

High frequency and low frequency modes coalesce

V' =M
FOW
effects

Fishbone (F)

Resistive
effects

Y

w.; takes therole Bh B = lﬁ INSTITUTO
h = /hc

SUPERIOR
of a parameter
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‘Step 2. Temporal evolution of the parameters ‘

V| Increases In between crashes the
g=1 surface expands

O, e— Increases In petween craghes the
ion bulk profile peaks

f. . 3kHz — 20 kHz
Decreases during a burst

Increases between bursts
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‘ Step 3: Changes due to the evolution of the parameters ‘

iy

X: Initial state, fishbone branch is unstable

Y| Increases

The horizontal
lines move due to
the increase in w
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Y

Reqions of stability (final state)

C: K-F
The unstable
branch is now
< C:I-F x the ion-fishbone

branch

During the monster sawtooth, the region
where the high and low frequency modes |ﬁ INSTITUTO

i SUPERIOR
coalesce is reached.
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JET
Solutions of the dispersion relation
(R. White et al. Phys. Coalescent
3, decreases branch Precessional
during the burst behaviour
! High
Diamagnetic GNET W-iz
behaviour Fishbone
branch
y=0

h Lower W
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Resonant transference of energy between between an
internal kink mode (top hat structure) and an ICRH driven
fast ions population as function of the frequency

11
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Resonant Particles, T,,57=750 keV, =20, 50 and 70 kHz
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Resonant Particles, f=50 kHz, TUQJ=5OO, 750 and 1000 keV
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Summary and Conclusions

In low density plasmas the diamagnetic frequency has a significant increase:

Fishbone ==> High frequency fishbones
mode

r
Hybrid fishbones
(Precessional behaviour dominant)

Coalescent

ion-fishbone =—=> | Both t.ypes_ of fishbones
mode occuring simultaneously

(No dominant behaviour)

Low frequency fishbones
. (Diamagnetic behaviour dominant)
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Summary and Conclusions

Fast ions temperature between 1 MeV and
—> 1.5 MeV maximize the resonant exchange of
energy for frequencies 50-80 kHz.

Numerical simulations predict a rapid
> increase in the mode frequency as the fast
lons temperature increase.

This may be related with a change in the
> type of orbits that have stronger interaction
with the mode.
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