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Alfvénic instabilities can cause energetic-particle redistribution that could be detrimental for
tokamak operation. Understanding the equilibrium conditions that admit Alfvénic modes and
which particles can drive them unstable is fundamental to confine and ignite a fusion plasma.
Our aim is to investigate low frequency magnetic activity, experimentally observed, whose prop-
erties are not yet well established [1].
To achieve this purpose the linearised MHD model is used to address the plasma equilibrium
and compute the possible eigenmodes of the plasma configuration (HELENA [2], CASTOR [3]).
A non-perturbative drift-kynetic approach is employed to access the energy transfer occurring
between waves and ions in order to analyse the mode stability (CASTOR-K [4]).

Assuming a displacement of the kind ξ =∑m ξ m(r)exp[i(ωt+mθ−nφ)] the linearised MHD
equations can be written as a system of differential matrix operators acting on the perturbed
pressure and the three components of the displacement as done in [5]. The frequencies that
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is the geodesic curvature and κ = (b ·∇)b, are the ones at which MHD

eigenmodes would be singular and thus damped. When the harmonics of the displacement are
decoupled all frequencies intersect a singularity line (MHD continua) and modes cannot be
present in the plasma. Instead, if branches interact, frequency gaps can be opened and discrete
eigenmodes allowed. The geodesic curvature couples Shear Alfvén and Sonic continua in equa-
tion (1) and the harmonic content of κg allows the interaction among branches with different
poloidal mode numbers.

An equilibrium with circular magnetic surfaces couples a mA branch with mS =±1 ones [6].
The magnetic flux parametrization presented in [7] as

ψ(r,θ) = S0r2[Θ0(θ)+ εrΘ1(θ)+ ε
2r2

Θ2(θ)]

Θ0(θ) = 1+ κ̂ cos(2θ)− κ̌ sin(2θ),

with Θ1,Θ2 other angular functions, permits to compute a κg with higher harmonic content with
respect to the circular case, that is

κg = Aε
(
Kg[0]+Kg[1]eiθ +Kg[2]ei2θ +Kg[3]ei3θ + cc.

)
.

The constant Aε will disappear when solving the continuum equation and higher terms in κg
are negligible for usual tokamak parameters. We report the lowest order terms in inverse aspect
ratio:
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The harmonic content, increased by shaping, couples branches with a difference in the poloidal
mode number greater than 1. The coupling creates tiny gaps in the continuum where MHD
eigenmodes can be found.

The HELENA code calculates numerically equilibria with JET-like parameters and the CASTOR
code provides the continuum spectrum of the frequencies normalized as ω̃ = ω

ωA(0)
and the

mode amplitude. The gap in figure 1 is generated by the interaction between a shear branch
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Figure 1: Continuum spectrum for JET-like equilibrium with n = 3 and gap eigenmode in the inset.

with mA = 4 and a sonic with mS = 7, so that δ =| mA−mS |= 3.
The effect of shaping is illustrated in figure 2, where the parameter κ̂ , weighting cos(2θ) in

0

2

4

6

8

10

0.3 0.6 0.9
√
ψ/ψb

κ̂ = 0.15
P[104Pa]

q

0

2

4

6

8

10

0.3 0.6 0.9
√
ψ/ψb

κ̂ = 0.4
P[104Pa]

q

0.2

0.25

0.3

0.33 0.35 0.37

ω̃

√
ψ/ψb

0.2

0.25

0.3

0.33 0.35 0.37

ω̃

√
ψ/ψb

κs = 0.15
κs = 0.4

Figure 2: On the left are showed the pressure and q profiles of two equilibria with different κ̂ values, on the right the produced gaps.

ψ , controls the gaps’ width. It is related with plasma ellipticity (κe) by:
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√

1+ κ̂

1− κ̂
.

We conclude that more elongated plasmas produce wider gaps.

We are now interested in the mechanism that can suppress the presented magnetic activity,
in case it would reveal problematic for the integrity and the operation of a fusion device. A
possibility is to prevent the crossing between the shear and sonic branches differing in poloidal
mode number by a δ able to create gaps. The frequency of the shear branch, upshifted due to
δ = 1 shear-sonic interaction, at radial locations where the parallel wave vector vanishes, is

ω̃
2
UP =

γβ0 p̄
1+ γβ0 p̄

1+2q2Kg[1]Kg[−1]
ρ̄ q2 .

In [8] an estimation of ω̃UP, corrected for non circular magnetic surfaces, was presented.
The sonic frequency of the branch differing by δ , also evaluated at the rational surfaces is
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The δ > 1 interaction is prevented if
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2
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that is equivalent to require that the safety fac-
tor has to exceed a suppressing value:

q2 >
δ 2−1

2Kg[1]Kg[−1]
= q2

sup

In the plot on the right q2
sup assumes the value of

2.89, above which the gaps are suppressed.

Resonance maps for the particles, that ex-
change energy in the most efficient way, are
displayed in figure 3. Fast ions have a density
of 1% of n0, an on axis temperature of 1MeV
and a distribution function peaked at Λ = 1 in
order to emulate the ions accelerated by the ICRH heating system. The eigenmode is damped
by thermal and driven by fast ions, resulting in a net growth rate of ∼ 4.5%.
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Figure 3: Resonance maps at Λ = 0.905
(
Λ = µB

E

)
for damping thermal ions (left) and for driving fast ones at Λ = 1.012 (right).
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Figure 4: Poloidal mode structure in terms of amplitude of the

plasma displacement. It is represented the orbit transferring energy in

the most efficient way for fast ions at Λ = 1.012

Summarizing, shaping effects are responsi-
ble for the opening of gaps in the continuum
spectrum, different from the ones allowed by
a circular flux surfaces equilibrium. We com-
puted that eigenmodes can be found in the
presented gaps and specific particles can drive
them unstable. The concern, for this type of
activity, is not on the growth of the instability
but on the effect of the interaction on parti-
cles orbits. It could comport a massive ions
redistribution and non linear codes should be
employed to evolve orbits and study the losses.
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