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Observation of Electron Fishbone-Like Instabilities in EAST Heavy Impurity
Ohmic Plasma *

XU Li-Qing(徐立清)**, HU Li-Qun(胡立群)**, EAST team
Institute of Plasma Physics, Chinese Academy of Sciences, Hefei 230031

(Received 17 April 2013)
The transient burst of an internal kink mode is first observed in EAST heavy impurity ohmic plasma. The
features of the electron fishbone-like mode are presented, and the fishbone-like instabilities are found to be driven
by the trapped supra-thermal electrons. The processional frequency of the trapped supra-thermal electrons is
calculated with different discharge parameters. The results indicate that the calculated processional frequency
is consistent with the experimental observations. Furthermore, we also find that the frequency chirping of the
long-lived mode is related to the evolution of the safety factor profile.

PACS: 52.25.Dg 52.35.Mw, 52.35.Py DOI: 10.1088/0256-307X/30/7/075201

Ion fishbone instability was first discovered dur-
ing neutral beam injection (NBI) almost perpendicu-
lar to the toroidal axis in the PDX tokamak.[1] The
name fishbone comes from the characteristic shape
of the magnetic signal from the edge Mirnov coils.
It is widely accepted that a (𝑚, 𝑛) = (1, 1) internal
kink mode is destabilized by energetic trapped ions
via processional resonance.[2] Then, an internal kink
instability, which is driven by the barely trapped su-
perthermal electrons produced by high-field-side off-
axis electron cyclotron resonance heating (ECRH),
was observed in DIII-D and HL-2 A.[3,4] Soon after-
wards, the theoretical interpretation of the destabi-
lization of the electron fishbone was proposed by Sun
et al.[5] They proposed that the internal kink mode
can be excited by barely trapped supra-thermal elec-
trons. An interesting property of fishbones is their
nonlinear dynamics, which include (i) robust burst-
ing behavior, and (ii) strong chirping and reduction
of the mode frequency during a fishbone burst.[6] Fre-
quency chirping is associated with energy losses and
fast particle redistribution.[4] In this Letter, an impu-
rity ion-related 1/1 electron fishbone-like instability is
observed for the first time in EAST heavy impurity[7]

ohmic plasma. The mode structures are located inside
the 𝑞 = 1 flux surface. The hot core of the 1/1 mode
travels in the ion diamagnetism drift velocity direction
in the poloidal cross section.[7] The internal mode ap-
pears in the soft x-ray emission in the plasma center
when the intensity of the hard x-ray reaches a critical
value. Because of the toroidal effect of the tokamak,
the structures of the 2/1 mode are usually detected
in the edge Mirnov signals. Furthermore, the proces-
sional frequency of the suprathermal trapped electrons
is calculated with different discharge parameters. The
results indicate that the calculated processional fre-
quency is consistent with the experimental observa-
tions.

The electron fishbone-like modes are observed in
soft x-ray signals (SXR) and Mirnov coil signals. In

this study, the phenomenon is presented and analyzed
mainly with the SXR signals. Three SXR cameras
were installed in port C of EAST, with their arrange-
ment as shown in Fig. 1. For the cameras, the thick-
ness of the beryllium foil is 12.5µm, and the spatial
resolution is 2.5 cm in the central region. The maxi-
mum sampling rate is 100 kHz.[7]
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Fig. 1. The soft x-ray system in EAST. The red lines
indicate the core region where the fishbones are generally
found. Each U and D array has 35 chords that are num-
bered clockwise from 1 to 35. The V array has 46 chords
named from SXC1V to SXC46V.

The poloidal number, 𝑚, is measured using a set of
edge Mirnov probes (cmp1t–cmp26t) localized in the
poloidal cross-section. The toroidal number, 𝑛, is de-
termined by another set of 16 Mirnov probes (MITAB-
MITPA) localized in the vessel.

An example of electron fishbone-like oscillations
appearing in the end of the current ramp-up phase
is shown in Fig. 2. The main parameters of this dis-
charge (#12007) are: plasma current 𝐼p ≈ 300 kA,
central chord-averaged electron density 𝑛𝑒0 ≈ 2 ×
1019 m−3, and toroidal field 𝐵t = 2.0T. The transient
burst electron fishbone-like mode, as shown in Fig. 3,
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is found in ohmic discharge. These internal kink in-
stabilities have an 𝑚/𝑛 = 1/1 structure. The poloidal
harmonic with 𝑚 = 2 is also visible in this shot. Due
to the toroidal effect of the tokamak configuration,
the 𝑚 = 2 sideband mode is commonly detected in
the edge Mirnov probes. The 2/1 mode in the Mirnov
signals correspond to the strong 2/2 mode of the inter-
nal kink mode. It is natural that the Mirnov signals
are usually dominated by the 𝑚 = 2 sideband mode,
since the 𝑚 = 1 internal kink modes have very small
amplitudes on the edge where the magnetic coils are
located. From Fig. 4, it is clear that the impurity con-
tent is high in this discharge. Moreover, the long-lived
modes (LLMs) destabilized by heavy carbon impuri-
ties are also observed. It is unsurprising that the in-
teraction between the plasma and the first wall (the
graphite wall) is intensive during the current ramp-up
phase and can generate a large amount of impurity.
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Fig. 2. The time evolution of the main plasma parame-
ters of ohmic shot 12007. 𝐼p is the plasma current, 𝑛𝑒0

is the central chord-averaged electron density, ECE is the
electron temperature 𝑇𝑒 of the central region, and SXR is
the chord-integrated SXR intensity 𝐼sx 2.7 cm away from
the plasma center.
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Fig. 3. The transient burst of electron fishbone-like in-
stability in 12007: (a) the SXR signal, and (b) the edge
Mirnov signal. The continuous wavelet transform (CWT)
scalogram of (a) and (b) is in (c) and (d), respectively.

In EAST, the CdTe detector array is used to mea-
sure the fast electron thermal bremsstrahlung (FEB)
emission in the energy range 20–300 keV. The FEB
emissions resulting from the collisions between the fast
electrons and the bulk plasma ions provide consider-

able information on the dynamics of fast electrons. On
the other hand, the hard x-ray (HX) emission provides
information on the generation, loss and energy con-
tent of supra-thermal trapped electrons. The peaking
of the HX signal before the formation of an electron
fishbone is clear, as shown in Fig. 5(a). The sudden
decrease in HX signal reflects the loss of supra-thermal
electrons after the burst of electron fishbone-like insta-
bility. The typical frequency chirping of the electron
fishbone-like instability is shown in Figs. 5(b) and 5(c).
However, there is no HX peak just before the forma-
tion of carbon-induced LLMs. The surprisingly longer
timescale of LLMs is significantly different from the
typical fishbone. Again, the LLMs are related to the
higher impurity density.[9]
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Fig. 4. The good agreement between LLMs and carbon
emissions (CIII): (a) SXR signal, and (c) carbon emissions
(CIII). Here, (b) and (d) are the time-frequency plots of
(a) and (c).
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Fig. 5. (a) The intensity of the HX signal reaches a crit-
ical value just before the formation of the e-fishbone. (b)
The edge Mirnov signal, and (c) the frequency chirping of
the e-fishbone.

To study the interaction between the ener-
getic electrons and fishbone modes, the processional
frequency[10] is estimated by the equation

𝜔𝑑 =
𝐸𝑞

𝑒𝐵t𝑅0𝑎
𝐻(𝑘, 𝑠) + 𝑜(𝜀), (1)

where 𝐸 is the electron energy, 𝑒 the electron charge,
𝑎 the minor radius, 𝑠 the magnetic shear, and 𝐻(𝑘, 𝑠)
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is defined as

𝑘 =

√︂
1 + 𝜀

𝜀
cos(𝜃0), 𝜀 =

𝑎

𝑅0
, 𝜃0 = arccos(

𝜗𝑙𝑙

𝜗
),

𝐻(𝑘, 𝑠) = 4𝑠(𝑘2 − 1)− 1 + 2(1 + 2𝑠)
𝐸(𝑘2)

𝐾(𝑘2)
, (2)

where 𝜗𝑙𝑙 and 𝜗 are the parallel and total velocities of
energetic electrons, respectively; and 𝐸(𝑘2) and 𝐾(𝑘2)
are the complete elliptic integral of the second kind
and first kind, respectively. The 𝑞-profile is obtained
by the EFIT code in 𝑡 = 1.80 s, as shown in Fig. 6.
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Fig. 7. Calculation of the processional frequency:
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and pitch angle 70∘ at different energies.

Taking 𝑎 = 0.43m, and 𝐵t = 2.0T for the EAST
shot 12007, according to Eq. (1), the calculated re-
sults are shown in Figs. 7 and 8. The frequency range
of the electron fishbone in 12007 is less than 5 kHz.
From Figs. 7 and 8, the processional frequency in-
creases with the increase in energy and the pitch an-
gle of electrons. Taking 𝜃0 = 70∘ in the hypothesis,
therefore, the 5 kHz frequency of e-fishbone instabili-
ties is probably excited by the energetic electrons with
𝐸𝛾 = 35 keV, with which the calculated processional
frequency is 3.74 kHz. Furthermore, the frequency
chirping of LLMs is related to the evolution of the
𝑞-profile, as shown in Fig. 9.
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the detected experimental frequency of LLMs.

In summary, the internal kink mode is destabi-
lized by the supra-thermal electrons in EAST impu-
rity ohmic plasma. The mode structures are located at
the 𝑞 = 1 flux surface. It is proved that the energetic
electrons with an energy of 35 keV play a dominant
role in the excitation mechanism, and the calculation
analysis shows that the mode frequency is close to the
precession frequency. The frequency chirping of LLMs
is related to the evolution of the 𝑞 profile. However,
the role of impurity in the excitation of LLMs, as well
as the electron fishbone-like mode, is still unclear. The
existence of the magnetic reconnection during the elec-
tron fishbone-like mode process is also unknown.
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