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Abstract
The pellet pacing ELM mitigation concept is being tested in some tokamaks such as ASDEX Upgrade, DIII-D and
JET. By increasing the ELM frequency, the ELM size can be reduced and eventually suppressed to meet the lifetime
requirements on ITER target plates. In the HL-2A tokamak, ELMy H-mode operation is routinely performed and
small type-III ELMs with a high repetition rate and some type-I (or possibly large type-III) ELM events are observed.
Large ELMs are often preceded by strong coherent magnetic oscillations, and produce obvious perturbations on
plasma current Ip , electron density n̄edge at the edge, stored energy WE , etc. The coherent magnetic oscillations
before an ELM crash or during the ELM are measured by toroidal and poloidal Mirnov coils and analysed by the
wavelet technique to study the spectral characteristics of the short time ELM events. Pellet injection experiments
are performed in type-III ELMy H-mode plasmas and ELM-free H-mode plasmas to study the physics of pellet
triggering ELM. The analyses of pellet-induced ELMs and spontaneous ELMs are presented. Because the pellet
size is relatively large, it induces magnetic oscillations lasting longer than that of a natural ELM.
(Some figures may appear in colour only in the online journal)

given in section 3 while a summary and a discussion are
presented in section 4.

1. Introduction
The high-confinement (H-mode) regime in tokamaks, which
was first obtained on ASDEX in 1982 [1], is generally
accompanied by quasi-periodic bursts of particles and energy
known as edge-localized modes (ELMs). Large ELMs may
limit the lifetimes of plasma-facing materials in devices such as
ITER, so it is important to study methods for ELM mitigation,
for example via decreasing the ELM amplitude and increasing
the ELM repetition rate. Pellet injection (PI) has been
developed as a method to rapidly trigger small ELMs [3–5], and
pellet ELM pacing is likely to be used on ITER. Nevertheless,
the mechanism for ELM triggering with pellets is not yet fully
understood [3, 6]. The analysis and comparison of the spectra
of magnetic perturbations and toroidal mode numbers of the
pellet-triggered and spontaneous ELMs in the H-mode plasmas
of the HL-2A tokamak, presented in this work, are parts of
the worldwide effort to understand and, eventually, control
the ELMs.
The rest of this paper is organized as follows. The
experimental conditions and the analysis schemes are
introduced in section 2. The main experimental results are
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2. Experimental conditions
HL-2A tokamak [7, 8] is characterized by upper and lower
closed divertor chambers, with main parameters of major
radius R = 1.65 m and minor radius a = 0.4 m. Auxiliary
heating experiments have been carried out on the HL-2A
tokamak, using an electron cyclotron resonance heating
(ECRH) system, a neutral beam injector (NBI) and a
lower hybrid current drive (LHCD) system. Three heating
methods have been applied on HL-2A to heat the plasma
simultaneously. The nominal heating power is 3 MW ECRH
(68 GHz), 1 MW LHCD (2.45 GHz) and 1 MW NBI. The
fuelling systems include normal gas puffing (GP), screwextruded PI and supersonic molecular beam injection (SMBI)
[9] from the low-field side (LFS) and the high-field side
(HFS). Compared with normal GP, SMBI is found to possess
some advantages of enhanced penetration depth and fuelling
efficiency, reduced surface adsorption of the injected particles
and decreased impurity content in the plasma as well as particle
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