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Observation of chaotic ELMs in HL-2A tokamak∗
Huang Yuan(黄 渊)† , Nie Lin(聂 林),
Liu Chun-Hua(刘春华),

Yu De-Liang(余德良),

Feng Zhen(冯 震), and Duan Xu-Ru(段旭如)

Southwestern Institute of Physics, Chengdu 610041, China
(Received 13 September 2010; revised manuscript received 20 November 2010)
The high confinement mode (H-mode) operation is recently obtained in HL-2A divertor configuration, the corresponding edge localized mode (ELM) is recognized as being of type III. Time intervals in ELM time series are analysed
to obtain the information about the ELM process. Signatures of unstable periodic orbits (UPOs) are detected, which
are indicators of chaos and may be used to control the big ELM events.
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1. Introduction
Since the ELMy H-mode[1] was discovered at the
ASDEX in 1981, the H-mode has also been realized in many tokamaks. The edge-localized mode
(ELMs)[2] are usually detected by distinctive spikes in
the deuterium-alpha (Dα ) radiation and are easy to
find particularly by detecting the Dα emission from
the divertor region. ELM event is a direct and obvious evidence of H-mode operation, which features
the repetitive bursts[3,4] of megnetohydro dynamics
(MHD) activities and the increased edge plasma transport that occurs under certain conditions, therefore removing particles and impurities from the core plasma
and resulting in pulsed release of up to 10 percentage of the stored plasma energy. Even though the
ELM has a degrading effect on the plasma confinement, it can help to sustain stationary and clean Hmode plasma for a longer time by controlling plasma
density and exhausting impurities. With the achievement and database of H-mode operation in about 30
years, ITER (international thermonuclear experimental reactor)[5] is being designed and will be the first
tokamak device to demonstrate the scientific and technological feasibility of fusion energy for peaceful application. Its basic operational regime[6] is the ELMy
H-mode, in which ∼ 500 MW power could be produced
through the D–T fusion reaction with power amplification factor Q ∼ 10 for 400 s. Dimensional analysis, experiment and modeling all predict that transient heat
load exceeds the limit of materials used in ITER di-

vertor by at least one order of magnitude during a
type-I ELM of ITER H-mode. The consequence will
be rapid erosion of the divertor target, core plasma
pollution and increased disruption frequency. Therefore, ELM loss has been considered as an important
and urgent issue in ITER. It is absolutely necessary
that ELM be eliminated or mitigated in ITER. As prerequisite work, extensive studies of ELM dynamics[7,8]
and models/theories of ELMs[9] have been made for a
reliable prediction of ELM loss and how large the fraction of the ELM loss flowing to the target plates is in
ITER.
Several types of ELM behaviours,[10] especially
type-III and/or type-I ELMs have been commonly observed in most tokamaks. Generally, type-I ELMs are
associated with peeling-ballooning modes and type-III
ELMs with resistive ballooning modes. Type-I ELMy
plasmas have good confinement properties, the ELM
frequency increases linearly with the heating power
and the ELM loss is usually large. Compared with
type-I ELMy plasmas, type-III ELMy plasmas have
worse performances, smaller ELM loss and the ELM
frequency decreasing with the heating power. ELM
loss is inversely varied with the increase of ELM frequency, so the pellet pacing and the external resonant magnetic perturbation (RMP) have been investigated to mitigate or suppress the ELM by increasing
ELM frequency. Another method for supressing typeI ELMs was first introduced by controlling unstable
periodic orbits (UPOs) of the ELM time series, which
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