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The Research in Observations and Theory of Magnetar

Giant Flares

MENG Ying!, LIN Jun!?

(1. Yunnan Observatories, Chinese Academy of Sciences, Kunming 650011, China; 2.Center for Astro-
nomical Mega-Science, Chinese Academy of Sciences, Beijing 100012, China )

Abstract: Giant flares (GF) observed from the soft gamma-ray repeater (SGR) are general-
ly believed to take place on the magnetar, a neutron star with an extremely strong magnetic
field (10'° ~ 10 T), and release huge amount of energy (> 103 J) in a very short time
interval (a few tens of seconds). They are thought to be the most energetic phenomenon
in the universe next to the supernova and the gamma-ray burst. Currently, it is usually
thought that the energy driving the GF from the SGR is from the magnetic field in the mag-
netosphere of the magnetar, the eruption is triggered by the catastrophic loss of equilibrium
in the magnetic structure as a result of various instabilities in the structure, and magnetic
reconnection subsequently converts most of the magnetic energy into heat and kinetic energy
of the plasma involved in the eruption. Meanwhile, a small portion of the magnetic energy
is used to accelerate charged particles as well.

In this review, we introduce the physical properties of magnetars and the observations
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of GF on SGR. So far, two types of models for GF exist, including the crust model and the
magnetosphere model, distinguishing from one another by the region where the energy is
stored prior to GF. The former assumes that the energy is stored in the crust of the neutron
star, and the latter assumes that thestorage occurs in the magnetosphere. In the crust model,
a giantflare is caused by a sudden untwisting of the internal magnetic field and subsequently
a large and quick rotational displacement takes place. Alternatively, in the magnetosphere
model, the magnetic energy is slowly stored in the magnetosphere until the system reaches a
critical state and loses the mechanical equilibrium, triggering the eruption. Observations of
the giant flare from SGR 1806—20 on 2004 December 27 showed that it lasted a very short
rise time (0.25 ms). This time interval of the eruption is short compared to the timescale
required for the crust model and is more consistent with the magnetosphere model.

In this paper, some theoretical magnetosphere models are introduced. The magnetohy-
drodynamical (MHD) model for magnetar giant flares in the framework of the catastrophe
model for the coronal mass ejection from the Sun is focused on. In this model, the ro-
tation and/or displacement of the crust causes the field to twist, compress, stretch, and
deform, leading to the formation of a magnetic flux rope in the magnetosphere, as well as
slow accumulation of the magnetic energy in the related configuration. When the energy
and helicity stored in the configuration reach a threshold, the system loses its equilibrium,
the flux rope is ejected outward in a catastrophic way, and magnetic reconnection helps the
catastrophe develop to a plausible eruption. The calculated light curves of SGR 1806—20,
SGR 0526—66, and SGR 1900414 are in good agreement with the observed light curves
of these giant flares. In addition, some MHD simulations about the GF are introduced.
Solving the MHD equations for different initial and boundary conditions, the GF can be
duplicated in the numerical experiment, the evolution of magnetic configuration, including
the current sheet where magnetic reconnection takes place, for the eruption could then be

further obtained in detail.

Key words: MHD; magnetic reconnection; neutron stars; accretion discs; black hole
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