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The Catastrophe Theory and Applications to the Solar Eruption and
Other Research Areas of Astrophysics
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Abstract: This work introduced and discussed the development of the catastrophe theory and
model of solar eruptions and the related works. Solar flares, eruptive prominences, and coronal
mass ejections (CMEs) are three different manifestations resulted from a single energy release
process during the solar eruption. Any theory that attempts to explain the solar eruption needs
to account for the energy driving the eruption, production of solar flare, eruption of prominence,
and propagation of CME including large amounts of mass and magnetic flux in the outermost
corona and interplanetary space. The fundamental base of observations for establishing such a

theory and the associated model was addressed in the present work.

It is well accepted that the energy driving solar eruptions is stored in the coronal magnetic
field beforehand. Unceasing mass motions in the photosphere continue to displace the footpoints
of the coronal magnetic field rooted in the dense photospheric plasma, building stress and thus
the energy in the corona until the stored energy reaches a threshold. In this stage, the system
evolves through a series of equilibrium configurations in the quasi-steady state, and the motion of
the photosphere could be either shearing, or converging, or twisting, or emerging of new flux from
the photosphere, or interacting of one magnetic configuration with others nearby, or combining
of all these processes.

The evolution after the stored energy exceeds the threshold turns from quasi-steady to dy-
namic, and the stored energy is released in a violent fashion as a result of the loss of equilibrium
in the system. The transition of the evolution from gradual to violent constitutes the catastrophe
according to the standard theory of the catastrophe.

The loss of equilibrium stretches the closed magnetic field so severely that the field is effectively
opened and produces a current sheet that separates the fields of opposite polarity. Magnetic re-
connection invoked by various plasma instabilities inside the current sheet diffuses magnetic field
and converts the magnetic energy into heat and kinetic energy of the plasma, and the fast-particle
kinetic energy, and allows the catastrophe to develop smoothly to a plausible eruption. Part of
the released energy accounts for solar flares that basically show as bright growing flare loops in
the corona and bright separating flare ribbon on the solar disk, and another part is responsible

for various mass flows, including propagations of CMEs and fast particles. Therefore, solar flares
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are intrinsically related to CMEs, and the more energetic the eruption is, the more apparent the
relationship is, although the fashion of the energy partition is still an open question.

Investigations of the loss of equilibrium and the catastrophe, as well as the consequent evo-
lution in a magnetic structure indicate that magnetic reconnection is not a necessity for the
triggering of the eruption; the loss of equilibrium itself could be a pure mechanical process with-
out being involved in any dissipation of magnetic field. To allow the catastrophe to smoothly
develop to a plausible eruption, on the other hand, magnetic reconnection is required to diffuse
the magnetic field at a reasonably fast rate, otherwise the catastrophe is prevented from further
developing and the evolution in the system will eventually be stopped. Fast reconnection dissi-
pates the magnetic field quickly and sends the reconnected plasma and magnetic flux downwards
to the Sun and upwards to the outermost corona and interplanetary space, which are responsi-
ble for the growing flare loop system and the CME bubble that is observed to expand rapidly,
respectively.

Considering the fact that most of the universe is in the form of plasma threaded by a magnetic
field, we realize that the process of energy transportation and conversion happening in the solar
atmosphere may also occur in other places of similar environment, for instance, in the black hole
and accretion disk system. In a thick disk, plasma motions due to the differential rotation and
instabilities result in deformation of the magnetic field as taking place in the solar atmosphere,
and the energy accumulation in the corona. The catastrophe occurring in the coronal magnetic
field is very likely to account for the episodic jets that are usually observed in the black hole and

accretion disk system.

Key words: flares; eruptive prominences; CMEs; magnetic reconnection; MHD theories and

models; plasma instabilities; Black hole accretion disk jets
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