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minutes. We now know that it was a so-called “White-Light Flare”. Before the launch of
space-telescopes, flare observations were limited to a few optical spectral lines, especially
6563 A, with the famous name of the He line. One of the reasons is that Ha is very strong
among all the Fraunhofer lines. During a flare, it becomes an emission line. Therefore, even
for a weak event, the flare emission in He is very prominent compared to its background
and is therefore easy to detect.

When a large flare occurs, the total energy released is as much as 10%° to 1026 J
(Lin & Hudson 1976). At the time as the Ho enhancement, the flare energy release can be
detected anywhere in the entire electromagnetic spectrum, as well as in energetic particles
(protons and electrons) and mass flows. Solar flares are not isolated events. Contrarily, they
are very complicated and always associated with other activities, such as filament eruptions
and CMEs. Figure 1.3 (Golub & Pasachoff 1997) shows a typical time profile for a solar
flare. Basically, there are three stages of energy release. The first one is the precursor, in
which the magnetic energy is built up and triggered. Soft X-ray and Ho emissions start
to appear. After the precursor follows the impulsive phase. This is the major part of the
flare. The y-ray, hard X-ray (HXR), radio waves and visible light are emitted impulsively.
The last step is the decay stage. The gradual decay of soft X-rays is the primary signature
of the decay stage. The relationship between different emissions as a function of time will
be discussed in detail in Chapter 2. Before that, one important aspect should be addressed,
which is called the “Neupert Effect”. It has been found that the rise phase of the soft X-
ray emission closely resembles the time integrated hard X-ray emission (Neupert 1968).
The Neupert Effect has been proven by statistical studies and explained well by numerical
models (Dennis & Zarro 1993; Veronig et al. 2002). This has led to the suggestion of a
causal relationship between the non-thermal and thermal emission. However, a quantitative
description of the Neupert effect is still unavailable (Golub & Pasachoff 1997).

In general, flares can be classified by the area of the flare brightening (the impor-

tance classification) or by the soft X-ray flux (X-ray classification) observed, for exam-



ple by the Geostationary Operational Environmental Satellite (GOES) within the bandpass
of 1-8 A. Table 1.1 and Table 1.2 list the importance classification according to the cer-
tain limitations (Tandberg-Hanssen & Emslie 1988) and the soft X-ray flare classification
(Golub & Pasachoff 1997). Figure 1.4 gives an example of a series of solar flares observed
by GOES soft X-ray detector.
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Figure 1.3 Light curves in different wavelengths during a “typical flare”. x-axis denotes
the time (minute). Adapted from (Golub & Pasachoff 1997)






1.2.2 Magnetic Fields and Solar Flares

Magnetic fields are present almost everywhere in the solar atmosphere. Their distribution

is very complicated and can be divided into three types:

1. Active region magnetic fields, centered with sunspots, are the strongest fields. In
the center of a sunspot, the field strength will be as high as a few thousand gauss.
Most magnetic fields in active regions are bi-polar configurations. The field strength

decreases as the height increases from photosphere to corona.

2. Similar to the Earth’s dipole magnetic fields, solar magnetic fields can also be de-
tected in the polar regions. However, the origin of this fields is not the same as on
Earth. In the Sun, they only concentrate around the polar regions and are not sym-
metric. In addition, the electrical conductivity o of the solar atmosphere is very
high, resulting in a time scale of about 11 years for the evolution of polar magnetic
fields (Leighton 1964; Devore & Sheeley 1987; Sheeley et al. 1987). This means that
the field lines are constrained around the solar surface rather than originate from the

inside.

3. Besides the magnetic fields in active regions and polar areas, other fields are en-
countered as network magnetic fields and intranetwork magnetic fields. Intranetwork
magnetic fields are spatially the smallest magnetic features and only have 5 to 25 G
measured flux densities (Livingston 1975; Wang et al. 1995). Only the flux density
can be measured instead of field strength because the filling factors are unknown.
Network magnetic fields are larger and stronger. Their strengths range from 20 to
200 G and can last more than a day (Keller et al. 1994).

Most of the solar dynamical phenomena are closely related to the presence and evo-
lution of magnetic fields (Wang 2001). Particularly, solar flares are thought to be powered

by the stored magnetic energy. Observations have shown that flares mainly occur in large
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sunspot areas with highly complex magnetic configurations. Based on magnetic classifi-
cation of sunspot groups by Kiinzel (1960), 6 spots produce more flares than others. The

flare released free energy can be expressed as

AE = E — E,, (1.11)

E=%///ﬁm (1.12)
%:%///@w (1.13)

where B is the actual magnetic field of the flaring area, Bf, is the potential field, and v is the
flaring area. Apparently, the nonpotentiality of magnetic field is proportion to the amount
of energy released during a solar flare.

Magnetic shear is defined in terms of the angular difference between the azimuth
of the potential transverse field and the observed field (Hagyard et al. 1984). It is closely
related to the nonpotentiality. There are several ways to form a large magnetic shear (Wang
1997): (1) relative shear motion. (2) collision of opposite polarities. (3) new flux emer-
gency. Harvey & Harvey (1976) first reported strong horizontal shear motions in chro-
mospheric flare regions. More recently, Yang et al. (2004) found specific evidence of strong
shear flows along the magnetic neutral lines, which are closely related to a X10 flare (see
Figure 1.5). Deng et al. (2005b) extended Yang’s work using a more comprehensive data
set including white-light, near-infrared (NIR) and G-band observations covering the same
event. The results show that the shear flows in the deep photosphere are much stronger
than the flows in higher atmospheric layers, i.e., the shear flows most likely originate the
photosphere or below.

Once free energy is built up, it can be triggered to release and then power the activity
seen in the solar corona such as flares and CMEs (Metcalf et al. 2005). This release stage
is believed to originate from magnetic reconnection, in which a large amount of magnetic

free energy is released and a closed loop is formed (Ding 2003a). The most popular picture






