Solar flares: Preflare Phase

SOLAR FLARES are believed to be the result of a sud-
den conversion of a large amount of FREE MAGNETIC
ENERGY, previously stored in the solar CORONA.
The release takes place in a matter of minutes to half
an hour, and the amount of energy involved can be up
to 10%% Joule (103 erg).

It is generally accepted that in the PREFLARE
PHASE this magnetic energy is slowly built up in the
corona, in a matter of hours to days. The sudden release
may then be triggered by the onset of a MAGNETO-
HYDRODYNAMIC (MHD) instability, by “LOSS-OF-
EQUILIBRIUM”, or by other triggers. Solar physicist
have for a long time studied the preflare phase to try
to understand the mechanism for the supposed build of
of magnetic energy, and for a clue of the trigger mech-
anism. The purpose of these studies is to try to de-
velop the tools to identify regions that are likely to flare,
and some day to be able to predict the location, time,
type, and intensity of flares. Moreover, a good physical
understanding of the preflare build-up and the trigger
mechanism is at the heart of understanding the physics
of solar flares as a whole.

Multi wavelength observations of the preflare re-
gions are clearly needed for studying the preflare phase.
These observations suffer from the fundamental diffi-
culty that the defining event — the flare — takes place at
the end of the observing sequence. A preflare observing
campaign therefore often consists of the identification
of a “promising” solar region, and then leaving the par-
ticipating instruments and observatories in a “sit and
stare” mode for as long as it takes. The day-night cycle
for ground based observatories and for earth orbiting
spacecraft, very often frustrates this endeavor. Exper-
iments on the recent SOHO mission (which orbits the
Sun and therefore has an uninterrupted view) have been
quite successful in following regions with a flare promise
for more than a day. Future observations from a fleet
of spacecraft, in Solar orbit and positioned at different
angles from the Sun (the “Stereo” mission) will further
eliminate the two week limit of visibility of any promis-
ing region, due to the rotation of the Sun itself, and
further allow a three-dimensional view of the structures
involved.

In the following section the observational results to
date on flare precursors will be reviewed. After that
the observational signatures for the magnetic energy
build-up, and changes in the magnetic field structure
in preflare regions will be summarized. The article con-
cludes with a description of the basic requirements for
theoretical models of preflare energy build-up and the
triggering of a flare.

Flare Precursors

The categorization of PRECURSORS by Gaizauskas
(1989) will be adhered to here. His definition of a pre-
cursor is a transient event preceding the IMPULSIVE
PHASE, possibly even before the onset, and not nec-
essarily at the site of the flare itself. Sometimes the
frequency of occurrence of minor flares reaches a maxi-
mum just before a major flare. In that case the minor
flares may qualify as precursors.

Homologous Flares

HOMOLOGOUS FLARES are earlier flares in the same
location with similar emission patterns. They occur
most often in periods of frequent flare activity. The
rate of repetition in a homologous series ranges from
a few per hour to several days. There is no consistent
relationship between repetition rate and brightness in
X-ray, optical or microwave emissions. It is expected
that the same flare-producing stress acts on the regions
for hours and days, and indeed it has been found that
homology is clearly correlated with the development of
magnetic shear in an active region, but strict homology
is never realized because of the ongoing evolution of
small scale magnetic fields.

Sympathetic Flares

SYMPATHETIC FLARES are earlier flares in different
locations, but erupting in near synchronism. Soft X-
ray images of the solar corona clearly demonstrate the
existence of multiple links between adjacent, and even
remote, active regions. Along these links a single exci-
tation could, in principle, be transmitted to other sites
and trigger flares. Statistical tests of large samples of
flares have been inconclusive, but the analysis of indi-
vidual cases has shown unequivocally that one flare can
trigger another.

Soft X-Ray Precursors

SOFT X-RAY PRECURSORS are transient enhance-
ments in soft X-rays, lasting for several minutes, that
occur in loops or unresolved kernels at, or close to, flare
sites. Their shape and location may coincide with that
of the subsequent impulsive phase, but that coincidence
is usually only partial. Weak soft X-Ray bursts are of-
ten observed at the time of the projected onset of a
CORONAL MASS EJECTION (CME) associated with
a flare. This may be tens of minutes prior to the im-
pulsive phase of the flare, and the location is usually at
one foot of a large pre-existing coronal arch. The rest
of the arch brightens weakly within minutes, and the
outward motion of the X-ray emitting plasma indicates
a CME has been launched. One interpretation of this
sequence of events is that a small magnetic structure
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Figure 1: Idealized flux profile of a flare detected in
an energy band that senses a distinct impulsive phase
(after Gaizauskas, 1989).

interacts with the large coronal arch at one of its foot-
points (seen as the precursor), destabilizing the whole
structure. This global instability then causes the launch
of the CME and the onset of a flare at one of its foot-
points.

Radio Precursors

RADIO PRECURSORS, most often observed in mi-
crowaves, consist of changes in intensity and/or polar-
ization of microwaves emitted from an active region,
tens of minutes before the onset of a flare. Statistical
studies indicate that radio precursors do not occur for
the majority of flares, although the correlation between
radio bursts and flares is significant. Also, preimpulsive
bursts may have very narrow spectral bands, so that
most are missed by single frequency radio telescopes.
Individual radio precursors observed at high resolution
show morphological transitions of the emitting struc-
tures for tens of minutes through the preflare and im-
pulsive phase, while there are also dramatic changes
in polarization in centimeter wavelengths from minutes
up to an hour before the flare, continuing through the
impulsive phase. These results indicate a preflare reor-
ganization of the magnetic field, but the exact nature of
this reorganization (flux emergence, reconnection, erup-
tion, etc.) cannot be determined from the radio data
alone.

Ultraviolet Precursors

ULTRAVIOLET (UV) PRECURSORS are mostly
small scale transient brightenings above active regions,
and they exhibit a broad range of amplitudes. Some of
the UV kernels coincide with the later flare, but in other
cases the flare may be concentrated in nearby new ker-

nels. Repeated transient UV brightenings have been ob-
served in association with the upwelling, twisting, and
disruption of an active region prominence just prior to
a two-ribbon flare. However, there is not enough statis-
tical evidence to reliably identify a UV flare precursor
against the varying UV background.

Surging Arches

A SURGING ARCH is a transient absorbing feature
visible at wavelengths displaced from the central core
of Ha. Simultaneous red- and blue-shifted components
are also visible from the first appearance of the arch,
but they are not cospatial. The arch is initially straight
in shape (seen from above), expands rapidly, and un-
ravels in multiple strands by the time the associated
flare erupts in the same active region. In a statistical
study of 58 flares it was found that just over half were
preceded by a surging arch.

The common inference from the variety of flare pre-
cursors described above, is that up to tens of minutes
prior to the impulsive phase of the flare coronal plasma
is heated and set in motion by a rearrangement of the
coronal magnetic field. This rearrangement accelerates
from gradual to explosive at the onset of the impulsive
phase of the flare.

Prominence Eruptions and Coronal Mass Ejec-
tions

SOLAR PROMINENCE ERUPTIONS very often, but
not always, precede TWO-RIBBON flares, the most en-
ergetic and long lived flare type. CME’s are also often
associated with a two-ribbon flare. In fact, the extrapo-
lated launch of the CME precedes the prominence erup-
tion and flare in most events, but this launch is difficult
to observe. The time delay between the onset of the
prominence eruption and the impulsive phase is of the
order of minutes, but activity such as enhanced mass
motions inside the prominence, a slow rise of the promi-
nence, and untwisting, can precede the main flare by
hours. Enhanced mass motions in active region promi-
nences are the earliest sign of an impending flare, and
form one of the best flare predictors.

However, not all flares, not even all large ones, have
associated prominence eruptions, and not all promi-
nence eruptions lead to flares. While some observers
claim there are indications for the eruption of a mag-
netic flux tube in all flares, other soft X-ray observers
claim there is ample evidence for a class of flares that
involves the interaction of two or more magnetic loops
without an eruption. What seems clear is that at least
for two-ribbon flares the prominence eruption is direct
evidence for a preflare rearrangement of coronal mag-
netic field, setting the stage for the sudden energy re-
lease that causes the flare emissions.



Magnetic Field Structure and Evolution

The precursors described above are mostly indirect in-
dicators of changes in the coronal magnetic field prior
to a flare. A direct signature of these changes comes
from observation of the magnetic field in the corona
and photosphere. Due to the high coronal temperature
only infra-red lines are really suitable to measure the
magnetic field in the corona, and those have not been
explored sufficiently yet. Observations in soft X-rays
and the UV show CORONAL LOOPS, which outline
the magnetic field morphology. Ha observations show
cool matter in filaments or arches that is either stream-
ing along the field or resting at the bottom of slings in
the magnetic field, thus yielding additional clues for the
magnetic field structure.

Vector Magnetic Field Measurements

More quantitative information can be extracted from
the photospheric magnetic field. Here both the line-of-
sight and the transverse magnetic field component can
be measured in a usually thin layer where the specific
line is formed (see the article on SOLAR MAGNETIC
FIELD: MEASUREMENT & POLARIMETRY). The
three components of the magnetic field then can be de-
duced after removing the sign ambiguity in the trans-
verse magnetic field component, which can be done in
several ways, all based upon plausibility arguments.
These vector magnetic field measurements have been
carried out since the early 80s at several ground-based
solar observatories, and their resolution has increased
with newer equipment becoming available.

The magnetic field in the corona can be calculated
from the vector magnetic field measured at the lower
coronal boundary if one assumes a force-free state for
the coronal magnetic field. This assumption is very
reasonable for two reasons: (1) the observed velocities in
the corona are very low compared to the Alfvén velocity,
and hence the field is quasi-static, and, (2), the gas
pressure in the corona is much lower than the inferred
magnetic pressure. Therefore the Lorentz force cannot
be balanced by either gas or flow pressure gradients
over large areas, and the magnetic field must be close
to force-free. Practical methods have been devised to
calculate a force-free field with known vector magnetic
boundary conditions, although neither the existence nor
the uniqueness of the solutions is guaranteed.

Coronal magnetic fields calculated from the mea-
surements of vector magnetographs show satisfactory
agreement with the above mentioned observed coronal
field morphology. Observations of flare sites prior to the
IMPULSIVE PHASE have confirmed the scenario of a
gradual build-up of FREE MAGNETIC ENERGY, and
yielded several additional clues to the cause of the sud-
den release of that energy. Hagyard (1990) emphasizes

Figure 2: The transverse magnetic field of AR 11
(a) measured by the Marshall vector magnetograph on
February , 198 , at 1 : 2 UT, compared to the po-
tential field direction (b) calculated from a line-of-sight
magnetogram. The region of the largest shear along the
polarity inversion line, between points 0 and 50, will
be the location of a flare about four hours later. The
field of view is 110 by 110 arc sec, and north is up (from
Hagyard, 1990).



the importance of ANGULAR SHEAR, i.e. the angle
between the observed transverse field and the POTEN-
TIAL FIELD that can be derived from the line-of-sight
component of the magnetic field alone. From the anal-
ysis of a sample of only four flares she found that these
flares occurred in an area where the local photospheric
field departed the most from a potential field. For all
flares the magnetic field was strong and the maximum
angular shear was at least 85 , while over an extended
interval of 8,000 to 10,000 km the shear angle was larger
than 80 . It has been claimed that these are sufficient
conditions for a flare, but the exact timing for the en-
suing flares cannot be determined, so exact flare pre-
diction remains an elusive goal. Clearly though, vector
magnetic field measurements represent the most direct
and physical approach towards SOLAR FLARE FORE-
CASTING.

Magnetic Field Comple ity and Evolution

Extreme magnetic complexity has long been recognized
as very advantageous for producing great flares. Com-
plexity in the magnetic field can be present from the
moment the magnetic flux emerges, while in other cases
it is fabricated when several sunspot pairs collide and
interact.

Numerous flares have been observed to erupt in the
vicinity of EMERGING FLUX, while the opposite pro-
cess, FLUX CANCELLATION, has also been shown to
lead to the formation of prominences, and to trigger
their eruption and the subsequent flare. Large flares of-
ten erupt in areas where old and new magnetic flux in-
teract. An empirical rule here is that prior to a flare the
magnetic features of one polarity are increasing, while
nearby features of opposite polarity are decreasing.

CHROMOSPHERIC FIBRILS adjacent to the mag-
netic polarity inversion line usually stretch nearly par-
allel to it, indicating a strong magnetic shear in flare
prone regions, in agreement with vector magnetograph
observations. Rapid SUNSPOT motions and high in-
ferred VELOCITY SHEAR (i.e. a rapid variation of the
magnitude of the horizontal velocity in the horizontal
direction perpendicular to the velocity) are known to
correlate to increased flare activity.

There is no evidence that either complexity, flux
emergence, or cancellation are sufficient conditions for
flares, since all can occur without ensuing flares. What
the above observational results indicate is the impor-
tance of considering the evolution of the magnetic field.
Free (i.e. non-potential) magnetic energy can be trans-
ferred from the photosphere into the corona during the
evolution of the magnetic field, both through shearing
motions of existing magnetic fields and through emer-
gence of new current-carrying field. At the same time
the cancellation of photospheric flux elements can cut
coronal magnetic loops at their footpoints, changing the

connectivity of the coronal field and destabilizing it.

Modeling t e Pre are P ase

The task for the theorist in modeling the preflare phase
that emerges from the description of the observational
results above is clear. In the preflare phase the mag-
netic field evolves quasi-statically through a series of
force-free states in response to slow changes in the pho-
tospheric boundary field. Because of the low electrical
resistivity in the corona ideal MHD may be assumed, so
no large scale reconnection takes place and the field line
connectivity is maintained. The footpoints of fieldlines
are moved around by the photospheric motions, and the
coronal magnetic field adjusts by evolving through ad-
jacent force-free states with identical connectivity. New
flux elements may be introduced to account for the pro-
cess of flux emergence. Flux cancellation may represent
a deviation from ideal MHD at the photospheric bound-
ary, and can be modeled as a boundary change in the
fieldline connectivity and magnetic topology.

The simplest model for flare energy build-up there-
fore consists of calculating a series of topologically con-
nected force-free equilibria, that corresponds to a phys-
ically meaningful series of photospheric boundary con-
ditions (e.g. continuous motions, finite velocities). At
some point in the series the magnetic field may be-
come linearly unstable, and it may be assumed that
at that point a dynamical evolution on a much more
rapid time scale will set in the onset of the flare. The
same response may occur at a point where no adjacent
force-free equilibrium is available, a so-called catastro-
phe point. A detailed discussion of several of such cur-
rently prevailing models is presented in the section on
SOLAR FLARE MODELS.
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(a) Terms defined in this article
preflare phase
precursor
homologous flare
sympathetic flare
soft X-ray precursor
radio precursor
ultraviolet precursor
surging arch
angular shear
velocity shear

(b) Terms that need to be defined elsewhere
loss-of-equilibrium

two-ribbon flare

free magnetic energy

potential field

emerging flux

cancellation of flux
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