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Abstract. We present a broad concept for the build-up to to cause the impending eruption to happen earlier than it oth-
eruptive solar events which needs to be tested in future oberwise would occur.

servational and theoretical research. In this concept an erurkeywords Solar physics, astrophysics, and astronomy

agnetic fields; Photosphere and chromosphere
eruption, a cavity around the filament, and a flare. In our pic%\/I gnetich P P )

ture, the initial energy source must be external to this erup-
tive system but also feed into it. Among all eruptive events )
the common denominator is a filament channel with cancel-l ~ Introduction
ing magnetic fields along a primary polarity reversal bound- L . :

ary. We find that magnetic reconnection at or close to the-(l;he objective in tlrl]lslpipzr IS tE prfesent .the hyp(l)th.eS|s thdat
photosphere is the only interpretation of canceling fields to MEs are causally linked to the formation, evolution an

date that is consistent with observations of filament channelsr.na'nten‘"mce of filament channels, filaments, and filament

This reconnection serves to transfer magnetic flux from theCavity filament magnetic fields. We proceed step by step to

photosphere into the chromosphere and corona along polaféreient t::e_ ratllt_)nales for how and whyé:MEs can be Imkedd
ity reversal boundaries and concurrently initiates the build- ack to their uftimate energy source in dynamics associate

ing of a filament channel. Magnetic flux, in excess of thatwith canceling magnetic fields in the photosphere beneath

needed to sustain the filament channel, goes into building gruptlve eve_nts. L . . .
filament magnetic field that is always aligned with the po- Cancellation of magnetic fields is a graphic observational

larity reversal boundary and the channel magnetic field. Thd€™ defined as “the disappearance of magnetic flux at the

filament magnetic field remains separated from overarching{,“lJtuaI boundary of opposite polarity magnetic figldg" (Mar-
coronal magnetic fields by the magnetic field of the cavity. 1" et al., 1985). The observed canceling magnetic fields can

The magnetic flux being transported upward from the pho-2€ interpreted in several different ways (Zwaan, 1985). We
tosphere/chromosphere carries streams of plasma into tHiustrate how canceling magnetic fields can represent the

corona along the filament magnetic field. However, the ﬂOW_transf?_r |c:jf I!ne;]of—sugjht fleldg in the phothosphere ;0 tratr:s—
ing and counterstreaming filament mass also slowly draing/érse fields in the corona. Observations, however, have been

out of the field and thereby leaves behind new strands of Cavl_acking to fully observe and understand this transformation

ity magnetic field with little or no associated mass. When that is flrj]nde_lmlen(;al tr? the long, SIOV_V build-up to e_ruptme
the build-up of magnetic pressure in the filament and cavity€VeNts that include the components: CMEs, erupting fila-

magnetic fields exceeds that of the overlying coronal |oops,ments, erupting cavities, and flares. Surges, flare waves, and

the coronal loops, the filament and the cavity together beginOther observed phenomena accompanying eruptive flare_s are
an observable slow rise which can last a few hours to manyregarded as secondary associated events rather than primary

days before rapid onset and ejection with a solar flare. WeFOmPONents of eruptive solar events.
suggest that this process can be accelerated by any number

of external triggering mechanisms which serve as catalysts Eggential definitions, clarifications and associations

Correspondence tdS. F. Martin The term “eruptive solar flares” in the title of the 1AU 133
(sara@helioresearch.org) Colloquium book on “Eruptive Solar Flares” (Svestka et al.,
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ity, places known as a “neutral line”, a “polarity inversion”
or a “polarity reversal boundary”. We know that erupting fil-
aments, in particular, originate from specific polarity rever-
sal boundaries that are also within filament channels (Mar-
tin, 1990; Gaizauskas, 1998). We also already know they
only come from filament channels that have reached max-
imum development; i.e. have reached maximum magnetic
shear along the polarity boundary (Martin, 1998). So we
should next address the questions: What are filament chan-
nels and how do we recognize when one has reach maximum
development?

Fig. 1. An empty filament channel is recognized in an Hnage 4 Filament channels

from the Big Bear Solar Observatory. A line is drawn along the A il t ch | be | v defined h | f
division between the opposite polarity network fields. The fibrils llament channel can be l0osely detined as (he volume o

are parallel with the polarity boundary and do not cross it. On eachSPa@ce in which a filament forms and resides and which is
side, and relative to the plagettes, the chromospheric fibrils havddentified by specific features of the photosphere, the chro-
an apparent root end and a more pointed end. On the positive nefnosphere and low corona. Completely developed filament
work side, the apparent root end is in the positive polarity fields andchannels are characterized by three properties itemized be-
the fibrils point toward negative magnetic fields. On the negativelow and also illustrated in Fig. 1.
network side of the filament, the negative polarity is at the apparent 1) The formation of specific filament channels in the chro-
rooted end and the fibrils pointtgwr_:lrds positive polarityfie_elds._ This mosphere have been described by Smith (1968), Martin
pattern re_veals that the magnetic fields have_the same directions 0(1990), Gaizauskas et al. (1997), and Wang and Muglach
the two sides of the f'lamem.Channel and this a'.IOWS us to .deduc?2007). In the chromosphere a filament channel consists of
the sense of rotation of the field in a cross-section of the fllamentfibrils aligned along a polarity reversal boundary. This is the
channel perpendicular to the polarity reversal boundary. . . . :

equivalent of saying that these are locations where the vec-

tor magnetic field is aligned with the fibrils and the polar-
1992) was intended to distinguish events that include a corolty Poundary. In the photosphere, vector magnetograms have
nal mass ejection (CME), erupting filament, erupting cavity Shown that the magnetic field in the photosphere is in the
and flare from simple “confined flares” that are not associatec®@me direction as fibrils in the chromosphere within the ac-
with this combination of associated events. The term “CME” €uracy of the resolution of the magnetograms which, in most
has been used by some authors to refer to the whole physicR€Vious observa_tlons, has been less than the resolution of
system including the CME (coronal front of an event), the He images (Martin, 1990, 1998). _
erupting filament, erupting cavity and the flare (review by 2) In the low corona, small loops parallel with the polar-
Forbes, 2000) although CME originally meant only the coro- Ity réversal boundary, and not crossing it, are the evidence
nal event originating from coronal loops without associatedthat the channel in the photosphere and chromosphere also
events. Regardless of the choice of definitions, there has beefitends into the low corona (Wood and Martens, 2003).
recognition, for over a decade, of close associations between 3) No fibril crosses the polarity reversal boundary. This
CMEs, erupting filaments, filament cavities and flares. ForiS the equivalent of saying that no magnetic field lines from
the purpose of presenting our concept we will assume thafctive region or network magnetic fields cross the polarity
the associations between these events is nearly 100 percefoundary in the magnetic shear zone around the polarity re-
Then it is easier to recognize that all of these events are partéersal boundary, in the chromosphere above, or within fila-
of a single magnetic system that can erupt. If this assumptiofents.
is true, we must look outside of this system to find the true A smoothed schematic representation of the general mag-
cause of eruption of the whole system. netic field of a filament channel is given in Fig. 3 of Martin

et al. (1994). As deduced from chromospheric filbrils, the

magnetic field direction smoothly changes from upward on
3 Common denominators among CMEs, flares and one side of a polarity reversal boundary to horizontal along

erupting filaments the polarity reversal boundary and to vertically downward on

the other side of the polarity boundary.
One question we should ask is: what have CMEs, flares and Filament channels are apparently relatively stable against
erupting filaments in common? The answer is known. All of magnetic reconnection above the photosphere as there are
these events, individually and as a system, are located aboweo oppositely directed magnetic fields that come into con-
and around places where the magnetic field changes polatact before an eruptive event except at the photosphere where
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flows drive the photospheric footpoints of opposite polarity density regions such as the chromosphere or corona where
fields together. The zone of horizontal field in the middle of known types of reconnection proceed very rapidly. Third,
the channel exists in the photosphere, in the chromospherthe configuration of the magnetic field in the chromospheric
(Fig. 1) and in the corona to the sides of filaments. In ac-and coronal parts of filament channels is not favorable for re-
tive regions, the zone of horizontal field extends vertically connection because the magnetic field rotates smoothly, be-
from the photospheric polarity boundary to at least the toping upward on one side of the channel and downward on the
of the filament spine. For the most quiescent filaments, theother side. Hence the magnetic field of a channel is more re-
horizontal zone only exists where opposite polarities meetsistant to reconnection in the chromosphere and corona than
It does not necessarily include the space between the netn the photophere where the field is driven by flows.
work cell boundaries. The significance of filament channels Reconnection at the photosphere can be slow, relatively
is that their magnetic fields deviate substantially from a po-steady, and without visible effects. Reconnection in the chro-
tential field configuration. Therefore, filament channel mag-mosphere or corona is more intermittent and energetic with
netic fields represent locations on the Sun where energy isonspicuous flaring as a result of particle acceleration and
being stored continuously. heating. Because of these differences, cancelation is not
The evolution of filament channels shows evidence of theirthought by us to be the direct cause of flares. Rather, can-
accumulating energy in the photosphere, chromosphere anceling fields build filament channels and filament channels
low corona. During a CME the photospheric and chromo-happen to be an environment in which flares can occur under
spheric part of the channel reveal little evidence of chang-certain conditions.
ing configuration. Hence, these layers of the filament chan- Other interpretations of the apparent disappearance of
nel apparently do not give up much energy during a CME.magnetic flux were discussed by Zwaan (1985). One was
Therefore, we deduce that the coronal part of the channesimple submergence. Another was upward retraction of U
is the primary site where energy is stored and later releasetbops. Yet another was magnetic reconnection above the pho-
during eruptive solar events. The coronal part of the chantosphere. None of these interpretations is consistent with our
nel includes not only the magnetic field and plasma associdata on filament channels. It is important that the observa-
ated with the filament and filament cavity magnetic field, but tions show that (1) the motion of the canceling fields are per-
also low coronal loops next to and parallel with filaments aspendicular to the direction of the polarity reversal boundary
seenin 174, and 1954 images from the EIT experimenton and that (2) the local field direction is nearly parallel to the
SOHO (Wood and Martens, 2003). local polarity reversal boundary. This is consistent with a
The big unanswered question is: how do the coronal partdack of prior connection beneath the photosphere and hence
of the filament channel store energy? We look to the mag-Joth options of simple submergence and emerging U loops
netic fields in the bottom of the filament channel to see whatare unlikely. Both require the prior existence of magnetic
filament channels have in common. We find that all filamentfield joining opposite polarities; these would necessarily cut
channels with filaments also are sites where magnetic field@cross the magnetic fields of the fibrils in the filament chan-
are canceling. nel. To our knowledge no evidence of such field or structure,
cutting across the polarity reversal boundary in a filament
channel, has been observed in low or high quality observa-
5 Canceling magnetic fields tions acquired to date, except during small or large flares.
The interpretation of magnetic reconnection above the
Litvinenko (1999), Litvinenko and Martin (1999), Litvi- photosphere also does not adequately explain canceling mag-
nenko and Wheatland (2005), Litivenko et al.. (2007) reasometic fields. Evidence of such reconnection does occur fre-
that magnetic reconnection near the photosphere accountguently during solar flares of all sizes. However, observa-
for canceling magnetic fields as well as the concurrent for-tions clearly show that flare loops do not submerge; succes-
mation of filament magnetic fields. Also according to sev- sive loops increase in height. Additionally, the time scale of
eral filament formation theories, magnetic reconnection asfeconnection above the photosphere is too fast. Thus, of the
sociated with canceling magnetic fields, converts short fieldpossibilities suggested and depicted by Zwaan (1985), only
lines into longer field lines (Bogdan and Rompolt, 1986; van magnetic reconnection at or very close to the photosphere
Ballegooijen and Martens, 1989; Martens and Zwaan, 2001)is consistent with the overall magnetic configuration of fila-
The interpretation of reconnection at or near the photospherenent channels.
is consistent with a number of theoretical and observational Consistent with the above references, in our view, cancel-
considerations. First, reconnection is most likely to occuring magnetic fields are the single visible manifestation of
at the temperature minimum (Litvinenko, 1999). Secondly,a process by which line-of-sight magnetic flux is extracted
along filament channels, there is an absence of conspicurom the photosphere and stored first in the fibril fields of
ous brightening; this is consistent with reconnection takingthe chromosphere and the extension of some of these fibril
place in a region of high density where the reconnection proields into the corona. When the condition of maximum mag-
ceeds very slowly and inconsistent with occurrence in lownetic shear is reached in a filament channel, the magnetic flux

www.ann-geophys.net/26/3061/2008/ Ann. Geophys., 26, 3836-2008



3064 S. F. Martin et al.: The link between CMEs, filaments and filament channels

STAGES IN THE DEVELOPMENT OF A CME

I CME + Erupting Filament + Cavity + Flare ‘

Expanding Coronal Loop System ‘
|

’ Increasing Cavity Magnetic Field ‘
’Filament Magneﬁ]c[ Field Fonnaﬁon‘
‘ Filament Chalﬂ]el Formation ‘

’ Canceling Nllagnetic Flux‘

‘ Solar Convection + Active Region Evolution ‘

Fig. 3. Diagram of observed and inferred stages in the build-up to
eruptive events beginning with the lowest block and proceeding in
approximate sequential order to the eruptive event represented at the
top. The process can continue through a series of eruptive events
until the canceling flux ceases or falls below an assumed critical
Fig. 2. A thread model schematic of how we interpret the observedlevel.

canceling magnetic fields. White represents positive polarity and

black is negative polarity. Cancellation is interpreted as magnetic .
reconnection near the photosphere in which the line-of-sight mag£0rona, then we conclude that there must be many older fila-

netic field in the photosphere is transferred to horizontal magnetionent threads along which mass is no longer flowing. In our
field in the corona. The filament spine forms along the resulting picture there is a relationship, yet to be quantified, between
horizontal component of the field in the low corona and betweenthe amount of magnetic field that is cancelled and the amount
the more vertical opposite polarity magnetic fields. of magnetic flux stored in the chromosphere and corona.
This magnetic field built up in the corona during the life-
time of filaments (Lin et al., 2005), in our view is mostly
from the canceling magnetic fields is converted to primarily the magnetic field that has canceled during the lifetime of
transverse fields in the low corona along the polarity reversap filament and possibly during the development of the fila-
boundaries. The process is illustrated in Fig. 2. At this stagement channel. Eventually, it is inevitable that the magnetic
the fields are necessarily pushed together sideways by phdield of the filament and cavity would rise (Filippov et al.,
tospheric motions after a filament channel has formed. Thi2005) and come into balance with the overlying coronal ar-
illustrates why filaments lie along polarity reversal bound- cade field. Thereafter, the filament and cavity magnetic field
aries; filaments are dependent on and confined by the mageXert continuous outward pressure on the overlying coronal
netic field geometry of the filament channel. arcade. The coronal arcade then begins a very slow rise that

This photospheric reconnection process is also capable dfan 1ast at least four days (Hundhausen, 1999) and similarly
lifting mass into the low corona (Litvinenko et al., 2007). for the filament below (Joshi and Srivastava, 2007; Martin

The mass does not necessarily stay in the corona: it merel§t @ 2006). Eventually the coronal arcade can no longer
flows along the magnetic field (Lin, 2002, 2004; Lin et al., SUPPress the filament and cavity magnetic field and the ris-

2003, 2005, 2008). The flows are bi-directional and are in-INng magnetic system then begins to accelerate until the more
terleaved on a small scale. The collective process of flow<Lataclysmic reconnection of a solar flare further boosts the
is known as “counterstreaming® (Zirker et al., 1998; Lin et outward acceleration of the rising system. The filament, cav-
al., 2003). There is no evidence, in the cited high resolu-ty @nd overlying corona act as a single system rising and

tion studies, of deceleration or reversal of direction of mass€ruPting together. One does not cause the other nor is the

flows along filament threads. Hence, in quiescent conditions€"UPtion caused by the flare. Rather all are a consequence

reversals in the direction of mass flows are not taking place®! the 10ng slow build-up of magnetic flux being fed into the
in the coronal parts of filaments. It is not known whether cOronal magnetic system from the filament channel.

the flows reverse direction after flowing into the chromo-

sphere/photsphere interfaces or whether all flows are newly

initiated concurrently with each of many tiny reconnections

at the photosphere. If all flows are newly initiated along mag-

netic threads, newly elevated from the photosphere into the
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