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Figure 103. Mass motion along filament 3 as seen in 6563.4
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The dense endpoints of the filament threads even at the far wing may suggest that
that the mass is coming from deeper into the chromosphere. Hence, further
observations in additional wavelengths to look at lower into the chromosphere or
into the upper photosphere are required to trace the mass to its point of origin.

The mass going into and coming out of the filament endpoints, as seen in the
sequences of images above, are definite proofs for injection and draining of mass via
the endpoints of the filaments. The sequence of images in Figure 102 shows that the
process of mass going in and coming out via the filament end points is similar to that

via the ends of the chromospheric fibrils.
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CHAPTER 5

LINKING THIS WORK WITH A MODEL

An attempt is made to relate the study of three active region filaments with models
that depict the filaments, prominences and their magnetic field. The research is
limited to a few models that can be related to the observational features of
filaments.

Archontis & Torok (2008) created a filament eruption model that depicts the
magnetic flux ropes or twisted magnetic field lines emerging from below the
photosphere and expanding into the corona to simulate the eruption. The filament is
made to rise up by applying a density perturbation to the flux ropes. The flux ropes
uses the principle of buoyancy and a low a plasma 3 value. The magnetic pressure,
density of the atmospheres through which the ropes rise and the twist of the flux
ropes are parameters in the model that can be controlled. The rising magnetic
structure has three components - field lines in the corona forming an ambient field
for the flux ropes, two sets of field lines oppositely directed, one going downward
and the other upward; these ropes reconnect midway. A set of flux ropes situated
below the axis of the flux ropes that make the coronal field have convex shaped dips
that contain plasma suspended in them. Many models consider such dips as one of

the criteria for holding a filament in place (Aulanier et al. 1998; Demoulin et al.



1989; Priest et al. 1996). The dips have not been seen in the present observations.
However, when the ropes rise up into the atmosphere from below the photosphere
the plasma also rises up with the ropes. This feature of emergence of plasma from
below the photosphere into the atmosphere of the Sun by the buoyant forces means
that the mass should appear to come out of the surface as floating blobs. In the
observations performed on the active region filaments in the region N37W28, the
northern end of the filament 3 shows a behavior that may be thought to be
compatible with the flux rope model of Archontis & Torok (2008). The mass does
not appear to be “getting fed” into the filament threads from the endpoints which is
the characteristic feature seen in the endpoints of filaments 1 and 2; this feature is
also seen in the southern endpoints of filament 3 but distinct endpoints that injects
mass into the filament are not seen in north end of filament 3. However, this may
also be due to a lack of apparent density of the outflowing mass near the ends.

The action of mass getting lifted from below the solar surface was also
depicted by Priest et al. (1996). The field lines are carried up to the surface by
convection currents below the photosphere. As they rise, they reconnect to form
longer field lines; they come close together to the neutral line forming the filament
channel. Some of the magnetic footpoints are carried to the ends of the PIL where
they reconnect; some of them cancel and mass is fed into it to form the filament. A
schematic of how this might happen is shown in Figure 104. Their (Priest et al.
1996) model predicts that during the reconnection of the opposite magnetic
elements, the field lines carry mass as they rise into the atmosphere after

reconnecting. The mass spreads along the field line once it has risen, some of the
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mass spills from the field line maxima producing the redshifts often observed due to
mass flowing in the opposite direction from the line of sight. Since the endpoints in
the southern part of filament 3 is not seen but the mass motion still occurs, this
mechanism can be thought of being the cause. However, because at the footpoints of
the filaments 1 and 2, and northern ends of filament 3, there are no reconnecting
ends appearing to lift up mass as depicted in (c) of Figure 104, this is not considered
to be consistent with the observations. Also, if the red shift is considered to be due
to draining of the mass that was lifted by reconnecting threads, the continuous

emergence of blue shifted mass is difficult to explain.

P(xy,2)
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(c) Null point forms (d) Reconnection and mass rise

- ¢

(e) Mass spreading (f) Reconnection complete

Figure 104. Illustration of lifting of mass during reconnection of magnetic field in the
filaments (Priest et al. 1996)

Archontis & Torok (2008)’s flux rope model also considers the reconnection

of oppositely directed ropes in the middle region from where the upward and
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downward ropes are located. This feature is not of high significance in the model;
however, the property itself seems highly likely. In the observations, we see both
blue shifted and red shifted mass motions occurring throughout the body of the
filament with dark filament endpoints seen in both blue and red shifted Doppler
images. Although the DOT images are high resolution images, reconnection of the
oppositely directed threads are not observed. The reason for this may be that the
threads are not resolved or due to a lack of consistency in the clarity of all the
images. However, the mass going into and coming out of the filament ends on the
two ends of the filament in the blue and red shifted images occur simultaneously
making it logical to think that both filament threads may be merging along the body
of the filament.

Archontis & Torok (2008) measured the erupting flux ropes with respect to
the time and also calculated the velocity, in two scenarios - one without an ambient
coronal magnetic field and second, with the ambient coronal magnetic field. The
black curve in Figure 106 shows a linear change in the increase in height of the
erupting flux ropes with respect to the time in the absence of an ambient field. The
red curve shows the relation of height with the time of the erupting ropes in the
presence of a coronal field. A preliminary analysis using the DOT data of the
erupting filament 2 was made and the height of the eruption was measured from
time to time. Figure 107 shows the time evolution of the erupting filament with the
height. The result is comparable with Figure 106, in the sense of the initial slow rise
phase and the later fast rise phase. However, further investigation is necessary to

accurately determine the reason for the difference in shape in both the graphs.
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Aulanier et al. (1998) used the linear force free equations to model the
evolution of Ha prominence feet. The feet are assumed to lie in minority polarity
fields. The magnetic field of the minority polarity regions of an observed filament

channel is used as parameters in the model and also the motion of the minority
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Figure 105. Height of eruption with respect to time in the presence of an ambient
coronal field (red curve) and in the absence of it (black)
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Figure 106. Measurement of the evolution of the height of the erupting filament,
filament 2, with respect to time
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pockets are simulated. Their model depicted a quasi-separatrix layer around the
feet of the prominence which was similar to earlier observations of a filament in Ca
II by Mein et al. (1997) showing faint brightening near the endpoints. These
brightening are thought to be due to the release of energy, similar to the energy
release in flare ribbons during which the quasi-separatrix layers are known to be
present, but at a low level. Their model also confirms the orientation of the fibrils
and the global shape of the filament. The filament used for their model is a quiescent
filament. The active region filaments studied here show very little resemblance in
terms of the properties of feet of the filament mentioned in their model, in the sense
that they lie on the borders of the majority polarity regions. Also, the line of sight
magnetic field must be determined from the magnetograms in order to consider
linear force free fields. The quasi-separatrix layer near the feet of the active region
filament 1 may be computed to relate to the values obtained for a quiescent filament
and also if this corresponds to the plage brightening between 15:45 and 16:50 UT
near filament 1.

Further observations of the photospsheric magnetic field are necessary to
determine the relation between the inflow and outflow of mass via the filament
endpoints and the cancelling magnetic field. Using values of the line-of-sight
magnetic fields, the rate of cancellation of the fields can be obtained. The velocities
of the inflowing and outflowing mass near the footpoints can be found using time-
slice diagrams and compared with the rate of flux cancellation. This can be
compared with the results obtained using the flux pile-up model by Litvinenko et al.

(2012).
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Models by van Ballgooijen & Martens (1989) and Martens & Zwaan (2001)
consider the shearing motion, convergence of fluxes and reconnection along the axis
of the filament channel for the filament to form. While the threads are seen merging
in filament 3, mass motion doesn’t appear to be happening along a twisted or helical

path, which is considered as mandatory for filament formation by these models.

Recommendations for Future Models

The following are some of the important points extracted from the study of the
active region filaments of Oct 30, 2010 present in the region W28N37 on the Sun
that may be utilized in an active region filament model.

1) The mass motion from end to end along the filament body is continuous.

2) Multiple endpoints are present for an active region filament.

3) The endpoints of the blue wing and red wing filament threads lie close to each
other. Exactly overlapping endpoints were not found. The minimum distance
between the red and blue wing feet was observed to be 2”.

4) Most of the endpoints of the filament threads lie near the borders of the majority
polarity region. On occasion, a minority polarity exists near the feet but the feet of
the filaments are not seen going into the minority polarity. Some of the filament
ends lie on top of the majority polarity also.

5) Emergence of mass from the filament ends in the blue wing images and mass
going into the filament end points in the red wing are clearly observed. Continuous
mass motion as a support mechanism for filament may be considered as suggested

in Karpen et al. (2001).
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CHAPTER 6

SUMMARY

This thesis is a study of the mass motions in three filaments with attention to
determining sites where mass enters and leaves the filament. The data suitable for
this purpose was found among Ha multi-wavelength observations obtained using
the Dutch Open Telescope (DOT) during 2010 by Sara Martin and team. The data
consists of images of an active region on the Sun containing three filaments at the
heliographic coordinates N37W28. The images are recorded every 30 seconds at
centerline Ha and at 3 discrete steps of wavelengths in each wing of Ha.

The data processing consisted of aligning DOT images of each wavelength in
the wings of Ha using a semi-automated program called Helioviewer developed at
Helio Research, a solar research organization in southern California. Movies were
made from the aligned images using GIMP, an open-source image processing tool.
Frames that revealed mass entering and leaving the ends of the three filaments were
selected by studying the dynamics of the filament structure. The footpoints were
then marked at the ends of the filaments in these frames. The magnetic properties of
the footpoints were studied by aligning each of the selected frames with the
magnetograms by first aligning both DOT and magnetogram images with a common
full-disk Ha image.
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The results of this study are:

1)

2)

3)

4)

It was found that the filament 1, which was between the most concentrated
plage, had distinct footpoint on each end of the filament with mass coming
into and going out of the filament throughout the five hours and forty five
minutes of the observations. This continuous mass flow from each end
accounts for the counterstreaming observed in the filament.

Filament 2, northeast of filament 1, had less distinct end points. It merged
with filament 1 about 2 hours after the beginning of the observations. It also
slowly erupted after merging with filament 1. Filament 3, west of filament 1,
was in the early stage of formation during the interval of the observations. It
had less distinct endpoints than filament 1 at the south end and no
identifiable endpoints at the northern end.

Mass going into and out of the chromospheric fibrils was found to be similar
to the mass motions flowing into and out of the filaments.

39% of the footpoints were found to be lying on majority polarity regions,
33.5% were found to be lying on the borders of the majority polarities, and
the remaining were in areas of mixed polarity. This result is inconsistent with
previous observations where the filament spine endpoints and barb
endpoints were found to be in minority polarity or in between majority
polarity and minority polarity magnetic fields. However, this inconsistency
might also be due to the low magnetic sensitivity and/or low spatial
resolution of the HMI instrument. This might account for the absence of

minority fields among the strong majority polarity fields.
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APPENDIX

List of Acronyms
AIA  Atmospheric Imaging Assembly
BBSO Big Bear Solar Observatory
CCD Charge-Coupled Device
CME Coronal Mass Ejection
DBR Diffuse Bipolar Region
DOT Dutch Open Telescope
EBR External Bipolar Region
EUV  Extreme Ultraviolet
GIMP GNU image manipulator program
GONG Global Oscillation Network Group
HMI Helioseismic and Magnetic Imager
[/EBR Internal/External Bipolar Region
IBR Internal Bipolar Region
LCT Local Correlation Tracking
MDI  Michelson Doppler Imager
NLTE Non-Local Thermodynamic Equilibrium

PIL  Polarity Inversion Line



PRB Polarity Reversal Boundary

SOHO Solar and Heliospheric Observatory
SDO Solar Dynamics Observatory

SST  Swedish Solar Telescope

uT Universal Time
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