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Introduction

It  is  believed  that  the  filament  and  CMEs  are  related  to  twisted 
magnetic field, called a flux rope. This flux rope can be present before 
the eruption or can be formed beginning  the eruption by reconnection 
process.

Different eruptions are proposed, which includes: new flux emergence, 
shear  motions,  and  dispersion  of  the  external  magnetic  field,  and/or 
reconnection of field lines below or above the flux rope. 

Their impacts is mainly to break the overlying magnetic tension and/or 
to  favor  the  rise  of  the  flux  rope  until  the  torus  instability  reached 
(Forbes  and  Isenberg,  1991;  Kliem and  Török,  2006;  Démoulin  and 
Aulanier,  2010,  Aulanier,  2014;  Filippov  et  al.,  2015;  Schmieder, 
Aulanier, and Vršnak, 2015 ).
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In Torus instability model, it is assumed that the overlying magnetic 
field (Bexternal) decreases with the increase of the height (h) from the 
photosphere i.e. Bexternal ∝ h−n. The flux rope becomes unstable when 
the decay index n at its location becomes greater than a critical value.

According to observations it was found that this value lies between 1 
and  1.5  (Filippov  and  Den,  2001;  Filippov,  2013;  Zuccarello  et  al., 
2014; McCauley et al., 2015 ).

In  most  of  the  cases,  We find that  before  the  eruption the  filament 
starts to rise slowly for several hours. Afterwards it accelerate rapidly 
upwards and leads to a CME and flare (Schrijver et al. 2008).

The eruption can be full, partial and failed.
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In addition to above, there two cases, when the filament is erupted in 
two step part ( Byrne et al., 2014; Gosain et al., 2016 ).

Here, We present an interesting two-step filament eruption during 14 – 
15  March  2015.  The  filament  was  located  in  NOAA AR 12297  and 
associated with a halo Coronal Mass Ejection (CME). We also find jet 
activity in the active region during both days,  which could help the 
filament  destabilization  and  eruption.  The  different  aspect  of  the 
eruption on 15 March, 2015 was studied by Cho et al. (2017), Wang et 
al. (2016)  and Liu et al. (2015). 

The decay index is calculated to understand this two-step eruption. The 
eruption could be due to the presence of successive instability–stability–
instability zones as the filament is rising. 
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Observations
For this study, we have used the data from following sources :

GONG H-alpha data : GONG collected Hα images at seven sites over 
the globe in the 6563 Å wavelength with a spatial resolution of 1ʹʹ and a 
cadence of around 1 minute (Harvey et al.  2011).  We used here the 
GONG Kanzelhoehe Solar Observatory data. 

SDO/AIA data : AIA observes the full solar disk in three ultraviolet 
(UV) and extreme ultraviolet (EUV) narrowband wavelengths (Lemen 
et al.  2012). It has a pixel size of 0.6ʹʹ  and cadence of 12 s.  For the 
magnetic field, we have used the HMI (Schou et al. 2012) LOS data. 
We used SDO/HMI magnetogram data to find the magnetic polarity 
distribution near the filament channel as well as to calculate the decay 
index at various heights in the corona. 

SOHO/LASCO data : The eruption was associated with the CME 
observed by LASCO in C2 and C3.
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Evolution of filament eruption and jets during March 14-15, 2015 
(AIA 193 A) 



GONG H - alpha : 14/03/15 GONG H - alpha : 15/03/15 
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H-alpha Evolution of filament eruption and jets during March 14 
and 15, 2015.



First Step
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Figure 1 Evolution of the filament on 14 March 2015. Left column: AIA 193 Å; middle column: AIA 304 Å;
and right column: GONG Hα observations. In panel (a) the AIA image is overlaid by HMI contours (levels:
±50, ±100, ±200 G). Red and blue contours represents the positive and negative polarities respectively. The
position of jet 1 is shown by the white arrow. The interrupted eruption of the left part of the filament is shown
by F1 and by red arrows. The major remaining part of the filament is shown by black arrows. A sinistral barb
is shown by a blue arrow.
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Jet   J1  Activity  started  (All 
EUV, UV and H-alpha) ~ 11:50 
UT.

Due to this jet activity the left 
lower  part  of  the  sigmoidal 
filament  was  disturbed  and 
separated  from  main  body 
parts,   rose  upwards  and 
became stable at the projected 
altitude ≈125 Mm.

Partial Halo CME ~ 13:20 UT.



Second Step
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Figure 2 Evolution of the filament on 15 March 2015. Left column: AIA 193 Å; middle column: AIA 304 Å;
and right column: GONG Hα observations. The position of jet 2 is shown by the white arrow. The erupting
filament F1 is shown by red arrows. The black arrows represent the failed erupted part of the filament.

and shifts to a projected altitude of 125 Mm on the disk. Unfortunately we do not have
STEREO observations, which could tell us the true height of the eruption. We compute the
speed of this eruption and find it to be ≈40 km s−1. After 13:00 UT the filament stops its
rise and stays at the same height up to 00:45 UT on 15 March 2015. In the second step
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After 12 hrs of the jet J1, jet  
J2 activity started ~ 00:44 UT 
on 15 March, 2015.

This J2 interact with filament 
F1  and  the  other  part  of 
filament.

As  a  result  of  this,  F1  was 
erupted and the other part of 
the  filament  was  also 
disturbed, but failed to erupt.

Halo CME ~ 01:48 UT (speed 
~ 719 km/s)
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Figure 3 (a) AIA 193 Å image showing the location of a slit selected for the time-slice analysis.
(b) Time-slice image of the eruption during 14 – 15 March 2015.

after 00:45 UT on 15 March 2015, the filament starts to rise and finally fully erupts. The
calculated speed of the second step eruption is 70 km s−1.

4. LASCO Observations

The CME associated with the filament eruption on 15 March 2015 was observed with the
LASCO instrument (Brueckner et al., 1995). As reported in Wang et al. (2016), during the
C2.6 class flare of 14 March 2015 a small filament erupted (see their Figure 1a, F4 filament)
and there was a slow CME observed in the LASCO C2 field-of-view (FOV) at ≈13:30 UT.
The speed and the angular width of this CME was 208 km s−1 and 160◦, respectively.

The F1 filament eruption on 15 March 2015 produced a halo CME, visible in the LASCO
C2 FOV at 01:48 UT. The CME was visible up to 27 R⊙ in the LASCO C3 FOV. The
running difference of the C2 and C3 coronagraph images are shown in Figure 4. The white
circle represents the solar disk occulted by the coronagraph. In the C2 images, the running
difference of SDO/AIA 193 Å images are displayed inside the white circles for the same
time. The red and yellow arrows indicate the leading edge of the CME in the LASCO C2
and C3 FOV respectively. The black arrow in the first image of the bottom panel points to the
CME from the same active region on 14 March 2015. According to the LASCO Coordinated
Data Analysis Workshop (CDAW) Catalog (Gopalswamy et al., 2009) the average CME
speed was 719 km s−1 and the acceleration was −9.0 m s−2. The mass and kinetic energy of
the CME were 3.0 × 1016 gram and 7.7 × 1031 ergs respectively. Moreover, Liu et al. (2015)
reported the maximum CME speed was 1100 km s−1. In the C3 FOV the CMEs of 14 and
15 March 2015 interacted at 02:18 UT. Liu et al. (2015) considered the interaction of these
CMEs as the cause of the strong geomagnetic storm of Solar Cycle 24 on 17 March 2015.

5. Decay Index Calculations

In order to find the reasons why the part F1 of the initial filament erupted after a 12 hr delay
in an intermediate state, while the remainder of the filament did not leave its position despite
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The two—step eruption is clearly visible in height-time plot 



Associated CME
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CME speed ~ 208 km/s for 14 March, 2015)

CME speed ~ 719 km/s for 15 March, 2015)
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Figure 4 Development of CME on 15 March 2015 observed by LASCO C2 (top panel, red arrows) and C3
(bottom panel, yellow arrows). The black arrow indicates the CME of 14 March 2015.

the strong activation, we should analyze the structure of the magnetic field surrounding these
parts of the filament. Since the stability of the flux-rope equilibrium depends on the value of
the decay index, we need to know the distribution of this parameter in the active region. In
principle, the decay index should be calculated for the coronal field external to the flux rope.
We can consider the electric current of the flux rope as the major coronal current within
the volume of interest, while the surrounding magnetic field is created by currents located
below the photosphere. For this part of the coronal field, which is needed for decay index
calculations, we can use a potential-field extrapolation of the photospheric field data.

We are interesting in the distribution of the potential magnetic field in the volume around
the filament, which is much less than the size of the solar sphere. The bottom boundary
of this domain is a part of the photosphere only slightly deviating from the shape of a flat
surface. We cut a rectangular area of the photospheric magnetogram below the filament and
use it as the boundary condition for the solution of the boundary-value problem in terms
of Green’s functions (Filippov and Den, 2001; Filippov, 2013). Doing this we ignore the
influence of sources that are located outside the chosen area. In many cases this is reason-
able.

In our case the active region NOAA AR 12297 is the strongest magnetic source on the
disk and is rather distant from other active regions. On March 14 and especially on March 15
the active region is at a considerable distance from the central meridian, so we need to take
into account the projection effect.

Figure 5a represents the modified fragment of the magnetogram taken by the HMI on
14 March 2015 at 15:00 UT, which is used as a boundary condition for the potential magnetic
field calculations. The pixel size in HMI magnetograms is 0.5′′ or 0.36 Mm, which is very
small compared with the expected height of a filament >10 Mm. To save computational
time we apply binning several times and increase the pixel size to ≈10 Mm. Figure 5b – f
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Due to the interaction of these two CMEs, on 17 March 2015 a largest geomagnetic 
storm (Dst index ≈−223 nT) of Solar Cycle 24 was observed. (Cho et al. (2017), Wang et al. 
(2016) ) .
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Figure 5 (a) HMI magnetogram of the selected area taken on 14 March 2015 at 15:00 UT. Panels (b) – (f)
distribution of the decay index n at different heights in Mm above the area shown in panel (a). A red line
indicates the position of the PILs. Areas where n > 1 are tinted with grey, while regions with n < 1 are white.
Green contours show the position of the filament taken from the co-aligned Kanzelhoehe Hα filtergram.

shows the distribution of the decay index

n = −∂ lnBt

∂ lnh
, (1)

where Bt is the horizontal magnetic-field component and h is the height above the pho-
tosphere, at different heights above the area shown in the panel (a). The thin lines show
isocontours of n = 0.5,1,1.5, while the thick red lines indicate the positions of PILs at re-
spective heights. Areas where n > 1 are tinted with grey, while regions with n < 1 are white.
Green contours show the position of the filament taken from the co-aligned Kanzelhoehe Hα
filtergram transformed in the same way as the magnetogram (Figure 6). Note that all pan-
els (b) – (f) represent the 2D plots viewed from the normal-to-the-surface direction. Since
the filaments are located at some unknown heights (we will consider this problem below)
above this surface and the surface is inclined to the line-of-sight, the position of the filament
contours does not correspond exactly to the position of magnetic features at any height (the
filaments should be somewhat shifted to the north-west in this projection). However, the
filament contours show approximately the places of our interest.

A PIL is a favorable place for horizontal equilibrium of a flux rope, because the verti-
cal component of the coronal field vanishes. Any PIL at any height can be considered as a
potential location of the flux rope, but it is only a necessary condition. Another necessary
(but again not sufficient) condition for stable equilibrium is that the decay index is below
the critical value. In fact, flux ropes may be found only in few places where both conditions
are fulfilled. In Figure 5, the segments of PILs within white areas (or at least outside of iso-
contours 1.5) are the places favorable for the occurrence of a stable flux rope. Below 60 Mm
(Figure 5c) the segments of the PIL near both green contours are suitable for stable flux
ropes. The contour n = 1 touches the PIL near both filaments at the height of 75 Mm (Fig-
ure 5d), while the contour n = 1.5 touches the PIL near the southern filament at the height
of 100 Mm (Figure 5e) and near the western filament at the height of 120 Mm (Figure 5f).

ISEST 2017 Workshop, Jeju, South Korea                                                                September 18-22, 201714

Since the stability of the flux-rope equilibrium depends on the value of the decay index 
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Figure 5 (a) HMI magnetogram of the selected area taken on 14 March 2015 at 15:00 UT. Panels (b) – (f)
distribution of the decay index n at different heights in Mm above the area shown in panel (a). A red line
indicates the position of the PILs. Areas where n > 1 are tinted with grey, while regions with n < 1 are white.
Green contours show the position of the filament taken from the co-aligned Kanzelhoehe Hα filtergram.

shows the distribution of the decay index

n = −∂ lnBt

∂ lnh
, (1)

where Bt is the horizontal magnetic-field component and h is the height above the pho-
tosphere, at different heights above the area shown in the panel (a). The thin lines show
isocontours of n = 0.5,1,1.5, while the thick red lines indicate the positions of PILs at re-
spective heights. Areas where n > 1 are tinted with grey, while regions with n < 1 are white.
Green contours show the position of the filament taken from the co-aligned Kanzelhoehe Hα
filtergram transformed in the same way as the magnetogram (Figure 6). Note that all pan-
els (b) – (f) represent the 2D plots viewed from the normal-to-the-surface direction. Since
the filaments are located at some unknown heights (we will consider this problem below)
above this surface and the surface is inclined to the line-of-sight, the position of the filament
contours does not correspond exactly to the position of magnetic features at any height (the
filaments should be somewhat shifted to the north-west in this projection). However, the
filament contours show approximately the places of our interest.

A PIL is a favorable place for horizontal equilibrium of a flux rope, because the verti-
cal component of the coronal field vanishes. Any PIL at any height can be considered as a
potential location of the flux rope, but it is only a necessary condition. Another necessary
(but again not sufficient) condition for stable equilibrium is that the decay index is below
the critical value. In fact, flux ropes may be found only in few places where both conditions
are fulfilled. In Figure 5, the segments of PILs within white areas (or at least outside of iso-
contours 1.5) are the places favorable for the occurrence of a stable flux rope. Below 60 Mm
(Figure 5c) the segments of the PIL near both green contours are suitable for stable flux
ropes. The contour n = 1 touches the PIL near both filaments at the height of 75 Mm (Fig-
ure 5d), while the contour n = 1.5 touches the PIL near the southern filament at the height
of 100 Mm (Figure 5e) and near the western filament at the height of 120 Mm (Figure 5f).

A red line indicates the position of the PILs. Areas where n > 1 are tinted with grey, while 
regions with n < 1 are white. 

Distribution of the decay index n at different heights in Mm above the area shown in panel (a).

< 60 Mm :  Condition for stable flux rope

~ 100 Mm : Condition for instability
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Figure 6 Kanzelhoehe Hα
filtergram of the same region as
in Figure 5a taken at the same
time with superposed PILs at
different heights.

Unfortunately, we cannot measure directly the height of the filaments because STEREO
is in an unfavorable position. However, we can estimate the heights using the method pro-
posed by Filippov (2016b). It is based on the (confirmed by observations) assumption that
the material of filaments is accumulated near coronal magnetic neutral surfaces Br = 0 (Fil-
ippov, 2016a). It was found also that the potential approximation for coronal magnetic fields
is sufficient for the filament height estimations. Comparison of the 3D shape of the neu-
tral surface, represented in the projection on the plane of the sky as a set of PILs, with the
filament shape and position allows us to obtain information about the heights of different
parts of the filament including its top, or spine, which is the most reliable indicator of the
flux-rope axis.

Figure 6 shows the fragment of the Kanzelhoehe Hα filtergram of the same region as in
Figure 5 co-aligned with the magnetogram and transformed in the same way. The same PILs
as in Figure 5b – f are shown but every PIL is shifted in x and y coordinates by the values

!x = htgλ0 (2)

and

!y = htgϕ0, (3)

where h is the height of the PIL, and λ0 and ϕ0 are the longitude and latitude of the selected
area center. Thus they are projected on the plane of the sky in the same way as the filament
in the on-disk filtergram. The lowest PIL at the height of 6 Mm is red, while the other is
blue. The spine of the western filament follows exactly the PIL at the height of 30 Mm. All
of the filament body is located between this line and the red line at the height of 6 Mm. The
southern filament does not so strictly follow any PIL, however, its spine is most likely a little
bit above the PIL at the height of 78 Mm. For comparison Figure 7 shows the filament and
the neutral surface on 14 March at 11 UT before the separation into two parts. The spine
of the western section of the filament also follows exactly the PIL at the height of 30 Mm,
while the eastern section seems to be higher. The top of the wide part of the eastern section
touches the PIL at the height of 54 Mm and the thin thread-like continuation of the spine
crosses all PILs.

Returning to Figure 5 we establish that the western section of the filament before the
separation and the western filament after the separation are relatively low (30 Mm) and are
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Figure 7 Kanzelhoehe Hα
filtergram on 14 March 2015 at
11:00 UT with the filament
before the separation with
superposed PILs at different
heights.

located in the zone of stability within the coronal magnetic field. The eastern section of the
filament is less stable because on the one hand it is higher and on the other hand the decay
index in this area is also higher. That is why, possibly, the disturbance coming from inner
parts of the active region leads to the partial and failed eruption of the eastern section of the
filament, which results in the separation of the filament into two parts. The erupted eastern
section of the filament obviously finds a new equilibrium position at a greater height. In
the new position of the eastern section, this height (about 80 Mm), now considered as the
southern filament F1, is within the zone of stability for the decay index threshold nc = 1.5
and on the edge of stability for the decay index threshold nc = 1. The next disturbance
from the active region easily causes the start of the eruption of the southern filament and
this eruption is full because there is no zone of stability at heights above 100 Mm. So, the
eastern section of the filament shows a two-step eruption with a metastable state at a height
of 80 Mm for 12 hrs. Possibly it could stay there longer if the strong disturbance did not
come from the inner parts of the active region. The western filament is deep within the
zone of stability and therefore it did not erupt despite the strong activation by the energetic
disturbance.

6. Discussion and Conclusion

In this paper, we present the two-step filament eruption of 14 – 15 March 2015 using ob-
servations from AIA onboard the SDO satellite and ground-based GONG and Kanzelhoehe
Solar Observatory Hα data. Our main results are as follows:

• The initiation of the filament eruption on 14 March 2015 and its full eruption on 15 March
2015 are associated with the jets in the active region.

• The decay index calculation suggests that on 14 March 2015 the filament first enters into
the instability zone and after reaching some height it finds itself in the stability zone.
Again on 15 March 2015 the filament enters into the instability zone and finally it erupts.

• The major part of filament which had not been destroyed on 14 March 2015 was activated
on March 15 but could not erupt. Therefore it was a failed eruption. The coronal magnetic
field calculation shows evidence that the decay index at the filament location is below the
threshold of the torus instability and hence the filament fails to erupt.

• The observation of the same sign of the twist/helicity in the chromosphere, higher solar
atmosphere and in the magnetic cloud evidence the conservation property of the helicity.
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We have estimated the heights using the method proposed by Filippov (2016b) 

It is based on the assumption that the material of filaments is accumulated near 
coronal magnetic neutral surfaces Br = 0 (Filippov, 2016a). Comparison of the 
3D shape of the neutral surface, represented in the projection on the plane of the 
sky as a set of PILs, with the filament shape and position allows us to obtain 
information about the heights of different parts of the filament including its top, 
or spine, which is the most reliable indicator of the flux-rope axis. 

Distribution of PILs at different height (Mm) above the solar surface 



    The initiation of the filament eruption on 14 March 2015 and its full 
eruption on 15 March 2015 are associated with the jets in the active 
region. 

   The  decay  index  calculation  suggests  that  on  14  March 2015 the 
filament first enters into the instability zone and after reaching some 
height it finds itself in the stability zone. Again on 15 March 2015 the 
filament enters into the instability zone and finally it erupts.  

   The major part  of  filament  which had not  been destroyed on 14 
March  2015  was  activated  on  March  15  but  could  not  erupt. 
Therefore  it  was  a  failed  eruption.  The  coronal  magnetic  field 
calculation  shows  evidence  that  the  decay  index  at  the  filament 
location is below the threshold of the torus instability and hence the 
filament fails to erupt. 

Conclusions
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  The  observation  of  the  same  sign  of  the  twist/helicity  in  the 
chromosphere (filaments barbs), higher solar atmosphere (sigmoid) 
and in the magnetic cloud evidence the conservation property of the 
helicity. 

    The part of filament erupted on 14 March produced a slow partial 
halo CME.

    The destabilized part of filament on 15 March produced a medium 
size Halo CME. Lateron both these CMEs interact to each other and 
results as a largest geomagnetic storm of 17 March, 2015. 
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