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Abstract Solar active region (AR) 11283 is a very magnetically compégyion and it has produced many
eruptions. However, there exists a non-eruptive filamernh@plage region just next to an eruptive one
in the AR, which gives us an opportunity to perform a comparianalysis of these two filaments. The
coronal magnetic field extrapolated using our CESE-MHD—NE[Eode reveals that two magnetic flux
ropes (MFRs) exist in the same extrapolation box suppottiege two filaments, respectively. Analysis
of the magnetic field shows that the eruptive MFR containsld-patch separatrix surface (BPSS) co-
spatial very well with a pre-eruptive EUV sigmoid, which isnsistent with the BPSS model for coronal
sigmoids. The magnetic dips of the non-eruptive MFRs maielobiservation of the non-eruptive filament
strikingly well, which strongly supports the MFR-dip modet filaments. Compared with the non-eruptive
MFR/filament (with a length of about 200 Mm), the eruptive Mfil@ment is much smaller (with a length
of about 20 Mm), but it contains most of the magnetic free gyarthe extrapolation box and holds a much
higher free energy density than the non-eruptive one. BaMFRs are weakly twisted and cannot trigger
kink instability. The AR eruptive MFR is unstable becausesitis reaches above a critical height for torus
instability, at which the overlying closed arcades can mg&r confine the MFR stably. On the contrary, the
quiescent MFR is very firmly held by its overlying field, as dsis apex is far below the torus-instability
threshold height. Overall, this comparison investigasapports that an MFR can exist prior to eruption
and the ideal MHD instability can trigger an MFR eruption.
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1 INTRODUCTION 2013; Aulanier 2014, and references therein). The physi-
cal mechanisms causing the eruption can be classified as,
As a leading cause of space weather, coronal mass ejegg., the breakout model (Antiochos et al. 1999), the tether
tions (CMEs) are closely correlated with solar filamentcutting model (Moore et al. 2001) as well as ideal mag-
eruptions. A recent statistical study shows that more thanetohydrodynamic (MHD) instabilities (e.qg., kink instabi
70 percent of filaments eventually erupt and result inity and torus instability, Hood & Priest 1981; Velli et al.
CMEs (McCauley et al. 2015). Therefore, it is of great1990; Torok et al. 2004; Tordok & Kliem 2005; Kliem &
importance for space weather forecasting to understarigrok 2006) and the non-ideal MHD instabilities (e.griea
why the filaments erupt and predict when they are likelying mode instability given by Wu et al. 2000).
to erupt. To answer these questions, one needs informa- |t js understood that pre-eruption, the stressed core
tion about a key parameter, the invisible coronal magnetigield in the corona is usually kept stable by an enve-
field behind the ﬁlaments, which is believed to play th8|opelover|ying the field anchored Strong|y at the photo-
primary role in supporting the filaments and characterizingphere, thus the essence of all eruption initiation mod-
their stability. els is to find how the balance between the outward mag-
Accordingly, a variety of theoretical models have beennetic pressure of the core field and the downward mag-
proposed to explain the initiation of filament eruptionsnetic tension of the overlying field can be broken. Hence,
with the coronal magnetic disruption as the basis (seg, e.gAntiochos et al. (1999) proposed the breakout model based
Forbes et al. 2006; Aulanier et al. 2010; Schmieder et alon a quadrupolar magnetic field configuration, and that the
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eruptionis triggered by reconnection at a coronal null poining MFR. On the other hand, with different numerical
above the sheared core arcade, which removes the overligchniques and force-free models, many authors have suc-
ing flux and then allows the core to escape, similar to aessfully reconstructed MFRs from vector magnetograms
streamer and flux rope model (Wu & Guo 1997; Wu et al.that are consistent with the observation signatures lidxe si
1997). The tether cutting model usually refers to a commoids and filaments (Canou & Amari 2010; Cheng et al.
plete process of the formation and eruption of a magneti2010; Guo et al. 2010b; Jing et al. 2010; Guo et al. 2013;
flux rope (MFR) from an initial simple, sheared bipolar Jiang et al. 2014a,b; Ruan et al. 2014; Amari et al. 2014);
magnetic arcade (Moore & Roumeliotis 1992; Moore et al.moreover, direct observations of the pre-existence of MFR
2001). In a strongly sheared bipolar field, a current shedtave also been frequently reported in the Solar Dynamics
forms above the photospheric polarity inversion line (PIL)Observatory (SDO) era with the help of high-quality multi-
and results in tether-cutting reconnection between the awavelength data from the Atmospheric Imaging Assembly
cade field lines, which progressively transforms the arcad@AlA) (Cheng et al. 2012; Zhang et al. 2012; Li & Zhang
core into a rising twisted MFR. The reconnection is fur-2013a,b,c; Patsourakos et al. 2013; Yang et al. 2014; Chen
ther forced by converging motions toward the PIL, fluxet al. 2014). Furthermore, ideal MHD-instability theory
diffusion and cancelation in the photosphere (Amari et alhas been extensively applied in the investigations of fila-
2003a,b; Linker et al. 2003). Such processes continuousiyent eruptions (Romano et al. 2003; Williams et al. 2005;
add flux to the MFR and in turn weaken the photosphericGreen et al. 2007; Schrijver et al. 2008; Liu 2008; Guo
anchorage below the MFR, until at some instant, the reetal. 2010a; Cheng etal. 2011; Nindos et al. 2012; Xu et al.
maining arcade tethers are too weak to prevent the eruptid®012; Liu et al. 2012; Cheng et al. 2013; Kliem et al. 2013;
of the MFR. In this case, it is different from the breakoutJiang et al. 2014a; Amari et al. 2014), and it is noteworthy
model since the magnetic reconnection works at low altithat many successful and failed eruption events are con-
tude below the stressed field. The ideal MHD instabilitiessistent with the theory, in particular the theoretical #ire
mainly include the kink instability and the torus instatyili  old values for instability are matched strikingly well ireth
for an MFR. The kink instability occurs if the twist, a mea- data-constrained/data-driven modeling results (e.genkl
sure of the number of windings of the field lines aroundet al. 2013; Guo et al. 2010a; Jiang et al. 2014a, 2013).
the rope axis, exceeds a critical value, leading to a heli- In this paper we provide further evidence for the pre-
cal deformation of the MFR’s axis (Torok & Kliem 2005; existence of MFR and the ideal MHD-instability mecha-
Torok et al. 2010). The torus instability (Kliem & Torok nism for the eruption of MFR by a comparison study of an
2006) is equivalent to a catastrophic loss of equilibriumeruptive filament in AR 11283 and a nearby non-eruptive
(Forbes 1990; Forbes & Isenberg 1991; Kliem et al. 2014jilament. Both filaments have been studied independently
that occurs when the MFR reaches an unstable threshold our previous work (Jiang et al. 2014a,b) using coro-
determined by the decay speed of the envelope/overlyingal field reconstructions, but here by comparing them with
magnetic field that stabilizes the MFR. On the other handeach other, we provide further insight into the different na
the non-ideal MHD instability was examined by Wu et al. ture between the eruptive and non-eruptive filaments. We
(2000), who investigated the formation of observed plasméind that both of the filaments are supported by coronal
blobs (Sheeley et al. 1997) with multi-polarity magneticMFR. The MFR corresponding to the AR eruptive filament
field topology due to tearing mode instability. is much smaller compared with the non-eruptive MFR, but
contains significantly more magnetic free energy than the
Of all the mentioned theoretical models, it appears thagon-eruptive one. Both MFRs are weakly twisted and can-
only the one with ideal MHD-instability can provide a set not trigger kink instability. The eruptive MFR is unstable
of specific parameters, i.e., the twist degree of the MFRyecause its axis reaches above a critical height for torus
and/or the decay index of the envelope field, that quantimstapility, while the non-eruptive MFR is very firmly held

fies the condition when the magnetic configuration mightyy its overlying field, as its axis apex s far below the torus-
erupt. Thus this is a very attractive advantage that pranisgnstapility threshold height.

to make itself most popular in the community of space

weather research. We note that such a model is built up o OBSERVATIONS AND CORONAL MAGNETIC

a basic element, the MFR, which is assumed to exist prior F|gL.D MODEL

to the eruption. This is indeed supported by several lines of

evidence. The coronal sigmoids often appearing in CMEAR 11283 produced two X-class flares (an X2.1 on 2011
productive active regions (ARs) (Rust & Kumar 1996; September 6 and an X1.8 on September 7), which have
Hudson et al. 1998; Canfield et al. 1999) indicate shearethotivated many studies (Wang et al. 2012; Petrie 2012;
and twisted magnetic configurations, and thus an MFRZharkov et al. 2013; Feng et al. 2013; Jiang et al. 2013,
prior to the eruption; furthermore, the MFR can explain2014a; Ruan et al. 2014; Liu et al. 2014; Shen et al. 2014;
well the supporting of filaments because the dip structur&u et al. 2014; Zhang et al. 2015). Here we investigate
in MFR provides a reservoir where the cool dense matethe coronal configuration on September 6 before the X2.1
rial can be held against gravity (Mackay et al. 2010; Gudlare. The SDO/AIA observed that an S-shaped small-scale
et al. 2010b; Su et al. 2011), and thus a long-lasting quifilament (with length of about 20 Mm) formed in the core
escent filament strongly suggests a correspondingly lastf the AR and erupted at the onset of the flare at 22:12 UT,
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Fig. 1 Left: a large AlA-304 image at 22:00 UT on September 6, showindatation of AR 11283Middle: closer view of the region.
The top-right small panels show the eruptive process of tRdilaments with three time snapshots, and the bottom-rigtatispanels
show the Big Bear Solar Observatory (BBSQ) Hbservations of the non-eruptive, large filament, with tiievas pointing to the main
body of the filament as indicated in the AIA-304 image.

with impulsive rising of the filament matter, as shown inried out a detailed comparison of the magnetic field and its
Figure 1. On the other hand, in the northwest of the ARderived features with the observations of structuresedlat
there is a large filament, the main body of which, as seeto the filament. In particular, for the large-scale filament,
in Ha, shows a slightly inverse-S shape with a length up tdhe Hx observation is compared with the magnetic dips
200 Mm. The large filament exists stably for many days,n its MFR, since there is a gooddHmage of the filament
and survives during the eruption of the small one, althougispine and barbs, and these structures are believed totonsis
its main body is very close to the flare site. The right-of cold matter collected in the magnetic dips. For the small
bearing filament barbs as seen in the Hdicate that the AR filament, since observations withaHdo not have ad-
non-eruptive filament should be related with a left-handeaquate resolution, comparison of its MFR field lines with
twisted MFR, which is contrary to the eruptive one. an extreme ultraviolet (EUV) sigmoid that is closely co-
To investigate the coronal magnetic field that sup-spatial with the AR filament provides a better way for our
ports the filaments, we have modeled the pre-flare magalidation of the modeling.
netic field using our CESE-MHD-NLFFF code with input In the left panels of Figure 2, we compare the mag-

from the SDO/Helioseismic and Magnetic Imager (HMI) netic dips with the large Hl filament. The magnetic dips
vector magnetogram (see also Jiang et al. 2014b). Th re visualized by showing part of the isosurfag & 0)
code is based on the MHD relaxation approach and is im- ith B - VB. > 0 (i.e., locations where the field lines
plemented by an advanced conservation-element/solutio re concavezup) Thé dips are also pseudo-colored by the

elelment (CtESfE) spage;tlm_e sclf_}ergel\slﬂ%ng et a!{._ 2010)'.th lue of height for a better representation of the long ex-
Solve a Set of zero-beta simpiitie equations Withyo e dip structure, since there is a large amount of lo-

a fictitious frictional force to control the relaxation pro- __ . : - . :
Lo X ~~ calized fragmentation of dips (shown in deep blue) that is
Ze?s. Lhe .COdE ISI '?. line V\gthl c\)/vr 3? |M2I-(|)I36I.D§ta—dn\;erl1 very close to and on the photosphere (i.e., bald patches).
ctive Region Evolution model (Wu et al. ,Jlang e a(‘ﬁvidently, the long extended dip reaches above 30 Mm,

2012, 2013; Wu et al. 2014), which has been well tested,, . ... : ) : :
for reproducing both the slow quasi-static evolution an xhibiting an inverse S-shape, reproducing the main body

. . of the filament. In particular, there are small-scale mag-
extremely fast eruption process in the large-scale corona i dips emanating from the spine, and they match the

tfﬁament barbs strikingly well. The results are in line with

system with the: axis along the normal vector of the solar and provide evidence for the MFR-dip model for filaments

surface. and their barbs.
The right panels of Figure 2 show the comparison of
3 RESULTS AND ANALYSIS the magnetic field lines of the AR MFR with the sigmoid
3.1 Comparison of Coronal Magnetic Field Model observed in AlA-94 (temperature of 6.3 MK). The sig-
with Observations moid has a thin and enhanced forward-S shape, indicating

a right-hand twist. We find that this MFR has a bald patch
The coronal field model displays two MFRs with oppo- separatrix surface (BPSS), as shown by the thick white
site helicity in the same extrapolation box: a small ondines in the figure, which is the MFR’s outmost surface that
with right-hand twist (see a close-up view in Fig. 2) cor-touches the photosphere. The BP is a part of the PIL on the
responding to the eruptive AR filament, and a large ong@hotosphere where the transverse field crosses from nega-
with left-hand twist corresponding to the non-eruptive in-tive to positive polarity (note that the BP is directly dexil
termediate filament. To validate the model result, we carfrom the vector magnetogram), and the BPSS consists of
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Magnetic field lines

Magnetic field dips*

BBSO-Ha

Fig. 2 Left: Comparison of the magnetic dips of the large MFR with thgéddilament seen in BBSOdd(adapted from Jiang et al.
2014b). The top is the magnetic field lines, the middle is tlagmetic dips (pseudo-colored by the height from 0 to 60 Mm{l, the
bottom is the Kk image. The dashed box outlines the region of the main bodyedilament. The arrow ‘S’ identifies a separation of the
filament.Right: Comparison of the BPSS of the AR MFR with the AlA-94 sigmadigpted from Jiang et al. 2014a). The background
color images show the photospheric magnetic flux distrilsutivhite for 500 G and blue for-500 G), with the PIL denoted by the
curved line. The BPSS consists of the field lines plotted ateavthick rods, which graze the photospheric surface at #a€lBe colored
field lines are sampled near the MFR axis. The bottom paneltharAlA-94 image of the sigmoid with the same field-of-vieswthe

top ones. In the last panel the BPSS field lines are overlaitdt®AlA image.

all the field lines that pass through the BP. Theoreticak axis, namely

study suggests that a strong current sheet can form in the

BPSS of MFR and produces enhanced heating along the pot

surface, which manifests itself as the X-ray or EUV sig- Epree(z,y) = dzdy/ B dz. (1)

moid (Titov & Démoulin 1999). The most important re-

sult is that the observed sigmoid coincides with the BPS$\s can be seen, compared with the intermediate region,

field lines, but not with those near the rope axis (the thickhe free energy is significantly stronger in the sunspot re-

colored lines in the figure). Such fact not only supportsgions, i.e., the AR core, because of the strong magnetic

the BPSS current sheet model for sigmoid brightening, buflux there. For the large MFR, there is also clearly a chan-

also confirms the validation of our model. nel of enhanced free energy along the corresponding fil-
ament, with the central section possessing the strongest

] o free energy. Table 1 gives a comparison of different energy

3.2 Magnetic Energy Distributions contents and mean free-energy density of the two MFRs.
Although the two MFRs are involved in the entire mag-

In Figure 3 and Table 1 we compare the magnetic ennetic configuration, they can be regarded as independent of

ergy distributions of the two MFRs related to the filaments.each other according to the magnetic topology. As shown

Figure 3 shows the free energy density integrated along thiey Jiang et al. (2014a), the AR eruptive MFR is formed

Z_BQ
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Fig. 3 Free energy density integrated along thaxis. The contour lines represefit of —500 G (pink) and500 G (cyan). The small
box in the large field of view shown in the right panel is idéat as the AR core, i.e., for the separated volume of the imrupFR,
which is enlarged in the left panel. Since the energy is mticimger in the AR core than in the intermediate region, déif scales of
the energy distribution are used in the two panels.
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Fig. 4 Analysis of the stability of the two MFRs: left panels are foe non-eruptive one (adapted from Jiang et al. 2014b) ayind ri
panels are for the eruptive one (adapted from Jiang et ahad®0The top panels show the twist degrees of the MFRs, whieh a
calculated for several sampled field lines around the ros(@kich is represented by the white line for the large MFRhimleft panel
and yellow line for the small MFR in the right panel). The lott panels show the results for decay index. The central sexsons
for the two MFRs are shown respectively, and these crosgsasdire vertically sliced along the black lines shown intthgpanels.
The streamlines in these cross sections show the 2D fiedd#iaing of the slices, which forms helical lines centeretha axis of the
MFR. The thick lines with arrows that point from the bottonthe helix center (i.e., the rope axis) represent the patirgyalvhich the
decay index is computed. Since the axis of the large MFR igleeg, the decay index is calculated at four more points@itaxis,
which are denoted by the colored circles in the left panels.

with the emerging of a new positive sunspot into the largesmall box with height of 30 Mm encompassing the eruptive
negative flux region, and a magnetic null-point fan separaMFR as shown in Figure 3, and the rest of the volume for
trix surface (like a dome) exists between the pre-existinghe non-eruptive one. Then the different energy contents
system and the newly emerged one. The AR MFR withare computed using these separated volumes for the two
its overlying flux system is localized below the fan surfaceMFRs. Notably, although in spatial size the eruptive MFR
with a height of about 30 Mm. As such, we roughly sepa-is much smaller than the non-eruptive one, it contains most
rate the two MFRs in the full extrapolation volume using aof the magnetic free energy. Consequently the free energy
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Table 1 Comparison of Magnetic Energy Contents for the Two MFRs

AR Eruptive MFR Non-eruptive MFR

Total energy 3.67 x 1032 erg 1.52 x 1032 erg
Potential energy 2.63 x 1032 erg 1.28 x 1032 erg
Free energy 1.04 x 1032 erg 0.24 x 1032 erg
Ratio of free energy to potential energy 40% 19%

Field volume 4.66 x 10* Mm?3 2.98 x 106 Mm?
Mean free energy density 2230 erg cni 3 8 ergcnm 3

density of the eruptive MFR is far higher than that of the(Berger & Prior 2006; Inoue et al. 2011, 2013). In the up-
non-eruptive one. The ratio of free energy to potential enper panels of Figure 4, we show the results for several field
ergy shows that the non-potentiality of the AR MFR field islines around the rope axis. Since in the realistic case the
also significantly higher than that of the non-eruptive oneMFR is actually a bundle of field lines winding around
These comparisons indicate a higher possibility of disrupeach other, it is difficult to precisely locate the axis of the

tion for the AR MFR than for the other one. rope like in an analytic or idealized model. We thus ap-
proximately find the rope axis by first making a central
3.3 Stabilities of the Flux Ropes cross section of the MFR, which is a vertical slice cut-

ting roughly through the middle of the MFR in a direction
To further explain why the AR filament erupts immediately perpendicular to the photospheric central PIL, and then as-
whereas the large filament can stay stable, we study the stguming the rope axis to be the field line passing through
bilities of the MFRs with the 3D coronal field in the context the center of the helical shapes formed by the poloidal flux
of ideal MHD instabilities. Theoretical models and simu- of the rope (as shown in the bottom panels of Fig. 4). The
lations suggest that a coronal MFR (i.e., MFR with foot-results show that the twist degrees of both MFRs are very
points line tied to the photosphere) confined by an overlycjose to one turn, although their different field lines have
ing potential arcade is subject to two kinds of ideal indtabi sjightly different values of twist. Such values of twist are
ities, i.e., kink instability and torus instability. Kinkita-  pelow the thresholds of kink instability that have been re-
bility occurs if the twist degree of the MFR, denotedBly,  ported. Moreover, we have not observed a clear rotation or
which measures the number of windings of the field linesyrithe in the erupting AR filament as it rises, which would
around the rope axis, exceeds a critical value. This threstytherwise occur in the eruption of kinked MFR. We con-

old value is estimated to be roughly> ~ 2, according cluded that neither of the filaments can trigger kink insta-
to several studies (Fan & Gibson 2003; Torok et al. 2004pijity.

Torok & Kliem 2005). The torus instability occurs when Several points need to be clarified with respect to
the outward expansion of an MFR due to its "hoop force”sydying the torus instability based on computing the de-
can no longer be confined by the overlying field (also re<ay index. First, since it is difficult to separate the exatm
ferred to as the external field) if the external field decreasesig|q from the total field in the model, we use the potential
sufficiently fast. A decay index is defined as field that corresponds to the same magnetogram as an ap-
d(InB.) proximation of the external field, following Fan & Gibson
n(R) = — d(InR) ) (2007) and Aulanier et al. (2010). Second, as mentioned,

i i the axis apex of the MFR is hard to precisely determine,
to characterize how fast the external fidltd decreases 5nq we thus approximately locate it at the center of the

with distancefz from the photosphere, and it has beenpgjical shapes formed by the poloidal flux of the rope in
found that if the apex of the rope axis reaches a locatiogye central cross section. For the large filament that has a
with the decay index greater than a threshaldthe MR raiher Jong axis, we compute the decay index at four more
system is unstable. This valug is expected to lie in the 4ints along its axis. Third, since the MFR and overlying

range of1.1 < ne S 2 from a series _Of investigations fig|q configuration is inclined with respect to the radial (or
(Bateman 1978; Kliem & Torok 2006; Torok & Kliem yertical) direction, it will be more reasonable to compute

2007; Fan & Gibson 200_7; Schrijver et al. 2008; Démoulinie decay index along a path approximately following the
& Aulanier 2010; Aulanier et al. 2010). One should bearincjination of the system than along the vertical direction
in mind that these threshold values for instabilities mayj 45t hecause the field parallel to the rising direction-actu
change depending on many factors, e.g., the specific shaggy does not contribute to the inward confining force, the
of the flux rope and the magnetic environments. Thus theyjecay index is only computed for the perpendicular com-
should be used with caution in realistic cases. _ ponent of the potential field (Cheng et al. 2011; Nindos
The twist degred’, of a force-free MFR can be sim- et . 2012). Accordingly, we compute the decay index for
ply quantified by integrating the force-free factar = the two MFRs and compare them in the bottom panels of
J - B/B* along a given field line, namely, Figure 4. As can be seen, the non-eruptive MFR is located
1 at heights with decay index smaller than 0.5, which is far
T, = in /O‘dl (3)  below the threshold for torus instability, thus it is very
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firmly held by its overlying field. On the other hand, the Amari, T., Luciani, J. F., Aly, J. J., Mikic, Z., & Linker, J(®3a,
AR MFR reaches slightly above the height with decay in-  apJ, 585, 1073
dex of 1.5, which is the threshold of torus instability found amari, T., Luciani, J. F., Aly, J. J., Mikic, Z., & Linker, Ja®3b,
by Torok & Kliem (2007) and Aulanier et al. (2010) using ApJ, 595, 1231

idealized numerical simulations. Thus our result SUPPOIS, viochos. S. K. DeVore. C. R.. & Klimchuk. J. A. 1999 ApJ
the threshold value as 1.5, and suggests that the quick erup- ’ ’ ' ' ' T

. - : - 510, 485

tion of the AR MFR is due to torus instability. Aulanier, G. 2014, in IAU Symposium, Vol. 300, IAU

4 CONCLUSIONS Symposium, ed. B. Schmieder, J.-M. Malherbe, & S. T. Wu,
184

We performed a comparative analysis of an eruptive fila-Aulanier, G., Torok, T., Démoulin, P., & DeLuca, E. E. 201

ment in AR 11283 and a nearby non-eruptive filament in  apJ, 708, 314

the intermediate region using a zero-beta MHD-relaxatiorBateman, G. 1978, MHD Instabilities, 270 (Cambridge, Mass.

model for nearly force-free extrapolation (Jiang & Feng ;1 Press)

2013). The extrapolated coronal magnetic field based oréerger, M. A. & Prior, C. 2006, Journal of Physics A

the measured vector magnetogram given by SDO/HMI Mathematical General. 39. 8321

shows that the two MFRs support the two filaments. _ N .

Validation of the modeled magnetic field is performed byCanﬂeId, R. C., Hudson, H. S., & McKenzie, D. E. 1999,

comparing it with EUV and i observations, which shows ~ Geophys. Res. Lett., 26, 627

that the eruptive MFR contains a BPSS spatially coincidingtanou, A., & Amari, T. 2010, ApJ, 715, 1566

with the pre-eruptive sigmoid, and the non-eruptive MFRChen, H., Zhang, J., Cheng, X., etal. 2014, ApJ, 797, L15

has magnetic dips matching the shape of the non-eruptiveheng, X., Ding, M. D., Guo, Y., etal. 2010, ApJ, 716, L68

filament. By comparing the MFRs with each other, the fol- Cheng, X., Zhang, J., Ding, M. D., Guo, Y., & Su, J. T. 2011,

lowing physical characteristics are found: (i) The eruptiv.  ApJ, 732, 87

filament is only one tenth the size of the non-eruptive fil- Cheng, X., Zhang, J., Ding, M. D., et al. 2013, ApJ, 769, L25

ament. (ii) The amount of free energy of the eruptive fil- Cheng, X., Zhang, J., Saar, S. H., & Ding, M. D. 2012, ApJ, 761,

ament is five times that of the non-eruptive one. (iii) The g2

mean free energy density of the eruptive filament is moresemoulin, P., & Aulanier, G. 2010, ApJ, 718, 1388

than two orders of magnitude larger than the non-eruptivg-a, v, & Gibson, S. E. 2003, ApJ, 589, L105

one. (_|v) Both Ml_:Rs_ are W_e_akly twisted, thus they could Fan, Y., & Gibson, S. E. 2007, ApJ, 668, 1232

pot trigger the kink mstgblllty. (v) Eva]uatmg thg decay Feng, L., Wiegelmann, T., Su, Y., et al. 2013, ApJ, 765, 37

index shows that thg axis c_>f the eruptive MFR (fllame_nt) Forbes, T. G. 1990, J. Geophys. Res., 95, 11919

reaches above a crm_cal helgh.t ngeded for torus instabilit Forbes, T. G., & Isenberg, P. A. 1991, ApJ, 373, 294

yvhe_re the n_on-er_uptlve MFR is firmly held by its OVGF'V' Forbes, T. G., Linker, J. A., Chen, J., et al. 2006, SpaceR&xui.,

ing field, as its axis apex is far below the threshold height.

We suggest the measured mean free-energy density maé/lzs’ 251 ) . ) :

be a good characteristic indicator for a filament eruption inC"é€": L. M-, Kliem, B., Torok, T., van Driel-Gesztelyi, 1&

addition to other properties. In summary, the energy stor- Attrill, G. D. R. 2007, Sol. Phys., 246, 365

age and trigger mechanism are both important to filamenguo. Y., Ding, M. D., Cheng, X., Zhao, J., & Pariat, E. 2013,

eruptions, and it supports the idea that MFR can exist prior ApJ, 779, 157

to eruption and the torus instability can trigger its erapti  Guo, Y., Ding, M. D., Schmieder, B., et al. 2010a, ApJ, 7253 L3

Guo, Y., Schmieder, B., Démoulin, P., et al. 2010b, ApJ, B48

Acknowledgements This work is supported by the Hood, A. W., & Priest, E. R. 1981, Geophysical and

973 program un_der grant 2012CB825601, the Chmese Astrophysical Fluid Dynamics, 17, 297

ﬁc?derln)é (_)f SC'anceSd (FZZD;ECY\:]'_OJ'"?'\’I the4T§gZ;ggHudson, H. S., Lemen, J. R., St. Cyr, O. C., Sterling, A. C., &

atural Science Foundation o ina (Nos. ,

41231068, 41274192, 41031066 and 41374176), and the /cPP: D- F. 1998, Geophys. Res. Lett, 25, 2481
. . Inoue, S., Hayashi, K., Shiota, D., Magara, T., & Choe, G. S.

Specialized Research Fund for State Key Laboratories.

C.W.J., S.TW. and Q.H. are also supported by NSF- 2013, ApJ, 770, 79

AGS1153323 and AGS1062050. C.W.J. also acknowlMOue, S.,Kusano, K., Magara, T., Shiota, D., & Yamamotd,.T.

edges support by the Youth Innovation Promotion 2011, ApJ, 738, 161

Association of CAS (2015122). Data are courtesy ofJiang, C. W, Feng, X. S., Zhang, J., & Zhong, D. K. 2010, Sol.

NASA/SDO and the HMI science teams. We appreciate Phys., 267, 463

helpful discussions with T. Torok and B. Kliem. Jiang, C., Feng, X., Wu, S. T., & Hu, Q. 2012, ApJ, 759, 85
Jiang, C., & Feng, X. 2013, ApJ, 769, 144
References Jiang, C., Feng, X., Wu, S. T, & Hu, Q. 2013, ApJ, 771, L30

Jiang, C., Wu, S. T., Feng, X., & Hu, Q. 2014a, ApJ, 780, 55
Amari, T., Canou, A., & Aly, J.-J. 2014, Nature, 514, 465



Jiang, C., Wu, S. T., Feng, X., & Hu, Q. 2014b, ApJ, 786, L16

Jing, J., Tan, C., Yuan, Y., et al. 2010, ApJ, 713, 440

Kliem, B., Lin, J., Forbes, T. G., Priest, E. R., & Torok,2014,
ApJ, 789, 46

Kliem, B., Su, Y. N., van Ballegooijen, A. A., & DelLuca, E. E.
2013, ApJ, 779, 129

Kliem, B., & Torok, T. 2006, Physical Review Letters, 96,
255002

Li, L. P., & Zhang, J. 2013a, A&A, 552, L11

Li, T., & Zhang, J. 2013b, ApJ, 770, L25

Li, T., & Zhang, J. 2013c, ApJ, 778, L29

Linker, J. A., Miki¢, Z., Lionello, R., et al. 2003, Physia¥
Plasmas, 10, 1971

Liu, C., Deng, N, Lee, J., et al. 2014, ApJ, 795, 128

Liu, R., Kliem, B., Torok, T., et al. 2012, ApJ, 756, 59

Liu, Y. 2008, ApJ, 679, L151

Mackay, D. H., Karpen, J. T., Ballester, J. L., Schmieder &.
Aulanier, G. 2010, Space Sci. Rev., 151, 333

McCauley, P. I, Su, Y. N., Schanche, N., et al. 2015, SolsEhy
290, 1703

C.-W. Jiang et al.

Schrijver, C. J., EImore, C., Kliem, B., Torok, T., & Titl&. M.
2008, ApJ, 674, 586

Sheeley, N. R., Wang, Y.-M., Hawley, S. H., et al. 1997, ApJ,
484, 472

Shen, Y., Ichimoto, K., Ishii, T. T., et al. 2014, ApJ, 786,115

Su, Y., Surges, V., van Ballegooijen, A., DelLuca, E., & Golub
2011, ApJ, 734,53

Titov, V. S., & Démoulin, P. 1999, A&A, 351, 707

Torok, T., Berger, M. A., & Kliem, B. 2010, A&A, 516, A49

Torok, T., & Kliem, B. 2005, ApJ, 630, L97

Torok, T., & Kliem, B. 2007, Astronomische Nachrichter283
743

Torok, T., Kliem, B., & Titov, V. S. 2004, A&A, 413, L27

Velli, M., Hood, A. W., & Einaudi, G. 1990, ApJ, 350, 428

Wang, S., Liu, C., & Wang, H. 2012, ApJ, 757, L5

Williams, D. R., Torok, T., Démoulin, P., van Driel-Gasyi, L.,
& Kliem, B. 2005, ApJ, 628, L163

Wu, S. T., & Guo, W. P. 1997, Washington DC American
Geophysical Union Geophysical Monograph Series, 99, 83

Wu, S. T., Guo, W. P., & Dryer, M. 1997, Sol. Phys., 170, 265

Moore, R. L., & Roumeliotis, G. 1992, in Lecture Notes Wu, S. T., Jiang, C., Feng, X., Hu, Q., & Liu, Y. 2014, in IAU

in Physics, Berlin Springer Verlag, 399, IAU Collog. 133:

Symposium, 300, eds. B. Schmieder, J.-M. Malherbe, & S. T.

Eruptive Solar Flares, eds. Z. Svestka, B. V. Jackson, & M. E. Wu, 466

Machado, 69

Moore, R. L., Sterling, A. C., Hudson, H. S., & Lemen, J. R.

2001, ApJ, 552, 833

Wu, S. T., Wang, A. H., Liu, Y., & Hoeksema, J. T. 2006, ApJ,

652, 800
Wu, S. T., Wang, S., & Zheng, H. 2000, Advances in Space

Nindos, A., Patsourakos, S., & Wiegelmann, T. 2012, ApJ, 748 Research, 26, 529

L6

Patsourakos, S., Vourlidas, A., & Stenborg, G. 2013, Apd, 76
125

Petrie, G. J. D. 2012, ApJ, 759, 50

Xu, Y., Jing, J., Wang, S., & Wang, H. 2014, ApJ, 787, 7

Xu, VY., Liu, C., Jing, J., & Wang, H. 2012, in American
Astronomical Society Meeting Abstracts, 220, American
Astronomical Society Meeting Abstracts #220, #515.05

Romano, P., Contarino, L., & Zuccarello, F. 2003, Sol. Phys. Yang, S., Zhang, J., Liu, Z., & Xiang, Y. 2014, ApJ, 784, L36

214, 313
Ruan, G., Chen, Y., Wang, S., et al. 2014, ApJ, 784, 165
Rust, D. M., & Kumar, A. 1996, ApJ, 464, L199
Schmieder, B., Démoulin, P., & Aulanier, G. 2013, Advanites
Space Research, 51, 1967

Zhang, J., Cheng, X., & Ding,
Communications, 3, 747

Zhang, Q. M., Ning, Z. J., Guo, Y., et al. 2015, ApJ, 805, 4

Zharkov, S., Green, L. M., Matthews, S. A., & Zharkova, V. V.
2013, Journal of Physics Conference Series, 440, 012046

M.-D. 2012, Nature



