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Abstract

It is widely believed that magnetic flux ropes are the key structure of solar eruptions; however, their observable
counterparts are not clear yet. We study a flare associated with flux rope eruption in a comprehensive radiative
magnetohydrodynamic simulation of flare-productive active regions, especially focusing on the thermodynamic
properties of the plasma involved in the eruption and their relation to the magnetic flux rope. The preexisting flux
rope, which carries cold and dense plasma, rises quasi-statically before the onset of eruptions. During this stage, the
flux rope does not show obvious signatures in extreme ultraviolet (EUV) emission. After the flare onset, a thin
“current shell” is generated around the erupting flux rope. Moreover, a current sheet is formed under the flux rope,
where two groups of magnetic arcades reconnect and create a group of postflare loops. The plasma within the
“current shell,” current sheet, and postflare loops are heated to more than 10 MK. The postflare loops give rise to
abundant soft X-ray emission. Meanwhile, a majority of the plasma hosted in the flux rope is heated to around
1 MK, and the main body of the flux rope is manifested as a bright arch in cooler EUV passbands such as the AIA
171 A channel.
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1. Introduction

Solar flares and coronal mass ejections (CMEs) are the most
violent solar activities that result from a rapid release of
magnetic energy in the solar atmosphere. It is now widely
believed that flares and CMEs are two different manifestations
of the same magnetic process (Zhang et al. 2001; Lin 2004;
Webb & Howard 2012), in which magnetic flux ropes act as the
key ingredient involved in the eruption (Nindos et al. 2015;
Schmieder et al. 2015; Cheng et al. 2020).

A magnetic flux rope is characterized by a group of magnetic
field lines that coherently twist around a central axis, showing
evidently a helical morphology that is clearly distinct from the
ambient magnetic structures (Liu 2020). Based on the
observing wavelengths, a variety of observational manifesta-
tions have been proposed to be related to flux ropes, such as
filaments /prominences (Mackay et al. 2010; Ouyang et al.
2017), cavities (Régnier et al. 2011; Gibson 2015), hot
channels (Zhang et al. 2012; Cheng et al. 2013), and sigmoids
(Green et al. 2007; McKenzie & Canfield 2008). Moreover,
quite a few magnetohydrodynamic (MHD) simulations based
on different codes (e.g., Kliem et al. 2013; Inoue et al. 2014;
Xia et al. 2014; Fan & Liu 2019; Guo et al. 2019; He et al.
2020), which try to explain the roles of flux ropes in solar
eruptions and their manifestations in observations, have been
performed. For example, the simulations by Amari et al.
(2000, 2003) ascribed the initiation of two-ribbon flares and
CMEs to twisted flux ropes, which are formed through flux
emergence or convergence after photospheric shearing
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motions. Aulanier et al. (2010) analyzed the formation and
eruption of a torus-unstable flux rope in a zero-G MHD
simulation and found that the evolution of the current system
relevant to the flux rope can explain the X-ray sigmoids in
observations. More advances in the modeling and observations
of flux ropes can be found in a number of recent reviews (e.g.,
Filippov et al. 2015; Cheng et al. 2017; Liu 2020; Patsourakos
et al. 2020).

However, owing to the difficulty in measuring the magnetic
field in the corona, the observational counterparts of flux ropes
are still elusive. Most of the previous MHD simulations have
more or less adopted simplifications in the energy equation
governing the plasma thermodynamics. Except for the very few
data-driven simulations, most simulations start from a simpli-
fied, prescribed magnetic structure. Radiative magnetohydro-
dynamic (RMHD) simulations with sophisticated energy
equations allow a direct comparison between model-synthe-
sized observable and real observations. Cheung et al. (2019)
showed that RMHD simulations can successfully reproduce
many of the observational properties of solar flares.

In this Letter, we investigate a flux-rope eruption in an
RMHD simulation of an active-region-scale flux emergence
from the convection zone to the corona (Chen et al. 2021). The
simulation provides a comprehensive history of the fully self-
consistent evolution of the magnetic field starting from the
interior. This is combined with a sophisticated energy equation
that provides the thermal properties of plasma and synthetic
observables that are quantitatively comparable with observa-
tions. Thus, this study helps to shed new light on the relation
between the proposed emission counterparts of flux ropes and
the true magnetic structures that are not directly observable.

The rest of the Letter is organized as follows. A brief
description of the numerical simulation is given in Section 2.
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Figure 1. Photospheric magnetogram of the simulation at #y. (a) The magnetogram of the full simulation domain at #,. The region of interest is marked by the white
dotted box. (b) A zoomed-in view of the region of interest shown in panel (a). There are two bipoles that are labeled N1, P1 and N2, P2. The white arrow V1 and the
black arrow V2 indicate the two viewing directions for synthesizing the AIA images. Note that the coordinates are relative ones that only measure the size of the

region.

Section 3 presents the analysis of the magnetic field, the
thermal properties of the plasma, and the corresponding
observables. We summarize the results and conclude in
Section 4.

2. Method

The numerical simulation is conducted with the MURaM
code (Vogler et al. 2005; Rempel 2017), which takes into
account radiative transfer in the lower solar atmosphere,
optically thin radiative loss in the transition region and corona,
and anisotropic thermal conduction along magnetic field lines.
The simulation domain covers a region of xxXyxz=
196.6 Mm x 196.6 Mm x 122.9 Mm, and the lower boundary
is placed at about 10 Mm below the photosphere. The domain
is resolved by 1024 x 1024 x 1920 grid points, yielding a
resolution of 192 km in the horizontal direction and 64 km
vertically. The full 48 hr evolution covers the emergence of
magnetic flux bundles from the convection zone to the corona.
Complex active regions are formed in the photosphere and give
rise to diverse solar activities including more than 50 flares of C
class or above. Comprehensive descriptions of the simulation
setup and general results are presented in Chen et al. (2021).

Here, we study a C8.5 flare, which is the second-largest
eruption happening in the simulation, and focus on the region
(580 x 400 x 1620 grid points) of the flare and a time period of
approximately 1700s starting from 21"36™55° (1,) in the
simulation time domain. All the time instants mentioned
hereafter are relative to #,.

3. Results
3.1. Synthesized Observables of the Event

The photospheric line-of-sight magnetic field of the full
simulation domain at #, is shown in Figure 1(a). The entire
region consists of several strong sunspots, with the white box
indicating the region of interest for this study. This region
covers two bipoles, which are marked as N1, P1 and N2, P2 in
a zoom-in view as shown in Figure 1(b).

To provide a global evolution of the flare, we display the
synthetic Geostationary Operational Environmental Satellites
(GOES) 1-8 Alight curve in Figure 2(a). Because there is a
relatively strong pre-eruption background, we use the increase
of the synthetic GOES flux induced by the eruption to evaluate
its flare class. In this event, the GOES flux increases by
8.5 x 10*6Wm72, and hence it corresponds to a C8.5 class
flare. The synthetic GOES flux shows an impulsive rise phase
followed by a slow decay phase, as was often found in
observations.

For a more intuitive comparison with multiwavelength
observations that are extensively used to diagnose plasma
thermodynamics, we also synthesize the images of the
Atmospheric Imaging Assembly (AIA; Lemen et al. 2012)
171 A and 131 A channels and X-Ray Telescope (XRT, Golub
et al. 2007) Al-thick filter images that highlight plasma at
different temperatures, respectively. To better illustrate the key
emission features during the eruption, we choose two side
views as marked in Figure 1(b): V1 is almost along the polarity
inversion line (PIL) between P1 and N2, and V2 is
perpendicular to V1. Figures 2(b) and (c) display the synthetic
images seen along V1 shortly after the peak time of the flare,
and (d)-(f) those seen along V2 at the same time. The
associated animation shows the whole evolution of the
eruption.

As shown in the animation of Figure 2, the first signature of
the eruption appears at r=704.03s as a bright blob at the
bottom part of the synthetic EUV images below 10 Mm.
Meanwhile, it appears as an X-shaped compact structure in the
XRT Al-thick images along V1, indicating that a small portion
of plasma has been heated to relatively high temperatures in
this early stage.

The bright blob seen in the EUV emission quickly rises and
expands during the short impulsive phase. Shortly after the
flare peak, the eruption appears as a bright arch in AIA 171 and
131 A images (Figures 2(b), (d), and (e)). We notice that the
rising arch is impeded by the overlying loops and gradually
slows down, as shown in Figure 2(d). At r=858.89s, only



THE ASTROPHYSICAL JOURNAL LETTERS, 933:1.29 (7pp), 2022 July 10

e , . , 100

£ 12f ‘ ]

S (a) ' t= 830.68s

‘s 10Ff 80

L o~

Z o8} £ 60

= 7

@ r Q

% 06 £ .
@

] >

W o04p

o 20

0 500 1000 1500

Time (s)

Vertical (Mm)

0 20 40 60 80 100 120 0 20 40
Harizon (Mm)

AlA 171 along V1

Harizon (Mm)

Wang et al.

XRT Al-thick along V1

XRT Al-thick along V2

10°

80 100 120 0 20 40 60 80 100 120
Horizon (Mm)

Figure 2. Synthesized observables of the event in the simulation. (a) Synthetic GOES 18 A flux in the selected region. The blue dotted line indicates the time instance
(t = 830.68 s) of the image shown in (b)—(f). (b) Synthetic AIA 171 A image seen along V1 showing a rising bright arch. (c) Synthetic XRT Al-thick image seen along
V1, showing a bright semicircular structure under the arch in (c). (d) Synthetic AIA 131 A image seen along V2. (e) Similar to (b) but along V2. (f) Similar to (c) but
along V2. An animation of this figure is available. The animation shows the 1764 s of evolution. The real-time duration of the video is 8 s.

(An animation of this figure is available.)

approximately 30 s after the time instant of Figure 2, the arch
reaches its peak height, which is about 55 Mm above the
photosphere. Then, it breaks down and expands greatly, and
eventually falls back to the solar surface. This eruption drives
an EUV wave and subsequent quasi-periodic wave trains,
which have been analyzed in detail in Wang et al. (2021a).

The eruption appears significantly different in the synthetic
soft X-ray images. The bright arch, which is the most
prominent feature seen in EUV emission, is absent in the
XRT images. This suggests that the plasma confined in the arch
may be heated to a few MK, but not significantly above
10 MK. The XRT images show some thin threads that seem to
outline the boundary of the EUV arch and a compact bright
semicircular loop that lies below 10 Mm (Figure 2(c)). The
image along the perspective of V2 (Figure 2(f)) reveals that the
semicircular loop is the projection of a series of loops that lie
along the perspective of V1. In the animation, we find a strong
temporal correlation between the appearance of this semicir-
cular loop and the impulsive phase of the GOES flux. With the
flare going on, this loop becomes diffusive and evolves to a
cusp-like shape that resembles postflare loops in observed
flares. Moreover, we notice a thin ray-like structure standing
right above the semicircular loop. It outlines the current sheet in
the eruption, as described later in this Letter.

3.2. Morphology of the Magnetic Field and the Current System

The ejection of a coherent structure from the lower
atmosphere, as described above, hints at the presence of a
magnetic flux rope in this event. We calculate magnetic field
lines based on seed points that are randomly distributed in
selected regions. Figure 3 presents a 3D view of the magnetic

field lines. We note that, in order to highlight the evolution of
the magnetic flux rope during different stages, the region of
seed points varies for different panels in Figure 3.

As shown in Figure 3(a), the magnetic field at 7, in the corona
can be divided into three main parts: a preexisting magnetic flux
rope (purple arrow) of an average twist number of about —1.6
sitting above the PIL, a pair of low-lying arcades (yellow
arrows) located on both sides of the flux rope, and a group of
overlying arcades (orange arrows) that straddle over the flux
rope. The flux rope was formed about 20 minutes before #,
through gradual reconnection between serpentine magnetic field
lines along the PIL. Considering that the flux rope shows no
obvious changes in morphology during this time period, we thus
do not include the early evolution of the flux rope in this study.

Three key snapshots during the evolution of the flux rope are
shown in Figures 3(b)—(d). Figure 3(b) presents a zoomed view
of the preexisting flux rope, which consists of a branch of
twisted field lines with their footpoints anchored in the major
positive (negative) polarity P1 (N1). In the period we are
concerned about, the flux rope evolves through three main
stages: Before the onset of the flare, the flux rope rises quasi-
statically without obvious change in morphology; then, the flux
rope erupts rapidly with expanding and rotating motions in the
corona; finally, the flux rope slows down, stops at a height of
approximately 55 Mm, and falls back to the solar surface,
failing to develop into a CME.

The dynamics of the flux rope, in particular its relation to
detailed force balance, is not the focus of the study presented in
this Letter. Nevertheless, it is interesting to note here that torus
instability (Kliem & Torok 2006) plays an important role in the
initiation of the eruption, as the flux rope gradually rises to a
height where the decay index of the transverse component of
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Figure 3. Evolution of the magnetic flux rope before and during the eruption. (a) Coronal magnetic field configuration at 7,: a magnetic flux rope (purple arrow), two
groups of low-lying arcades (yellow arrows) on both sides of the flux rope, and a group of large-scale overlying arcades (orange arrow) above. The colors of the field
lines indicate the temperature of the local plasma, with the color bar shown at the bottom-right corner. The red, green, and blue arrows refer to the x-, y-, and z-axes in
the simulation, respectively. (b)-(d) Magnetic field of the flux rope at different time instants. The white circle in (c) marks the position of flux transfer at the footpoint

during the eruption. The 3D visualization is produced by VAPOR (Li et al. 2019).

the background magnetic field becomes sufficiently large.
However, why the eruption is eventually confined cannot be
explained solely by the effect of torus instability because both
the flux rope and background field drastically change and
interact during the eruption. The poloidal magnetic field of the
flux rope is significantly changed in the latter evolution, such
that the body of the flux rope presents a net downward Lorentz
force. This is combined with a downward force exerted by the
overlying arcades (as indicated in Figure 3(a)), which the flux
rope has been pushing against during the eruption.

It is suggested that the topology of the flux rope may play an
important role in determining its kinematic behaviors. For
example, Zhong et al. (2021) demonstrated that the Lorentz
force resulting from the nonaxisymmetry of the flux rope can
essentially constrain its eruption. The flux rope in our
simulation exhibits a clearly more complex morphology than
the simplified pre-eruption magnetic field structures in previous
models. A thorough analysis of the kinematics of the eruption
and driving forces will be presented in a forthcoming paper.

Moreover, by comparing Figures 3(b) and (c), one can find a
partial change in the footpoint of the flux rope: At the
beginning, the positive footpoint of the flux rope is
concentrated in P1; during the eruption, however, the flux
rope bifurcates, such that part of the footpoint transfers to P2,
as marked by the white circle in Figure 3(c). This phenomenon
indicates a magnetic reconnection between the flux rope and
the nearby arcades, which is similar to the process proposed by

Aulanier & Dudik (2019) based on their simulations and is also
found in observations (Dudik et al. 2019; Xing et al. 2020).

In Figure 4, we plot several groups of magnetic field lines
involved in the erupting flux rope and the distribution of some
important physical quantities on a slice cutting through the
cross section of the flux rope. Figure 4(b) displays the complex
current system formed around the flux rope during the eruption.
In particular, there is a circular region of strong current that
wraps the flux rope, which looks like a “current shell” (white
arrow in Figure 4(b)). This current shell is cospatial with the
interface between the flux rope and the overlying arcades,
namely a magnetic separatrix. As indicated by the white arrow
in panel (a), the magnetic field lines in the current shell have a
corrugated shape, which implies the presence of strong
magnetic disturbances in this region.

Meanwhile, a thin current sheet is formed under the erupting
flux rope, as indicated by the black arrow in Figure 4(b). The
low-lying arcades next to the flux rope (see Figure 3(a))
reconnect within the current sheet and transform into a branch
of concave-upward field lines (pink arrow in panel (e)) and a
group of cusp-shaped postflare loops (yellow arrow in panel
(e)). The magnetic reconnection produces an upward Lorentz
force that contributes to the rise of the flux rope, thus giving
positive feedback to the eruption.

Aulanier & Dudik (2019) described the reconnection
between a pair of low-lying arcades, resulting in a flux rope
and a flare loop (termed aa-rf). The reconnection between the
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Figure 4. Physical quantities related to the flux rope. (a) Overview of the magnetic field lines at = 794.03 s. The green and purple field lines show the same flux rope
as that in Figure 3(d) but from another perspective, while the field lines within the current shell are plotted in red and indicated by the white arrow. We select a slice
(the transparent one in the image) to show the main physical parameters in the following panels. (b) Distribution of current density on the selected slice at the same
time as in (a). The black arrow indicates the current sheet below the flux rope, and the white arrow marks the current shell. (c) Distribution of resistive dissipation on
the selected slice at 794.03 s. (d) Distribution of viscous dissipation on the selected slice at 794.03 s. (e) A highlight of field lines corresponding to the arcades concave
upward (pink arrow) and postflare loops (yellow arrow) formed after reconnection. (f) Distribution of plasma velocity on the selected slice at the same time as in (e),
showing the high-speed bidirectional outflows (orange arrows) at both ends of the current sheet and the chromospheric evaporation (green arrows) in the postflare

loops. The 3D visualization is produced by VAPOR.

low-lying arcades in our simulation behaves slightly differ-
ently. We find that, at the initial time, the footpoints of the
reconnecting arcades (P2 and N2) belong to the different
magnetic domains with the footpoints of the flux rope (P1 and
N1). Even though part of one footpoint of the flux rope is
transferred from P1 to P2 during the eruption, the newly
reconnected field lines neither show obvious twists as the flux
rope nor effectively supply magnetic flux to the flux rope.

We display the vertical velocity in the slice in Figure 4(f). At
the two ends of the current sheet, we find bidirectional outflows
(orange arrows) with a high speed of more than 1000kms™".
There are also evident upflows along both legs of the postflare
loops (green arrows), which correspond to the chromospheric
evaporation commonly seen in flare observations.

3.3. Thermal Properties and Heating of the Plasma Related to
the Flux Rope

To further relate the magnetic structures with the emission
features of the event, we quantitatively analyze the main
physical parameters of the plasma associated with the flux rope
in two snapshots before (# = 608.06 s) and during the impulsive
phase of the eruption (r =780.81 s).

Differential emission measures (DEMs) deduced from
multiwavelength observations are extensively used to diagnose
the temperature distribution of the emitting plasma. However,
the results suffer from the line-of-sight effect that may bring
great uncertainties. With the simulation data, we evaluate the
emission measure (EM) in the 3D space by

T
EM(x, y,2) = > nZ(x, y, z, )M (T), 1)

where n, is the electron number density and M(7) is the mask
function of temperature 7. For the analysis in this Letter, we

use a low-temperature mask: M(T) =1 if 4.5 < log;, T < 6.0
and a high-temperature mask: M(T) = 1 if log,, T > 7. The 3D
distributions of EMs in the low- and high-temperature ranges
are shown in the first and second columns of Figure 3,
respectively.

Before the eruption, the flux rope is embedded in cool
plasma (Figure 5(a)), and hot plasma is almost absent at this
moment (Figure 5(c)). At r~ 781 s, the flux rope is a magnetic
arch carrying plasma cooler than 1 MK (Figure 5(b)), which is
consistent with the results seen in synthetic observations shown
in Figure 2. Meanwhile, abundant plasma at temperatures
higher than 10 MK can be found in the cusp-shaped postflare
loops and the magnetic arcades above, i.e., the magnetic field
lines that are involved in the reconnection triggered below the
erupted flux rope.

The plasma density in the same slice as in Figure 4(a) is
shown in Figures 5(e) and (f). It is seen that, before the
eruption, the density of the plasma hosted in the flux rope is
more than two orders of magnitude higher than that of the
background corona. During the eruption, the density decreases
rapidly due to the expansion of the flux rope, but it remains
significantly higher than the surrounding corona. As demon-
strated by the insert in Figure 5(f), the density in the postflare
loops is also higher than that outside the loops, as a result of the
strong evaporation flows that feed plasma into the loops.

Figures 5(g) and (h) show the plasma temperature on the
same slice. It clearly shows that before the eruption, the
temperature inside the flux rope is below 30,000 K, two orders
of magnitude lower than the temperature of the background
corona. The high-density and low-temperature properties of the
flux rope indicate that the plasma hosted in it comes from the
lower atmosphere.
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Figure 5. Distribution of plasma parameters at two time instants of = 608.06 s (top row) and t = 780.81 s (bottom row). Overplotted are selected magnetic field lines
characterizing the event (flux rope in purple, low-lying arcades in yellow, and reconnected lines in red). (a) 3D distribution of the EM in the temperature range of
0.03—1 MK (green-colored structure) at t = 608.06 s. (b) Similar to (a) but at # = 780.81 s. (c) 3D distribution of the EM in the temperature range of more than 10 MK
(orange-colored structure) at t = 608.06 s. (d) Similar to (c) but at t = 780.81 s. (e) Distribution of plasma density on the selected slice shown in Figure 4(a) at
t = 608.06 s. (f) Similar to (e) but at r = 780.81 s. The inset in (f) shows an enlarged view of the density within the postflare loops. (g) Distribution of plasma
temperature on the selected slice shown in Figure 4(a) at = 608.06 s. (h) Similar to (g) but at # = 780.81 s. The inset in (h) shows an enlarged view of the temperature

within the postflare loops. The 3D visualization is produced by VAPOR.

As the flux rope erupts, a lot of hosted plasma is heated to
temperatures of around 1 MK, giving rise to bright emission in
the synthetic AIA images. Meanwhile, the plasma in the
postflare loops becomes hotter than 20 MK, which is the
primary source of the soft X-ray emission seen in the synthetic
XRT images and the GOES light curve. However, although
being heated to high temperatures at the same time, the current
shell wrapping around the flux rope is thin and of a low density,
and hence cannot yield a bright emission signature in the XRT
images.

To understand the heating process during the eruption, we
investigate the main heating sources in our simulation: resistive
heating (Q,s) and viscous heating (Q,;;), which measure the
dissipation of magnetic and kinetic energies to the internal
energy of plasma, respectively. The distribution of Q. in the
selected slice is shown in Figure 4(c) and that for Q. is
displayed in Figure 4(d). Both Qs and Q,;s increase greatly
within the flux rope, providing significant energy to heat the
hosted plasma. The heating is also strong in the current sheet
and current shell. The strong heating coincides with a lower
plasma density in these regions. Therefore, the temperatures
efficiently rise to extremely high values.

We also notice that there are layered distributions of plasma
inside the postflare loops, which are shown in the insets of
Figures 5(f) and (h), implying sequential heating and cooling
processes from inner to outer loops. The outer loops are newly
formed and heated, with a higher temperature and a lower
density, while the inner loops have already cooled down, with a
lower temperature and a higher density. Similar results have
been obtained in 2D and 2.5D simulations of solar flares
(Yokoyama & Shibata 2001; Takasao et al. 2015; Ye et al.
2020; Wang et al. 2021b).

4. Summary and Conclusion

To explore the emission properties of flux ropes during their
eruptions, we analyze a flux rope eruption associated with a
C8.5 flare in a comprehensive 3D RMHD simulation. We focus
on the topology of the magnetic field and the thermal properties
of the plasma involved with the flux rope and reach the main
results as follows:

1. The initial coronal magnetic field consists of three main
parts: a flux rope characterized by a branch of twisted
field lines, a pair of low-lying arcades, and a group of
overlying arcades. The flux rope has existed quasi-
statically for a long time before its eruption. The eruption
of the flux rope gives rise to a C-class flare; however, it
itself fails to develop into a CME.

2. During the eruption of the flux rope, violent magnetic
reconnection between the low-lying arcades occurs at the
current sheet under it, generating a group of postflare
loops. A current shell wrapping the flux rope appears,
which may result from the squeezing between the flux
rope and the overlying field.

3. The plasma within the flux rope is initially much denser
and cooler than that in the surrounding corona, and it can
be heated to around 1 MK during the eruption. The
plasmas with the highest temperature of more than 10
MK mainly appear at the current sheet below the flux
loop, the current shell around it, and the postflare loops.

4. The preexisting flux rope is hardly visible in the AIA
171 Aimages before its eruption but manifested as a
bright arch during its eruption. The current sheet and
postflare loops can be clearly identified in the synthetic
XRT images.
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When the flux rope is formed is a key question in the study
on solar eruptions. Previous theoretical models have suggested
two plausible approaches: One indicates that preexisting flux
ropes are an important prerequisite for solar eruptions (Aulanier
et al. 2010; Fan 2017), while the other argues that the pre-
eruption configuration can be sheared by magnetic arcades and
the flux ropes are products of the eruptions (Jiang et al. 2021).
Observations also lead to diverse results on the formation of
flux ropes. The hot channel structure, which usually shows up
in AIA 94 A and 131 A images that are sensitive to hot plasma,
is regarded as a credible candidate for flux ropes. Most of the
hot channels show their earliest signatures before the onset of
eruptions (Zhang et al. 2012; Cheng et al. 2013). However,
there are also events with hot channels forming during the
impulsive acceleration phase of the CME (Cheng et al. 2011).

Interestingly, we notice in our simulation that there are no
significant emission features of the preexisting flux rope in the
synthetic AIA images before the flare onset. Whether it is visible in
other cooler wavelengths like Ha requires further investigations.
Our results also indicate that during the eruption, the emission
features in low or high temperatures can only exhibit limited
information about the magnetic field. The arch-like structure seen
in cool EUV channels (e.g., AIA 171) outlines the main body of
the flux rope, and the hot channels may correspond to only the
significantly heated part of the flux ropes, such as the concave
arcades formed by the reconnection below the erupted flux rope.
To conclude, the flux rope and involved plasma in our simulation
is a multithermal structure and their observational properties
change drastically. Therefore, even in events without hot channels
before the eruption, we cannot preclude the possibility of a
preexisting flux rope. More comprehensive criteria need to be
considered when judging the formation of the flux ropes.
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