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ABSTRACT

Solar filaments often exhibit rotation and deflection during eruptions, which would
significantly affect the geoeffectiveness of the corresponding coronal mass ejections
(CMEs). Therefore, understanding the mechanisms that lead to such rotation and
lateral displacement of filaments is a great concern to space weather forecasting. In
this paper, we examine an intriguing filament eruption event observed by the Chinese
Hα Solar Explorer (CHASE) and the Solar Dynamics Observatory (SDO). The fila-
ment, which eventually evolves into a CME, exhibits significant lateral drifting during
its rising. Moreover, the orientation of the CME flux rope axis deviates from that of
the pre-eruptive filament observed in the source region. To investigate the physical
processes behind these observations, we perform a data-constrained magnetohydrody-
namic (MHD) simulation. Many prominent observational features in the eruption are
reproduced by our numerical model, including the morphology of the eruptive filament,
eruption path, and flare ribbons. The simulation results reveal that the magnetic re-
connection between the flux-rope leg and neighboring low-lying sheared arcades may
be the primary mechanism responsible for the lateral drifting of the filament material.
Such a reconnection geometry leads to flux-rope footpoint migration and a reconfigura-
tion of its morphology. As a consequence, the filament material hosted in the flux rope
drifts laterally, and the CME flux rope deviates from the pre-eruptive filament. This
finding underscores the importance of external magnetic reconnection in influencing the
orientation of a flux rope axis during eruption.
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1. INTRODUCTION

Coronal mass ejections (CMEs) are large-
scale transient eruptions that occur in the solar
corona, expelling substantial amounts of mag-
netized plasma into the interplanetary space
and driving disturbances to the heliosphere
environment (Chen 2011). As they propa-
gate through the interplanetary space, they are
termed as interplanetary CMEs (ICMEs). It
is believed that the core magnetic structure of
a CME/ICME is a magnetic flux rope (albeit
not always), characterized by helical field lines
winding around one axis. Flux ropes can be
detected through a variety of remote sensing
observations in the low corona, such as fila-
ments, sigmoids, coronal cavities, and hot chan-
nels (Cheng et al. 2017). In-situ measurements
of the interplanetary plasma can identify flux
ropes through large and smooth rotations of
magnetic fields, which are typically referred to
as magnetic clouds (MCs; Burlaga et al. 1981).
It is well accepted that the orientation of a flux-
rope axis is crucial for predicting adverse space
weather events, and the southward magnetic-
field component carried by the flux rope is the
most dominant indicator for the possible gener-
ation of geomagnetic storms (Liu et al. 2016;
Kilpua et al. 2019; Shen et al. 2022; Tsuru-
tani et al. 2022), which are triggered by the re-
connection between the northward geomagnetic
field and the southward interplanetary magnetic
field.
Solar filaments are often observed as the pro-

genitors of CMEs, for instance, over 70% of all
CMEs are associated with eruptive filaments
(Munro et al. 1979). On the other hand, fil-
aments are prominent proxies for flux ropes in
the low corona, as statistical research has shown

that 89% of the eruptive filaments are supported
by flux ropes prior to eruption (Ouyang et al.
2017). Studies have also shown a strong corre-
lation between the magnetic structures of MCs
and their pre-eruptive filaments in the source
region. Bothmer & Schwenn (1994) found that
in four out of their five cases, the orientation
and chirality of MCs are the same as those of
the pre-eruptive filaments. Yurchyshyn et al.
(2001) demonstrated that the axial direction
and helicity of the MC magnetic fields are in
alignment with those of the corresponding erup-
tive filaments. Furthermore, Wang et al. (2006)
found that the tilt angles of some MCs of their
sample are nearly parallel with the correspond-
ing filaments, particularly for those whose flux-
rope axes are almost perpendicular to the Sun-
Earth line. As such, the determination of the
magnetic morphology of solar filaments provides
valuable insights into the magnetic structures
of the resulting ICMEs/MCs, making it possi-
ble to predict the orientation of interplanetary
magnetic fields near the Earth or even the possi-
bility of geomagnetic storms by examining solar
filaments.
However, we cannot always expect that a fila-

ment erupts in the radial direction, keeping its
orientation all the way from the low corona to
the interplanetary space. As a result, incon-
sistency between the original filament and the
resulting MC axis was reported (Wang et al.
2006). The mechanisms that lead to such in-
consistencies fall into two categories, i.e. the de-
flection and the rotation of the flux rope axis.
For the former mechanism, it would alter the
original trajectory and guide some non-Earth-
directed CMEs eventually to arrive at the Earth
or vice versa (Wang et al. 2002, 2004, 2011).
Moreover, Gopalswamy et al. (2014) found that
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some CMEs erupting from the backside of the
Sun or behind the limb can also result in strong
solar energetic particles and ground level en-
hancement events, suggesting that there should
exist deflection causing the CMEs to deviate
from the original trajectory. Different from de-
flection, the rotation of a flux rope usually oc-
curs in the early stage of a CME. For example,
many filaments frequently undergo rotations as
they rise continuously (Green et al. 2007; Zhou
et al. 2019, 2020), leading to variations of their
axis orientation. Song et al. (2018) reported
a very intriguing prominence eruption, which
undergoes counterclockwise and clockwise rota-
tions sequentially. Shiota et al. (2010) found
that magnetic reconnection can lead to the ro-
tation of the CME flux rope. Additionally, Liu
et al. (2018) found that the axis of a CME
flux rope deviates from the initial orientation
by about 95◦. All of these studies indicated that
the deflection and rotation of a flux rope com-
monly occur during propagation in the corona
and interplanetary space, which may greatly in-
fluence its geoeffectiveness. Among them, the
deflection influences whether a CME arrives at
the Earth, and the rotation could alter the Bz

profile of an ICME, in particular its duration
and strength of the southern component, which
significantly affects its magnetic reconnection
with the northward geomagnetic field (Maha-
rana, Anwesha et al. 2023). Therefore, uncov-
ering the underlying physical processes behind
these observational phenomena is crucial for re-
fining CME forecasting models.
To unveil the physical mechanisms of the flux

rope deflection and axis rotation, data-driven
or data-constrained numerical simulations are
fairly powerful tools. These simulations utilize
the observational data, such as the magnetic
field, velocity field, and electric fields on the
photosphere, to derive the initial condition for
the numerical setup and constrain the subse-
quent evolution (Jiang et al. 2022). Such mod-

els have played a tremendous role in reproduc-
ing the three-dimensional (3D) evolution of the
magnetic fields (Cheung & DeRosa 2012; Jiang
et al. 2016; Inoue et al. 2018a,b; Guo et al.
2019; Pomoell et al. 2019; Guo et al. 2021c)
and the thermodynamics (Török et al. 2018;
Fan 2022; Guo et al. 2023) in the corona, as
well as the ICME propagation in the interplan-
etary space (Pomoell & Poedts 2018; Poedts
et al. 2020; Scolini et al. 2020; Verbeke et al.
2022). Here, we perform a nonadiabatic data-
constrained MHD simulation of the filament
eruption event that occurred on 2022 August
18, which exhibits obvious lateral drifting dur-
ing its ascent, as captured by SDO (Pesnell et al.
2012) and CHASE (Li et al. 2019, 2022) simul-
taneously. One aim is to reproduce as many
observational characteristics as possible in the
simulation. Additionally, we expect to explain
why this filament displays lateral drifting dur-
ing the eruption and explore how it affects the
magnetic structure of the resulting CME. We
describe the observations in Section 2, introduce
the setup of the MHD modeling in Section 3,
and present the simulation results in Section 4,
which are followed by the summary and discus-
sion in Section 5.

2. MULTI-WAVELENGTH OBSERVATIONS

The event under study is the filament eruption
that occurred at 10:00 UT on 2022 August 18, in
NOAA active-region 13078. Figure 1a displays
the GOES soft X-ray (SXR) light curves in 0.5–
4 and 1-8 Å during 10:00–11:40 UT. It is found
that this filament eruption is accompanied by an
M1.3 flare (10:00-10:13 UT), a C3.4 flare (10:19-
10:37 UT), and an M1.5 flare (10:37-11:13 UT).
Figures 1b–1d displays the multi-wavelength
observations of the pre-eruptive filament ob-
served by SDO/Atmospheric Imaging Assem-
bly (AIA; Lemen et al. 2012) and CHASE/Hα
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Imaging Spectrograph (HIS) 1, and the mag-
netic fields in its source region at 09:33 UT on 18
August 2022 observed by SDO/Helioseismic and
Magnetic Imager (HMI; Scherrer et al. 2012). It
is seen that the filament has a crescent shape
and lies along the polarity inversion line on the
east side of the active region. The orientation of
the filament spine is almost from north to south.
The eruption of this filament can be divided into
two distinct stages: the ejection stage and the
subsequent lateral drifting stage (Animation of
Figure 2). At 10:00 UT, the filament starts to
rise slowly and leans toward the southeast with
a semi-circle morphology, as shown in Figures 2a
and 2b. Hereafter, the entire bulk of the erup-
tive filament is no longer discernible as before,
and a cloud of faint filament material drifts to
the west (outlined by green ovals in Figures 2c–
2d). To show the filament dynamics clearly, we
select two cuts (Cut 1 in Figure 2b and Cut 2
in Figure 2c) along the eruption direction and
drifting direction to make time-distance maps
(Figure 2e and 2f). One can see that the rising
of this erupting filament falls into two stages
(Figure 2e): in the beginning, the filament rises
with a relatively low velocity (36 km s−1), and
then accelerates and rises with a higher mean
velocity of about 231 km s−1. As for the fila-
ment drifting, it is seen that the filament mate-
rial starts to drift westward at around 10:40 UT,
with a mean velocity of about 173 km s−1 (Fig-
ure 2f). Intriguingly, these three stages can be
distinguished very well by three flares, implying
that magnetic reconnection may play an impor-
tant role in the eruption and drifting of this fila-
ment. Moreover, it is observed that the drifting
direction of the filament is nearly opposite to
its initial eruption direction. What mechanisms
lead to such a lateral drifting of the filament
material during the eruption? We try to an-

1 https://ssdc.nju.edu.cn

swer this question in the following sections of
this paper.
The CHASE/HIS Hα spectral observations

come with much more information about the
lateral drifting of the filament material. On
the one hand, the Hα spectral line is highly
sensitive to cold plasmas, such as the filament
and chromospheric activities, making it more
suitable than extreme-ultraviolet (EUV) wave-
bands in identifying the fine structures of fila-
ments. On the other hand, CHASE/HIS pro-
vides full-disk Hα spectroscopic observations.
As such, the slit-jaw images at different wave-
lengths and Doppler velocity fields can be de-
rived, enabling more precise characterizations of
the dynamics of the filament eruption. Unfor-
tunately, the CHASE observatory has not been
able to provide continuous observations so far,
and only captures the subsequent lateral drift-
ing stage of this filament eruption. In spite
of this, the CHASE observations still provide
valuable information for this study, enabling the
exploration of the underlying mechanisms that
lead to the filament lateral drifting. Figure 3a
shows the Hα red-wing image (6562.82+0.87 Å)
at 10:55 UT. It is evident that a long, dark
structure moving westward in the Hα red-wing
image is closely aligned with the drifting fila-
ment material observed in the SDO/AIA 304 Å
image (see Figures 3b). To examine its trans-
verse movements, in Figure 3c, we make a time-
distance diagram along Cut 3 marked in Fig-
ure 3a. The transverse velocity of this struc-
ture is measured to be approximately 155 km
s−1, which is comparable to the velocity in the
SDO/AIA 304 Å images (Figure 2f). This indi-
cates that the westward movement of the dark
structure observed in the Hα red-wing wave-
band corresponds to the westward drift of a bulk
of filament material in the SDO/AIA 304 Å im-
ages. The spectral profile in Figure 3d suggests
that the spectrum is red-shifted, indicating the
downward plasma flows.
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CHASE/HIS Hα line center SDO/HMI magnetogram09:33 UT
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Figure 1. (a) GOES SXR light curves between 10:00 UT and 11:40 UT on 2022 August 18, in which the
peak times are marked with dashed lines. (b) Composite image of AIA 171 Å (red), 193 Å (green) and
304 Å (blue) of the pre-eruptive filament at 09:33 UT on 18 August 2022. (c) Hα line-center image of the
pre-eruptive filament observed by CHASE/HIS at 09:33 UT. (d) Line-of-sight magnetic fields (gray scale)
in the source region of the pre-eruptive filament.

Figure 4 displays the images of CHASE/HIS
Hα line center, Hα red-wing, and Doppler ve-
locity fields from the top to bottom, respec-
tively, where the velocity fields are calculated
with the moment method. Qiu et al. (2022)
provides more details on the calibration proce-
dures of the CHASE data. The arc-shaped rib-
bon observed in SDO/AIA 304 Å can also be
clearly seen in the Hα line center images, but
the westward drifting of a bulk of filament ma-
terial is absent in the Hα line center images.
However, it is markedly distinguishable in the
Hα red wing images (Figures 4d–4f) and the
Doppler velocity maps (Figures 4g–4i). The
Doppler velocity map suggest that the laterally
drifting filament materials are also falling with
downward velocities exceeding 20 km s−1, form-
ing conjugate drainage sites, as shown in Fig-
ure 4h. The northern filament drainage site is

almost co-spatial with the northern endpoint of
the filament. However, the southern drainage
site is not around the other endpoint of the
filament. Instead, it is located at a negative
polarity, which is much more diffuse and fur-
ther west. The CHASE observations provide
a precise characterization of the lateral drifting
of the filament material with the 3D velocity
field: the westward drifting is accompanied by
downward draining. Such a combination of the
imaging and spectroscopic observations has also
been used to infer the full velocity of the CME
bulk motion (Xu et al. 2022). It is seen in the
following sections that the recognized drainage
sites and their spatial relationships with the
photospheric magnetic fields reflect the mag-
netic structures of its supporting flux rope in
the eruption.
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Figure 2. SDO/AIA 304 Å observations showing the evolution of the filament. The blue dashed lines
in panels (a–b) depict the morphology of the filament during eruption. The green circles in panels (c–d)
decipher the non-radial motion of the filament material. panels (e) and (f) show the stack plots of the 304 Å
intensity along Cut 1 and Cut 2 in panels (b) and (c), respectively. (The animation shows the filament
eruption process from 10:00 UT to 11:20 UT. (An animation of this figure is available.)

Subsequently, a CME is observed by two
white-light coronagraphs within a time win-
dow of two hours, i.e., COR2 coronagraph on
board the Solar Terrestrial Relations Observa-
tory (STEREO; Kaiser et al. 2008) and Large
Angle Spectrometric Coronagraph (LASCO) C2
on board the Solar and Heliospheric Observa-

tory (SOHO; Domingo et al. 1995), as shown
in Figures 5a and 5b. To further quantify the
structure of the CME flux rope, we implement
a graduated cylindrical shell (GCS) reconstruc-
tion (Thernisien 2011) using the simultaneous
white-light observations of this CME from two
vantage points. The GCS reconstruction is an
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a b

SDO/AIA 304 Å
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dc
155 km/s

CHASE/HIS Hα red wing

Figure 3. (a) CHASE/HIS observation in Hα red-wing image at 10:55 UT, where the black dashed line
(Cut 3) represents the cut to make the time-distance map in panel (c), and the yellow asterisk represents
the point to show the Hα spectrum profile in panel (d). (b) SDO/AIA 304 Å image at 10:55 UT. (c)
Time-distance diagram along Cut 3 in panel (a). (d) Hα spectrum profile (red solid line) at the asterisk in
panel (a). The black solid line represents the reference profile observed from the quiet Sun, and the vertical
dashed line is the reference line center (6562.8 Å).

empirical model that constructs the 3D struc-
tures of CME flux ropes, assuming that the flux
rope is in a croissant-like shape with conical
legs anchored to the solar surface. It involves
six free parameters: the CME apex height (h),
half-angle width (α), aspect ratio (κ), tilt an-
gle (γ), longitude (ϕ) and latitude (θ) of the
CME flux rope. Figure 5 displays the fitting
results for this CME. It can be seen that the
wireframe used to render the constructed flux
rope coincides with the CME in the white-light
images. The fitted parameters are as follows:
h = 6.39 R⊙, α = 25◦, κ = 0.27, γ = 31.5◦,
ϕ = 40◦, and θ = −46.5◦. The reconstruction
results suggest that this CME is associated with

the eruptive filament depicted in Figure 2. On
the one hand, the latitude and longitude of the
CME fall within a range of ±10◦ of the pre-
eruptive filament in the source region (ϕ = 35◦

and θ = −30◦). Additionally, the CME ap-
pears in the coronagraph within a time window
of two hours starting from the filament erup-
tion. These results are consistent with the com-
mon criteria used to check the association be-
tween CMEs and filament eruptions (Jing et al.
2004). Moreover, the CME flux rope axis is
tilted about 31.5◦ with respect to the solar equa-
tor. Compared to the pre-eruptive filament ob-
served in the source region, the direction of the
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Figure 4. CHASE/HIS observations in Hα line center (panels a–c), Hα red-wing (panels d–f), and the
derived velocity maps (panels g–i). The green contours in panel (g) represent the flare ribbons observed in
Hα line center image at the same moment.

flux rope axis has deviated by about 90◦ when
propagating from the solar surface to 6.39 R⊙.

3. MHD MODELING

To perform a simulation of this eruptive event,
we adopt a nonadiabatic MHD model that takes
into account the field-aligned thermal conduc-
tion, and the governing equations are as follows:

∂ρ

∂t
+∇ · (ρv) = 0, (1)

∂(ρv)

∂t
+∇ · (ρvv + ptotI − BB

µ0

) = ρg, (2)

∂B

∂t
+∇ · (vB − Bv) = 0, (3)

∂ε

∂t
+∇ · (εv + ptotv − BB

µ0

· v) = ρg · v(4)

+∇ · (κ · ∇T ),

where ptot ≡ p + B2/(2µ0) is the sum of the
thermal pressure and magnetic pressure, g =
−g⊙r

2
⊙/(r⊙ + z)2ez is the gravitational acceler-

ation, g⊙ = 274 m s−2 is the gravitational ac-
celeration at the solar surface, r⊙ is the solar
radius, ε = ρv2/2 + p/(γ − 1) +B2/(2µ0) is the
total energy density,∇·(κ·∇T ) = ∇·(κ∥b̂b̂·∇T )
represents field-aligned thermal conduction, and
κ∥ = 10−6 T

5
2 erg cm−1 s−1 K−1 is the Spitzer

heat conductivity.
The initial magnetic field is provided by the

nonlinear force-free field (NLFFF) model, which
is constructed with several steps. First, we pre-
process the vector magnetogram (hmi.B 720s)
observed by the SDO/HMI to ensure that the
photospheric magnetic field satisfies the as-
sumptions of the NLFFF model in the local
Cartesian coordinate system. Such a prepro-
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a bSTEREO-A/COR2 SOHO/LASCO C2

2022-08-18 11:38 UT 2022-08-18 11:36 UT

Figure 5. GCS reconstruction for the CME observed by the white-light coronagraphs of (a) STEREO
A/COR2 and (b) SOHO/LASCO C2. The blue wireframe depicts the CME flux rope structure.

cessing involves correcting the projection effects
(Guo et al. 2017) and removing the Lorentz
force and torque (Wiegelmann 2004). Next,
we extrapolate the potential field using Green’s
function (Chiu & Hilton 1977) with the Bz com-
ponent and then superpose a flux rope con-
structed with the Regularized Biot-Savart laws
(RBSLs; Titov et al. 2018) onto it, where the
flux rope path is determined by the filament
observed by CHASE/HIS Hα line-center image,
as shown in Figure 1c. To maintain the pho-
tospheric magnetic field unchanged after insert-
ing the flux rope, as done in our previous works
(Guo et al. 2019, 2021a), we subtract the photo-
spheric magnetic fields produced by the RBSL
flux rope from the observed Bz before extrap-
olating the potential fields. As a result, the
superposed magnetic fields on the photosphere,
which combines the potential field and the flux-
rope magnetic field, are consistent with the ob-
servational magnetic fields at the solar surface.
The RBSL flux rope is mainly controlled by four
parameters: the flux rope path (C), minor ra-
dius (a), toroidal flux (F ), and electric current
(I). Among them, the first two parameters are
approximated as the filament path and width,
respectively, while the toroidal flux is estimated
as the average of the unsigned flux around the

two footpoints of the filament (F0), and the elec-
tric current is calculated by the equilibrium con-
dition (Titov et al. 2018). After some numerical
tests, we select F = 1.5F0 = 2.5 × 1021 Mx
and a = 12.5 Mm. The helicity sign is de-
termined to be positive based on the following
facts: 1) the axial magnetic field along the fil-
ament spine points to the left when observed
from the positive polarity side, corresponding to
the sinistral chirality and positive helicity (Mar-
tin 1998); 2) the conjugate drainage sites are
right-skewed with respect to the polarity inver-
sion line (PIL), suggesting that the filament is
sinistral in chirality (Chen et al. 2014); 3) this
filament is in the southern hemisphere, favoring
the sinistral chirality and positive helicity ac-
cording to the hemispheric preference (Ouyang
et al. 2017). Finally, we relax the above su-
perposed magnetic field to a force-free state
with the magnetofrictional method (Guo et al.
2016a,b). After relaxation, the force-free met-
ric is σJ = 0.275 (see Wheatland et al. 2000, for
details of this metric). Figure 6 shows some typ-
ical field lines of the final NLFFF model, where
the CHASE/HIS Hα central line and SDO/AIA
171 Å observations are also displayed for com-
parison. The 3D vector magnetic fields in the
simulation are back-projected to the viewing



10

angle of SDO/AIA, which is achieved by em-
ploying a matrix composed of three elementary
rotations (Guo et al. 2017). It is seen that
the twisted flux rope and sheared field lines re-
semble the observed filament and chromosphere
fibrils fairly well, indicating that the NLFFF
model is reasonable to serve as the initial con-
dition for the MHD simulation. Regarding the
initial density and pressure, we adopt a hydro-
static atmosphere from the chromosphere to the
corona, which is described as follows:

T (z) = (5)T
ch
+ 1

2
(Tco − T

ch
)(tanh(

z−htr−0.27

wtr
) + 1) z ≤ htr ,

(7
2
Fc

κ
(z − htr) + T 7/2

tr
)2/7 z > htr ,

where T
ch

= 8000 K represents the chro-
mospheric temperature, Tco = 1.5 MK repre-
sents the coronal temperature, htr = 2 Mm
and wtr = 0.2 Mm control the height and
thickness of initial transition region, and Fc =
2 × 105 erg cm−2 s−1 is the constant thermal
conduction flux. Hereafter, the density distribu-
tion can be calculated from the bottom where
the number density is 1.15× 1015 cm−3.
The data-constrained boundary is assigned

to control the photospheric evolution, following
the method described by Guo et al. (2021c).
Concretely, we set the velocity in the two
bottom ghost layers to zero, and the pres-
sure/density to their initial values, respectively.
The vector magnetic fields at the inner ghost
layer are fixed to the vector magnetogram ob-
served at 10:00 UT on 2022 August 18, and
those at the outer ghost layers are provided by
zero-gradient extrapolation. For the remaining
five boundaries, the magnetic fields are provided
by zero-gradient extrapolation. The density,
pressure, and velocities on the side boundary
are provided by constant extrapolation, while
those on the top boundary are flexible accord-
ing to the gravitational stratification. Due to
the limitation of the Courant-Friedrichs-Lewy

(CFL) number, the time step decreases as the
Alfvén speed increases. Consequently, simula-
tions involving strong magnetic fields require
a longer computation time compared to those
with weaker magnetic fields. Additionally, the
strong magnetic field in simulations is prone to
lead to issues such as magnetic-field divergence
and the occurrence of the “negative pressure”
problem. Therefore, to speed up the computa-
tion and reduce numerical dissipation, the mag-
netic field is modified to one-tenth of the orig-
inal observed data, see also (Jiang et al. 2016;
Kaneko et al. 2021; Guo et al. 2023). Even so,
the evolution of key magnetic structures during
the eruption can be captured.
The governing equations (1)–(5) are numer-

ically solved using the Message Passing Inter-
face Adaptive Mesh Refinement Versatile Ad-
vection Code (MPI-AMRVAC2, Xia et al. 2018;
Keppens et al. 2023), with a three-step Runge-
Kutta time discretization, HLL Riemann solver,
and Cada3 limiter. The computational domain
is [xmin, xmax] × [ymin, ymax] × [zmin, zmax] =
[−157.2, 157.2]×[−143.0, 143.0]×[1, 286.9] Mm,
with a uniform grid of 220 × 200 × 200 cells.
Our simulation almost covers the entire erup-
tion process from 10:00 to 11:00 UT in the ob-
servation.

4. RESULTS

Figure 7 shows the 3D dynamic evolution
of the eruption process viewed from the side.
As the flux rope (yellow lines) rises, several
overlying and ambient sheared field lines are
stretched out, resulting in the formation of a
typical hyperbolic flux tube (HFT; Titov et al.
2002) structure underneath the flux rope, as de-
picted in Figure 7b. HFT is a magnetic topo-
logical structure characterized by the intersec-
tion of two magnetic separatrix surfaces, pro-
viding a favorable setting for the formation of a

2 http://amrvac.org
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Figure 6. Typical magnetic field lines constructed from the NLFFF model at 10:00 UT, which are compared
with (a, c) SDO/AIA 171 Å (b) CHASE/HIS Hα line-center images. The yellow tubes represent the field lines
of the erupting filament, green tubes represent those of the chromosphere fibrils, and pink tubes represent
those of the overlying field. (a) Full-disk image of AIA 171 Å at 10:00 UT. Some selected field lines are
overlaid in the simulated active region. (b) CHASE/HIS Hα line-center images at 09:33 UT. (c) Zoomed-in
result of the red dotted box in panel (a). (d) The side view of the reconstructed magnetic structures.

strong current sheet. Such a topology induces
magnetic reconnection between pairs of arcades
(pink lines), evolving arcades into twisted field
lines (cyan lines) that encircle the original flux
rope above the reconnection site and forming
flare loops below the reconnection site. With
the continuous rising and growth of the erupting
flux rope, it encounters adjacent anti-parallel
sheared arcades, leading to reconnection, which
erodes the original flux-rope leg and causes

the westward drifting of the southern footpoint
from NP1 to NP2 (Figure 7d). In this pro-
cess, some sheared arcades are converted into
a part of the flux rope (orange lines). To see
the radiative features of this eruption process,
we also synthesize the optically thin radiation
images at 171 and 335 Å wavebands, as done
in Guo et al. (2023). First, we calculate the
emission in each cell with the following formula:
Iλ(x, y, z) = Gλ(T )n

2
e(x, y, z), where Gλ(T ) rep-
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resents the response function for different EUV
wavebands. Then we integrate the emissions
along the x- and y-axes to obtain the synthe-
sized images, as illustrated in the two slices
in Figure 7. The synthesized images display
several typical eruptive phenomena in observa-
tions, including a helical flux rope, a forward
shock and an underlying bright flare ribbons,
as shown in Figures 7e and 7f. It should be
noted that, the forward shock identified in the
simulation is not prominently discernible in ob-
servations. This could be attributed to the fact
that the initial magnetic fields derived from the
NLFFF extrapolation do not precisely adhere to
the force-free condition in practice (σJ = 0.275).
As a consequence, the residual Lorentz force
could expedite the initial ascent of the flux rope
compared to observations, thereby favoring the
generation of a strong forward shock.
Figure 8 displays the evolution of the flux rope

viewed from the top. At 10:04 UT, twisted flux
tubes, as indicated by the yellow lines, are vis-
ible only in the initially inserted flux rope, i.e.,
FR1. As magnetic reconnection happens be-
low the flux rope as described in the standard
CME/flare model, more and more twisted field
lines are produced to encircle FR1, forming the
envelope of a thicker flux rope, which is labeled
as FR2 (cyan lines) in panel (b). In principle,
FR1 and FR2 can be considered as different lay-
ers of a single flux rope. As the bulging flux
rope erupts, some field lines in the FR1 and FR2
branches may reconnect with the sheared field
lines color coded in pink at their southwestern
legs. Such interchange reconnection reroutes
the southern leg of the former flux rope to fur-
ther west, forming a separate flux rope which
is labeled FR3, as indicated by the golden field
lines in panel (d). Therefore, the eruption of
an initial simple flux rope leads to a complex
flux rope with three branches at 10:50 UT due
to magnetic reconnection in the active region.
Whereas FR1 and FR2, albeit their different

twists, can be considered as one coherent en-
tity of flux rope as they share common mag-
netic connectivity, such as the footpoints and
the axial directions of the flux ropes, FR3 is
apparently distinct from the other two.
Quasi-separatrix layers (QSLs) are generally

defined as regions where the squashing factor
Q ≫ 2 (Priest & Démoulin 1995; Demoulin
et al. 1996; Titov et al. 2002). They are useful
in characterizing flux rope boundaries and iden-
tifying areas that favor magnetic reconnection
(Guo et al. 2017, 2021a, 2023). Figure 9 exhibits
the typical flux-rope field lines and the distribu-
tions of the QSLs, which is computed using an
open-source code (Liu et al. 2016; Zhang et al.
2022). At 10:08 UT, it is seen that the flux
rope consists mainly of FR1 and FR2, which
is enclosed by one nearly closed QSL structure.
However, at 10:39 UT, we can distinguish two
separate branches in the QSL distributions that
envelop the FR1/FR2 and FR3 branches, re-
spectively. This indicates that a series of mag-
netic reconnection in this eruption tends to form
an incoherent flux-rope system, transferring it
from a coaxial topology to a structure branch-
ing into different magnetic domains.
To further illustrate various reconnection ge-

ometries in this event, we present the J/B dis-
tributions and the connectivity of some typical
field lines in Figure 10. The scalar metric J/B
reflects drastic changes in field-line connectiv-
ity, which is often employed to locate the cur-
rent sheet that favors the occurrence of mag-
netic reconnection (Gibson & Fan 2006; Fan
& Gibson 2007; Jiang et al. 2016; Guo et al.
2023). At 10:06 UT in panels (a–b), we find
two groups of sheared arcades nearly cross-
ing each other (purple lines) around the high
J/B region as indicated by the yellow asterisk
sign, forming a typical HFT structure. Post-
reconnection structures, including a twisted flux
rope (cyan lines) and underlying flaring loops
(green lines), are also detected. Subsequently,
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Figure 7. Snapshots of the erupting flux rope viewed from the side at (a) 10:04 UT, (b) 10:14 UT, (c)
10:23 UT, and (d) 10:50 UT. Field lines with different topology connectivity are distinguished in color, where
the yellow shows the initially inserted flux rope, the cyan and orange show the newly-formed flux ropes with
magnetic reconnection, and the pink indicates the background field. Side images in x-z and y-z planes
represent the synthesized EUV images in 171 Å and 335 Å integrated along the y- and x-axes, respectively.
panels (e) and (f) display the synthesized EUV 171 and 335 Å images with the zoomed-in views of the pink
rectangles in panel (a).

an analogous reconnection geometry is recog-
nized at 10:23 UT but for the different loca-
tions of post-reconnection loops, shown in pan-
els (c–d). Finally, we recognize another recon-
nection geometry at 10:39 UT in panels (e–f),
namely, the reconnection between the rising flux
rope and ambient arcades at the location, which

causes the drastic displacement of the flux rope
footpoint. As a result, a separate flux rope tied
to a further magnetic element with the same po-
larity is formed. Figures 10g and 10h present a
comparison between the flare ribbons observed
by the CHASE/HIS telescope and post-flare
loops that are formed as a result of the magnetic
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NP1 NP2

Figure 8. Same as Figure 7 but for the top view.

reconnection. It is seen that the post-flare loops
in the simulation are roughly cospatial with the
Hα ribbons. This strong spatial correlation sug-
gests that these reconnection geometries may be
mainly responsible for the formation of multiple
ribbons in the observations.
Figure 11 depicts the change of the orientation

of the flux rope axis resulting from the magnetic
reconnection between the erupting flux and the
surrounding arcades. Prior to the eruption at
10:00 UT, the field lines of the flux rope are al-
most aligned from north to south as indicated
by the green lines. However, after reconnection
at 10:50 UT, they change to an east-west di-
rection. It implies that this reconnection ge-
ometry induces a significant change in the axis
direction of the flux rope, approximately by 73◦.
As the reconnection continues, the original flux
rope would be eroded continuously, resulting in

the ultimate CME flux rope system being pre-
dominately composed of the FR3 branch, which
leads to the deformation of the CME flux-rope
axis. Therefore, we suggest that the magnetic
reconnection between the flux-rope leg and am-
bient arcades is the primary cause for the lateral
drifting of the filament material and the later
significant deviation of the CME flux rope axis
orientation from the pre-eruptive filament in the
source region.
To validate the reliability and capability of our

MHD modeling in capturing the key physical
processes in observations, we compare the sim-
ulated flux rope with the observed filament, as
depicted in Figure 12. As discussed in Chen
et al. (2020), the temperature of the filament
material could undergo an increase owing to
the enhanced coronal heating during the erup-
tion, which may lead to changes in visible wave-
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Figure 9. Side views of the typical flux-rope filed lines, and the distributions of the squashing factor (Q)
on the planes of x = −44 Mm and x = 15 Mm at 10:08 UT (panels a–c) and 10:39 UT (panels d–f).

lengths and radiation characteristics (emission
or absorption) of the eruptive filament. This
phenomenon has been found in both the ob-
servations conducted by Lee et al. (2017) and
a thermodynamic MHD simulation that incor-
porates an eruptive filament (Guo et al. 2023).
As such, to track the evolution of the filament
during the eruption, we utilize the observations
from SDO/AIA, CHASE/HIS, and Global Os-
cillation Network Group (GONG)/Hα (Harvey
et al. 2011). Specifically, we employ EUV 304 Å
and Hα line-center wavebands to observe the
relatively cold filament material, EUV 171 Å to
trace the heated filament material during the
eruption, and Hα red-wing to reflect the mate-

rial undergoing falling and lateral drifting mo-
tions. It is found that the morphology of the
simulated flux rope resembles that of the ob-
served filament quite well. Moreover, the erup-
tion path of the simulated flux rope leans to-
ward the southeast, which is in line with the ob-
served filament. At 10:23 UT, both simulated
flux rope and the observed filament exhibit a
semi-circular shape, which both evolve into a γ

shape at 10:38 UT. During this stage, the ori-
entations of the erupting filament and flux rope
are roughly along the north-south. However, at
10:50 UT, there is an emergence of some flux-
rope field lines exhibiting the east-west orienta-
tion. These field lines may serve as pathways
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Figure 10. panels (a)–(f) show the magnetic reconnection illustrations recognized by the field-line connec-
tivity (panels a, c and e) and J/B distributions (panels b, d and f) in the x-z plane. The purple, cyan, and
green lines represent the pre-reconnection field lines, newly-formed flux rope, and flare loops, respectively.
The asterisk signs indicate the occurrence sites of magnetic reconnection. Panels (g) and (h) show the
top and side views of the flare loops (yellow tubes) and the simulated flux rope (cyan tubes) at 10:50 UT,
respectively. These field lines are overlaid on the CHASE/HIS Hα line-center images.

along which the filament material moves, lead-
ing to the manifestation of lateral drifting mo-
tion. To further validate the rationality of the
magnetic topology evolution in the simulation,
we compute the squashing factor in the photo-
sphere, as shown in Figure 13. The QSLs almost
retrieve the prominent features in observations.
One can see that the shape of the brightening
regions matches the QSLs very well, which are
highlighted by pink ovals.

5. DISCUSSIONS AND SUMMARY

In this paper, we conduct a data-constrained
MHD simulation for a filament eruption that
occurs on 2022 August 18. The filament ma-
terial exhibits evident lateral drifting during
its ascent as observed by both SDO/AIA and

CHASE/HIS. The comparison between the ob-
served filament direction in the source region
and the GCS reconstruction for its ensuing
CME suggests that the flux-rope axis deforms
during the propagation from the solar surface to
the interplanetary space. Our simulation suc-
cessfully reproduces several features in obser-
vations. For example, the simulated flux rope
erupts initially towards the southeast with a
semi-circle shape, which is in line with the ob-
served erupting filament. Additionally, the sim-
ulated flux-rope axis undergoes a significant de-
tour from its initial state, as found in obser-
vations. The matching between the simulation
and the observations provides an opportunity to
decipher the physics behind it.
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Figure 11. Comparison between the initial flux
rope (green) at 10:00 UT and that after reconnec-
tion (purple) at 10:50 UT.

5.1. What leads to the filament lateral drifting
and CME flux rope departure from the

pre-eruptive filament?

It has been revealed that frequently the
magnetic-field orientation of ICMEs matches
that of the pre-eruptive filaments in the source
region (Bothmer & Schwenn 1994; Yurchyshyn
et al. 2001). Such a relationship allows us to
infer the ICME magnetic structure near the
Earth from the pre-eruptive filament in the low
corona. However, from time to time, the direc-
tion of the ICME flux rope axis observed near
the Earth was found to deviate from that of
the pre-eruptive filament (Wang et al. 2006; Liu
et al. 2018). This means that CMEs do not al-
ways keep their initial orientation and may ex-
perience deformation when traveling from the
corona to the interplanetary space. Both the
remote sensing and in-situ observations have
found that not all halo CMEs originating from
the filament eruption near the solar disk center
can eventually hit the Earth, and some CMEs
that erupt from the solar limb can still reach
and influence our planet (Wang et al. 2002;
Gopalswamy et al. 2009; Wang et al. 2014; Shen

et al. 2022). Moreover, the interactions between
CMEs may also lead to its magnetic-field ro-
tation, resulting in the formation of geoeffec-
tive CMEs (Maharana, Anwesha et al. 2023).
These would confuse our judgment in determin-
ing whether the CMEs can reach the Earth or
not, and assessing their potential geomagnetic
effects.
Numerous studies have demonstrated that the

interactions between CMEs and the solar wind
in the interplanetary space can result in the de-
flection of CME flux ropes. For instance, Wang
et al. (2004) discovered that fast ICMEs are
blocked by slow solar wind streamers ahead of
them, causing them to deflect eastward. On the
other hand, slow ICMEs may be propelled by
trailing fast solar wind streamers behind them,
leading to the deflection in the western direc-
tion. This scenario has been supported by nu-
merical simulations performed by Zhuang et al.
(2019), who pointed out that the velocity differ-
ence between CMEs and the background solar
wind is a critical factor in determining their de-
flection direction.
Compared to the physical processes in the in-

terplanetary space, the magnetic field in the so-
lar corona is more intricate and powerful, open-
ing up many more possibilities for inducing the
rotation and deflection of a flux rope. As for
the rotation, kink instability (Török et al. 2004)
and shear-field components (Kliem et al. 2012)
are the major drivers. Apart from these, in-
terchange reconnection between the closed flux
rope and adjacent open fields can also alter the
magnetic structure (Lugaz et al. 2011; Cohen
et al. 2010). In particular, the global MHD
simulations conducted by Shiota et al. (2010)
demonstrated that the magnetic reconnection
between the flux rope and ambient field lines
can result in the rotation of the CME flux rope.
As for the deflection, Shen et al. (2011) and
Gui et al. (2011) pointed out that the gradi-
ent of magnetic field can alter the trajectory
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Figure 12. Comparison between the simulated flux ropes and observed filaments at (a, d) 10:23 UT, (b,
e) 10:38 UT and (c, f) 10:50. panels (a)–(c) depict the magnetic structures that are back-projected onto
the SDO/AIA 304 Å images. The insert figures in panel (a), (b) and (c) display the GONG/Hα line-center
image, field lines in a γ-shaped morphology, and CHASE/HIS Hα red-wing image, respectively. panels (d)–
(f) show the SDO/AIA 171 Å running-difference images. The cyan oval in panel (f) represents the filament
material that moves westward.

of a CME from its original path. Such struc-
tures that would lead to CME deflections are
widespread in the solar corona, including weak
magnetic regions like the heliospheric current
sheet and pseudo streamers, and strong mag-
netic regions such as active regions, which can
guide the deflection of flux ropes (Cremades &
Bothmer 2004; Wang et al. 2011; Karna et al.
2021; Möstl et al. 2015). Besides, Chen & Shi-
bata (2000) found that the emerging flux on one
side the flux rope can trigger the flux rope erup-
tion and cause it to lean toward the emerging
flux side.
In this paper, we find the other possibility to

deform the flux rope structure, which can be ex-
plained on the basis of the 3D flare model pro-
posed by Aulanier & Dud́ık (2019). They sum-
marized three magnetic reconnection geometries

in the eruption process: 1) aa-rf reconnection,
which occurs in the overlying arcades to form a
flux rope and flare loops simultaneously; 2) ar-
rf reconnection, which takes place between the
flux rope and neighboring arcades, changing the
connectivity of the flux rope; 3) rr-rf reconnec-
tion, which occurs in flux rope field lines, in-
creasing the twist number of a flux rope. Among
them, ‘a’ represents the shear arcade, ‘r’ the
flux rope, and ‘f’ the flare loop. This 3D model
works well in quantifying the flux evolution and
footpoint drifting of flux ropes during eruption
(Zemanová et al. 2019; Dud́ık et al. 2019; Xing
et al. 2020). Furthermore, a natural conse-
quence of the footpoint displacement of the flux
rope is its axis deformation (Jiang et al. 2013),
in particular the direction of the arcades in-
volved in the reconnection are quite different
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Figure 13. Comparison between the simulated QSLs at the solar surface and the EUV images at two
moments. The top row is for SDO/AIA 304 Å and bottom row for 1600 Å. The left column is for 10:08 UT
and the right column for 10:39 UT. The pink ovals highlight the QSLs corresponding to the flare ribbons.

from that of the flux rope, which ultimately
causes its orientation to deviate from its pre-
reconnection state.
By analyzing the simulation data, we identify

two reconnection geometries, namely, the recon-
nection in the overlying field lines (aa-rf) , and
the reconnection between the flux rope and am-
bient arcades (ar-rf). The former injects mag-
netic fluxes and twisted field lines to encircle
the original flux rope, whereas the latter sig-
nificantly causes the displacements of flux-rope
footpoints and alter its axis direction. Mean-
while, filament material moves along the con-
tinuously reconnected flux rope and naturally
exhibits the lateral drifting. A physical sce-

nario explaining the observed phenomena is il-
lustrated with the sketch in Figure 14. Between
10:00 UT and 10:40 UT, the filament rises and
leans toward the southeast, as shown in pan-
els (a) and (b). Subsequently, interchange re-
connection between the original flux-rope field
lines that carry the filament material and the
ambient arcades occurs. This leads to a change
in the axis orientation of the flux rope, causing
the filament material to move along the newly
formed flux rope and exhibits the lateral drift-
ing motions, as illustrated in panel (c). Partic-
ularly, Dud́ık et al. (2019) suggested that the
shift of the filament leg may be a manifestation
of ar-rf reconnection. In this paper, we propose
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that the lateral drifting of the filament material
can also serve as a signature for this 3D recon-
nection geometry.
Additionally, the reconnection also results in

the axis deformation and departure of the CME
flux rope from the pre-eruption filament. As de-
picted in Figure 11, the post-reconnection field
lines deform a lot relative to those prior to erup-
tion. This means that the substantial displace-
ments of the footpoints of the flux rope could
completely reconstruct its morphology. Re-
cently, Gou et al. (2023) claimed that the long-
distance migration or jump of the footpoint of
the flux rope, associating with complete replace-
ment of the flux during the eruption. Based
on the observations and MHD simulations pre-
sented in this paper, it has been indicated that
in addition to the footpoint jump, the lateral
drifting of the filament material can also serve
as a signature that the flux rope is being recon-
structed during the eruption. Taken as a whole,
our work suggests that the ar-rf reconnection ge-
ometry may play a significant role in redirecting
the axis of the flux rope, and the observed lat-
eral drifting of the filament material is likely a
manifestations of this process.

5.2. Filament drainage sites: the hint to
reflect flux rope structures in the eruption

Solar filaments are cold and dense plasmas of-
ten hosted in magnetic dips, which are com-
monly modeled as either sheared arcades or
twisted flux ropes (Mackay et al. 2010; Chen
et al. 2020). Filament fine structures and oscil-
lations are well believed to be intimately related
to their supporting magnetic structures (Chen
et al. 2020). For the former, the length and
dynamics of filament threads can indicate the
structure of the supporting magnetic dip (Luna
& Karpen 2012; Zhou et al. 2014; Guo et al.
2021b, 2022); the filament morphology, includ-
ing aspect ratio, composition of threads, horn
and cavity, can show the twist degree of a flux
rope (Guo et al. 2021a, 2022); the filament barbs

may indicate the bifurcations of a flux rope due
to parasitic polarities in the surrounding envi-
ronment (Aulanier & Demoulin 1998), and the
fibrils in a filament channel can be used to deter-
mine the chirality of the filament (Martin 1998).
As for the filament oscillation, longitudinal os-
cillations have been widely applied to derive
the curvature radius of local field lines (Luna
et al. 2012; Zhang et al. 2012, 2013, 2020; Zhou
et al. 2017, 2018; Ni et al. 2022), and transverse
oscillations can be utilized for the estimate of
the magnetic field strength around the filament
(Shen et al. 2014; Zhou et al. 2018).
Apart from these, there are other observable

phenomena in the eruption site that can provide
insights into the magnetic structures of erupting
filaments. For example, Chen et al. (2014) re-
vealed that some filament materials drain back
down to the solar surface during eruption, form-
ing a group of conjugate brightening sites on two
sides of the PIL. They noted that the skewness
of the drainage sites can indicate the chirality
of the filament, i.e., left (right)-skewed drainage
sites with respect to the PIL correspond to the
dextral (sinistral) filament (see also Wang et al.
2009). It is noted that this approach is uni-
versal for filaments supported by either sheared
arcades or flux ropes, while Martin’s rule on fil-
ament barbs (Martin 1998) is only applicable
to the filaments supported by flux ropes, which
means that the filament barb chirality is deter-
mined by magnetic configuration and helicity
simultaneously (Guo et al. 2010; Chen et al.
2014). For example, a flux rope with nega-
tive helicity would lead to right-bearing barbs,
while a sheared arcade with the same helic-
ity leads to left-bearing barbs. Based on this,
Chen et al. (2014) proposed a method to deter-
mine the magnetic configuration of a filament
by observing the skewness of filament barbs or
threads and the drainage sites once the filament
erupts. Applying this approach to 576 erup-
tive filaments, Ouyang et al. (2017) found that
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Figure 14. Sketch illustrating the eruption and lateral drifting of the filament. The cyan and pink tubes
represent the flux rope carrying the filament material and the ambient arcades, respectively. The yellow
asterisk locates the regions where interchange magnetic reconnection may occur. The gray translucent
contours represent the filament material.

approximately 89% of filaments are supported
by flux ropes, whereas only 11% of them are
sheared arcades.
The studies mentioned above mainly focused

on diagnosing the magnetic structures of fil-
aments before they erupt. However, a cru-
cial question remains: how can we diagnose
the magnetic structures of a filament in the
eruption? One immediate recipe is to trace
the morphology of the erupting filament in real
time. However, this may be difficult to achieve
in practice due to the enhanced heating, mass
drainage and expansion of the flux rope dur-
ing eruption, which can cause the filament to
become more invisible as it rises (Chen et al.
2020). Therefore, real-time tracking could be
challenging. As a result, many previous works
took a fairly simplistic approach, assuming that
the filament spine observed before eruption is
the direction of the flux rope axis (Bothmer &
Schwenn 1994), and comparing it with the re-
sulting ICME, ignoring the possibility that the
filament may undergo deformation during erup-
tion. However, this approach stands a good
chance to lead to misjudgments. First, the spa-
tial relationship between the filament and its

supporting magnetic flux rope is not straight-
forward as people thought (Guo et al. 2022).
As shown in Figure 6 of Guo et al. (2022), fil-
ament material occupies only a small portion
of the flux-rope bulk rather than the entirety
of it. Moreover, the ar-rf reconnection geome-
try can erode the original flux-rope leg and al-
ter it to the side of the arcade. Fortunately,
the drainage sites shed some light on the erupt-
ing magnetic structures, which can tell us where
the flux rope is anchored after the flux rope has
been deformed. Therefore, we recommend tak-
ing additional factors into consideration when
determining the direction of a CME flux rope
with its pre-eruptive filament. Specifically, the
filament spine is utilized to outline the overall
path of the flux rope, and the drainage sites
can be used to determine where the flux rope
is anchored. By doing so, we can diagnose the
magnetic structures of erupting filaments more
clearly. Another thing worth noting is that the
early evolution of the CME flux rope from the
solar surface to 2 solar radii is usually missing
in coronagraph observations due to the field-of-
view gap, and EUV imaging observations might
be able to fill in the gap, for instance, the slow-
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component EUV wave might be the counterpart
of the corresponding CME frontal loop (Chen
2016), which can be used to investigate the
CME triggering and acceleration; the drainage
sites of erupting a filament reflect the footprints
of its supporting flux rope, which can reveal its
magnetic configuration and magnetic reconnec-
tion processes it possibly experiences.
The CHASE mission provides full-disk Hα

spectroscopic observations, which have the ad-
vantage in deciphering the supporting magnetic
structures of filaments, as exhibited in this pa-
per. It is widely accepted that the Hα spec-
tral line is optimal for filament observations.
With the high-resolution full-disk Hα images
across the Hα profile provided by CHASE/HIS,
the fine structures of filaments can be clearly
resolved (Figure 1c), enabling us to diagnose
the magnetic fields of filaments, such as the
orientation and helicity sign of their support-
ing flux rope (Chen et al. 2020). In the fu-
ture, these observational data could also set a
stage for examining our previously published re-
sults based on numerical simulations. For ex-
ample, long/short filament threads are prone to
be formed in shallow/deep magnetic dips (Zhou
et al. 2014; Guo et al. 2021b); the fairly short
threads that present decayless oscillations are
likely to be hosted in multiple-dipped flux tubes
(Zhou et al. 2017; Guo et al. 2021b); short-lived
threads forming high-speed flows inside the fil-
ament imply that they are likely to be sup-
ported by weakly twisted flux tubes, and quasi-
stationary threads that generally present the os-
cillations are more likely to be hosted in highly
twisted flux tubes (Guo et al. 2022). In addi-
tion, the CHASE spectroscopic observations can
also provide full-disk Doppler velocity distribu-

tion with the Hα spectra. On the one hand,
they can help us locate the stealth drainage
sites in EUV wavebands, and thus elucidate
the erupting magnetic structures. Apart from
that, the Doppler velocity fields are crucial in
unveiling the nature of some elusive phenom-
ena about filaments, like the vertical threads of
some prominences (Schmieder et al. 2014) and
the solar tornadoes (Schmieder et al. 2017; Yang
et al. 2018; Gunár et al. 2023). Given these find-
ings, we believe that the CHASE observations
are valuable in determining CME structures and
forecasting their space weather effects.
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Möstl, C., Rollett, T., Frahm, R. A., et al. 2015,
Nature Communications, 6, 7135,
doi: 10.1038/ncomms8135

Munro, R. H., Gosling, J. T., Hildner, E., et al.
1979, SoPh, 61, 201, doi: 10.1007/BF00155456

Ni, Y. W., Guo, J. H., Zhang, Q. M., et al. 2022,
arXiv e-prints, arXiv:2203.15660.
https://arxiv.org/abs/2203.15660

Ouyang, Y., Zhou, Y. H., Chen, P. F., & Fang, C.
2017, ApJ, 835, 94,
doi: 10.3847/1538-4357/835/1/94

Pesnell, W. D., Thompson, B. J., & Chamberlin,
P. C. 2012, SoPh, 275, 3,
doi: 10.1007/s11207-011-9841-3

Poedts, S., Lani, A., Scolini, C., et al. 2020,
Journal of Space Weather and Space Climate,
10, 57, doi: 10.1051/swsc/2020055

Pomoell, J., Lumme, E., & Kilpua, E. 2019, SoPh,
294, 41, doi: 10.1007/s11207-019-1430-x

Pomoell, J., & Poedts, S. 2018, Journal of Space
Weather and Space Climate, 8, A35,
doi: 10.1051/swsc/2018020

Priest, E. R., & Démoulin, P. 1995,
J. Geophys. Res., 100, 23443,
doi: 10.1029/95JA02740

Qiu, Y., Rao, S., Li, C., et al. 2022, Science China
Physics, Mechanics, and Astronomy, 65, 289603,
doi: 10.1007/s11433-022-1900-5

Scherrer, P. H., Schou, J., Bush, R. I., et al. 2012,
SoPh, 275, 207, doi: 10.1007/s11207-011-9834-2

Schmieder, B., Mein, P., Mein, N., et al. 2017,
A&A, 597, A109,
doi: 10.1051/0004-6361/201628771

Schmieder, B., Tian, H., Kucera, T., et al. 2014,
A&A, 569, A85,
doi: 10.1051/0004-6361/201423922
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J. K., & Gömöry, P. 2019, ApJ, 883, 96,
doi: 10.3847/1538-4357/ab3926

Zhang, P., Chen, J., Liu, R., & Wang, C. 2022,
ApJ, 937, 26, doi: 10.3847/1538-4357/ac8d61

Zhang, Q. M., Chen, P. F., Xia, C., & Keppens,
R. 2012, A&A, 542, A52,
doi: 10.1051/0004-6361/201218786

Zhang, Q. M., Chen, P. F., Xia, C., Keppens, R.,
& Ji, H. S. 2013, A&A, 554, A124,
doi: 10.1051/0004-6361/201220705

Zhang, Q. M., Guo, J. H., Tam, K. V., & Xu,
A. A. 2020, A&A, 635, A132,
doi: 10.1051/0004-6361/201937291

Zhou, Y. H., Chen, P. F., Hong, J., & Fang, C.
2020, Nature Astronomy, 4, 994,
doi: 10.1038/s41550-020-1094-3

Zhou, Y.-H., Chen, P.-F., Zhang, Q.-M., & Fang,
C. 2014, Research in Astronomy and
Astrophysics, 14, 581,
doi: 10.1088/1674-4527/14/5/007

Zhou, Y.-H., Xia, C., Keppens, R., Fang, C., &
Chen, P. F. 2018, ApJ, 856, 179,
doi: 10.3847/1538-4357/aab614

Zhou, Y.-H., Zhang, L.-Y., Ouyang, Y., Chen,
P. F., & Fang, C. 2017, ApJ, 839, 9,
doi: 10.3847/1538-4357/aa67de

Zhou, Z., Cheng, X., Zhang, J., et al. 2019, ApJL,
877, L28, doi: 10.3847/2041-8213/ab21cb

Zhuang, B., Wang, Y., Hu, Y., et al. 2019, ApJ,
876, 73, doi: 10.3847/1538-4357/ab139e

http://doi.org/10.1088/0004-637X/795/2/130
http://doi.org/10.1088/0004-637X/718/2/1305
http://doi.org/10.3847/2041-8213/aade49
http://doi.org/10.1088/0067-0049/194/2/33
http://doi.org/10.3847/2041-8213/aaa3da
http://doi.org/10.1029/2001JA000278
http://doi.org/10.1051/0004-6361:20031691
http://doi.org/10.3847/1538-4357/aab36d
http://doi.org/10.48550/arXiv.2209.14545
http://doi.org/10.1051/0004-6361/202141981
http://doi.org/10.1029/2010JA016101
http://doi.org/10.1023/B:SOLA.0000043576.21942.aa
http://doi.org/10.1002/2013JA019537
http://doi.org/10.1086/507668
http://doi.org/10.1088/0004-637X/699/1/133
http://doi.org/10.1029/2002JA009244
http://doi.org/10.1086/309355
http://doi.org/10.1023/B:SOLA.0000021799.39465.36
http://doi.org/10.3847/1538-4365/aaa6c8
http://doi.org/10.1016/j.xinn.2020.100059
http://doi.org/10.3847/1538-4357/ac69d5
http://doi.org/10.3847/1538-4357/aa9e04
http://doi.org/10.1086/323778
http://doi.org/10.3847/1538-4357/ab3926
http://doi.org/10.3847/1538-4357/ac8d61
http://doi.org/10.1051/0004-6361/201218786
http://doi.org/10.1051/0004-6361/201220705
http://doi.org/10.1051/0004-6361/201937291
http://doi.org/10.1038/s41550-020-1094-3
http://doi.org/10.1088/1674-4527/14/5/007
http://doi.org/10.3847/1538-4357/aab614
http://doi.org/10.3847/1538-4357/aa67de
http://doi.org/10.3847/2041-8213/ab21cb
http://doi.org/10.3847/1538-4357/ab139e

	Introduction
	Multi-wavelength observations
	MHD modeling
	Results
	Discussions and summary
	What leads to the filament lateral drifting and CME flux rope departure from the pre-eruptive filament?
	Filament drainage sites: the hint to reflect flux rope structures in the eruption


