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Abstract: We investigate flow and magnetic structure of a solar prominence with a focus on how the
magnetic field originally determined by subsurface dynamics gives rise to the structure. We perform a
magnetohydrodynamic simulation that reproduces the self-consistent evolution of a flow and the mag-
netic field passing freely through the solar surface. By analyzing Lagrangian displacements of magnetized
plasma elements, we demonstrate the flow structure that is naturally incorporated to the magnetic struc-
ture of the prominence formed via dynamic interaction between the flow and the magnetic field. Our
results explain a diverging flow on a U-loop, a counterclockwise downdraft along a rotating field line,
acceleration and deceleration of a downflow along an S-loop, and partial emergence of a W-loop, which
may play key roles in determining structural properties of the prominence.

Key words: Sun: filaments, prominences — Sun: magnetic fields — magnetohydrodynamics — methods:
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1. INTRODUCTION

A solar prominence is observed as a dense plasma blob
floating in the solar corona (Zirin 1988; Tandberg-
Hanssen 1995). The gas density in the prominence
is roughly one hundred times higher than that in the
corona (Stix 1991). Since it was suggested that the
magnetic field plays the main role in supporting promi-
nences against the solar gravity, models of prominences
have been focused on the magnetic field configuration
that enables the mechanical equilibrium of the dense
plasma blob in the corona (Kippenhahn & Schlüter
1957; Kuperus & Raadu 1974; Priest 1998).

As observational instruments developed, detailed
structures associated with prominences, or their equiv-
alent counterparts that are called filaments when they
are observed on the solar disk have been revealed (Mar-
tin & Echols 1994; Pevtsov et al. 2003; Parenti 2014).
Generally, prominences (filaments) provide side-view
(top-view) information on these structures. A promi-
nence tends to assume a horizontally elongated shape
with legs connected to the solar surface, while a fila-
ment tends to put its main body, the “spine”, above a
polarity inversion line (PIL) of the photospheric mag-
netic flux. In the latter case a filament channel is formed
between the main positive and negative magnetic polar-
ity regions at the solar surface, where the prominence
legs may or may not have their footpoints (Mackay et
al. 2010; Levens et al. 2016, and references therein).
There are also small polarity regions distributed in the
filament channel (Martin 1998; Chae et al. 2001), which
are called satellite or parasitic polarity regions. The po-
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larity of the satellite polarity region is opposite to that
of its nearby main polarity region (Martin et al. 1994).
A fine structure called a barb laterally protrudes from
the spine and has its footpoint above the satellite po-
larity region (Martin 1998; Wang et al. 2001; Chae et
al. 2005).

These observational results indicated the need for
improvements of early prominence models in which a
massive object is supported by a 2- or 2.5-dimensional
magnetic field via the magnetic tension force. A 3-
dimensional linear force-free field model was developed
by Aulanier & Demoulin (1998), which incorporates a
dip magnetic structure for supporting the barb. This
model explains the fact that the structure relies on the
existence of the satellite polarity region. The evolu-
tion of the dip structure, i.e., how it is born and de-
velopes, has also been investigated using a magnetohy-
drodynamic (MHD) model. Magara (2007) used one
such model to show that when passing through the so-
lar surface, inner and outer field lines of a twisted flux
tube emerging in an undulated manner form the main
and satellite polarity regions, respectively; above the
solar surface, the inner field lines form a horizontally
elongated structure, the outer field lines form the dip
structure. It has been suggested that the emergence
of a twisted flux tube is one of the possible formation
processes of a prominence (Rust & Kumar 1994; Low
1996; Okamoto et al. 2008), which causes two types of
flux cancellation at the solar surface (Magara 2011).
Flux cancellation has been considered to play a key
role in forming the filament channel (van Ballegooijen
& Martens 1989; Amari et al. 1999; Martens & Zwaan
2001).
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Figure 1. a: Initial state of the simulation. The color maps at x = −50 and y = 50 show the distributions of temperature
and gas density, respectively. A cylindrical flux tube composed of the helical cyan field lines is placed below the translucent
plane at z = 0. b–d: Snapshots of the flux tube emerging in an undulated manner are presented, taken at t = 24 (b), t = 50
(c), and t = 70 (d). The gray-scale map at z = 0 shows the distribution of vertical magnetic flux in the solar surface.

Internal motions have also been observed in the
prominence, suggesting that it may not be in a me-
chanical equilibrium state, but rather in a fairly dy-
namic state with a continuous flow, such as a horizontal
flow, upflow, downflow, circulating flow (Schmieder et
al. 1984; Lites 2005; Berger et al. 2011; Wedemeyer et
al. 2013; Shen et al. 2015; Kucera et al. 2018; Awasthi
& Liu 2019). Models were developed to investigate
flow and thermal structure of the prominence by solv-
ing 2.5-dimensional diffusive MHD equations (Choe &
Lee 1992) and 1-dimensional diffusive hydrodynamic
equations (Antiochos et al. 2000), where gravity, radia-
tive cooling, thermal conduction (diffusion), and heat-

ing were taken into account.

Various time-dependent prominence models in
which the solar surface is treated as the location where
a boundary condition is imposed have been proposed;
that is, flow and magnetic evolution are prescribed there
(Gibson 2018, and references therein). However, to in-
vestigate how the magnetic field originally determined
by subsurface dynamics gives rise to flow and magnetic
structure of the prominence, we need to reproduce the
self-consistent flow and magnetic evolution that is not
restricted by the boundary condition imposed at the so-
lar surface. Part of this challenge could be solved by the
3-dimensional emerging flux tube (3DEFT) model that
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Figure 2. a: Snapshot of magnetized plasma elements (MPEs) taken at t = 50. Yellow, cyan, and pink MPEs are distributed
at z = 12, z = 15, and z = 21, respectively. The gray-scale maps at x = 30, y = 30, and z = 0 show the distributions
of column density calculated from Equations (2), (3), and (4), respectively. The red box indicates the domain in which
gas density was integrated to give the column density. The map with green and orange contour lines at z = 0 show the
distribution of vertical magnetic flux in the solar surface; contour values range from 0.21 to 3.15 (green contour lines) and
from −3.15 to −0.21 (orange contour lines) at intervals of 0.42. b–d: Same as (a), but snapshots taken at t = 55 (b), t = 60
(c), t = 70 (d) are presented. A movie is provided at http://163.180.179.74/~magara/Download/JKAS-54-157/fig2.mp4.

can tell how a flow and magnetic field passing freely
through the solar surface interact with each other to
form a magnetic structure on the Sun with motions gen-
erated inside it. The aim of the present study is to ex-
plore the origins of the flow and magnetic structure in-
volved in the formation and eruption of the prominence,
by performing an MHD simulation based on the 3DEFT
model with a simple flux tube. We focus on basic struc-
tural properties of the spine and barb rather than repro-
ducing various flow features of observed prominences.

2. MODEL DESCRIPTION

The MHD simulation performed for the present study
is similar to that reported in our previous work (Mag-
ara 2015). The domain of the simulation was defined
using Cartesian coordinates (x, y, z); the z-axis is di-
rected upward and z = 0 corresponds to the location
of the photosphere (solar surface). The domain size is
(−200,−200,−20) ≤ (x, y, z) ≤ (200, 200, 180), which
was discretized into non-uniform grids; the grid interval
is (∆x,∆y,∆z) = (0.2, 0.2, 0.2) for (−20,−20,−20) ≤

http://163.180.179.74/~magara/Download/JKAS-54-157/fig2.mp4
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Figure 3. Same as Figure 2, but snapshots taken at t = 60 from a perspective view (a), top view (b), front view (c), and
side view (d) are presented.

(x, y, z) ≤ (20, 20, 20) and it gradually increases up to
(4, 4, 4) as |x|, |y| and z increase. The total number of
grid cells is Nx ×Ny ×Nz = 379× 379× 286.

Normalization units and an initial state for the
simulation were determined as described in Magara
& Longcope (2003). The normalization units were
given by 2Hph (length), cph (velocity), ρph (gas den-
sity), ρphc

2
ph (gas pressure), Tph (temperature), and

(ρphc
2
ph)1/2 (magnetic field), where Hph, cph, ρph, and

Tph represent the pressure scale height, adiabatic sound
speed, gas density, and temperature measured at the
photosphere. We adopted γ = 5/3 and µ = 0.6 as the
specific heat ratio and mean molecular weight, respec-
tively, which gives Hph = 270 km and cph = 11 km s−1.
As for the initial state, we placed a cylindrical magnetic

flux tube with the radius rf = 2 horizontally below
the solar surface, setting its axis at (x, z) = (0,−4) in
the y-direction. The flux tube has a Gold-Hoyle mag-
netic profile (Gold & Hoyle 1960) with a field line twist
b = −1 (left-handed twist producing one helical turn
of field lines over the axial distance 2π|b|−1 = 2π) and
a field strength B0 = 17.4 (strength measured at the
axis), which was in mechanical equilibrium with back-
ground gas layers stratified under the solar surface grav-
ity g� = 274 m s−2. These gas layers were determined
from a standard solar atmospheric model (Vernazza et
al. 1981) for z ≥ 0, while they have a superadiabatic
temperature gradient for z < 0.

The simulation was initiated by imposing an up-
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Figure 4. Same as Figure 3, but field lines instead of MPEs were plotted. The color variation on each field line shows the
distribution of gas density along it. In (a) and (b), the surface area with |Bz| ≥ 0.8 is colored in pink (cyan) to indicate the
location where the main (satellite) polarity region tends to be formed. The same S-loop is indicated by the green arrow in
each figure. A movie is provided at http://163.180.179.74/~magara/Download/JKAS-54-157/fig4.mp4.

ward motion to the flux tube for 0 ≤ t ≤ tr, given by

vz =

{
v0
[
1 + cos

(
2π yλ

)]
sin
(
π
2
t
tr

)
for r ≤ rf , |y| ≤ 3

2λ

0 for r ≤ rf , |y| ≥ 3
2λ

(1)

where r ≡
[
x2 + (z + 4)2

]1/2
, tr = 1, λ = 25, v0 =

0.3. This motion is intended to produce an undulated
flux tube with three emerging lobes at intervals of 25.
We also added random perturbation to the gas pres-
sure in a subsurface range of −9 < z < 0 (perturbation
amplitude is less than 1% of the unperturbed value),
thereby driving convection in the subsurface region with
the superadiabatic temperature gradient. The subse-

quent evolution of the flux tube was obtained by solv-
ing the same diffusive MHD equations as those given
in Magara (2019), where the effects of the viscosity
and radiative cooling on dynamical and thermal evo-
lution were taken into account. The Reynolds number
is Re ∼ 20,000 with the length and velocity scales being
5,000 km and 20 km s−1, respectively. An atmospheric
range of 0 ≤ z ≤ 3.6 was subjected to the Newton’s
cooling law with the radiative relaxation time τr ∼ 1 s
(Stix 1991), which keeps the temperature roughly con-
stant in this range. The thermal conductivity was set
to 0 in the present simulation.

Periodic boundary conditions were imposed at all

http://163.180.179.74/~magara/Download/JKAS-54-157/fig4.mp4
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a) b)
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t = 50

Figure 5. Same as Figure 3, but three MPEs with their trajectories (from t = 50 to 60 at intervals of 0.2) and field lines
on which they lie were plotted. A perspective-view snapshot of them taken at t = 50 is presented in the inset of (a).
The variations of colors and red arrows on each field line show the distributions of gas pressure and flow velocity along it,
respectively. The length of the red arrows displayed at a corner of each figure corresponds to 10 cph. A movie is provided
at http://163.180.179.74/~magara/Download/JKAS-54-157/fig5.mp4.

side boundaries, whereas the top and bottom bound-
aries are free and impermeable, respectively. We also
placed a wave damping zone at all the boundaries in
order to reduce the reflection of incident waves.

3. RESULTS

Figure 1 presents snapshots of the undulated flux tube
emerging below the solar surface via magnetic buoy-
ancy (Parker 1955), taken at t = 0, 24, 50, 70. The
color maps at x = −50 and y = 50 in Figure 1a show
the distributions of the temperature and gas density, re-
spectively, while the helical cyan field lines represent a

cylindrical flux tube placed below the translucent plane
at z = 0. The gray-scale map at z = 0 in Figures 1b−1d
shows the distribution of the vertical magnetic flux in
the solar surface.

Figure 2 presents snapshots showing the dynamical
evolution of magnetized plasma elements (MPEs) in a
magnetic structure formed on the Sun via emergence
of the undulated flux tube, taken at t = 50, 55, 60,
70. The colors of the elements indicate their heights at
t = 50: z = 12 (yellow), z = 15 (cyan), z = 21 (pink).
The distribution of the vertical magnetic flux in the
solar surface is shown by the map with green (positive

http://163.180.179.74/~magara/Download/JKAS-54-157/fig5.mp4
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a) b)

c) d)

Figure 6. Same as Figure 3, but showing snapshots taken at t = 70.

flux) and orange (negative flux) contour lines at z = 0,
while the gray-scale maps at x = 30, y = 30, and z = 0
show the distributions of the column density calculated
from

σyz (y, z, t) =
∫ 10

−10
ρ (x, y, z, t) dx for |y| ≤ 20, 15 ≤ z ≤ 60,

(2)

σxz (x, z, t) =
∫ 20

−20
ρ (x, y, z, t) dy for |x| ≤ 10, 15 ≤ z ≤ 60,

(3)
and

σxy (x, y, t) =
∫ 60

15
ρ (x, y, z, t) dz for |x| ≤ 10, |y| ≤ 20,

(4)
respectively, where ρ is the gas density. The column
density maps show how a simulated prominence evolves
in the corona; that is, a high-density blob floating

in the corona starts to appear (Figure 2b) and ex-
hibits features of a dextral filament with a spine and
a pair of barbs (Figure 2c), which is expected for a
flux tube of left-handed twist (Rust & Kumar 1994;
Bothmer & Rust 1997). The high-density blob leads to
a global eruption and almost disappears (Figure 2d).
We here divide the evolution of the prominence into
two phases, formation (50 ≤ t ≤ 60) and eruption
(60 < t ≤ 70) phases, and investigate structural prop-
erties of the spine and barb at each of these phases in
detail below.

3.1. Formation Phase
Figure 3 presents perspective-view (3a), top-view (3b),
front-view (3c), and side-view (3d) snapshots of the
MPEs taken at t = 60. The pink MPEs, which were
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a) b)
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Figure 7. Same as Figure 4, but wide-view snapshots taken at t = 70 are presented. A movie is provided at http:
//163.180.179.74/~magara/Download/JKAS-54-157/fig7.mp4.

distributed relatively higher than the other MPEs at
t = 50, tend to expand outward, while the yellow and
cyan MPEs tend to be distributed in the high-density
blob composed of the spine and barb.

Figure 4 is similar to Figure 3, where field lines
instead of the MPEs were plotted. The color variation
on each field line shows the distribution of the gas den-
sity along it. A magnetic structure in the high-density
blob is formed by field lines having concave-up parts
at which the gas density is locally enhanced. Among
these field lines, the spine is formed on U-loops, while
the barb is on an S-loop indicated by the green arrow
in Figures 4a–d. Since there is a lower limit on the field
strength obtained from observations, in Figures 4a and
4b a surface area with |Bz| ≥ 0.8 is colored in pink

(cyan) to indicate the location where the main (satel-
lite) polarity region tends to be formed.

Figure 5 presents perspective-view (5a), top-view
(5b), front-view (5c), and side-view (5d) snapshots
taken at t = 60 of three selected MPEs with their tra-
jectories and field lines on which they lie. A perspective-
view snapshot of them taken at t = 50 is presented in
the inset of Figure 5a. The variations of colors and
red arrows on each field line show the distributions of
the gas pressure and flow velocity along it, respectively.
Among the three MPEs, the cyan MPE takes a bounc-
ing ball trajectory and stays in the vicinity of the spine,
while the yellow MPE takes a falling ball trajectory
around the barb. On the other hand, the pink MPE
rises almost vertically above the spine. The field line

http://163.180.179.74/~magara/Download/JKAS-54-157/fig7.mp4
http://163.180.179.74/~magara/Download/JKAS-54-157/fig7.mp4


Origins of Flow and Magnetic Structure of a Prominence 165

a) b)

c) d)

t = 60

Figure 8. Same as Figure 5, but wide-view snapshots taken at t = 70 of two selected MPEs with their trajectories (from
t = 60 to 70 at intervals of 0.2) and field lines on which they lie are presented. A perspective-view snapshot of them taken
at t = 60 is presented in the inset of (a). The length of the red arrows displayed at a corner of each figure corresponds to
10 cph. A movie is provided at http://163.180.179.74/~magara/Download/JKAS-54-157/fig8.mp4.

with the pink MPE on it represents a forward S-shaped
inner field line overlying the flux tube axis, whereas the
field line with the cyan MPE on it an inverse S-shaped
inner field line underlying that axis. The field line with
the yellow MPE on it is an outer field line partially sur-
rounding those inner field lines above the solar surface.

3.2. Eruption Phase
Figure 6 is the same as Figure 3, but presenting snap-
shots taken during the eruption phase. In these snap-
shots not only the pink MPEs but also the other MPEs
expand outward, as the high-density blob erupts and
fades away (see the movie fig2.mp4). The spine almost

disappears, whereas the pair of barbs are still observed.

Figure 7 is the same as Figure 4, but presenting
wide-view snapshots taken during the eruption phase.
The U-loops on which the spine is formed are subjected
to a change in shape; that is, the depth of their dips
is reduced as the gas density decreases there (see the
movies fig4.mp4 and fig7.mp4).

Figure 8 is the same as Figure 5, but presenting
wide-view snapshots of two selected MPEs with their
trajectories during the eruption phase and field lines on
which they lie. A perspective-view snapshot of them
taken at t = 60 is presented in the inset of Figure 8a.
These MPEs take a counterclockwise falling ball trajec-

http://163.180.179.74/~magara/Download/JKAS-54-157/fig8.mp4
http://163.180.179.74/~magara/Download/JKAS-54-157/fig2.mp4
http://163.180.179.74/~magara/Download/JKAS-54-157/fig4.mp4
http://163.180.179.74/~magara/Download/JKAS-54-157/fig7.mp4
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a) b)

c) d)

Figure 9. Distributions of flow and magnetic field passing freely through the solar surface, observed below the spine during
the formation (t = 55; a, b) and eruption (t = 68; c, d) phases. The gray-scale (red-blue) map at z = 0 in (a) and (c) (b
and d) shows the distribution of vertical magnetic flux (vertical flow) in the solar surface, while the purple contour line in
these maps indicates a PIL. The arrows in (b) and (d) represent the horizontal velocity field of a photospheric flow, where
the maximum length of the arrows corresponds to 0.46 cph and 0.38 cph, respectively. W-loops are colored in red, orange,
yellow, green, cyan, blue. The pink and white field lines represent the lower loop produced via the magnetic reconnection
explained by Figure 10.

tory along rotating field lines (see the movie fig8.mp4).
A similar large-scale downdraft is found in a famous
eruptive prominence observed by High Altitude Obser-
vatory in June 1946.

3.3. Structural Properties of the Flow and Magnetic
Field Passing through the Solar Surface

Figure 9 shows the distributions of the flow and mag-
netic field passing freely through the solar surface,
which are observed just below the spine during the for-

mation (t = 55, 9a and 9b) and eruption (t = 68, 9c
and 9d) phases. The gray-scale (red-blue) map at z = 0
in Figures 9a and 9c (9b and 9d) shows the distribu-
tion of the vertical magnetic flux (vertical flow) in the
solar surface. The purple contour line in these maps
indicates a PIL, while the arrows in Figures 9b and 9d
represent the horizontal velocity field of a photospheric
flow. During the formation phase a half-turn rotation of
the PIL associated with partial emergence of W-loops is
observed, which has been suggested to provide a stable

http://163.180.179.74/~magara/Download/JKAS-54-157/fig8.mp4
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Figure 10. Schematic illustration of the magnetic structure involved in the formation (left panel) and eruption (right panel)
of the simulated prominence. Distributions of the main and satellite polarity regions are subject to a lower limit on the
observed field strength. For details, see the text.

magnetic field configuration for a flux rope containing
the prominence (Magara et al. 2011). The configura-
tion disappears during the eruption phase when these
W-loops are almost submerged.

4. SUMMARY AND DISCUSSION

Figure 10 schematically illustrates the magnetic struc-
ture involved in the formation (left panel) and eruption
(right panel) of the simulated prominence. The vio-
let field line is located at the outermost part of the
undulated flux tube, while the green and orange field
lines are at the outer part, and the cyan field line is at
the inner part. The violet field line has the shape of a
partially emerged W-loop during the formation phase,
which is submerged during the eruption phase. The
orange field line has the shape of an S-loop above the
solar surface, on which the barb is formed. The cyan
field line represents the inner field line having a U-part
when underlying the flux tube axis, at which a spine
plasma is accumulated. Since it is close to the axis, the
cyan field line has shallow U-parts lying below the solar
surface, which eventually makes this field line emerge
globally when these U-parts rise to the surface.1 The

1This means that the field line is free from a line-tying
effect at its photospheric footpoints, which enables this
inner field line to expand laterally and enter the erup-
tion phase. (See http://163.180.179.74/~magara/Download/
JKAS-54-157/appendix.pdf for supplementary material.)

emerged portions of the two green field lines approach
each other and then reconnect, thereby producing an
upper loop moving upward and a lower loop moving
downward, as indicated by the red arrows. This pro-
cess occurs even during the formation phase (see the
movie fig4.mp4). The upper loop carries a plasma to
the spine. On the other hand, the lower loop is par-
tially submerged, as represented by the pink and white
field lines in Figure 9c. In this illustration the spine
and barb are formed on the inner and outer field lines,
respectively, although there is no actual border between
these field lines because the magnetic field is continu-
ously distributed in the solar atmosphere. The spine
and barb threads may therefore share the same spatial
features and it might be even possible to have a field
line on which both spine and barb are formed.

Figure 11 visualizes the three-dimensional struc-
ture of the simulated prominence composed of MPEs
and field lines. The color of each MPE indicates the
gas density value at its location. A wide-view snapshot
of the MPEs in the whole color range is presented in
Figures 11a (t = 60) and 11b (t = 70), while a close-
up snapshot of the high-density MPEs colored in orange
and yellow is presented in Figures 11c and 11d (t = 60).
The prominence is displayed as a cluster of those high-
density MPEs forming the spine and barb whose flow
properties are schematically explained by the inset of
Figure 11d (see also the movie fig11.mp4). A diverging

http://163.180.179.74/~magara/Download/JKAS-54-157/appendix.pdf
http://163.180.179.74/~magara/Download/JKAS-54-157/appendix.pdf
http://163.180.179.74/~magara/Download/JKAS-54-157/fig4.mp4
http://163.180.179.74/~magara/Download/JKAS-54-157/fig11.mp4


168 Magara

a) b)

c) d)

remnant of spine

Figure 11. Visualization for 3-dimensional structure of the simulated prominence. a: A snapshot taken at t = 60 of MPEs
and field lines accompanied by column density and magnetic flux maps is presented. The color of each MPE indicates a gas
density value at its location. b: Same as (a), but a snapshot taken at t = 70 is presented. c–d: Same as (a), but close-
up snapshots of high-density MPEs taken from different views are presented. Flow and magnetic structures in spine and
barb are schematically illustrated in the inset of (d). A movie is provided at http://163.180.179.74/~magara/Download/
JKAS-54-157/fig11.mp4.

flow arises via a siphon effect on the U-loop forming a
strand in the spine (see the distributions of flow velocity
and gas pressure along the field line with the cyan MPE
on it in Figure 5), while the acceleration of a downflow
via gravity and its deceleration via enhanced gas pres-
sure are observed along the S-loop aligned to the barb
(see the Lagrangian displacement of the yellow MPE in
Figure 5). During the eruption phase MPEs trapped
at the U-parts of helical field lines are observed as a
remnant of the spine in Figure 11b.

In the present simulation we intentionally acceler-

ated the evolution of the prominence in order to re-
duce the calculation time. This was done by adopting a
length of ∼ 1 Mm as the radius of a pre-emergence flux
tube. A larger radius would require to make the initial
location of the flux tube deeper in an enlarged subsur-
face domain of the simulation, which may enable to re-
produce the long-term evolution of the prominence but
surely lengthens the calculation time. Furthermore, the
gas density in the prominence obtained from the sim-
ulation (ρ ≤ 10−4ρph) is more than 100 times higher
than that in an observed prominence (ρ ≤ 10−6ρph).

http://163.180.179.74/~magara/Download/JKAS-54-157/fig11.mp4
http://163.180.179.74/~magara/Download/JKAS-54-157/fig11.mp4
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A possible cause of this discrepancy is that the plasma
is fully coupled with an emerging magnetic field in the
simulation, which is not the case for a partially ion-
ized plasma rising through the solar surface; that is, a
significant amount of the plasma may slide away from
the emerging magnetic field. These two issues might be
crucial for studies focused on the realistic evolution of
the prominence.

The present study is focused on origins of the
flow and magnetic structure involved in the formation
and eruption of the prominence. To clarify them, we
performed the MHD simulation based on the 3DEFT
model in which the self-consistent flow and magnetic
evolution was obtained by seamlessly connecting sub-
surface dynamics with surface dynamics. This effec-
tively demonstrates the flow structure that is naturally
incorporated to the magnetic structure of the promi-
nence.

Finally, we mention further improvements to the
present simulation. Firstly, since the formation phase
of the prominence is short in this simulation, it cannot
explain quasi-static magnetic evolution of those promi-
nences having a long formation phase, such as quies-
cent prominences. The S-loop on which the barb is
formed quickly loses a laterally elongated dip found in
the inset of Figure 5a during the short formation phase,
which causes a discrepancy between the shape of the
loop and the trajectory of an MPE moving along it, as
shown in Figure 5. The so-called dynamic state tran-
sition from the formation phase to the eruption phase
may be caused by the lateral expansion of the inner
field line (Lee & Magara 2018), so we will investigate
the quasi-static evolution by adjusting the velocity pro-
file of the motion imposed to the pre-emergence flux
tube. Secondly, when it enters the solar atmosphere,
the expansion of an emerging flux tube reduces plasma
temperature inside it. On the other hand, actual promi-
nences can be observed in chromospheric lines such as
Hα and He 304, so heat transport toward simulated
prominences, which is not taken into account in the
present simulation, should be considered to investigate
their thermal structure.
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