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ABSTRACT
The formation and evolution process and magnetic configuration of solar prominences remain unclear. In order
to study the formation process of prominences, we examine continuous observations of a prominence in NOAA
AR 10953 with the Solar Optical Telescope on the Hinode satellite. As reported in our previous Letter, we
find a signature suggesting that a helical flux rope emerges from below the photosphere under a pre-existing
prominence. Here we investigate more detailed properties and photospheric indications of the emerging helical
flux rope, and discuss their relationship to the formation of the prominence. Our main conclusions are: (1) a
dark region with absence of strong vertical magnetic fields broadens and then narrows in Ca ii H-line filtergrams.
This phenomenon is consistent with the emergence of the helical flux rope as photospheric counterparts. The
size of the flux rope is roughly 30,000 km long and 10,000 km wide. The width is larger than that of the
prominence. (2) No shear motion or converging flows are detected, but we find diverging flows such as mesogranules
along the polarity inversion line. The presence of mesogranules may be related to the emergence of the helical
flux rope. (3) The emerging helical flux rope reconnects with magnetic fields of the pre-existing prominence to
stabilize the prominence for the next several days. We thus conjecture that prominence coronal magnetic fields
emerge in the form of helical flux ropes that contribute to the formation and maintenance of the prominence.
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& van Ballegooijen 2005, 2006), and the “quadruple magnetic
source” model (e.g., Malherbe & Priest 1983; Anzer 1990;
Démoulin & Priest 1993; Uchida et al. 1999a, 1999b, Hirose
et al. 1999). Past observations have supported the shearedarcade model in large quiescent prominences (Gaizauskas et al.
2001; Anderson & Martin 2005) and active region prominences (Gaizauskas et al. 1997; Chae et al. 2001; Chae 2003)
although Kubo & Shimizu (2007) suggest that the shearedarcade model is inconsistent with their observations of photospheric magnetic fields below the prominences. Uchida et al.
(2003) show structures indicated by the quadruple magnetic
source model in an active region prominence. In contrast,
no observational evidence of an emerging helical flux rope
has yet been presented although some numerical simulations
have been carried out (e.g., Magara 2006, 2007; Cheung et al.
2007).
However, a recent study of a series of vector magnetograms
obtained by the Hinode Solar Optical Telescope (SOT; Kosugi
et al. 2007; Tsuneta et al. 2008; Suematsu et al. 2008; Ichimoto
et al. 2008; Shimizu et al. 2008) was interpreted as the emergence of a helical flux rope under a prominence in an active
region (Okamoto et al. 2008, hereafter Paper I). This is the first
observational study to detail the evolution of the photospheric
magnetic field suggesting the emergence of a helical flux rope
that may be associated with the formation and maintenance process of an active region prominence. In this paper, we report the
more detailed features of the possible emerging helical flux rope
and the relationship between the flux rope and the prominence.

1. INTRODUCTION
Prominences are relatively cool objects embedded in the
hotter corona, and are commonly observed above the solar limb
in Hα emission. When seen against the solar disk, prominences
appear as absorbing dark features in Hα called “filaments” since
they are elongated and slender (e.g., Lin et al. 2005). We call
them prominences in this paper regardless of the observed disk
positions.
Although it is known that prominences are supported by coronal magnetic fields against gravity (see references in TandbergHanssen 1995; Martin 1998), the structure and formation process of magnetic fields in and around a prominence remains
unclear. Since reliable techniques are not yet available to directly image magnetic fields in the corona, it is difficult to investigate the evolution process of prominence magnetic fields.
However, statistical studies by Leroy et al. (1984) indicate that
most prominences have the so-called “inverse-polarity” configuration (Kuperus & Tandberg-Hanssen 1967; Kuperus & Raadu
1974).
Numerous authors have discussed the formation processes of
prominences with the inverse-polarity configuration. The models may be classified as follows: the “flux rope” model (e.g., Rust
& Kumar 1994; Low & Hundhausen 1995; Low 1996, 2001;
Lites 2005; Zhang & Low 2005), the “sheared-arcade” model
(e.g., Pneuman 1983; van Ballegooijen & Martens 1989, 1990;
Antiochos et al. 1994; DeVore & Antiochos 2000; Martens &
Zwaan 2001; Aulanier et al. 2002; Karpen et al. 2003; Mackay
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2. OBSERVATION AND DATA ANALYSIS

The Hinode satellite observed active region NOAA 10953
from 2007 April 28 to May 9. We obtained continuous observations of the photosphere and chromosphere with the G
band (4305 Å, band width: 8 Å), Ca ii H-line (3968 Å, band
width: 3 Å), and Hα (6563 Å, band width: 0.1 Å) filters
of the SOT/Filtergraph (FG) from 11:39 UT on April 28 to
17:36 UT on April 30. The field of view is 108 × 108 (1024 ×
1024 pixel2 ) in the G band and Ca ii H and 160 × 160 (1024 ×
1024 pixel2 ) in Hα. The cadence of the observations is 1 minute,
with brief interruptions for synoptic and engineering observations. In addition, at the beginning of this period, we obtained
periodic scans with the SOT/Spectro-Polarimeter (SP) of this
active region, including the pre-existing prominence. The multiple scans were performed in the “Fast Map” mode that has an
integration time of 3.2 s for one slit position and a spatial pixel
size of 0. 32. The average cadence of the scanning was 3 hr and
the field of view was 160 × 160 (512 × 512 pixel2 ). The SP
simultaneously measures the full Stokes profiles of the Fe i lines
at 6301.5 and 6302.5 Å with a sampling of 21.6 mÅ.
After 17:36 UT on April 30, we have no SOT data of the
prominence. However, we have Hα data taken by the Solar
Magnetic Activity Research Telescope (SMART; UeNo et al.
2004) at Hida Observatory, Kyoto University. The SMART
observes full-disk Hα images every day, weather permitting.
We used the SMART data as complementary Hα images.
Vector magnetic fields were derived from the calibrated
Stokes profiles on the assumption of a Milne–Eddington atmosphere. The inversion code used here is MEKSY (T. Yokoyama
et al. 2009, in preparation), which is based on the PIKAIA (e.g.,
Charbonneau 1995) and MELANIE7 codes maintained by the
High Altitude Observatory (HAO). MEKSY was developed to
meet the requirement of rapidly processing the large-format SP
data. Higher performance is obtained by removing the redundant
procedures from the original codes as much as possible. The azimuth angle of magnetic fields obtained in any Stokes inversion
procedure has an ambiguity of 180◦ . The AZAM utility (Lites
et al. 1995) is used to resolve the azimuth ambiguity. The basic
premise of this utility is minimization of spatial discontinuities
in the field orientation.
Two types of Dopplergrams were also produced by the
inversion. One is a velocity map of magnetic components
derived with all the Stokes profiles, and the other is that of
nonmagnetic atmosphere derived only with the Stokes I profile.
Here we assume that the large component of the Stokes I profile
comes from the nonmagnetic atmosphere under condition of
low filling factor. There is no absolute velocity reference for
these maps, however Martı́nez Pillet et al. (1997) reported that
the magnetic component in plage regions is redshifted with
200 m s−1 . Therefore, we set a zero level by assuming that the
average velocity in the plage region for which vertical field
strength is larger than 1000 G is zero in both types of the
Dopplergrams.
3. RESULTS
In Paper I, we focused on the evolution of the photospheric region under the active-region prominence only with vector magnetograms derived by SP. We found the following four features.
(1) The abutting opposite-polarity regions on the two sides along
the polarity inversion line (PIL) first grew laterally in size and
7
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then narrowed. (2) These abutting regions contained weak vertical, but strong horizontal, magnetic fields. (3) The orientation of the horizontal magnetic field along the PIL gradually
changed with time from a normal-polarity configuration to an
inverse-polarity one. (4) The horizontal magnetic field region
was blueshifted. We call this region the weak-field region in
Paper I. Here we show more detailed features of the weak-field
region and evolution of the prominence above the region.
3.1. Ca ii H-line Movie
We show Hα, G-band, and Ca ii images in Figure 1. In the
Ca ii image, there are numerous bright points around the main
sunspot and plage. These bright points correspond to strongfield magnetic elements, because the Ca ii bright points are
co-spatial with G-band bright points that are manifestation of
strong magnetic elements (e.g., Berger & Title 2001; Ishikawa
et al. 2007). On the other hand, we cannot see the prominence
in the Ca ii H-line image due to the stronger photospheric
emission, but there is a filament channel seen as a darker region.
A “time slice” is taken along the line (A–B) perpendicular to
the prominence in the Ca ii image as shown in Figure 1(c),
in order to investigate the evolution of the filament channel
(Figure 1(d)). The dark region in the Ca ii H time slice clearly
broadens and then becomes narrow again over time. The dark
region in Ca ii H (Figure 1(c)) has fewer G-band bright points
as seen in Figure 1(b) indicating the general absence of strong
vertical magnetic fields in the filament channel. Moreover, the
width and the time when the width becomes maximum are
also consistent with those of the weak-field region obtained by
the SP. Although there are converging motions driven by moat
flows from the sunspot toward the PIL outside the weak-field
region, the weak-field region widens, in effect working against
the predominant moat flows.
3.2. Interaction with Granules and Mesogranules
We study the physical parameters from the Milne–Eddington
inversion of the SP data in the weak-field region. To examine
the property of the weak-field region, we divided the region near
the polarity inversion line into three parts in terms of the vertical
magnetic field strength. The threshold is ±650 Gauss, and the
region with vertical field strength smaller than the threshold is
the weak-field region. Outside the weak-field region, the plage
region is located on the east side, and the sunspot is on the west
side. The magnetic properties of the three regions drawn from
the SP data scanned around 5:00 UT on April 30 are tabulated
in Table 1.
The mean strength of the horizontal magnetic fields in the
weak-field region is 650 G. This value is larger than the
strength of the photospheric equipartition field (∼400 G), for
which magnetic energy is comparable to the kinetic energy of
the granular convection. The magnetic field strength is thus
strong enough to somewhat suppress the surrounding granular
convection. Normal granules are seen in the weak-field region
as seen in the G-band movie. Figure 2 shows the Dopplergrams
of the magnetic components and the nonmagnetic components.
We can see the granular pattern in the map of the nonmagnetic
velocity, whereas no similar patterns are seen in the map of the
magnetic velocity that is consistent with the small filling factor
in the weak-field region. The filling factor is defined as the ratio
of the area occupied by magnetic fields with the size of the
point-spread function (Airy disk size). The actual area of the
magnetic component is so small that the magnetic fields in the
weak-field region do not suppress the granular convection.
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Figure 1. Snapshot images of three wavelengths and time-slice image. (a) Hα image. (b) G-band image. (c) Ca ii-H image. (d) Time-slice image along a slit A–B in
Panel (c).

Figure 2. (a) Velocity map of magnetic components derived by the Milne–Eddington inversion. (b) Velocity map of nonmagnetic components. Granular patterns are
seen. Field of view same as Panel (a).
(A color version of this figure is available in the online journal.)
Table 1
Physical parameters obtained with the Milne-Eddington inversion.
Region

East region (plage)
Weak-field region
West region (sunspot)

Magnetic Field Strength
Vertical
Horizontal
(Gauss)
(Gauss)
+1100 (±400)
0 (±200)
−1000 (±400)

We take a closer look at the possible interaction between
the weak-field region and granular convection. Figure 3 shows
a closeup view of the weak-field region. Figure 3(a) is the
intensity map. Granular cells are outlined with white contours.
Figure 3(b) is the inclination map of the magnetic fields with the
horizontal magnetic fields indicated by arrows. An inclination
of −90◦ (+90◦ ) represents vertical magnetic fields oriented
away from (toward) the local solar surface, and 0◦ corresponds
to a horizontal orientation. The horizontal magnetic fields are

400 (±200)
650 (±150)
650 (±200)

Vertical
Velocity
(m s−1 )

Filling
Factor

+200 (±500)
−300 (±200)
−100 (±700)

0.23 (±0.20)
0.15 (±0.05)
0.30 (±0.20)

independent of the granular patterns. The angle of inclination
is generally near 0◦ with respect to the solar surface in the
weak-field region: we emphasize the deviations from 0◦ in
Figure 3(c). We can see an indication that the inclination in the
southwest region of the granules is slightly positive and that in
the northeast side is slightly negative. This reflects the granular
shape. A granule has local maximum height around the center
of the granule and minimum height along the boundary with
other granules (Figure 4). We calculated the height differences
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Figure 3. Closeup maps of the weak-field region. The location of the FOV is (22E, 13S). North is up and east is to the left. (a) Continuum intensity map. White lines
indicate bright contours of granules. The red and blue lines show the boundary of ±650 G vertical magnetic field strength, respectively. (b) The inclination map with
horizontal magnetic fields indicated by arrows. Red indicates positive polarity (toward us) and blue indicates negative polarity (away from us) in the local frame. (c)
Inclination map; the color table saturates at ±10◦ with respect to the solar surface. (d) Unsharp-masking inclination map; the color table saturates at ±10◦ . In Panels
(b)–(d), thin and thick black lines are the same as the white lines and red/blue lines in Panel (a), respectively.
(A color version of this figure is available in the online journal.)

across the granules based on the deflection of the magnetic
vector. The height of some granules is 30–60 km, which is in
line with numerical simulations of solar granulation by Stein &
Nordlund (1998) and Cheung et al. (2007). We can determine
the horizontal direction of magnetic fields with the relationship
between the granular height and the inclination of the magnetic
fields. The direction of the horizontal magnetic field that is
consistent with the granular height is the same as the solution
obtained by the AZAM code.
Furthermore, we examine the relationship of magnetic fields
to photospheric motions. From the time series of the G-band
images we calculate the horizontal velocity on the photosphere
using Local Correlation Tracking (LCT; e.g., November &
Simon 1988; Strous et al. 1996; Shine et al. 2000). The
results derived from the LCT method depend on the FWHM
apodization (Title et al. 1989; Berger et al. 1998) of the spatial
windows used to correlate successive images in the time series.
We used an apodization of 1. 6 and a 2 hr time average smoothing
to measure the flow patterns exclusive of granulation flows. In
Figure 5, we do not detect any shear motions near the PIL in the
horizontal flow map. Moreover, diverging flows were dominant
rather than the converging motions. This finding is consistent
with the Ca ii H movie (Figure 1). Since the diverging flows have
a roughly circular structure with radii of 3000–5000 km, they are
consistent with mesogranules (Figure 5). These mesogranules
are located along the PIL.
3.3. Formation and Maintenance of Prominence
The prominence already existed at the beginning of the SOT
observation period on April 28 (Figure 6(a)). In the SOT Hα

Figure 4. Schematic image of the interaction between granules and horizontal
magnetic fields.

movie we can see that the prominence evolves significantly as
described below. After about 12 hr from the start of the SOT
observations, we notice the prominence fragment (Figure 6(b)).
During April 29 the prominence evolves into a continuous
relatively straight structure (Figure 6(c)), but it then loses clear
shape (Figure 6(d)). The prominence becomes a continuous
long structure again in Figure 6(f). Then, it continues to have
essentially the same appearance for one day after that (Figures
6(g)–(i)). Since we have no SOT Hα data after 17:37 UT
on April 30, we use the SMART Hα data instead. Although
the spatial resolution is lower, we can adequately recognize the
prominence shape. The SMART data show that the prominence
keeps the continuous structure for several days after May 1
(Figure 7).
Based on these observations, we find that there would be
a point at which the complex prominence structure becomes
simple. That time is estimated to be around 21:00 UT on April 29
from the examination of Figure 6.
According to the Ca ii and Hα movies, we can see frequent
brightenings along the prominence (Figures 6(e) and 8). In
particular, brightenings occur around the gap between two
previous prominence sections before the change in appearance
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Figure 5. Hα, G-band, and horizontal flow maps. The red and blue lines show the boundary of ±650 Gauss of vertical magnetic field strength, respectively. Yellow
circles indicate mesogranules under the prominence.
(A color version of this figure is available in the online journal.)

Figure 6. Time series of Hα images of the SOT. North is up and east is to the left. The small tickmarks indicate 5000 km.

around 21:00 UT on April 29. Such transient brightenings in
Ca ii appear to be the result of magnetic reconnection between
the two or more flux ropes in the corona forming the complex
structure of the prominence seen in Figure 6. The brightenings
are not seen after 21:00 UT on April 29, when we begin to
see a simple structure. The replacement of new simple flux
rope structure from the old complex structure may explain
the disappearance of such transient heating due to magnetic
reconnection.
4. DISCUSSION
In Paper I, we postulated that the weak-field region was
a signature of a helical flux rope emerging from below the

photosphere. In this section, we discuss the property of the
possible emerging helical flux rope with the observational
results, and also the relationship between the emerging helical
flux rope and evolution of the prominence.
4.1. Emergence of a Helical Flux Rope
As described in Paper I, the weak-field region is occupied
by weak vertical, but strong horizontal, magnetic fields, and the
region first grows laterally in size and then narrows observed in
time-series of vector magnetograms derived by SP. The strength
of the magnetic fields is about 650 Gauss, which is weaker
than that outside of the weak-field region. Moreover, we show
some features in the filtergraph observations: (1) a dark region
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Figure 7. Time series of the active region images in Hα obtained with the SMART. North is up and east is to the left. The large tickmarks indicate 20,000 km.

Figure 8. Time series of the active region images in Hα and Ca ii H lines. North is up and east is to the left. The small tickmarks indicate 5000 km. Running difference
between consecutive images to emphasize the brightenings and darkenings are shown.

with absence of strong vertical fields broadens and narrows in
the movie of Ca ii; (2) diverging flow patterns line up along
the weak-field region. These features are consistent with a
hypothesis of a horizontally dominant flux rope emerging from
below the photosphere. However, using only the filtergraph

observations, we cannot determine the existence of a flux
emergence with confidence. Observations comprising only lineof-sight magnetograms suffer from the same limitation. Now
we consider the possibility of detection of an emerging helical
flux rope without vector magnetograms. We have the full-disk
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Figure 9. Line-of-sight magnetograms in the active region taken with the MDI on board SOHO. White and black colors indicate magnetic flux. The regions with more
than 200 G and less than −200 G are saturated.

magnetograms of the line-of-sight component taken with the
SOHO/MDI (Domingo et al. 1995; Scherrer et al. 1995), which
are frequently used for evolutionary studies of the magnetic
field. The cadence is 96 minutes. Figure 9 is the evolution
of the magnetic fields in the active region including the main
sunspot and the prominence reported here. The white (black)
indicates positive (negative) polarity. We see that a gray region
(weak field corridor in a study of Klimchuk 1987) pointed out
by the black and white arrows widens and then narrows just
as presented above in the SOT data. The gray region looks
as if it is devoid of magnetic fields, but the region actually
is occupied by horizontal magnetic fields observed with the
SP. Moreover, the orientation of the horizontal magnetic field
in the weak-field region gradually changed with time from a
normal-polarity configuration to an inverse-polarity one, thus
strongly suggesting the existence of an emerging helical flux
rope, although there may be alternative interpretations that we
have not considered. This indicates that observations of vector
magnetic fields and Doppler motion are necessary to detect a
possible flux rope emergence.
4.2. Prominence Formation
Next, we discuss formation of the prominence, considering
the hypothesis of the emerging helical magnetic flux rope. In
our observations, we have a pre-existing, but fuzzy prominence
along the PIL. The prominence develops a more coherent
structure in coincidence with the apparent emergence of the
flux rope starting at about 16:00 UT on April 29. Thus, we
propose two possibilities to explain this episode in the context
of an emerging flux rope. (1) The emerging helical rope occupies
the position of the previous prominence, and provides with the
fresh magnetic fields in the corona (Figure 10(b)). As mentioned
above, the flux rope could already be partially emerged. As the
emergence continues, the field structure distorts and some of
the prominence material drains out causing the disappearance
of the coherent filament structure, soon replaced by a filament
in a slightly different location. (2) There are remnants of the
previous prominence (Figure 6(d)). If reconnection takes place
between the magnetic fields of the remnants and those of the
emerging helical rope, a continuous magnetic field would be
formed (Figure 10(c)).
Here we mention the possibility the latter process since there
are several brightenings along and around the prominence just

Figure 10. Schematic illustrations of prominence formation from a side view
of the PIL. Thin and thick curved lines indicate magnetic fields of pre-existing
prominences and the emerging helical rope, respectively. Prominence material
is not shown and helical configuration of magnetic fields is simplified. a:
emergence of the helical flux rope. Case b: the emerging flux rope occupies the
volume where the pre-existing prominences are located. Case c: the emerging
flux rope reconnects with magnetic fields of the pre-existing prominences.

before this change of the prominence. We suggest that these
brightenings indicate reconnection between the fragmented
prominence sections and the emerging flux rope that constructs
the longer coherent prominence. Chae et al. (2001), Chae (2003),
and Schmieder et al. (2004) also report that similar brightenings
occurred before prominence formation in active regions. In
their cases, two prominences were located in proximity and
connected after the brightening events. They observed magnetic
cancellation with sheared converging motion toward the PIL.
The numerical simulations of Aulanier et al. (2006) suggest
the possibility that shear motion and reconnection lead to
merging of prominences. However, our data show neither shear
nor converging motion under the prominence sections. Rather
we find diverging motion in the form of mesogranules before
the prominence formation. In our case, we suggest that the
emergence of a magnetic flux rope is the dominant process
for the formation of the more coherent prominence, and that
granular and mesogranular flows also play a important role in
the formation process of prominence.
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Figure 11. Left column: magnetograms inferred from SP observations. The color contour indicates the vertical magnetic strength. Middle column: G-band images.
Right column: Hα images. The black line in each panel indicates the PIL. The longest PIL separates the two regions with opposite polarities. Smaller regions with
black circles have minority polarity. Some endpoints of the prominence are located at such smaller regions.
(A color version of this figure is available in the online journal.)

4.3. Mass Supply

4.4. Barbs

We point out open issues unanswered in this study. The first
is the mass supply of the prominence. In this case shown in
Figure 10(b), the prominence mass might be supplied from
below with the emerging helical rope. On the other hand, in the
case of Figure 10(c), we have a possibility that the pre-existing
prominence provides new magnetic fields with the mass. The
helical rope emerges into the corona, and may reconnect with
the magnetic fields of the pre-existing prominence. If the
mass of the pre-existing prominence is not lost during the
reconnection process, the mass may be shared in the newly
formed prominence. The emerging helical flux may supply
only magnetic fields without mass from below due to the
Parker instability (Parker 1955, 1966; Zwaan 1985), However,
the horizontal nature of the emerging flux rope may make
the classical Parker instability difficult. This problem can be
explained with the following scenario: before the emergence,
the flux rope may be distorted by convective motions due
to their subequipartition field strength. U-shape structures are
constructed along the rope, and the mass in the rope moves to
the bottom of the U-shape dips (van Driel-Gesztelyi et al. 2000).
The U-shape dips with the mass are separated from the main
body of the flux rope by magnetic reconnection (Spruit et al.
1987). Therefore, the flux rope has smaller amount of mass,
and it can emerge from below the photosphere as shown on this
observation. In this case, the Parker instability is not required
during the emergence, and then it could horizontally rise up.
Figure 3 shows that the horizontal flux rope is modulated by the
granular motion. This may be related to the process described
here. Since the density in the flux tube decreases, the flux tube
may radially shrink. Hence, the magnetic strength increases,
while the filling factor decreases, as our observations seem to
indicate.

The second issue is formation of barbs. As proposed by Martin
& Echols (1994), barbs are supposedly connected to patches
of minority polarity on each side of a prominence. Recent
numerical simulations performed by Magara (2007) showed
that the formation of barbs is associated with emerging twisted
flux. The barbs in their simulations had magnetic dips and the
configurations were consistent with previous models (Aulanier
& Démoulin 1998; van Ballegooijen 2004; López Ariste et al.
2006). In our observations, the endpoints of some of the
prominence fragments seem to be located at minority polarity
sites (Figure 11). However, it is difficult to accurately locate
the endpoints of barbs without Hα Dopplergram observations
because the upper prominence material obscures the underlying
structures. We do not know the relationship between these
potential barb sites and the emergence of the helical rope since
the barbs existed before the emergence.
4.5. Implication of Flux Rope Emergence to Dynamo Process
The emerging helical flux is located along the PIL. Why
is it located at the PIL? Why is it so parallel to the PIL? If
such a helical flux rises up elsewhere, it would reconnect with
surrounding unipolar vertical magnetic fields, and become part
of vertical magnetic fields (upper panels in Figure 12). On the
other hand, if the helical flux rope emerges around the PIL, it
will maintain its flux-rope structure (lower panels in Figure 12).
There may be a mechanism that helical fluxes are created below
the PIL or the helical flux rope emerges everywhere in the active
region, and most of them except for those appearing along PIL
are destroyed by magnetic reconnection with the surrounding
field lines.
If emerging helical ropes contribute a great deal to formation of prominences, occurrence of prominences should be
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Figure 12. Schematic illustration of the relationship between emerging helical
flux rope and vertical magnetic fields. Top: case of unipolar vertical magnetic
fields. Reconnection occurs between emerging helical flux rope and vertical
magnetic fields, and the helical rope is destroyed. Bottom: case of PIL.
Reconnection does not occur, and the helical rope survives and can emerge.

modulated by the solar cycle, as are sunspots. Quiescent prominences have properties considerably different from active-region
prominences in recent Hinode observations reported by Berger
et al. (2008) and Okamoto et al. (2007), although Martin et al.
(2008) suggest that active-region and quiescent prominences
have a continuous spectrum of properties. The shear motion due
to the differential rotation may play a major role in the formation
of quiescent prominences (Gaizauskas et al. 2001; Anderson &
Martin 2005), while Hansen & Hansen (1975) reported that large
quiescent prominences, or polar crown prominences, are seen
more frequently at solar maximum than at minimum. Quiet-Sun
prominences apparently have a different formation mechanism.
This information may be relevant to the dynamo process. We
should have more observations of both active-region and quiescent prominences.
We interpret one set of Hinode observations as containing information that is consistent with a flux rope model. This episode
is the only Hinode observation made so far for an active region prominence. We should have more observations to confirm whether this episode is a common or unique phenomenon.
Another episode of emergence observed by Hinode has been
described briefly by Lites (2009), and will be discussed further
in a following paper. That observation generally supports the
conclusions derived from this work.
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