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ABSTRACT

Coronal cavities are voids in coronal emission often observed above high latitude filament channels. Sometimes,
these cavities have areas of bright X-ray emission in their centers. In this study, we use data from the X-ray Telescope
(XRT) on the Hinode satellite to examine the thermal emission properties of a cavity observed during 2008 July that
contains bright X-ray emission in its center. Using ratios of XRT filters, we find evidence for elevated temperatures
in the cavity center. The area of elevated temperature evolves from a ring-shaped structure at the beginning of the
observation, to an elongated structure two days later, finally appearing as a compact round source four days after
the initial observation. We use a morphological model to fit the cavity emission, and find that a uniform structure
running through the cavity does not fit the observations well. Instead, the observations are reproduced by modeling
several short cylindrical cavity “cores” with different parameters on different days. These changing core parameters
may be due to some observed activity heating different parts of the cavity core at different times. We find that core
temperatures of 1.75 MK, 1.7 MK, and 2.0 MK (for July 19, July 21, and July 23, respectively) in the model lead
to structures that are consistent with the data, and that line-of-sight effects serve to lower the effective temperature
derived from the filter ratio.
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1. INTRODUCTION

A large-scale coronal structure, the filament cavity (Vaiana
et al. 1973), typically surrounds a quiescent prominence, and an
analog appears as the cavity in the common three-part structure
of a coronal mass ejection (Illing & Hundhausen 1985). We now
recognize such structures as basic building blocks of the coronal
magnetic field and an important part of the development of solar
activity.

The thermodynamics of coronal cavities has been studied
in a variety of ways. Hudson et al. (1999) and Hudson &
Schwenn (2000) studied bright cavity cores in X-rays and
concluded from filter ratios that these cores are hotter than their
surroundings. Recently, tomographic reconstructions have been
done on data sets including coronal cavities (Vásquez et al. 2009,
2010), and these studies find that the local differential emission
measure (DEM) distribution is hotter and broader inside cavities
than in the surrounding helmet streamer. Eclipse observations
have also provided thermodynamic information about cavities.
Habbal et al. (2010) observed several cavities during the eclipses
of 2006 March 28 and 2008 August 1 in filters centered at
Fe x 637.4 nm, Fe xi 789.2 nm, Fe xii 1074.7 nm, and
Fe xiv 530.3 nm, and found the cool prominences tend to be
shrouded in hot material.

One possible theoretical explanation for the bright X-ray core
observed by Hudson et al. (1999) is that it is due to heating along
a current sheet formed at a bald-patch separatrix surface (Fan &
Gibson 2006). This surface can form a sheath or tunnel enclosing
the dipped prominence field lines and would appear to be central
to the cavity when viewed end-on.

Another possible explanation for hot cavity cores comes from
modeling the thermodynamics of dipped magnetic field lines

themselves. The thermal non-equilibrium model of prominences
(e.g., Karpen et al. 2003, 2005; Luna et al. 2011) postulates
that prominences are cool condensations that form in dipped
field lines and predicts that the non-dipped parts of the field
lines must be hot. A similar phenomenon was also seen in
the calculations of Lionello et al. (2002). These field lines are
shaped such that the non-dipped portions of the loops would
protrude into the cavity center when viewed edge-on. This
idea and the bald-patch picture are not necessarily mutually
exclusive.

One problem inherent in interpreting observations of coro-
nal cavities is that they are extended structures, and line-of-
sight effects can be important. Several authors have tackled this
problem by employing a morphological model of the cavity as
an extended shape that wraps around the Sun, and forward-
modeling the relevant observables (Fuller et al. 2008; Gibson
et al. 2010; Schmit & Gibson 2011; Dove et al. 2011). The
tomographic reconstructions of Vásquez et al. (2009) also dis-
ambiguate line-of-sight effects using continuous observations
over several days. Both the forward-modeling technique and
the tomographic reconstructions must assume that the cavity
structure remains static.

2. OBSERVATIONS

During the summer of 2008, a stable coronal cavity associated
with a southern polar crown filament was observed by the X-ray
Telescope (XRT; Golub et al. 2007) on the Hinode satellite
(Kosugi et al. 2007). Figure 1 shows full-sun images from
XRT and the Extreme ultraviolet Imaging Telescope (EIT;
Delaboudinière et al. 1995) on the Solar and Heliospheric
Observatory (SoHO) that include the cavity as it appeared on
2008 July 21.
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Figure 1. XRT Al-mesh synoptic image (top) and EIT 195 Å image (bottom)
showing the cavity as it appeared on the west limb on 2008 July 21. The location
of the cavity is indicated by a box.

From July 19–23, XRT observed this cavity for 8–20 hr per
day using the Al-poly, Ti-poly, and Thin-Be filters. The exposure
times for these filters during this observation are 11.6, 16.4,
and 65.5 s, respectively. The field of view of the observation
is ∼790′′ × 790′′, and the images are binned 2 × 2, giving a
resolution of 2.′′0572 per pixel.

During the time period when XRT was observing the cavity,
bright features were observed in the Thin-Be filter in the core
of the cavity. Figure 2 shows the XRT Ti-poly and Thin-Be
observations for several dates, as well as an EIT 304 Å image for
each cavity observation. The XRT images have been averaged
over an hour to increase the signal-to-noise ratio, and the color
tables for the XRT images have been reversed in Figure 2, so
darker colors indicate brighter intensity.

For the observation on 2008 July 19 (top row of Figure 2),
a bright, ring-like structure is clearly seen in the XRT Thin-Be
image. The EIT 304 Å image shows a very small prominence
near the location of the bright emission in the XRT images. The

ellipse on the Thin-Be image indicates the cavity boundary as
determined from the XRT Al-poly images, where the cavity is
most visible. The bight emission in the cavity core lies well
inside the cavity boundary.

The bright ring structure persists in the Thin-Be filter for
several hours, until the XRT observations end at 22:45 UT on
July 19. When the XRT observations resume at 10:54 UT on
July 20, there is still bright emission seen at the cavity center in
the Thin-Be filter, but it no longer has the coherent ring structure
present in the earlier images.

The second row of Figure 2 shows the XRT Ti-poly and
Thin-Be observations of the cavity on 2008 July 21. By this
time the emission in the Thin-Be filter is no longer ring-like,
but it is elongated parallel to the limb. This elongated structure
persists until XRT stops taking data at 13:58 UT on July 22.
No major prominence is seen in the EIT 304 Å image taken on
at 19:19 UT on July 21, but there is a tiny prominence located
further poleward than the small prominence seen on July 19.

The bottom row of Figure 2 shows the same emission images
for July 23. These images are characteristic of the XRT emission
from 19 UT on 22 July until the end of the observation late in the
day on 23 July. The Thin-Be emission during this time period is
more compact and round in shape, similar to the emission seen
on 19 July, but without the ring shape.

3. TEMPERATURE AND EMISSION
MEASURE MEASUREMENTS

We estimate the temperature and emission measure of the
cavity and its surroundings using XRT filter ratios. This method
is less sophisticated than tomographic reconstructions (e.g.,
Vásquez et al. 2009) or techniques that use multiple filters to
calculate DEMs (e.g., Schmelz et al. 2010; Testa et al. 2011)
in that it assumes an isothermal plasma along the line of sight.
However, the filter-ratio technique is simple to apply, and it does
not require days-long full-sun data sets, like the tomographic
reconstruction, or data sets of more than two filters, like the
DEM method. Since our data set consists of partial field-of-
view images of three different filters, we can use the filter-ratio
method to determine where the plasma is relatively hot, and
where it is cool. Because of the isothermal assumption, we
cannot determine the temperature exactly, since there is likely
to be plasma at different temperatures lying along the line of
sight. We will model the effects of structures lying along the
line of sight in the next section.

Figure 3 shows the ratio of filter intensity as a function of
temperature for the Thin-Be/Ti-poly filters and the Thin-Be/Al-
poly filters. The third possible ratio for this data set, Ti-poly/Al-
poly, is double-valued within the temperature range of interest,
so we do not use it. There is a time-dependent contamination
layer on the XRT CCD (for details, see Narukage et al. 2011),
and we take this contamination into account when we calculate
the observed filter ratios. The ratios shown in Figure 3 are
calculated using the assumed contamination on 2008 July 19 at
15:00 UT, but the CCD contamination does not change rapidly
with time, so the ratios for later dates (i.e., July 23) are similar.

The temperature and emission measure are calculated using
the xrt_teem routine in the SolarSoft tree. In order to create
these maps, we average an hour’s worth of data in each filter
to increase the signal-to-noise ratio. Errors are also calculated
using xrt_teem. Emission measure and temperature maps
created using the Thin-Be/Ti-poly ratio are shown in Figure 4
for several times during the 2008 July cavity observing run.
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Figure 2. EIT 304 Å (left) and XRT Ti-poly (center) and Thin-Be (right) images for the cavity observed on 2008 July 19 (top row), 2008 July 21 (middle row), and
2008 July 23 (bottom row). The color table for the XRT images is reversed. The XRT images are averaged over an hour to increase the signal-to-noise ratio. The
ellipses shown on the Thin-Be images are the cavity boundary as determined from the XRT Al-poly images. These ellipses are used to define the cavity geometry in
the morphological model described below.

On all three days, a temperature enhancement is seen in the core
of the cavity.

For the 2008 July 19 map, a clear ring-shaped temperature
enhancement is seen above the limb. This feature corresponds
with the intensity enhancement seen in the Thin-Be filter,
shown in Figure 2. Over the course of the next few days, this
temperature enhancement evolves from the ring-like structure
on July 19 to an elongated blob on July 21 to a circular structure
on July 23.

Figure 4 also shows plots of the emission measure and
temperature along an arc at 0.106 solar radii above the limb.

The temperature and emission measure calculated from both
the Thin-Be/Ti-poly and the Thin-Be/Al-poly filter ratios are
shown. These quantities are in good agreement for the two
different calculations. For simplicity, we show only the error
bars from the Thin-Be/Ti-poly ratio since the error bars from
the Thin-Be/Al-poly ratio are similar.

The temperature cuts along the arc show that the maximum
temperature in the ring-like structure in the July 19 temperature
map is about 1.65 MK, and the cavity core stays between about
1.6 MK and 1.7 MK as it undergoes a morphological evolution
over the next several days. The emission measure cuts show that
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Figure 3. Temperature dependence of the XRT Thin-Be/Ti-poly ratio (solid
line) and the Thin-Be/Al-poly ratio (dotted line).

the cavity is depleted in the center, as most cavities are (Gibson
et al. 2006; Fuller & Gibson 2009), and the decrease in emission
measure coincides with the increase in temperature as the cut
traverses the cavity.

Scattered light in the telescope could affect the measured
intensities in the XRT filters, thus skewing the temperature
values derived by the filter ratio. Kano et al. (2008) used eclipse
measurements to quantify the amount of scattered light off of
the limb in XRT images. They found that the scattered light
above the limb was very low when there were no active regions
on the disk. In the observations presented here, there is a very
small bright region near disk center. Another possible source
of scattered light is the nearby bright limb. The scattered light
in XRT due to the X-ray optics falls off as r−2, where r is the
distance from a bright source. In this case, the bright region
on the disk is about 780′′ away, reducing any scattered light
from this region to about 2 × 10−4 percent of its intensity.
Likewise, the bright limb is about 100′′ away from the core of the
cavity, and scattered light from this region would thus be about
10−2 percent of the limb intensity. The bright region on disk
and the brightest limb point are both about 300 DN in the
Ti/poly filter, while the cavity core is about 20 DN. There are no
synoptics including the Thin-Be filter, so the relative intensity
of the bright region in this filter cannot be determined, but the
magnitude of the limb intensity is similar to the cavity core in
this filter. Thus, the scattered light from these two regions should
not be a significant factor in determining the temperature.

4. MORPHOLOGICAL CAVITY MODEL

In order to understand the effects of structures along the line
of sight in the images, we model the observed cavity using the
model presented in Gibson et al. (2010). In this model, the cavity
is embedded in a helmet streamer and makes a croissant-shaped
tunnel through the streamer. We have modified this model by
adding separate parameters for a bright core in the cavity center.
A schematic of the model, both from the top and from the side,
is shown in Figure 5.

In order to determine the model parameters that describe the
morphology of the cavity and core, we first fit a series of ellipses
to the cavity visible in the XRT Al-poly data between July 18
and July 23. Some of the ellipses used are shown in Figure 2. We
use the Al-poly data because it shows the cavity the best out of

Table 1
Geometrical Parameters for the Streamer and Cavity in the

Morphological Model

Quantity Parameter Value

Streamer central colatitude θ0 131.◦41 ± 3.27
Streamer central Carrington longitude φ0 252.29 ± 0.52
Angle of streamer axis to equator m 2.◦6
Tilt of streamer height axis vs. radial α 0◦
Streamer half-width at photosphere Swidth 40◦
Streamer half-length at photosphere Slength 100◦
Streamer current sheet height Rcs 2.5 R�
Streamer current sheet half-width CSwidth 3◦
Cavity top radius at φ0 rctop0 1.33 R� ± 0.005
Cavity top colatitude at φ0 θctop0 131.◦69 ± 1.78
Cavity height at φ0 Crad0 0.331 R� ± 0.005
Cavity width at φ0 Cnorm0 0.296 R� ± 0.005
Cavity half-length Clength 35 ◦± 2

the XRT filters. As detailed in Gibson et al. (2010), these ellipses
will constrain the parameters θ0, φ0,m, rctop0, Crad, Cnorm, and
Clength of the cavity part of the model as defined in Figure 5. The
values of the parameters that we use for the streamer and cavity
are shown in Table 1. The uncertainties given in Table 1 reflect
how well a Gaussian profile can be fit to the observed ellipses.

As in Gibson et al. (2010), we use the spherically symmetric
coronal hole background density defined by Guhathakurta et al.
(1999) for the background radial density. For the streamer
density, we use a model similar to that of Gibson et al. (1999),
given by

N = (ar−b + cr−d + er−f ) × 108 cm−3. (1)

In our case, we use a = 1.0, b = 10.3, c = .99, d = 6.34,
e = .365, and f = 2.31. This profile has an a lower initial
density than that of Gibson et al. (1999), but the density falloff
is similar at heights greater than about 1.2R�, and this profile
leads to better fits between the simulated and observed X-ray
images. For the cavity, the radial density falloff follows the
streamer falloff, but it is depleted by 65%. For the temperature
of the cavity structure, we assume an isothermal corona, but
assign different temperatures to the cavity, rim, and core.

In order to determine the parameters for the bright core, we
compare the modeled intensity with the XRT Thin-Be images,
where the core is most visible. To model the intensity, we take
the temperature, density, and geometry of the model cavity and
calculate the emission using the equation

I =
∫

n2
e(l)fi(T (l), ne(l))dl, (2)

where I is the intensity observed in the telescope in units of
DN s−1, ne is the electron density, fi(T , n) is a function that
takes into account the atomic physics and response function of
the appropriate XRT filter, and the integral is done along the
line of sight, l.

The parameters that we use for cores fit to each of the three
days are given in Table 2 and are shown schematically in
Figure 5. We find that a good fit to the data is generated by
assuming a core in the shape of a curved cylinder embedded
in the cavity. The coordinates of the core are defined similarly
to the cavity in that the center of the core is at a latitude and
longitude defined by the angles (θN, φN ) (see Figure 5(a)), and
the midpoint of the top of the core is at rNtop (see Figure 5(b)).
The height, width, and length of the core are defined as shown
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Figure 4. Left column shows maps of the emission measure calculated for the three dates shown in Figure 2, derived using the XRT Thin-Be/Ti-poly filter pair. The
middle column shows maps of the temperature calculated for the same cavity and filter pair. The right column shows the emission measure and temperature along
the arc plotted in the images using the Thin-Be/Ti-poly filter pair (gray/black) and the Thin-Be/Al-poly filter pair (orange/red). For simplicity, only the error bars
calculated from the Thin-Be/Ti-poly are shown.

in Figure 5. The length is given in terms of subtended angle
since the core is a section of a toroidal ring that follows a great
circle oriented at an angle mN to the equator. Note that the core
can have an independent tilt angle from the streamer and cavity.
The center core element shown in Figure 5 has tilt angle that
is different from that of the overlying streamer and cavity, for
example.

We vary the geometrical parameters of the core until the
simulated XRT Thin-Be images give a good “by-eye” fit to the
observed data. We find that one consistent set of parameters

does not fit the data on all of the days that the cavity was
observed, so we use different geometrical and thermodynamic
parameters for each of the three days shown in Figure 2. We
have not ensured that these parameters give the absolute best
fit to the data (i.e., by using a genetic algorithm as in Schmit
& Gibson 2011) because of the number of parameters and the
complexities involved in such a calculation. Nevertheless, the
“by-eye” method gives relatively good agreement with the data,
as can be seen by comparing the simulated and observed XRT
Thin-Be images shown Figure 6.
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Table 2
Geometrical and Thermodynamic Parameters for the Cavity Cores Used in the Morphological Model

Quantity Parameter 2008 Jul 19 2008 Jul 21 2008 Jul 23

Angle of core to equator mN 2.◦6 10◦ 2.◦6
Core central Carrington longitude φN 282 242 230
Core top radius at φN rNtop 1.16 R� 1.13 R� 1.15 R�
Core top colatitude at φN θNtop 131.◦4 131.◦4 131.◦4
Core height at φN Nrad 0.09 R� 0.06 R� 0.07 R�
Core width at φN Nnorm 0.09 R� 0.07 R� 0.06 R�
Core half-length Nlength 20◦ 20◦ 15◦
Percent of core occupied by “hole” 30% 0% 0%

Temperature of cavity 1.6 MK 1.65 MK 1.5 MK
Temperature of rim 1.3 MK 1.35 MK 1.3 MK
Temperature of core 1.75 MK 1.70 MK 2.0 MK
Core density scale factora 1.2 1.8 1.2

Note. a The core density is the scale factor times the cavity density.

We are not able to reproduce the bright ring of emission visible
in the Thin-Be filter on July 19 (see the top row of Figure 2)
unless we incorporate one final geometrical parameter, which
is the ability to put a hole in the core of the cavity. This “hole”
takes on the same temperature and density parameters as the
cavity, and its diameter is variable. In our case we use a “hole”
diameter of 0.05 R�. The viewpoint of the simulated image
is such that the observer is nearly looking down the center of
the core, so the length of the core is mostly along the line of
sight. As can be seen in the bottom left panel of Figure 6, these
geometrical parameters produce a good qualitative fit to the data
and reproduce the ring structure well.

The bright emission in the Thin-Be filter on July 21 is
elongated parallel to the Sun’s surface, and not a round shape
like the emission on July 19 and July 23. In order to model
this emission, we find that we need to rotate the emitting core
at an angle of about 10◦ from the equator. This angle could
arise from the activation of plasma in a substructure off of the
main filament channel, as shown schematically in Figure 7.
The simulated emission for July 21 is shown in the bottom
middle panel of Figure 6. The elongated structure (enclosed
by the yellow contour in the July 21 image) is reproduced by
the model, though there is a slight tilt to this contour in the
simulated image that is not present in the data. It is possible that
a better fit could be obtained by adding a parameter to the model
that would tilt the core with respect to the Sun’s surface. The
structure enclosed by the orange contour in the observations for
July 21 is a bright point that appears on the limb between 11 UT
and 20 UT on July 20, and is not reproduced in the simulated
intensity since the model only incorporates the cavity and core
plasma.

The emission on July 23 is well modeled by a curved cylinder
that is a little smaller than the core structure used for the July 19
model and that lies at the same angle to the equator as the cavity
(i.e., mN = m). For this observation, the data are fit well by
a relatively hot cavity core, at 2.0 MK. The simulated image
for this date is shown in the bottom right panel of Figure 6.
As with the July 19 simulation, the viewpoint is nearly along
the length of the core, so it appears foreshortened. The yellow
contour in the data for July 23 extends down to the limb, while
the yellow contour for the simulated data does not. The plasma
with elevated temperature is suspended over the limb, however,
as shown in the bottom middle panel of Figure 4, so the intensity
below the cavity core in the observations is probably due to
intervening foreground plasma at the limb that is not included
in the model.

The temperature maps shown in Figure 4 are quite useful for
qualitatively evaluating the fit of the model to the observations,
since they tend to deemphasize the cooler plasma from fore-
ground structures, which are not incorporated in the model, in
favor of the hot core plasma. We create temperature and emis-
sion measure maps from the model by first simulating the inten-
sity of the Ti-poly and Thin-Be filters using Equation (2). The
synthetic intensities are then processed in the same manner as
the data, using xrt_teem, to produce synthetic emission mea-
sure and temperature maps. These maps are shown in Figure 8
for an Earth-centered observing point. A plot of the simulated
temperature and emission measure along an arc at 0.106 solar
radii above the limb is also shown, for easy comparison with
the data. The ring-shaped temperature enhancement observed
in the core of the cavity on July 19 is well reproduced by the
model. The density depletion is not as pronounced as in the data
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Figure 6. Top row: observed Thin-Be images for the three days shown in Figure 2, with intensity contours. Bottom row: simulated XRT Thin-Be images for the same
three days with the same contours as the observed images.

for this date, possibly because of intervening foreground struc-
tures in the observations that are not accounted for in the model.
Temperature enhancement parallel to the limb on July 21 is also
well reproduced by the model, as is the compact region of hotter
temperatures on July 23.

The longitudinal extension of the model cavity and core
structure necessitates that plasma at different temperatures along
the line of sight contributes to the filter ratio and the derived
temperature. Since we know the input temperatures in the model,
we can compare the real temperatures to those derived through
the ratio method. For both the 19 July and 23 July models, the
filter-ratio temperature in the cavity core is less than the model
core temperature by about 10%, due to the line-of-sight effects.
The maximum filter-ratio temperature in the center of the core
in the July 21 model is similar to the model core temperature,
but there is a falloff of the filter-ratio temperature outside of the
core center.

5. DISCUSSION AND CONCLUSIONS

In previous work, we were able to find a coherent cavity
structure that explained the geometry of the cavity over several
days (Gibson et al. 2010). In the current research, we could
not come up with one continuous structure that explains all
three observations of the bright cavity core. One explanation
for this situation could be that the bright core emission is
intrinsically more time-varying than the cavity. There is some
evidence for this conclusion in the observations. The bright
cavity core emission does not show up as well in the extreme

m
mN=10°

filament
channel

substructure

Figure 7. Schematic showing the filament channel and substructure that may
contribute to the hot emission in the 21 July XRT images.

ultraviolet as it does in the X-rays, but the ratio of a 284 Å
image to a 195 Å image brings out the bright core structure
reasonably well. Figure 9 shows ratios of these images from
the STEREO EUVI (Extreme UltraViolet Imager; Howard et al.
2008) corresponding to the structure seen on the limb on July 21
in XRT. During this time, the separation angles of STEREO A
and B with the Earth were 34◦ and 29◦, respectively. Since the
STEREO B spacecraft is behind the Earth in its orbit, EUVI B
sees the structure on the limb before XRT. The STEREO A
spacecraft is ahead of the Earth in its orbit, so EUVI A sees
the structure on the limb later than XRT. These three different
views of the structure on the limb at different times, but the same
Carrington longitude, give an idea of how the structure evolves
with time. The bright core structure clearly changes size and
shape as time passes.
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Figure 8. Left column shows synthetic maps of the emission measure using the morphological model with an earth-centered viewpoint for the same three days
shown in Figure 4, derived using simulated XRT Thin-Be and Ti-poly filter intensities. The center column shows maps of the synthetic temperature calculated for the
same model and filter pair. The right column shows the emission measure (gray) and temperature (black) along the arc plotted in the images, as well as the data for
temperature (red) and emission measure (orange) from the Thin-Be/Ti-poly filter pair.

Figure 10 shows XRT Thin-Be images indicating some bright
transients that appear between the observation on July 19 and
the observation on July 21. In the left panel, a horizontal arrow
marks the bright point which emerges between 11 UT and
20 UT on July 20. Also indicated in this image are a bright
loop and some bright emission along the limb. These features
are probably the result of reconnections between the emerging
bright point and the overlying cavity fields. In the middle panel
in Figure 10, arrows mark a transient brightening that seems to
stream along the filament channel. The arrows in the right panel

in Figure 10 indicate another emerging bright point to the north
of the cavity core. Given these dynamics, it is not surprising that
the core material is not well fit by a single static structure.

The shape of the plasma in the core of the cavity, particularly
the hot, bright ring-shaped structure visible on 19 July, is
consistent with the idea that the X-ray emission regions lie
along twisted features seen more or less end-on, preferentially
above the filament material. The elevated temperatures could
be because the core plasma is associated with a separator
between two different magnetic field structures within the

8
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Figure 9. Ratio of 284 Å to 195 Å from EUVI B, EIT, and EUVI A images at the same Carrington longitude, showing the evolution over several days of the part of
the cavity visible from Earth on 21 July.
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Figure 10. XRT Thin-Be images showing transient brightenings (marked with arrows) that occur at several times between 19 July and 21 July.

cavity, where dissipative heating due to reconnections could
occur. Alternatively, heating could occur along a magnetic
flux surface without a separator due to dynamical friction
or hyperdiffusion (van Ballegooijen & Cranmer 2008). The
dynamics in the observations can be explained by the fact that the
filament channel and the cavity are the more long-lived robust
structures, as compared to the filament which comes and goes
along portions of the channel and cavity, in a manner probably
associated with changes in heating and magnetic fields. If the
bright cavity core plasma is indeed due to heating at magnetic
flux surfaces, it would be sensitive to changes in the fields (due
to reconnection from emerging bright points for example), and
different parts of the core would light up at different times
accordingly.

In our observations the prominences are quite small and low
in corona, and they lie below the hot cavity core, as can be
seen in Figure 2. These observations are consistent with the
non-erupting flux rope simulation described in Gibson & Fan
(2006) if there is heating at a magnetic flux surface within a
twisted flux rope. In this model, the field lines associated with
the innermost part of the flux rope, around the axis, are arched
upward and do not have dips capable of supporting prominence
material. Thus, the model contains circular flux surface cross-
sections within the flux rope where heating might occur that lie
above the dipped field where prominence material is likely to
condense. One would have to explain why those flux surfaces

were heated, however. In the simulation, a current sheet forms
within the flux rope aligned with the dipped portion of the
magnetic field, but above the lowest-lying of these dipped field
lines (see Figure 2(e) of that paper). It is therefore possible that
the hot core is due to heating at the circular flux surface that
intersects the top of this current sheet, and that the prominence
mass fills the lower-lying dipped field below the current sheet (or
indeed within it, see, e.g., van Ballegooijen & Cranmer 2010).

Another possibility is that long, sheared strands with the
thermodynamic properties described by Karpen et al. (2003)
and Luna et al. (2011) are positioned along the line of sight. In
this model, the hot core plasma is caused by the amalgamation
along the line of sight of the hot coronal parts of dipped, sheared
field lines that contain prominence material, and it is even
possible to create apparent ring-like structures in the cavity
core with prominence material underneath (Luna et al. 2011),
though these structures are visible in the cooler 171 Å simulated
emission in this model. Most of the bright emission in this
model is underneath the ring structure and cospatial with the
prominence, but again the hot structures could lie on top of
the prominence if only the most low-lying field lines contained
prominence material.

Differentiating between these two models, and making further
progress in understanding cavity thermodynamics in general,
requires knowledge of the magnetic field structure inside the
cavity. Promising work along these lines has recently been done
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by Dove et al. (2011), who find that coronal magnetic field
measurements from the Coronal Multi-Channel Polarimeter
(CoMP) instrument at Mauna Loa Solar Observatory for a cavity
observed on 2005 April 21 are consistent with a spheromak
magnetic field configuration. Unfortunately, no CoMP data
are available for the observations presented above, but the
combination of coronal magnetic field data and soft X-ray
and EUV imaging data will clearly be a powerful tool in
understanding the magnetic structure and thermodynamics of
coronal cavities.

The authors thank the anonymous referee, whose insightful
comments helped improve the paper, and Yuhong Fan for use-
ful discussions. The authors also thank the International Space
Science Institute (ISSI) for funding a Working Group on Coro-
nal Cavities, where this work began. K. K. Reeves is supported
under contract NNM07AB07C from NASA to SAO. T. Kucera
is supported by an award from the NASA SHP Program. The
National Center for Atmospheric Research is sponsored by the
National Science Foundation. Hinode is a Japanese mission de-
veloped and launched by ISAS/JAXA, with NAOJ as domestic
partner and NASA and STFC (UK) as international partners.
It is operated by these agencies in cooperation with ESA and
NSC (Norway). SoHO is a project of international collabora-
tion between ESA and NASA. The STEREO/SECCHI data
used here are produced by an international consortium of the
Naval Research Laboratory (USA), Lockheed Martin Solar and
Astrophysics Lab (USA), NASA Goddard Space Flight Cen-
ter (USA) Rutherford Appleton Laboratory (UK), University
of Birmingham (UK), Max-Planck-Institut für Sonnensystem-
forschung (Germany), Centre Spatiale de Liège (Belgium), In-
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