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ABSTRACT

Context. In addition to a component of the emission that originates from clearly distinguishable coronal loops, the solar corona
also exhibits extreme-ultraviolet (EUV) and X-ray ambient emission that is rather diffuse and is often considered undesirable back-
ground. Importantly, unlike the generally more structured transition region and chromosphere, the diffuse corona appears to be rather
featureless.
Aims. The magnetic nature of the diffuse corona, and in particular, its footpoints in the lower atmosphere, are not well understood.
We study the origin of the diffuse corona above the quiet-Sun network on supergranular scales.
Methods. We identified regions of diffuse EUV emission in the coronal images from the Atmospheric Imaging Assembly (AIA) on
board the Solar Dynamics Observatory (SDO). To investigate their connection to the lower atmosphere, we combined these SDO/AIA
data with the transition region spectroscopic data from the Interface Region Imaging Spectrograph (IRIS) and with the underlying
surface magnetic field information from the Helioseismic and Magnetic Imager (HMI), also on board SDO.
Results. The region of the diffuse emission is of supergranular size and persists for more than five hours, during which it shows no
obvious substructure. It is associated with plasma at about 1 MK that is located within and above a magnetic canopy. The canopy is
formed by unipolar magnetic footpoints that show highly structured spicule-like emission in the overlying transition region.
Conclusions. Our results suggest that the diffuse EUV emission patch forms at the base of long-ranging loops, and it overlies spicular
structures in the transition region. Heated material might be supplied to it by means of spicular upflows, conduction-driven upflows
from coronal heating events, or perhaps by flows originating from the farther footpoint. Therefore, the question remains open how the
diffuse EUV patch might be sustained. Nevertheless, our study indicates that heated plasma trapped by long-ranging magnetic loops
might substantially contribute to the featureless ambient coronal emission.
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1. Introduction

The solar coronal plasma and the associated emission are gen-
erally organized into some clearly distinguishable features. This
has been recognized in eclipse observations and certainly in the
earliest X-ray images taken from space (Bray et al. 1991), fol-
lowed by images in the extreme-ultraviolet (EUV) light. The
brightest features of coronal emission are the active regions,
which host multiple coronal loops in which hot plasma is con-
fined by the magnetic field (Reale 2014). The large areas that
are devoid of emission are called coronal holes (Timothy et al.
1975), while the moderately bright regions outside the active re-
gions and coronal holes are referred to as the quiet Sun.

The prominent coronal loops contribute only little to the to-
tal coronal emission, even though they are the brightest discrete
features, as discussed, for example, by Viall & Klimchuk (2011).
These authors reported that the radiance of individual loops is
often only about 10%–20% of the total radiance. In contrast, the
diffuse emission that appears to be hazy and without substructure
contributes strongly. Early X-ray observations at moderate spa-
tial resolution show this diffuse emission in active and quiet re-
gions (Sturrock et al. 1996). This is visible in observations from
different instruments and does not depend on the exact tempera-
ture of the source region in the corona. When coronal loops are
studied, the diffuse emission is often treated as background that
needs to be carefully subtracted before the properties of the loops
themselves are analyzed (Del Zanna & Mason 2003). Although
this background is usually not the main target of the study be-

cause it constitutes the bulk of the emission, it is essential to
understand how this part of the coronal plasma is heated.

In regions with prominent loops, the diffuse emission might
be thought to originate from multiple low-intensity loops that
overlap along the line of sight and therefore are basically in-
distinguishable (Williams et al. 2020). However, this would not
explain the diffuse emission observed in more quiet areas, as
in the study by Sturrock et al. (1996). Regardless of how dif-
fuse the coronal emission might be, however, the chromosphere
and transition region below it are highly structured. Chromo-
spheric spicules are one of the prominent features there (Beckers
1968; De Pontieu et al. 2007) and can also reach transition re-
gion temperatures (Pereira et al. 2014). It is not understood how
this highly structured foundation, starting from the magnetic net-
work at the solar surface, can produce this featureless emission
in the corona. We aim to address this question here. We analyze
an observation of the diffuse emission on supergranular scales
originating from plasma at close to 1 MK. We combine the coro-
nal observations with observations of the transition region and
the underlying surface magnetic field to discuss the formation of
this diffuse emission.

2. Observations and data processing

2.1. Observational data

We used data from three different instruments to cover the atmo-
sphere from the photosphere to the corona. To do this, we used
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a) HMI

Fig. 1. Context of our observations. Panel a)
shows a full-disk magnetogram from HMI ob-
served around the midpoint of the raster map
acquired by IRIS. The IRIS field of view is out-
lined with a blue box. The field of view indi-
cated by the red box is enlarged in panel b).
Panel c) shows the same area as observed with
the 171 Å channel of AIA, plotted in logarith-
mic scaling. Time stamps that correspond to the
beginning of the exposure of HMI and AIA are
given with the plots. See Sect. 2.1.

photospheric magnetic field data, UV spectroscopic data for the
chromosphere and transition region, and EUV imaging of the
corona.

We used a very large, 400-step dense raster acquired by the
Interface Region Imaging Spectrograph (IRIS; De Pontieu et al.
2014) on 21 July 2014 between 11:50 and 15:21 UT (OBSID
3824263396).1 The target of the observation was a quiet-Sun
region near the solar disk center (Fig. 1). With a step size of
0.35′′ , the raster covers roughly 106′′ in the east-west direction,
and 171′′ along the slit (image scale along the slit is 0.17′′ per
pixel). The exposure time per raster step is 30 s, which ensures
a good signal-to-noise ratio. We concentrate here on the tran-
sition region emission lines of Si iv (1394 Å) and O iv (1401 Å)
and on the Lyman continuum of Si i around 1395 Å (see Table 1).
The spectral scale is 25.6 mÅ per pixel, corresponding to about
5.5 km s−1.

For a view of the coronal plasma, we used a time series of
the full-disk filtergrams at 171 Å acquired by the Atmospheric
Imaging Assembly (AIA; Lemen et al. 2012) on board the Solar
Dynamics Observatory (SDO; Pesnell et al. 2012, see Table 1).
The AIA time series we used starts one hour before the begin-
ning of the IRIS raster and ends one hour after the end of the
raster. The plate scale is about 0.6′′ per pixel, and the cadence is
12 s. Additionally, we used similar full-disk filtergrams at 131 Å,
193 Å, 211 Å, and 304 Åto provide context over a range of tem-
peratures (see Table 1). These filtergrams were observed around
13:57 UT on the same day, when the IRIS slit crossed the middle
of the region of interest.

To study the photospheric magnetic field in the same area
on the Sun, we used a time series of the full-disk line-of-sight
magnetograms acquired by the Helioseismic and Magnetic Im-
ager (HMI; Scherrer et al. 2012; Schou et al. 2012) on board the
SDO.2 The HMI data span the duration of the AIA 171 Å data
we considered. The plate scale is about 0.5′′ per pixel, and the
cadence is 45 s. For additional insights into the magnetic field
configuration on larger scales, we also used a daily updated syn-
chronic frame from HMI for 21 July 2014. This data product
provides the synchronic map of the magnetic field over the full

1 These data are available at https://iris.lmsal.com/.
2 All data from AIA and HMI are available at http://jsoc.stanford.edu/.

Table 1. Lines and EUV bands

Linea / bandb log T [K]d T [MK]d

Si i continuum (low chromosphere)
IRIS Si iv 1393.76 Å 4.90 0.08

O iv 1401.163 Å 5.18 0.15
304 Å (He ii) 4.92 0.08
131 Å (Fe viii)c 5.76 0.58

AIA 171 Å (Fe ix) 5.93 0.85
193 Å (Fe xii) 6.18 1.5
211 Å (Fe xv) 6.27 1.9

Notes. (a) Rest wavelengths for Si iv and O iv taken from Sandlin et al.
(1986). (b) For the AIA bands, the primary contributing ions are listed.
(c) The 131 Å band also contributes significantly from Fe xxi around
10 MK (Lemen et al. 2012), but this is not relevant for our quiet-Sun
observations. (d) For Si iv and O iv, T is the line formation temperature
in the MHD model as given by Peter et al. (2006), their Table 1. For
the AIA channels, the peak temperature T of the contribution function
is listed based on Peter et al. (2022), their Fig. 9.

solar surface, where values of the magnetic field near the poles
are filled in (for a full description of the data product, see Sun
2018).

2.2. Data processing

We investigated the properties of the Si iv (1394 Å) line profiles
and of the Si i Lyman continuum. For the Si iv line, we fit the
observed profiles with a single Gaussian by using the curve_fit
function from the Python package SciPy (Virtanen et al. 2020).
The total line intensity calculated from the parameters of the fit
is shown in Fig. 2a. During this observation, IRIS did not track
the solar rotation, which caused features on the solar surface to
appear stretched in the raster. Because the field of view is close
to disk center, we assumed that the rotation is fully along the
east-west direction (horizontal in the images). To correct for this
during plotting, we adjusted the aspect ratio of all the images
that show data from the IRIS raster.
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a) IRIS Si IV 1394 Å b) AIA 171 Å d) IRIS Si I continuumc) HMI rastered

Fig. 2. Overview of IRIS raster field of view. The individual panels represent a) the total intensity of the Si iv 1394 Å emission line obtained
from IRIS, b) one image from AIA in the 171 Å channel observed near the midpoint of the IRIS raster, c) the rastered line-of-sight magnetogram
constructed using data from HMI, which is nearly cotemporal with the IRIS raster (see Sect. 2.2), and d) the Si i Lyman continuum obtained from
IRIS around 1395 Å. Panels a) and b) are plotted in logarithmic scale. The black and white contours in panels a) and b) outline the magnetic field
from panel c) at values of −30 G and +30 G, respectively. The red contours in all panels outline the brightenings in the continuum intensity from
panel d). The three white squares and green arrows in all panels highlight different features, as discussed in Sects. 2.2 and 3.1.

Using the spectra from IRIS, we also obtained a raster map
of the Si i Lyman continuum around 1395 Å that forms just above
the temperature minimum in the low chromosphere (e.g., Ver-
nazza et al. 1981). We show this map in Fig. 2d. This image
was produced by summing the spectrum over a range between
150 km s−1 and 420 km s−1 on the red side of the Si iv line,
covering 49 spectral pixels. We used this approach instead of
a Gaussian fitting to reduce the noise of this rather faint con-
tinuum level. The continuum image was further processed by
flattening visible global trends, and an odd-even pixel pattern in
the slit direction, all of which are observed only when working
with very low count rates, as we found here in continuum. This
process allowed us to detect small brightenings in the chromo-
spheric network in the Si i continuum. We outline these bright
locations with red contours in all panels in Fig. 2. A good frac-
tion of these brightenings is expected to be the chromospheric
footpoints of the structures observed in the transition region and
corona. They are therefore thought to correlate very well with
the patches of the enhanced magnetic field in the network.

We prepared the coronal data from AIA by updating the
pointing, rescaling the plate scale to exactly 0.6′′ per pixel, re-
moving the roll angle, and correcting the observed intensity for
the instrument degradation. This was done by using the routines
from the Python package aiapy (Barnes et al. 2020), which is
similar to the aia_prep procedure from SolarSoft. To compare
IRIS data with the AIA images, we first coaligned the time series
of the coronal imagery with the spectral data. With the help of the
information given in the data headers, we first projected the AIA
data onto the IRIS field of view by using the reproject_interp
function from the Python package reproject (part of The Astropy
Project; Astropy Collaboration et al. 2013, 2018). We then cor-
rected the AIA images for the effect of solar rotation to track
the region of interest targeted by the IRIS observation. We re-
peated this for each AIA snapshot separately. As for the IRIS
data, we assumed that close to disk center, this effect is along the

east-west direction, and we shifted the image along the horizon-
tal axis to correct for the rotation effects. The shift was always
equal to an integer number of IRIS pixels (which are only a frac-
tion of an AIA pixel). One snapshot in the AIA 171 Å channel
processed in this way is shown in Fig. 2b.

Similarly, we projected the magnetic field data from HMI
onto the IRIS field of view and corrected them for solar rota-
tion. From the resulting HMI time sequence, we then constructed
a rastered line-of-sight magnetogram, as shown in Fig. 2c. To
do this, we identified the magnetogram closest in time to each
IRIS slit position. From this magnetogram, we cut the (verti-
cal) stripe that corresponds to the slit position and added it to
the (pseudo) raster. In this way, we built a magnetogram that
is nearly cotemporal with the IRIS raster. Because the magne-
togram changes during the roughly 3.5 hours while IRIS scans
the field of view with its slit, this process is essential to ver-
ify the proper alignment between IRIS, HMI, and AIA. Fig. 2c
shows the good alignment of the red contours that represent the
brightening locations in the low chromosphere from IRIS, and
the magnetic field concentrations observed in the photosphere
by HMI. This match confirms that the different data sets from
IRIS and SDO are aligned well.

2.3. Magnetic field extrapolation

To relate the diffuse emission pattern we investigated to the
large-scale magnetic field structure, we performed an extrapo-
lation based on a potential field source surface (PFSS) model.
To do this, we used the routines from the Python package pf-
sspy (Stansby et al. 2020), which calculate the PFSS model for
the given boundary conditions of the magnetic field. As bound-
ary conditions, we used the synchronic map from HMI (the data
product called hmi.mrdailysynframe_polfil_720s) mentioned at
the end of Sect. 2.1.
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Fig. 3. Evolution of the diffuse coronal region.
Panel a) shows a repetition of Fig. 2b display-
ing the AIA 171 Å image at time t1 , with black
and white contours indicating opposite mag-
netic patches in the photosphere. The red rect-
angle highlights the location of the diffuse coro-
nal region. Panel b) shows four snapshots in this
rectangle at times t1 to t4 , as indicated in pan-
els c) and d) (plotted in linear scaling). Panel c)
shows the variability of the emission averaged
within the red rectangle, which does not exceed
about 10% over more than five hours. Panel d)
displays the emission along the slit from A to B,
as indicated in panel b). The intensity here is in-
tegrated (vertically) between the blue lines. The
time axis in panels c) and d) is set to zero when
the IRIS raster starts. The IRIS raster ends at
about 210 min. The temporal evolution is avail-
able in an online movie. See Sect. 3.2.

These data provide the magnetic field at the solar surface,
with spatial pixels that are equally spaced in longitude and sine
of latitude. We remapped these data to gain a spacing between
the grid points of 0.5◦ at the solar equator, which corresponds to
about 6 Mm. In the radial direction, we set a grid of 100 points
equally spaced in logarithmic scale, and we set the radius of the
source surface (where the magnetic field becomes radial) to be
2.5 R�. The resulting radial grid spacing is about 6.4 Mm near
the surface, similar to the horizontal spacing close to the solar
equator. This is expected to be sufficient for our purpose.

After performing the extrapolation, we traced the magnetic
field lines using routines from the same pfsspy Python package.
The starting points for line-tracing, or "seeds", are located within
and close to the IRIS field of view and always lie at a height of
0.015 R� (about 10 Mm) above the solar surface. The results of
the extrapolation and field line tracing are discussed in Sect. 3.5.

3. Results

By combining the intensity images from the transition region
and corona with the underlying magnetograms, we identified an
unusual diffuse coronal feature. We use the temporal evolution
and different wavelength bands and spectral lines to characterize
this feature.

3.1. Unusual diffuse coronal emission pattern

Emission from the quiet-Sun transition region originating from
around 0.1 MK is concentrated in the bright network. It forms
bushel-type emission patterns that emerge from concentrations
of the magnetic field, with elongated features pointing away
from the magnetic field patches (e.g., Samanta et al. 2019). This
well-known solar feature is also seen in our data set in the Si iv
image in Fig. 2a.

Short cool loops are visible in Si iv in the network lanes, in
particular, in places with stronger patches of the magnetic field.
They extend for some 10 to 20 Mm and are intermixed with short
coronal loops seen in AIA 171 Å. In Fig. 2 we highlight two such

examples as squares 1 and 2 in the upper part of the field of view.
As expected, these short loops are rooted in the footpoints of the
opposite-polarity magnetic field (see Fig. 2a–c). They might be
considered small versions of ephemeral regions or coronal bright
points (e.g., Madjarska 2019).

However, the field of view also contains a region with an
emission pattern that is quite different from the pattern described
above (square 3 in Fig. 2). It shows two concentrations of posi-
tive magnetic field, which are highlighted with green arrows in
Fig. 2c. The emission patterns in Si iv that emerge from these two
positive polarities appear to be similar to the regions with spic-
ular activity (green arrows in Fig. 2a; e.g., Samanta et al. 2019).
At the location between the two spicular regions in Si iv, the AIA
171 Å images show a comparably bright diffuse-looking feature
(green arrow in Fig. 2b). This is unusual, and it is the main focus
of our study.

At first sight, the two spicular regions might be thought to
be magnetically connected. Then the diffuse coronal emission,
which extends to roughly 15 Mm by 20 Mm, would originate
from the apex of this closed magnetic connection between the
spicular footpoints. Because of the projection effects, the coronal
emission would be visible between the bright spicular features in
the transition region when observed from the top. The two spic-
ular regions are located above magnetic field concentrations of
the same (positive) magnetic polarity, however. Therefore, this
scenario of closed magnetic loops is not applicable here.

3.2. Temporal evolution of the diffuse region

The temporal evolution of this diffuse emission is another un-
usual characteristic. The diffuse emission persists for at least
five hours, during which it evolves noticeably differently from
the commonly observed magnetically closed (coronal) loops.
Its brightness changes gradually, and certain parts of it become
brighter or dimmer, but without obvious signs of (spatial) sub-
structure.

To investigate this evolution, we studied a sequence of AIA
images in the 171 Å channel (Fig. 3). The structure of the diffuse
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a) HMI rastered b) Si IV 1394 Å c) O IV 1401 Å

f) AIA 171 Å

d) AIA 304 Å

e) AIA 131 Å g) AIA 193 Å h) AIA 211 Å

Fig. 4. Zoom into the diffuse region in different spectral bands. The individual panels represent a) the rastered line-of-sight magnetogram from
HMI, as in Fig. 2c, b) the Si iv 1394 Å emission line intensity from IRIS, as in Fig. 2a, c) the O iv 1401 Å emission line intensity from IRIS, and d)
– h) observations from AIA in different channels indicated in each panel. Panels b) and c) are plotted in logarithmic scale. Like in Fig. 2, black and
white contours outline the magnetic field at values of −30 G and +30 G, respectively. The red contours outline the brightenings in the Si i Lyman
continuum. The green arrow in panel f) points to the diffuse region we studied. The blue arrows in panels g) and h) point to a region with hotter
plasma. See Sect. 3.3.

region changes, but only gradually, and the region maintains its
smooth appearance. This is best seen in the movie attached to
Fig. 3, but we also illustrate it with different snapshots of the
diffuse region alone in Fig. 3b. The variability of the average in-
tensity in the diffuse region is shown in Fig. 3c. It does not ex-
ceed about 10% over more than five hours. To emphasize that
the changes are only gradual and the whole region remains quite
diffuse-looking, we also created a space-time plot of the aver-
age intensity along a slit through the diffuse region. The space-
time diagram is shown in Fig. 3d, and the position of the slit is
marked with AB in Fig. 3b. It confirms that the evolution is grad-
ual, without ridges or other features that would indicate dynamic
evolution.

As exceptions of the rule, some locations show bright local-
ized features. At time t1 in Fig. 3b, a bright feature is visible in
the top left corner of the field of view. This appears to be associ-
ated with the magnetic field concentration at the same locations
(see the white contours of the magnetic field in panel a). Another
example is the bright compact feature at t4 in Fig. 3b below the
middle of the field of view. This bright spot is also visible in the
AIA 304 Å channel, which is imaging plasma at about 0.1 MK.
This indicates that this is a brightening in cooler transition region
plasma that is also visible in the 171 Å channel. This channel im-
ages not only plasma just below 1 MK through emission from
Fe ix ions, but also transition region plasma at around 0.3 MK
from O v ions (see Sect. 3.3). Still, apart from exceptions like
these, the region remains mainly diffuse over the course of five
hours, as the movie attached to Fig. 3 shows.

Another diffuse-looking emission can also be found be-
low square 1 in Fig. 2b. It is also located between spicular
bushels with the same magnetic polarity at their footpoints (see
Fig. 2a,c), just as the case we discussed in detail above. However,
this second diffuse feature is closer to the bright point in square
1. Because this case is less isolated than the diffuse region dis-
cussed above, we did not focus on it as well here.

3.3. Temperature of diffuse region

The data from AIA alone are not sufficient to determine whether
the diffuse region is a coronal or a transition region phenomenon.
We therefore added information from O iv (1401 Å) acquired by
IRIS to determine whether the diffuse emission forms around
1 MK, or if it might originate from temperatures below 0.3 MK.

The bright diffuse region is best visible in 171 Å (Fig. 4d–h)
of the different AIA channels. The feature is also recognizable,
but less clear than in the 171 Å images, in the 131 Å filter, which
is sensitive to emission from cooler plasma (see Table 1). In the
hotter channels, such as 193 Å and 211 Å, the region is fainter,
but still visible3, while bright features in the 304 Å channel (from
the transition region around 0.1 MK) are mostly concentrated
around the strong magnetic field patches in the network and gen-
erally avoid the area in which the diffuse region is located.
3 Another possibly hotter related structure is visible in 193 Å and
211 Å northwest of the diffuse region seen in 171 Å (blue arrow in
Fig. 4g–h). We did not analyze this structure here because we focus on
the diffuse region in 171 Å images (green arrow in Fig. 4f).
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Based on AIA images alone, the diffuse region is seen in
channels that (predominantly) show plasma above 0.8 MK, but
not at 0.1 MK. The temperature response of the 171 Å channel
peaks around 0.85 MK (see Table 1), which is mainly due to the
Fe ix lines. However, the transition region also contributes signif-
icantly at about 0.26 MK (e.g., Fig. 9 of Peter et al. 2022), mostly
from O v.4 Therefore, observations in 171 Å alone are not suffi-
cient to determine whether the diffuse emission originates from
a source region that is closer to transition region or coronal tem-
peratures.

To narrow the temperature range of the diffuse region down,
we used spectra of the O iv (1401 Å) emission line, which forms
at temperatures of about 0.15 MK (see Table 1) under the as-
sumption of ionization equilibrium. In Fig. 4c we show the ob-
served intensity summed in a range of ±55 km s−1 around the
rest wavelength of the line (20 spectral pixels). This image looks
very similar to the Si iv image. In particular, at the location of
the diffuse region, both the O iv and Si iv images appear dark
(Fig. 4b,c). No prominent O iv emission is visible. We there-
fore did not consider it likely that the diffuse emission in the
171 Å channel originates from O v. Hence, we assumed that the
observed diffuse plasma is closer to 1 MK. This is consistent
with Martínez-Sykora et al. (2011), who concluded that except
for a few locations, the 171 Å channel is indeed dominated by
emission at close to 1 MK.

3.4. Si iv line profiles at the spicular footpoints of the diffuse
region

We studied the Si iv 1394 Å line profiles in the area around the
diffuse region to investigate whether the two adjacent spicular re-
gions are connected to the diffuse coronal emission. To do this,
we studied the line profile fits, and in particular, the line asym-
metries, to determine the role of up- and downflows in and out
of the diffuse region.

The results of the Gaussian line fits are summarized in Fig. 5.
Panels a) – c) show the line intensity, Doppler shift, and nonther-
mal width. The average Doppler shift of the profiles in the field
of view shown in Fig. 5a is 8.1 km s−1 to the red (Fig. 5e), which
is largely consistent with the average value of the quiet-Sun tran-
sition region (Peter & Judge 1999).

The Si iv profiles are mostly single Gaussian, and, as usual
for the lower transition region, they are predominantly redshifted
(Fig. 5b). However, many pixels still deviate from a single-
Gaussian profile, with excursions to the red or the blue wing
of the line. Examples of single pixels with and without obvious
excursions are shown in panels f) – h) of Fig. 5.

To determine the spatial distribution of these excursions in
the line wings, we calculated the red-blue asymmetry (RBA) of
Si iv at each spatial pixel as the difference between the integrals
over spectral regions in the red and the blue wing (McIntosh &
De Pontieu 2009). Prior to the integration, we linearly interpo-
lated the spectrum to a grid with a spacing of about 0.9 km s−1.
We chose this rescaling to create a spectral grid spacing that
roughly matches the error of the line shift determined through
a Gaussian fit. Then we calculated the line integrals in the range
between [+30, +50] km s−1 for the red and [−50, −30] km s−1 for
the blue wing, always with respect to the line center position de-
duced from the Gaussian fit. These spectral ranges were selected
to roughly cover the line profile between one and two times the

4 Peter et al. (2006) reported a formation temperature of 0.27 MK for
O v lines in their magnetohydrodynamic model; see their Table 1.

width of the line away from line center. To illustrate this, we indi-
cate these ranges with the sample spectra from individual pixels
in Fig. 5, panels f) – h). This choice shows the line asymmetry
most clearly, even though the results do not critically depend on
the exact choice of the spectral range. We show the RBA map
obtained through this procedure in Fig. 5d.

Based on the maps in Fig. 5, stronger RBA values appear
to be spatially well correlated with the larger nonthermal line
widths. This is expected because excursions in line wings can be
understood as separate components in the line profile, in addition
to the main component. In a multicomponent line profile fit with
a single Gaussian, the best fit is typically wider than the width of
the individual components, hence the larger nonthermal widths
at the locations of strong RBAs.

The features on the RBA map also resemble those of the in-
tensity map. We predominantly see an excess emission in the
blue wing in the magnetic network, in particular, at the edges
between the network and the internetwork. This agrees with the
concept from De Pontieu et al. (2009), according to which, emis-
sion in the blue wing is expected when spicular bushels are ob-
served that might feed material into the coronal structure. The
excess in the red wing is mostly concentrated at the center of
network elements, which may be indicative of fast downflows of
cooling material from the coronal structures.

3.5. Magnetic connectivity of the diffuse region

The region we study is located in the quiet Sun. Its magnetic
environment, which is based on the magnetic field distribution
on the disk in Fig. 1a, is puzzling, however. A larger area at the
surface, outlined with the red box with a side length of 430′′,
is predominantly unipolar, with dominant positive-polarity mag-
netic flux concentrations (white).

Extended patches of unipolar regions like this are typically
found at the base of coronal holes. In this case, however, AIA
EUV images revealed no signature of coronal holes. Therefore,
we expect that the magnetic field originating from our region of
interest connects back to the surface. Because of the flux imbal-
ance in this region, these magnetically closed connections must
be long-ranging. The positive flux in this area originated from the
decay of a large active region complex that was present there dur-
ing multiple previous solar rotations. With the remnant magnetic
flux of the decayed active regions, long-range magnetic connec-
tions there are expected.

To test this hypothesis quantitatively, we performed a mag-
netic field extrapolation based on a PFSS model (see Sect. 2.3).
We show a sample of the traced field lines overplotted on a full-
disk magnetogram from HMI in Fig. 6. Closed field lines orig-
inate from the diffuse region with a footpoint distance of about
400′′ , which corresponds to about 300 Mm. Hence, the extrapo-
lation confirms that the diffuse coronal region and the other lo-
cations about 300 Mm away are connected.

4. Discussion

4.1. Magnetic structure of diffuse coronal emission

Its placement between two spicular bushels with magnetic foot-
points of the same polarity is one of the puzzling characteristics
of the observed diffuse emission. In the following, we discuss
one possible scenario in which the diffuse emission is related to
the configuration of the magnetic field.

It is reasonable to assume that the footpoints of the diffuse
emission are indeed the two neighboring spicular bushels, both
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Milanović et al.: Diffuse solar coronal features

a) Si IV line intensity b) Doppler shift c) Non thermal width d) Red blue asymmetry

-100 -50 0 50 100
v [km/s]

0

10

20

30

40

In
te

ns
ity

 [D
N]

8.1

e) Average spectrum

-100 -50 0 50 100
v [km/s]

0

40

80

120

160
f) Pixel 1 spectrum

-100 -50 0 50 100
v [km/s]

0

40

80

120

160
g) Pixel 2 spectrum

-100 -50 0 50 100
v [km/s]

0

30

60

90
h) Pixel 3 spectrum

0 2 4
log[DN]

-20 0 20
[km/s]

8 13 18 23 28 33
[km/s]

-240 -120 0 120 240
[Arbitrary units]

Fig. 5. Properties of the Si iv 1394 Å line profiles in the vicinity of the diffuse region. The panels show a) the total line intensity, b) the Doppler
shift, c) the nonthermal width, d) the red-blue asymmetry, and e) the average profile of the whole area shown in the other panels. The average
Doppler shift of 8.1 km s−1 is indicated. Panels f) – h) show the profiles at three individual spatial pixels. The respective locations of these profiles
are marked with diamonds in the top panels. The gray bars in the profiles indicate the errors, and black lines represent single Gaussians fitted to the
profiles. The contours in the top panels have the same meaning as in Fig. 2. The wavelength is given in Doppler-shift units (positive is red) in the
bottom panels. In panels f) – h) the integration ranges used to calculate the red-blue asymmetry for the respective pixel are shaded. See Sect. 3.4.
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r Y Fig. 6. Magnetic field configuration on a large
scale related to the observed region of the dif-
fuse emission. We show the long-range mag-
netic connections starting from the vicinity of
the diffuse region calculated from a PFSS ex-
trapolation. The background image is a line-of-
sight magnetogram from HMI, in which the red
box outlines the same area as the red box in
Fig. 1a. The diffuse region is located close to
the center of the red box. See Sect. 3.5.

rising from concentrations of the similar-polarity magnetic field
(Fig. 4a). Hence, we expect that the local magnetic configuration
looks similar to the cartoon picture in Fig. 7. This is essentially
inspired by the scenario outlined by De Pontieu et al. (2009),
who suggested that coronal loops are fed through spicules. The
cartoon shows a vertical cross section through the diffuse coro-
nal region with its magnetic footpoints. The latter are marked
N, for northern (positive) magnetic polarity. The spicular fea-
tures in the transition region are indicated in orange. Because
both patches are of the same magnetic polarity, they form a mag-
netic canopy above and between them that extends farther into

the corona. The plasma that radiates apparently diffuse coronal
emission (yellow) is then located within this canopy between the
spicular bushels. It remains unclear whether the coronal plasma
on these field lines is loaded through the spicules or through
some other process.

The diffuse emission we observe is present for many hours,
which is longer than the typical coronal cooling time (shorter one
hour for 1 MK plasma; e.g., Aschwanden 2005). This should be
enough time for this structure to reach some near-equilibrium
state and be close to a barometric stratification. It should extend
up vertically to at least one pressure scale height, which corre-
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Fig. 7. Relation of the diffuse emission to the magnetic field configu-
ration. We illustrate the vertical cross section of the observed system
along the direction that connects the two positive magnetic field con-
centrations from Fig. 4a. The magnetic field patches are marked with N
for the northern polarity, and the spicular emission they host is shown in
orange. The magnetic field lines form a canopy below the source region
of the diffuse emission. This is shown in yellow. See Sect. 4.1.

sponds to about 50 Mm for plasma of about 1 MK. The diffuse
feature is observed as a nearly compact structure near disk cen-
ter, however, located between network patches of the same mag-
netic polarity (see Fig. 4f; green arrow). For it to be an extended
feature that appears compact to us, it therefore has to be embed-
ded in a magnetic field structure that is close to vertical up to a
height of about 50 Mm (see the cartoon in Fig. 7).

In Sect. 3.5 we reported that the diffuse region is located
within an area with long-ranging magnetic connection. There-
fore, the approximately 50 Mm tall vertical magnetic structure
could be a part of one of these long connections (loops). When
we assume a semicircular field line that closes at 300 Mm away
from the diffuse region, a structure at one end of this semicir-
cle spanning a height of 50 Mm would be almost vertical. In the
projection along the vertical, simple geometry tells us that at a
height of 50 Mm, the field line would have moved horizontally
away from the footpoint by only 8.5 Mm. We would therefore
expect a horizontal extent of the diffuse region to be approxi-
mately 10 Mm. This is roughly consistent with the observed ex-
tent of the diffuse region (see Fig. 2b and the scale in panel a).
Therefore, the diffuse emission we observe might originate from
plasma in the stem of an long-ranging loop.

One key to understanding the diffuse look of the region might
be found in its height. If the scenario put forward here (and in
the cartoon in Fig. 7) is indeed applicable, then the long line of
sight would quite naturally result in averaging individual fea-
tures within the volume of the structure. To further investigate
this, observations from two vantage points close to quadrature
would be highly desirable.

4.2. Supply of hot gas to the diffuse corona above the quiet
Sun

We interpreted the temperature and the magnetic structure of the
diffuse emission, but the question of its formation mechanism
still remains. We speculate about possible processes here that
have to be evaluated and confirmed or refuted in future studies.

It seems natural to search for explanations related to the mag-
netic footpoints. The spectra of the Si iv line from IRIS show
excess emission in the blue wing above the magnetic field con-
centrations, in particular, south of the diffuse coronal patch (see
Figs. 4f and 5d). This suggests upflows that might be filling the
region of the diffuse emission with hot plasma. These upflows
might be driven by the heating processes in the lower layers, as
in the case of type II spicules, if they really reached coronal tem-
peratures (De Pontieu et al. 2017). Otherwise, they might also
be driven by coronal heating events. In this traditional scenario,
heat conduction causes chromospheric evaporation at the foot-
points (Patsourakos & Klimchuk 2006). To distinguish between
these two processes, that is, spicule injection versus evaporation,
we would need to have access to the temporal evolution in Si iv
as well, and also to spectral information from the hotter coronal
plasma at about one million Kelvin, neither of which is available
here.

Our findings here indicate upflows in the footpoint area that
might be related to spicules. These upflows may not be related to
the diffuse emission, however. The apparent relation could just
be coincidence. Furthermore, the region we observed, although
it lies in the quiet Sun, is reminiscent of coronal holes because of
its predominantly unipolar magnetic flux at the surface. Plumes
that appear hazy have been observed in coronal holes before.
They show highly dynamical activity at their footpoints (e.g.,
Raouafi & Stenborg 2014). This activity, in the form of jetlets
and plume transient bright points, is thought to be caused by
cancellation of the minority polarity with the dominant unipolar
flux. It could be important for the sustainability of the plumes
for time periods of hours to days. Following this analogy, the
activity at the footpoints of the diffuse region we observed might
be important for its formation and might support it for several
hours.

The diffuse emission is also part of a long-ranging magnetic
connection. This opens the possibility that the plasma produc-
ing the diffuse emission is being supplied from flows originating
from the farther footpoint (the other side of the long-range con-
nection) instead of being supplied by the upflows from the closer
footpoint. Downflows in the transition region above sunspots
have been observed many times before; these are the footpoints
of the long coronal loops (Chitta et al. 2016; Chen et al. 2022).
The downflows are detected as redshifted components in tran-
sition region emission lines, often with supersonic speeds. To
support these downflows, material must be supplied from the
other footpoint, possibly via a siphon flow. To verify whether the
diffuse emission patch is caused by supersonic downflows sus-
tained by upflows from the conjugate footpoint, we investigated
the average profiles of Si iv (1394 Å) and O iv (1401 Å). We did
not find any significant redshifts, however, which suggests that
there are no indications of downflows, at least at transition region
temperatures, at the location of the diffuse region. EUV spectro-
scopic observations covering higher temperatures around 1 MK
may help to provide better information about the nature of the
plasma flows in this type of region.

With the observations presented here, the relevant processes
that feed plasma into the diffuse region remain an open question.
Access to data with a temporal evolution of the transition region
and the about 1 MK hot coronal plasma, and spectral data in
both domains, would provide better constraints on the formation
mechanism of similar regions.
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5. Conclusions

We reported an observation of the diffuse emission on super-
granular scales, seen on-disk in AIA images of close to 1 MK
plasma (Fig. 4). It persisted for many hours and was not remi-
niscent of small loops, which are typical for the upper transition
region and lower corona (Fig. 3). It remained diffuse and looked
cloudy, even though the underlying atmosphere shows various
small features. Unlike a typical small loop, it was not located di-
rectly above the magnetic network, but in the internetwork area
between two concentrations of positive magnetic field (Fig. 2).

Based on our findings, we suggest that we observed diffuse
emission that originated from long-ranging loops with highly
structured spicular footpoints at their base. Essentially, we ob-
served the (mostly) vertical part of long loops over one pressure
scale height above the footpoints. This means that the line-of-
sight integration might cause the region to appear diffuse. The
spicule-type features at the base of the diffuse coronal emission
suggest spicules as one possible mechanism that might feed the
diffuse region with plasma, but evaporation might also provide
the material for the diffuse coronal patch. Mass fed into the dif-
fuse region by a siphon flow from the farther footpoint seems less
likely. Within the scope of this paper, the true formation mecha-
nism of the observed diffuse emission remains elusive, however.

This setup of an area with one dominant magnetic polar-
ity that is engaged in long-range connections is intriguing. The
long-term evolution of the magnetic field (over more than one so-
lar rotation) shows that in our case, this dominance of one polar-
ity in a large region is a remnant from (part of) a complex active
region. These extended patches of unipolar regions commonly
reflect the long-term decay of active regions, which means that
the associated long-ranging magnetic connections between the
decaying active regions and the quiet Sun might contribute sub-
stantially to the overall coronal emission.

Diffuse features on supergranular scales, similar to the fea-
ture studied here, can be found regularly in the solar corona. In
the future, we plan to observe them in quadrature with SDO and
the remote-sensing instruments on board the Solar Orbiter mis-
sion (Müller et al. 2020). The simultaneous view on the disk and
at the limb from the two platforms will provide us with more
information about their shape and vertical extension.
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