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Abstract.  We report on spectropolarimetric observations acquired by the imaging
magnetograph Sunrisg/IMaX at high spatial (0”3) and temporal (31.5 s) resolution dur-
ing the first science flight of this balloon-borne solar observatory. We describe the
photospheric evolution of an exploding granule observed in the quiet Sun. This gran-
ule is cospatial with a magnetic flux emergence event occurring at mesogranular scales
(up to ~ 12Mm? area). Using a modified version of the SIR code, we show that we
can estimate the longitudinal field also in the presence of a residual cross-talk in these
IMaX longitudinal measurements. We determine the magnetic flux content of the struc-
ture (~ 3 x 10'® Mx), which appears to have a multipolar configuration, and discuss the
origin of such flux emergence cvents.

1. Introduction

Exploding granules (EGs) appear as individual bright granules that expand by a larger
amount than normal granular cells in the quiet Sun. Ultimately, after reaching a diame-
ter of 4”” — 5’ in about 10 minutes, they split into several smaller granules, representing
the most intense case of fragmenting granules (Roudier et al. 2003). Since their first
detection (Rosch 1960), several observational and numerical studies investigated EGs
properties to explain this phenomenon (see Nordlund et al. 2009 for a review).

EGs are rather frequent, with a number density of about 4% (Mehltretter 1978),
covering 2.5% of the observed photospheric area (Title et al. 1989). They share many
observational characteristics with the family of large granules, i.e., granules with diam-
eter larger than 1”4 (Hirzberger et al. 1999a; Hirzberger 2002).

A central dark spot that hosts downflows of cool gas (Hirzberger et al. 1999b,
2001; Roudier et al. 2001; Berrilli et al. 2002) is usually observed in EGs. This feature
appears to be linked to buoyancy braking (Massaguer & Zahn 1980).

The existence of EGs is connected to mesogranulation in hydrodynamical simula-
tions (e.g., Simon et al. 1991). Actually, these structures are identified in observations
with areas of positive divergence of the horizontal velocity (e.g., Roudier et al. 2003).
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Although the morphological evolution of EGs is well known, their correlation with
magnetic flux emergence events is not clear. Some observations found the presence
of emerging flux in certain EGs (De Pontieu 2002; Socas-Navarro et al. 2004; Zhang
et al. 2009; Palacios et al. 2012). This evidence has been related to the horizontal
internetwork fields (HIFs) observed by Lites et al. (1996, 2008).

In this work, we analyze observations taken by the Imaging Magnetograph eX-
periment (IMaX; Martinez Pillet et al. 2011) on board the Sunrise balloon-borne solar
observatory (Solanki et al. 2010, 2017; Barthol et al. 2011). We follow the evolution
of an EG at high spatial and temporal resolution. This feature is cospatial to a flux
emergence episode that occurs at mesogranular scale and hosts patches with linear po-
larization signals. In the following, we describe the observations and the data analysis
(Sect. 2), we report our results (Sect. 3), and we briefly draw our conclusions (Sect. 4).

2. Observations and Data Analysis

We analyzed spectropolarimetric IMaX data obtained on 2009 June 10, from 22:55:41
to 23:54:30 UT. During that time, IMaX acquired polarization maps every 31.5 s over
a quiet Sun region at the disc center, covering a field of view (FOV) of ~ 46” x 46",
The spatial resolution of these observations is ('3, with a pixel size of 07055. Only
the Stokes parameters / and V were measured (longitudinal observing mode), at twelve
wavelength positions over the Fe 1 525.02 nm line (Landé factor g = 3) every 3.5pm
from A = -19.25pm to A = +19.25 pm with respect to the line center, with a spectral
resolution of 8.5 pm. The FOV of these IMaX observations is displayed in Fig. 1.
Data reduction was performed using standard operations, i.e., dark-current re-
moval and flat-field correction. The signal-to-noise ratio is about 1.2 x 1073 in units
of the continuum intensity per wavelength point for each Stokes parameter. In longi-
tudinal observing modes, for which it is not possible to apply the demodulation matrix
described by Martinez Pillet et al. (2011), a residual cross-talk in Stokes V is present in
the reduced data. Pre-flight measurements provide an estimate of this cross-talk, that is

Vineasured = —0.88 U +0.55 Vg , (1)

where Ug and Vg refer to the original solar signals. To get rid of this issue, we carried
out a non-standard inversion of the observed spectra by using a modified version of
the SIR code (Ruiz Cobo & del Toro Iniesta 1992). First, we tested the reliability of
these inversions by applying the modified code to IMaX data acquired in full spectropo-
larimetric mode (Guglielmino et al. 2012), inverting Stokes / and the linear combina-
tion (1). The results of this preliminary test confirmed that this version of the SIR code
is able to extract information also from longitudinal spectropolarimetric measurements.
We obtained a very good estimate of the longitudinal component of the magnetic field,
Biong, used to derive the magnetic flux density, and of the thermodynamical parameters
(e.g., temperature, gaseous pressure).

The line-of-sight (LOS) velocity was derived from a Gaussian fit to the spectral
points along the Stokes I profile, considering the Doppler shift of the line center. The
instrumental blueshift was also removed. The velocity scale was calibrated by using a
convective blueshift of ~ 200 m s™! for the Fe 1 525.02 nm line (Dravins et al. 1981).
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Figure 1.  Left panel: Continuum intensity map. Right panel: Vieasurea Signal map
in the blue lobe of the measured Stokes V. The solid line box, which covers a subFOV
of ~ 8” x 8", indicates the location of the EG analyzed in this work. The dashed line
box, with the same subFOV, indicates a region of very quiet Sun, used as a reference.

3. Results

Figure 2 illustrates the evolution of the EG. The first column displays the photospheric
continuum, where we observe that this expanding structure forms a central dark spot
(At = 252 s) and eventually splits into smaller granules (At = 504 s). The southernmost
granule undergoes the same evolution (At = 768 s), until it splits into four granules.
The second column of Fig. 2 shows the integrated signal of Vieasured, given by

8
1
Vintegrated = 3 ( I> § € [Vmeasured]i s (2)
¢ i=1

where (/) is the continuum intensity averaged over the IMaX FOV, i runs over the
central eight wavelength positions, from 4 = -12.25pm to 4 = +12.25 pm from the
line center, and € = [1,1,1,1,-1,—-1,—1,—1]. The distribution of the magnetic areas,
in particular of the neutral lines, can be derived from this quantity, because at first
approximation it is null only in the regions where the magnetic field changes sign.

The EG is associated with an emerging flux region, as also pointed out by Palacios
et al. (2012). A flux concentration with salt-pepper polarity appears at 23:36:42 UT,
being located at [S”, 4”] in the subFOV shown in Fig. 2 (first row, second column).
Magnetic field patches with opposite polarity appear close to each other. Notably, this
occurs in the region where the first dark spot forms (Ar = 504 s), later becoming an
intergranular lane (At = 768 s).

The LOS velocity, displayed in Fig. 2 (third column), indicates that the structure
is generally characterized by upflows, except in the central dark dot where downflows
are found (Ar = 504 s and At = 1008 s), in agreement with previous observations. Note
that the LOS velocity may be affected by p-mode oscillations, that were not filtered.

The maps of magnetic flux density (Fig. 2, fourth columm) indicate that the dis-
tribution of the magnetic areas derived from Viytegrated 18 representative of the real mag-
netic flux patches. Furthermore, they allow measuring the amount of emerged flux in
the region of interest occupied by the EG, found to be about 3 x 10'® Mx.
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Figure 2.  Time sequence showing the evolution of the EG, which appears to be
cospatial to an emerging magnetic structure. The subFOV is indicated with a solid
box in Fig. 1. Time runs from top to bottom, with a cadence of about 4 minutes.
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Figure 3. Left panel: Graph of the gaseous pressure (black circles) and of total
pressure (grey circles) averaged within the box encompassing the EG (solid box in
Fig. 1), and of the gaseous pressure (empty circles) averaged in the area occupied
by a very quiet Sun region (dashed box in Fig. 1). Right panel: Same, for granular
(squares, blue color scheme) and intergranular (triangles, red color scheme) regions,
respectively, present in both subFOVs.

Figure 3 (left panel) shows the trend of the gaseous pressure averaged in the whole
EG subFOV and in a very quiet Sun region, used for comparison. The total pressure
(gaseous + magnetic) in the EG subFOV is also displayed. The plots suggests that
magnetic pressure, due to the emerging field, appears to compensate the slight decrease
of the gaseous pressure, required for magnetic buoyancy. By contrast, the pressure in
very quiet Sun region exhibits a stationary trend pattern.

Figure 3 (right panel) shows the same quantities, for granules and intergranular
lanes separately. For this purpose, we applied a discrimination based on the continuum
brightness of these features. Points brighter/darker than their surroundings by at least
3% (rms contrast of the granulation) are taken to be granules/intergranular lanes. Both
granular and intergranular regions are affected by the presence of the magnetic field,
even if the effect on intergranules is slightly more pronounced.

4. Conclusions

The overall characteristics suggest that we observe an emerging multi-polar magnetic
flux mantle structure, which is able to disturb the granulation pattern. The detection of
this feature is favoured by the high polarimetric sensitivity of IMaX.

Numerical simulations predict that, at the site of flux emergence, the additional
magnetic pressure is able to sustain the horizontal expansion velocity of the granules,
giving rise to abnormal granulation. The origin of such flux-mantle magnetic structures
may reside in weakly twisted magnetic fields, which are fragmented on their way to the
photosphere as coherent flux bundles, or may be the result of a local dynamo process in
the near-surface layers, which generates horizontal structures in the quiet Sun. Further
investigations on the properties of these structures are required to find an answer.
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