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ABSTRACT

Context. Solar active regions (ARs) are often surrounded by dark large areas of reduced emission compared to the quiet Sun, ob-
served at various wavelengths corresponding to the chromosphere, transition region (TR), and corona, known as dark halos (DHs).
The mechanisms behind the darker emission of DHs remain unclear and merit a wider scope of study.
Aims. This study aims to investigate for the first time the fine structure of a DH observed by the EUV High Resolution Imager
(HRIEUV) on board the ESA’s Solar Orbiter (SO) mission and its appearance in the TR.
Aims. We utilized the extensive 1 hour dataset from SO on 19 March 2022, which includes high-resolution observations of
NOAA 12967 and part of the surrounding DH. We analyzed the dynamics of the HRIEUV DH fine structure and its appearance in
the HRILyα image. We also analyzed the Spectral Imaging of the Coronal Environment (SPICE) Lyβ, C iii, Nvi, Ovi, and Neviii
lines, which sample the TR in the log T (K) ∼ 4.0–5.8 range. This analysis was complemented with a simultaneous BLOS magnetogram
taken by the High Resolution Telescope (HRT).
Methods. We report the presence of a peculiar fine structure that has not been observed for the quiet Sun. It is characterized by com-
bined bright EUV bundles and dark regions, arranged and interconnected in such a way that they cannot be clearly separated. They
form a spatial continuum extending approximately radially from the AR core, suggesting a deep connection between the DH and
the AR. Additionally, we find that the bright EUV bundles are observed in all the SPICE TR lines and the HRILyα band and present
photospheric BLOS footprints in the HRT magnetogram. This spatial correlation indicates that the origin of the 174 Å DH may lie in
the low atmosphere: the photosphere and chromosphere.
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1. Introduction

Dark halos (DHs; Lezzi et al. 2023, hereafter Paper I, and ref-
erences therein) are regions characterized by reduced emission
compared to the quiet Sun observed around solar active regions
(ARs) at various wavelengths and wavebands covering the chro-
mosphere, transition region (TR), and corona. These regions
are usually large-scale structures that are difficult to observe in
their entirety, except with instruments such as the Atmospheric
Imaging Assembly (AIA; Lemen et al. 2012) on board the Solar
Dynamics Observatory (SDO; Pesnell et al. 2012). However,
SDO has limited TR coverage and does not provide spectral
information. For this reason, DHs have been poorly studied in
the past and their origin, global structure, and evolution are still
unknown.

The DHs observed in the AIA 171 Å band have been shown
to influence the total solar EUV irradiance. Indeed, Toriumi et al.
(2020) found that during extremely quiet solar conditions, the
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171 Å disk-integrated irradiance decreases from the quiet-Sun
level when transiting events (e.g., an isolated sunspot, spotless
plage, or emerging flux) cross the disk and the DH is seen to be
contributing to the disk emission more than the AR. Moreover,
as shown in Wang et al. (2011), Singh et al. (2021), and Paper I,
DHs are normally found in proximity to ARs. This coexistence
suggests that they are intimately related to the global AR’s mag-
netic configuration and unveiling the specific physical mecha-
nism behind their darker appearance is of crucial importance to
our understanding of the heating mechanisms involved in ARs
and of the solar atmosphere itself.

Recently, in Paper I, we took advantage of the full-disk
mosaic observing mode of the Interface Region Imaging Spec-
trograph (IRIS; De Pontieu et al. 2014) to study the emission
properties of the DH around NOAA 12706 by combining
IRIS chromospheric and TR lines with SDO/AIA filtergrams
and SDO/Helioseismic and Magnetic Imager (HMI;Schou et al.
2012) magnetograms. In line with studies conducted by pre-
vious researchers (e.g., Rutten 2007; Pietarila et al. 2009), we
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