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Abstract—Polar coronal holes are large-scale configurations with open magnetic fields on the surface of the
Sun. They are most active during the period of minimum solar activity and almost disappear during the
period of maximum solar activity. We present the evolution of two coronal holes that were observed during
the polarity reversal of cycle 23. Data were taken from SOHO/MDI/fd and SOHO/EIT/284 A. These coro-
nal holes had the polarity of the next, 24th, cycle. Instead of localization at the pole, in both cases, the prop-
agation of coronal holes to the opposite hemisphere was observed. Thus, the open magnetic fields actively
interacted with the toroidal magnetic field of the active regions during the polarity reversal period.
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1. INTRODUCTION

Our existence is determined by the nearest star to
us: the Sun. This determines the importance of solar
research both in the applied aspect and from the point
of view of fundamental science. The sun, as a star, has
a convective envelope and magnetic field. These fac-
tors determine the activity of the Sun: the constant
convective motions of plasma penetrated by a mag-
netic field create conditions for changes (generation
and dissipation) of magnetic fields over a wide range of
spatial and temporal scales, as well as conditions for
the cyclical evolution of solar activity. It follows from
solar dynamo models that the dipole component of
the Sun’s global magnetic field is at a maximum
during solar cycle minima, while its magnetic flux is
concentrated at the poles, forming the so-called polar
coronal holes. We note that a coronal hole (CH) is a
vast region on the surface of the Sun with reduced
intensity in X-ray and ultraviolet radiation. CHs are
considered as sources of high-speed solar wind. The
magnetic field in them is predominantly open,
although inclusions of closed fields can also occur
(Chertok et al., 2002; Bugaenko et al., 2004). A
detailed definition of CH was given in (Obridko and
Nagovitsyn, 2017).

During the cycle, the poloidal field turns into a
toroidal one (generating active regions), while the area
of polar CHs decreases, and at the maximum of the
cycle, a change in their polarity, the so-called polarity
reversal, is observed. Subsequently, the areas of polar
CHs grow and reach their maximum in the subsequent
minimum of cyclic activity. For a more detailed
review, one can recommend, in particular, the works
(Obridko and Shelting, 1999; Cranmer, 2009; Wang,

2009). In this chain, the polarity reversal process is the
weakest link both in theoretical and observational
aspects. The question remains: where is the magnetic
flux of coronal holes localized during the polarity
reversal period and how does it move over the surface
of the Sun? We considered this question using the
examples of two long-lived CHs during the period of
polarity reversal of the 23rd cycle. A polarity reversal
took place approximately from the middle of 2000 to
the end of 2001, see, for example, Fig. 2 in (de Toma,
2011).

2. THE EVOLUTION OF POLAR HOLES
DURING THE POLARITY REVERSAL

We used SOHO/MDI/fd and SOHO/EIT/284 A
data. Figure 1 shows the evolution of a CH that originated
in June 2000 near the north pole (Fig. 1, panels a, b; in all
panels, the white contour outlines the coronal hole).
The CH polarity is negative (marked in black on MDI
maps); this is the polarity that should occur at the
north pole after the polarity reversal. According to
theoretical concepts, it should continue to be localized
at the pole and collect open fields of negative polarity
around itself. However, observations show a com-
pletely different dynamics: The CH persistently
spreads to the south, reaches the equator and descends
into the southern hemisphere up to latitudes of about
50 degrees. We can observe active regions (ARSs)
around the CH while it is moving, sometimes it
“squeezes” between two ARs (for example, panels e, f).
Often near the border of the CH, outside, there is a
field of the same polarity, but these zones are not
included in the CH, they are covered with closed loops
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Fig. 1. The evolution of a coronal hole in the northern hemisphere from 06/02/2000 to 12/08/2000. The white contour outlines
the boundaries of the coronal hole, in each panel on the left is the SOHO/MDI/fd image, on the right is the SOHO/EIT/284 A

image.

(as the EIT map shows, see for example panels c, d).
Thus, the open field of the CH is squeezed by high
loops of closed fields and comes into contact with the
magnetic flux separation surfaces.

The longitudinal magnetic field density B, aver-
aged (with a sign) over the entire area of the CH, varies
from revolution to revolution within a range of (—2.1,
—6.8) Mx/cm? (by more than 3 times, see the top line
of inscriptions on the panels of Fig. 1). The same
value, but summed over the area except for the bright
coronal points inside the CH, differs from the above
one by less than 6% in all cases. Thus, the large scatter
of B, does not depend on small inclusions and is,
apparently, real. The density of the total longitudinal
magnetic flux B, (the average of the absolute values
of the densities of the longitudinal field, the bottom
line of the inscriptions on the panels of Fig. 1) varies
within (18.3, 24.0) Mx/cm?. The area occupied by the
coronal hole varies within (1.8, 11.4) x 10* MDI pixels
(1 pixel is 2 X 2 arcseconds, or 1.45 X 1.45 megameters
at the center of the solar disk), i.e., about 6 times.
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(Note that the change in the area due to the inclu-
sion/noninclusion of bright points is no more than 5%).

Figure 2 shows an example of a CH in the southern
hemisphere. This case was considered in detail in
(Pevtsov and Abramenko, 2009). The south polarity
CH first appeared at the south pole on November 12,
2001 (panel a). Its polarity (south) corresponded to
the new (after polarity reversal) polarity of the open
magnetic field at the south pole. As well, as in the pre-
vious case, the CH did not remain localized near the
south pole, but began to rapidly propagate toward the
equator (panels a, b), and then into the northern
hemisphere (panels c, e). In this CH, the connection
with the south pole was maintained for five revolutions
(panels a, e), and such a connection was no longer
observed only on the last revolution (panel f). Asin the
previous case, ARs were observed around the coronal
hole, as well as elongated ribbons of fields of opposite
polarities connected by loops visible in the EIT images
(panels d, f). Thus, the open CH field tended to the
most active equatorial zones during the period of max-
imum activity.
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Fig. 2. The evolution of the coronal hole in the southern hemisphere from November 12, 2001 to March 28, 2002. The white con-
tour outlines the boundaries of the coronal hole; on the left of each panel, the SOHO/MDI/fd image; on the right, the

SOHO/EIT/284 A image.

The behavior of the CH magnetic field parameters
is essentially the same as in the previous case. B varies
within (2.3, 12.2) Mx/cm? (about 5 times), Btot
changes less, from 21.0 to 27.0 Mx/cm? , and the CH
area varies in the interval (4.9, 11.9) x 10* MDI pixels,
i.e., about 2.4 times. Note that here, too, the discrep-
ancies in the estimation of the parameters due to the

inclusion/noninclusion of bright points do not exceed
3—5%.

3. DISCUSSION AND CONCLUSIONS

Wang and Sheeley (2004) presented the inter-
change reconnection model: a model of magnetic flux
tubes interaction when open and closed magnetic field
lines reconnect in the supraphotospheric layers. This
model makes it possible to explain the formation and
evolution of coronal holes and how footpoints of open
field lines can move across the solar disk. The behavior
of coronal holes observed in the present work corre-
sponds to this model. The main conclusion of this
work can be formulated as follows. A high level of fluc-
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tuations of the CH parameters (density of the net and
total fluxes, area, localization on the disk) indicates
that although morphologically the CH looks like the
same coronal hole, its magnetic imprint on the photo-
sphere is constantly changing, which supports the idea
that the CH is not a deep formation. Most likely, the
mechanism proposed by Wang and Sheeley (2004)
determines the behavior of the CH.

The second conclusion of this study can be formu-
lated as follows: during the period of maximum activ-
ity, or rather, during the period of polarity reversal, an
open magnetic flux penetrates into the zone of low lat-
itudes as a single-connected structure (single CH) and
takes a direct part in the processes of the activities.
This means that the interaction between the open and
toroidal fields is inevitable (according to the model of
Wang and Sheeley (2004), there exists reconnection
between open CH fields and closed loops of ARs).

The revealed here property of CH to avoid vast
regions of closed fields of the same polarity suggests
that the movements of coronal holes are restrained by
separatrices of magnetic fluxes in the corona.
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We note in this regard that studies of global activity
complexes (Obridko and Shelting, 2013; Malashchuk
et al., 2012), consisting of local (active regions) and
large-scale (coronal holes) manifestations of the mag-
netic field, can shed light on the role of coronal holes
in magnetic activity at low latitudes. It is possible that
CH localization at low latitudes during the period of
the activity maximum is an essential part of the condi-
tions for an increased release of magnetic energy in
nonstationary processes in the chromosphere and
corona during this period. For the subphotospheric
layers, if the roots of open magnetic fields lie in the
same depth range as the ARs roots, then it can be
assumed that the field of coronal holes, as a manifes-
tation of global magnetic fields, is quite capable of
organizing and controlling large-scale activity com-
plexes, as suggested in works led by N.N. Stepanyan
(Malashchuk et al., 2011, 2012), see also (Obridko and
Nagovitsyn, 2017).
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