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4. 3Bol 2306033060l 5dBHoMMO 5M9gd0L obgEMEMo obsfiowrgds

(Latitudinal distribution of solar coronal active regions)
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6. Summary

We started the study of the dynamics of large-scale magnetic features of the solar corona from
the study of the solar coronal hole rotation. After that, the variation of coronal holes latitudinal
distribution gained our attention. And we faced the need of correction of limb brightening of
EUV coronal images. From there on, our study went to two directions. Firstly, we studied the
latitudinal distribution of solar coronal active regions. Next, we studied the long-term
variation of coronal holes latitudinal distribution.

In the article from 2018, we studied the solar coronal hole rotation. Rotation of coronal holes
we studied using data from SDO/AIA for 2014 and 2015. A new approach to the treatment of
data is applied. Instead of calculated average angular velocities of each coronal hole centroid
and then grouping them in latitudinal bins for calculating average rotation rates of
corresponding latitudes, we compiled instant rotation rates of centroids and their
corresponding heliographic coordinates in one matrix for further processing. Even unfiltered
data showed clear differential nature of rotation of coronal holes. We studied possible reasons
for distortion of data by the limb effects to eliminate some discrepancies at high latitudes
caused by the high order of scattering of data in that region. A study of the longitudinal
distribution of angular velocities revealed the optimal longitudinal interval for the best result.
We examined different methods of data filtering and realized that filtration using targeting on
the local medians of data with a constant threshold is a more acceptable approach that is not
biased towards a predefined notion of an expected result. The results showed a differential
pattern of rotation of coronal holes.

In 2019, we published an article on Variation of coronal holes latitudinal distribution:
Correction of limb brightening of EUV coronal images. There We studied the limb brightening
of SOHO EIT daily images of the solar corona taken in 195A° wavelength line from 1996 to
2018. Using special software, we studied the distribution of the background intensity of the
entire disk in the direction of rotation (horizontally) and perpendicular to the direction of
rotation (vertical). The study shows that the intensity distribution from the center to the limb

of the solar disk is not polar-symmetric. A data-derived study showed that the coronal limb
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brightening has rather elliptical than circular isophotes. The pattern of the limb brightening
correlates with the cycle of solar activity. The moving average patterns with the window of
the year give good results for removing the limb brightening when preparing coronal images
for further study.

An article where we studied the cyclic evolution of the latitudinal distribution of solar coronal
active regions based on daily images from SOHO EIT for the period 1995-2017 was published
in the end of 2019. Here, f ully automated software was used, which included the following
steps: initial preparation of images in the data series, normalization of histograms and
correction of limb brightening, segmentation of images using threshold intensity values
obtained from their histograms, scanning of segmented images in heliographic coordinates and
obtaining profiles of latitudinal distribution of coronal active regions for each image of the
data series. From the output data, we obtained a temporary change in the latitudinal
distribution profiles and the migration of activity centers on the solar disk. From the period of
minimum activity to the next minimum in both hemispheres, activity centers begin to migrate
from high latitudes towards the equator. At the same time, the general center of activity
repeatedly changes the direction of migration. The latitudinal distribution of the so-called
presence factor of coronal active regions closely resembles the magnetic butterfly diagram,
which proves their direct causal relationships. Variations in the presence factor of coronal
active regions are correlated with cyclic variations in the sunspot daily numbers.

The final work - Long-term variation of coronal holes latitudinal distribution — was published
in 2022. Here we studied the evolution of the latitudinal distribution of coronal holes using
the Solar and Heliospheric Observatory (SOHO)/Extreme ultraviolet Imaging Telescope (EIT)
195 A data from 1996 May to 2020 April. To measure the presence of coronal holes at a given
latitude, we use the presence factor, which estimates the length of an object along a given
parallel, expressed as a percentage of half of the equator length. By semi-automatic processing
of the data series, we obtained the 361 x7346 latitude—time matrix. The corresponding diagram
shows the significant difference in evolutionary shapes of a latitudinal distribution of non-
polar and polar coronal holes. However, the morphology of the evolutionary picture and the
migration route of the geometric centre of activity of the coronal hole in the diagram indicate

that non-polar and polar coronal holes have the same driving mechanism. It is believed that
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the migration of the centre of activity of the coronal hole in the latitude-time diagram is a
combination of two opposite migration paths. They intersect at the equator and diverge to
opposite poles, where they form the so-called polar coronal holes, then again move to lower
latitudes, and this happens cyclically. Determining the opposite migration paths by antiphase
sinusoids, their deviation from antiphase determines the detected north—south asymmetry in

the activity of the coronal hole.

48



10.

11.

7. 3030MyM5x05

. Andretta, V., Del Zanna, G., Jordan, S.D., 2003. The EUV helium spectrum in the quiet

Sun: A by-product of coronal emission? A&A 400, 737.

Bartlett, M.S., 2016. The Square Root Transformation in Analysis of Variance. J. Royal
Statistical Soc. 3 (1), 68.

Bumba, V., Garcia, A., Klvan™ a, M., 2000. Longitudinal distribution of solar magnetic
fields and activity during the ending and starting periods of activity cycles. Sol. Phys.
196 (2), 403-419.

Caplan, R.M., Downs, C., Linker, J.A., 2016. Synchronic coronal hole mapping using
multi-instrument EUV images: Data preparation and detection method. Astrophys. J.
823: 53, 23 pp.

Chargeishvili B. B., Maghradze D. A., Japaridze D. R., Oghrapishvili N. B.,
Mdzinarishvili T. G., Chargeishvili K. B., Shergelashvili B. M., 2019, Adv. Space Res. ,
64, 491

Cranmer, S.R., 2009. Coronal holes. Living Rev. Sol. Phys. 6 (1), article id. 3, 66 pp.
David, C., Gabriel, A.H., Bely-Dubau, F., Fludra, A., Lemaire, P., Wilhelm, K., 1998.
Measurement of the electron temperature gradient in a solar coronal hole. A & A 336,
L90-L94.

Delouille, V., Hofmeister, S., Reiss, M., Mampaey, B., Temmer, M., Veronig, A., 2018.
Coronal Hole detection using supervised classification. Machine Learning Techniques
for Space Weather, p. 365.

Garton, T.M., Gallagher, P.T., Murray, S.A., 2018. Automated coronal hole
identification via multi-thermal intensity segmentation. J. Space Weather Space Clim.
12, pp.

Henney, C.J., Harvey, ].W., 2005. Automated Coronal Hole Detection using He 1083
nm Spectroheliograms and Photospheric Magnetograms. Large-scale Structures and
their Role in Solar Activity ASP Conference Series, New Mexico, USA, p. 261.

Huang G. H., Lin C. H., Lee L. C., 2017, Sci. Rep. , 7, 9488

49



12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kallunky, J., 2018. Preliminary Studies of Solar Limb Brightening At 8mm. Phys.
Astron. Int. J. 2 (1), 3 pp.

Kirk, M.S., Pesnell, W.D., Young, C.A., Hess Webber, S.A., 2009. Automated detection
of EUV polar coronal holes during solar cycle 23. Solar Phys. 257 (1), 99.

Krista, L.D., Gallagher, P.T., 2009. Automated coronal hole detection using local
intensity thresholding techniques. Solar Phys. 256 (1), 87.

Lam M. M., Tinsley B. A., 2016, J. Atmos. Sol. Terr. Phys. , 149, 277

Madjarska, Maria S., 2019. Coronal bright points. Living Rev. Sol. Phys. 16 (1), article
id. 2, 79.

Makarova L. N., Shirochkov A. V., 2004, Adv. Space Res. , 34, 432

Mango, S.A., Bohlin, ].D., Glackin, D.L., Linsky, J.L., 1978. The solar XUV He I and He
IT emission lines. I - Intensities and gross center-tolimb behavior. Astrophys. J. 1 (220),
683.

Maunder E. W., 1904, MNRAS , 64, 747

Morgan, H., Jeska, L., Leonard, D., 2013. The expansion of active regionsinto the
extended solar corona. Astrophys. J. Suppl. 206 (2), article id. 19, 10.

Morgan, H., Taroyan, Y., 2017. Global conditions in the solar corona from 2010 to 2017.
Sci. Adv. 3 (7), €1602056.

Pesnell, W.D., Hess W., Shea A., Karna, N., Kirk, M.S., 2010, Automated Detection of
Polar Coronal Holes in EUV, Solar Heliospheric and INterplanetary Environment
(SHINE 2010). In: Proc. conference held 26-30 July, 2010 at the La Fonda historic hotel
in Santa Fe, New Mexico.

Sakurai, T., 2017. Heating mechanisms of the solar corona. Proc. Jpn. Acad. Ser. B:
Phys. Biol. Sci. 93 (2), 87-97.

Temmer M., Rybak ]., Bendik P., Veronig A., Vogler F., Otruba W., Potzi W.,
Hanslmeier A., 2006, A&A , 447, 735

VanderPlas, J.T., 2018. Understanding the Lomb-Scargle periodogram. Astrophys. J.
Suppl. Ser. 236 (1), article id. 16, 28 pp."

50



26. Verbeeck, C., Delouille, V., Mampaey, B., De Visscher, R., 2014. The SPoCA -suite:
Software for extraction, characterization, and tracking of active regions and coronal

holes on EUV images. Astron. Astroph. A29, 561.

51



