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Ha Connye mabniooaemcs mHOMCECME0 3PYNMUBHBIX AGNEHUN, BKIIOYAS COTHeUHble
NAMHA U KOPOHANbHble 8b10pocyl maccwl (CME), komopbie A81A10Mcsi HeOMbEMAEMOT YACMbIO
NOHUMAaHUs e20 mMazHumHou akmugHocmu. ConHeyHvle NAMHA — MO memMHvle, Oolee X0100-
Hvle oonacmu Ha nosepxnocmu ConHya, Komopwvie mecHo ceA3aHvl ¢ MazHumusvimu noasamu. C
opyeoti cmopoust, KBM — smo maccugnvle 8b10poCcbl HAMACHUYEHHOU NAA3MbL U3 CONHEYHOU
KOPOHbl 8 MeJCNIaHemHoe npocmpancmeo. Llenvio smozo uccnedosanus a6aiemcs usyyeHue
83AUMOCBA3U  MeNHCOY KOIUHUeCMBOM COTHeUHblX nameH u noseieHuem KBM 6 meuenue
11-nemnezo conneurnozo yukia.

Introduction

When we speak about changes in solar activity, it is typically understood as a
variation in the number of sunspots. It has been found that there is an 11 year cy-
cle in the number of sunspots. The beginning of the cycle is defined as the time
when we observe a minimum in the number of sunspots, which may be different
for different cycles both in terms of duration and number of spots, , followed by
an increase leading to a maximum and then a decrease again until the next mini-
mum. Later, the existence of a quasi-centennial cycle, the Gleissberg cycle, has
been identified. During about 80-100 years, amplitude of the 11-year cycles grad-
ually increases and decreases. For a long time, only the number of sunspots was a
measure of solar activity. Sunspots are known to be areas with a lower
temperature than the surrounding area. We now know that sunpots are areas where
strong magnetic fields emerge in the photosphere, and in this sense they are a
manifestation of the Sun's toroidal magnetic field. Many eruptive phenomena are
observed on the Sun, including coronal mass ejections (CMESs), which are integral
to understanding magnetic activity. CMEs are massive ejections of magnetized
plasma from the solar corona into interplanetary space. In the present work, we
compare the number of sunspots in the different phases of the last two 11-year
solar cycles and compare them to the analogous period of the previous century
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minimum. We try to establish a correlation between the number of sunspots and
the occurrence of CMEs during the 11-year solar cycle cycle.

Data

We study the amplitudes of cycles 12, 13, 14, 23, 24, and 25 using the fol-
lowing indices:

1. The sunspot number (SSN). The most commonly used index of solar ac-
tivity is the relative sunspot number or Wolf number. Since 1849, Wolf numbers
have been regularly determined at the Zurich Observatory. Since 1981, Wolf
number determinations have been carried out at the World Data Center (WDC-
SILSO) in Brussels (https://www.sidc.be/silso/datafiles). As of July 1, 2015, the
original sunspot relative number data provided by WDC-SILSO was replaced by
a new, completely revised data series. This version is numbered 2.0. Due to the
great ambiguity in version 2, we use version 1 until 01.07.2015, and for the
following years we have restored version 1 based on version 2. Figure 1 shows
the Wolff numbers of the original version 1 and version 1 calculated from
version 2.

200
200 | 180

160 ||, 140

u % 120
| *l \ é 100

i 2 80
| " 60

k 160

12

<
—
J————
——

50 \'l
H \Ii i 40 ‘:'
% hr \ | |Jk v

\
-
40 ‘
ols -
\'Il\ o 1883 1887 1892 1896 1901 1905
10980 1990 2000 2010 5020 1881 1885 1890 1894 1899 1903

Fig. 1. Fig. 2.

sunspot V1, sunspot V1 from V2

2. Data for Coronal Mass Ejections (CMEs). We used to SOHO LASCO
CME CATALOG https://cdaw.gsfc.nasa.gov/CME_Llist/ . This catalog contains
all CMEs manually identified since 1996 by the Large-Angle and Spectrometric
Coronagraph (LASCO) on board the Solar and Heliospheric Observatory
(SOHO) mission.

Comparison of cycles 12, 13 and 14 with cycles 23, 24 and 25

While discussing solar cycles, it's worth noting that cycles 12-14 (dotted
line) exhibit single maxima, whereas cycles 23-25 (solid line), Fig. 2, have
double peaks. This phenomenon can be explained by the solar dynamo operating
in different regimes, as elucidated by researchers like Georgieva [1] and studies
by Paul Bushby and Joanne Mason [2] in 2004. These regimes are determined
by the balance between diffusion and advection in the upper and lower regions
of the solar convection zone.

158



«Conneynas u conneyno-semuas Qusuxa — 2023y, Canxm-Ilemepbype, Ilyaxoso, 9 — 13 okmabps

When we consider the speed of surface poleward meridional circulation
and diffusion in the upper part of the convection zone, it becomes clear that the
dynamo operates in a moderately diffusion-dominated regime. In this regime,
some of the magnetic flux shortcuts the meridional circulation and diffuses
directly to the bottom of the convection zone at mid-latitudes. Another part of
the flux follows a path to the poles, down to the base of the convection zone, and
then moves equatorward to latitudes where sunspots tend to form.

These two components of the magnetic flux, influenced by the differential
rotation at the convection zone's base, give rise to the occurrence of two distinct
peaks in sunspot activity. These peaks are closely related but not perfectly
synchronized, explaining the phenomenon of double-peaked sunspot cycles and
the Gnevyshev gap.

In conclusion, the flux transport dynamo theory provides a natural
explanation for the double-peaked sunspot cycle and the Gnevyshev gap,
indicating that during cycles 23 and 24, the solar dynamo functions in a
moderately diffusion-dominated regime, while cycles 12 and 13 are in an
advection-dominated regime.

Number of sunspots and number of coronal mass ejections cycle

The analysis revealed a clear relationship between the number of sunspots
and the occurrence of CMEs within an 11-year solar cycle. Correlation analysis
demonstrated a statistically significant positive correlation between sunspot
numbers and the frequency of CMEs. Furthermore, time series analysis revealed
that periods of high sunspot activity were accompanied by increased CME oc-
currence, while periods of low sunspot activity exhibited a reduced number of
CMEs. Subramanian and Dere [3] found that 84% were associated with ARSs.
Yashiro et al. [4] suggested that almost all CMEs associated with sizable flares
(stronger than class C3.0) occur in ARs. Figure 3 shows the relationship
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between the number of sunspots (dashed dottedline, black) and CMEs (dotted
line, grey) during cycle 23. It can be seen that after 2003 this relationship practi-
cally does not exist. While the number of sunspots decreases, the number of
CMEs remains quasi-constant. Figure 4 shows a scatterplot of the relationship
between the number of sunspots and CMEs for the same cycle. The presence of
hysteresis between the ascending and descending part of the cycle can be seen.
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Fig. 5. Fig. 6.

In contrast to cycle 23, during cycle 24 the number of CMEs follows throughout
the cycle the number of sunspots Fig 5. sunspots (dashed dottedline, black) and
CMEs (dotted line, grey). A from the scatterplota shows a very small hysteresis
between the ascending and descending part of the cycle Fig. 6. The study of the
indicators of the solar wind during the 23rd cycle shows that precisely in the
year 2003 we have a maximum of temperature, a maximum of flow pressure and
a maximum of the speed of the solar wind.

Summary

While sunspots serve as a primary indicator of solar activity, other indica-
tors, such as magnetic loops, flares, and prominences, can contribute to the gen-
eration of CMEs. These phenomena are not solely dependent on the presence of
sunspots and can maintain or even increase CME activity independently of sun-
spot numbers.

Understanding these complex relationships is crucial for accurately predict-
ing solar activity and its potential impacts on Earth and space weather. Further
research into the interplay of various solar phenomena during different phases of
the solar cycle is necessary to gain a comprehensive understanding of the under-
lying mechanisms governing the Sun's behavior.

This study is supported by the National Science Fund of Bulgaria, Contract
KP-06-N44/2 [27-11-2020 “Space weather over a period of the century solar ac-
tivity descending”.
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