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1 Introduction
1.1 The Sun

ABSTRACT

The article gives a concise overview of solar dynamical processes
and their impacts on the space weather. This article is based on
the observational and theoretical developments made during last
few decades. The article begins with a brief discussion of the Sun
and the solar interior, from the core to the solar corona. We
discuss the solar magnetic field and provide some basic
understanding of the solar dynamo model. The solar dynamical
processes, the transient as well as the gradual, are the
manifestations of the Sun’s magnetic field. Magnetic
reconnection, as well as submergence and emergence of magnetic
flux tubes, plays an important role in the solar activities. This
article tries to cover a range of dynamical processes, including
sunspots, solar prominences and bright points. We also discussed
various models of the dynamical processes along with their
properties and effect on other activities occurring on the Sun.

Keywords: Sun, Solar dynamical process, Solar magnetic field, Solar dynamo, Sunspots,
Prominence, Bright Points, Coronal mass ejection, solar flares, coronal holes

Sun is a ball of gas and plasma, rotates on its own axis as well as around the centre of mass of the Milky

Way Galaxy. The Sun is categorized as a G-type main sequence star whose surface temperature is in the

range of 5500 K to 6000 K. The sun is considered as an almost perfect sphere with homogeneous

composition. The mean distance between the Sun and the Earth is 1.496 x 10'! m, also known as 1

Astronomical Unit (AU), [1] - [7]. A few physical properties of the Sun are illustrated in table 1. Because

the Sun’s shape is symmetric and almost spherical, it also follows the hydrostatic and mechanical equilibrium

(which is valid for spherically symmetric stars) in which the pressure gradient balances the gravitational

forces (The hydrostatic and mechanical equilibrium) [9].

dP(r) _ _Gm (r)
dr 2

p(r)
dm(r)

i 4mrip(r)

where P(r) is the pressure, o(r) is the density and m(r) is the mass within a radius of r.

propetly cited.
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Table 1: Some physical parameters of the Sun [9]

Property Value

Mass (1.9891+0.004)10%°kg
Equatorial Radius (6.95991756) 108 m
Polar Radius (6.95984388) 108 m
Mean Density 1409 kg m®

Age 4.52+0.4 Gyr
Gravitational acceleration 274.0 ms?
Luminosity (3.846+0.05) 10 W
Gravitational acceleration 274.0 m s

The most abundant constituent of the Sun is Hydrogen (More than 75%) while Helium is the next most
abundant element of the Sun. Six most abundant elements in the Sun are hydrogen, helium, carbon,

nitrogen, oxygen and neon [10], [11]. The nuclear reaction taking place in Sun accounts for energy released

into the interplanetary space (see Table 2). The change in Earth’s climate and the weather is a result of

various solar activities and dynamical processes going on in the Sun.

Table 2: Nuclear processes in the core of the Sun [12]

Proton-Proton Chain Reaction (responsible for 98.8% of Sun’s energy):

pp 1l chain (14%): ’He + “He — 'Be + ¢

pp IV chain (0.002%): p +3He — ve + €% + “He

CNO cycle (responsible for 1.2% of Sun’s energy):

Qerf CNO = 26.73 MeV

ptp—D+e"+ve called pp neutrinos
(0.25%): ptp+te—D+ve called pep neutrinos
pp | chain (86%): 3He + 3He — “He + 2p Qerr= 26.2 MeV

pp Il chain (0.2%): "Be+p — °B Qerf=19.17 MeV

CNO I cycle: BN - 3C+e" +ve called 3N neutrinos
50 — BN+ et + v called *0O neutrinos
CNO Il cycle: YF Y0 +e* +ve called *F neutrinos

1.1.1  Structure of the Sun

The solar structure has always been an
intriguing area of research as the solar
interior cannot be directly observed.
Investigation of the solar structure with
stellar equations and assumptions, solar
oscillations (helioseismology), and
neutrino observations have helped to
develop the “standard model” of the Sun
[1], [5]. According to the standard model,
the Sun and its atmosphere (heliosphere)
can be divided into different layers (see
figure 1). The  helioseismological
developments aided to the reasonable
interior structure of the Sun [12] - [17].

Prominence

Figure 1: Structure of the Sun depicting its different layers [18]
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The Core: Core, the innermost and most dense patt of Sun, out to about 15-20% of the solar radii and
often referred as the powerhouse of the Sun, where nuclear fusion takes place. Energy production by fusion
occurs at a temperature of about 107 K by a stepwise proton-proton (p-p) chain reaction. This reaction
leads to a formation of Helium from hydrogen ions. During the reaction, various types of high energy
radiations and particles are also emitted from the Sun's core [12], [19]. Another cycle (CNO cycle) is also
responsible for energy production on the Sun see table 2. Haubold and Mathai [19] studied the solar
neutrino fluxes and suggested that solar nuclear reactions are stabilized by the gravitational force of Sun.
Radiative Zone: The layer next to the core of the Sun is radiative zone, ranges from 0.15 to 0.7 solar radii.
The energy generated in the core is transported to radiative zone by thermal radiation (photons). There is
a fall in temperature gradient outwards the Sun’s core along with the transfer of energy by radiated photons.
The density of the radiative zone is very high, and so, its mean free path is very small. A photon generated
at the core of Sun may take millions of years to cross the radiative zone.

Convection Zone: This zone is extended outwards from the Sun's radiative zone up to the photosphere,
ie., from 0.7 to 1 solar radii. The temperature of convective zone is less than that of radiative zone. It
transfers the energy obtained from radiative zone to photosphere by the process of convection and hence
named as convection zone. Observations and Study of helioseismological data suggest that the radiative
zone of the Sun (along with the core) rotates uniformly while the convective zone rotates non-uniformly
[16], [17]. As a result, there is strong rotational shear between radiative and convective zones and this shear
leads to a formation of a thin layer known as "tachocline".

Tachocline: It is often considered as a separate layer (less than 0.1 solar radii) sandwiched between radiative
zone and convective zone. It is considered to be responsible for the generation of the solar magnetic field.
As discussed previously, the interior of Sun does not rotate in the same way as does its surface. However,
it is believed that the inner regions of the Sun including the Sun's core and radiative zone rotate more like
a solid body [5], [6], [15] - [17], while the outer part of the Sun (from the convective zone) rotates at different
rate that varies with latitude. The boundary between radiative zone and the convection zone produces a
shear due to a different rate of rotation. This shear gives rise to a very thin layer called the 'tachocline'. It is
believed that tachocline is the site of the origin of Sun's magnetic field.

Photosphere: The outermost surface of Sun is called photosphere. The temperature of the photosphere
lies in the range of 5800-6000 K. The regions with considerably lower temperature in the photosphere,
visible as dark spots, are called sunspots with the temperature in a range of 3000 - 4500 K. The high-
resolution instruments, let us observe the granular structure of photosphere (see Figure 2). Granulation [3],
[4], [20] [21] in the photosphere occurs
due to the convective currents which carry
a large amount of energy and flows from
convective zone to the photosphere.
Chromosphere: The layer above the
photosphere, called chromosphere which
is approximately 1500 kilometres thick.
This layer has a temperature greater than
that of the photosphere which lies in the
range of 10000 - 12000 K. It is the site of
many dynamical processes such as
prominence, coronal loop etc. The region
sandwiched between chromosphere and
corona is called transition zone or
transition region, and in this region, there

is a rapid increase in the temperature to
coronal values [22].

Figure 2: Photosphere, granules visible along with sunspots [4]
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Corona: The outermost layer of the heliosphere is called corona. The temperature of corona vary in the
range of 100-107 K. Corona is visible by naked eyes during the time of the total solar eclipse. This drastic
increase in the temperature from the photosphere to corona is still a fundamental problem in solar research.

1.1.2  Solar Magnetic Field

General magnetic field of the Sun is bipolar in nature. It is more concentrated at poles and has average
intensity approximately equal to 1 Gauss [24]. It has been obsetved and studied in detail [23] - [31]. General
potential field model [23] suggests loops of magnetic field all over the surface of the Sun (see figure 3). The
magnetic field of Sun is very dynamic and it keeps on changing with time. It is believed that magnetic tield
of the Sun is a result of the motion of plasma in tachocline.

Figure 3: Global Potential field model [23]

One of the most important properties of Sun is its differential rotation. Just like Earth, Sun also rotates on
its axis. But unlike the Earth, different regions of the Sun’s rotate with different speed i.e., Sun's equator
rotates at a faster rate than its pole. This difference in the rotation rates of the Sun is called the differential
rotation. Differential rotation is apparently the driver of the 11year sunspot cycle and the associated 22-
year solar cycle. There have been various dynamo models have been put forward [32] - [37]. Eugene N.
Parker [37] showed that magnetic field can be regenerated by rotating sphere of conducting fluid. He
suggested that if the cyclone is present in the convective zone, then their rotation will be strongest near the
pole and approximately vanish near the equator. As we have already discussed the differential rotation,
shearing due to this will be stronger at the equator as compared to that of poles because of faster rotation

of the equator (see figure 4). Parker

a b
[37] suggested that there will be
toroidal magnetic field produced due
to shearing and it will be strongest at
the equator and poloidal magnetic o
tield will be produced by the cyclonic ,
motion which will be strongest at the —
poles.
As we have developed an
understanding of the solar magnetic

field, we can now have a broader

look at other solar activities. In this Figure 4: Production of magnetic field underneath Sun's surface. a.
article, our motive is to understand Poloidal magnetic field. b. Stretch in magnetic field due to faster

solar dynamical processes in detail rotation near equator [33]
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and their effect on space weather. Events like prominence and filament eruptions can trigger CMEs and
flares which can lead to very strong geomagnetic storms on Earth which could have hazardous

consequences.
2 Solar Dynamical Processes

Solar dynamical process refers to the process and phenomenon occurring in the Sun's atmosphere and
evolving or changing very fast. These dynamical processes take place all over the magnetic environment of
the Sun throughout the solar cycle. Depending upon the time of solar cycle (solar minimum or maximum),
the dynamical process also varies in their occurrence, strength and composition. During the time of high
solar activity, dynamical processes evolve or change faster, which leads to, often eruptive solar events like
flares, coronal mass ejections, prominence eruption etc., and the sun is often referred to as Active Sun.
During the time of low solar activity, dynamical processes are often seeming to be quasi-static, and the
eruptive phenomenon is very low in number. The Sun during that time is called Quiet Sun, and seemingly
stable prominence structures are found in the chromosphere. In the active regions, solar magnetic field
changes very fast, leading to many dynamical processes such as formation and eruption of prominences,
sunspots, solar energetic particles, solar winds, coronal mass ejections, solar flares etc. and these dynamical

processes are the main drivers of space weather [38].
2.1 Sunspots

There are many magnetic activities that occur on Sun. Sun's magnetic field is one of the most inconsistent
phenomena on the Sun with a definite cycle. One of the important phenomena on the photosphere of the
Sun due to its magnetic field is sunspot. Sunspots are the dark regions on Sun's photosphere which have
highly converged and concentrated the magnetic field. This highly concentrated magnetic field restrict the
convection to take place due to which there is a significant decrease in temperature of these regions or
spots. In comparison to the temperature of photosphere (5800 - 6000 K), the temperature of a sunspot is
significantly lower (ranging from 3000 to 4500 K). Due to this low temperature, the luminance of these
spots is less than that of the surrounding photosphere, so these regions appear dark and are called sunspots.
Sunspots can be seen with naked eyes. Many evidence of sunspot observations has been recorded in the
past. They have been observed by Galileo, Kepler etc. [39]. One of the most important features of a sunspot
was observed by Heinrich Schwabe from his observation from 1826 to 1843. He noticed that number of
sunspots varied regularly with a period of 11years. R.C. Carrington [40], [41] found that with the course of
time, sunspots latitude decreases i.e., sunspots move from higher latitude to lower latitude towards the
equator duting a cycle. This observation later came to be known as Sporet's law.

In 1908, G.E. Hale [42] studied the Zeeman effect in sunspots and through his observations of photographs
of sunspots, he suggested that all sunspots are vortices. He further linked it with the existence of a magnetic
field in sunspots. Further, he suggested the hypothesis that the sunspot is a vortex in which electrified
particles, produced by ionization in the solar atmosphere are whirled at high velocity and this phenomenon
might give rise to the magnetic field in sunspots regarded as electric vortices [43].

Hale et al. [43] in their observation of magnetic polarity of sunspot suggested that most of the sunspots are
binary groups in which one sunspot has opposite magnetic polarity than that of other, while the unipolar
spots exhibited the characteristics of bipolar groups. They also linked the magnetic activity of Sun and
sunspots cycle. There are many observational properties of sunspots were studied from time to time to
understand the magnetic field of the Sun. It was readily thought that the sunspots were the result of
differential rotation of the Sun i.e., the magnetic energy of the sunspot was provided by the differential
rotation of the Sun.

Cowling [44] studied the growth and decay of sunspots in detail. He suggested that growth and decay of a
sunspot may be due to the differential rotation of the Sun. He concluded that electromagnetic phenomenon
alone cannot be the deciding factor in the growth and decay of the magnetic field in the sunspots and
differential motion plays an important role in the same. Cowling [44] also suggested two possibilities of
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growth and decay of sunspots (as stated in his paper), "One possibility is that line of force of Sun's general
magnetic field are bunched together into a spot as a result of mass motion and the second possibility he
mentioned is that a field exists below the sutface, line of force running as ‘girdles’ round the Sun's axis, and
a pair of spots arises when part of this field is convected into the surface.”

Parker [37] suggested that due to hydromagnetic motions in the convective zone of the Sun, a poloidal
magnetic field is produced which is stronger at the poles than the equator, whereas due to differential
rotation, a toroidal field is produced which is also stronger at the equator than the poles. He suggested that
sunspots are produced due to the magnetic buoyancy of toroidal magnetic field and there should be a
number of sunspots in lower latitudes. This result of finding sunspots at lower latitudes was consistent with
the studies of Hale et.al. [43].

According to Hannes Alfven [45], the differential rotation alone cannot be a source of production of
sunspots. He argued that the energy produced by differential rotation of Sun is not enough to empower
the sunspots. He further suggested that magnetic energy of the sunspots comes from the nuclear reaction
in the solar core. He assumed that heat produced in the Sun’s core is converted into mechanical and
electromagnetic energy in the convective zone and can be helpful as a source of sunspot's energy.
Babcock [25] showed in his model that differential rotation twists the lines of force and provide energy to
magnetic fields and thus, the differential rotation can lead to the eruption of the magnetic field through the
solar surface and can eventually form a photosphere. R.B. Leighton [28] supported the work of Babcock
[25] but Leighton suggested that differential rotation does not always amplify the magnetic field rather it
can also reduce the magnetic field. He suggested that the amplification of magnetic field by the differential
rotation lasts only till the formation of sunspots and after the formation of a sufficient number of sunspots
the magnetic field starts reducing by the effect of differential rotation [28].

H. Zirin [31] suggested that field line reconnection take place to keep the field in lower energy state. He
also suggested that when near the sunspot bipolar flux emerges or erupts then to be in lower energy state,
magnetic reconnection occurs. This leads to the release of energy and a flare eruption can take place.
Meyer et al. [40] suggested that strong converging super granular flows of the magnetic field are required
to form and stabilize the sunspot. They suggested that strong and concentrated magnetic field inhibit the
convection and equilibrium are achieved. This is the main reason for a low temperature of sunspots. Their
theory was based on the assumption that sunspots
are axially symmetric and surrounded by an
annular convection cell. They also suggested that
upward motion of magnetic flux from deep
convective zones leads to the formation of active
regions. This flux (on reaching the photosphere) is
concentrated by super granular convection and
forms a sunspot.

As we already discussed, sunspots can be observed
and identified on the basis of their relative
brightness with respect to the surrounding
photosphere. sunspots are made up of a central
and darker part called the umbra, which is
surrounded by the less dark part called the
penumbra (see figure 5). The magnetic field
strength is higher in the central dark part ie.,
umbra and the field lines are very much

concentrated and vertical while penumbra have
relatively weaker magnetic field and field lines are

o ) ] Figure 5: Sunspot with faculae structure having
more lnChned to tl16 Sui‘face normal 1.€., magnetlc Umbra and Penumbra. Here granulation of the
field in umbra is homogeneous whereas magnetic photosphere can also be seen [47]
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field in penumbra is non-homogeneous and points radially outwards. There is a large variation in the size
of sunspots and can vary up to an order of 10*km or more. Larger sunspots can be seen by naked eyes also.
Smaller sunspots are common on Sun's photosphere.

Umbra is the coolest part of the spot with a temperature range of 3000 to 4500 K and penumbra is hotter
with the temperature range of about 5000 to 5500 K. Observations [47] — [49] from better resolution
instruments have revealed a fine structure with different parts of umbra and penumbra too. There appear
bright dot-like structures inside the umbra called the umbral dot with few darkest part of the umbra called
dark nucleus. The dark nucleus is assumed to be structureless. Between the umbra, there is a bit brighter
region than the dark nucleus and is called diffuse background. The inner region of penumbra has a bright
thread-like or filamentous structure known as penumbral grains. The penumbral grains are dynamic and
radially move in the penumbra.

Sunspots have a dynamic structure. Some of the dynamical features of sunspot include meridional motion,
sunspot cycle, the motion of spots relative to each other, flux emergence phenomenon etc. These motions
are very important as they determine various dynamical process on Sun. Sunspots and their dynamic
phenomenon have been studied in detail for over a long period of time. Its effect on climate and weather
on Earth has also been studied, examined and understood in detail [47], [50], [51]. Researchers have analysed
various databases related to sunspot dynamics, their number and climate variation [3], [9], [47], [50], [51]. It
has been observed that there were various periods when the number of sunspots was very less, for example,
the Maunder minimum (1624 - 1715) and Dalton minimum (1795-1820), see figure 6. Incidentally, it has
been noted that the "Little Ice Age (1450-1820)" (colder periods) coincided with these noted sunspots

minimum.

Yearly Averaged Sunspot Numbers 1610-2000
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Figure 6: The monthly number of sunspots plotted against time for the period 1600-2000 [33]

A decline in geomagnetic activities during solar minimum has been observed by scientists (e.g., [52]. B

Kirov et. al. [52] concluded that during solar minimum, changes in the parameters of high-speed solar wind,
and change in thickness of heliospheric current sheet are the important factors for geomagnetic activities.

Geerts and Linacre [50] in their work cleatly stated that "intuitively one may assume that the total irradiance
would decrease as the number of (optically dark) sunspots increase. However, direct satellite measurements
of the irradiance have shown just opposite to be the case. This means that more sunspots deliver more
energy to the atmosphere so that global temperature should rise." It is also believed that there is a relation
between the sunspot activity and increase of Earth's temperature.

It has been observed that the sunspots mostly occur in solar active regions and more sunspots are observed
during the periods of increased magnetic activity. They are the source of various kind of oscillations (e.g.,
see [53], [54] and citations therein) and can be linked to other solar dynamical processes. Sych et. al (2015)
studied the waves emanating from the sunspots and their relation with solar flares [55]. Their study was
based on SDO/AIA data and they found that in the region of sunspots, waves through magnetic channel
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played an important role in releasing solar flare energy. They further proposed that these amplified waves
triggered the solar flare.

During the periods of high magnetic events, energetic particles and cosmic rays are emitted out of the Sun
and they mix with the solar wind to propagate in the interplanetary space. This can lead to various events
(like auroras) and geomagnetic activities on Earth. Sunspots play a very crucial role in our understanding of
Sun's magnetic field and the phenomenon which directly affects the human life on Earth.

2.2 Prominences

The solar prominence is a large arch-type structure of gas extended into the much hotter outer atmosphere
of the sun (in the corona). When observed above the solar limb, prominences are anchored in the
photosphere and have large magnetic structures. Plasma confined in this structure in relatively cool
(~10*K) than the surrounding corona (~10°¢ K), so the prominence is approximately 100 times cooler than
the surrounding corona. Recently, Solar speculated the heating of solar prominences by Alfven waves and
showed that heating by Alfven waves is small but significant for energy balance [56].

The prominences are the dense objects. Their density is even higher than the corona and varies in the range
of 10? cm™ to 10! cm-3 with very low gas pressure. When prominence is observed above the chromosphere
(i.e., against solar disk), they appear dark threads like structures held in the chromosphere and are called
filaments. Prominence (or filaments) appear dark because they are cooler than their surroundings and their
illuminance is lesser as in the case of sunspots.

Prominence is normally located above the magnetic polarity inversion line (PIL) of the photosphere. PILs
are formed all over the photospheric region depending upon its magnetic configuration. So, the
prominences are also found all over the Sun's surface i.e., in the active regions as well as quiet regions.

On the basis of their location on the Sun, prominences are generally classified into two types: active region
prominence and quiet region prominence. Active regions prominences (called active prominence) are
generally shorter and less stable than the prominence in the quiet region (called quiescent prominence). The
prominences can be categorized on the basis of their origin, motion, structure etc. e.g. [57].

Solar prominences are observed to have a mass of roughly of the order of 1016 g, with the uncertainty that
can lie with the limits of 104g to 10'7 g [58], [59]. Low et. al., [59] studied the role of the mass of prominence
as a source of energy storage and suggested that it is necessary to hold the unanchored part of the magnetic
field of prominence in equilibrium against the field's natural tendency to self-expel out of the atmosphete.
It is evident from the observations that prominences can be found in highly complex topologies while the
quiescent prominences are usually having simple magnetic topology.

The magnetic field of solar prominences plays a vital role in their structure and stability [60] - [70]. The
magnetic field in the prominence is 'frozen' and helps to confine a large amount of plasma within the
prominence. The magnetic field is almost poloidal, normally like a magnetic field above PIL. It is highly
sheared at the top of the arcade (neatly horizontal). Prominence may also contain azimuthal magnetic field
component. Correll and Roberts [63] studied the prominence and calculated the magnetic field strength
with a lower limit of nearly 5 gausses and predicted that lower limit (5 gausses) may be higher. Further, in
1961 Zirin and Severny [64] calculated the magnetic field strength in solar prominence and suggested that
in the active region, prominences can have strong (up to the range of 200 gausses) magnetic field while the
magnetic field of quiescent prominence is much weaker with a range of about 25-50 gauss [64]. Leroy et.
al., [60] based on their study on Hanle effect derived the strength of magnetic field in a prominence. They
concluded that average field strength in a prominence is about 8 gauss and the field strength vertical gradient
is 0.5%10* gauss Kml. Kuckein et. al., [65] suggested that active region prominences have a strong
transverse magnetic field strength which is higher 500 gauss but lower than 1-kilogauss.

The structure of prominence has been studied in detail for past few decades and different models regarding
their stability have been proposed. It has been found that prominence formation requires formation of
magnetic structure (like the magnetic arcade) and support for holding the structure (carrying flux) in a stable
form. They are mostly formed near the PIL where flux transportation is easy e.g. see [67] — [70].
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Figure 7: Magnetic topology in Kippenhahn-Schluter model [72]

Kippenhahn and Schluter [71] gave the simplest model of the internal structure of a prominence in which
prominence was a simple arcade-like structure above the photosphere (see figure 7). In their model,
magnetic tension provides the support for high-density plasma against the gravity. Further, they suggested
that there is high magnetic pressure away from the centre of the prominence. Due to this reason, plasma is
compressed against the outward pressure gradient because of the magnetic pressure acting towards the
centre. Prominences with different topologies have also been observed. Prominence with helical topologies
have been studied in detail [73] — [78]. Observations also show that helical prominences frequently occur
in active regions. Observations of eruptions of prominences displayed helical structure which is consistent
with the idea of the helical magnetic field in prominence [74] — [78].

Raadu and Kuperus [79] studied the thermal instability of coronal neutral sheets and argued that the
quiescent prominences are formed by thermal instabilities in coronal sheets. Further, in Kuperus and Raadu
[80] gave a model in which they demonstrated that the magnetic structure in the coronal neutral sheets can
help in the formation of the coronal magnetic field (see figure 8). They showed that there is no horizontal
magnetic field to support prominence against gravity as shown in the model of Kippenhahn-Schluter [71]
and argued that forces on current filaments embedded in the magnetically neutral sheets can support a
prominence due to induced currents in the photospheric boundary. In their model, they concluded that
magnetic field annihilation and reconnection are a major phenomenon for stability and support of
prominence. They further concluded that dis-partition brusque (sudden eruption of prominence) is the
consequence of mass loss of prominence or large-scale changes in the photospheric field.

In Kippenhahn-Schluter (K-S) model, prominence has a simple arcade-like structure with normal magnetic
polarity while in Kuperus-Raadu (K-R) model, the magnetic field had inverse polarity i.e., the magnetic field
in prominence has opposite direction to that of the direction of magnetic field lines in the photosphere (see
figure 8) [82].

(a) K-S (b) (c) (d) K-R
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Figure 8: Evolutioin from Kippenhahn-Schluter (K-S) model to Kuperus-Raadu (K-R) model [81]
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Prominence eruption plays a very crucial role in solar energetic particle events. Their eruption can lead to
coronal mass ejections which are further followed by a solar flare [83] — [86]. Magnetic reconnections and
prominence interactions do play a very significant role in prominence stability. Magnetic reconnection in
corona can lead to loop prominence phenomenon [85].

Prominences are closely related to various solar dynamical processes such as flares, CMEs etc. Prominence
eruption mostly leads to a CME which affect the interplanetary space very drastically and affect
interplanetary space weather [87]. The particles and radiations emitted during the eruption can reach Farth
and may lead to the various phenomenon on Earth. Sometimes, it provides fascinating views like auroras
at the poles while sometimes it can lead to power grid failure, communication system, radar system failure
and radiation danger on humans.

2.3 Bright points

Bright points (hereafter BPs) are one of the most observed and widespread dynamical processes on Sun.
Depending upon the wavelength of observation, they are called X-ray bright points (XBPs) or EUV bright
points. They were first noted by the analysis of X-ray images from Skylab in 1970. They were called “bright
point-like X-ray features” by Krieger et. al. [88]. A BP is often identified by small-scale bright flash above
the photosphere. Golub [89] defined “XBPs as a closed magnetically bipolar region of soft X-ray emission
that is less than 17 in diameter”. They are also called coronal bright points (CBPs). A study of intensity
oscillation of XBP reveals that their intensity can be tens of times brighter than the surrounding corona
[90]. From their discovery, BPs have been studied in detail and Table 3 shows few of their approximate
properties found by the analysis of X-ray images:

Table 3: Properties of bright points, [91] - [93]

Property Value (average)
Temperature 1.3-16 MK
Magnetic Field 10 Gauss
Area 10" m?
Ascent speed 2 km/s

Size 10*km
Density 10° cm®

Golub et. al. [92] suggested that on an average, around 1500 BPs emerge out per day all over the Sun, bring
out approximately 1022 Mx of magnetic flux. They also estimated that the average lifetime of a BP is about
8 hours. However, on the basis of data obtained from the New Solar Telescope (NST), Abramenko et al.
[94] reported that around 98.6% of BPs had a lifetime of fewer than 2 minutes. In their recent work, Alipour
et al. [95] suggested that around 52% of all CBP lived for less than 20 min while remaining had an average
lifetime of about 6 hours. It has also been observed that BPs and sunspot number are anticorrelated [95],
[96]. Eatly inspection of BPs variation over a solar cycle suggested that number of BPs increase during solar
minimum [97] — [98] while Hara et. al., [99] suggested that there is no increase in BP number during solar
minimum. They also suggested that solar activity cycle and BPs are nearly independent of each other.

An early investigation from various observations [88], [89], [92], [93] suggested that BPs are the region of
the bipolar magnetic field which helps to emerge magnetic flux into the corona. It was hypothesized by
Golub et. al. [92] that the turbulence in the convection zone can lead to enhancement of subsurface field
which can help in the development of BPs. In 1979, Sheeley and Golub [100] analyzed fine structure of
CBPs and found that BPs consist of the rapidly evolving small loop-like structures.

Various models, suggesting a relationship of magnetic energy dissipation in BPs with the heating of corona
and other coronal structures has been suggested [101] — [108]. In 1979, ].H. Piddington [101] suggested a
magnetic loop and bubble model for XBP. In this model, kink or helical instability in twisted flux ropes
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helps in the formation of the loop. Formed loop (magnetic bubble) rises into the photosphere due to
buoyancy, upheaving the immersed loops out the sun and contributing a significant amount of magnetic
energy and matter into the atmosphere of the Sun. He also suggested that to meet the energy requirement,
XBPs must contain three or more flux fibres. This conclusion of Piddington is consistent with the
observational analysis of Sheeley et al. [100].

In 1993, Webb et. al. [102] at Big Bear Solar Observatory studied the BPs and their relationship with
magnetic features using X-ray and magnetogram data. They found that most of the XBPs were correlated
to converging opposite polarity magnetic features. They further suggested that converging magnetic
features of opposite polarity may undergo reconnection due to the cancellation of flux which can give rise
to XBPs. A 2-dimensional model of converging flux at BP, inspired by the discovery of cancelling magnetic
feature at Big Bear Observatory, was given by Priest et al [105]. They suggested in their model that XBPs
are the manifestation of the dynamic behaviour of magnetic fragments in three stage processes (see figure
9): a pre-interaction phase, an interaction phase and a cancellation phase. In pre-interaction phase, magnetic
fragments of opposite polarity from different sources move towards each other and form a null point in
the photosphere. In the interaction phase, null point evolves into an X-point releasing magnetic energy and
starts rising into the corona which further leads to the creation of XBPs accompanied by jets. In the
cancellation phase, magnetic features from strong sources cancel the magnetic features from weaker
sources. Parnell et al. [100] used the converging flux model by priest et al. [99] to the model 3-dimensional
structure of XBPs observed using NIXT [101].
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Figure 9: Three phases in flux convergence model, (i) magnetic fragments approach each other, (ii) null point
is formed, (iii) — (iv) formation of XBP, (v) cancellation of magnetic fragments in the photosphere, (vi)
separation of magnetic flux above and below the photosphere [105]

In 1998, a 3-dimensional model for the appearance of BPs was given by D. W. Longscope [108] suggesting
that before the interaction, magnetic fragments come closer to each other and form field line known as a
separator. He further suggested that it is the magnetic reconnection at the separator where magnetic energy
is dissipated and this, in turn, helps to form XBPs.
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Observations from soft X-ray telescope on Yohkoh satellite [109] revealed the presence of X-ray jets in the
corona. It was found that flares in XBPs were correlated to X-ray jets and reconnection processes played a
very important role in their origin [110]. A recent study by Pucci et al [111] also revealed that X-ray jets
have a close correspondence with XBPs. Analysis of various observational data of XBPs has revealed the
presence of oscillations/pertiodic brightening in XBPs [90], [112], [113] .

It is now well established that magnetic reconnection plays a major role in the creation of BPs. They have
been linked to flares and their properties have been studied in detail to better understand the onset of flares.

3  Conclusion

We have reviewed various dynamical processes taking place on Sun. We found that the magnetic
interactions are the sole sources of these processes. We also tried to develop the basic understanding of
scattered and uneven magnetic field on Sun through the differential rotation and dynamo model. In this
article, we emphasized on the factors responsible for solar dynamical processes and briefly reviewed
dynamical processes such as sunspot, prominence and bright points. Sunspots are cool, dark regions on the
photosphere with very high magnetic field strength. They travel from equator to pole during their 11year
old cycle and hence defining solar maxima and minima. Sunspot motion along PIL was found helpful in
the flux tube rise and magnetic reconnection. These magnetic reconnections play a fundamental role in
various other dynamical processes such as prominences and bright points. We reviewed various prominence
models explaining various observational properties. Prominence can have many kinds of a structure such
as a simple arch-like structure or a complex helical magnetic flux tube structure depending on various
factors such as location on the photosphere, surrounding magnetic field, solar cycle (maxima or minima)
etc. Prominence eruption can trigger various dynamical processes such as coronal mass ejection (CME) and
solar flare. We also presented a brief account of bright points (BPs) which mainly results from flux
emergence and magnetic reconnection. BPs are considered to be the site of magnetic reconnection on the
solar surface and can be helpful in the understanding other dynamical processes such as solar flares, solar
jets etc.
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