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The schematic represents the core, radiative, and convection zone in the
solar interior, while the photosphere, chromosphere, and corona in its
exterior. The thermonuclear reactions and transport of the energy by the
mean of radiative and convective motions are illustrated in the interior.
General perception of the entire electromagnetic radiations (e.g., y-rays,
X-rays, visible, UV, and radio emissions) are portrayed from different
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regions with the sunspot groups, coronal hole, quiet-Sun) are displayed.
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Variation of temperature and density with height from the Sun’s core to its

surface. This image is adopted from Strong et al. (2012). (Courtesy: K.

Helioseismic measurements determine the internal rotation rate depicting
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progressively faster rotations, collectively indicating a solar differential
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1.4 The full-disk visible surface of the Sun’s photosphere is shown in the
left-panel of the image. The zoomed region in right-panel displays the fine
details of an active region (AR) sunspot, and the quiet-Sun (QS) granules
in its surrounding. (Courtesy: SST; Luc Rouppe van der Voort and Shahin
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plage regions appear. Right panel: Calcium II K 3933 A line full disk
image of the Sun’s chromosphere. Several chromospheric features like
sunspots, plage, tiny intra-networks, chromospheric networks, etc. evident
in this image. [Courtesy: William Lee (https://www.cloudynights.com/gallery/member/25174-

bill-lee/)] . . . . . .« e 15

1.7 The composite view of the EUV inner corona as observed by Solar Dynam-
ics Observatory (SDO)/Atmospheric Imaging Assembly (AIA) 171A filter
and Solar and Heliospheric Observatory (SoHO)/The Large Angle and
Spectrometric Coronagraph (LASCO-C2) showing the extended corona
upto 6 Rg. Observational data is recorded on 21 April 2015. (Courtesy:
SDO/AIA and SOHO/LASCO) . . . . . . . . . . oo .. 16

1.8 Left panel: Large-scale filaments as observed by the He filter on the
solar disk. Right panel: An eruptive prominence in He II 304 A with
an image of the Earth added for size comparison. (Courtesy: Solar and
Heliospheric Observatory SoHO/EUV Imaging Telescope EIT; Big Beer

Solar Observatory) . . . . . . . .. . .. 19
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Images of the different types of solar prominences based on their location
as observed by the SDO/AIA 304 A filter. (Courtesy: Observational data
from SDO/AIA) . . . . . .

A chromospheric filament is observed by the high resolution Ha image
on 30th October 2002. Dextral, sinistral, and prominence barbs patterns

appear in the prominence. (Courtesy: USAF, ISOON; D. Neidig) . . . . .

Rayleigh-Taylor unstable plumes in a solar prominence in the linear stage
with the required conditions, e.g., self-similarity in same family of plumes,
similarity of the wavelength/height ratio in different families. Schematic
shows the method to estimate the observational growth rate of the instabil-

ity. (Courtesy: Ryutovaetal.,2010) . . .. ... ... ... ... ....

Upper panel: A basic schematic that shows the 2D spontaneous magnetic
reconnection and release of energy. Different colors show the different
connectivity of the field lines and arrows indicate their directions. Bottom
panel: 2D schematic for the forced magnetic reconnection. Some exter-
nal perturbation forced the coronal field lines to reconnect. The spring
like structure indicates the external perturbaions and star indicates the

reconnection region where the energy release takes place. . . . . . . . ..

CME image is associated with an eruption of the active region prominence
on 07 June 2011. The MRT unstable prominence forms the core of CME

that propagates in the outer corona. (Courtesy: STEREO/EUVI, COR-I) .

Three consecutive CMEs are erupted on 22 October 2011, which collec-
tively interact with the Earth’s atmosphere on 24-25 October 2011. They
exhibit an intense geomagnetic storm (Dst index -146 nT) on 25 October

2011. (Courtesy: STEREO/COR-ILHI-I) . ... ... ... .......

34



Xxxii

List of figures

2.1

2.2

2.3

24

25

2.6

The Extreme Ultraviolet Imager (EUI) onboard Solar Orbiter will open a
new window to understand many of the spectacular features that have not
been observed before by other space satellites. The first image obtained
from the Solar orbiter that shows the omnipresence nature of campfires on
the Sun, signify the importance of EUV observations. (Courtesy: Solar
Orbiter/EUI Team in ESA & NASA; CSL, IAS, MPS, PMOD/WRC, ROB,
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An image of SDO spacecraft. The SDO spacecraft consists of three in-
struments, the Atmospheric Imaging Assembly (AIA), the Heliospheric
and Magnetic Imager, and the Extreme Ultraviolet Variability Experi-
ment (EVE) that simultaneously probe the different layers of the solar
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Multiwavelength images of AIA instrument, which observe the different
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each other to observe the different views of the Sun. In the combination of
STEREO and SDO, these two spacecraft observe the entire Sun for several
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Left panel: Image of different instruments onboard the STEREO spacecraft.
Right panel: Image of the SECHHI instrument onboard the STEREO and
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The left panel shows the normal SDO/AIA 171 A image. The right
panel shows the Multi-scale Gaussian normalization processed SDO/AIA
171 A image. The processed image shows the more fine-scale structures

inthe solar corona. . . . . . . . . . i it e e e e e e e e e e e

The left panel shows the STEREO-B image of an eruptive prominence.
The right panel shows the STEREO-A image. The + signs in both images
are lying on the same epipolar plane and provides the exact location of the

feature. . . . . . . . e e

Images of six EUV filters of SDO/AIA. These six optically thin EUV

filters used to understand the thermal structure of the solar atmosphere. . .

Temperature response functions for the six EUV channels of the SDO/AIA
that are optically thin and dominated by iron emission lines. (Courtesy:
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Upper panel: the full FOV of the loop-like prominence observed by
SDO/AIA 304 A on 2014 November 18th after applying multi-Gaussian
normalized filter. The sub-region (white box) consists of an MRT-unstable
plume. Middle panel: a dark cavity has been evident within the promi-
nence. The spatio-temporal evolution of MRT-unstable plume (P1) has
been observed. Lower panel: the second plume, “P2,” is tracked at differ-
ent heights and times to estimate the observational growth rate of the MRT
instability. The temporal image data in the middle and lower panels show
the increments in time from right to left. This is the partial FOV of an
eruptive prominence where all plasma processes related to MRT instability

areevolved. . . . . . .. e
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3.2 Upper panel: the sub-region of the eruptive prominence using a multi-
Gaussian normalized filter on an AIA 304 A image. A vertical line is
drawn to indicate the initial location of the first plume (P1). The separation
between the two consecutive plumes is the characteristic wavelength of an
MRT instability. Lower panel: DEM of the same sub-region to observe

the thermal structure of this MRT-unstable prominence. . . . . . . . . .. 81

3.3 Top panel: the spatiotemporal variation of the full FOV of the overlying
prominence, which collapses by plasma downfall. The white boxes”a”
and ”’b” indicate the region where KH unstable vortices and rolled plasma

structures are formed. The evolutions of these vortices and rolled plasma

structures are shown in the lowerpanels. . . . . . ... .. ... ... .. 83

3.4 Top panel: Full FOV of multi-Gaussian normalized and fitted SDO/AIA
304 A filter, which consists of Rayleigh-Taylor unstable prominence thread.
Middle panel: The sequence of images of the sub-region in SDO/AIA 304
filter showing the temporal evolution of the plasma thread. Lower panle:

The V-shaped dip as evident in the lower panel in the SDO/AIA 171 A filter. 89

3.5 The sequence of the images of SDO/AIA 171 A shows the boundary of the
prominence-cavity, which became unstable. The middle panel shows that
two bigger plasma bubbles are observed. Later they may be responsible
for the shear motion at the interface. The shear motion initiates the Kelvin-
Helmbholtz unstable vortex formation and Rayleigh-Taylor unstable bubbles

are also formed at the boundary. . . . . . ... ... ... 0oL 90
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3.6 The region of interest (ROI; white box in Figure 3.5) is displayed in

3.7

3.8

4.1

the SDOJAIA (171+304)A composite images. The composite images
observed the characteristic of the bubble-prominence boundary. Shear mo-
tion, plasma downfall, MRT unstable bubbles associated with the Rayleigh-
Taylor unstable thread are indicated by arrows at the interface. The com-

plete evolution of shearing, bubbles formation, MRT unstable bubbles, and

collapse of the bubbles at the prominence-cavity interface is also indicated. 92

The region of interest (ROI; white box in Figure 3.5) is displayed using
SDO/AIA 304 A images. MRT unstable bubbles, shear motion, and KH
unstable vortex have been indicated by arrows at different time-epochs of

the prominence-cavity boundary. . . . . . . ... ...,

MRT unstable prominence bubbles are tracked at different height at the
prominence-cavity interface. The observed bubbles propagate with differ-
ent velocity and trying to merge within themselves. The collapse phase of

MRT unstable bubbles has been observed in the lower panel. . . . . . . .

The normalized multi-gaussian fitted SDO/AIA 171 A images showing the
evolution of solar tornadoes-like motions related to the polar prominence
during 9 — 14 June 2018. Two dark pillars indicate the prominence barbs
and the horizonatl structure that connects these barbs in the prominence
spine. Several vertical threads and U-shaped horns-like structures have
also evident (middle panel). Rotating plasma structure indicates that the
growth of the prominence is related to the tornadoes-like motions. The
evolution of a helical flux rope, apparent rotating plasma, swirling motion

in the top part of the prominence is appeared. . . . . . .. .. ... ...

98
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4.2  Left panel: Full Field of View (FOV) of a polar prominence observed by
SDO/AIA 304 A on 14 June 2018. The sub-region (white-box) consists
of a large-scale vortex motion and a swirl-like structure. Right panel:
The spatio-temporal evolution of the large-scale vortex motion. The cool
plasma and photospheric vortices (large scale vortex) channeled through

the prominence body. . . . . . . ... ... L 108

4.3 The region of interest (ROI; white box in Figure 4.2) is displayed in the
SDO/AIA (171+304) A composite images. The composite images display
the large-scale vortex motion and swirl-like structure in the upper part
of the prominence. We observed the spatio-temporal evolution of swirl

indicated by white arrow within the prominence. . . . . . . . ... .. .. 109

4.4 Left panel: The region of intereset (ROI) of the polar prominence legs
observed by SDO/AIA 171 A on 14 June 2018. The oppositely directed
prominence legs reconnect above the PIL. Right panel: Resistive tearing
mode instability initiate the formation of multiple plasmoids within the
current sheet. We observed three ejecting plasmoids and a bright cusp
above the prominence legs (indicated by white arrows). The oppositely
directed prominence legs reconnect over polarity inversion line (PIL) and
initiate the plasmoid emhanced reconnection. We assume that the PIL is

lying between the prominence legs. . . . . . . . .. ... ... ... ... 110
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The normalized multi-gaussian fitted SDO/AIA 171 Aimages display
the FOV of polar prominence. Upper panel: Southern segment of the
prominence is rising while northern segment is falling along prominence
legs. The oppositely directed prominence legs reconnect above the PIL.
Multple plasmoid ejection also observed during the reconnection. These
plasmoid passes through the main body of the prominence. Simultaneously,

plasma downfall has also evident along the magnetic arcades. . . . . . . .

The Full FOV of the polar prominence in AIA 171 Aemission imager to
analyses the inflow, outflow and nature of EUV intensity pattern at the
reconnection site. We have estimated the EUV emission from the selected
white box region. Two path (slit S1 and S2) has taken across the X-point
to estimate the inflow and outflow velocity. Running difference images
of spacetime maps from slits ”a”, ’b”, and “’c” is used to understand the

magnetic field structuring and swirl motion on the top of the prominence.

Top panel: The nature of EUV emission from six different SDO/AIA filters
measure from white box of Figure 4.6. The temporal variation of EUV
plasma intensity (131 A, 171 A, 193 A, 211 A, 304 A and 335 A) has
estimated to understand the thermal behaviour at the reconnection site.
We have analysed the inflow (rate of the thinning of the current sheet
along slit S1) and outflow velocity (ejected plasmoids along slit S2) at
the reconnection site. Middle panel: The thining of current sheet after
reconnection gives the inflow speed at the X-point. Bottom panel: We

track the of plasmoids in H-T diagram to measure the outflow velocity. . .
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The Differential Emission Measure (DEM) of the sub-region to observe
thermal structure of the plasmoids and current sheet. The DEM (Cheung
et al., 2015) map the temperature bins from log T=5.6 to log T=6.7 shows
that plasmoid are best visible temperature range log T=5.8-6.1 and an

elongated current sheet observed between log T=5.8-6.7. . . . .. .. ..

The sub-region of eruptive prominence after applying normalized multi-
Gaussian filter on AIA 171 A imager. Several sheared magnetic arcades
are evident and they collapse near the reconnection site. A sheared coronal
arcade thread reconnect with the southern segment of the overlying promi-
nence. This external reconnection may trigger to erupt the prominence.
The eruptive prominence consists of the post-eruption arcade and flux rope,

which are indicated by arrows. . . . . ... ..o Lo

The sub-region of eruptive prominence as observe by the composite images
of ATA 171+304 A . The composite images observed the characteristics
of hot magnetic arcades (AIA 171 A, green color) and cool prominence
associated plasma (AIA 304 A, red color). A sheared coronal arcade thread

reconnects with the southern segment of the overlying prominence. . . . .

The eruptive prominence observed as composite image of AIA 171+211
A. Southern segment of the overlying prominence reonnects with the
collapsing magnetic arcades and lead to the external magnetic reconnection.
A thin elongated current sheet is evident, which is best visible in AIA
211 A (red color) waveband. The prominence associated hot plasma,
magnetic arcades and post-eruption arcades are best visible in the AIA
171 A (green color) waveband. This external magnetic reconnection

trigger the prominence eruption. . . . . . . .. .. ..o
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The running difference image sequence in the SDO/AIA 171 A shows an
eruptive prominence and its impact on the surrounding coronal field lines.
The eruptive prominence disturbs the surrounding magnetic fields (middle
panel; indicated by cyan arrow), which is associated with a prominence.
The prominence associated field lines are forced to bring the southward
segment of prominence-corona transition region (PCTR) associated coro-
nal field lines towards the reconnection-point. The reconnection region
and region of interest (ROI) is indicated by cyan box, where prominence
driven southward segment of the field lines reconnect with the northward

branch of the magnetic field anchored at the limb and form a temporary

Direct imaging of forced reconnection in the Sun’s corona is demonstrated in this
composite picture. SDO/AIA imaging observations on 3" May 2012 at 14:10:08
UT depict the formation of a temporary X-point and a forced reconnection region
(a—b). Panel 'a’ is the composite image of AIA 171 A, 304 A showing off-limb
region. Panel ‘b’ is a zoomed view of the ROI as shown by the dotted-white box
in panel “a’. Panel ‘¢’ is the schematic showing the formation of X-point in the

faroff-limbcorona. . . . . . . . . . .. e

The Differential Emission Measure (DEM) (Hannah and Kontar, 2012)
maps for different temperature bins between Log T, =5.0 and Log T, =7.1
(Figure 5.3a) display that a prominence brings the overlying southward
coronal magnetic field lines towards oppositely directed northward fields,
and force externally the formation of an inflow at a X-point to trigger the
forced reconnection. The estimated average temperature of the current
sheet (Figure 5.3a, black box region) using (Hannah and Kontar, 2012)
DEM technique peaks at log T,=6.4 (Figure 5.3b). . . . ... ... ...
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5.5

Formation of X-point, and development of forced reconnection, and inflow/outflow
regions are depicted in this figure. The running difference image sequence in the
SDO/AIA 171 A filter displays the motion of the prominence corona-transition
region (PCTR) interface, which brings the southward branch of the coronal mag-
netic field towards the temporarily evolved X-point around 13:55 UT. The forced
reconnection is subsequently triggered thereafter the initial onset of externally
driven inflows. Plasma inflow occurs from the north-south direction (cf., Fig-
ure 5.5b, left middle image panel at 13:48 UT), and after the reconnection, the
outflow is seen in the east-west direction (cf., Figure 5.5c; left lower panel dur-
ing 13:57-14:45 UT). A dynamic current sheet is also formed during the forced

reconnection ProCessS. . . . . .« o o o o e e e e e e e e e e e e e e e e e

The analyses of inflows, outflows, and nature of EUV emissions at the recon-
nection site are described in this figure. The temporal variation of EUV plasma
emissions (304 A,211A,193A, 171 A, 131 A ) has been measured to understand
qualitatively the thermal response of the reconnection site (left top panel ‘a’). The
slit’S;” and ’S,” are analyzed for inflow and outflow plasma motions ("d’) across
the X-point. These slits have been selected to deduce the distance-time maps (b,

¢’) for estimating their speeds close to the X-point. . . . . . . . . . ... ...
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Numerical model of the forced magnetic reconnection at X-point. Using FLASH
code, the X-point coronal magnetic field configuration has been reproduced
on the observed spatial scales. An external disturbance is imposed on the left
side of the X-point, which creates an initial average inflow of ~2.56 km s~!
triggering the reconnection of the field lines. Thereafter plasma outflows with
an average speed of ~12.46 km s~! has been generated during the reconnection
in the perpendicular direction of the inflows. The simulated inflows, outflows,
and the reconnection rate match with the observations of the forced reconnection.
The various contours with different colours denote the velocities in units of Mm
s~!. The top and bottom rows display respectively inflow and outflow velocity
contours around X-point as overplotted on the reconnection region. The total
duration of the reconnection process is <10 min in the simulation, which match
with the duration of physical processes (inflows, reconnection heating as well as
outflows) as established initially in the reconnection region between 13:55 UT

and 14:05 UT (cf.,, Figure 5.4). . . . . . . . . . . o o

Left: The magnitude of Vin/Vout with the change in resistivity. Right: The
magnitude of Vin/Vout with the change in the strength of the external disturbance,
i.e., the initial magnitude of velocity pulse. The third order quadratic fit is also

drawnonthesetwoplots. . . . . . . . . . . ...

Full disk image of COR1 onboard STEREO-A & B have captured the
plasma segment of an eruptive prominence at 7 June 2011. Fingers are
clearly visible at 08:45 UT on this upper northward MRT unstable segment

inCORIFOV. . .. .. . . e
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Sub-region of the STEREO-A & B COR1 FOV on 7" June 2011 when a
MRT unstable plasma segment is in eruptive state. The temporal evolution
of MRT instability in form of finger structures and horn (H) have been
observed. The evolution of magnetic Rayleigh-Taylor unstable finger
structures, falling blobs, and associated horn-like structure is indicated by

WhIte arrows. . . . . . . e e e e e e e

Right: Partial field of view of COR1 onboard STEREO-A that shows the
MRT unstable fingers in the eruptive prominence at June 7" 2011. Left:
A schematic representation of a MRT unstable finger structure. The outer
most finger structure has been zoomed to describe the evolution of MRT

instability. . . . . .. ..

A sub-region of the top: STEREO-A & bottom: STEREO-B COR1 FOV
at a time 08:45 UT on 7" June 2011 when MRT unstable plasma segment
is evident. This segment lies in the upper northward part of an eruptive
prominence. Denser and bright finger structures (F1-F5) are seen in this
plasma segment. Darker plasma regions (B1-B5) are also visible just below

of these finger structures. . . . . . . . .. . .. ... .. .. 0.

Right: The temporal sequence of images which shows the erupting upper
northward plasma segment in the STEREO-A/COR2 on 7 June 2011. The
evolution of the mushroom-like structures in the outer corona are observed
in the plasma segment. A box has drawn to indicate the region of interest.
Left: The box region is displayed to identify the mushroom-like MRT

unstable structures. . . . . . .. .. e e e
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7.1

Right: An STEREO-A/HI1 image to observe the lower inter-planetary
region on 8§ June 2011 at 00:49 UT. The eruptive plasma segment is fully
extended upto 20 Rg. Left: Small scale fragmented plasma structures are

clearly visible in the inter-planetary space. . . . . . . . ... ... ....

Left: The evolution of MRT unstable plasma spikes in the inter-planetary
space coming towards 1.0 A.U. The aligned and composite images of
STEREO/COR2A (2.5 to 15 Rg), Heliospheric Imager (HI)-1A (15 to
80 Rp), and Heliospheric Imager (HI)-2A (upto 4 A.U.) onboard Solar
TErrestrial Relations Observatory (STEREO) on 9 June 2011 at 12:09 UT,
display the formation of plasma spikes impinging around the Earth. Right:
A schematic showing the propagation of MRT unstable plasma spikes in

the inter-planetary space. . . . . . . . .. .. .. Lo o

Evolution and propagation of MRT unstable plasma spikes into the inter-
planetary space towards 1 A.U. Some representative plasma spikes (S1 &

S2) show their motion in and around Earth. . . . . . ... ... ... ..

Evolution of a quiescent filament as observed by GONG/Hea. It evolved
spatially and temporally and crossed the central meridian of the Sun on 26
August 2018. The filament was lifted and partially erupted when it passes
over the northward lying coronal hole. The coronal plasma channel (CPC)
1s associated with the filament in its southwest direction, and its location is

shown in the white box. It appears to be empty as no traces of cool plasma

178

in Ha has been found in CPC, and it is only visible in the coronal emissions. 189
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The full field of view (FOV) of the coronal plasma channel (CPC) that
connects the two coronal holes (CH1 and CH2) observed by SDO/AIA
211A on 20 August 2018. The spreading coronal plasma channel (white
box) and post-eruption arcade indicate that an eruption from this region has
already occurred. The spreading coronal plasma channel further interacts
with an open field line of a northward lying coronal hole (CH1) and may
trigger a jet-like eruption (lower panel). The white-box-region consists
of a coronal plasma channel (CPC). The impact of an eruptive coronal
channel could be observed in the form of spreading of this plasma channel
and formation of the post-eruption arcade as seen within the white box
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The region of interest (ROI) to observe the source location of the rotating
jet-like eruption as observed by SDO/AIA 211 A and STEREO-A/EUVI-
304 A on 20 August 2018. We adopt the tie-pointing method to locate
the source region of the rotating jet-like eruption in the projected plane
(EUVI data). We tracked the top, middle, and bottom part of the jet-like
eruption in SDO/AIA 211 A and STEREO-A/EUVI-304 A (plus sign in
both panels) by the triangulation technique. The plus sign indicates the
corresponding location of the jet-like eruption in EUVI-304 A projected
image data. The ROI for the right panel corresponds to Figure 7.4 and

ROI for the left panel is plotted in Figure 7.5. . . . . . . ... ... ...

The region of interest to observe the jet-like eruption as displayed in the
difference images of SDO/AIA 171 A. The difference images show that a
ring-shaped rotating jet-like eruption occurred from the northward coronal

hole (CHI). . . . . . . . . .
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The same region of interest as Figure 7.4 in the projected plane observed
by STEREO-A/EUVI-304 A. Initiation grew and an eruption of the jet-like

structure was observed in the STEREO-A/EUVI-304 Adata. . ... ...

The region of interest (ROI) to observe the source location of the flux-rope
eruption using SDO/AIA 211 A and STEREO-A/EUVI-171 A imaging
data on 20 August 2018. The tie-pointing method has been used to ap-
proximate the source region of the flux-rope eruption on the solar disk
(SDO/AIA 211 A). We tracked the top, the middle, and the bottom leg of
the flux rope in the STEREO-A/EUVI 171A and SDO/AIA 211A (green
arrow for the upper leg, the blue arrow for a middle part, and black arrow
for the bottom leg of the flux rope) by triangulation technique. A diffuse
and thin flux rope lying high in the lower corona (STEREO-A/EUVI) is
situated above the CPC as observed on the solar disk (SDO/AIA data).

The spatial extent of left panel is same as Figure 7.7 . . . . . . .. .. ..

The region of interest is displayed in the STEREO-A/EUVI (171+195) A
composite images. The composite images observed the dynamics of thin
and diffuse flux rope lying high in the lower corona. The top portion of
the flux rope has erupted out and the lower part is connected with the solar

disk (lower panel). . . . . . . . . . . . ...

Half FOV of STEREO-A/COR?2 to observe the eruption of the CMEs.
A coronal-plasma channel associated CME appeared first with its low
coronal signature (upper panel). The CMEs associated with the flux rope
and rotating jet-like eruption have been observed using STEREO-A/COR?2.
Later these CMEs merge within each other and propagate towards the

outer corona in the form of acompound CME. . . . . . . ... ... ...
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Formation of the merged CME in interplanetary space as observed by
STEREO-A/HII. The compound CME has larger angular width in inter-
planetary space and propagated towards the Earth. It crossed the lower
interplanetary space on 23 August2018. . . . . . ... ...,
Aligned and composite images of STEREO-A/COR2 (2.5-15Ry), He-
liospheric Imager (HI1; 15-90R), and Heliospheric Imager (HI2; up to
4 AU) onboard the Solar TErrestrial Relations Observatory (STEREQO)
on 26 August 2018 at 10:09 UT, display the interaction of CME with the
Earth’s magnetosphere. . . . . . . . ... .. ... oo
The propagation of collective CMEs towards 1 AU and interaction with
the Earth’s magnetosphere. The sequence of STEREO-A/HI2 images was
used to observe the merged CME in interplanetary space. The observed
CME moves toward 1 AU and interacts with the Earth’s magnetosphere on
26 August 2018 and creates large-scale disturbances. . . . . . ... . ..
Dst index after the simultaneous arrival of CMEs. The Dst index has started
to decrease from positive to negative values. The Dst index decreases to
-176nT at 12:09 UT on 26 August 2018 exhibiting an intense and long
duration geomagnetic storm. The average magnetic field [B] and the
component of the magnetic field [By, By, and B; ], plasma flow speed [V],
and proton density [Np]. The black-dotted vertical lines show the arrival
time of the CME at 1 AU at 12:09 UT on 25 August 2018. The z-component
of the magnetic field, Dst index, and other parameters simultaneously show
the disturbances in the Earth magnetosphere. . . . . . . ... ... ...
Kp index (disturbances in the Earth’s magnetic field) from 25 August to
28 August 2018. The Kp index reaches up to 7, which indicates an intense

geomagnetic storm at 12:00 UT on 26 August2018. . . . . . . ... ...



