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Abstract.
The Sun is a magnetically active star. It has a powerful magnetic field that shifts
slightly from year to year until it reverses about every eleven years. The sun’s mag-
netic field has many effects, the collection of which is called solar activity such as,
sunspots, solar flares, and coronal mass ejections (CMEs). Currently, it is only pos-
sible to predict a magnetic storm 30 to 60 minutes before it occurs, which is a very
short time. Solar flares and CMEs, massive eruptions of superheated plasma, are the
two most energetic phenomenon which impulsively ejected and accelerated by releas-
ing magnetic energy in the solar corona. Heliosphere, space weather, and the Earth
are affected from transporting coronal plasma. Following the occurrence of these phe-
nomenon in the Sun, the solar wind blows with greater speed and intensity and sends
energetic charged particles into the space of the solar system. When these particles
reach the Earth, their radiating electromagnetic waves interact with magnetic field of
the Earth. Then various effects are observed, as shock waves and massive geomag-
netic storms that disrupt satellites and power grids. Today, using the advancements
of ground and space technology, the solar surface can be easily observed. Therefore,
observation and prediction of solar storm will be possible more than in the past. In
this paper, we review papers intended to collect comprehensive information about what
has already been researched about fast solar jets and CMEs made by ground and space
instruments over the last decades.
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1 Chromospheric Spicules
Spicules manifest as slender, filamentous formations, stretching from the chromosphere into
the corona as gaseous outbursts [69]. [65] determined spicule dimensions as about 3 arcsec
width and 12 arcsec height from the Northwestern Observatory spicules program. The
existence of Ca II emission within spicules hints at the potential existence of cooler regions
caused by temperature variations perpendicular to the spicule axes [13]. In the [72], it was
established that the average upward velocities of spicules were approximately 32 km s−1.
Interestingly, there were instances of apparent downward movements, which exhibited a
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loose correlation with the upward velocities [72]. [23] found that the line-of-sight velocities
of some spicules reverse in direction.

Spicules arise from supergranule borders. Ly-α brightness of these regions has some ten
times the Sun brightness [14]. [14] suggested that in the network areas the radiation pres-
sure gradient is comparable to that due to gravitation. [121] studied spectral Observations
of solar chromospheric spicules. They pointed out that as the height increases, all promi-
nent spectral lines, such as H and K, transition from self-reversed or flat-topped shapes to
Gaussian profiles. However, the D2 line exhibits a Gaussian profile with a widening half-
width as altitude increases. [67] determined line-of-sight velocity of chromospheric spicules
as about 23 kms−1 tending to increase with height. Furthermore, they discovered that
the propagation velocity surpasses 300 km s−1. [42] illustrated the process which is known
damping the Alfven waves. In reference to [25], it is demonstrated that spicules can have
a substantial impact on maintaining the energy equilibrium and heating processes within
the upper layers of the solar atmosphere. [13] studied broadening of Ca II Line Profiles in
Chromospheric spicules, and found an additional motion of the ions. This may be due to an
interaction between magnetic lines of force and spicule velocity. In [33], it was determined
that chromospheric jets are observable within the interiors of supergranular cells, specifically
in regions where the intensities of chromospheric and transition zone spectral lines are rela-
tively low. Spicules manifest as dynamic spikes within the solar corona due to a discrepancy
in density between the chromospheric material and the material composing the solar corona
[120], [1], [3], [85], [32], [88], and [105]. Spicules hover above the borders of chromospheric
cells, and their length varies from a few million meters to over 10 Mm. The researchers in
[86] have observed that the origins of spicules align with areas of increased brightness in
the Ca II H line filter on the solar surface. Variations in spicules along the solar limb can
be detected through both visual and spectral means. Visual observations reveal variations
in the intensity of spicules and apparent shifts in their axes. The significance of such ob-
servations has increased notably following the deployment of the Solar Optical Telescope
(SOT) on the Hinode spacecraft. This telescope, installed on the spacecraft, has enabled
the study of these fluctuations with a high degree of spatial and temporal precision. [89]
studied solar limb and disk spicules and detected spicules oscillations. They also analyzed
overlaps effects of spicules by simulation model assuming different positions of limb and
disk spicules. Additionally, they examined a predefined selection of spicules characterized
by varying heights, lifespans, and tilt angles. They conducted simulations and subsequently
analyzed the outcomes, considering three distinct spatial resolutions of the frames and vary-
ing spicule number densities. They obtained the exact period of the spicule by using the
wavelet method. They compared their findings with chromospheric observations conducted
by Coronal Explorer (TRACE) filtergrams (1600Å), Sac-Peak Dunn’s VTT (Hα), and Hin-
ode (Ca II H). Their results suggested that the apparent oscillations seen in the spicules are
significantly affected by overlapping effects.

Space observations with a high degree of resolution provide detailed data about the for-
mation dynamics and origin of spicules. High-frequency oscillations of magneto-acoustic
waves in spicules due to Photospheric granular forcing have been reported [117]. The os-
cillation period of kink waves within a magnetic cylinder placed in a field-free environment
was ascertained using the MHD seismology technique [2], [4]. Authors in [88] by 1-D Fourier
transformation at different heights above the solar limb showed for the first time, from 0.18
to 0.25 Mm. They can be related to the type II spicules. Spicules have transverse periodic
fluctuations [88]. They obtained the x-t diagram for different heights (see Figures 1-3).

[94] analyzed observations of a quiet solar region by using Hinode in Ca II H in November
2006 (Figure 4). Madmax operator was used to reduce noise and improve the image of
spicules. They studied the relation between off-limb and on-disk spicules (Figure 5). They
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Figure 1: Ca II H (3968Å) spicules, from 19:00 to 22:00 UT on 12 July 2007, centered at
position X = 610, Y = 710 arcsec in the heliocentric coordinate, and the wavelet power [89].
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Figure 2: Fourier transformations of time series [88].
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Figure 3: Time average of amplitude spectra for different heights above the solar limb [88].

showed a strong correlation between the limb and near-limb fast jets. They presented 1-D
Fourier power spectra obtained at various locations on the solar disk and above its limb.
They detected fluctuations with 3 min and 5 min, and less than 100 s. Researchers in [90]
investigated the orientation of the EUV jets in the different solar latitudes. They used Ca II
H data from the SOT/Hinode mission, and determined the orientations of jets by applying
the Hough transform from the polar to the equator regions (Figure 6). As one moves from
the solar equator towards the poles, the inclination angle of the spicules decreases, and
their apparent length increases. As a result, it can be said that the chromosphere is thicker
in this state compared to the maximum solar activity. In the event that spicules within
the polar coronal holes exhibit a substantial increase in inclination angle, the thickness of
the chromosphere and even the transition region would decrease. Conversely, large-scale
activities with brief lifespans do not have a notable impact on chromospheric thickness
and are effectively filtered out when averaging over extended measurement periods. During
periods of minimum solar activity, the largest statistical concentration of spicules is observed
in polar regions and lower latitudes, primarily consisting of spicules with more significant
inclination angles. Conversely, in the peak phase of the solar cycle, the reverse trend is
anticipated, which offers a topological explanation for the expansion of the chromosphere
during periods of minimal solar activity.

A behavior surge-like has been seen on many of the solar limb spicules. Therefore a
multi-component behavior with twisted threads is supported. In reference to [93] an ex-
amination was conducted on the equivalent of limb spicules when observed on the solar
disk. The study demonstrated that the lateral movement of spicules beyond the solar limb
could be influenced by the rotational motion occurring at the base of spicules on the so-
lar disk, as depicted in Figure 7. They obtained Movements of the luminous points along
the perimeters of the network in the range of 200 to 400 km, indicating vortex motion.
Their results confirm splitting process and showed the existence of multi-threaded spicules.
They proposed this mechanism in the context of doublet or multi-component spicules. The
initiation of Alfvenic wave propagation within the spicules can be attributed to mode propa-
gation, aligning with recent findings highlighting the existence of multiple structures within
spicules. It can not be detected the spinning spicules from the disk Dopplergram obser-
vations. They generated 3D time-slice diagrams represented as columns, with axes along
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Figure 4: Applying Madmax operator on SOT (Hinode) images [94].

Figure 5: Negative of Figure 4 showing spicules and bright points [94].
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Figure 6: From top to Bottom, processed image and applying the Hough transform [90].

the x, y, and time on the z-axis. These diagrams involved successive, partially transparent
slices arranged in perspective, allowing the visualization of rotational patterns within the
chromospheric rosettes. These representations offered valuable insights into spinning mo-
tion, helical wave propagation, and splitting phenomena, as depicted in Figures 8 and 9. In
a previous study by [17], they documented the existence of minute cellular structures that
appear as bright, circular formations beneath dark mottles. These structures, referred to as
rosettes, typically exhibit a circular shape and are characterized by their brightness in the
chromosphere. Remarkably, rosettes undergo rapid deformation during their lifetime and
can even disintegrate into smaller, distinct bright points. The phenomenon of splitting, as
observed in the form of doublet spicules, has been documented by researchers in reference
[87]. Recently [88] reported this behavior as multi-component spicules. [86] described in
detail for limb spicules with SOT/Hinode instrument using highly processed data at best
available spatial resolution. The existence of spectral features exhibiting an inclination rel-
ative to the dispersion direction has been attributed to the rotational motion of spicules.
This value is about 25-30 km s−1, like the swaying motion,15-20 km s−1, [31], [88].

The dynamic characteristics of an incompressible magnetic fluid with an X-shape was
investigated by [92]. This incident took place during the process of magnetic reconnection
within the region responsible for jet formation. The researchers took into account the impact
of viscosity in the context of closed line-tied magnetic X-shaped nulls and discovered a
correlation with observations made by Hinode. Specifically, they found concurrence between
the oscillatory and non-oscillatory behaviors of solar jets observed in the chromosphere and
the corona. These findings indicated that the influence of viscosity played a significant role
in the magnetic reconnection process, contributing to oscillations within the cool solar jet
group observed in the Ca II H line.

[97] illustrated that the rate of upward motion was slightly higher at high levels. Their
research revealed that a substantial number of spicules exhibit multi-component character-
istics, indicating concurrent motion in both left and right-handed directions. This simul-
taneous movement can be interpreted as either twisting or untwisting of the threads[97].
The quantity of turns is related to the overall diameter of the spicule. Figure 11 represents
twisting motions. Twisting motions might be interpreted from Figure 11 [97].

In reference [91] they introduced an enhanced operator known as Madmax (OMC),
which identifies maxima of convexities calculated in various directions around each pixel.
This operator was rewritten in Matlab and demonstrated to be highly effective for pattern
recognition purposes. This algorithm is employed to track the presence of slender, hair-
like structures within the chromosphere, such as the thin solar jets or spicules observed in
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Figure 7: Processed image of SOT/Hinode on 22 November 2006 [93].

Figure 8: Time evolution of the base of spicules and the splitting processes with a cadence
40 s at 00:24:00 UT. Base of [93].
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Figure 9: Contours plots of time evolution indicated the splitting one magnetic bright point
to doublet points. The cadence of images is 8 s, on 22 November 2006 at 00:45:00 UT [93].

Figure 10: Green stream lines show the magnetic field lines close to the reconnection point.
Red lines indicate velocity. The blue line is where the authors study oscillations [92].
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Figure 11: Left: A twisted thread using a propagation of torsional motion. Right: Cor-
responding 2D negative view supposing the plasma is optically thin at this emission line
[97].
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high-resolution solar imaging. These observations often suffer from contamination by noise
originating from various sources. The key spatial operator utilized in this context relies on
the second derivative, specifically chosen in the direction where its absolute value reaches
its maximum. Consequently, it leverages the inherent positivity of the resultant intensity
signal, even when affected by superimposed noise [3]. In Figure 12, you can observe three
sets of images. The first set displays the original test image featuring various textures. The
second set showcases the corresponding blurred image, which results from applying blurring
effects to the original. Lastly, the third set exhibits the reconstructed image, achieved by
utilizing the OMC code (Madmax), but applied to the blurred image. These reconstructions
are demonstrated for three distinct tiling steps [91]. In [96] scientists conducted a study to
investigate the coherence of intensity oscillations in solar spicules as they extended higher
above the solar limb. This research encompassed observations in various solar conditions,
including the quiet Sun, the active Sun, and active regions, and utilized data from the Hin-
ode/SOT instrument. In the quest for substantiating the coherence of these oscillations,
They employed both Fourier and wavelet analyses to quantify the primary frequency peaks
of intensity at various altitudes, along with determining the phase difference between os-
cillations at two specific heights. The outcomes from their fast Fourier transform (FFT)
revealed frequency peaks at approximately 3.6 mHz, 5.5 mHz, and 7.3 mHz across three dis-
tinct scenarios. They discovered that the variations in power levels across the three datasets
remained unaffected by both altitude and solar activity. Their wavelet analysis yielded dom-
inant frequencies consistent with the FFT results. The coherency results showed frequencies
around 3.5 mHz and 5.5 mHz across all three datasets. In a study conducted by [115], the
focus was on investigating the contribution of active-region spicules to the mass balance
of the solar wind and their role in supplying energy to heat the solar atmosphere. The
researchers utilized high-cadence observations obtained on January 26, 2007, from the SOT
instrument aboard the Hinode satellite, specifically in the Ca II H line filter. This observa-
tional technique was chosen due to its ability to provide the necessary high spatiotemporal
resolution for the detection of fine structures like spicules. To analyze the data, the re-
searchers employed both Fourier power spectrum and wavelet analysis techniques on the
time series data acquired from the active-region observations made by Hinode/SOT. Their
research uncovered coherent intensity oscillations, which could potentially serve as evidence
for the transport of energy responsible for heating the solar atmosphere. To investigate fur-
ther, they employed time series data and measured the phase difference of these oscillations
between two distinct heights, with a focus on how it varied with frequency. The outcomes
of their analysis, which included both FFT and wavelet techniques, revealed distinct peaks
in the power spectrum within the frequency range of 2 to 8 mHz at four distinct heights
above the solar limb. According to their findings, approximately 0.02 to 0.1 of the spicule
mass migrates towards the solar corona, while the remainder returns to the chromosphere.
In simpler terms, spicules have the capacity to replenish the mass lost as a result of the slow
solar wind [115].

2 Bright Points Ejections
When solar chromosphere is observed in the quiet Sun (QS), it is seen as dominated mag-
netic bright points (MBPs) or magnetic network at rosettes of supergranules [36], [92].
Solar magnetic field extent from the photosphere, chromosphere, TR, and corona into the
interplanetary space. Beyond active regions and sunspots, the area of the solar surface is
referred to as the ”quiet Sun” (QS) [70]. The network exists beyond the confines of the
supergranules. Throughout the lifespan of the network, it undergoes dynamic spatial and
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Figure 12: Step by step applying the OMC code (Madmax) to the original image [91].
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temporal alterations [76]. Internetwork is the region inside the supergranules. Within the
internetwork, there exist discrete magnetic fields. Due to the motions of the magnetic field
an effective flux transportation observe at the network [60]. There are magnetic field in
the both internetwork and the network [35], [49], [50]. In a study by [10] the lifetime of
Bright Points (BPs) was documented as being less than 120 seconds, as observed through
the New Solar Telescope (NST). [113] identified a lifetime of approximately 131 seconds
for chromospheric Bright Points (BPs) observed by Hinode/SOT. Magnetic field is strong
in Bright points (BPs) and ARs, explosive events (EEs), CHs, and the QS network and
internetwork brightness. Bright points sizes mostly change with spatial resolution of the
imaging instrument. [10] determined the size of BPs as 77 km by the New Solar Telescope
(NST). According to [107], the mean diameters of Magnetic Bright Points (MBPs) were
reported to be approximately 166 kilometers, as determined from observations made with
the Hinode/SOT instrument. [107]and [113] measured diameter of MBPs under 70 km and
210 km respectively. Confined flux tubes play a crucial role in transporting large-scale
and long-term magnetic fields throughout the solar atmosphere. This is because Magnetic
Bright Points (MBPs) exert control over the diffusion mechanisms, and the flow of Bright
Points (BPs) serves to concentrate magnetic flux into a network-like pattern. So far, many
simulations of solar MBPs made to indicate the dispersal, concentration, and diffusion of
magnetic flux. Researchers in [18] examined the impact of these changing trajectories on
an initially uniform and randomly distributed collection of tracer points. The visualization
revealed how Bright Points (BPs) evolved within all the datasets, transitioning from a ran-
dom and uniform distribution to a discernible network-like structure. This concentration
of points occurred at the vertices of the flow pattern. It’s worth noting that these points
are not accurate representations of Bright Points associated with strong magnetic fields.
For relatively weak fields these models were very accurate. MBPs were firstly described
as magnetic elements. Usually, network MBPs observe more intense and dense than the
internetwork areas [5], [81]. In [100], it was found a robust correlation between bright points
and high Doppler velocities. This finding serves as compelling evidence of their association
with strong magnetic sources. A dominant period of oscillations about 3 min have seen in
the chromosphere, which is often seen in velocity and intensity in Mg II h and k spectral
data [84]. The 5-minute oscillations primarily originate in the photosphere and the lower
chromosphere. These oscillations are commonly referred to as p-modes [61].

Photosphere BPs and chromosphere MBPs may not definitely related together [64]. By
using spectroheliograms, it is confirms a strong relation between chromosphere network mag-
netic BPs and the QS supergranulation process, dopplergrams, and magnetograms. How-
ever, the theoretical understanding of the interaction between the magnetic field within the
network (∼ 1 kG) and the dynamic flows at the boundaries of these giant cells is currently
lacking. [83] found that there was no matching between supergranulation and the magnetic
network. [71] suggested that the magnetic network formation is highly related to supergran-
ulation flows. [39] indicated that on a large scale, the distribution of coronal bright points
(CBPs) on the solar surface is uniform, but in, ARs it is deviated from. Bipolar features
seen in magnetograms are signs of X-ray CBPs. The gap between the bipoles widens as their
lifespan progresses. This separating motion velocity is about 2 km s−1. A typical magnetic
flux is ranged from 1019 to 1020 Mx per day of lifetime. In their study, [62] documented the
convergence of bipoles and the cancellation of magnetic elements with opposing polarities.
Meanwhile, [52] observed that certain Coronal Bright Points (CBPs) are generated through
the convergence of bipolar magnetic fields, while others arise from the emergence of entirely
new magnetic fields. [55] provided evidence for the soft X-ray brightening events, which are
called coronal flashes. The feature had a short lifetime and could be related to X-ray jets.
[75] found that a CBP consists of several miniature loops (each ∼ 25 Mm in diameter and
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12 Mm long). [6] and [9] indicated that there are two main group of a lifetime for CBPs.
About 52 percent showed typical short lifetimes of less than 20 minutes and 48 percent
showed long lifetimes of 6 hours. For finding sources and physical properties of CBPs, it
is necessary to identify and track the bases of the CBPs. In their study, [8] employed an
automated approach that relied on Zernike moments and a Support Vector Machine (SVM)
classifier for the purpose of detecting and tracking solar campfires as observed by the Solar
Orbiter’s Extreme Ultraviolet Imager (EUI) and the Solar Dynamics Observatory’s Atmo-
spheric Imaging Assembly (AIA). A notable portion of the HMI (Helioseismic and Magnetic
Imager) Magnetic Bright Points (MBPs), which are predominantly characterized by small-
scale bright dots, exhibit a tendency to reappear in approximately the same areas within
the photosphere. These characteristics are linked to Transition Region (TR) Dopplergrams
that feature regions with elevated Doppler velocities. [98] suggested that some of these BPs
are duo to magnetic reconnections of loops at base regions in the lower layers of TR and
chromosphere. Because of inaccessibility in the measurement of the coronal magnetic field,
understanding the correct magnetic structure and properties only through the characteristics
of the surrounding the magnetic structure is indirectly identified. [38] depicted the geomet-
ric characteristics of solar jets, showcasing a prominent upward ejection of hot plasma into
the higher layers of the solar atmosphere. This phenomenon has the potential to induce
abrupt heating of the solar corona and contribute mass to the solar wind. It is reasonable
to anticipate that these Coronal Bright Points (CBPs) could also be traced throughout the
Transition Region (TR) and chromosphere, given the continuous expansion of photospheric
magnetic field lines toward the corona. It’s worth noting that Dopplergrams have been a
long-standing and established technique for studying supergranulation. [81] determined that
the typical length of this structure ranges between 20 and 30 Mm. In the study described
in [100] the authors explored the connection between the photospheric magnetic field and
Dopplergrams in both the chromosphere and the Transition Region (TR) for observations
made in Near Ultraviolet (NUV) and Far Ultraviolet (FUV) channels. They also examined
how these observations correlated with filtergrams taken in the Extreme Ultraviolet (EUV)
range to better understand the relationship between different layers of the solar atmosphere.
[11] estimated the chromosphere mass velocity of about 20 km s−1 using FLCT method. In
the field of solar physics, it is imperative to comprehend the mechanisms by which energy
is conveyed into the solar corona and how it propagates along magnetic field lines spanning
from the deep photosphere, through the chromosphere and the Transition Region (TR),
and ultimately into the corona. Understanding this energy transport process is crucial for
gaining insights into the dynamics of the Sun’s outermost layers. A highly effective method
for studying energy transport is through the use of Interface Region Imaging Spectrograph
(IRIS) raster scans and imaging observations, particularly in the near-ultraviolet (NUV)
and far-ultraviolet (FUV) emission channels. These observations offer exceptionally high
time and spatial resolutions, making them a valuable tool for investigating the dynamics
of energy transfer within the solar atmosphere. Researchers in [100] examined the quiet
Sun using data from the IRIS specifically focusing on high signal-to-noise ratio observations
in the Si IV, C II, and Mg II k lines, which exhibited strong emission intensities. Their
analysis revealed a robust correlation among the bright network points in the Transition
Region (TR). Their results indicated that The intensity maps and Dopplergrams obtained
from the IRIS were contrasted with the corresponding data from the Atmospheric Imag-
ing Assembly (AIA) and the Helioseismic and Magnetic Imager (HMI) instruments, both
of which are part of the Solar Dynamical Observatory (SDO) mission (see Figures 14-16).
Additionally, they demonstrated that the mean intensity profiles of the network exhibited
a significant correlation with the coronal channels of the Atmospheric Imaging Assembly
(AIA). Moreover, they utilized simultaneous observations of the magnetic network from the
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Figure 13: The full disk image of SDO/AIA filtered in Fe IX 171 Å. The right panels indicate
IRIS images in several TR lines [100].

Helioseismic and Magnetic Imager (HMI) and identified a robust connection between the
network’s Bright Points (BPs) across various layers of the solar atmosphere. These network
elements displayed prominent characteristics, including regions of high Doppler velocities
and substantial magnetic signatures.

In order to investigate the movements and oscillations occurring within the solar chromo-
sphere and Transition Region (TR), researchers in [101] conducted an analysis of significant
off-limb Doppler shifts observed using the IRIS. They used raster scans and SJI observations
performed in the near-ultraviolet (NUV) channels. They found large transverse oscillations
in far wings profiles. In the tranquil regions of the Sun, particularly in the polar Coro-
nal Holes (CHs), researchers conducted an analysis of the dynamic characteristics of the
dispersed material associated with spicules, using high-resolution IRIS observations that
offered precise spectral, temporal, and spatial data. Their findings pointed to the presence
of numerous small-scale spicules exhibiting swift twisting and swaying movements, as ev-
idenced by the notable distortion and dispersion of their spectral line profiles, along with
remarkable periodic Doppler shifts. They also noted that the majority of these spicules
appeared repeatedly, displaying both red- and blue-shifts above the solar limb during the
entire observation period. The average swaying speed of order ±35 km s−1 reached a max-
imum value of 50 km s−1 in the polar CHs, well above the 2.2 Mm heights were obtained.
Additionally, they made a groundbreaking discovery by identifying waves with exceptionally
short periods, measuring just 100 seconds or less. They computed transverse amplitudes in
the range of ± 20 to 30 km s−1 displaying clear characteristics indicative of Alfven waves.
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Figure 14: The IRIS images of BPs in TR, and AIA/SDO images show a significant 2D
correlation. Results of summing frames for 30 minutes were observed. [100].

See Figures 17-19.
The Sudden rise of solar atmospheric temperature is still unresolved. Waves and insta-

bilities within the solar plasma have been put forward as potential candidates to address
this matter. There is a hypothesis proposing that the energy carried by these waves could
contribute to heating the solar atmosphere, including the Transition Region (TR) and the
corona. Using the IRIS telescope observations, researchers in [116] conducted an exam-
ination of the waves within magnetic tubes, including UV bright points located at the
boundaries and within the supergranules. Investigating these dynamic structures, which
exist in the region between the chromosphere and the transition region, holds the potential
to significantly enhance our understanding of the transport of mass and energy through
the interface region that separates the chromosphere from the inner corona. The magnetic
BPs represent the surface manifestations of magnetic flux tubes connected to magnetic fea-
tures. These flux tubes ascend towards the upper layers of the Sun’s atmosphere, presenting
themselves as luminous granules that form the chromospheric network. To explore the peri-
odic characteristics of these phenomena and delve into different facets of their oscillations,
researchers conducted a detailed investigation. In a study referenced as [116] , they indi-
vidually analyzed intensity fluctuations using the wavelet analysis technique in the 2796
Å , 1400 Å and 1330 Å spectral lines observed by the Interface Region Imaging Spectro-
graph (IRIS) Solar-Joint Imager (SJI). They extracted the periods of intensity fluctuations
in these points, which ranged from 2 to 8 minutes, closely aligning with the frequencies
associated with atmospheric pressure modes. To delve deeper into wave propagation within
these atmospheric layers, they explored the correlation of oscillations between the chromo-
sphere (2796 Å) and the transition region TR (1400 Å and 1330 Å) heights using the cross
wavelet method. Their findings revealed a strong correlation with periods ranging from 2.5
to 5.5 minutes and wave speeds spanning 30 to 200 km s−1. Additionally, they employed
the Si IV line to ascertain the Doppler velocities of the magnetic bright points (BPs) within
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Figure 15: Left: SJI of BPs. Right: Short-lived of BPs is seen as bright features in the blue
and red wings (around ±50 km s−1) in Mg II k 2796 Å spectral line [100].
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Figure 16: intensity variations in the region which is marked as numbers 1 (left column)
and 2 (right column) in Figure 15. The common diagram in all panels (blue squares and
confidence bounds) is for IRIS Si IV (1400 Å), and simultaneous intensity for AIA channels
is illustrated in red [100].



Review of Fast Solar Jets and CMEs 29

Figure 17: Doppler images obtained by in the wings of Mg II k line (2796.32 Å). The color
scale is corresponded to [-30 +30] km s−1 or ± 0.3 Å. Solar limb are illustrated by arrow
[101].

Figure 18: Time evolutions of Mg II k spectra from 16:35 to 16:50 UT on 19 February 2014.
The time cadence between panels is ∼ 15 minutes. Height distance between successive
panels is 3 pixels or 1 arcsec (pixel size is ∼ 0.33 arcsec). There are the waves with very
short periods (< 1 min) between 14 and 18 arcsec [101].
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Figure 19: Time evolutions of spectra in Mg II k with a possible reversal of Doppler velocities
with heights on 19 Feb 2014 and time interval is the same as Figure 18 [101].
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the chromospheric network and internetwork. These velocities were found to range from
approximately -20 to 30 km s−1 for BPs within the network and from 21 to 21 km s−1, for
those in the internetwork. (see Figures 20-22). Their findings imply that the transmission
of waves through the magnetic flux tubes carrying upward-flowing plasma within magnetic
bright points (BPs) plays a crucial role in heating the solar atmosphere.

[74] investigated oscillations period of BPs in Mg II k line intensity, brightness temper-
ature, and Doppler velocity. They used data from (IRIS) and SDO. They identified MBPs
in Si IV 1403 Å and SJIs, with the magnetogram information from the Heliospheric and
Magnetic Imager (HMI). See the Figures 23-24. For detecting the oscillations they work on
Y-T analysis by wavelet method on the Mg II k 2796 Å̇ and 10,000 K. A power spectrum
analysis was conducted to delineate the oscillatory behavior of various regions. The results
revealed distinct characteristics: network points exhibited a recurring intensity, tempera-
ture, and velocity oscillation with an average period of approximately 300 seconds, while
internetwork points displayed an average intensity oscillation period of roughly 180 sec-
onds, a mean temperature oscillation period of about 202 seconds, and an average velocity
oscillation period of approximately 202 seconds.

It is believed that many bright features in the chromosphere play a basic role in the heat-
ing corona. Examining the wave properties within the outer layers of the solar atmosphere is
instrumental in gaining a deeper understanding of this region. Among these properties, the
wave phase speed (PS) stands out as a pivotal factor influencing both solar coronal heating
and the distribution of energy throughout the solar atmosphere. [73] determined energy flux
(EF) of BPs calculating the filling factor and the phase speed. They obtained filling factor
by the size and intensity of the IRIS BPs. They calculated Doppler velocity from 40 to 180
km s−1 at the network and from 30 to 140 km s−1 at the internetwork. In the AR, they
obtained from 80 to 540 km s−1 at the network and 70 to 220 km s−1 at the internetwork.
They obtained the EF for the IRIS BPs in three different frequencies. Their results confirm
that energy flux of the network BPs can heat solar atmosphere temperature.

Researchers in [119] studied a set of bright spots that were recorded on 17 August, 2014
at 2796 Å, 1336 Å, and 1394 Å wavelengths. They employed the temporal evolution analysis
method to monitor the trajectory of these structures and ascertain their apparent velocity.
Simultaneously, they determined the Doppler velocity by utilizing Gaussian fitting of spec-
tral intensity profiles. Their results of apparent speed showed that these jets have speeds
of approximately 10 to 110 km s−1 . Analysis of the spectrum of the blue and red wings
(line of sight velocities) at three wavelengths showed that these bright spots are moving
at Doppler velocities of -65 to 40 km s−1, -60 to 50 km s−1, and -80 to 60 km s−1, re-
spectively(see Figures 25-27). The findings of this study demonstrated that by leveraging
data from the IRIS Telescope, it becomes feasible to discern and isolate the distinct physical
components of jets across various wavelengths, while also elucidating their dynamic charac-
teristics. These specifications serve as valuable tools for enhancing our comprehension of the
layered structure within the solar atmosphere, shedding light on the mechanisms governing
the transfer of heat and matter to the solar surface. Furthermore, they enable us to inves-
tigate the repercussions of these transitions and their impacts on the Earth’s atmosphere.
The practical implications of this research extend to the objectives of space exploration and
hold significant relevance in understanding the climates of space, Earth, and other planets.

3 Explosive Events
[20] defined Explosive events (EEs) as structures indicating high turbulence in small ar-
eas having broad profile and jets with upward-moving material with velocities exceeding
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Figure 20: A sequence of images captured on 27 May, 2015 at 11:56 UT by IRIS/SJI
instrument, showcasing various wavelengths, including 2796 Å(bottom image) , 1400 Å and
1330 Å as we ascend from the solar surface to higher altitudes , and an illustrative instance of
a magnified Bright Point (BP) situated along the network boundary. In the lower panel, the
locations of two Bright Points (BPs) is observed: one situated along the network boundary,
and another within the internetwork, indicated by the two black arrows. Both horizontal
and vertical coordinates are provided in pixels [116].
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Figure 21: Negative image acquired by the IRIS instrument in the 1400 Å (Si IV) wavelength
range on 3 December 2014. On the right-hand side, an enlarged view of the area within
the red box is seen. The red arrows indicate the locations of Bright Points (BPs) within
the network and the yellow ones show (BPs) internetwork regions. Additionally, the vertical
white line running perpendicular to the limb represents the position of the slit. [116].
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Figure 22: An instance of the IRIS spectra obtained from the Bright Point (BP) located
within the network, specifically within the spectral windows of Si IV 1400 Å recorded on
December 3, 2014. In the panel, two brief green lines is observed, indicating the designated
region under analysis. Panels (a)-(d) display the profiles captured by the IRIS spectrum at
the slit position, which is demarcated by the two brief green lines illustrated in the left-hand
panels [116].
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Figure 23: Top panel indicate y-t panel MBPs at network obtained from SJIs 1403 Å;
Bottom panel: shows MBPs at internetwork clipped to the range between 0 and 117 [74].

the sound velocity (∼ 120 km s−1) in the corona. EEs were characterized using on-disk
far-ultraviolet observations conducted in emission lines originating from the hot transition
region. These emission lines covered a broad range of formation temperatures, spanning
from logT=4.3 to 5.7 [19]. Authors in [19] identified EEs on solar disk in a sequence of C IV
spectroheliograms. Their results confirmed that above the transition region, there are spikes
and jets similar to spicules and macrospicules. This was first discovered in data from the
Skylab mission [34]. It was postulated that EEs originated from the eruption of compact
loops, each with dimensions not exceeding 3000 kilometers. In [22] the researcher established
a spectrum of values encompassing size, shapes, and various other physical characteristics
associated with these features. [63] provided observational proof of a connection between
macrospicules and X-ray bright point flares. Macrospicules are associated with rapid erup-
tive events characterized by ascent times of only a few minutes or less. A unique rocket
observation, [28] showed that the bulk of spicules is recorded only in background absorption
outside the coronal organ. Evidence of a connection between hot ”jet lets” and soft X-ray
transient (SXR) flares was observed from partial frame sequences of the Yokohama mission
in the polar regions [55].

From observations of the eclipse, [53] found very thin coronal spikes ( ∼ 1 arcsec) of
white light rising to coronal temperatures above the polar chromosphere. The reason these
spikes were visible was because of Thomson scattering occurring at altitudes ranging from
5 to 20 million meters above the solar surface. Their densities are on par with those of
the jets, measuring at approximately (1× 1010 cm−3). Moreover, the height of these spikes
closely resembles that of the largest jets previously documented by [20], as observed in C IV
(logT=5) spectroheliograms [19]. Ground-based telescopes detected off-limb macrospicules
and surges in polar regions using hydrogen-alpha (Ha) and other low-excitation spectral
lines. In the study referenced as [40] a comparison was made between He II 304 Ångström
images obtained from the Extreme Ultraviolet Imaging Telescope (EIT) aboard the Solar
and Heliospheric Observatory (SoHO) and those acquired using the Dunn Solar Telescope
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Figure 24: From top to bottom show brightness intensity time-slice, brightness temperature
time-slice, Doppler velocity time-slice obtained from a line of sight (LOS) line shift velocities
clipped into a range of ± 13 km s−1, intensity power diagram, intensity temperature power
diagram, velocity power diagram for Mg II k spectra respectively [74], [103].
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Figure 25: (a) The solar disk image (at 193 Å) taken from the SDO/AIA on 17 August,
2014 at 10:06:13 UT, black square of the study area. (b) shows the magnified image of the
black square of Rank and the purple vertical line shows the position of the telescope slit.
(c) refers to the active area near the gap [119].
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Figure 26: Linear profiles of Mg II k, C II and Si IV related to the first 4 bright spots. From
top to bottom, the spectral images of Mg II k with a wavelength of 2796 Å, C II with a
wavelength of 1336 Å and Si IV with a wavelength of 1393 Å, on which the spectral intensity
profiles along the short cyan line (on the left side of the figure) is drawn [119].

in conjunction with the Universal Birefringent Filter (DST-UBF) at the National Solar
Observatory (NSO) located at Sacramento Peak. The images included complex eruptions in
the polar regions with large amplitude motions. In polar coronal holes, there are conspicuous
small radial jets that may have connections to Hα polar limb surges,as suggested in [54], [40].
These jets are especially noticeable in areas where the Yohkoh mission captured transient
soft X-ray (SXR) brightenings, as documented in images from reference [55]. Additionally,
these jets are closely associated with the nearby presence of minute bright loops, as observed
in calcium II H images obtained by the Solar Optical Telescope (SOT) of the Hinode mission
in polar regions, as described in references [88], [98]. The suggestion is that the geometric
configuration of these jets, along with their positions, originates in close proximity to singular
null points within the coronal magnetic field. [27] discovered a substantial quantity of
events occurring either in close proximity to or beyond solar plages on the solar disk. These
events featured notable velocities in the apparent outflows, suggesting that these jets could
potentially play a role in generating the high-speed solar wind.

There has been a proposal that magnetic reconnection could serve as a plausible mecha-
nism for the generation of spicules or solar jets, as [108], [43], [119], [118]. Classical spicules
have been observed in cooler, low-excitation spectral lines such asHα and Hβ of H I , as
well as in He I lines. These include high first ionization potential (FIP) lines, which have
energies exceeding 10 electron volts (eV), and low FIP lines, including the prominent reso-
nance lines of calcium II (Ca II) in both the ultraviolet (UV) and the infrared (IR) portions
of the spectrum. The reviews on spicule morphology, encompassing their derived physi-
cal characteristics and dynamic behavior, are detailed in references [85] and [106] . It is
well-documented that solar jets exhibit bidirectional plasma flows when they reach their
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Figure 27: Above shows the image of the time slice along the telescope slit. The horizontal
axis is time and the vertical axis is position in pixels. The dotted rectangle shows the time
section of the bright spots of the active area under study. The bottom figure is a close-up
of the upper rectangle. The red tracks show the traces of bright spots [119].
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maximum altitudes [66]. [48] This observation aligns with the magnetic reconnection sce-
nario initially proposed by [48]. [106] documented a comparable phenomenon occurring in
on-disk mottles. It has been observed that chromospheric bright points (BPs) tend to appear
in locations where arch-shaped mottles are emerging, implying that the presence of these
BPs is a consequence of magnetic reconnection, as discussed in reference [82]. [37] found
that the current sheet provides high acceleration of charged particles as the case for larger
scale events. Erupted small loops in the chromosphere appear to be important in many X
null-point reconnection sites [79]. Both [27] and [38] documented the presence of plasma
jets spanning a wide range of sizes in their X-Ray Telescope (XRT) observations aboard the
Hinode mission. These jets included large X-ray jets as well as numerous smaller ones resem-
bling the typical dimensions of macrospicules. In contemporary observations, macrospicules
are consistently detected through full-disk imaging experiments, such as those conducted
during the SDO/AIA mission, utilizing the emission line at 304 Ångströms corresponding
to He II resonance.

Due to the higher resolution of structures outside the off-limb, it is possible to better
describe all bright events, which are related to the height parameter, in the case of observa-
tions with high enough resolution to resolve the involved reconnection regions. The analysis
focused on events captured in a series of closely spaced rasters taken near the central merid-
ian and the limb near the South Pole. In their investigation, they utilized data from the
Solar-Joint Imagers (SJIs) and simultaneously conducted rapid spectral observations. Their
findings revealed the presence of Doppler shifts, notably consisting of a pair of red-shifted
elements and a faster blue-shifted element originating from nearly the same spatial location.
These shifts corresponded to projected velocities of up to 100 km s−1 on the plane of the sky.
Their results showed bidirectional plasma jets ejected from a small reconnection site. They
explained this phenomenon as a result of corona loop interactions leading to reconnection
at adjacent sites.

[102] investigated EEs in the off-limb solar atmosphere, with simultaneous observations
of the Si IV, Mg II k, and SJIs of the (IRIS), on 17 August 2014, and 19 February 2014,
See Figures 28 and 29. The data collected by the IRIS can be analyzed to study various as-
pects of the solar atmosphere, including the movement of solar matter, fluctuations, energy
absorption, and the transfer of heat. The underlying mechanisms driving the formation of
large-scale solar phenomena, such as flares and coronal mass ejections, may have their roots
in these smaller-scale, high-energy events. Consequently, delving into the study of these
events can provide valuable insights into the mechanisms governing the transfer of mass
and energy from the chromosphere to the transition region and the corona. They acquired
intensity profiles by examining spectra at two distinct altitudes: at the solar limb and at a
5-arcsecond distance from the solar limb. Subsequently, they conducted an analysis of the
fluctuations in Eruptive Events (EEs) at these two altitudes along the observational slit.
Their observations revealed that certain spectral line profiles exhibited enhancements in
both the blue and red wings, signifying the presence of upward and downward flows. Addi-
tionally, some profiles exhibited EEs in opposite directions within both wings. The presence
of swaying and rotational movements in the solar phenomena indicates the potential exis-
tence of kink and torsional waves. To quantify these motions, they estimated the amplitude
of the Doppler velocity in two datasets collected at different altitudes, yielding an approx-
imate value of around 50 km s−1. Furthermore, they determined the phase velocity of the
oscillations through a cross-correlation technique, which yielded a value of approximately
220 km s−1. These findings suggest that the fluctuations observed in Eruptive Events (EEs)
are indicative of both swaying and rotational motions.
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Figure 28: Left panels indicate spectra of Si IV 1403 Å and Mg II k 2796 Å taken on 19
February 2014. The two white lines refer to altitudes along which time slices are calculated.
The right panels are the time evolution of Si IV 1403 Å and Mg II k 2796 Å along the two
altitudes indicated by two white lines in the left panels. The horizontal lines in the right
panels indicate the rest wavelength position Mg II k 2796 Å and Si IV 1403 Å spectra [102].

Figure 29: Examples of the EEs with non-Gaussian profiles in Si IV 1403 Å line. Panels
(a)-(c) and (d)-(f) obtained from the first and the second datasets respectively [102].
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4 Coronal Ejections, CMEs and Solar Activity
Solar flares are the sudden and local brightening of the solar atmosphere, which is evident
in the entire electromagnetic spectrum [77]. The energy released by them is more than 1025

J within a few minutes through both thermal and non-thermal processes. Coronal mass
ejection (CME) is plasma driven from the solar corona into the interplanetary space with
a speed of 3500 km s−1 and a mass and energy of about 1012 kg and 1025 J respectively
[26] and [111]. Flares are categorized according to their soft X-ray emissions, which are
measured in the 1-8Å range and are recorded on a logarithmic scale using data collected by
the Geostationary Operational Environmental Satellites (GOES).

Flares are defined as classes X, M, C, B, and A, from strongest to weakest, with decimal
subclasses (M1.0, C5.2, etc.). Since flares of M1.0 and above have a large effect on space
weather, they are known as large flares. The relationship between solar flares and Coronal
Mass Ejections (CMEs) is of significant importance in solar research. Statistical analysis
reveals that the likelihood of flares being associated with CMEs tends to rise as the flare’s
strength increases. Typically, the most formidable X-class flares are almost invariably ac-
companied by a CME event. Nevertheless, it’s worth noting that reported percentages may
vary depending on factors such as the solar cycle stage and the specific instrument or detec-
tion method employed for observations [59]. A solar event characterized by the occurrence
of both a flare and a Coronal Mass Ejection (CME) is commonly referred to as an ”erup-
tive” event. Conversely, when a flare occurs without an associated CME, it is termed an
”enclosed” flare. Solar researchers typically employ the term ”solar flare” to encompass both
flares that are accompanied by CMEs and those that are not. flares and CMEs are aspects
of solar activity that typically arise from magnetically active regions of strong, extensive,
and often complex magnetic structures. The near-Earth space can be affected by flares and
CMEs, and these effects can last for minutes, hours, and days.

[47] showed a connection between small coronal mass ejections and the evolution of their
magnetic fluxes. Enhanced X-ray and Extreme Ultraviolet (EUV) radiation can lead to
variations in electron density across various ionospheric altitudes. These fluctuations have
a disruptive impact on radio communications. Moreover, the subsequent expansion of the
Earth’s atmosphere at higher altitudes results in increased atmospheric drag, which affects
the orbital trajectories of low-altitude satellites. Space instrumentation can experience in-
terference from both direct electromagnetic radiation and high-energy particles that get
accelerated by Coronal Mass Ejection (CME) fronts. This phenomenon can impact the
proper functioning of instruments in space. These effects can seriously damage the infras-
tructure, and disrupt communications, navigation systems and, power grids [15]. The origin
of the stationary ridges and their eruptions related to CMEs have not yet been precisely
determined. Vortex structures and countercurrents have now been seriously considered.
The currents are a good representation of the magnetic field line of force, but the details
are unknown. A large-scale vortex is observed in the high-latitude ridge observed on 13-14
November 2011, prior to its eruption. Using a Fourier local correlation tracking algorithm
combined with a three-dimensional analysis of counter-radial flows with vortices in filaments
with the dominant downward motion of plasma bubbles or plasmoids prior to prominent
eruption is observed, [57]. A large-scale vortex structure was analyzed in detail, which
shows a possible three-dimensional behavior. For the first time, synthetic stereograms were
produced to show three-dimensional behavior. The Hα bulge, often observed on the so-
lar limb, is intricately enveloped within a complex coronal temperature structure. This
structure exhibits pronounced eddy motions within the chromospheric temperature plasma.
Remarkably, this plasma remains suspended and constrained by the magnetic field up to
half a day prior to its eventual eruption. Using the AIA images, the 3D surrounds of the



Review of Fast Solar Jets and CMEs 43

corona are visible, including the hot plasma at the bottom. Using the Yohkoh observations
[78] observed a very strong X-ray jet forming. They introduced such a structure the active
anemone zone. The occurrence of field line reconnection and the destruction of the mag-
netic field naturally indicates the existence of the neutral point. [78] concluded, based on
two-dimensional numerical simulations, that the cause of the large X-ray jet generation is
magnetic reconnection. [38] introduced a conceptual model for the formation of solar jets
within a magnetic configuration. In this model, the energy source driving the process of
energy release is attributed to a small, rotational flux tube.

By examining the changes in the structure of the magnetic field, the dynamics of coronal
loops can be understood. By observing the direction of movement of coronal rings along the
stream, the mechanism of jet formation becomes possible. Coronal loops typically originate
from slender magnetic flux tubes containing plasma that is denser or hotter compared to
the surrounding environment.

Usually, the expansion of loops occurs at the base of the jets, and after breaking the
loops, and then starting the jets [79]. [24] reported the eruption of a small filament at the
base of the EUV jet. [68] observed spiral twist in a EUV polar jet based on observations
by the twin STEREO spacecraft. They found that the jet body appeared to open up as it
ascended and, suggested that the driving mechanism for initiating polar jets was magnetic
torsion. [37] using the analysis of observations at different wavelengths of a large-scale event
in the region of ARs showed that it leads to forming a white light jet. Both large and
small CMEs, as well as mini-CMEs, have been consistently observed using the Extreme
Ultraviolet Imager (EUVI) aboard the Solar Terrestrial Relations Observatory (STEREO).
These events are often accompanied by characteristic dimming and wave-like brightenings in
the solar corona. [7] analyzed images of the solar full disk on 26 April 2008 with STEREO
in pass band 195 Åand 171Å, and determined the velocities of the large and small wave-like
brightening about 221 km s−1 and 6 km s−1, respectively.

The slow wind originates at much less than the typical radial distance (r=2.5R⊙) where
the LASCO C2 coronal hidden disk completely covers the central and most voluminous
region of the solar corona. Therefore, the sources of the solar wind are not imaged. Analysis
of the corona on it and very close to the solar disk is used by EUV imagers. However, These
observations reveal fluctuations in both temperature and plasma density. It’s important
to note that the concealed inner disk within the more recent COR1 coronagraphs of the
STEREO mission has a substantially smaller size compared to 2.5R⊙. Considering that
their effective spatial resolution and signal-to-noise ratio are very suitable for recording
small plasma bubbles, they are used in FOV detection and linear polarization analysis.
They were called local plasma density enhancements, which were inferred in W-L properties
similar to those of LASCO C2 bubbles, but starting at 1.5R⊙ and at radial velocities higher
than 50R⊙.

It turns out that flares that create waves and other transient phenomena generate the
solar wind. Although the SPIRIT telescope is on a complex near-Earth orbit observing
solar activity, it cannot be claimed that slow wind sources have been detected with EUV
or even SXR imagers. CORONAS-F, with its large FOV, showed that above active regions,
EUV coronal rays are recorded up to distances of 2 to 3R⊙ , illustrating plasma outflows.
Theoretically, the cause of solar wind can be diamagnetic plasmoids. [54] showed that the
sources of plasmoids result from reconnection near the surface. Detached ”spikes” from the
corona or giant spicules are formed away from reattachment. [38] applied this mechanism to
CH to explain the jets and possibly the fast wind, i.e., coronal streamers were excluded from
the study. [41] reported near-boundary observations of some scattered high-velocity ARs
outflow that may play an essential role in the slow solar wind mass-driving process. The
lower corona consists of numerous coronal loops. The plasma associated with these coronal
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Figure 30: Displacement of the white-light linear ray like jet observed by the SOHO/LASCO-
C2 coronagraph on 7 April 2011 [37].
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Figure 31: Highly processed WL eclipse image indicating the contour of loops and fine-scale
details after removing the larger-scale gradients. The left image indicate after processing
by the Madmax operator. the Madmax operator removes the photometric properties of the
image [16].
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loops in the magnetic fields is rooted in the layers of the photosphere. At higher altitudes,
where the plasma can finally escape, observations are few.

[109] observed hot jets in the lower corona in SXR. Then, [38] observed hot jets in SXT
of Hinode. In reference to [54], hot jets have been observed not only in Extreme Ultraviolet
(EUV) lines but also in cooler chromospheric lines. This observation enables connections
to be drawn between these hot jets and previous findings related to solar phenomena like
waves, sprays, as well as macrospicules and spicules. These rapid eruption phenomena with
the typical shape of the Eiffel Tower does not reach the critical radial distance to escape
from it. Photometry of eclipse white light images (W-L) was studied by [95]. They showed a
moving blob for the first time. They combined and aligned the SWAP images. These images
were evaluated using a 20-hour sequence. SDO/AIA captured a magnetic reconnection event
occurring in proximity to a high neutral point. This phenomenon was alternatively referred
to as a magnetic plasmoid. The bubble’s motion was quantified, revealing speeds of up to
12 km s−1. The electron density of the isolated condensate (cloud or spot or plasmoid) was
photometrically evaluated as 10 8cm−3 at r=1.7R⊙.

[58] have observed GCRs were characterized through images depicting individual nuclear
reactions, commonly known as spallation events.

Such an event was captured on 29 November 2015, using a unique routine LASCO C3
space coronagraph image obtained during the Solar and Heliospheric Observatory (SoHO)
mission in continuous observation at the L1 Lagrangian point. For the first time [58] ob-
served the scaling signature of a GCR well detected outside the Earth’s magnetosphere.
Their resulting image consists of different linear ”tracks” of different intensities leading to
a single pixel. The coronal camera is detected by this location frame on the silicon CCD
chip. During that period, there were no recorded occurrences of Coronal Mass Ejections
(CMEs), and there was no discernible evidence of optical debris in the vicinity of the space-
craft. Over the course of two decades of uninterrupted observations conducted by the Solar
and Heliospheric Observatory (SoHO), numerous instances of smaller Cosmic Ray (CR)
events have been documented. [58] recorded the first crusting event from a CR, outside
the Earth’s magnetosphere. They evaluated these events in terms of energy, which is an
acceptable galactic source. To begin, a total of 80 slitless visible eclipse flash spectra were
combined and integrated. These flash spectra were compared with simultaneously obtained
EUV SWAP/Proba2 174 Å images of ESA and AIA/SDO 171Å 193 Å 304 Å and 131 Å
filtergrams. In a total solar eclipse, which is free of disturbing light, the junction of the
corona and the corresponding cavity was investigated to study the prominence[16]. To in-
vestigate the electron density, an analysis was conducted on the visible continuum situated
between the solar prominences, and increasing heating in the cavity region was shown [16],
the photosphere to the chromosphere, and the prominence to the corona interface. These
solar structures were witnessed during a total solar eclipse, and their characterization was
reliant on the use of extreme ultraviolet (EUV) emission lines associated with both high and
low temperatures. They analyzed a time series of rapidly changing coronal hole structures
EUV data from SDO/AIA. They uncovered compelling evidence of events displaying accel-
eration characteristics within the 1.25 Mk line of Fe XII at 193 Å. They observed structures
that were moving upwards with a speed of about 140 km s−1. These phenomena can be
understood as an upward-propagating wave when examined in the spectral lines 304 Å and
171 Å. Higher velocities are seen at 193 Å up to 1000 km s−1. They found that this jump
of cold He II plasma has a time delay of about 4 min in the lowest layer. At the highest
level, it was more than 12 min late compared to the behavior of the hot 193 Å. The inves-
tigation involved the analysis of dynamics through the utilization of time slice diagrams.
The outcomes of this analysis revealed that a substantial volume of material, ejected at
high velocities, originates from beneath the columnar structure located at the base points.
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Figure 32: Top: high resolution W-L coronal images after processing by using the operator
Madmax. The magnetic field topology is seen at best the coronal structure defined by small
scale gradients supposed to represent [95].
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Figure 33: From top to bottom: composite white-light image of the 2010 July 11 total
solar eclipse obtained at 20:14 UT on Easter Island in the southeastern Pacific Ocean and
SDO/AIA observations in the EUV 171 Å line, and in polar coordinates. The AIA image
obtained by summing and applying unsharp masking 150 frames with 12 s cadence from
20:00 to 20:30 UT [99].

They concluded that the plasma material released from a cylinder with reinforced walls has
quasi-parallel edges.

In a study conducted by [104], the unusual thickness of the chromosphere situated above
the solar poles’ coronal holes (CH) was quantified using data from the Atmospheric Imaging
Assembly (AIA) aboard the SDO. They collected and analyzed 13 years of data from 2010
to 2022, on the 15th of every month. They used light emitted from He II at a wavelength of
304 Å at about 50,000 Kelvin to probe the sun’s north and south poles. According to their
results, A peak increase in the number of sunspots around 2025 is anticipated, with a time
delay of 2 to 5 years being attributed to the relationship between sunspot counts and solar
activity in the coronal holes (CHs) situated at the solar poles. As a result, it is likely that
the sunspot count during solar cycle 25 will exceed that of cycle 24, which was characterized
by a notably low sunspot count. Furthermore, their findings suggest an inverse relationship
between the thickness of the chromosphere and the magnetic activity cycle of the solar
dynamo. Their analysis further underscores the inverse relationship between the thickness
of the chromosphere and the magnetic activity cycle of the solar dynamo. Consequently, it
is likely that solar cycle 25 will witness a higher number of sunspots compared to cycle 24,
which was characterized by a lower sunspot count. This association between chromospheric
thickness and solar dynamo magnetic activity is a notable finding of their study (see Figures
39-41).
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Figure 34: The north CH observations of 2010 July 10 in polar coordinates of the solar
limb, in 304 Å after summing of 80 frames with a 12 s cadence(16 minutes between 14:28:52
and 14:44:40 UT, with unsharp masking). Intensities are in the logarithmic scale. The red
arrows shows the longest jet near the center of the figure as a tornado [99].

Figure 35: Example of snapshot in 304 Å line to show the main axis of the tornado with
different cuts that are used to study the longitudinal motion [99].
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Figure 36: A typical coronal plume structure in AIA 171 Å, with time evolution of the
acceleration inside [99].

5 Summary
This review aims to provide an overview of numerous studies conducted on fast solar jets
and Coronal Mass Ejections (CMEs). Energetic events like these can have a profound im-
pact on the space environment surrounding Earth, with effects manifesting over varying
timescales, ranging from minutes to hours or even days. The heightened X-ray and Extreme
Ultraviolet (EUV) emissions exert an immediate influence on electron density at different
ionospheric altitudes, leading to disturbances in radio communications. Additionally, the
subsequent expansion of the Earth’s atmosphere results in increased drag on low-altitude
satellites. Both the direct electromagnetic emissions and the energetic particles, whether
accelerated in situ or by Coronal Mass Ejection (CME) fronts, pose significant risks to
space-borne instrumentation and crew members. Furthermore, they can cause substantial
damage to critical infrastructure, both in space and on the ground. This includes the dis-
ruption of communication networks, navigation systems, and power grids. There are two
yet unresolved fundamental problems in Solar Physics: i/ heating of the solar corona and
chromosphere, and ii/ origin of the solar wind. Both are related to the practical issue of
Space Weather but also, the fundamental problem met in many fields of space physics and
Astrophysics. The dissipation of the free energy of the magnetic field and its consequences.
In addressing these challenges, it is imperative to engage in the analysis of extremely fine-
scale dynamic phenomena. This is timely because some of the new space missions brought
many of data concerning phenomena like macro-spicules and X-ray jets. The former problem
of chromospheric ”cool” spicules, believed to explain the plasma storage in the corona, is
now completely renewed and can be more extensively analyzed. New diagnostics should also
be considered to understand the processes inside the extended radial direction TR where
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Figure 37: Time intensity variations along the three lines along the jet(indicated in Figure
35). The red dots, green triangles, and blue squares are for 193 Å, 171 Å, 304 Å respectively.
The beginning phase of the sharp ascent of fitting intensities for different lines is indicated
by black arrows. Time difference of the ejection in the TR (304 Å) and hot coronal line (193
Å)is shown by the black horizontal lines [99].
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Figure 38: Time slice of intensity of the dynamical part of the jet. The width is 6 arcsec
in 304 Å. The time slice obtained in the perpendicular direction of the jet main axis of the
event shown in Figure 35 with a red line. Left: original display. The right panel obtained
after using an unsharp masking filter. Plasma clouds following a quasi-parabolic path in
time–distance diagram after 15 minutes is showed. It is seen the slope of the line is about
140 km s−1 [99].

Figure 39: From left to right indicates time slices along the radial distance. This method
applies by summing and averaging images to measure the width of the abnormal solar polar
region on 21 August 2018 in 304 Å (50,000 K) [104].
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Figure 40: Variation of the number of sunspots and thickness of the chromosphere in the
north pole (top) and the south pole of the Sun (bottom) [104].
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Figure 41: Radial time slices of solar disk in the three data in the 24 solar cycle. In the
minimum and maximum activity it is seen an increase and decrease in the thickness of the
chromosphere at the poles, respectively [104].
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magnetic energy is released. Questions related to the interpretation of reported observations
of apparent oscillations and waves were discussed, with emphasis on overlapping (superpo-
sition) effects to evaluate errors and possibly, explain observations, without implying any
oscillations. We also note that this paper ought to be used for better understanding global
space weather. Upon the arrival of Coronal Mass Ejections (CMEs) in the magnetosphere,
their interactions with the Earth’s magnetic field can instigate space weather phenomena.
The relationships elucidated in these findings have the potential to be invaluable in predict-
ing space weather events when they are observed.
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