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ABSTRACT
We show signatures of spicules termed Rapid Blue-shifted Excursions (RBEs) in the Si iv 1394 Å emission line using a semi-
automated detection approach. We use the Hα filtergrams obtained by the CRISP imaging spectropolarimeter on the Swedish 1-
m Solar Telescope and co-aligned Interface Region Imaging Spectrograph data using the SJI 1400 Å channel to study the Spatio-
temporal signature of the RBEs in the transition region. The detection of RBEs is carried out using an oriented coronal loop
tracing algorithm on Hα Dopplergrams at ±35 km s−1. We find that the number of detected features is significantly impacted by
the time-varying contrast values of the detection images, which are caused by the changes in the atmospheric seeing conditions.
We detect 407 events with lifetime greater than 32 sec. This number is further reduced to 168 RBEs based on the Hα profile and
the proximity of RBEs to the large scale flow. Of these 168 RBEs, 89 of them display a clear Spatio-temporal signature in the
SJI 1400 Å channel, indicating that a total of ∼53% are observed to have co–spatial signatures between the chromosphere and
the transition region.

Key words: Sun: activity - Sun: chromosphere – Methods: observational – Methods: data analysis – Techniques: image pro-
cessing – Techniques: spectroscopic – Telescopes

1 INTRODUCTION

Solar spicules are dynamic jets of plasma best seen in the Sun’s
chromosphere. They move upwards with velocities ranging from
15–200 km s−1, lasting from tens of seconds to a few minutes.
They are thought to play an important role in the mass and en-
ergy transfer across the solar atmosphere. Usually this transport is
in the form of propagating magneto-hydro dynamics (MHD) waves
Roberts (1945); De Pontieu et al. (2007c); Zaqarashvili & Skhirt-
ladze (2008); McIntosh et al. (2011); Shetye et al. (2021) or at sites
of magnetic reconnection, see De Pontieu et al. (2007a); Langangen
et al. (2008); Samanta et al. (2019, and references therein). In addi-
tion, spicules are further speculated to play a role in the formation of
the solar wind (De Pontieu et al. 2007b; McIntosh et al. 2011) which
interacts and can modulate Earth’s magnetic field. These magnetic
structures are believed to be emerging from the interiors of granules,
with their movement governed by photospheric motions (De Pontieu
et al. 2007a).

Quantifying the number density of spicules which play a role in
mass and energy transfer across the solar atmosphere is important to-
wards understanding their role in the energy budget. There has been
multiple efforts to track these features across the solar atmosphere,
e.g. Pereira et al. (2014) showed that some spicules (termed Type-II
or rapid blue-shifted excursions (RBE Langangen et al. 2008; Sekse
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et al. 2013a,b) undergo thermal evolution, at least to transition region
temperatures. Henriques et al. (2016) suggested that at least 11% of
RBEs could be connected to coronal counterparts. Work by Srivas-
tava et al. (2017) showed that these features support high-frequency
waves that can transfer mass and energy into the solar corona.

Ideally spicules are observed in the chromosphere in the wings
of Hα and Ca ii K spectral lines (Tsiropoula et al. 2012). In the
transition region, signatures of spicules often appear in Si iv and
C ii slit-jaw images as bright elongated features (Tian et al. 2014).
However, the co-spatial origins of these bright elongated features
with the lower atmospheric features, still remains debated. In this
manuscript we revisit the on-disk counterparts of spicules, such as
the RBEs, where we improve our detection strategies using the Ori-
ented Coronal Curved Loop Tracing (OCCULT) (Aschwanden et al.
2013; Aschwanden 2010) code. We play special attention to the
shape of the events, their origin from the photosphere and their spec-
tral profiles. We use data from the Swedish 1-m Solar Telescope
Scharmer et al. (2003, SST) and Interface Region Imaging Spectro-
graph (IRIS) whose field-of-view (FOV) was focused below a pore
within active region NOAA AR 12080. In particular we look at the
best method to investigate the evolution from the chromosphere as
observed using Hα, to the transition region as seen in Si iv 1394 Å.
This follows on from work by Nived et al. (2022) who addressed
the issue as to why there is not always a one-to-one correspondence,
between Type II spicules and hot coronal plasma signatures. These
authors do not detect any difference (as seen in Hα), in their spectral
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2 Vilangot Nhalil et al.

Figure 1. Panel (a): SJI 1400 Å image of the region under study. The white box bounds the SST FOV. Panel (b): The co-aligned SJI FOV. Panel (c) The AIA
1600 Å image. Panel (d) The SST image obtained at –1.032 Å from the line centre.

properties in a quiet Sun region compared to a region dominated by
coronal loops. Although the number density close to the foot-points
in the active region is found to be an order of magnitude higher than
in the quiet Sun case.

2 OBSERVATIONS AND DETECTION METHODOLOGY

2.1 Data sources

We used coordinated observations from SST and IRIS, with support
from the Solar Dynamics Observatory (SDO) to track and study the
evolution of RBE. The ground-based observations analysed in this
article were obtained on 10th June 2014, in both an imaging and a
spectroscopic mode, using the CRISP (Scharmer et al. 2008) instru-
ment on the Swedish 1-m Solar Telescope (Scharmer et al. 2003,
SST). CRISP has a FOV of 60′′ × 60′′ with an approximate pixel
scale of 0.0592′′. After co-alignment with SDO/AIA 170.0 nm im-
ages, we determined that the CRISP FOV is tilted at an angle of
62◦04′ with respect to the SDO heliocentric FOV, and centered at
xc = 403′′ and yc = −211′′ which contained a pore and was en-
tirely within NOAA AR 12080. Nine Hα line-positions were sam-
pled in sequence up to ±1032 mÅ with equidistant intervals of 258
mÅ from the line core at 6562.8Å at position 0. The cadence of
the observations is ∼4 s. More details about the observations can
be found in Shetye et al. (2016), including the Multi-Object Multi-
Frame Blind Deconvolution (van Noort et al. 2005, MOMFBD) to
produce science-ready images.

IRIS observed active region NOAA 12080 in a sit-and-stare mode
and obtained Si iv 1394 Å spectra using the 0.33” wide slit. The ex-
posure time of the observation is ∼15 s, making a cadence of ∼16 s.
The pixel scale of IRIS is 0.16635′′, which is approximately 3 times
the SST pixel scale. IRIS cadence is, therefore, ∼4 times that of SST,
thus, there are four SST observations corresponding to one IRIS ob-
servation. A near-perfect co-alignment between IRIS and SST must
be achieved to study the Si iv signature corresponding to spicules as
seen in Hα. The co-alignment is performed using the AIA 1600 Å
and SJI 1400 Å channels via a cross-correlation technique. The re-
sults of the SST-IRIS co-alignment are presented in Figure 1. Panel
(a) shows the FOV of the SJI 1400 Å observations, while the white
box bounds the FOV of the SST observation. The co-aligned images
of the SJI 1400 Å and AIA 1600Å are shown in panels (b) and (c)
respectively. Panel (d), shows the Hα image at –1.032 Å from the
line centre.

The detection of RBEs is carried out using Hα Dopplergrams.
This is a commonly used technique to detect RBEs and RREs (Sekse
et al. 2013c). The Dopplergram is constructed by subtracting oppo-

site Hα wing position at line positions ±773.9 mÅ (i.e. ∼ ±35 km
s−1). Before the subtraction, the line intensities at these wavelength
positions are normalised with respect to the outermost wavelength
observed in Hα at ± 1.032 Å from the line centre. An example of
a Dopplergram is shown in panel (a) of Figure 2. Since we subtract
the red wing from the blue wing, RBEs appears as a dark region
in the Dopplergram, while the RREs appear as a bright region. The
next task is to obtain properties such as lifetime, and length of these
events from the Dopplergrams. For this, we need to trace the struc-
ture axis of the RBEs. This is done via a curvi-linear structure tracing
algorithm called Oriented Coronal Curved Loop Tracing (OCCULT)
(Aschwanden et al. 2013; Aschwanden 2010). The code is routinely
used for detecting loop structures in EUV images obtained from in-
struments such as TRACE and AIA. Aschwanden et al. (2013) has
shown that the automated loop tracing code can also be applied on
Hα line core image data to trace filamentary structures and spicules.
In this work, we follow a similar analysis to trace RBEs from Hα
Dopplergrams. The details of the tracing algorithm are explained
below.

2.2 Visual and statistical analysis using the Hα line

Here we outline the detection scheme. The code starts by suppress-
ing the background structures below a certain threshold. The thresh-
old (Ithresh−1) is given by,

Ithresh−1 = Imed × qmed (1)

where Imed is the median of the intensity image and qmed is a control
parameter. The value of qmed is normally between 1 to 2.5, depending
on the noise level in the data (Aschwanden et al. 2013). This step is
useful for removing faint background features which appears due to
the noise. Compared to the typical EUV images, the CRISP images
have a very high contrast, implying that they have a broad intensity
distribution. Therefore, we chose qmed = 0 which means that every
pixel will be considered for the curve linear detection. The code has
an option to perform low-pass and high-pass filtering on the detec-
tion image before the tracing begins. Filtering is useful in reducing
noise and enhancing the faint structures. Our goal is to trace the dark
and bright features in the Dopplergram. The dark features appear
with an intensity reduction of 153% compared to the background.
Therefore, these features are easily detected without any filtering.

Tracing of the feature starts from the darkest pixel in the image.
Once a structure is traced, the location of the structure will be set
to zero before the next tracing begins. This iterative procedure con-
tinues until there are no pixels above a certain intensity threshold
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Spicules Detection 3

Figure 2. Here we present the tracing results for one SST image observed at
time 07:57.12 UT. Panel (a): The Dopplergram obtained by subtracting the
red wing from the blue wing. The black pixels represents the location of the
RBEs. Panel (b): Same as panel (a). The blue curves indicate the axis of the
RBEs detected from the curve-linear tracing algorithm. Panel (c): The same
FOV in SJI 1400 Å channel with detected features overlaid in white colour.

(Ithresh−2) where Ithresh−2 is given by,

Ithresh−2 = Imed × qthresh−2 (2)

where qthresh−2 is another control parameter. We set qthresh−2 = 3 for
the tracing of RBEs from the Dopplergrams (this value was deter-
mined via a trial-and-error.)

The OCCULT code traces separately in both the forward and
backward direction from the initial starting point, then finally com-
bined to form the complete structure. Once the starting point is iden-
tified, the code searches the direction (θ, with respect to the x-axis),
where the flux is maximum and then obtains the local curvature ra-
dius (rm) corresponding to the maximum flux. Following this, the
code uses a second order guiding criterion to extrapolate the coordi-
nates of the traced segments; for a detailed mathematical description
of the code, see Aschwanden et al. (2013). Note that the slit can be
placed at any angle between 0 to 180 with respect to the x-axis, how-
ever only one angle corresponds to the local direction of the feature.
This local direction can be obtained by calculating the average flux

along the slit for each orientation of the slit. The tracing stops when
the pixel below Ithresh−2 is reached.

The RBEs traced using the OCCULT code are presented in panel
(b) of Figure 2. The code successfully traced several RBEs from the
Dopplergram and their coordinates are shown in blue. To avoid a
false detection, we applied a condition that the length of the traced
structure should be greater than 20 pixels (1.18”) and they must have
a minimum radius of curvature of 40 pixels (2.36”). From the output
of the OCCULT code, we have information about the location of
RBEs in each time frame. By following an iterative approach it is
possible to identify the starting and end time of RBEs.

We start by identifying the location of an RBE in the first time
frame (i.e. time frame 1), then in the second step, it goes to the next
time frame (i.e time frame 2), finding all RBEs within a 200 km
range. Then identify the RBE that is closest. If the average mini-
mum distance between the RBEs in the first frame and the one in the
next frame is less than 5 pixels (∼ 0.3”) then it will be considered
the continuation of RBE in the previous time step. The average min-
imum distance is the average of the minimum distance between the
coordinates of the RBEs in the previous frame to the one in the next
frame. This iteration continues until the RBE completely disappears
(or RBE intensity goes below Ithresh−2, see equation 2). However, the
RBEs could disappear due to the bad quality (low contrast) of the
image. The main cause of this blurriness is the time varying atmo-
spheric seeing condition. A good seeing condition is characterized
by higher contrast values of the observed images, while the low con-
trast values corresponds to the bad seeing condition. To account for
the effects seeing on the time-tracing algorithm, the iteration only
stops when the RBEs disappears on a high contrast image. Here, we
defined contrast value as the ratio of the standard deviation to the
intensity of the image. By manual inspection, we defined the high
contrast image as the image with a contrast value greater than 1/18.
Once an RBE is traced in time, then its coordinates will be removed
from the data cube to avoid multiple detection. A detailed descrip-
tion of the effects of contrast values on the detection algorithm is
presented in the next section. Finally, we applied a condition that
the lifetime of an RBEs should be at least 2 times-steps (∼8 s), to
reduce the number of false detections.

2.3 The effects of blurriness on the detection

The detection algorithm mentioned in the previous section signifi-
cantly depends on the quality (contrast) of the image used for detect-
ing RBEs. The contrast value will be smaller for the blurred image.
This blurriness could be a result of atmospheric seeing, movement
of the instrument or even related to the data-reduction pipeline.

An example of the effect of blurriness on the detection algorithm
is presented in Figure 3. Panel (a) shows an RBE observed on a good
contrast image. As mentioned before, good contrast images are im-
ages with a contrast value greater than 1/18. The red curve indicates
the axis of the RBE obtained from the curve-linear tracing algorithm.
Panel (b), shows the same region as in panel (a), but after 36 s. The
contrast value for this image is ∼ 1/27. The image appears com-
pletely blurred and the detection algorithm fails to detect the RBEs
in this frame. When the contrast value increases again, the RBEs
reappear and are detectable by the detection algorithm as shown in
panel (c). One must account for this effect when calculating the life-
time of the event. Otherwise, it will lead to an erroneous estimate of
lifetime and multiple detections of the same RBE.

The dependence of the number of detected RBE on the contrast
value is evident in the time evolution plot shown in Figure 4. The red
curve indicates the time evolution of the contrast value. The curve
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4 Vilangot Nhalil et al.

Figure 3. The effects of blurriness on RBE detection. Panel (a): The red curve
shows the axis of RBE detected using curve-linear tracing algorithm. Panel
(b): The same region as in panel (a) after 36 s. Notice that the detection
algorithm fails detect the RBE due to the blurriness caused by bad seeing
condition. Panel (c), The same region as in panel (b) after 84 s.

Figure 4. The red curve represents the time evolution of the contrast value.
The blue curve shows the number RBEs detected by the curve-linear tracing
algorithm as a function of time. Both curves are well correlated, indicating
the effects of contrast value on the detection algorithm.

was smoothed by a window of 8 frames (32 s) in length, to bring
out the background variation. The lower value corresponds to the
blurred images and a period of blurriness appears as a trough in the
time evolution of the contrast value. The blue curve depicts the time
evolution of the number of RBEs detected by the curve-linear trac-
ing algorithm. Similar to the red curve, the blue curve is normalised
as well as smoothed by a window 8 frames in length. A period of
less number of detection matches very well with a period blurriness.
Both the curves are well correlated with a Pearson correlation coef-
ficient of 0.75. This confirms the role of blurriness on the detection
algorithm.

3 METHODS

The main goal of this paper is to identify the signature of spicules in
Si iv 1394 Å. To do this we first created a movie based on data from
the SJI 1400 Å channel, over-ploting the axis of the RBEs obtained
from the detection code described in Section 2.2. The movie reveals
that brightenings in the SJI 1400 Å channel form in the proximity
of spicules and some of these brightenings appears to evolve along
the axis of the spicule. We quantify Si iv signatures associated with
spicules by following two different methods.

3.1 Preliminary identification method

The first method is based on the fraction of spicules that shows a
nearby SJI 1400 Å brightening. A brightening in the 1400 Å chan-
nel is defined as a 3σ intensity enhancement above the background
level as described in Vilangot Nhalil et al. (2020). If a brightening
appears within the 5-pixel (0.8”) location of the RBE at any point in
its lifetime, then we assume that the brightening is associated with
the RBE. For this analysis, we excluded all the single frame RBEs to
reduce the number of false detections. There were 1936 detections
with a lifetime of at least 2 time frames. Out of the 1936 RBEs; 639
(∼ 33%) of them were within the 5-pixel location of the SJI bright-
ening. This fraction should be interpreted with caution due to the
following reasons.

The SJI 1400 Å image of active region plage is abundant with
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Spicules Detection 5

Figure 5. The comparison of SJI and Hα time-distance map. Panel (a): Hα blue wing image (–35 km s−1) at the time frame in which the RBE appeared
maximum in its length. The red curve marks the axis of the RBE obtained from the detection algorithm. Panel (b): The time-distance map of the Hα blue wing
image (–35 km s−1). The red dotted line indicates the starting and ending time of the RBE obtained from the detection algorithm. The same region as in panel
(a) in the SJI 1400 Å channel. The red curve shows the the axis of the RBE. Panel (d): Time-distance map in the SJI 1400 Å channel. Panel (e): The averaged
profile of the RBE (in blue) derived from the pixels through which the red curve passes in panel (a). The red profile corresponds to the quiet Sun. The blue curve
at bottom indicates the absolute residual profile, the 3 sigma level is marked in black colour.

Figure 6. Same as Fig 5, but for another event.

small scale brightenings. Therefore it is difficult to conclude that
all of the intensity enhancements close to the RBEs are associated
with the RBEs. For example, we notice that some of the brightenings
appear even before the formation of RBEs and its lifetime has no
clear correspondence with the lifetime of the RBEs. Furthermore,
the formation of multiple RBEs within the 5-pixel location of the
brightening may lead to an over-estimation of the above-calculated
fraction. Therefore, a method that incorporates the time evolution of
RBEs is essential to study its corresponding signature in SJI 1400
Å. This is described in the following section.

3.2 Refined identification method

Refined identification for quantifying the Si iv signature of RBEs
incorporates both the time and spatial evolution of the RBE and
the corresponding Si iv signature. If the spatio-temporal evolution
matches, then we can assume that the Si iv signature is indeed the
transition region counterpart of the RBEs. To do this, we constructed
the time-distance plot of the Hα blue wing and SJI 1400 Å by plac-
ing a 1.6” wide slit along the axis of the RBE. A time-distance

plot can provide information about the simultaneous evolution of
spicules in SJI 1400 Å and the Hα blue wing. By comparing these
two plots we can detect signatures of spicules in the SJI 1400 Å
channel. The cadence of the SJI observation is 16 s, therefore to see
a Si iv signature in a time-distance plot, the RBEs should have a
minimum lifetime of 2 SJI time frames (32 s). Due to this limitation
of cadence, only RBEs with a lifetime greater than 32 s were cho-
sen for this analysis. Only 407 detections satisfy the above lifetime
condition.

We then created the time-distance plot for those RBEs by plac-
ing a 1.6” wide slit along its axis. The Hα blue wing time-distance
plot was constructed by plotting the minimum intensity along the
width of the slit at each length. In the SJI 1400 Å channel, we used
the maximum intensity. Then, we studied the similarity between Hα
and SJI 1400 Å time-distance plot by manual inspection. Out of the
407 detections, almost half of these events (183) were close to a
large scale active region flow. The events observed at this location
appeared very similar to an RBE profile. However, their shape was
irregular and showed a large scale motion. The signature of a large
scale mass motion was also visible in the SJI 1400 Å channel. There-
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6 Vilangot Nhalil et al.

Figure 7. The time evolution of different categories of RBEs presented in the pi diagram (Fig. 8). The Figure format is the same as in Fig. 5. 1st row: RBEs
in the proximity of the flow. 2nd row: an RBE like event close to a flaring region. We exclude this type of events because the time evolution in the SJI 1400 Å
channel is dominated by the flaring region. 3rd row: RBEs with significant enhancement in the line core intensity. 4th row: RBEs with stronger absorption in
the core. 5th row: RBEs without a spatio-temporal signature in the SJI 1400 Å channel.

fore, we excluded those events from the rest of the analysis. Then we
checked the Hα profile of the remaining events. The profile was ob-
tained by averaging the Hα profiles along the axis of the RBEs at
the time frame in which the RBE appeared maximum in its length.
Some of these events (35) had a significant core absorption when
compared with a quiet Sun profile while another 5 showed enhance-
ment in line core intensities compared to the QS profile. Here, ab-

sorption and emissions mean the intensities are lower and higher
than the background intensities respectively. These profiles cannot
be considered as an RBE profile. Hence, we removed those events
with absolute residual value above 3σ at the line core. The residual
curve was calculated by subtracting the Hα profile from the quiet
Sun profile. There were 168 RBEs, that satisfies all the above condi-
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Spicules Detection 7

Figure 8. Rapid Blue-shifted Excursions statistics in Hα and Si iv 1394 Å line emission.

tions. The comparison of time-distance plot was performed on these
remaining 168 RBEs.

4 RESULTS AND DISCUSSION

Two examples of time-distance plots are presented in Figures 5 and
6. Panel (a) shows the location of the spicule in the Hα blue wing,
while panel (b) shows the corresponding time-distance map. The
time frame chosen for the Hα image in panel (a) corresponds to the
frame in which the RBE appeared maximum in its length. The SJI
1400 Å channel counterpart of the spicule is shown in panel (c) and
its time-distance map is presented in panel (d). The red curve in
panels (a) and (c) indicates the axis of the RBE obtained from the
detection code. A bright jet-like feature can be seen at the location
of the RBE in the SJI 1400 Å channel. Therefore, in the SJI 1400 Å
channel, we use the maximum intensity along the width of the slit to
create the time-distance plot, while in the Hα blue wing, we use the
minimum intensity. The length of the slit was chosen based on the
maximum length of the spicule and is equal to the maximum length
of the RBEs, i.e +1” Finally, in panel (e), we plot the averaged Hα
profile (blue) obtained from the pixels along the axis of the RBEs as
shown in panel (a). A quiet Sun profile is plotted in red. The blue
curve at the bottom shows the absolute residual profile obtained by
subtracting the averaged Hα profile from the quiet Sun profile. The
black curve indicates the 3σ level.

In Figure 5, the time-distance path of the RBE follows a clear
parabolic shape as seen in both the SJI 1400 Å channel and in the
Hα blue wing, indicating that the jet-like shape seen in the SJI 1400
Å channel is the transition region counterpart of the RBE. The time-
distance path seen here is similar to the trajectories of the dynamic
fibrils seen in the Hα line core as reported by Hansteen et al. (2006)
and De Pontieu et al. (2007c). It is suggested that the parabolic tra-
jectories of the dynamic fibril are caused by shock waves which are
driven by the leakage of magneto-acoustic oscillation along the in-

clined field lines (Hansteen et al. 2006; De Pontieu et al. 2007c; Heg-
gland et al. 2007). However, recent studies by Pereira et al. (2014)
and Skogsrud et al. (2015) suggest that the Type II spicule with weak
(incomplete) parabolic trajectories in Ca ii H and a clear parabolic
path in AIA and SJI passbands may not be driven by shock waves.
Instead, they could be generated by a magnetic reconnection pro-
cess. In Figure 5, the time-distance plot in the SJI 1400 Å channel
also shows the presence of a sudden vertical brightening as seen
in De Pontieu et al. (2017). With the aid of 2.5 D MHD simula-
tions, De Pontieu et al. (2017) demonstrate that these rapid apparent
motions are the signatures of the heating front. On the other hand
RBEs in Figure 6 disappear suddenly from the Hα passband. How-
ever, a weak presences of down-falling material can still be traced
in H α time-distance plot, which makes it appears as an incomplete
parabola in the time-distance plot. A similar parabolic shape can also
be traced in the time-distance plot of the SJI 1400 Å channel, indicat-
ing that this RBE has a transition region counterpart. The transition
region counterpart continues to evolve even after the RBE partially
disappear from Hα. This is the classic behaviour of a type II spicule
as shown in numerous off limb studies (Pereira et al. 2014; Skogsrud
et al. 2015).

The main difference with the refined method is that we now iden-
tify bright jets due to the Si iv line at the locations of some RBEs.
These jets have the same morphology, in terms of shape and size as
the RBEs. The time-distance plots, show the direction of motion cor-
responding to the RBEs, and the RBEs seems to have motion along
the same direction. For many RBEs, we see a reversal in the direction
at both heights. The motion of these RBEs across different heights
have the similar slope. In some cases, there is a slight misalignment
between the RBE and its signature in Si iv. This is because the Hα
and SJI 1400 Å channel sample different temperature regimes of the
RBEs and thereby a different height in the solar atmosphere. Thus
the signature in passbands that sample higher temperatures may not
spatially coincide along the path of the RBE.

Figure 7 presents an overview of different categories of RBEs ob-
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8 Vilangot Nhalil et al.

served in the active region plage. The columns are arranged same
way as in Figure 5 and 6. See the above figure for the description
of each column. The top row shows the time-evolution of an RBE
in the vicinity of the flow. A large scale flow is also visible in the
SJI 1400 channel, thus the time-evolution in the SJI 1400 is dom-
inated by the flow and cannot be considered for studying an RBE
signature. Similarly, the RBE shown in the 2nd row is also excluded
due to its proximity to the flaring region in the SJI 1400 Å channel.
The third row shows a rare case of an RBE with significant enhance-
ment in line core intensities compared to the QS reference profile.
While, the fourth row shows the time evolution of an RBE with sig-
nificant absorption in the line core. The red wing is also significantly
broadened for this event. However, the broadening in the blue wing
is stronger than the red wing. This event has a co-spatial and co-
temporal signature in the SJI 1400 Å channel. The fifth row shows
an example of an RBE with no co-evolving signature in Si iv.

Final results on the statistical signature of RBEs in the transi-
tion region is summarised in Figure 8. The statistical study was
performed using 407 RBEs that have a lifetime of at least 2 SJI
time frames (32s). Many (58%) of these events were not considered
when looking for the Si iv signature due to the proximity of RBEs
to the flow (45%) and the enhanced absorption (8.6%) and emission
(1.2%) of the RBEs at the Hα line core. In the remaining 168 RBEs,
89 of them show a similar time-distance plot in both Hα and SJI
1400 Å channel. This implies that ∼ 53% of the selected RBEs have
a clear counterpart in the transition region. This fraction is slightly
lower compared to the study done by Skogsrud et al. (2015) on the
off limb dataset observed by Hinode. Skogsrud et al. (2015) used a
similar time evolution approach to study the signature of the off-limb
spicule in the transition region. In their dataset 1, 71% of the Ca ii
spicules had a clear signature of Si iv emission. Moreover, they find
that 66 % of the spicules have clear component in all four passbands
(Ca ii, Mg ii, Si iv, He ii). Henriques et al. (2016) studied the signa-
ture of spicules in the lower corona using on-disk Hα observation in
a quiet Sun region. They find that 11% of the brightening detected
in He ii are associated with either RBEs or RREs. Furthermore, 6%
of the AIA 171 brightenings are linked to RBEs and RREs.

5 CONCLUSIONS

We study the statistical properties of RBEs and their signature in the
transition region using co-spatial and co-temporal observations from
CRISP/SST and IRIS. RBEs are the disk counterpart of the Type-
II spicules (Langangen et al. 2008). They are faster and short-lived
compared to the traditionally observed Type-I spicules (de Pontieu
et al. 2007). In Hα and Ca II observations, they appear with en-
hanced absorption in the blue wing compared to the red wing. Re-
cent studies (Skogsrud et al. 2015; Pereira et al. 2014) using Hin-
ode Ca II 3968.5 Å filtergrams suggest that the Type-II spicule con-
tinue their evolution in hotter IRIS and AIA channels even after they
seem to disappear from the cooler chromospheric passbands. This
indicates that Type-II spicules undergo heating at least to transition
region temperatures.

The RBE detection was carried out on Hα Dopplergrams using
the Coronal Curved Loop Tracing (OCCULT) routine (Aschwanden
et al. 2013). We use the SJI 1400 Å channel to investigate the co-
temporal and co-spatial signature of the RBEs in the transition re-
gion of an active region plage. We note that the SJI 1400 Å channel
has a bandwidth of 40 Å, therefore there could be contributions from
the UV continuum, however, in the magnetic region such as an active
region plage, the SJI 1400 Å channel is dominated by the contribu-

tion from the resonance lines of Si iv at 1394 and 1403 Å (Skogsrud
et al. 2015), which are formed at transition region temperatures of ∼
85000 K.

In general, the feature detection algorithm depends on the contrast
of the image in which the detection is carried out. We find a simi-
lar result by studying the correlation between the temporal changes
in the contrast values and the number of detected events. This ef-
fect is quite common in any feature detection using ground based
observations. Recently, Joshi & Rouppe van der Voort (2022) found
similar effects when detecting very small-scale quiet-Sun Ellerman
Bombs. The temporal variation of contrast value is mainly caused by
the time-varying atmospheric seeing condition. The algorithm fails
to detect RBEs in time frames which are affected by bad seeing con-
ditions. This effect was taken into account when calculating the life-
time of RBEs.

The detection algorithm obtained 1936 RBEs with a lifetime of
at least 2 SST time-frames (8s). Almost 33% of these RBEs were
within the 5 pixel location of a 3σ brightening in the SJI 1400 Å
channel. However, some of the SJI 1400 Å brightenings appeared
even before the formation of an RBE, furthermore the time evolution
was independent of the lifetime of RBEs. This could mean that the
observed brightness is not associated with an RBE and may lead to
the erroneous estimate of the fraction. Therefore, we developed a re-
fined method that includes the time evolution of both the Si iv signa-
ture and the RBE to detect the signature of an RBE in the transition
region. Based on this method, we find that 53% of the selected RBEs
have a co-temporal and co-spatial signatures in the chromosphere
and the transition region. We detect 88 RBEs with a co-evolving
signature in the Si iv line during 32 minutes of observation. The area
used for the RBE detection is 588 Mm2. Using the lifetime of RBEs
as 80s, we find that there are 3.8 × 104 RBEs with spatio-temporal
signature in Si iv at a given time on the solar surface. Considering
the average lifetime of RBEs as 35 s, there are 3.6 × 105 RBEs on
the solar surface at a given time. The present data does not allow
to determine if the RBEs detected can serve as mediums for energy
transport as we have not observed any particular wave-signatures
associated with the events discussed in the paper. However com-
plex wave-signatures associated with similar events are discussed in
Shetye et al. (2016); Srivastava et al. (2017); Shetye et al. (2021).

In a followup paper we discuss spectral analysis related to these
RBEs, studying details of the morphology and evolution of the co-
spatial signatures across the solar atmosphere, and analysing the
movement of plasma travelling along these jets between the chro-
mosphere and the transition region.
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