
Draft version November 26, 2024
Typeset using LATEX twocolumn style in AASTeX631

On the Existence of Long-Period Decayless Oscillations in Short Active Region Loops

Arpit Kumar Shrivastav ,1, 2 Vaibhav Pant ,1 Rohan Kumar ,3 David Berghmans ,4

Tom Van Doorsselaere ,5 Dipankar Banerjee ,1, 6 Elena Petrova ,5 and Daye Lim 5, 4

1Aryabhatta Research Institute of Observational Sciences, Nainital, India-263002
2Department of Physics, Indian Institute of Science, Bangalore, India-560012

3Department of Physical Sciences, Indian Institute of Science Education and Research Kolkata, India-700064
4Solar-Terrestrial Centre of Excellence - SIDC, Royal Observatory of Belgium, Ringlaan - 3 - Av. Circulaire, 1180 Brussels, Belgium

5Centre for Mathematical Plasma Astrophysics, Mathematics Department, KU Leuven, Celestijnenlaan 200B bus 2400, B-3001 Leuven,
Belgium

6Center of Excellence in Space Science, IISER Kolkata, Kolkata, India-700064

ABSTRACT

Decayless kink oscillations, characterized by their lack of decay in amplitude, have been detected

in coronal loops of varying scales in active regions, quiet Sun and coronal holes. Short-period (< 50

s) decayless oscillations have been detected in short loops (< 50 Mm) within active regions. Never-

theless, long-period decayless oscillations in these loops remain relatively unexplored and crucial for

understanding the wave modes and excitation mechanisms of decayless oscillations. We present the

statistical analysis of decayless oscillations from two active regions observed by the Extreme Ultraviolet

Imager (EUI) onboard Solar Orbiter. The average loop length and period of the detected oscillations

are 19 Mm and 151 seconds, respectively. We find 82 long-period and 23 short-period oscillations in

these loops. We do not obtain a significant correlation between loop length and period. We discuss

the possibility of different wave modes in short loops, although standing waves can not be excluded

from possible wave modes. Furthermore, a different branch exists for active region short loops in the

loop length vs period relation, similar to decayless waves in short loops in quiet Sun and coronal holes.

The magnetic fields derived from MHD seismology, based on standing kink modes, show lower values

for multiple oscillations compared to previous estimates for long loops in active regions. Additionally,

the comparison of period distributions in short loops across different coronal regions indicates that

different excitation mechanisms may trigger short-period kink oscillations in active regions compared

to the quiet Sun and coronal holes.

Keywords: magnetohydrodynamics (MHD) – Sun: corona – Sun: magnetic fields – Sun: oscillations

1. INTRODUCTION

Coronal loops are often observed to show periodic

transverse displacement of their axis, which are inter-

preted as fast kink waves (Nakariakov et al. 1999; Schri-

jver et al. 1999). The kink waves are one of the normal

modes of magnetohydrodynamic (MHD) waves in mag-

netic cylinders (Edwin & Roberts 1983). The decayless

kink oscillations represent a category of kink waves that

are omnipresent in the solar corona, persisting for sev-

eral cycles without any decay in the amplitude (Tian

et al. 2012; Anfinogentov et al. 2013, 2015; Duckenfield

et al. 2018; Mandal et al. 2022; Li & Long 2023; Lim

et al. 2024). These are low-amplitude (< 1Mm) oscil-

lations, and the input energy, ensuring the persistent

behaviour, is suggested to be provided from footpoint

driving (Nakariakov et al. 2016; Karampelas et al. 2017;

Guo et al. 2019; Karampelas & Van Doorsselaere 2020;

Afanasyev et al. 2020; Shi et al. 2021; Ruderman &

Petrukhin 2021). Consequently, decayless oscillations

are supposed to supply energy from the footpoint to the

corona continuously (Li et al. 2023b). These character-

istics of decayless oscillations position them as one of the

possible mechanisms for coronal heating (Van Doorsse-

laere et al. 2020; Nakariakov et al. 2021; Yuan et al.

2023).

The recent advancement of imaging instruments ac-

celerated the studies of kink oscillations in the corona,

revealing their crucial properties. Atmospheric Imaging

Assembly (AIA; Lemen et al. 2012) observations indi-

cated a linear relationship between loop length and pe-
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Table 1. Datasets used in this study.

Date Time Interval of Distance from Stonyhurst heliographic Plate Cadence Field of

observation (UT) the Sun (a.u) longitude (deg) scale (km) (s) view (Mm2)

2022-03-17 03:18 - 04:01 0.38 26.5 135 3 277×277

2022-10-13 13:06 - 14:35 0.29 -108.7 105 3 215×215
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Figure 1. Context images of active regions from the datasets. Panels (a) and (d) illustrate the FOV covered by the observations.
Within these FOVs, smaller regions have been selected for more detailed analysis, as denoted by the blue boxes. Panels (b)-(c)
and (e)-(g) show these smaller ROIs, with the positions of artificial slits indicated by red lines.

riod for decaying and decayless oscillations with signif-

icant correlation coefficients (Anfinogentov et al. 2015;

Goddard et al. 2016; Nechaeva et al. 2019; Zhong et al.

2023). This confirms the standing nature of kink waves

in magnetic flux tubes. AIA observations have been

used to investigate the kink oscillation in loops with

loop lengths of hundreds of Mm (Nisticò et al. 2013;

Anfinogentov et al. 2015; Anfinogentov & Nakariakov

2019). Furthermore, decayless oscillations are also ob-

served to be associated with coronal rains occurring in

long active region loops (Shrivastav et al. 2024a). The

limited resolution of AIA poses challenges in resolving

short loops. However, Gao et al. (2022) analyzed de-

cayless kink oscillations in coronal bright points (loop

lengths ∼23 Mm) in AIA images using motion magni-

fication (Anfinogentov & Nakariakov 2016; Zhong et al.

2021).

The spatial resolution of Solar orbiter’s Extreme Ul-

traviolet Imager (EUI; Rochus et al. 2020) can reach

up to ∼200 km near perihelion. This enables the anal-

ysis of small-scale structures in the solar corona. The

detection of high-frequency kink waves using the EUI

in quiet Sun indicated that a large amount of energy

may be stored in short loops, sufficient for compensating

the radiative losses in the corona (Petrova et al. 2023).

Furthermore, the estimation of energy flux of decayless

oscillations in short loops rooted in coronal holes and

quiet Sun suggests that although high-frequency waves

are present, they may not be prevalent in these regions

(Shrivastav et al. 2024b). Nonetheless, high-frequency
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decayless transverse oscillations can play a significant

role in coronal heating (Lim et al. 2023).

The fine structures in active region moss are seen to

exhibit transverse motion (Morton & McLaughlin 2014;

Pant et al. 2015). Furthermore, Morton & McLaugh-

lin (2013) showed the presence of propagating waves in

these structures. Additionally, the short loops in the

active region display the presence of short-period decay-

less oscillations (Li & Long 2023). The period and loop

length of these observed oscillations showed a strong cor-

relation coefficient of 0.98, indicating the standing na-

ture of these short-period waves. However, Gao et al.

(2022) and Shrivastav et al. (2024b), in their respective

investigations, did not find any significant correlation

between the loop length and the oscillation period. As

a result, the precise wave mode of these oscillations re-

mains uncertain. Furthermore, the study of Li & Long

(2023) does not include the oscillations with periods ex-

ceeding 200 seconds, which may impact the correlation

between loop length and period.

In this paper, we analyze short loops in two active

regions using EUI, including oscillations with periods

greater than 200 s. We report the statistical properties

of kink oscillations in active region loops. The paper

is arranged as follows: Section 2 explains the observa-

tion used for statistical analysis. Section 3 outlines the

methodology. Section 4 presents the results and dis-

cusses its implications. Following this, the paper con-

cludes with a summary.

2. DETAILS OF OBSERVATIONS

The observational datasets are obtained from High

Resolution Imager (HRIEUV) of the Extreme Ultraviolet

Imager telescope onboard Solar Orbiter (Müller et al.

2020). HRIEUV has a field of view (FOV) of about

16.8′ × 16.8′ and observes the Sun at 174 Å, dominated

by the coronal plasma of∼ 1 MK attributed to FeIX and

FeX emissions. The Level 2 data products are down-

loaded from the EUI data release 6.0 (Kraaikamp et al.

2023). We co-align and remove the telescope jitter from

the image sequence using the cross-correlation technique

(Mandal et al. 2022). The specifications of datasets used

for analysis are provided in Table 1. The first dataset is

the same as employed in Li & Long (2023), where the

active region was the region of interest (ROI).

Figures 1(a) and (d) display the context image for the

datasets, concentrating on active regions. For subse-

quent analysis, two regions (P1 and P2) from the first

dataset and three regions (F1, F2, and F3) from the sec-

ond dataset are cropped and highlighted by blue boxes.

Numerous short loops can be observed in these areas,

and the positions of artificial slits for capturing kink os-

cillation are marked by red lines (see Panels (b)-(c) and

(e)-(g) in Figure 1).

3. METHODOLOGY

Figure 1 shows the presence of several short loops in

the active regions observed in the datasets. Figure 2(a)-

(f) shows a few examples of short loops selected in this

study. The cyan slits depicted in Figure 2(a)-(e) have

a length sufficient to cover a single loop, and they rep-

resent smaller segments of the larger red artificial slits

shown in Figure 1. The slit width is taken to be 5 pix-

els to increase signal-to-noise ratio (Nisticò et al. 2013;

Anfinogentov et al. 2015; Gao et al. 2022). The slit po-

sitions for the first dataset are approximately similar to

the slit locations used in the study of Li & Long (2023).

In the second dataset, we placed the slits at several loops

during the time interval of the dataset and investigated

the oscillations regardless of their background complex-

ity. It is important to note that the images presented

in Figure 1 have been processed using multi-Gaussian

normalization (Morgan & Druckmüller 2014), whereas

intensity images without any image processing are used

for oscillation detection.

The corresponding x − t maps generated using these

slits are shown in Figure 2(f)-(j). The x− t maps show

the presence of kink oscillations. 60% of the oscillations

persist for more than 2 cycles, whereas other oscillations

exhibit cycles ranging between 1 and 2. These loops are

highly dynamic, overlapping temporally, and lack stabil-

ity over an extended duration, making it challenging to

identify multiple cycles of oscillations (Gao et al. 2024;

Shrivastav et al. 2024b). However, oscillations with cy-

cles greater than two do not display any notable decay

in amplitude over time.

We first estimate the centre of the oscillating loop by

fitting a Gaussian function in the slit direction for each

time instance. We calculate the uncertainty in the inten-

sity values using the relations provided in Petrova et al.

(2023) and Shrivastav et al. (2024b). The uncertainties

in the intensity are incorporated while finding the centre

of the loop. The error bars on the centre position, shown

in Figure 2(f)-(j), are standard errors obtained after fit-

ting the Gaussian function. The position of centres is

then fitted using the sinusoidal curve with a linear trend

of the following form:

Am(t) = A0 +A sin(
2πt

P
+ ϕ) + kt. (1)

where A denotes the amplitude of the oscillation, P is

the period of the oscillation, ϕ indicates the initial phase

of the oscillation, and k estimates the slope of the linear

trend. The missing loop positions in Figure 2(g) are a

result of the failure of Gaussian fitting to converge in
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Figure 2. The left panels show the loops used for the analysis of oscillations. The cyan lines indicate the artificial slit near
the apex, and the red crosses represent the footpoint locations. The right panels show the generated x− t maps from artificial
slits. Cyan points represent the position of the loop at any instance, and error bars are provided in red. Blue curves indicate
the fitted oscillations. The amplitude and period of the oscillations are provided in the right panels.

certain columns, likely due to a dynamic background or

the presence of nearby loops. However, the number of

columns with missing positions is minimal compared to

the total detected loop positions in the oscillations, so

the estimates of period and amplitude should not sig-

nificantly deviate from the true values. Moreover, such

cases are rare in the overall sample. We analyzed sev-

eral loops and fitted 66 oscillations in the first dataset

and 39 oscillations in the second dataset, totalling 105.

We estimate the velocity amplitude of these oscillations
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Figure 3. Histograms display the distribution of loop oscillation parameters, including the loop length (L), period (P),
displacement amplitude (A), and velocity amplitude (V). The average, along with the standard deviation of these distributions,
are provided in the figures.

by the relation, V = 2πA/P . The error in the velocity

amplitudes is calculated as, σ2
V =

(
∂V
∂P σP

)2
+
(
∂V
∂AσA

)2
.

We compute the loop length, L, by identifying the lo-

cation of footpoints manually and assuming a three-

dimensional semicircular shape of the loop. If R is half of

the distance between two footpoints, then, loop length,

L = πR. The red crosses in Figure 2 (a)-(f) display

the approximate positions of loop footpoints. The er-

ror in the estimation of loop length is assumed to be ∼
40% of the loop length (Shrivastav et al. 2024b). A few

more examples of the fitted oscillations are provided in

Appendix A.

4. RESULTS & DISCUSSION

Figure 3 shows the distribution of loop length, period,

displacement amplitude, and velocity amplitude for 105

oscillations. The loop length has a range of ∼4.1 to 49

Mm, with an average of 19.0±9.1 Mm. The average loop

length is comparable to short loops exhibiting transverse

oscillations in active region (Li & Long 2023), quiet Sun
(Gao et al. 2022; Petrova et al. 2023; Shrivastav et al.

2024b) and coronal holes (Shrivastav et al. 2024b). The

period of these oscillations has a range of ∼ 23 to 467 s,

with an average value of 151±107 s. Gao et al. (2022)

found a range of 61 to 498 s for transverse oscillations in

CBPs rooted in quiet Sun. The quiet Sun and coronal

hole short loops show a period range of 28 to 272 seconds

(Shrivastav et al. 2024b), which is in the range of values

found in this study for active regions. The average am-

plitude of oscillations is 102±75 km, with a range of 30

to 408 km. These oscillation amplitudes are similar to

decayless oscillations detected in several hundred mega-

meter loops in active regions (Anfinogentov et al. 2015;

Duckenfield et al. 2018; Mandal et al. 2022) as well as

short loops in different regions (Gao et al. 2022; Petrova

et al. 2023; Li & Long 2023; Shrivastav et al. 2024b).
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Figure 4. Scatter plots illustrate the relation between various loop oscillation parameters. Different pairs of these parameters
are used to calculate the linear Pearson correlation coefficients, which are depicted in the plots. The plots also display the
estimated standard errors in the correlation coefficient.

The velocity amplitude ranges from ∼ 1 to 24 km s−1,

with an average of 6.1±4.8 km s−1. The average veloc-

ity amplitude is close to those found in quiet Sun and

coronal holes (Gao et al. 2022; Shrivastav et al. 2024b).

Estimated loop length and corresponding oscillation pa-

rameters are provided in Table 2. The table also in-

cludes the mean loop width estimated by averaging the

width of the fitted Gaussian during the oscillation time

interval. The table can be accessed online1.

4.1. Correlation between oscillation parameters

Figure 4 displays the correlation between the oscil-

lation parameters. The loop length and period of de-

cayless oscillations in a few hundred Mm loops show a

correlation of 0.72 (Anfinogentov et al. 2015). We found

a correlation of 0.07±0.10 between the loop length and

oscillation period. No correlation between loop length

and period can also indicate the presence of a differ-

ent wave mode than the standing kink mode (Shrivas-

tav et al. 2024b). Figure 5 illustrates the relation be-

tween loop length and period for decayless oscillations

analyzed in coronal loops. The figure encompasses os-

cillations from the current study, combined with results

from previous studies (Wang et al. 2012; Nisticò et al.

1 github.com/ArpitkShrivastav/Oscillation-Parameters-Short-
Loops

0 50 100 150 200 250 300 350 400 450 500 550 600
Loop Length (Mm)

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

Pe
ri

od
 (s

)

Wang et al. (2012)
Nisticò et al. (2013)
Anfinogentov et al. (2013)
Anfinogentov et al. (2015)
Duckenfield et al. (2018)
Anfinogentov & Nakariakov (2019)
Mandal et al. (2021)
Zhong et al. (2022a)
Zhong et al. (2022b)
Gao et al. (2022)
Petrova et al. (2023)
Li & Long (2023)
Shrivastav et al. (2024)
Current Work

Figure 5. Relation between the period and loop length
for decayless oscillations, encompassing both long and short
loops. These parameters are obtained from previous studies
and presented in various colors, while the data points from
the current work are specifically displayed in Peru color. The
filled circles and triangles represent oscillations found in ac-
tive regions and quiet Sun regions, respectively.

2013; Anfinogentov et al. 2013, 2015; Duckenfield et al.

https://github.com/ArpitkShrivastav/Oscillation-Parameters-Short-Loops
https://github.com/ArpitkShrivastav/Oscillation-Parameters-Short-Loops
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2018; Anfinogentov & Nakariakov 2019; Mandal et al.

2021; Zhong et al. 2022a; Petrova et al. 2023; Zhong

et al. 2022b; Gao et al. 2022; Li & Long 2023; Shrivas-

tav et al. 2024b). The oscillations detected in active

regions are denoted by filled circles, whereas the oscil-

lations from quiet Sun and coronal holes are indicated

by filled triangles. The figure also suggests the presence

of another branch, separate from the one followed by

loops with lengths of hundreds of Mm. The dashed line

in Figure 5 marks the boundary of this branch at 50

Mm. A significant correlation between loop length and

period is observed for oscillations in loops longer than

50 Mm. These are referred to as long loops in previous

studies. In this paper, however, we focus only on loops

shorter than 50 Mm, which we refer to as short loops. If

the trend for long loops had continued for loops shorter

than 50 Mm, the periods would be under 50 seconds.

So, we separate the periods into two groups: short pe-

riods for those under 50 seconds and long periods for

those over 50 seconds. The oscillations in the shorter

loops in quiet Sun and coronal hole also showed a dif-

ferent branch and slope compared to longer loops in the

loop length vs period diagram (Shrivastav et al. 2024b).

The existence of long-period oscillations in active region

short loops indicates that they are following the same

branch as quiet Sun and coronal holes (see Figure 5).

The correlation of loop length with displacement am-

plitude and velocity amplitude is not significant (Figure

4), similar to quiet Sun and coronal holes short loops

(Gao et al. 2022; Shrivastav et al. 2024b). A weaker

correlation between period and displacement amplitude

is obtained, although it is not significant to conclude

any interpretation. The correlation of velocity ampli-

tude with period and displacement amplitude can be

affected by the relation between them (Gao et al. 2022;

Shrivastav et al. 2024b).
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Figure 6. The figure shows the distribution of periods and
loop lengths obtained in Li & Long (2023) and dataset -I of
the current work.

4.2. Comparison of oscillation properties with Li &

Long (2023)

Since the first dataset is the same as used in Li & Long

(2023) and slit locations are approximately similar, we

compare the oscillation properties obtained in the cur-

rent work with those obtained in Li & Long (2023). Fig-

ure 6 compares the distribution of loop lengths and peri-

ods estimated in the same dataset of the current work to

those of Li & Long (2023). In our analysis, we identify

66 oscillations in dataset-I, with loop lengths ranging

from 4.5 to 49 Mm, having an average of 19.0 Mm. Li &

Long (2023) examined oscillations in loops with lengths

spanning from 10.5 to 30.2 Mm with an average of 15

Mm, which is similar to loop lengths obtained in this

work. The periods in the dataset-I have a range of 23 to

442 s, while Li & Long (2023) observed periods ranging

from 11 to 185 s, with an average of 49 seconds. We ob-

serve a broader range of periods within these short loops

by including the oscillations with periods greater than

200 seconds. The right panel in Figure 6 illustrates that

the short-period oscillations in the study of Li & Long

(2023) are large compared to the dataset-I in the current

work. Several reasons could produce this discrepancy.

As mentioned in Li & Long (2023), the loop centres and

edges are manually identified to extract the oscillation

properties. However, we adopt the criterion of finding

the position of the loop by fitting the Gaussian in the

slit direction. This criterion rejected several threads in

both datasets in the current study, as the Gaussian fit-

ting was not able to converge at different time frames

in x − t maps. This could be due to overlapping struc-

tures along the slit. It is also not clear whether those

threads truly represent oscillations or if the interaction

between loops is causing an apparent effect, and this

fact needs further investigation. Furthermore, the am-
plitudes obtained in the current work are more accurate

because they are estimated after considering associated

uncertainties in the intensity values. Additionally, we

do not include oscillations with cycles less than 1, which

can reduce the number of short-period oscillations in

the current work. In a nutshell, the method used in

the current work for detecting oscillations is robust and

stringent compared to Li & Long (2023), which can par-

tially account for less high-frequency oscillations in the

current study.

4.3. Wave mode of the oscillations

Figure 7 illustrates the results of phase lag for oscilla-

tions observed at various slit positions along two loops.

Panels (b) and (d) display two slits, S0 and S1, used

for phase lag analysis. Prior to phase lag calculation

for improved oscillation detection, background subtrac-
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Figure 7. Phase lag analysis of the oscillations. The figure
presents the multi-slit analysis for the two loops shown in
panels (b) and (d). S0 and S1 are two slits that were placed
at different positions of the loops. Panel (b) also include an
additional slit, S2, near one footpoint of the loop. Panels (a)
and (c) show the fitted oscillation profile from slits indicated
in panels (b) and (d). Plots also indicate the phase lag and
associated uncertainty.

tion is applied to these x − t maps. The background is

constructed by smoothing the x − t maps with a time

window longer than oscillation periods. The fitted pro-

files corresponding to these oscillations are presented in

Panels (a) and (c). The phase lag is calculated by find-

ing the time shift of maximum cross-correlation between

the detrended oscillation profiles from two loop posi-

tions. This results in values of 0±0.01 s and 0±0.02

s, respectively. The absence of phase lag between os-

cillations at different slits may suggest the presence of

standing waves within these loops. Similar phase lags

have been observed in decayless kink waves in quiet Sun

and coronal hole short loops (Shrivastav et al. 2024b).

However, the lack of a correlation between loop length

and period hinders the interpretation of standing modes.

Moreover, slit S2 on the first loop is positioned near one

footpoint, and the fitted oscillation for this slit exhibits

the same displacement amplitude and period as slit S1

which is near the apex of the same loop. However, this

characteristic could result from the dynamic nature of

short loops or possibly from the influence of the driving

source (Li et al. 2023a). Additionally, short loops can

lack good contrast with respect to the background along

their length, and nearby regions may contain overlap-

ping structures, making it challenging to capture oscil-

lations away from the loop top (Shrivastav et al. 2024b).

These factors could be possible reasons why a proper os-

cillation signature away from the apex is not observed

in the second loop (Figure 7 (d)).

The inclined p-mode driver can excite a longer pe-

riod oscillation in a short coronal loop as reported by

Gao et al. (2023) using a numerical simulation. Conse-

quently, the long period of oscillations observed in short

loops within active regions in this study may serve as

observational support for this phenomenon. These long

periods of oscillations might represent the period of the

driver, offering a possible explanation for the absence

of a correlation between loop length and period. How-

ever, the simultaneous detection of the long and short

periods in the same loop, as observed in the simula-

tions by Gao et al. (2023), requires further investiga-

tion using different datasets. Furthermore, the vertical

displacement as kink-like motions within short coronal

loops can arise from the excitation of slow modes by

external p-modes (Lopin & Nagorny 2024). The long-

period kink waves identified in the current study might

also represent driven slow-mode waves. However, these

wave modes require strong intensity variations along the

loop, which is not observed in the current datasets. The

3D simulation of decayless oscillation from broadband

driver suggested the excitation of half harmonic due

to the presence of the transition region in the model

(Karampelas & Van Doorsselaere 2024), which could

also be related to long period oscillations observed in

the current work. However, periods close to the funda-

mental mode and half harmonic were found in the single

loop, which is not detected in this study and requires fu-

ture investigation. Additionally, it is worth noting that

a fast-propagating wave crossing the slits in Figure 7

within a time interval shorter than the observation ca-

dence may go undetected, remaining a viable wave mode

(Shrivastav et al. 2024b). Therefore, several mechanisms

can account for the observations presented in this study.

4.4. Distribution of kink speed and Magnetic field from

seismology

As we discussed, several wave modes with different

excitation mechanisms can possibly explain the observed

properties. However, since we do not find any phase

lag at different positions of loops, standing kink modes

can not be ruled out for the observed oscillations. The

kink speed for a fundamental standing kink mode can

be calculated using the formula,

Ck =
2L

P
. (2)

It should be noted that this relation will not be appli-

cable in the case of oscillations not representing a wave

mode, as indicated in the previous discussion, which is a

caveat of using this relation. The estimated kink speed
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Figure 8. The distribution of kink speed derived from coro-
nal seismology is depicted in the left panel, while the right
panel shows the histogram of the estimated magnetic field.
The figures include the median, mean, and standard devia-
tion values for each distribution.

ranges from 24 to 2394 km s−1 with a mean value of 471

km s−1 (Figure 8). The mean value is comparatively

lower than the kink speed found in active region corona

(Nisticò et al. 2013; Goddard et al. 2016; Anfinogentov

& Nakariakov 2019). Additionally, if these kink oscilla-

tions are linked to slow mode waves, it would provide an

explanation for the lower kink speed obtained for sev-

eral oscillations in the current study. The lower value of

kink speed could also result from the uncertainty asso-

ciated with the measurement of loop length (Gao et al.

2022; Shrivastav et al. 2024b). The magnetic field can

be calculated using the relation,

B = Ck

√
1 + ζ

2

√
µ0ρim̃, (3)

where ρi is loop density and ζ is the density contrast of

loop and background. Taking the value of ζ as 1/3 and

a coronal loop density of 1.67× 10−12 kg m−3 (Petrova

et al. 2023), we calculate the magnetic field in the range

of 0.3 to 31 G. The mean value of the magnetic field

distribution is determined to be 6.3 G, as shown in the

right panel of Figure 8. Previous magnetic field esti-

mation using coronal seismology in active region loops

corresponds to values in the range of a few Gauss to

a few tens of Gauss (Nakariakov & Ofman 2001; Nis-

ticò et al. 2013; Pascoe et al. 2016; Zhang et al. 2022).

The average magnetic field obtained here is at the lower

end of the range. However, approximately 21% of oscil-

lations correspond to magnetic field values below 2 G,

with 10 oscillations having magnetic field values close

to 1 G. These low magnetic field values in active re-

gions can result from waves being driven by a footpoint

driver. In instances of such oscillations, the oscillation

period might not be dependent on the loop properties

but rather on the driver (Gao et al. 2022, 2023). In

conclusion, the coronal seismology technique should be

applied with caution in short loops due to the possibil-

ity of multiple wave modes that can be challenging to

detect in imaging datasets.

Recent studies have revealed a significant correlation

between loop length and kink speed of oscillations ob-

served in short loops (Gao et al. 2022, 2024). This corre-

lation is anticipated due to the increase in Alfvén speeds

with height and given that the major radii of these loops

span from the chromosphere to the corona. The left

panel of Figure 9 illustrates the variation of kink speed

with loop length in log-log space, combining our present

findings with previous studies on decayless oscillations.

Additionally, Figure 9 demonstrates the existence of sev-

eral oscillations with kink speeds lower than 200 km/s.

In the current study, we observe a correlation coefficient

of 0.5 between kink speed and loop length in log-log

space. This coefficient is lower compared to those found

in CBPs (Gao et al. 2022) and transition region loops

(Gao et al. 2024). However, the sample size used in

our present work is extensive and suggests that the kink

speed only weakly increases with height. Moreover, the

possibility of oscillations in our present work not repre-

senting the wave mode could influence the estimation of

kink speed and, hence, the correlation coefficient.

If these short loops have coronal density, the kink

speeds of the fundamental mode will be comparable with

those of larger loops. To explore this notion, we cal-

culated the correlation coefficient between loop length

and period by considering the sample with a kink speed

greater than a specified value, termed the kink speed

cutoff. Subsequently, we plotted the variation of the

correlation coefficient with increasing kink speed cutoff

in the right panel of Figure 9. The correlation coeffi-

cient increases as the kink speed cutoff increases and

reaches a value of 0.7 (p-value <0.05) at a kink speed

cutoff of 400 km/s for a sample size of 39 oscillations.
The reduction in the correlation coefficient later on can

be attributed to the smaller number of samples at those

cutoff speeds. Anfinogentov et al. (2015) observed a cor-

relation coefficient of 0.72 between loop length and pe-

riod for decayless oscillations in several hundred mega-

meter loops. This suggests that oscillations with kink

speeds lower than 400 km/s may not represent funda-

mental kink modes, implying that the reported oscilla-

tions in this work could constitute a mixture of different

waves discussed in section 4.3. The various possibili-

ties of waves are not distinguishable from the current

dataset, and further studies are necessary to confirm or

rule out those possibilities.

4.5. Period distribution in different regions
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Figure 9. The left panel illustrates the relationship between kink speed and loop lengths, collecting findings from previous
studies on decayless oscillations. Meanwhile, the right panel demonstrates the variation in the correlation coefficient between
loop length and period with the kink speed cutoff.

We combine the oscillation data derived from studies

Gao et al. (2022); Petrova et al. (2023) and Shrivas-

tav et al. (2024b) to construct the period distribution

of short loops in both quiet Sun and coronal holes. In

Figure 10, the distribution of oscillation periods in short

loops from quiet Sun and coronal holes is presented and

compared with those observed in active regions in the

current study. With 75 oscillations analysed in quiet

Sun and coronal holes and 105 from active regions, we

normalize the histograms for a comprehensive compari-

son, plotting histogram density (refer to Figure 10). The

period distribution in quiet Sun and coronal holes signif-

icantly differ from each other in the region of short peri-

ods (<50 s). The short-period oscillation events in quiet

Sun and coronal holes are fewer compared to those in

active regions, possibly due to these two reasons. First,

Gao et al. (2022) utilized AIA data with a 12-second ca-

dence to investigate kink oscillations in CBPs; hence, the

detection of short-period oscillations is limited due to in-

strument cadence in this particular case. Furthermore,

Shrivastav et al. (2024b) concluded that short-period os-

cillations might not be prevalent in short loops within

quiet Sun and coronal holes. Therefore, either the ac-

tual short-period events are lower in quiet Sun and coro-

nal holes as these regions require lower energy flux than

active regions or additional studies on decayless oscilla-

tions in these regions using high-cadence data from EUI

are necessary to refute this notion. However, the notable

difference in the distribution within the short-period

regime indicates that different driving mechanisms may

trigger short-period oscillations in short loops across dif-

ferent regions. It is crucial to note that the number of

oscillations from the quiet Sun is greater than those from

coronal holes as Shrivastav et al. (2024b) combined the

oscillations from the quiet Sun and coronal holes.
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Figure 10. The distribution of oscillation periods in differ-
ent regions.

5. CONCLUSION AND SUMMARY

We present a statistical analysis of kink oscillations

in short loops in two active regions observed using EUI

instruments. Previously studied kink waves in active
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region short loops were not investigated with periods

greater than 200 seconds, which impacts the overall re-

lationship between loop length and period in these loops.

The average loop length is estimated to be 19.0±9.1

Mm. We find the presence of several long-period oscil-

lations in short loops embedded in active regions. Fur-

thermore, the decayless oscillations in active regions dis-

play two branches in loop length vs. period relation.

The period distribution of kink oscillations in active re-

gion short loops differs from those obtained in quiet Sun

and coronal holes in the short period regime, suggesting

a different driving mechanism for short-period oscilla-

tions in different regions on the Sun. The wave modes

of these oscillations are uncertain, and distinguishing

different wave modes requires further studies of short

loops utilizing high-cadence imaging and spectroscopic

observations. In this context, numerical simulations of

kink waves in short loops will be crucial.
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A. APPENDIX A

Table 2. Details of estimated loop length and parameters of oscillations

No . L (Mm) P (s) A (km) V (km/s) Ck (km/s) B (G) Mean Loop Width (Mm)

1 24.5 252 ± 5 176 ± 12 4.4 ± 0.3 194 2.6 0.5

2 29.4 31 ± 2 50 ± 10 10.1 ± 2.1 1897 25.3 0.2

3 37.1 31 ± 1 86 ± 10 17.4 ± 2.1 2394 31.9 0.3

4 7.7 95 ± 2 68 ± 8 4.5 ± 0.5 162 2.2 0.6

5 8.9 165 ± 6 128 ± 15 4.9 ± 0.6 108 1.4 0.3

6 17.4 50 ± 3 74 ± 14 9.3 ± 1.8 696 9.3 0.3

7 25.1 147 ± 4 85 ± 9 3.6 ± 0.4 341 4.6 0.4

8 25.9 42 ± 2 58 ± 13 8.7 ± 2 1233 16.4 1.1

9 17.9 169 ± 12 58 ± 13 2.2 ± 0.5 212 2.8 0.3

10 28.9 25 ± 0 60 ± 4 15.1 ± 1 2312 30.8 1.1

11 24.5 103 ± 8 137 ± 16 8.4 ± 1.2 476 6.3 0.3

12 22.2 59 ± 3 85 ± 18 9.1 ± 2 753 10 1

13 42.5 308 ± 17 355 ± 50 7.2 ± 1.1 276 3.7 0.5

14 12.2 421 ± 16 408 ± 27 6.1 ± 0.5 58 0.8 1.1

15 16.3 165 ± 10 121 ± 21 4.6 ± 0.8 198 2.6 2.3

16 19.8 188 ± 11 52 ± 10 1.7 ± 0.3 211 2.8 0.3

17 12.6 23 ± 1 45 ± 14 12.3 ± 3.9 1096 14.6 1.6

18 13.2 157 ± 3 39 ± 3 1.6 ± 0.1 168 2.2 0.3

19 17.2 63 ± 8 53 ± 35 5.3 ± 3.6 546 7.3 0.4

20 17.2 75 ± 5 45 ± 7 3.8 ± 0.6 459 6.1 0.4

21 14.3 89 ± 5 37 ± 8 2.6 ± 0.6 321 4.3 0.3

22 10 262 ± 2 189 ± 6 4.5 ± 0.1 76 1 1.1

23 16.8 168 ± 3 208 ± 7 7.8 ± 0.3 200 2.7 0.3

24 15 88 ± 2 85 ± 7 6.1 ± 0.5 341 4.5 0.3

25 15.7 25 ± 1 94 ± 14 23.6 ± 3.6 1256 16.7 0.4

26 17.2 66 ± 6 87 ± 28 8.3 ± 2.8 521 6.9 0.2

27 12.8 99 ± 2 283 ± 20 18 ± 1.3 259 3.4 0.5

28 13.5 79 ± 1 95 ± 3 7.6 ± 0.3 342 4.6 1.7

29 12.8 359 ± 13 191 ± 14 3.3 ± 0.3 71 1 0.4

30 13.3 103 ± 2 268 ± 16 16.3 ± 1 258 3.4 1.5

31 31.4 36 ± 1 54 ± 6 9.4 ± 1.1 1744 23.3 0.3

32 14.7 113 ± 6 82 ± 8 4.6 ± 0.5 260 3.5 0.2

33 28.5 81 ± 4 40 ± 6 3.1 ± 0.5 704 9.4 0.3

34 16.4 256 ± 6 100 ± 6 2.5 ± 0.2 128 1.7 1.6

Continued on next page
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Table 2. Details of estimated loop length and parameters of oscillations

No . L (Mm) P (s) A (km) V (km/s) Ck (km/s) B (G) Mean Loop Width (Mm)

35 14.7 70 ± 5 57 ± 13 5.1 ± 1.2 420 5.6 0.2

36 19.9 104 ± 10 57 ± 18 3.4 ± 1.1 383 5.1 1.7

37 20.5 434 ± 6 186 ± 16 2.7 ± 0.2 94 1.3 2

38 26 169 ± 11 86 ± 14 3.2 ± 0.6 308 4.1 0.3

39 21.4 226 ± 4 196 ± 10 5.4 ± 0.3 189 2.5 1.9

40 21.2 191 ± 6 118 ± 15 3.9 ± 0.5 222 3 0.4

41 21.3 149 ± 17 81 ± 17 3.4 ± 0.8 286 3.8 3.2

42 14.7 73 ± 3 204 ± 28 17.6 ± 2.5 403 5.4 0.3

43 28.8 27 ± 1 56 ± 11 13 ± 2.6 2133 28.4 0.2

44 4.5 265 ± 4 110 ± 7 2.6 ± 0.2 34 0.5 0.3

45 13.5 155 ± 8 148 ± 17 6 ± 0.8 174 2.3 0.2

46 14.6 91 ± 4 60 ± 7 4.1 ± 0.5 321 4.3 0.3

47 21.7 442 ± 3 325 ± 6 4.6 ± 0.1 98 1.3 0.4

48 16.9 33 ± 1 62 ± 10 11.8 ± 1.9 1024 13.7 1.7

49 16.2 72 ± 1 269 ± 9 23.5 ± 0.9 450 6 0.4

50 29.3 35 ± 1 35 ± 5 6.3 ± 0.9 1674 22.3 0.3

51 19.8 102 ± 2 261 ± 9 16.1 ± 0.6 388 5.2 0.5

52 30.3 111 ± 13 52 ± 20 2.9 ± 1.2 546 7.3 0.3

53 49.1 167 ± 1 162 ± 3 6.1 ± 0.1 588 7.8 0.3

54 14.6 85 ± 7 46 ± 7 3.4 ± 0.6 344 4.6 0.2

55 10 234 ± 19 120 ± 21 3.2 ± 0.6 85 1.1 0.5

56 14.6 140 ± 12 35 ± 5 1.6 ± 0.3 209 2.8 0.5

57 10.4 86 ± 2 43 ± 4 3.1 ± 0.3 242 3.2 0.2

58 14.6 93 ± 5 36 ± 7 2.4 ± 0.5 314 4.2 0.7

59 14.6 46 ± 1 30 ± 4 4.1 ± 0.6 635 8.5 0.2

60 15 101 ± 2 43 ± 4 2.7 ± 0.3 297 4 0.2

61 17.6 31 ± 1 67 ± 9 13.6 ± 1.9 1135 15.1 2.2

62 30.4 347 ± 19 262 ± 39 4.7 ± 0.8 175 2.3 0.9

63 12.9 25 ± 1 66 ± 9 16.6 ± 2.4 1032 13.8 3.3

64 8.1 179 ± 7 129 ± 16 4.5 ± 0.6 91 1.2 0.3

65 18.7 313 ± 14 157 ± 14 3.2 ± 0.3 119 1.6 1.6

66 7.6 205 ± 11 85 ± 8 2.6 ± 0.3 74 1 0.9

67 19.8 219 ± 8 78 ± 11 2.2 ± 0.3 181 2.4 2.5

68 16.2 126 ± 4 188 ± 22 9.4 ± 1.1 257 3.4 0.4

69 16.9 120 ± 12 76 ± 17 4 ± 1 282 3.8 0.9

Continued on next page
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Table 2. Details of estimated loop length and parameters of oscillations

No . L (Mm) P (s) A (km) V (km/s) Ck (km/s) B (G) Mean Loop Width (Mm)

70 21 179 ± 5 34 ± 6 1.2 ± 0.2 235 3.1 0.7

71 16.9 467 ± 7 108 ± 7 1.5 ± 0.1 72 1 1.8

72 13.9 95 ± 20 54 ± 25 3.6 ± 1.8 293 3.9 1.9

73 19.1 222 ± 24 89 ± 20 2.5 ± 0.6 172 2.3 0.8

74 30 149 ± 16 67 ± 24 2.8 ± 1.1 403 5.4 0.3

75 23 205 ± 14 96 ± 25 2.9 ± 0.8 224 3 1

76 8.2 205 ± 8 155 ± 20 4.8 ± 0.6 80 1.1 2.6

77 12.6 224 ± 13 85 ± 20 2.4 ± 0.6 112 1.5 1.1

78 21 404 ± 9 161 ± 12 2.5 ± 0.2 104 1.4 0.4

79 15 296 ± 13 129 ± 13 2.7 ± 0.3 101 1.4 0.9

80 20.8 308 ± 11 57 ± 7 1.2 ± 0.1 135 1.8 0.4

81 24.2 275 ± 19 103 ± 18 2.4 ± 0.4 176 2.3 0.5

82 9.4 40 ± 2 39 ± 6 6.1 ± 1 470 6.3 0.7

83 11.7 148 ± 6 42 ± 6 1.8 ± 0.3 158 2.1 1.7

84 14.6 224 ± 6 69 ± 7 1.9 ± 0.2 130 1.7 0.5

85 11.8 24 ± 2 36 ± 10 9.4 ± 2.7 983 13.1 0.2

86 11.5 37 ± 1 44 ± 7 7.5 ± 1.2 622 8.3 0.5

87 11.7 112 ± 3 103 ± 7 5.8 ± 0.4 209 2.8 0.3

88 7.7 40 ± 2 53 ± 12 8.3 ± 1.9 385 5.1 0.3

89 25.4 26 ± 1 50 ± 18 12.1 ± 4.4 1954 26 0.2

90 32.2 127 ± 5 97 ± 12 4.8 ± 0.6 507 6.8 0.6

91 42.3 169 ± 6 163 ± 19 6.1 ± 0.7 501 6.7 1.3

92 42.3 182 ± 8 102 ± 12 3.5 ± 0.4 465 6.2 0.5

93 26.3 247 ± 11 53 ± 7 1.3 ± 0.2 213 2.8 0.7

94 40.1 243 ± 6 77 ± 7 2 ± 0.2 330 4.4 0.6

95 42.2 204 ± 6 64 ± 9 2 ± 0.3 414 5.5 0.4

96 35.2 250 ± 10 61 ± 8 1.5 ± 0.2 282 3.8 0.5

97 11.4 23 ± 2 46 ± 18 12.6 ± 5 991 13.2 1.2

98 12 34 ± 1 50 ± 7 9.2 ± 1.3 706 9.4 0.8

99 10.8 220 ± 5 163 ± 8 4.7 ± 0.3 98 1.3 0.4

100 8.5 68 ± 3 41 ± 6 3.8 ± 0.6 250 3.3 0.2

101 9.1 230 ± 6 102 ± 7 2.8 ± 0.2 79 1.1 0.8

102 12.8 23 ± 1 31 ± 3 8.5 ± 0.9 1113 14.8 0.2

103 10.3 36 ± 3 34 ± 10 5.9 ± 1.8 572 7.6 1

104 21.5 102 ± 5 35 ± 10 2.2 ± 0.6 422 5.6 0.8

105 4.1 339 ± 7 78 ± 5 1.4 ± 0.1 24 0.3 0.4



16 Shrivastav et al. 2024

0 100 200 300 400 500 600 700
Time [s] (Start time 2022-10-13 14:18:09 UT)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

Di
st

an
ce

 [M
m

]

(a)

Slit - G1, Amplitude= 108 km, Period= 467 s
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(b)

Slit - G11, Amplitude= 41 km, Period= 68 s
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(c)

Slit - G10, Amplitude= 61 km, Period= 250 s
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(d)

Slit - G9, Amplitude= 64 km, Period= 204 s

Figure 11. The columns display examples of x − t maps from slits G1, G11, G10, and G9, as shown in Figure 1. The cyan
points denote the loop positions obtained from Gaussian fitting, while the blue curve represents the fitted oscillation profile.
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(a)

Slit - S3, Amplitude= 189 km, Period= 262 s
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Slit - S4, Amplitude= 268 km, Period= 103 s
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(c)

Slit - S7, Amplitude= 152 km, Period= 149 s
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(d)

Slit - S8, Amplitude= 62 km, Period= 33 s

Figure 12. Similar to Figure 11 but x− t maps are generated from slits S3, S4, S7, and S8.
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