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ABSTRACT

The investigation of plasma motions in the solar chromosphere is crucial for understanding the transport of mechanical energy from
the interior of the Sun to the outer atmosphere and into interplanetary space. We report the finding of large-amplitude oscillatory
transverse motions prevailing in the non-spicular Hα chromosphere of a small quiet region near the solar disk center. The observation
was carried out on 2018 August 25 with the Microlensed Hyperspectral Imager (MiHI) installed as an extension to the spectrograph
at the Swedish Solar Telescope (SST). MiHi produced high-resolution Stokes spectra of the Hα line over a two-dimensional array of
points (sampled every 0.066′′ on the image plane) every 1.33 s for about 17 min. We extracted the Dopple-shift-insensitive intensity
data of the line core by applying a bisector fit to Stoke I line profiles. From our time–distance analysis of the intensity data, we find
a variety of transverse motions with velocity amplitudes of up to 40 km s−1 in fan fibrils and tiny filaments. In particular, in the fan
fibrils, large-amplitude transverse MHD waves were seen to occur with a mean velocity amplitude of 25 km s−1 and a mean period of
5.8 min, propagating at a speed of 40 km s−1. These waves are nonlinear and display group behavior. We estimate the wave energy flux
in the upper chromosphere at 3 × 106 erg cm−2 s−1. Our results contribute to the advancement of our understanding of the properties
of transverse MHD waves in the solar chromosphere.
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1. Introduction

Transverse magnetohydrodynamic (MHD) waves, such as
Alfvén waves, have been regarded as one of the potential ways
of transporting the mechanical energy required for coronal heat-
ing and solar wind acceleration (e.g., Alfvén 1947; Alazraki &
Couturier 1971). An important point is that if transverse waves
are to be fully in charge of the coronal heating and the solar
wind acceleration, they should have large velocity amplitudes in
the photosphere and chromosphere, because the transmission ef-
ficiency of the waves in the solar atmosphere is very low due to
the rapid increase in Alfvén speed with height (e.g., Velli 1993).
According to the recent theoretical study of Chae & Lee (2023),
the velocity amplitude has to be as large as 20 km s−1 in the up-
per chromosphere, both in coronal holes and in active regions.
This kind of theoretical consideration has motivated researchers
to search for large-amplitude transverse waves in the chromo-
sphere.

The transverse waves detected in the chromosphere of active
regions so far are found to have velocity amplitudes of much
smaller than 20 km s−1. These values were mostly determined
from observations of superpenumbral fibrils around sunspots.
The values determined from transverse displacements are typ-
ically 1 km s−1 (Pietarila et al. 2011), with a mean of 0.8 km s−1

⋆ Corresponding author: jcchae@snu.ac.kr

(Morton et al. 2021), and those determined from the analysis of a
Doppler velocity pattern ranged from 0.6 to 1 km s−1 (Chae et al.
2021, 2022).

In contrast, the transverse waves in quiet regions are found
to have large velocity amplitudes. The observations of spicules
above the solar limb taken with the Solar Optical Telescope on
board Hinode revealed large-amplitude transverse oscillations
of spicules with number distributions of velocity amplitude dis-
playing tails extending up to 30 km s−1 (De Pontieu et al. 2007;
Okamoto & De Pontieu 2011; Pereira et al. 2012; Bate et al.
2022). From off-limb observations, it was also found that veloc-
ity amplitudes increase with height above the solar limb, with
the mean value ranging from 18 km s−1 at 4900 km to 26 km s−1

at 7500 km (Bate et al. 2022). Transverse waves were also re-
ported from the disk counterpart of limb spicules, that is, fib-
rils around strong network elements. Jess et al. (2009) found
torsional oscillations with a velocity amplitude of 2.6 km s−1 at
network bright points that may correspond to spicule footpoints.
From their observations of on-disk spicules, Jess et al. (2012) re-
ported transverse velocities with a mean of around 15 km s−1 and
reaching up to 28 km s−1. Srivastava et al. (2017) reported high-
frequency transverse oscillations with velocity amplitudes of 14
km s−1 from the observation of on-disk spicules. Observations of
rapid blue excursions (RBEs), the supposed disk counterpart of
Type II spicules, revealed transverse velocities with a mean am-
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plitude of around 12 km s−1 (Sekse et al. 2013), reaching up to
22 km s−1 (Kuridze et al. 2015). All of these studies seem to sup-
port the notion that spicules carry transverse MHD waves with
sufficiently large velocity amplitudes for coronal heating in quiet
Sun regions.

We note, however, that spicules are not all plasma structures
in the upper chromosphere of quiet regions. Spicules usually re-
fer to plasma jets along the magnetic field lines that emanate
from strong network magnetic elements, and become predomi-
nantly vertical at large heights. The disk counterparts of spicules
were regarded as plasma structures that were called mottles or
bushes in the past, and are presently often referred to as fibrils.
In the past, however, the term “fibril” was used to refer to plasma
structures that are supported by highly inclined magnetic field
lines either in active or quiet regions of the solar atmosphere
(Foukal 1971b). Among nonspicular elongated plasma structures
are also threads (or loops), plasma structures connecting two
magnetic poles of opposite polarity, and filaments, plasma struc-
tures located above the polarity inversion line. It is generally
considered that all spicules, mottles, fibrils, threads, and filament
fine structures trace local field lines in the chromosphere (Foukal
1971a), despite some exceptions reported from numerical mod-
eling (Martínez-Sykora et al. 2016) or from spectropolarimetric
observations (Asensio Ramos et al. 2017).

Observations of transverse waves in the nonspicular chromo-
sphere of the quiet Sun are scarce. Morton et al. (2012) and Mor-
ton et al. (2013) are among the few authors to have reported such
rare observations. They found transverse oscillations with mean
velocity amplitudes of 6.4 km s−1 and 4.5 km s−1 in nonspicular
fibrils, respectively. Very recently, Kwak et al. (2023) reported
transverse oscillations in the line-of-light direction with a mean
velocity amplitude of 1.3 km s−1 in quiet region fibrils that would
be better referred to as chromospheric threads or loops.

In this paper, we report results from observations carried out
with an integral field spectrograph covering a very small quiet
region on the solar disk with a nearly diffraction limited reso-
lution (0.12′′), a high cadence (1.33 s), and a spectral resolu-
tion of R>300000, covering a wavelength range of 4.5 Å (±100
km s−1). The Hα chromosphere of the observed region happened
to contain a number of fibrils and tiny filaments supported by
predominantly horizontal magnetic fields. We found a variety of
oscillatory transverse motions with mean velocity amplitudes of
9 km s−1, 25 km s−1, and 37 km s−1 in different groups. This is the
first report on large-amplitude transverse oscillations prevailing
in the nonspicular chromosphere of the quiet Sun.

2. Data and analysis

We used the Hα spectral data taken from a quiet region of the
Sun on 2018 August 25 with the Microlensed Hyperspectral
Imager (MiHI) prototype (van Noort et al. 2022; van Noort &
Chanumolu 2022). The MiHI is an integral field spectrograph
based on a double-sided microlens array (MLA) that was in-
stalled as an extension to the TRI-Port Polarimetric Echelle-
Littrow (TRIPPEL) spectrograph at the Swedish Solar Tele-
scope (SST). For information on the observed region, we use a
photospheric magnetogram taken by the Heliospheric and Mag-
netic Imager (HMI) and images taken by the Atmospheric Imag-
ing Assembly (AIA) on board the Solar Dynamics Observatory
(SDO). The subregion of the HMI magnetograms that has a field
of view (FOV) much larger than that of the MiHI was used to cal-
culate potential magnetic fields in the chromosphere and corona.
The AIA images sample emission at coronal (AIA 171 Å), tran-

sition region (AIA 304 Å), and chromospheric (AIA 1700 Å)
temperatures.

The MiHI observations started at 09:07:48 UT and lasted
for 1037 s, with a cadence of 1.33 s per frame. The FOV was
9.2′′ × 8.2′′ (6700 km by 6000 km) and the spatial sampling was
0.066′′ (48 km). The conversion of the raw data frames to hyper-
spectral cubes and their restoration to high-resolution science-
ready Stokes data was done following the data reduction proce-
dure described by van Noort & Doerr (2022).

Every pixel contains the spectral profile covering 3.4 Å
around the Hα line with sampling of 0.01Å. We note that the
spectral data were taken simultaneously at all the pixels without
any time difference, as the MiHI is an integral field spectrograph.
The data reduction process consists of bad-pixel mending, wave-
length recalibration, telluric-line removal, and noise suppression
based on the principal component analysis. The line intensity at
every wavelength is expressed in units of continuum intensity,
which is assumed to be equal to 1.18 times the offband intensity
at −1.5 Å averaged over the FOV and over the observing time.

We obtained the core intensity and Doppler shift of the Hα
line by applying a 0.5 Å width bisector fit to every line profile.
The Doppler velocities are found to have a significantly large
variation with a standard deviation of 4.1 km s−1. In principle,
the combination of plane-of-sky transverse motion and line-of-
sight Doppler motion should provide more information on os-
cillations and waves. However, the pattern of Doppler motion
is found to be too complex for straightforward analysis. More-
over, in order to infer the line-of-sight motion of a feature that is
overlapped by other structures along the line of sight, a sophisti-
cated spectral analysis other than the simple bisector method is
required, which is far beyond the scope of this work.

In the present work, we focus on the inference of trans-
verse motion from the core intensity images. We note that the
core intensity data were obtained from the spectral analysis, and
are therefore insensitive to Doppler shifts. The core intensity is
rather related to the Hα line source function S and optical thick-
ness τ of the observed feature. We note that the Hα line source
function S is constant over the wavelength to a good approxi-
mation. It is also commonly assumed that S is constant over the
position along the line of sight. The equation of radiative transfer
along the line of sight can then be solved to yield the expression

∆I ≡ I − I0 = (S − I0)(1 − exp(−τ)), (1)

given in terms of background core intensity I0 and optical thick-
ness τ as well as S . This expression is reduced to ∆I = S − I0 in
the limit τ ≫ 1, and to ∆I = (S − I0)τ in the limit τ ≪ 1. We note
that all S , I0, and τ are now functions of time and position on the
image plane. In this study, as an approximation, we identify I0
with the slow-varying pattern that is constructed from the low-
order polynomial fit of the temporal variation of the intensity at
every position.

3. Results

Figure 1 shows the quiet region observed by MiHI as marked
on SDO/AIA images and SDO/HMI magnetogram. This region
does not show any noticeable bright coronal feature as seen in
these images apart from faint small-scale loops. The HMI mag-
netogram indicates that the MiHI FOV contains one magnetic
field concentration of positive polarity with a flux density of up
to 90 G. We therefore conclude that the observed region was
very quiet in the extreme ultraviolet (EUV)) and magnetograph
observations during the MiHI observation and may be typical of
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Fig. 1. Images of the observed region. a, b, c: Context SDO/AIA
images. d: SDO/HMI magnetogram. The blue rectangle indicates the
55′′×51′′ FOV of the submagnetogram below. e: SDO/HMI submag-
netogram rotated to match the MiHI image frame where the origin is
located in the lower left corner of the 9.2′′×8.2′′ MiHI FOV (red rectan-
gle). The colored curves denote the projected magnetic field lines of the
constructed potential field configuration with color representing height
above the surface. f: MiHI Hα intensity image with the projected field
lines superimposed. Most of these field lines inside the MiHI FOV have
heights of < 4000 km.

quiet regions on the Sun. This implies that any process we ob-
serve in this FOV may not be particular to this region, but rather
commonly occurring in other regions of the quiet Sun as well.

Figure 2 illustrates the Hα core intensity image of the ob-
served region taken at one particular instant. The figure shows
a number of elongated absorption structures. We find from the
time series of the core intensity images that these structures
change ceaselessly, even over just 17 min. A variety of motions
occur in this small region in such a short time, including trans-
verse motions perpendicular to the length, longitudinal motions,
and large-scale rotating motions leading to the reorganization of
the structures themselves. Here we focus on the time–distance
(t-d) analysis of transverse motions perpendicular to the length.

There are two categories of absorption structures in our ob-
servation: fan fibrils and tiny filaments. The fan fibrils are lower-
contrast features comprising a fan structure extending approxi-
mately radially outward from the positive magnetic concentra-
tion inside the MiHI FOV. These fibrils are likely to be sup-
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Fig. 2. Hα core intensity map taken at 500 s after the start of observa-
tions. The dashed arrows indicate the two main slits (FIL and ARC)
and the two auxiliary slits (FIL2 and ARC2). The cyan-colored and
magenta-colored contours represent ±1σ levels of offband intensity at
−1.5 Å, and the plus symbol marks the center of the offband bright con-
centration co-spatial with the magnetic concentration of positive polar-
ity.

ported by highly horizontal, low-lying magnetic field lines con-
necting this magnetic concentration and some magnetic concen-
trations of negative polarity outside the MiHI FOV. The con-
structed potential magnetic fields demonstrate the existence of
these field lines. The potential field lines are fairly horizontal,
and are mostly located at heights of 2000 to 4000 km (see Fig-
ure 1f). The field strength at the loop tops at these heights is esti-
mated at around 10 G. It is not surprising to find some misalign-
ments between the fibrils and the potential field lines, because
the effects of plasma pressure and gravitational force may not be
negligible in the chromosphere. If these effects were taken into
account, the field lines would become flatter, and the magnetic
field strength would then be a little higher than 10 G. For the
study of the transverse motions in these fan fibrils, we define the
arc-shaped slits ARC and ARC2 for the t-d analysis, as shown
in Figure 1.

The tiny filaments are higher-contrast absorption structures
outside the fan structure. These structures do not originate from
the magnetic concentration, and are not aligned with the con-
structed potential fields (see Figure 1f). It seems that these fea-
tures are supported by highly nonpotential and predominantly
horizontal magnetic fields. This is one reason why we identify
them as filaments. For the study of transverse motion in these
filaments, we define the two straight slits FIL and FIL2 for the
t-d analysis.

We find a variety of large-amplitude velocity oscillations
in this region. We categorize the transverse oscillatory mo-
tions into three groups; those with velocity amplitudes V < 15
km s−1(Group I), those with 20 < V < 30 km s−1 (Group II), and
those with V > 30 km s−1 (Group III). Group I oscillations oc-
curred continually in the filaments, and the Group II oscillations
prevailed in the fan fibrils for about 350 s among the observing
duration of 1037 s. Group III oscillations occurred from time to
time in the fan fibrils, less frequently than the oscillations in the
other groups.
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Fig. 3. Time–distance ∆I map constructed along the slit FIL. Each cyan-colored dashed line segment traces the trajectory of a filament at each
instant, and its slope corresponds to the instantaneous velocity at one particular instant, as explicitly specified by a cyan-colored number (in units
of km s−1). Each red sinusoidal curve traces the transverse oscillation of the filament, which is indexed by red numbers ranging from 1 to 4.

Table 1. Inferred values of the period P and velocity amplitude V of the
transverse oscillations, and the intensity difference ∆I (in units of con-
tinuum intensity), and the FWHM width w of the fibrils and filaments.

Group Slit: No P V ∆I w
s km s−1 km

I FIL: 1 125 10 -0.05 210
FIL: 2 130 7 -0.07 205
FIL: 3 120 10 -0.04 160
FIL : 4 120 8 -0.06 195
ARC: 1 260 11 -0.05 160

II ARC: 5 320 24 - -
ARC: 6 370 24 - -
ARC: 7 320 27 - -
ARC: 8 380 26 - -

III ARC: 2 160 31 -0.03 130
ARC: 3 160 37 -0.02 140
ARC: 4 160 43 -0.02 145

Transverse oscillations belonging to Group I occur mostly in
the filaments, and are easily identified from the t-d map of in-
tensity constructed along the slit FIL shown in Figure 3. These
fibrils are characterized by contrast ∆I ∼ −0.06 and a full width
at half maximum (FWHM) of w ∼ 200 km (see Table 1). In
Figure 4, we mark some line segments representing our manual
tracing of some noticeable displacements of the filaments. The
slope of each line segment yields the instantaneous velocity at a
particular instant; these range from 6 to 9 km s−1. These instan-
taneous motions are parts of an oscillatory motion, and the ve-
locity amplitude of the oscillatory motion is larger than or equal
to any measured instantaneous speed. To determine the velocity
amplitude and period of each oscillatory motion, we manually
traced the oscillatory motion by drawing on the t-d map a sinu-
soidal curve of the form d = D sin(2π(t−t0)/P) that best matches
the pattern of the oscillatory displacement. As a result, we found
oscillations (FIL:1,2,3, 4) with periods P of 120 – 130 s, and
velocity amplitudes of V ≡ 2πD/P of 7 –11 km s−1 as listed in
Table 1. An oscillation in Group I was also identified in one of
the fan fibrils from the t-d map constructed along the slit ARC
shown in Figure 4. This oscillation (ARC: 1) has a velocity am-
plitude of 11 km s−1, which is comparable to those of FIL: 1– 4,
and has a period of 260 s, which is longer than those seen at the
slit FIL.

Figure 4 shows the transverse oscillations in Groups II and
III as well. The transverse oscillations (ARC: 5 to 8 ) in Group

II are distinct from those in Group I in several ways. First, un-
like those in Group I, the trajectories of the Group II oscillations
are not uniform, either in intensity or in width, and appear frag-
mented at certain instances. This kind of trajectory fragmenta-
tion might be because short fibrils move in and out of the slit
along the fibril length. We manually drew the sinusoidal curves
to approximate the fragmented trajectories as shown in the fig-
ure. We believe that these curves, though imprecise, reasonably
characterize the oscillatory transverse motions. The probable er-
rors in the determination of D are responsible for most of the
probable errors in V , which are estimated to be about 2 km s−1 in
three oscillations (ARC: 5, 6, 8) and about 8 km s−1 in the other
oscillation (ARC: 7). We find that these oscillations are charac-
terized by larger velocity amplitudes (from 24 to 27 km s−1) and
longer periods (320 to 380 s) than those in Group I (see Table 1).

An important property of the transverse oscillations in Group
II (ARC: 5 to 8) is the group behavior. These oscillations are
not independent of one another; they have similar phases, peri-
ods, and amplitudes, even though they occurred at different loca-
tions on the cut ARC. The consistency in these four oscillations
strongly suggests that they may have originated from the same
source.

The transverse oscillations (ARC: 2 to 4) in Group III
are characterized by very large velocity amplitudes, above 30
km s−1, and short periods of about 160 s. The trajectories are
regular, but the identified durations are much shorter than the
period. The fibrils displaying these oscillations are less dark
(∆I ∼ −0.02) and are thinner (w ∼ 140 km) than those in Group
I. These fibrils seem to appear at higher altitudes. It is noteworthy
that the periods and widths of the quiet Sun features summarized
in Table 1 are comparable with the reported lifetimes and widths
of dynamic fibrils in active regions (e.g., Tsiropoula et al. 2012).

Finally, in addition to the transverse oscillations, the t-d map
in Figure 4 displays a number of short-lived (< 60 s) transverse
motions as inferred from the faint intensity streaks (marked by
dashed line segments). Their slopes correspond to speeds from
6 to 29 km s−1. As these speeds are in the same range as the
oscillatory motions examined above, these streaks are probably
of the same kind as the oscillatory motions.

Now we attempt to determine the propagation speed of the
transverse oscillations. For the transverse oscillations in Group
I, we constructed another time–distance map along the slit FIL2,
which is parallel to FIL and is 240 km away from it (lower left
from FIL). The time lags obtained from the transverse motions
of FIL: 1, 3, and 4 are about 4 s. This means that the oscillations
propagate along the filaments at a speed of about 60 km s−1. For
the oscillations in fan fibrils, we constructed another t-d map
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Fig. 4. Time–distance ∆I map constructed along the slit ARC. Each cyan-colored dashed line segment traces the trajectory of a fibril at each
instant, and its slope corresponds to the instantaneous velocity at one particular instant, as explicitly specified by a cyan-colored number (in unit
of km s−1). Each red sinusoidal curve traces the transverse oscillation of a fibril, which is indexed by red numbers ranging from 1 to 8.

along the slit ARC2, which is parallel to ARC but has a smaller
radius, with the distance between the two slits being 240 km.
From the transverse oscillation ARC: 6 in Group II, we roughly
estimate the time lag at about +6 s, which corresponds to a speed
of about 40 km s−1. For the transverse oscillations in Group III,
we obtained a time lag of about -5 s, corresponding to a velocity
of −48 km s−1. The inward waves implied by the negative veloc-
ity might have originated either from wave excitation at a remote
magnetic concentration of negative polarity or from wave reflec-
tion at a place where the gradient of the Alfvén speed is large
(e.g., Velli 1993). The propagation speeds inferred here are quite
compatible with the theoretical range of Alfvén speed, 15 to
91 km s−1, in the upper chromosphere of the quiet Sun obtained
with the field strength of 10 G, and the range of mass density
from 3.5 × 10−12 g cm−3 to 9.5 × 10−14 g cm−3 taken from an
atmospheric model of the quiet Sun (Fontenla et al. 1993). This
supports the idea that the observed transverse oscillations repre-
sent transverse MHD waves propagating at speeds comparable
to the Alfvén speed in the upper chromosphere.

4. Discussion

In the present work we report the observation of a small region
on the Sun that appears to be highly typical of the quiet Sun. The
Hα chromosphere of this region contains two kinds of elongated
absorption structures: fan fibrils supported by highly horizon-
tal magnetic fields and tiny filaments supported by nonpotential
magnetic fields. The Hα spectral observations of high angular
resolution and high temporal resolution obtained with the MiHI
prototype reveal that this region was very dynamic, displaying a
variety of transverse motions with velocity amplitudes of up to

40 km s−1. Interestingly, however, no noticeable activities were
seen in the EUV image data.

Particularly important is our finding of large-amplitude
transverse oscillations in fan fibrils (Group II oscillations). The
velocity amplitudes of these oscillations have a mean value of
about 25 km s−1. We note that such mean velocity amplitudes
were previously only reported from observations of spicules seen
high above the limb; for example, 7500 km above the limb (Bate
et al. 2022). Our study is the first to report a large mean value of
velocity amplitudes obtained from on-disk observations of the
nonspicular chromosphere at low heights < 4000 km.

We now consider our estimates of the wave energy flux in the
chromosphere and corona. We estimate the Alfvén wave energy
flux in the chromosphere at 2.8 × 106 erg cm−2 s−1 from the ob-
served mean velocity amplitude of 25 km s−1 and the magnetic
field strength of 10 G; for these estimates, we adopted a mass
density of 1.0 × 10−13 g cm−3. Furthermore, by multiplying the
theoretical transmission of 0.36 (Chae & Lee 2023), we estimate
the wave energy flux in the corona at 9.5×105 erg cm−2 s−1. This
estimate is comparable to the wave flux of 8.0 × 105 erg cm−2

s−1 required for coronal heating and solar wind acceleration in
corona hole regions (Chae & Lee 2023). Contrary to our expec-
tations, we did not detect any noticeable activity in the coronal
image data, despite the occurrence of the large-amplitude trans-
verse waves in the fan fibrils. This could be explained by the
fact that the guiding magnetic field lines are strongly inclined
to the horizontal, forming low-lying magnetic loops that are
not directly connected to the corona above, unlike the spicular
chromosphere. Nevertheless, the transverse waves may still con-
tribute to the heating of these low-lying magnetic loops. More-
over, it would be natural to suppose that large-amplitude trans-
verse waves as observed in the fan fibrils take place also in the
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spicular chromosphere, contributing much to the coronal heating
and solar wind acceleration.

We note that the transverse MHD waves we observed not
only have large velocity amplitudes, but are also significantly
nonlinear. The nonlinearity of these waves is indicated by the
large value of the observed mean velocity amplitude 25 km s−1 in
comparison with the estimated propagation speed of 40 km s−1.
It is well known from theoretical studies (Hollweg et al. 1982;
Kudoh & Shibata 1999) that nonlinear Alfvén waves are coupled
with compressible waves; these Alfvén waves excite longitudi-
nal motions that propagate as slow or fast waves and develop
into shock waves. This kind of nonlinear coupling seems to be
consistent with the properties of the oscillations we observed in
Group II. The variations of intensity and width in the trajectories
may be attributed to the co-existence with compressible waves
as in the previous studies (Jess et al. 2012; Morton et al. 2012;
Sharma et al. 2018), and the fragmented appearance may be due
to the presence of oscillatory longitudinal motions in and out of
the slit.

It is also interesting that the transverse oscillations in Group
II display group behavior. The transverse oscillations occurring
in different fibrils have similar phases, velocity amplitudes (typ-
ically 25 km s−1), and periods (5–7 min). This group behavior
may provide us with a clue as to the excitation process of the
waves. These oscillations may have originated from the mag-
netic concentration where the magnetic field lines supporting
the fibrils are rooted together. If the magnetic concentration is
disturbed either by a linear motion or a twisting motion near
the photosphere or below it, transverse velocity oscillations will
be produced. These oscillations propagate simultaneously along
different field lines, developing into transverse oscillations of
different fibrils, and displaying the group behavior. In this re-
gard, the observed group behavior is not strange, and may be a
very natural property of fan fibrils. This property is not limited
to fibrils of this kind, but may also appear in the spicules that
emanate from the same magnetic concentration, as previously
identified as torsional Alfvén waves (Srivastava et al. 2017).

In summary, our results indicate that large-amplitude trans-
verse waves occur not only in the spicular chromosphere at
large heights but also in the nonspicular chromosphere at small
heights. The interesting properties (nonlinearity and group be-
havior) of the transverse waves in fan fibrils merit further sys-
tematic investigation based on the rigorous analysis of Doppler
velocity data. Together with the previously reported results on
transverse waves in the spicular chromosphere, our results con-
tribute to the advancement of our understanding of the proper-
ties and excitation of transverse MHD waves in the Hα chromo-
sphere of the quiet Sun.
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