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Abstract. The paper presents data on long-lived 
(~20–40 min) meteor trails. We describe a group of 
soliton-type meteor trails expanding at transonic speeds. 
Radio sounding data evidences that the latter include ~7–
8 min ionization trails. We also consider one event with 
an ordinary shape and dynamics of meteor trails. These 
ordinary meteor trails are formed due to wind flows at 
heights of meteor glow. 

We describe the space-time structure of the detected 
meteor trails. In particular, in the November 18, 2017 event 
the typical size of the expanding trail area reached 
approximately 400 km and retained its semioval shape. 
The meteor trail propagated mainly in the horizontal plane 
at heights of ~86–91 km. 

We examine possible mechanisms of long-lived 

meteor trails propagating at transonic speeds. We 

estimate speed variations of meteor particles of size 

from 1μm to 10 mm for ~70–120 km heights during 

their horizontal motion. It is shown that the mode of 

meteor particle motion without deceleration on the 

typical timescale of ~10
3
 s at 70–90 km heights can be 

realized only for large particles over 100 μm. 

Mechanisms and spectral composition of long-lived 

meteor trail glow are discussed. 

Keywords: long-lived meteor trail, ionization 

meteor trail, meteor trail glow, airglow. 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Over many years, reports have regularly emerged in 

the literature about meteor trails with lifetimes as long 

as tens of minutes. This phenomenon usually occurs 

during the impact of strong meteor showers, such as the 

Leonids meteor shower, on Earth’s atmosphere [Cleme-

sha et al., 2001]. The articles dealing with this phenom-

enon in the optical range focus on the processes that 

cause a long-term meteor trail glow [Kelley et al., 

2000]. Meanwhile, this phenomenon is of great interest 

for diagnostics of the state of Earth’s upper atmosphere 

and ionosphere. Most such works rely on radar observa-

tions of ionization meteor trails whose duration can 

sometimes be as long as several minutes [Kashcheev et 

al., 1967]. It is known that the passage of artificial and 

natural space objects such as meteoroids, spacecraft, 

and their fragments in the upper atmosphere may be 

accompanied by a number of phenomena such as shock 

and acoustic gravity waves (AGW), medium heating 

and ionization at the mesosphere–lower thermosphere 

heights [Grigoryev, 1999; Silber et al., 2018], which in 

some cases cause airglow disturbances in the optical 

range [Avakyan et al., 1991; Beletsky et al., 2004; Mi-

khalev, 2011]. There are a fairly large number of papers 

with results of studies of waves, wave structures, and 

disturbances during AGW propagation at heights of the 

upper atmosphere from the data on variations in iono-

spheric parameters or on recording of infrasound on the 

ground surface. At the same time, optical imaging of 

waves or their manifestations that occur when meteors 

enter the upper atmosphere or explode in it, has been 

described in few publications (see, e.g., [Avakyan et al., 

1991]). The literature deals mainly with meteor trails 

formed along the meteor trajectory (trajectory meteor 

trails), which are further transformed and displaced by 

the impact of turbulent motions and regular winds at 

heights of meteor burning. Mechanisms and peculiari-

ties of the kinetics of meteor trails have been discussed 

in many papers (see, e.g., [Kashcheev et al., 1967; 

Bronstein, 1981; Smirnov, 1994]), but in most cases 

they also deal with the trajectory meteor trails. 

Mikhalev et al. [2018] have reported on registration 

of long-lived (~20–40 min) unusually shaped meteor 
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trails expanding at transonic speeds. The purpose of this 

work is to present in more detail the results of recording 

of long-lived meteor trails (LMT) and to discuss possible 

conditions and mechanisms for their formation.  

 

EQUIPMENT  

AND OBSERVATIONAL METHOD 

Airglow observations are made at the ISTP SB RAS 

Geophysical Observatory (GPhO) (52° N, 103° E), located 

in the Tunka valley (the village of Tory) in the south of 

Eastern Siberia. The complex of optical and radiophysical 

instruments installed in GPhO includes spectrographs, 

wide-angle color and monochromatic cameras, and iono-

sonde. All these instruments operate fully in automatic 

mode. In this study, we have used observations made with 

an all-sky camera KEO Sentinel, wide-angle camera in the 

557.7 nm emission, spectrographs SATI-1M and SATI-2, 

color wide-angle camera, as well as data acquired by an 

ionosonde of vertical and oblique sounding of the iono-

sphere by chirp signals (Ionosonde-MS). 

The all-sky camera KEO Sentinel is designed to rec-

ord the spatiotemporal dynamics of 630 nm emission 

intensity (180–300 km spontaneous emission heights). 

The half-width of the interference filter is ~2 nm. The 

viewing direction is zenith, the field of view is 145°, the 

exposure time is 60 s [http://atmos.iszf.irk.ru/ru/data/keo]. 

The color wide-angle high-sensitivity camera Filin-

1Ts comprises a cooled color CCD matrix KODAK 

KAI-11002. As the entrance lens we use the Mir-20 lens 

(20 mm focal length, 1:3.5 focal ratio). The camera has 

a thermostable case, a rotating turret, and is pointed at 

the northern sky, at the celestial pole. The camera angu-

lar field of view is ~90°, exposure time is 300 s 

[http://atmos.iszf.irk.ru/ru/data/color]. 

In addition, we have used observations from the color 

all-sky camera installed in ISTP SB RAS Sayan Solar Ob-

servatory (SSO) near the village of Mondy (51.6° N, 

100.9° E). SSO is located 150 km to the west of GPhO. For 

the observations we employed the AllSky-340 camera with 

a 640×480 CCD receiver Kodak KAI-340. The camera has 

a fisheye lens with a focal length of 4 mm and a focal ratio 

of 1:4, which ensures an angular field of view of 

185°×145°. The scale of image in zenith is 18 arcmin/pix. 

The typical exposure in the nighttime is 60 s, the interval 

between successive frames is 140 s. 

The spectrographs are designed to record nightglow 

spectra (mostly of dominant emissions in the nightglow 

spectrum — atomic oxygen [OI] 557.7, 630.0 nm and 

sodium doublet Na [OI] 589.0–589.6 nm) in studies of 

processes in the upper atmosphere during heliogeophys-

ical disturbances of different nature. The spectrographs 

are described on the websites [http://atmos.iszf.irk.ru/ru/ 

data/spectr] (SATI-1M) and [http://atmos.iszf.irk.ru/ru/ 

data/sati2] (SATI -2). 
The Fabry–Perot interferometer is designed to 

measure atmospheric temperature and wind speed in an 
altitude range 80–300 km. The measurement technique 
rests on recording the Doppler shift and Doppler broad-
ening of nightglow lines. The observations are made at 
fixed wavelengths: 630, 557.7, 589.3, 427.8, 732.0, 

843.0 nm (oxygen, sodium, and nitrogen), thus provid-
ing a vertical profile of atmospheric parameters. During 
the observations, we scan a part of the celestial sphere 
to restore the complete wind velocity vector as well as 
to estimate the atmospheric temperature gradient in an 
area with linear dimensions of several hundred kilome-
ters. This instrument is described on the website 
[http://atmos.iszf.irk.ru/ru/data/fpi]. 

The Ionosonde-MS operates in the chirp sounding 
network of ISTP SB RAS. Transmitters of the network 
are located near Usolye Sibirskoye (point Usolye), 
Norilsk, Khabarovsk, and Magadan. Besides receiving 
oblique and near-vertical sounding signals from the 
network transmitters, the Ionosonde-MS performs verti-
cal ionospheric sounding every minute 
[http://dep1.iszf.irk.ru/CHIRP_ionogrames]. 

 

OBSERVATIONAL RESULTS  

AND DISCUSSION 

November 16, 2017 event The long-lived meteor 
trail recorded on November 16, 2017 is a trail with or-
dinary shape and dynamics. Such a trail is developed 
from a linear meteor trail (along the meteor trajectory) 
under the action of wind flows at heights of meteor trail 
glow. Figure 1 shows fragments of images of meteor 
entry into Earth’s atmosphere and LMT captured by the 
wide-angle color camera at GPhO near the northern 
horizon on November 16, 2017.  

The mean velocity projection on the plane of the sky 
of the bow emission region motion in the linear ejection 
phase in the interval 21:43:02–21:58:00 UT (frames 2–
5) is ~21  –24 m/s (for the expected explosion height of 
~85 km). After 21:58:00 UT, the developed structure 
moves at a characteristic velocity of ~22 m/s in the 
northwest direction, which coincides with the wind di-
rection as derived from Fabry–Perot interferometer data 
in the 557.7 nm line. 

Short-term IGWs, captured by the color camera Filin-
1Ts, propagated in the same direction. The observation of 
the meteor trail ended at 22:37:52 UT, hence the total ob-
servation time was ~1 hr. 

Figure 2 presents observations of intensity variations in 

the 589.0–589.6 nm Na line (doublet) made by the spec-

trograph SATI-2 (a), and fragments of images from Figure 

1 separated by R-G-B color channels (b). The spectrograph 

is pointed northward with ~23° optical axis elevation 

above the horizon.  

Among the observed features of the Na emission in-

tensity variations is an increase in signal dispersion 

shortly after the meteor explosion. The standard devia-

tion changed from 11.02 to 15.75 when the mean value 

of ~74 was constant. In the R-G-B channels of the color 

camera, LMT was observed almost exclusively in the R 

and G channels. 

The November 18, 2017, January 23, and November 

12, 2018 events are a group of soliton-type meteor trails. 

November 18, 2017 event In Figure 3 are fragments 

of successive images taken by the all-sky camera KEO 

Sentinel near the western horizon on November 18, 

2017; in Figure 4, successive images of the same event 

taken by the color camera at SSO. 

 

http://atmos.iszf.irk.ru/ru/data/keo
http://atmos.iszf.irk.ru/ru/data/color
http://atmos.iszf.irk.ru/ru/%20data/spectr
http://atmos.iszf.irk.ru/ru/%20data/spectr
http://atmos.iszf.irk.ru/ru/%20data/sati2
http://atmos.iszf.irk.ru/ru/%20data/sati2
http://atmos.iszf.irk.ru/ru/data/fpi
http://dep1.iszf.irk.ru/CHIRP_ionogrames
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Figure 1. Fragments of images of meteor entry into Earth’s atmosphere and a long-lived meteor trail recorded by a wide-

angle color camera on November 16, 2017. In the images is the frame recording time. The exposure time is 300 s. Two bright 

trails from starts over the place of the formation of the long-lived meteor trail match the stars of the Cygnus constellation k Cyg 

and l Cyg with stellar magnitudes of 3.8 and 3.75 respectively 
 

 

Figure 2. Variations in 589.0–589.6 nm Na line intensities (a) and fragments of images from Figure 1, separated by R-G-B 

color channels (b). The vertical dashed line shows the meteor explosion time 

Meteor observations made from two different directions 
(SSO and GPhO) allow us to determine the spatial position 
of individual parts of this phenomenon. The meteor trail 
was observed in adjacent frames obtained at SSO and 
GPhO at 22:23:19 and 22:23:29 UT respectively. Start and 
end of the spontaneous emission (determined from a noise 
level of 3σ relative to the background) correspond to 
heights of 108.3±0.1 and 72.2±0.1 km. The minimum 

brightness in the meteor trail corresponds to a height of 
82.2±0.3 km. The visible length of the trail is 43.7 km. 

The meteor trail propagates mainly in the horizontal 
plane in the altitude range 86–91 km. The source of the 
meteor trail is approximately localized at the maximum 
brightness of the trail in the vicinity of the first flash at a 
height of 87.8 km. The bow region of the meteor trail 
loop in the interval 22:25–22:47 UT moves at a constant  
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Figure 3. Fragments of images taken by the all-sky camera 

KEO Sentinel at GPhO near the western horizon on November 

18, 2017  
 

Figure 4. Successive images captured by a color camera at 

SSO on November 18, 2017 at the same time intervals as 

shown in Figure 3. Bottom row: enlarged fragments of color 

and R-G-B images for 22:25 UT 

 

Figure 5. Vertical sounding ionograms obtained by the Ionosonde-MS on November 18, 2017 

 
velocity of ~320 m/s and for the given time shifts by 
~400 km. The total time of the meteor trail observation, 
as derived from optical data, is ~35–40 min. 

Figure 5 shows vertical sounding ionograms ob-
tained by the Ionosonde-MS. The sounding was car-
ried out once per minute in a frequency range 1–20 
MHz with a frequency-tuning rate of 1 MHz/s. Re-
flections from the regular F2 layer with an apparent 
height of more than 200 km are pronounced. In panel 
(a) is an ionogram before the meteor impact; panels 

(b, c) show characteristic horizontal trails of reflec-
tions from high-ionization regions with an apparent 
height of ~150 km in two or three minutes after the 
impact, which are almost not visible in panel (d) cor-
responding to 10 min after the impact. 

The occurrence of the high-ionization region con-
curs with the main meteor flash according to optical 
data. This allows the preliminary identification of this 
region as an ionization LMT. The total time of its obser-
vation was ~7–8 min. Projections of the velocity of dif-
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ferent areas of the trail estimated from the upper and 
lower edges of horizontal trails in ionograms are ~25–
50 m/s, being significantly lower than the velocity of the 
optical trail. The characteristic size of the expanding 
ionization trail does not exceed ~20–25 km. 

Figure 6 presents neutral wind data obtained by the 

Fabry–Perot interferometer in the 557.7 nm atomic oxy-

gen [OI] line (85–115 km spontaneous emission 

heights).  

We can see that during the LMT formation and de-

velopment there was a predominantly northerly wind 

blowing at a speed of 60 to 80 m/s. Probably, this fea-

ture of the wind structure (assuming that it remained 

constant at the LMT spontaneous emission height) 

might have caused the brightness asymmetry in the form 

of a semi-ellipse (see Figure 4, bottom row). The bright-

est part of the meteor trail corresponds to the southward 

movement opposite to the incoming wind stream. Janu-

ary 23 and November 12, 2018 events Figure 7 shows 

fragments of images of meteor entry into Earth’s atmos-

phere and LMT recorded by the GPhO camera in the 

557.7 nm emission near the eastern horizon on January 

23, 2018. 

The time of observation of the meteor trail was ~20 

min. The projection of velocity of the meteor trail was 

~34–40 m/s (for a height of 90 km). Unfortunately, en-

try of this meteor into Earth’s atmosphere did not fall 

into the field of view of the SSO camera. There were, 

therefore, no basic observations and it was impossible to 

assess total velocities for this event. As for the Novem-

ber 18, 2017 event, the ionosonde recorded LMT similar 

to that shown in Figure 5. Projections of velocity of 

LMT regions estimated from the upper and lower  edges 

of horizontal trails in ionograms were ~50–80 m/s. The 

duration of the ionization trails in both the cases was 

~7–8 min. 

A quasi-circular LMT was also recorded on Novem-

ber 12, 2018 by three GPhO cameras. This phenomenon 

was not recorded at SSO because of weather conditions. 

The observation time of this LMT according to data 

from different GPhO cameras was ~15–18 min. 
Space-time structure of LMT. Generally, the space-

time structure and dynamics of LMT after a meteor im-
pact are formed under the action of winds at meteor 

 

Figure 6. Meridional (solid line) and zonal (dashed line) 

winds as derived from  observations made with the GPhO Fabry–

Perot interferometer in the 557.7 nm [OI] line on November 18, 

2017 between 22–23 UT 

 

Figure 7. Fragments of images of meteor entry into Earth's 

atmosphere and a long-lived meteor trail recorded on January 

23, 2018 (in the last frame, the contrast is set high) 

 

heights [Smirnov, 1994]. Dynamics of the LMT record-

ed on November 16, 2017 correlates well with this in-

terpretation. At the same time, the interpretation of 

space-time structures of the LMTs recorded on Novem-

ber 18, 2017, January 12 and 23, 2018 presents some 

difficulties. This is primarily associated with preserva-

tion of luminous expanding trails having almost oval 

shapes virtually throughout the observation time. These 

LMT structures formally resemble stable soliton waves. 

Zinn and Drummond [2007] attribute the LMT for-

mation in the form of unusual circular rings on scales of 

hundreds of meters to twisting by vortex vertical winds. 

In the events analyzed, space structures remain un-

changed on scales of tens of kilometers.  

Observed velocities and possible mechanisms of mo-

tion. The most comprehensive data on velocities has 

been obtained for the November 18, 2017 event. The 

bow region of the meteor trail loop in the interval from 

22:25 UT to 22:47 UT as inferred from optical data 

moved at a constant velocity of ~320 m/s, which is by 

20–30 % higher than the calculated velocity of sound at 

a given height in the standard-atmosphere model. As 

derived from radio sounding data, projections of LMT 

velocity estimated from upper and lower edges of hori-

zontal trails in ionograms are ~25–50 m/s. 

Propagation of the disturbances associated with ejec-

tions and explosions of meteoric material in the upper 

atmosphere is known to be due to diffusion or propaga-

tion of shock and acoustic gravity waves (see, e.g., 

[Zeldovich, Raiser, 2008; Platov et al., 2013]). 

Diffusion in its classical version occurs in the at-

mosphere at a molecular level and becomes significant 

as a transfer process only in the thermosphere. At lower 

heights, the main transfer process is associated with 

motion of certain volumes of air and accordingly with 

turbulent diffusion [Brasseur, Solomon, 1984]. Order of 

the maximum turbulent diffusivity Dt is ~ 10
2
–10

3
 m

2
/s 

[Banks, Kockarts, 1973; Gaigerov, 1986 ]. The charac-

teristic dependence of diffusion expansion is usually 

described by the expression [Kashcheev et al., 1967] 

c 

d 
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r = (4Dt)
1/2

,     (1) 

where D is the diffusivity. 

For the November 18, 2017 event with the observa-

tion time of the optical trail of ~40 min, Expression (1) 

with maximum Dt ~ 10
3
 m 

2
/s gives a characteristic size 

of diffusion expansion of ~3 km, which is substantially 

less than the observed values. 

Platov et al. [2013] have examined specific optical 

phenomena in the upper atmosphere associated with 

launches of powerful solid-propellant rockets: develop-

ment of spherically symmetrical gas-dust formations 

having the shape of an expanding torus in the plane of 

the sky. To interpret the observed time dependences of 

velocities and radius of spherical formations, the authors 

study the approximation of strong explosion in a gase-

ous medium derived from the self-similar solution 

[Sedov, 1987]. In this approximation, the time depend-

ence of shock wave radius r and velocity v for a spheri-

cally symmetric case have the form [Sedov, 1987] 

r = (E/p)
1/5

t
2/5 

,  v = 2/5(E/p)
1/5

t
–3/5

,   (2) 

where E is the energy released in the explosion, p is the 

initial gas density.  

Note that the observed velocities of LMTs, as de-

rived from both optical and radio sounding data, for the 

November 18, 2017 event remain constant during their 

recording times as compared to the dependence in (2). 

Platov et al. [2013] believe that shock wave propa-

gation may occur with drag of particles of the con-

densed phase of fuel components in the first seconds of 

their spread, almost all the material concentrated in a 

relatively narrow layer behind the shock wave front. 

Grigoryan et al. [2013] also indicate a possible for-

mation of a narrow layer. “... passage of fireballs of both 

comet and asteroid origin through Earth’s atmosphere is 

followed by their intense aerodynamic destruction and 

transverse spreading under the action of the pressure 

gradient on the front surface of the fireball. These pro-

cesses culminate with abrupt aerodynamic deceleration 

and instantaneous conversion of kinetic energy of the 

fireball into thermal energy of fireball and atmosphere 

particles in a relatively thin layer in the explosion zone 

with generation of high temperatures and shock wave 

there”. Platov et al. [2003] have examined deceleration 

conditions of large particles when they move in the up-

per atmosphere in terms of rocket emissions. In particu-

lar, they have found that for particles with the typical 

size of 1 µm the deceleration length may be as great as 

tens of kilometers or more at heights above 120 km. 

Some similar effects also arise during evolution of 

artificial plasma irregularities and during injection of 

plasma clouds into Earth’s ionosphere when ambipolar 

diffusion and electromagnetic fields play a key role 

[Philipp et al., 1986]. In these experiments, the form of 

irregularities is determined by diffusion processes and 

motion in the crossed electric and magnetic fields, ve-

locities being as high as ~100 m/s. The recorded forms 

of irregularities are continuous spherical, ellipsoidal or 

cigar-shaped structures extended along the magnetic 

field, which differ from the expanding ring or toroidal 

formations we analyze [Platov et al., 2013]. 

Estimate the possible change in the meteoric speed 

for heights ~70–120 km in case of its horizontal motion 

within the concept of [Platov et al., 2013]. For this pur-

pose, use the main equation of meteor motion [Bron-

stein, 1981] 

МdV/dt = –ГSpV
2
, (3) 

where M is the meteoric mass, V is its velocity, Г is the 

drag coefficient (0.5≤ G≤1.0), S is the cross-section 

area (midsection) of the meteor, p is the air density. 

Then the change in the particle velocity  

 

V = V0 / (1+3рV0t/(4р0r)) = V0 / (1+ K),  (4) 

where  K = 3рV0t / (4р0r), р0 is the meteor density, r is 

the meteor radius. 

Obviously, the meteor speed should change when K 

becomes comparable to 1. 

Table lists calculated values of K for heights of 70, 80, 

90, and 120 km and different sizes of meteors r. When 

calculating K, we take p0 = 5 g/cm
3
 (mean for stone and 

iron meteors), V0 = 50 m/s (typical value of the measured 

LMT velocity), t = 10 
3
 s (typical time of LMT observa-

tion). We have used values of p from the standard model of 

Earth’s atmosphere. 
 

Height 

km 
1 µm 100 µm 1 mm 2 mm 10 mm 

70 825 8.25 0.825 0.41 0.0825 

80 203 2.03 0.2 0.1 0.02 

90 37.5 0.375 0.0375 0.018 0.00375 

120 0.49 0.0049 0.00049 0.000245 0.000049 

 

From the K values listed in Table it follows that the 

mode of meteor particle motion without deceleration on 

a characteristic time scale of ~10
3
 s at 70–90 km can be 

realized only for sufficiently large particles greater than 

100 µm with a high density of meteoric matter (these 

values are highlighted in bold in Table). Note that the 

results obtained for a fraction of  ~1 µm particles are 

consistent with the conclusions drawn by Platov et al. 

[2003]. In this case, the concept formulated in [Platov et 

al., 2013] for the interpretation of spherically symmetric 

gas-dust formations of toroidal structure associated with 

launches of solid-propellant ballistic rockets may also 

be applied to the observable LMTs we discuss. Differ-

ences may be related to heights of occurrence of these 

formations, chemical composition, and sizes of associ-

ated particles. 

Optical observations of velocities of luminous LMT 

regions (~320 m/s) during the November 18, 2017 event 

indicate a developed low-intensity shock wave. It is 

known that a weak shock wave moves through the un-

disturbed gas at a velocity very close to the velocity of 

sound, i.e. it is almost similar to the acoustic compres-

sion wave [Landau, Lifshits, 1986; Zeldovich, Raiser, 

2008]. In this case, in the zone farthest from the place of 

the formation of the shock wave, the shock wave veloci-

ty under certain conditions (e.g., at insignificant dissipa-

tion in the case of weak shock wave) may vary slightly, 

asymptotically tending to the velocity of sound (see, 
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e.g.,  [Pinaev et al., 2000]. This property of the weak 

shock wave as well as motion of the meteor particle 

without deceleration having significantly large momen-

tum compared to medium particles can explain the al-

most constant velocity of disturbances in the November 

18, 2017 event, using optical data.  

In this regard, the use of only the above observations 

does not allow us to unambiguously explain the mecha-

nism of formation and propagation of soliton-type LMT. 

Let us analyze two mechanisms of formation of spheri-

cally symmetric LMTs in explosions of sufficiently 

large meteors (fireballs). In the first case, an explosion 

produces a shock wave that can give a momentum to 

spreading particles of meteoric material. Almost all the 

material is concentrated in a thin layer, sustaining a cer-

tain initial velocity and moving independently of the 

shock wave. In the second case, the explosion itself sets 

the initial velocity of meteor particles, which then prop-

agate in the form of a relatively fine spherically sym-

metric structure. At some heights and sizes, particles can 

move in horizontal directions in the atmosphere without 

velocity attenuation for a long time (10
3
 s and more), 

over tens to hundreds of kilometers. In the second case, 

the decisive role is played by a weak low-dissipative 

shock wave moving at a transonic speed. 

For the November 18, 2017 event, the LMT veloci-

ties calculated from optical and radiophysical data vary 

considerably, as do times of recording and characteristic 

scales of disturbed regions. We can assume that LMT 

formed simultaneously with the optical one, but ex-

panded at significantly lower speeds (~25–50 m/s). The 

initial forms of ionization and optical trails formed sim-

ultaneously immediately after the meteor explosion and 

were similar. The subsequent difference between LMT 

propagation velocities obtained by radiophysical and 

optical methods can be attributed to different mecha-

nisms of propagation of neutral (optical trail) and 

charged (ionization trail) components of the initial dis-

turbed region. 

Mechanisms of LMT glow. The literature discusses 

several possible mechanisms of long-term LMT glow. 

In addition to ionization trails, dust meteor trails can be 

observed which form after the passage of bright fire-

balls, followed by meteor precipitation [Babadzhanov, 

1987]. The dust trails can be seen due to sunlight scat-

tering during daylight or twilight hours. Heights of for-

mation of the dust trails are lower than those of ioniza-

tion trails, most often they form at heights of 60 km and 

below. After the passage of fireballs, we can see a dust 

trail that can persist for hours in twilight or moonlight 

[Astapovich, 1958]. Mechanisms of LMT glow associ-

ated with emissions of atmospheric components in the 

Na, OH, and O lines (557.7 and 630 nm) are also dis-

cussed (refer, e.g., to [Clemesha et al., 2001, Kelley et 

al., 2000], etc.). 

The November 16, 2017 event observed before as-

tronomical twilight (angular heights of the Sun –26°÷ –

17°) under conditions of the low rising Moon (–2°÷6° 

heights, 2.4 % Moon phase, the new Moon is on No-

vember 18). The November 18, 2017 event was ob-

served in astronomical twilight (angular heights of the 

Sun –19° ÷ –14°) under conditions of rising Moon 

(2°÷10° heights, 0.4 % Moon phase). The November 23, 

2018 event was observed in the nighttime moonless 

period (angular heights of the Moon –32° ÷ –34°). In 

this regard, in the events analyzed, in addition to twi-

light or moonlight scattering by meteoric material, we 

should probably consider mechanisms of long-term 

glow related to the glow of both meteoric material and 

atmospheric components. 

 

CONCLUSIONS 

The data on long-lived (~20–40 min) meteor trails 

we presented has been obtained from the study of regu-

lar and irregular variations in Earth’s upper atmosphere 

emission. In addition to the example of ordinary LMT 

developed from the original linear meteor trail under the 

action of winds, we have presented the results of obser-

vations of soliton-type meteor trails expanding over 

large (up to 400 km) distances at transonic speeds. The 

radio sounding data indicates the presence of ~7–8 min 

ionization trails occurring simultaneously with the opti-

cal meteor trails. In this case, quite an extended region 

of the neutral atmosphere and ionosphere can be dis-

turbed. It is likely that the greatest difficulty in interpret-

ing the source of the described optical and ionospheric 

disturbances arises when recording equipment misses 

meteor entry into the atmosphere.  

We have analyzed possible mechanisms of the for-

mation of soliton type meteor trails and conditions fa-

vorable for quasi-horizontal propagation of disturbances 

over large distances without velocity attenuation. Esti-

mated maximum velocities under turbulent diffusion at 

heights of meteor trail emission do not allow us to con-

sider this process responsible for the observed phenom-

enon. We have examined propagation of meteor parti-

cles of size from 1 µm to 10 mm having initial transonic 

speeds for heights ~70–120 km in case of their horizon-

tal motion. We assume that the meteor particles reach 

transonic speeds due to meteor explosion. We have 

shown that the mode of meteor particle motion without 

deceleration on a characteristic time scale of ~10 
3
 s at 

70–90 km can be realized only for sufficiently large 

particles over 100 µm. We do not exclude the case of 

weak shock wave propagation at transonic speeds either. 

The long-term glow of meteor trails and features of 

its spectra may be caused by the glow of both meteoric 

material and atmospheric components. 

Due to the relatively rare observation of this phe-

nomenon, we can assume that such phenomena can be 

driven by sufficiently large meteors having a specific 

composition, size, and speed. To detect and study such 

phenomena, we need high-sensitive optical and spectral 

equipment capable of recording the background airglow. 

This work was supported by RFBR grant No. 17-05-

00492. Observations of Earth’s upper atmosphere emis-
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servations of meteor trails was carried out under Project 

No. 3.9620.2017/BCh within the basic part of the state 
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