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Abstract 

The small scale structure of TLE’s is discussed in the 

context of the  filamentation processes. The 

discussion is focused around  3 mechanisms –pinch 

instability, filamentation of kinetic Alfven’s waves 

and ionization instability.  

 

1. Introduction 

 

     Plasma turbulence is one of the most significant 

features of the space plasma. Alfven, lower hybrid, 

electron and ion cyclotron waves and higher 

frequency waves at Langmuir and upper hybrid 

frequencies are always observed in the ionospheres, 

magnetospheres, solar wind. 

     Another general feature of a magnetized plasma is 

a tendency to create filamentary structures in the 

field aligned currents [1]. This filamentation can be 

seen by optical and X-ray observations of the solar 

chromosphere and corona, in the cometary’s tails and 

on the Earth in the aurora. Magnetospheric plasma 

indicates also a tendency to form subtle structures in 

the current flowing along magnetic field line. 

     Prognoz-8, Magion-4, Interball Tail Probe and 

CLUSTER registered crossings of many small scale 

structures in different  magnetospheric plasma 

domains. Examples of observation of these types of 

structures which we assumed are plasma filaments in 

the polar, magnetospheric cusp [2] are shown in 

Figures 1 and 2. The observed subtle structure of the 

TLE’s indicate subtle structure which can be also 

identified  with the plasma filaments.  

 

 

 

 

Figure 1: Wavelet spectra from Interball 1taken  in 

the polar cusp. The variability of the wave intensity 

indicate crossing small scale structures within cusp. 

Figure 2: Filament of the electric current in the 

polar cusp registered by Interball 1 [2]. 
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2. Transient Luminous Events 

(TLE’s) 

Transient Luminous Events (TLE)  are upper 

atmospheric optical phenomena associated with 

thunderstorms. First suggestion on the existence of 

such phenomena was given by Scottish physicists 

C.T.R. Wilson in 1920’s, but only 70 years later 

these phenomena were registered. The experimental 

discovery of these events was done accidentally in 

1989 by Robert Franz . These first registrations were 

related to phenomenon which now is called red sprite 

[3],[4].  

Since then thousands of observations of different 

types of   TLEs have been done from the aircrafts, 

space shuttle, space station and satellites. The 

observations up to now are mainly related to optical 

phenomena. There are some different types of TLE- 

red sprites, blue jets, elves, halos and trolls. All of 

them are of the electromagnetic nature and are 

triggered by a rapid significant change in electric 

filed above the cloud level reaching to the 

ionosphere. The first proof that the electromagnetic 

effects observed in the mesosphere are generated by 

sprites  and can be registered in the ionosphere has 

been done by DEMETER satellite observations [5] . 

These events are associated with the intense energy 

transfer between the atmospheric layers and have a 

strong influence on the ionosphere. Figure 3 presents 

the variety of the Transient Luminous Events. 

 

Figure 3: The view of the different phenomena called 

Transient Luminous Events 

 

Sprites are associated with giant storm clouds with 

dimensions over 1000km producing strong electric 

field in the  mesosphere. Sprites are massive but 

weak luminous flashes, appearing at altitudes 40-90 

km. 
Sprites are predominantly red. The brightest region 

lies in the altitude range 65-75 km, above which 

there is often a faint red glow structure that extends 

to about 90 km. Below the bright red region, blue 

tendril-like filamentary structures often extend 

downward to 40 km. Sprites rarely appear alone, they 

usually occur in groups - two, three or more 

The duration of sprites is of the order of ms. Currents 

associated with sprites have intensity  above 1 kA. 

Blue jets are another high altitude optical 

phenomena, observed above strong thunderstorms. 

Blue jets are seen as an  optical ejections from the top 

of the electrically most active regions of 

thunderstorms. Following their emergence from the 

top of the thundercloud, they typically propagate 

upward in narrow structure in form of cones of about 

15 degrees full width at vertical speeds of roughly 

100 km/s (Mach 300), fanning out and disappearing 

at heights of about 40-50 km. The giant blue jets can 

reach the ionospheric altitude . Their intensities are 

on the order of 800 kR near the base, decreasing to 

about 10 kR near the upper edge. These correspond 

to an estimated optical energy of about 4 kJ, a total 

energy of about 30 MJ, and an energy density on the 

order of a few mJ/m
3
. Blue jets are rather rare events. 

Their appearance is much lower than sprites. Blue 

jets are not aligned with the local magnetic field. 

The described above events are strongly 

electromagnetic events and its activity has direct 

influence on the conditions in the ionosphere.  

 

3. Filamentary Structure of TLE’s 

Filamentary structures are found in the many cases of 

space plasmas, all of them are observed or are likely 

to be associated with electric currents: In the aurora 

filaments parallel to the magnetic field are often 

observed. These can have dimensions down to 100m; 

inverted V events (10
5
 -10

6
 A) and in situ 

measurements of the electric currents in the 

magnetosphere demonstrate the existence of the 

filamentary structures; in the ionosphere of Venus 

„flux ropes” or „magnetic ropes”, whose filamentary 

diameter are typically 20km, are observed; on the 

Sun, prominences (10
11

A), specula’s, coronal 

streamers, polar plumes etc. show filamentary 

structure whose dimensions are in order 10
7
-10

8
m; 

the cometary tails often have a pronounced 



 

Figure 4: Subtle structure of the sprite [6] 

filamentary structure, sprites and blue jets show the 

subtle structure along the current with spatial scales 

of the order tens to hundreds  meters . Figure 4 shows 

the subtle structure of the sprite [6].  

4. Physical Mechanisms of 

Filamentation 

There are two fundamental physical mechanisms 

trying to explain a creation of the filamentary 

structure in the space plasmas. Both are associated 

with currents and ambient magnetic field. 

1.Pinch instability of the field aligned electric current 

[7]. Galperin et al. suggested this mechanism as a 

source of the subtle structure of the aurora. Current 

layer is decomposed into small scale magnetic 

islands by this instability. The size of these islands is 

given by:  

 

 

 

The characteristic time of formation of these 

structures is given by: 

 

 

2.Filament instability of the dispersive Alfven waves 

[8], [9], [10]. Magnetohydrodynamic description of 

the plasmas concentrates on length scales that are 

much longer than ion inertial length         and 

time scales much longer than inverse ion 

gyrofrequency          . 

The solution of these equations are dispersive Alfven 

waves. These waves are circular polarized and 

propagate along the magnetic field. Shukla and 

Stenflo find that transverse perturbation of these 

waves leads to formation of the paralell to the 

magnetic field alongated structures (filaments) due to 

so called filametation instability. The numerical 

simulation of the disturbances of the MHD Hall’s 

equations done by Laveder et al. [8] fully confirm 

this result. The scheme of the physical mechanism of 

this instability is shown in Figure 5.  The scale of 

generated structures can be determine by the local 

density as: 

 

 

 

 

 

Figure 5: Physical mechanism of the filamentation 

instability. 

.][10
4

m
n

c
L

ep




perp

e

e

i

eB

m

m

m
4* 

1i

.][
102.2 8

m
ne






5. Summary and Conclusions 

The characteristic time scales of the fine structures  

in TLE correspond to characteristic time scales of 

TLE’s and can be up to tens of miliseconds and the 

spatial scales are in order of tens to hundreds meters. 

The structures observed in the aurora have similar 

size ([7]and references given there).  

The non-linear analysis of the kinetic Alfven waves 

shows the possibility of the filamentation of these 

waves with a minimum characteristic scale 

corresponding to characteristic scales of Alfven 

soliton [11]. The characteristic scale is of the order of 

the Alfven wave length. Its minimum value can be 

expressed by the local electron density:  λa ≥ 2.2 x10 
8
 /n

1/2
[m] if the plasma density n is measured in m

-3
.  

Another non-linear mechanism which can lead to the 

filamentation is pinching of the field aligned electric 

current [7]. This mechanism can generate structures 

with a smallest size given by L>c/ωp  (c is the light 

velocity and ωp the plasma frequency). It can be also 

expressed by the electron local density as 10
7
/n

1/2
 [m]. 

Both characteristic scales depend strongly on the 

altitude. Assuming that proton density at the altitudes 

where TLE’s appear 10
9
-10

10 
m

-3
 what corresponds to 

Alfven wavelengths of 2.2-7 km and pinch generated 

structures of 100- 300 m. The application of these 

mechanisms to TLE’s needs a further studies and we 

are currently doing that.  

Another mechanism which is well known in 

laboratory plasmas and has been applied for 

explanation of the small scale irregularities of the 

electron concentration in the ionospheric electrojets 

(equatorial and auroral)- the ionization instability 

[12] can be also discussed as a source of subtle 

structure of TLE and we will discussed it in our 

further work. 

Acknowledgements 

This work has been supported by grant NCN  

2014/13/B/ST10/01285 

References 

[1] Perrat A. L., Physics of the Plasma Universe, 

Springer Verlag, New York, Berlin, Heidelberg, 

London, Paris, Tokyo, Hong Kong, Barcelona, 

Budapest, 1991. 

[2] Błęcki J., Savin S., Cornilleau-Wehrlin N., 

Kossacki K., Parrot M., Nemecek Z., Safrankova J., 

Wronowski R., Kudela K., Santolik O.. The Low 

Frequency Plasma Waves in the Outer Polar Cusp – 

Review of Observations from Prognoz 8, Magion 4, 

INTERBALL 1 and CLUSTER Satellites, Survey in 

Geophysics,.vol. 26. Nr 1-3 pp177-191, 2005 

[3] Sprites, Elves and Intense Lightning Discharges, 

eds. Fullekrug M., Mareev E., Rycroft M., Springer, 

Heidelberg,  2006.  

[4] Torsten Neubert, On Sprites and Their Exotic Kin, 

Science ,vol. 300, 2 May 2003 

[5] J. Błęcki , M. Parrot, R. Wronowski, ELF and 

VLF signatures of sprites registered onboard the low 

altitude satellite DEMETER, Annales Geophysicae, 

27, 2599–2605, 2009   

[6] Gerken, E. A., Inan, U. S., and Barrington-Leigh, 

C. P. Telescopic imaging of sprites. Geophys. Res. 

Lett., 27:2637–2640, 2000. 

[7] Galperin Yu., Zelenyi L., Kuznetsova M., 

Pinching of the Field – Aligned Currents as a Possible 

Mechanism of the Aurora Ray Structures Formation, 

Cosm. Res., XXIV, pp. 865-874, 1986. 

[8] Laveder D., Passot T., and Sulem P.L., Instabilities 

and Filamentation of Dispersive Alfven Waves, World 

Scientific, 2001. 

[9] Shukla P. K. and Stenflo L., Filamentation 

Instability of the Dispersive Plasma Waves, Space 

Science, 1989. 

[10] Champeaux S., Gazol A., Passot T., and Sulem 

P.L, Plasma Heating by Alfven Wave Filamentation: 

A Relevant Mechanism in the Solar Corona and the 

Interstellar Medium The Astrophysical Journal, 

486:477-483, 1997. 

[11] Bingham R., Bryant, D. A., and Hall, D. S., 

Auroral Particle Acceleration by Waves, Phys. Chem. 

Earth, 26, 133-144, 2001.  

[12] Błęcki J., Ionisation Instability as a Source of 

Electron Density  Irregularities in the Equatorial 

electrojet, Publs. Inst. Geoph. E-1 (100),1976. 

 

 
 


