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1. Unusual Electromagnetic Signatures of European North Atlantic Winter Thunderstorms 
 
We detected for the first time unusual daytime atmospherics with dispersion signatures originating 
from strong thunderstorms which occurred during winter months 2015 in the North Atlantic region. 
Using newly developed analysis techniques for 3-component electromagnetic measurements we 
were able to determine the source azimuth and to attribute these rare atmospherics to both positive 
and negative lightning strokes in northern Europe. We consistently found unusually large heights of 
the reflective ionospheric layer which were probably linked to low fluxes of solar X rays and which 
made the dayside subionospheric propagation possible. Although the atmospherics were linearly 
polarized, their dispersed parts exhibited left handed polarization, consistent with the anticipated 
continuous escape of the right-hand polarized power to the outer space in the form of whistlers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(top) Unusual daytime tweek which is pronounced enough to be suitable for further analysis (9 Jan 
2015 at 11:31:41.6; (bottom) Locations of source lightning strokes. Red and blue dots represent 
positive and negative lightning strokes, respectively; a green cross shows the location of our VLF 
receiving station.  
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2. Observation of ionospherically reflected quasiperiodic emissions by the DEMETER spacecraft 
 
Quasiperiodic (QP) electromagnetic emissions are whistler mode waves at typical frequencies of a 
few kHz characterized by a periodic time modulation of their intensity. The DEMETER spacecraft 
observed events where the QP emissions exhibited a sudden change in the wave vector and 
Poynting vector directions. The change happened in a short interval of latitudes. We explained this 
behavior by ionospheric reflection and present a ray-tracing simulation which matched resulting 
wave vector directions. We also attempted to locate the source region of these emissions and 
concluded that they are most probably generated at the inner boundary of the plasmapause which 
also acted as a guide during the propagation of the QP emissions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) Detail of ionospheric reflection of simulated ray trajectories of whistler mode QP emissions. The 
thick black curve is the Earth’s surface, and the green curve stands for the orbital altitude of the 
DEMETER satellite. The grey arrows represent the wave vector directions along the path with 
equidistant group time intervals of 0.01 s. The initial value of the magnetic latitude of depicted rays 
was 54.4 o and 57.2o. (b) Dependence of the angular deviation of the wave vector from the local field 



line on geomagnetic latitude for observed waves, together with simulated rays crossing the position 
of DEMETER. Green line connects the initial measured values for direct waves, red line connects the 
final measured values for reflected waves. Dashed green and red lines and filled areas represent the 
standard deviation. Black line shows the result of simulation of reflected rays, where the dashed 
black lines are results of simulation for averaged initial wave vector angle increased or decreased by 
the standard deviation. The ∼ 15 s gap between red and green areas represents the time interval 
where mixing of direct and reflected waves is most prominent and therefore cannot be used for 
comparison. 
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3.  Chorus and radiation belts 
 
Observations of whistler-mode chorus made by the THEMIS spacecraft inside the equatorial chorus 
source region often exhibit the following peculiar features.  Two groups of chorus elements are 
visible simultaneously which are approaching the spacecraft from two different directions: either 
along or against the direction of the ambient magnetic field. Furthermore, both groups are slightly 
shifted in frequency with respect to each other and elements are of different intensities. We 
interpreted these features in the frame of the backward-wave oscillator theory by means of two 
exemplary events, yielding insight into the nonlinear generation mechanism and the specific source-
observer geometry during the time of observation. 
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(top) Poynting flux and (bottom) polar angle for chorus emission observed by THEMIS-A on October 
29, 2008. The dashed-dotted line marks half of the local electron cyclotron frequency. Orbital 
coordinates of the spacecraft are given at the bottom. 
 
 
 
 



4.  A model of preliminary breakdown pulse peak currents and their relation to the observed 
electric-field pulses 
 
Preliminary breakdown pulses (PBPs) occur in the initial phase of lightning. We designed a realistic 
model for their description to investigate relation between PBP peak currents and PBP electric field 
amplitudes, and their relation to the return stroke (RS) peak currents. We demonstrated that the 
PBP peak currents can reach 200 kA, and can be comparable or higher than the corresponding RS 
peak currents. For a typical PBP electric field waveform PBP peak currents were approximately 
proportional to the electric field amplitudes. We showed that the PBP bipolar overshoot depends 
primarily on the characteristic time of the line conductivity increase. The magnitude of the charge 
centers was demonstrated to be very large in order to model the observed PBPs with amplitudes up 
to 32 V/m at 100 km. Such energetic current pulses might be capable to produce elves or terrestrial 
gamma-ray flashes. 

 
a) Example of the pulse-train measured at the distance of 306.1 km (F1), 415.8 km (F2), and 562.9 km 
(F3) from a lightning RS location. b) Charge structure inside a simulated thundercloud plotted with 
(dotted line) ambient potential and (dashed line) ambient electric field. c)-e) Measured (solid red line) 
and simulated (dashed lines) PBPs at three different distances corresponding to lines F1-F3 from a). 
Blue dashed line shows the simulated PBP, which are compared with observations (red line). Green 
dashed line is obtained by the same model with different parameters . 
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5. Numerical heating of electrons in particle-in-cell simulations of fully magnetized plasmas 
  
We analyzed the role of spatial resolution of the electron gyroradius in electrostatic particle-in-cell 
(PIC) simulations. We demonstrated that resolving the gyroradius was crucial for simulations of 
strongly magnetized plasmas and that nonresolving it resulted in substantial anisotropic heating of 
electrons. The numerical heating was suppressed by the higher-order weighting to the grid, but it 
could not be avoided. We discussed possible mechanisms behind this numerical heating. The study 
was carried out with a fully three dimensional electrostatic PIC code with an external magnetic and 
electric fields.  
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
The evolution of filamentary structures along magnetic field. Both axes are normalized to the Debye 
length λD. 
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6. Space weather 
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7. Transient luminous events 
 
Optical recordings of transient luminous events (station Nydek, observer M. Popek) were used for a 
study of an influence of thunderstorm activity on the ionospheric sporadic E-layer and for an analysis 
of orbital fragmentation of a larger meteorite from the Perseid cluster. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Geographic locations of lightning strokes from 2014. 07. 30. 18:00 to 2014. 07. 31. 01:00, LT. The 
locations of the observed sprites are shown with  stars. Stations at Pruhonice,  Nagycenk, and Nydek 
are indicated by the blue, light-blue and green triangles, respectively 
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