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Abstract. Experiment “RELEC” on-board satellite Vernov, launched July 2014, contains a suite of scientific instruments including 
gamma-spectrometer (0.01-3.0 MeV), spectrometer of electrons (0.2-15.0 MeV), UV (300-400 nm) and opticsl (600--800 nm) photome-
ter and imager, radio wave low frequency (0.001 - 40.0 kHz) and high frequency (0.05 - 15.0 MHz) analyzers.  

Gamma and electron spectrometers were used to study transient events, including terrestrial gamma-flashes (TGFs) and precipitations of 
relativistic electrons from the Earth magnetosphere with ~15 mcs time resolution. Comparative correlating analysis of the data taken by 
the on-board instruments were made.   

First catalogue of TGFs detected by “RELEC” during is presented. Events that are included in this catalogue were selected by criterion of 
having at least 5 gamma-quanta during the time interval of 1 ms, simultaneously in at least two gamma-spectrometer detectors. TGFs 
included in this catalogue have a typical duration of about 400 microseconds, and in total contain from 10 to 40 gamma-quanta. For each 
selected for catalogue TGF candidate, we will show light curve and a correlating data of other instruments of “RELEC” on-board Vernov 
satellite. 

Results of observations of trapped, quasi-trapped and precipitated electron flux and spectral variations in different areas in the near-Earth 
space including low L-shells in wide dynamical range from ~1 up to 104 part/cm2s are discussed in this report. 

1. INTRODUCTION  

The Atmospheric Transient Energetic Phenomena, 
such as Terrestrial Gamma Flashes (TGF) and Transient 
Luminous Events (TLE) are the main subject of scientific 
research in the RELEC experiment onboard the Vernov 
spacecraft.  

TGFs and TLEs are observed both in stratosphere and 
mesosphere, i.e. at the source altitude from about 12 km up 
to a few dozen kilometers (Cummer et al, 2014). They are 
accompanied by short rising electron fluxes and electromag-
netic radiation bursts in very wide bands from radio to gam-
ma including optical ranging from ultraviolet to red.  

The optical phenomena known as sprites, elves and blue 
jets are TLEs. The characteristics of TLEs including spatial 
and temporal structure, rate of occurrence and optical bright-
ness in different ranges are found, for ex.,  In Vaughan and 
Vonnegut, 1989; Fischer, 1990; Lyons, 1994.  

The intensive atmospheric X-ray and gamma-ray bursts 
were detected from space experiments in thunderstorm areas 
(Fishman, 1994; Nemiroff et al., 1997).  

TGFs and TLEs might be the consequence of physical 
processes resulting from a different kind of high-energy re-
lease during short time intervals (from 10-6 to 10-3 seconds).  

Despite more than 20 years of experimental and theo-
retical research, there are no clear interpretations of such 
phenomena. The runaway electron breakdown (REB), pre-
dicted in 1992 and studied theoretically in details (Gurevich 

et al., 1992; Dwyer et al., 2012), becomes of great interest. 
High-energy cosmic rays could play a principal role in the 
evolution of such breakdown (Gurevich et al., 2004). Auger 
showers (or Extensive Air Showers – EAS) generated by 
such cosmic rays contain a huge amount of high-energy 
electrons to be seeds of REB.  

The simultaneous observation of radio, optical and 
gamma flashes as well as direct electron detection from the 
propagated from the thunderstorm electron-gamma ray ava-
lanche will be the direct confirmation of the theory of run-
away electron breakdown and the mechanism altitude dis-
charges initiated by strong electric fields in the thunder-
storm atmosphere.  

The thunderstorm activity can produce the upward 
travelling beams of relativistic runaway electrons at the 
altitudes 60-80 km (Bell, 1995; Lehtinen 1997). Electrons 
with energies of E ~ 1 МeV and above are able to penetrate 
to the Earth’s magnetosphere and fed to radiation belts. 
According to (Lehtinen et al., 2000), high-altitude dis-
charges with REB can be one of the inner radiation belt 
sources. Such electrons can produce long (about 20-30 ms) 
signals in gamma ray detectors. However, attempts of direct 
measurements of runaway electrons by means of large area 
electron detector onboard Tatiana-2 satellite did not show 
any tangible results (Sadovnichy et al., 2011).  

Relativistic electrons seeding the altitude discharges in 
the mesosphere may fall in thunderstorm area from space, for 
example, by precipitation from the Earth’s radiation belts 
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(referred to as “up-down” model in contrast to the 
“down-up” model which describes the runaway electron 
avalanche spreading). Indeed, electron flux transients 
increasing at the lower edge of inner radiation belts and 
beneath the belts were observed in a number of experi-
ments (for instance, see Nagata et al., 1988; Bo-
gomolov et al., 2005).  

If precipitation electrons generated TGFs or TLEs 
in the upper atmosphere, the influence of geomagnetic 
activity on the TGFs and TLEs generation in the meso-
sphere should be taken into account. The study of such 
influences on TGFs and TLEs is one of the main objec-
tives in the RELEC project.  

The dynamics of relativistic electrons in the Earth’s 
radiation belt can be regarded as a separate physical 
problem that includes electron acceleration, drift and 
loss processes caused by pitch-angle diffusion and their 
local acceleration (for instance, see (Shprits et al., 
2008a; Shpritz et al., 2008b)). Relativistic electron 
fluxes are now detected by satellites at high-apogee 
(Van Allen Probes, GPS and Glonass), at the geosta-
tionary orbit (GOES and electro) and at the low-altitude 
satellites (POES, Meteor). Measurements from the 
Vernov satellite complement these experiments for the 
study of relativistic electrons in the Earth’s radiation 
belt.  

The Vernov instrument parameters and the first re-
sults are presented in this paper.  

2. INSTRUMENTATION  

2.1. VERNOV SPACECRAFT 

The scientific instruments complex of RELEC (ac-
ronym Relativistic ELECtrons) was developed and 
manufactured as a component of the small Vernov 
spacecraft (Khartov, 2011), which was named in honor 
of academician Sergey Nikolaevich Vernov, one of the 
founders of Russian space program The spacecraft was 
manufactured by the S.A. Lavochkin space corporation. 
Technical parameters of the spacecraft are following:  

mass – 283 kg; 
orientation accuracy – 6 angular minutes; 

stabilisation accuracy – 0.0015
о
/s; 

data rate – 5 Мbit/s.  
satellite orbit - solar-synchronous with apogee of  

830 km, perigee of 640 km, inclination of 98.4
о
, 

and  
period of 100 min. 

The main operational mode is the observation with 
all instruments operating simultaneously. The nominal 
data transfer to the Earth is about 1.2 GB/day. The sat-
ellite was launched on July 8, 2014.  

2.2. SCIENTIFIC INSTRUMENTS 

The onboard instruments the DRGE, DUV, MTEL 
(Telescope-T), low-frequency analyzer (LFA or 
NChA), radio frequency analyzer (RFA or RChA) and 
the electronic unit (BE) provide measurements of high-
energy electron flux with high time resolution (~15 mcs 
in event by event mode) and anisotropy of flux, TEP 
detection in wide range of electromagnetic spectrum 
from radio to gamma with time resolution of ~15 μs, 

and electric and magnetic field measurements in the 
frequency band from 0.1 Hz up to 15 МHz. All instru-
ments are connected with electronic unit BE (see Fig. 1) 
which controls and powers the instruments and collects data 
from them. 

The DRGE instrument is designed for flux and 
spectral measurements of X rays and gamma rays with 
energy values of E = 0.01-3.0 МeV, electrons with en-
ergy E = 0.2-15 МeV and protons with energy E = 4-
100 МeV.  

The instrument consists of three units: two identi-
cal units DRGE-1, DRGE-2 and unit DRGE-3. Physical 
and technical parameters of these instruments are pre-
sented in Table 1. All instrument units include detec-
tors, electronics, frames and fixing elements. The in-
strument units are connected with BE as depicted in 
Fig. 1.  

Each of DRGE-1and DRGE-2 units contains two 
identical detector blocks including a NaI(Tl)/CsI(Tl) 
phoswich read out by a photomultiplier tube (PMT). 
The diameter of both scintillators is 13cm, while the 
NaI(Tl) thickness is 0.3 cm, and the CsI(Tl) thickness 
1.7 cm. An The 11 cm diameter Hammamatsu R877 
PMT faces both scintillators. Electronic signals from 
the PMT are digitized and processed by special elec-
tronic circuitry. The axes of the DRGE-1 and DRHE-2 
detectors are directed toward to the local nadir with a 

3
о
 accuracy. 
The NaI(Tl) is placed on top of the CsI(Tl) crystal, 

both crystals seen by one PMT. In this way, the NaI(Tl) 
serves as the main detector for hard X-ray timing while 
the CsI(Tl) is used as an active shield against back-
ground gammas, and it can also detect gammas with 
energy up to few MeV.  

DRGE-3 unit contains three identical detector 
blocks, whose axes are directed was follows: the 
DRGE-31 detector axis faces the local zenith, the 
DRGE-32 axis is principally directed against the satel-
lite velocity vector, and the DRGE-33 axis is directed 
normal to the plane formed by the two other detectors 
axes. The orientation accuracy for the each of all three 

axes is 3
о
.   

Each DRGE-3 detector consists of the phoswich of 
a CsI(Tl)/BGO with a 0.3 cm thick CsI(Tl) and a 
1.7 cm thick BGO. The diameter of both scintillators is 
1.5 cm. The cylindrical copper collimator has a height 
of 1.0 cm and a 0.1 cm thickness arranged above the 
CsI(Tl) crystal. This collimator limits the FOV of the 
detector. The whole package is covered by an anticoin-
cidence cup which consists of a 0.5 cm thick plastic 
scintillator. All scintillators are viewed by a single 
PMT. The input window of  the CsI(Tl) crystal is 
closed off by100 μm thick Aluminum foil, which pro-
tects the scintillator crystals from light and absorbs 
electrons with energies of less than 0.2 MeV and pro-
tons and nuclei with energies of less than 
~5 MeV/nucleon. The CsI(Tl)/BGO phoswich detector 
is also sensitive to X-rays and gamma-rays of energy of 
0.05-3.0 MeV. Electrons, protons and gammas are sep-
arated by measuring energy release in each scintillator. 
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Figure 1. Wiring diagram of the instruments onboard Vernov satellite. 

Таble. 1.  

 DRGE-1(2) DRGE-3 Total 
Energy range  

photons 
electrons 
protons 

 
0.01-3 МeV 
0.5-10 МeV 
10-100 МeV 

 
0.05-3 МeV 
0.2-15 МeV 
5-100 МeV 

 

Detector effective area 4120=480 cm2 

(for 4 detectors) 
2.5 сm2  

 
 

Field of view 2 sr (±90о) 1.2 sr (±60о)  

Маss ~10.4 kg (for each unit) ~2.8 kg ~23.6 kg 

Size 0.360.360.18 m3 0.230.30.18 m3  

Data volume 150 МByte/day 70 МByte/day 370 МByte/day

Power consumption ~9 W (for each unit) ~7 W ~25 W 
 

The output off all DRGE detector units is recorded 
continuously. There are two types of data frames, both 
transferred to the Earth:  

 Monitoring frame, containing the number of 
events in the NaI(Tl) or CsI(Tl) for exposure time 
equal the time passed from previous frame (usual-
ly 1 s);  

 Event frame, containing the digital record of ener-
gy release amplitudes in the NaI(Tl) or CsI(Tl) on 
the basis of gamma by gamma, a ~15 μs timing 
accuracy for each event occurred during time 
equal the time passed from previous frame (usual-
ly 1 s). The number of events recorded in frame is 

limited by 800 in the case of total count less than 
103 s-1, and 200 if the total count is higher 103 s-1.  

The DUV instrument is a monoblock unit consisting 
of two PMTs of R1463 type with 13 mm input window 
diameter, electronics boards and support structures. The 
instrument is 1309565 mm in size and 0.7 kg in mass 
Power consumption with input voltage of 27 V is less than 
2.5 W. The input windows of each PMT are closed by 
special filters, each of 2.5 mm thickness. The filter on one 
PMT is transparent in UV range (~240-400 nm), and the 
filter on the other PMT is transparent in red and infrared 
range (610-800 nm). Long-wavelength limit is determined 
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by PMT sensitivity. The part of infrared photons, which 
can penetrate UV filter, is not more than 2%.  

The Telescope-T (MTEL) instrument is able to detect 
fine structures of atmospheric afterglow in space-time for 
UV (300-400 nm) and red (600-700 nm) ranges. It is a 
monoblock unit, consisting of two micro-electro-
mechanical systems (MEMS) micromirrors, two 64 channel 
multi-anode PMTs (Hamamatsu H7546A) and electronics 
(B.W. Yoo et al., 2009). The size and mass of the instru-
ment is 50012377mm and 3.9 kg, respectively. The pow-
er consumption at the input voltage of 27 V is not larger 
than 8.0 W. There are two optical systems with different 
focal length; one is the trigger optics with shorter focal 
length and thus wide FOV, and the other is the zooming 
optics with longer focal length equipped with MEMS which 
allows the fast steering of the interesting image onto the 
corresponding PMT (J.H. Park et al., 2008).. The rotational 
speed of two axes micromirror is 10-1 μs-1. The field of 

view of the trigger and the zooming optics are 11.3° and 

2.9°, respectively. The viewing area of MTEL is about 
160х160 km2, i.e. one pixel area is 20х20 km2 for observa-
tions from 1000 km altitude (J. Lee et al., 2012)..  

The axes of both DUV and Telescope-T instruments 

are directed to the nadir with accuracy of 3
о
. 

The complex of low-frequency (LFA or NChA) and 
radio-frequency (RFA or RChA) analyzers is intended to 
measure electromagnetic wave components and plasma 
current with wide frequency range. The instrument units are 
placed both on the special boom and on the thermostat pan-
el. All units have no resonance frequencies below40 kHz.  

The LFA instrument consists of 6 units including three-
component fluxgate magnetometer DFM and its electronic 
unit BE-FM, induction magnetometer IM, two identical elec-
trometers or complex wave probes CWZ-1, CWZ-2 and 
complex signal spectral analyzing processor PSA(SAS3-R). 
Fluxgate magnetometer provides measurements of constant 
magnetic field with intensity not less than 64000 nT. Com-

ponent non-orthogonality is measured to be not large than 1º. 
The digitization frequency is 250 Hz. Mutual orthogonality 
of three measuring axes is provided by DFM unit configura-
tion. Values and sign of three components of alternating 
magnetic field induction vector are measured by induction 
magnetometer IM and CWZ-1, 2 probes. The frequency 
range is from 0.1 Hz to 40 kHz. The CWZ-1, 2 probes are 
also able to measure plasma current density. Parameters of 
low-frequency analyzer units are presented in Table 2.  

Таble 2 

Unit Size (mm) 
Мass 
(kg) 

Consumption 
(W) 

DFM Ø(40±0.3)х62 0.13 < 0.1 

BE-FM 148.4х85х40 0.30 < 0.25 

CWZ-1, 
CWZ-2 

Ø(64±0.3)х(325±0.8) 0.40 < 0.25 

IМ Ø(24±0,3)х212 0.15 < 0.1 

PSА           
(SAS3-R) 

150х200х40 1.10 < 5 

The RFA instrument consists of electronic unit RFA-E 
and antenna RFA-AE, which is able to measure three elec-
tric field components of electromagnetic wave in the range 
from 50 kHz to 15 MHz. The frequency resolution of the 

instrument is 10 kHz and the time resolution is 25 ns. The 
size of RFA unit is 192х149х91.5 mm3, and mass is 1.5 kg, 
while the size of the antenna unit RFA-AE is 
54х26х66 mm, and mass is 0.2 kg. The total instrument 
power consumption is about 10 W. 

The BE instrument provides power supply, command 
inputs and high accuracy time pulses on all instruments as 
well as scientific and telemetry data collected from the in-
struments and its transfer to the satellite onboard systems in 
daily volume about 1.2 GByte. It consists of three boxes: 
one box of power controller (BE-POWER or KPP) and two 
identical boxes of data controllers, the main (BE-DATA 
main or KTzImain) and the redundant (BE-DATA redun-
dant or KTzIred). 

3. RESULTS OF TGFS OBSERVATION  

3.1.   TERRESTRIAL GAMMA-RAY FLASHES  

The DRGE-1 and DRGE-2 large area detectors with 
axes directed toward the Earth are the main instruments for 
TGFs observations during the operation of RELEC in 
space. To the extent that the TGFs are very short (<0.5 ms), 
the “gamma by gamma” data taking mode was chiefly used 
for their selection. The time of each gamma-quantum detec-
tion as well as the amplitude determining the energy release 
in each part of the detector (NaI(Tl) or CsI(Tl)) was record-
ed for every detected gamma-quantum in this mode. The 
energy threshold is about 10 keV for NaI(Tl) and about 
25 keV for CsI(Tl). 

Due to the limited volume of data transfer the number 
of recorded events in a row is restricted such that not more 
than 800 events per second in one detector can be recorded 
in the case of low background count (<1000 pulses/s in 
both crystals). If background is over 1000 pulses/s or 1500 
pulses/s, then not more than first 200 events or 50 events, 
respectively, can be recorded consequently event by event 
for every second. In the near-equatorial regions, the total 
background in both crystals of each of the detector was less, 
than 800 pulses/s, so data on all detected gammas was 
stored. In the polar cap regions, the background exceeded 
1000 pulse/s, and only one fifth of the events detected per 
second was stored. Thus, in the near-equatorial regions, 
gammas were detected without losses, which is very favor-
able for a TGF search, because these events are observed 
mainly in equatorial thunderstorm regions. 

At the background on average near the equator not 
more than 1 noise event is detected every few milliseconds. 
Consequently, the trigger was chosen to have simultaneous 
detection of more than 5 gammas/ms by two detectors and 
3 or more gammas by three detectors. Because the majority 
of TGFs have a rather hard energy spectrum, only events 
with energy release over 500 keV inside both sccintillators 
were triggered for selection. Besides, an additional condi-
tion was utilized in order to lower the trigger rate caused by 
charged particles background in the trapped radiation areas. 
This condition limits average background per second before 
firing trigger to 1 kHz. 

The huge number of events was chosen which satisfied 
the trigger criterion. However, the most events were caused 
by cosmic rays, particularly heavy charge particles, passing 
through the scintillation crystals. Such events can be select-
ed effectively from the “energy-time” diagrams which re-
flect the energy release values pointed againstthe time of 
detection.  Events originated by heavy charged particles 
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have a typical form of very high energy release at the be-
ginning and exponential decay because of large ionization 
taking place in the scintillators. 

 
Figure 2. Time profile of TGF candidate detected on 18.09.2014.  

The sample of TGF candidates is selected after exclud-
ing events caused by heavy charged particles. During the 
observation period from July 20 to December 10, 2014, five 
TGF candidates were found. The times of their detection 
were 08.08.2014 22:20:55 UTC, 08.08.2014 00:31:07 UTC, 
16.08.2014 13:06:55 UTC, 18.09.2014 10:15:34 UTC, and 
02.11.2014 03:34:14 UTC. The most intensive flare was 
detected on 18.09.2014. The time profile of this event is 
shown in Fig. 2, and the area of the source location is pre-
sented in Fig. 3. The area circle diameter is about 5000 km. 
As can be seen in the figure, this event was detected in the 
western part of the Pacific Ocean in the vicinity of active 
thunderstorm regions.  

Figure 3. The location area of TGF candidate detected on 18.09.2014. It is a circle around the sub-satellite point in the detecting time. The circle 
diameter corresponds to the detector FOV. The satellite orbit as well as light and shadow areas, and the Sun and Moon projections are also marked 
according to Orbitron (http://www.stoff.pl/). 

The total time for which TGF candidates were selected 
according to the trigger criterion, was 256.5 hours, or 
10.7 days. Therefore the TGF detection rate is about 15 
events per month, or one flash every few days. This rate is of 
the same order as estimated from RHESSI (Grefenstette 
et al., 2009), AGILE (Fuschino et al., 2011) and Fermi GBM 
(Briggs, 2013) trigger data, but more than an order less than 
the value obtained for Fermi non-triggered events (Briggs, 
2011). It is conjectured that Fermi non-triggered events are 
on average low-intensity and thus more numerous. 

Although TGF candidates were observed in the regions 
of rather high electromagnetic activity, there is no indica-
tion of these TGF candidates accompanied by short (i.e. 
comparable with typical TGF duration) events both in low 
and high frequency bands which could be caused by light-
ning. Additionally, no coincidences of TGF candidates with 
WWLLN events were found. However, these results are 
possibly explained by the low efficiency of WWLLN as 
well as poor TGF statistics in the RELEC experiment. 

4. RESULTS OF ELECTRON FLUX MEASURE-
MENTS  

Detector unit DRGE-3 is the main instrument for high-
energy electron detection. Electrons can be detected also 
indirectly by gamma detectors DRGE-1 and DRGE-2 via 

Bremsstrahlung. An example of electron flux measurement 
is presented in Fig. 4, where the profiles of electron counts 
in DRGE-3 channels versus L-shell number N (L) are plot-
ted. The dotted lines indicate the counts in the detector unit 
with its axis directed to the local zenith (i.e. along the mag-
netic field lines at high latitudes), while the solid lines 
(black and gray) correspond to the counts in detector units 
whose axes are predominantly normal to the magnetic field 
line at high latitudes. This means that for relatively high 
latitudes (L>1.5) the thin lines indicate the N (L) depend-

ences of electrons with pitch-angles of 0
о
 (i.e. precipitat-

ed), and thick lines represent N (L) for electrons with pitch-

angles 90
о
 (i.e. trapped or quasi-trapped).  

The data presented refer to the magnetic-quiet time in-
terval of September 5, 2014 15.30-18.50 UT, with the fol-
lowing interplanetary parameters: Kp < 2, Dst > 8 nT, AE 
< 550 nT, solar wind velocity< 375 km/s, Bz > 5 nT. A 
magnetic storm with Dst = 80 nT occurred on August 27, 
2014, however, it ended on the first of September, 2014. 

Fig. 4 shows the electron data for three consecutive 
satellite orbits in the Southern Hemisphere for the longi-

tudes of  112
о
, 135

о
, and 157

о
 W at L = 2.5. Each subse-

quent orbit, top down in Fig. 6, moves further away from 
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the South Atlantic Anomaly (SAA) and magnetic field in-
creases for each subsequent orbit. 

The lower edge of outer radiation belt at L  3.5 and 
adjacent gap are shown in the figure for all profiles. The 
inner belt with electron flux intensity maxima at L  1.5-1.6 
is also seen for all orbits. As distance SAA increases inner 
belt peak narrows and its intensity decreases. The interme-
diate structure at L  2-3 with maximum at L  2.4-2.6 is 

revealed in the gap between the inner and outer belts. This 
structure is rather stable because it was observed on all pre-
sented orbits and occurred not less than 300 min, i.e. ob-
served on the subsequent orbits. At the inner belt it be-
comes narrower and less intensive as distant from SAA. 
Moreover, unlike the inner belt, it is shifted gradually to the 
higher L. Perhaps, it is caused by magnetic and electric 
field pulsations. 

 
Figure 4. The space-time variation of counting rates N(s

-1
) for electrons with energy E = 235-300 keV (left panel) and E = 400-570 keV (right panel) 

at L  1.3-3.8 for three (a, b, c) consecutive orbits of the Vernov satellite in the Southern Hemisphere to the right of SAA. In order to obtain electron 
fluxes, N values should be divided by the instrument geometry factor (see Table 1). Dotted lines indicate the counting rate in the detector with axis 
directed to the local zenith, solid black lines in the detector with axis directed against the satellite velocity , and solid gray lines in the detector with axis 
normal to previous ones. 

The smaller structures are also observed at L  1.7-2.2. 
These are revealed more clearly in the 235-300 keV chan-
nel on the second orbit. Unlike the inner belt and structure 
at L  2-3 these structures are non-regular, short-time ef-
fects. Possibly, they are caused by natural electromagnetic 
field pulsations (thunderstorms, seismic) or artificially 
(power radio transmitters) as well as by equatorial electro-
jet field pulsations. 

During the electron flux measurements onboard the 
Van Allen Probe satellites, it was indicated that the back-
ground of the inner belt protons penetrated through the in-
strument side shield was very high (Li et al., 2015). Thus, 
electron fluxes at L < 2.5 were too high (on 3-5 orders of 
magnitude) and isotropy on the data from this experiment. 
In (Li et al., 2015) significant overestimation of electron 
fluxes at L < 2.5 was also indicated for the AE-8 & AE-9 
models, whereas AP-8 & AP-9 models are in good agree-
ment with newest experiments at all L. 

Electron fluxes at L < 2.5 were obtained from the DE-
METER and REPTile satellite data only for the SAA re-
gion. The orbits of these satellites were similar to those off 
the Vernov probe. From these measurements only back-
ground levels were obtained for electron fluxes at L < 2.5 
outside SAA (for instance, see (Li et al., 2015)). 

Geometry factors of the RELEC electron detectors 
were significantly larger than the ones of Van Allen Probes, 
DEMETER and REPTile satellites. Besides, using a combi-
nation of anti-coincidence shield and phoswich detectors 
removes fake counts in electron channels caused by proton 
background. As a result, significant electron fluxes were 

detected at L < 2.5 outside of the SAA. They are a few or-
ders lower than proton fluxes according to the AP-8 model. 

Fluxes of electrons with E  300-600 keV at L < 2.5 
recover very slowly over dozens of days. Thus, we were 
unable to exclude that the local structures of such electrons 
at L < 2.5 given in Fig. 4 could have been formed during 
the magnetic storm of August 27, 2014. 

5.  RESULTS OF ELECTROMAGNETIC WAVE 
MEASUREMENTS 

The complex of LFA-RFA (or NChA-RChA) instru-
ments onboard the Vernov satellite provides the physical 
study in the following: 
 Electric and magnetic field spectral analysis in the ex-

tremely low, very low and high frequency bands in dif-
ferent helio- and geomagnetic conditions; 

 Detection and analysis of electromagnetic events called 
spherics or whistlers, which are generated in thunder-
storm discharges in the VLF band; 

 Analysis of the relationship of electromagnetic phenome-
na in ELF-VLF-HF bands in different regions of the 
near-Earth space by comparing with synchronous wave 
measurements at spacecraft and ground-based stations; 

 Space weather monitoring in order to refine its prediction 
taking into account impacts from the top (i.e. from space) 
as well as perturbations coming from the bottom, of both 
natural (earthquakes, typhoons, tsunamis etc) and artifi-
cial origin (explosions, man-made disasters etc).  
So far only the database of spectra and detailed signal 

shapes (time-functions) measured by the LFA - SAS3-R 
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instruments is available. Each spectrum in this database 
gives the averaged values for 6.5 s of electric field Е and 
three orthogonal components of magnetic field: Bx, By, Bz. 

Measurements with higher temporal resolution, called 
wave-form mode, were also made for a number of time 
intervals. One of the interesting examples of such meas-
urements will be discussed below.  

The LFA instruments worked in the wave-form mode 
on December 10, 2014 from 08:54:50.0 to 08:57:10.3 UTC 
(140 s) in the range of 0.1 – 39062.5 Hz, channels СН0 (Е 
– electric field tension) and СН3 (Вх-component of mag-
netic field tension). 

The Vernov satellite orbit for this time is shown in 
Fig. 5. 

The Е and Вх signal wave-forms, dynamic spectro-
grams and spectra averaged for the total time of observation 
are presented in Fig. 6 for the time interval marked in 
Fig. 5. The wave-form of Е indicates that anthropogenic 
disturbances with 1 Hz frequency does not lead signal to 
any high level due to the amplitude high dynamic range (~ 
120 dB). Such a disturbance was not observed clearly in Вх 
signal. 

 
Figure 5. The Vernov satellite orbit on December 10, 2014 from 
08:54:50.0 till 08:57:10.3 UTC. Altitude ~ 670 km, local time ~ 21:10 
LT, magnetic latitude ~ 750.  

 

Figure 6. LFA (or NChA) instrument data. Left panel is Е, right panel – Вх. Top down: wave forms, dynamic spectrograms, and frequency spectra 
averaged for the total observation time interval. Time scales (UTC – 3 h) of wave forms and dynamic spectra are synchronous. 
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Dynamic cyclograms, mainly Е, indicate the satellite cross-
ing over geographic regions with different kinds of wave 
activity. Accurate identification requires additional data 
about thermal plasma concentration and low energy (about 
10 keV) particle spectra. Using the data on satellite geo-
magnetic coordinates suggests that revealed areas are in the 
night sector of the main ionosphere laydown and longitudi-
nal current regions. 

The presence of three band-pass frequencies in the Е 
spectrum may be caused by 2- or, possibly, 3-wave decay 
from ~ 20 kHz on ~ 18, ~ 15 and 11 kHz, which is more 
pronounced in the dynamical spectrogram in the dedicated 
range of frequencies, as shown in Fig. 6. Separation of this 
range into two structures at 08:56:20 UTC also could be 
seen. These structures have a size about of 30 km and both 
band-pass 15017 kHz and narrow band ~13 kHz emissions 
are observed in Е. 

Transformation of Е frequencies is also observed at the 
end of observation time interval ~ 08:56:50 – 08:57:05 
UTC, when a frequency jump from ~ 13 to ~ 6 kHz took 
place. 

Component Вх changed considerably less, than Е on 
this orbit. The narrow band emission was observed con-
stantly in this component at ~19 kHz as in dynamic as in 
averaged spectra. Probably this emission was generated by 
navigation transmitters. 

The “large-scale” analysis made above indicates the 
detection of geophysical processes by means of LFA in-
strument that allows turning to the small-scale processes. 

Emission near ~5 kHz with increasing frequency can 
be seen clearly in the right part of Fig. 6 left panels. The 
details of this process are presented in Fig. 7, in which as in 
Fig. 6 after “noise cloud” at 6-23 kHz on time scale ~ 1 s 
(Fig. 7a) signal with increasing frequency 6 – 7 kHz 
(Fig. 10b) is observed on time scale ~ 0.4 s (Fig. 7c). Here 
frequency parameters of this signal are similar to the long 
time Aurora emission of the choir type. Possibly, due to the 
satellite quick motion under the emission region only one 
choir emission element was detected. However, the strict 
linear increase of the emission frequency (Fig. 9c) provides 
a reason to consider this signal as technogenic from other 
scientific instruments. 

 
 

а b c 
Figure 7. Dynamic spectrogram on time scale ~ 1 s (a), frequency spectrum (b), dynamic spectrogram on time scale ~ 0.4 s (c) for time interval 
December 14, 2014, 08:57:02 – 08:57:08 UTC. 

It is noted that events presented in Fig. 8 also clearly 
show the well-known geophysical emissions of spheric or 
electron whistler type, which were detected both in Е 
(Fig. 8а), and in Вх (Fig. 8b). However, in the Fig. 8 rec-
ords simultaneously with the “normal” electron whistlers 

some interesting, co-existing and strange signal parts ap-
peared too, below and above 20 kHz. The whistler-group 
propagating at the satellite with whistlers having slightly 
different dispersions also generated some yet unanswered 
questions about the propagation mechanism. 

а. b. 
Figure 8. Examples of electron whistler detection. 

As is seen from Fig. 6, a noteworthy specific rare emis-
sion was detected at 08:54:57. This is the same event that 
was detected first from the Chibis M microsatellite and 
called “dovetail” (Klimov et al., 2014). 

6. CONCLUSION 

Several candidates of TGFs were detected from the 
RELEC/Vernov gamma-detectors.   

A new phenomenon previously discovered from the 
experiment onboard the Universitetski-Tatiana-2 satellite, 
i.e. the series of UV flashes, was confirmed by the optical 
detectors, especially by the DUV instrument. These series 
of UV flashes connection with radiation from lightning 
bolts is most likely hypothesis of their origin. 

Nonlinear processes in low frequency bands were de-
tected by means of the NChA-SAS3-R instrument, includ-
ing two - and three-wave decay. The new type of “dovetail” 
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whistler previously observed during the Chibis M mission 
was confirmed. 

Measurements of flux of electrons with energy of hun-
dreds keV onboard the Vernov satellite indicate the for-
mation of isolated quasi-stationary structures of sub-
relativistic electrons in the gap between inner and outer 
belts even during very quiet periods. 

The first reliable experimental estimations of anisotro-
py index (A  15-20) for the fluxes of electrons with energy 
E  300-600 keV at L < 2.5 were obtained from longitude 
and latitude variations in our experiment. 

Our measurement of local structures of electrons with 
E  300-600 keV at L < 2.5 that were formed during the 
storm on August 27, 2014. 
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