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Abstract. For the lightning research, we monitor the particle fluxes from thunderclouds, the so called Thunderstorm Ground Enhance-
ments (TGEs) initiated by the runaway electrons, and Extensive Air Showers (EASs) originated from high energy protons or fully 
stripped nuclei that enter the Earth’s atmosphere. Besides, we monitor the near-surface electric field and the atmospheric discharges with 
the help of a network of electric field mills.  

The Aragats “electron accelerator” produced plenty of TGE and lightning events in spring 2015. Using 1-sec time series, we investigated 
the relation of lightnings and particle fluxes. Lightning flashes often terminated the particle flux; during some of TGEs the lightning 
would terminate the particle flux 3 times after successive recovery. It was postulated that a lightning terminates a particle flux mostly in 
the beginning of TGE or on the decay phase of it; however, we observed two events (19 October 2013 and 20 April 2015) when the huge 
particle flux was terminated just on a maximum of its development. We discuss the possibility that a huge EAS facilitates lightning lead-
er to find its path to the ground. 

1.  INTRODUCTION 

Considered the highest mountains in the South Cauca-
sus Aragats is a dormant volcano with a 400 m deep crater 
that has become an ice basin. Its central highlands cover an 
area of more than 820 square kilometers and generate huge 
summer storms that flow down its slopes into the surround-
ing valleys. The four crests that top Mt. Aragats are simple 
reminders of its once soaring heights leveled over 10, 000m 
1.5 million years ago, before a massive eruption lowered 
the height to its current 4,095m. Only in 100 km to the 
south from Aragats across the valley of the Araks River 
stands sister of Aragats – Biblical Mountain Ararat. Light-
ning activity is enormously strong at Aragats that makes it 
home of the ancient Armenian god of thunder and lightning 
Vahagn.  Mt. Aragats hosted one of the world’s oldest and 
largest cosmic ray research stations, located on the slopes 
of the mountain. The Cosmic Ray Division (CRD) of the 
A. Alikhanyan National lab (Yerevan Physics Institute) 
during the last 70 years has commissioned and operated on 
the research stations of Aragats and Nor Amberd numerous 
particle detectors uninterruptedly registered fluxes of 
charged and neutral cosmic rays. The research work at Ara-
gats (in the framework of Aragats Space Environment cen-
ter (ASEC, Chilingarian et al., 2005) includes registration 
of Extensive Air Showers (EAS) with large particle detec-
tor arrays; investigation of solar-terrestrial connections; 
monitoring of space weather; and observations of high-
energy particles from the thunderclouds. More than 300 
particle detectors (including plastic scintillators and NaI 
spectrometers) are registering particle fluxes and sending 
data online to the CRD headquarters in Yerevan. In addi-
tion to particle detectors, ASEC includes facilities that can 
measure electric and geomagnetic fields, lightning occur-
rences and locations, and a variety of meteorological pa-
rameters. With installing in 2014 of fast electric field re-
corders and automotive cameras the research in the light-
ning physics started on Aragats. ASEC facilities are located 
on the slopes of Mt. Aragats and in Yerevan at altitudes of 
3200, 2000, and 1000 m above sea level, respectively (see 
Fig. 1). The distance between Nor Amberd and Aragats 
research stations is 12.8 km. The distance from the CRD 
headquarters in Yerevan to the Nor Amberd and Aragats 
research stations is 26.5 and 39.1 km, respectively. The 
Latitude and Longitude coordinates of the stations are: 
40.3750° N, 44.2640° E for the Nor Amberd Station, 

40.4713° N and 44.1819° E for the Aragats Station, and 
40.2067° N and 44.4857° E – for the Yerevan Physics Insti-
tute. 

Acceleration and multiplication of the Cosmic ray 
(CR)electrons by the strong electric fields in the thunder-
clouds are well-established phenomena constituting the 
core of the atmospheric high-energy physics and are related 
to the Runaway Breakdown (RB, Gurevich, 1992) recently 
referred to as Relativistic Runaway Electron avalanches 
(RREAs, Dwyer, Smith, and Cummer, 2012; Dwyer and 
Uman, 2014). However, the origin and location of charged 
centers in the thundercloud (one of the most important as-
pects in the atmospheric physics) we do not understand 
exactly until now. In fair weather conditions, the atmos-
phere is positively charged and the Earth has an opposite-
polarity negative charge. A thunderstorm can drastically 
change the cloud electrification pattern. The simplified 
sketch of storm-time cloud electrification is shown in Fig. 
2.  The top of the thundercloud has a positive charge with a 
negative screening layer just above it; the middle layer has 
a negative charge and a small local region of positive 
charge is in the bottom of the cloud (Stolzenburg et al., 
1998). If we use the so-called “physics” sign convention 
(see discussion on the used sign conventions in (Krehbeil, 
Mazur and Rison, 2014), then the near-surface electrostatic 
field is negative during fair weather (positive ions are slow-
ly migrated from the atmosphere in the direction to the 
Earth), and it is negative during thunderstorms (electrons 
are transported by the lightning from the cloud to the 
Earth). According to the tripole model (quadruple, if we 
add a negative screening layer above the main positive lay-
er), in the cloud there exist several dipoles of opposite ori-
entation, which accelerate electrons downward, in the direc-
tion of the Earth, and – in the direction to the open space, as 
it is shown in Fig. 2. The “atmospheric electricity” sign 
convention is the opposite: the fair-weather near-surface 
electric field is positive, and the storm time field is mainly 
negative. The historical basis of this controversy is that the 
electric mills usually operated according to the “atmospher-
ic electricity” sign convention (a positive electric field at 
the ground is produced by positive charge overhead and 
negative electric field on the ground is produced by nega-
tive charge overhead).  
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Figure 1. The Google map of Aragats Mountain with Aragats and Nor Amberd research stations and Yerevan headquarters of CRD.  

Our key evidence for the lightning research is the mon-
itoring of the particle fluxes from thunderclouds. These 
fluxes significantly increase the usually stable background 
of the secondary cosmic rays incident on the Earth’s surface 
and create the so-called Thunderstorm Ground Enhance-
ments (TGEs, Chilingarian et al., 2010, 2011). Develop-
ment of a Lower Positive Charge Region (LPCR) facilitates 
the proper direction of the electric field, in order to acceler-
ate the electrons in the direction to the Earth. The upper 
dipole accelerates electrons upwards and radiated brems-
strahlung gamma rays reaching the satellites are registered 
by the orbiting gamma ray observatories. These enigmatic 
bursts of gamma rays are named Terrestrial Gamma Ray 
Flashes (TGFs, Fishman et al., 1994). The particle burst in 
the gap between the positive upper layer and the screening 
layer recently detected by ADELE aircraft (Kelley et al., 
2015) is named Gamma flow.  

Both, the lightning initiation and leader propagation 
and the dynamics of TGE are dependent on the cloud elec-

trification and, therefore, on the charged layers in the thun-
dercloud. Thus, by detecting the changing particle fluxes 
we can monitor the distribution of charged layers above the 
particle detector site. As the nearest to the ground charged 
layer, LPCR strongly influenced the development of cloud-
to-ground (CG) and intracloud (IC) discharges and TGEs. 
When LPCR is above the particle detectors, and when the 
field is strong enough the electric field between LPCR and 
the main negatively charged region above effectively accel-
erate electrons downward (Chilingarian and Mkrtchyan, 
2012). Thus, the intensity and energy spectra of gamma 
rays and electrons of TGE can be used for estimating the 
position and thickness of the LPCR.  

At the maximum of the TGE flux, in the time series of 
the near-surface electric field we usually observe so-called 
“bumps” rising from deep negative electric field – brief 
increase of the electric field with amplitude up to 10-20 
kV/m. It was postulated (Nag and Rakov, 2009) that espe-
cially in the declining phase of the TGE, there often occur 
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negative cloud-to-ground lightings, which abruptly termi-
nate the particle flux (Alexeenko et. al., 2002, Tsuchiya et 
al., 2013, Chilingarian et al., 2014). The mature LPCR do 
not allow a lightning leader to make its path to the ground, 
declining it horizontally and transforming a –CG lightning 
attempt to an intracloud (-IC) lightning. A CG lightning 
becomes energetically preferable than –an - IC when LPCR 
is thin. However, sometimes we can see a catastrophic de-
cay of TGE near the maximum of the particle flux. High-
energy EASs (with primary particle energies above 1016 
eV) possibly facilitated the propagation of the lightning 
leader downwards (Gurevich et al., 1999). Therefore, we 
discuss a large EAS registration by the Aragats Neutron 
monitor and Muon detectors during thunderstorms.  

 
Figure 2. High-energy physics processes in the atmosphere 

2. INSTRUMENTATION 
The ASEC particle detectors can measure the fluxes of 

the species of secondary cosmic rays (electrons, gamma 
rays, muons and neutrons) as well as the electron, muon 
and neutron content of EASs. Numerous thunderstorm-
correlated events, detected by the ASEC facilities, consti-
tute a rich experimental set for the investigation of the high-
energy phenomena in the thunderstorm atmosphere. The 
new generation of ASEC detectors consist of 1 and 3 cm 
thick molded plastic scintillators arranged in stacks and 
cubic structures. The ‘‘STAND1’’ detector is comprised of 
three layers of 1-cm-thick, 1m2 sensitive area molded plas-
tic scintillators fabricated by the High Energy Physics Insti-
tute, Serpukhov, Russian Federation. The light from the 
scintillator through optical spectrum-shifter fibers is reradi-
ated to the long- wavelength region and passed to the pho-
tomultiplier FEU-115M. The maximum of luminescence is 
emitted at the 420-nm wavelength, the luminescence time 
being about 2.3 ns (see details of detectors setup in Chil-
ingarian, Chilingaryan, and Hovsepyan, 2015).  

The Aragats neutron supermonitor (ArNM, Fig. 3) con-
sists of eighteen cylindrical proportional counters of CHM-
15 type (length 200 cm, diameter 15 cm) filled with BF3 
gas enriched with B10 isotope and grouped in three sections 
containing six tubes each. The proportional chambers are 
surrounded by 5 cm of lead (producer) and 2 cm of poly-
ethylene (moderator). The cross section of lead producer 
above each section has a surface of 6m2 and the total sur-
face of three sections is 18m2. The atmospheric hadrons 
produce secondary neutrons in nuclear reactions in lead; 
then the neutrons get thermalized in a moderator, enter the 
sensitive volume of the counter, and in interactions with 
boron gas bear Li7 and the α particle. The α particle accel-
erates in the high electrical field inside the chamber and 
gives a pulse registered by the data acquisition electronics. 
High- energy hadrons generate a large number of secondary 
neutrons entering the sensitive volume of the proportional 
counter, and if we want to count all pulses initiated by the 
incident hadrons, we have to keep the dead time of the NM 
very low (the ArNM has a minimal dead time of 0.4 μs). If 
we want to count incident hadrons only (a one-to-one rela-
tion between count rate and hadron flux) we have to keep 
the dead time as long as the whole secondary neutron col-
lecting time (~1250 μs) to avoid double counting.  

In (Stenkin et al., 2007) was described detection of so-
called neutron bursts in the NM related to occasional hitting 
of it by a core of high-energy EAS. Huge amount of the 
EAS hadrons will generate numerous thermal neutrons and 
enormously enlarged NM’s count rate (size of the neutron 
burst or peak multiplicity). This option of EAS core detec-
tion by NM mostly was not recognized because of usually 
used large dead time not allowing counting of all secondary 
neutrons. With establishing low dead time and short collect-
ing time for ArNM (usually only 1-minute time series are 
available for NM), we detect numerous EASs hitting NM, 
several from them providing multiplicities above 1000. In 
our terminology, the multiplicity is the number of pulses 
registered in each particular second. Each counter has the 
mean multiplicity of usually 30-60 counts per second; at a 
neuron burst, the multiplicity can reach many hundreds and 
ever thousands. For each channel we calculate as well the 
number of standard deviations (N of σ) of the peak multi-
plicity.  The 1-sec time series of ArNM counts are being 
entered in the MSQL database at CRD headquarters in Ye-
revan (available online from http://adei.crd.yerphi.am/adei/) 
as well as in the database of the Euro-Asian consortium of 
neutron monitors (NMDB@.eu.org).  

 
Figure 3. STAND detector consisting of three layers of 1 cm thick 
scintillators.  
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The Aragats Muon detector (Fig. 4) consists of three 
vertically stacked plastic scintillators with an area of 1m2. 
The top 3cm thick scintillator is covered by 7.5cm of lead 
filter; the middle 1cm thick scintillator is covered by 1.5cm 
of lead filter and by an ~ 60 cm thick rubber layer (carbon); 
the bottom 1cm thick scintillator is covered by a 6cm thick 
lead filter. The energy thresholds to detect muons in three 
stacked scintillators accordingly are ~170 MeV, ~220 MeV 
and ~350 MeV accordingly. DAQ electronics provides 50 
ms time series of all scintillators.  

ArNM and Muon detectors are located at a distance of 
~ 6m in the MAKET experimental hall (Fig. 5). Close loca-
tion of these detectors allows joint detection of several large 
EASs. Outdoors is located the STAND1 detector comprised 
of three layers of 1-cm-thick, 1m2 area molded plastic scin-
tillators and 3 cm thick plastic scintillator of the same type 
fabricated by the High Energy Physics Institute, Serpukhov, 
Russian Federation. The light from the scintillator through 
optical spectrum-shifter fibers is reradiated to the long- 
wavelength region and passed to the photomultiplier FEU-
115M. The maximum of luminescence is emitted at the 
420-nm wavelength, the luminescence time being about 2.3 
ns. On the roof of MAKET building are located meteoro-
logical devices measuring the near-surface electric field and 
weather conditions. A deep negative near-surface electric 
field is a necessary condition for the TGE origination. 
Moreover, the observed changes of the electric field as well 
as detected particle fluxes contain information on the dy-
namics of the cloud electrification; such information is very 
difficult to acquire by in-situ measurements. Electrical mill 
EFM 100 produced by Boltek Company operates with 20 
Hz frequency performing 20 measurements of the near-
surface electric field per second. Professional Davis In-
struments Vantage Pro2, http://www.davisnet.com/ pro-
vides a wide range of meteorological parameters measured 
each minute. Devices of the same type are located at Nor 
Amberd research station and in Yerevan. 

An array of plastic scintillators located inside and out-
side the MAKET hall (green “pyramids” in Fig. 6) has been 
primarily a part of MAKET-ANI experiment (Chilingarian 
et al. (2004). About 100 detecting channels formed from 5-
cm thick plastic scintillators with an area of 1 m2 each, were 
triggered by large EASs corresponding to primary particle 
with energy greater than 1014 eV. At the end of the 
MAKET-ANI experiment we picked several detectors and 
implemented special trigger conditions in order to detect 
large particle bursts due to thunderstorm activity. The 
MAKET detectors measure the charged species of second-
ary cosmic rays with very high accuracy. Each of the 
standalone scintillators can measure incident particle flux 
and the array, as whole, can also count the so-called EAS 
triggers (‘‘firing’’ of more than 8 detectors of the array 
within a time window of 400 ns). If the signals from the 
first 8 scintillators coincide within the trigger window time, 
then the amplitudes of all photomultiplier signals (propor-
tional to the number of particles hitting each scintillator) are 
stored. At fair weather the surface array registered EASs 
initiated by the primary protons with energies above 50 
TeV (~25 EASs per minute, 8-fold coincidences) and 100 
TeV (~8 EASs per minute, 16-fold coincidences).  

Large TGEs are can trigger the MAKET array. When 
thunderstorm clouds are very low above the scintillators, 
the TGE electrons reach the MAKET scintillators and the 
stable EAS count rate suddenly and abruptly goes up. We 
investigate in details these Extensive Cloud Showers 

(ECSs) and prove their systematic difference from EASs 
(Chilingarian et al., 2011). ECSs are individual RREA cas-
cades from a single cosmic ray electron entering the RREA 
process. Alex Gurevich et al., 1999 called this cascades 
micro-runaway breakdown (MRB). Registration of ECSs is 
very difficult due to fast attenuation of electrons in the at-
mosphere; only at Aragats, due to very low thunderclouds, 
we can register several huge TGEs accompanied with ECSs 
(Chilingarian, 2013).  ECSs are an analogue of TGFs regis-
tered by orbiting gamma ray observatories; however, TGF 
particles are mostly gamma rays, not electrons. Gamma 
rays can travel hundreds of kilometres in the open space 
and occasionally hit fast-moving satellites and give rise to 
very short bursts of radiation.     

 
Figure 4. The “muon” stacked detector with large amount of lead and 
robber between 3 scintillators  

 

Figure 5. Tree-cm thick plastic scintillator of STAND1 detector. 
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We investigate in details this Extensive Cloud Events 
(ECSs) and prove their systematic difference from EASs 
(Chilingarian et al., 2011). ECSs are individual RREA cas-
cades from a single cosmic ray electron entering the RREA 
process. Alex Gurevich et al., 1999 called this cascades 
micro-runaway breakdown (MRB). Registration of ECSs is 
very difficult due to fast attenuation of electrons in atmos-
phere; only at Aragats due to very low location of thunder-
clouds we register several huge TGEs accompanied with 
ECSs (Chilingarian, 2013).  ECSs are an analog of TGFs 
registered by orbiting gamma ray observatories; however 
TGF particles are mostly gamma rays, not electrons. In the 
open space gamma rays can travel hundreds of kilometers 
and hit occasionally fast moving satellites providing very 
short bursts of radiation.     

3. THUNDERSTORM GROUND ENHANCEMENTS 
DETECTED IN SPRING 2015 

The first spring storm started at Aragats on March 30 at 
11:15 UT and continued until 11:50 with numerous nearby 
lightnings (Fig. 10). Thick clouds covered the sky reducing 
the solar radiation by a factor of 2.5, from 370 W/m2 at 
11:32 down to 150 W/m2 at 11:43. The relative humidity 
was very high - 96%. Numerous lightnings caused frequent 
near-surface electric field disturbances. Due to a nearby 
lightning (2 km far from the detector site, measured by 
EFM-100 electric mill) the near-surface electric field 
changed its value from -21 kV/m to +38 kV/m in less than a 
second (Fig. 6). The lightning terminated the particle flux 
registered by the STAND1 detector. For 3 seconds (from 
11:46:59 to 11:47:01), the particle count rate of the 1m2 
scintillator correspondingly increased by 9.2%, 12.2% and 
16% above the mean value measured just before the start of 
the particle flux enhancement. At 11:47:02, the particle flux 
was abruptly terminated and dropped by ~17%.  

 
Figure 6. One-second time series of the count rates measured by the 
outdoor 3 cm thick 1 m2 area scintillator (bottom); 1-sec time series of 
the near surface electric field (middle); and distance to lightning (top).   

On April 4, the 3-cm thick plastic scintillators detected 
a large TGE at 16:01. In Fig. 7, instead of particle detector 
count rates the corresponding p-values of statistical test are 
shown. The significance of the detected peaks in the time 
series of the particle count rates is determined by the actual 
peak values divided by the standard deviation of the count 
rate, i.e. by the number of standard deviation contained in 
the peak (number of σ). The p-value is the most compre-
hensive measure of the reliability of detecting peaks in a 
time series. Large p-value corresponds to small chance 
probabilities that the observed peak is a background fluctu-
ation and not a genuine signal. Therefore, we can safely 
reject the null hypothesis (that peak is a background fluctu-
ation only) and confirm the existence of a TGE. The out-
door 3 cm thick scintillator measures 38σ enhancement; the 
same type scintillator located indoors at another experi-
mental hall (named SKL) demonstrates ~10σ enhancement; 

the scintillator located under deep snow (snow covers Ara-
gats station until end of May) - ~5σ. Note that only the 
scintillator with a low energy threshold shows the flux en-
hancement lasting near 2 hours.  

In Fig. 8 we show disturbances of near-surface electric 
field measured at Aragats and Nor-Amberd research sta-
tions. The same lightning was detected at both stations; the 
distance between the stations is ~13 km. Note the same 
polarity of the electrostatic field on both stations (no elec-
trostatic field reversal occurred). 

The near-surface electric field at Aragats increased 
from -43 kV/m to 35 kV/min in very short time; at Nor 
Amberd station the electric field increased from -9 kV/m to 
23 kV/min. This indicates strong discharge processes at 
nearby distances in the thunderclouds above Aragats lead-
ing to the decline of the particle flux to the background 
value, decreasing it by 14% in 2 seconds. The start and end 
of the lightning (time of abrupt enhancing of the near sur-
face electric field and time of reaching the maximal value 
of it) coincide at both stations within 50 ms (at 16:00:45.2 
and at 16:00:45.25); this is a demonstration of the fact that 
the accuracy of synchronization of the remote on-line com-
puters in Nor Amberd and Aragats is at least 50 ms. Thus, 
the measurements of ASEC particle detectors and field-
meters are synchronized as well with an accuracy of 50 ms 
as well. 

 

Figure 7. Significance of the particle flux enhancements in number of 
standard deviations (Nσ); The outdoor 3-cm thick scintillator shows a 2 
hour TGE with a maximum of 38σ (upper curve); the same-type indoors 
scintillator demonstrates only a few minutes TGE with a maximum of ~ 
10σ (the second highest peak) and a same-type scintillator under deep 
snow – only 5σ enhancement (smallest peak). 

 
Figure 8. One-second time series of the count rates measured by the 
outdoor 3 cm thick 1 m2 area scintillator (bottom); near-surface electric 
field (middle with larger amplitude – Aragats; top, with lower amplitude 
– Nor Amberd; Particle flux measured at Aragats declined after 
lightning by 12% at 16:00:47. 

4. LONG-LASTING SPRING STORM AT ARAGATS 
ON 9-10 APRIL 2015 

At 22:00 UT on 9 April 2015, an extensive storm was 
unleashed on Mt. Aragats. During upcoming 14 hours nu-
merous nearby lightnings occurred near Aragats station and 
the particle flux several times exceeded the background 
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values by 2-22%, which corresponds to 3-32 standard devi-
ations (3-32 σ) in the one-minute time series of the 1-m2 
particle detectors. Humidity was stable high – 98%, tem-
perature – near the freezing point ~ -1; atmospheric pres-
sure was also stable, 684 mbar. Wind was West-North – 
160° – 200° N, speed - 5-12 m/sec. In Fig. 9 we post the 1-
minute time series of the particle flux measured by the in-
doors 3 cm thick and 1 m2 area plastic scintillator (bottom); 
the disturbances of electric field measured by EFM-100 
electric mill (middle); and estimated distance to the light-
ning measured by the same electric mill (top). As one can 
see from Fig. 9, almost all disturbances of the electric field 
were accompanied with lightnings and TGEs. 

 
Figure 9. Time series of particle count rate (bottom); disturbances of 
near-surface electric field (middle) and distance to lightning (top). 

In Fig. 10 we again show the 1-minute time series of 
the same-type particle detectors (3 cm thick and 1 m2 area 
plastic scintillators) located outside, inside and under deep 
snow. The weather conditions on high mountains are rather 
challenging and the staff cannot maintain some of the out-
doors detectors during the winter-spring months. Few of 
detectors are operated beneath ~1m of snow, in spring the 
snow becomes wet and the particle attenuation in it – 
stronger. From Fig. 10 we can conclude that the energy 
thresholds of all 3 detectors, in spite that they are the same 
type are very different due to different amount of matter 
above them. The outside scintillator with the lowest thresh-
old (upper time series) of ~1 MeV shows the low energy 
component of the TGE lasting up to 5 hours with emerging 
peaks of few minute duration due to RREA bremsstrahlung 
high-energy gamma photons born above detector location 
(measured as well by the scintillators with higher energy 
threshold, lower time series).  

3"cm"thick"1"m2"area"outdoor"
plas4c"scin4llator"

3"cm"thick"1"m2"area"indoor"plas4c"
scin4llator"

3"cm"thick"1"m2"area"outdoor"plas4c"
Scin4llator"under"deep"snow"

 
Figure 10. One minute time series of analogical scintillators located 
under different amount of matter 

Thus, the scintillators with higher threshold (3-4 MeV) 
did not register the low energy component; only peaks from 
the high-energy gamma rays coincide in time with the ones 
registered by the low threshold scintillators. From Figs. 9 
and 10 we can conclude that the low-energy component of 
TGE is below 3-4 MeV. The high-energy component of the 

TGE is local and is directly connected with RREA process 
and bremsstrahlung gamma rays; the long-lasting lower 
energy component of TGE is possibly connected with the 
distant regions of the thundercloud where RREA is un-
leashed and from where Compton scattered gamma rays are 
reaching the detector site.    

In Fig. 11 we show the data from another TGE termi-
nated by the lightning. From 00:28 until 1:00 April 10 sev-
eral abrupt surges of the near surface electric field occurred 
due to negative lightnings. The near-surface electric field 
increased from -29 kV/m to 40 kV/min in ~150 ms at 
00:44:58; the electric field recovery time was 29 seconds. 
The TGE flux declined by 14% (from 686 down to 588) the 
same second when the lightning occurred; and by 21% 
(down to 541) in the following 4 seconds. 

The time delay between the EAS registered by the scin-
tillators of the MAKET surface array and the start of light-
ning was 2.25 ± 0.05 seconds. Thus, we conclude that, for 
these events lightning occurrence is not connected with 
EAS. According to the RB-|EAS theory (Gurevich et al., 
1999) only very large EASs (with primary energy above 
1016 eV) can facilitate a negative CG lightning; thus fre-
quent EASs with energies 50-100 TeV cannot be connected 
with lightning initiation. We need detectors registering 
cores of very large EASs providing huge ionization in the 
atmosphere. The small MAKET detector due to fast satura-
tion of scintillators registering EAS electrons cannot outline 
such events. Usually the core region around the EAS axes is 
excluded from the recovering of the EAS size and arrival 
direction. The ArNM and Muon detectors, as we will see in 
the next section by registration of the neutron burst, which 
are directly connected with EAS core, can outline the larg-
est EASs.    

 
Figure 11. 1-second time series of the count rates measured by the out-
door 3 cm thick 1 m2 area scintillator (bottom); near surface electric 
field |(middle); distance to lightning (top); and EAS triggers: dots are 
correspondent to “fired” ones from 16 plastic scintillators (ADC code is 
proportional to the number of electrons hitting the scintillator). 

The essential parameters of the selected lightnings that 
occurred on April 10 2015 are summarized in Tab. 1. In the 
first column, we put the date of the event, in the second – 
time of the abrupt change of near-surface electric field. In 
the third column, we put the time of maximum (for negative 
lightnings) or minimum (for positive lightnings) and the 
extreme value of the near-surface electrostatic field. In the 
fourth column, we put the time of electrostatic field fall or 
surge. In the next column - the drop of the gamma ray flux 
(if a TGE is released). In the sixth column, we put the am-
plitude – the difference of the initial and extreme values of 
the near-surface electrostatic field and in the seventh – the 
distance to the lightning measured by the EFM-100 electric 
mill. In the last two columns, we put the coinciding meas-
urements reported by WWLLN (if any). 
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Table 1. Main parameters of the lightning occurrences on 10 April 2015  

Date 
(UT) 

Start of Lightning 
(UT) and el. field 
value (kV/m) 

Time of maximum 
(UT) and maximum 
value (kV/m) 

Duration 
(msec) 

Drop of 
flux (%) 

Drop 
of el. field 

Dist. 
(km) 

WWLL
N 
time 

WWLL
N 
dist. 

10/04/ 
2015 

00:38:42.85 
8 

00:38:43 
45 

150 - 37 7   

10/04/ 
2015 

00:40:45.65 
-14 

00:40:45:80 
36 

150 - 50 7   

10/04/ 
2015 

00:43:25.65* 
20 

00:4325.90 
-42 

250 - -62 7 
0:43:25.
69 

12 

10/04/ 
2015 

00:44:58.85 
-30 

00:44:59 
40 

150 15 70 2   

10/04/ 
2015 

00:47:47.7 
2 

00:47:48.25 
22 

550 - 20 7   

10/04/ 
2015 

00:48:49.10 
-4 

00:48:49:35 
32 

250 - 36 3   

10/04/ 
2015 

00:51:12.45 
1 

00:51:12:75 
26 

300 - 25 7   

10/04/ 
2015 

00:53:27.7 
-3 

00:53:27.9 
38 

200 - 41 2   

10/04/ 
2015 

4:58:06.35 
-15 

4:58:06.65 
8 

300 - 23 5   

10/04/ 
2015 

7:30:56.4 
-23 

7:30:56.65 
7 

250 - 30 4 
7:30:56.
3 

2 

10/04/ 
2015 

7:32:58.6 
-22 

7:32:58.9 
2 

300 - 24 6   

10/04/ 
2015 

7:34:35.5 
-28 

7:34:35:6 
36 

100 12 64 7   

10/04/ 
2015 

7:41:25.05 
-24 

7:41:25.25 
26 

200  50 3   

10/04/ 
2015 

11:06:39.45** 
32 

11:06:39.5 
-32 

50 - -64 2   

10/04/ 
2015 

11:26:51.0 
-29 

11:26:51.2 
27 

200  56 6   

10/04/ 
2015 

11:29:22.15 
-27 

11:29:22:30 
-34 

150 10 61 2   

10/04/ 
2015 

14:30:11.7** 
19 

14:30:11.75 
-30 

50 - -49 14   

*Positive lightning was detected in Nor Amberd, both electric mills at Aragats registered small negative lighting 

** Positive lightnings detected at Aragats station 

From the overall 17 lightnings being observed, only 
three were positive; the positive/negative ratio was ~0.18. 
Abrupt termination of the TGE flux had been observed only 
during the negative lightnings. Positive lightnings demon-
strate faster dynamics (electric field fall) than negative 
lightnings surge. TGE’s surge above background is rather 
significant - 35 ± 12%. The abrupt fall of TGE is also siza-
ble 21 ± 7%. From the Tab. 1 we can outline typical fea-
tures of the negative cloud-to-ground lightning: 

1. Mean electric field before the start of the lightning 
~ -24.7 ± 2.9 kV/m;  

2. The mean maximum value of the enhanced electric 
field ~ 51 ± 2.7 kV/m. After reaching maximum 
the near-surface electric field slowly returns to 
pre-lightning values due to continuous charge sep-
aration processes in the cloud; 

3. Mean time from the start of electric field sharp 
change till its extreme value is  ~160± 50  ms. 

The mean distance to the lightning is ~ 4.8± 3 km. In 
Fig. 12 we can see an unusual TGE accompanied with the 
positive nearby lightning. During a short TGE, the near- 
surface field was in the positive domain, ~ 37 kV/m, de-
creasing to 13 kV/m, when the particle flux peaked. The 
nearby positive lightning (~2 km) in the end of TGE caused 
the near-surface field to drop from 39 kV/m to -31 kV/m.  

 It is interesting to note that this positive lightning does 
not terminate the particle flux as the negative ones do.  

In Fig. 13, we demonstrate a TGE several times termi-
nated by the negative lightnings. The largest lightning oc-
curred at 11:29:19 within 2 km from the detector site (see 
zoomed version in Fig. 14); the particle flux dropped by 
22% in 4 seconds. In 200 ms, the near-surface electric field 
increased from – 30 kV/m to 27 kV/m; recovery of the field 
took 20 seconds. No coinciding EAS events were detected. 
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Figure 12. Rare TGE ended by a positive lightning; time series of 1-
minute count rate of outdoor 3-cm thick scintillator (bottom); 
disturbances of near-surface electric field (middle) and distance to 
lightning (top). 

 
Figure 13. TGE terminated by 4 negative lightnings 

 
Figure 14. Zoomed version of the Fig. 18. One-second time series of the 
count rates measured by the outdoor 3 cm thick 1 m2 area scintillator 
(bottom); near-surface electric field (middle); distance to lightning (top); 
and EAS triggers: dots are correspondent to “fired” plastic scintillators 
(ADC code is proportional to the number of electrons hitting the scintil-
lator). 

5. SUPER-EVENT OF  20 APRIL 2015 

The enormously strong storm of April 19 with many 
nearby lightnings continued into 20 April, producing the 
largest TGE of the last 5 years. At 17:50 the relative humid-
ity on Aragats was very high - ~97%; the atmospheric pres-
sure was ~682 mbar, outside temperature was ~2C°; the 
velocity of ~225° N wind was ~3.5 m/sec. The electrostatic 
field was in the negative domain reaching -5kV/m at 17:50 
and after 2 small bums got the near zero strength after 
17:58. Particle count rate slowly rose after 17:58 and start-
ed to boost at 17:59, reaching the highest value at 18:00. 
Fig. 15 shows the time series of 1-minute count rate meas-
ured by the 1 cm and 3 cm thick plastic scintillators both 
with 1 m2 area; the scintillators are located outdoors and 
have a minimal energy threshold of ~1 and ~3 MeV. In the 
middle of the picture, we have posted the near-surface elec-
tric field with apparent 2 negative lightnings; on the top – 
distance to lightning.  

 
Figure 15. In the bottom – 1 minute count rates of outdoors scintillators 
(the larger count rate is corresponding to the 1cm thick plastic 
scintillator with a lower threshold), in the middle – disturbances of the 
near surface electric field, in the top – distance to lightning, first 
lightning was at a distance of ~ 2 km and the second one – 8km. 

The one-minute time series of count rates demonstrate 
huge enhancement comparable with the super TGEs ob-
served on Aragats in 2009 (Chilingarian et al., 2010) and 
2010 (Chilingarian et al., 2011). In 2 minutes after the TGE 
started at 17:59, the count rate of the 1 cm thick scintillator 
boosted from the mean value of 35,540 to 152,430 
(min*m2)-1, that is to say the TGE flux was ~117,000 
(min*m2)-1. The flux measured by the 3 cm thick scintillator 
was smaller due to higher energy threshold – growing from 
the mean value of 36,623 to 139,888 (min*m2)-1, i.e. 
~102,000(min*m2)-1. The fluxes were enhanced by 330% 
and 220% respectively. The mean square deviation of 1-
minute count rate of both detectors is ~ 200, therefore the 
number of standard deviations (Nσ) is very large - 580 and 
500 σ.  

The detailed image (one-second time series) of the 
TGE we can see in Fig. 16, where we show the one-second 
time series of the same 3-cm thick outdoors plastic scintilla-
tor, electric field disturbances and distances to lightning. 
The maximal 1-second count rate was observed at 18:00:13. 
The 3 cm thick scintillator count rate boosted up to 7863 
(sec*m2)-1; comparing it with the mean fair weather value 
of 587 +/- 22.6 (sec*m2)-1 we obtain 1240% enhancement 
corresponding to ~320 σ; i.e. the particle flux was enhanced 
12.6 times! 

Strong discharge processes at the nearby distances in 
the thunderclouds above Aragats abruptly terminate the 
ongoing huge TGE. The one-second-count rate of 3 cm 
thick outdoor scintillator declines from 7863 (sec*m2)-1 at 
18:00:13 to 5295 (32%) at 18:00:14 and 598 (92%) at 
18:00:15.  

 
Figure 16.  Abruptly declined 1-second count rates of the outdoors 
scintillator (bottom); disturbances of the near surface electric field 
(middle); distance to lightning ~ 2 km (top).  

A more precise image of the super-TGE event and pos-
sible relation to an EAS trigger can be seen in the 50-ms 
time-series. In Fig. 17 we show the electric field disturb-
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ances during the negative lightning observed at Aragats and 
Nor Amberd stations as well as the 1-second count rates of 
the 3-cm thick plastic scintillator. The lightning initiation 
time registered by the EFM-100 electric mills at the Aragats 
and Nor Amberd research stations was at 18:00:14.1 and 
18:00:14.15 respectively. The electric field increased at 
Aragats from 1.2 kV/m up to 43.4 kV/m in 100 ms and 
from 2.15 kV/m up to 23.8 kV/m in 400 ms at Nor Amberd. 
Field recovering time at Aragats was 10 sec (the field de-
creased down to – 8 kV/m); in Nor Amberd – 30 sec. 
WWLLN registered a strong lightning at 18:00:14.75 locat-
ed 6.7 km far from the Aragats station. The distance to the 
lightning measured by the EFM-100 sensor from Aragats 
was 1.8 km and 5 km from Nor-Amberd.  

 
Figure 17. 50-msec time-series of the electric field disturbances during 
negative lightning observed at Aragats and Nor Amberd and 1 second 
count rates of 3-cm thick plastic scintillator. 

Applying the veto system of the Cube detector, we can 
estimate the fraction of electrons in TGE. In Fig. 18 we 
show the 1-minute count rates of two 20 cm thick plastic 
scintillators stacked on each other and fully covered by six 
1-cm thick and 1m2 plastic scintillators (CUBE detector, 
see details in Chilingarian, Chilingaryan and Hovsepyan, 
2015). The veto signal (at least 1 hit in 6 scintillators) from 
the shielding rejects the charged flux and it is supposed that 
only neutral particles reach the inside scintillators and are 
registered.  

However, as the probability for missing charged parti-
cles and for registration of neural particles is other than 
zero, we have to make corrections in order to obtain the 
electron and gamma ray fluxes separately. 

 
Figure 18. From top to the bottom: - the count rate of the top 20 cm 
thick scintillator without veto; the count rate of bottom 20 cm thick scin-
tillator without veto; and then the count rates with veto switched on 

Using the upper scintillator (with the energy threshold 
equal to ~ 4MeV) and applying the techniques described in 
(Chilingaryan, Mailyan and Vanyan, 2012), we obtain an 
electron flux intensity of Ie ~1000 (min*m2)-1 and a gamma 
ray flux of Iγ ~ 21,500(min*m2)-1. For the bottom scintilla-
tor of the same type with higher energy threshold the elec-

tron flux was absent and the gamma ray flux was ~2200 
(min*m2)-1.  

In Fig. 19 shows the energy spectrum of the gamma ray 
flux measured by a network of NaI spectrometers (Chil-
ingarian, Hovsepyan and Kozliner, 2013) with an energy 
threshold of ~ 4 MeV. The MeVelectrons from the ambient 
population of the secondary cosmic rays were accelerated 
in the strong electric fields of the thundercloud and run 
away, unleashing an electron-photon avalanche. The maxi-
mal energy of runaway electrons can be as high as 50 MeV 
and that of bremsstrahlung gamma rays – 30-40 MeV. The 
very high intensity of TGE means that the thundercloud is 
just above the detector location site. Thus, the bremsstrah-
lung gamma rays can reach the detector and be registered. 
Each of the five NaI spectrometers stores each minute a 
histogram of energy releases. These histograms are added 
up and a power-law fit is applied to the joint histogram.  

 
Figure 19.. The differential energy spectrum of the super-event that 
occurred on 20 April 2015. The spectrometers number 2,3 and 5 involved 
from the NaI network consisted of 5 units.  

6. EXTENSIVE AIR SHOWERS DETECTED BY 
ARAGATS NEUTRON MONITOR AND MUON 
DETECTOR 

Extensive air showers are initiated by protons or 
stripped nuclei, which in the interaction with the atmos-
phere unleash an electron-hadron cascade. Dependent on 
the energy of primary particles EAS can penetrate the 
Earth’s surface and beneath it (high energy muons and neu-
trinos). EAS duration as registered by the surface particle 
detectors does not exceed a few tens of nanoseconds. How-
ever, several detectors that contain a lot of absorbing matter 
can prolong the “life” of EAS to ~ 1 ms. In the Neutron 
monitor’s 5 cm lead producer the EAS hadrons generate 
many hundreds of neutrons and in the polyeth-
ylene moderator they slow the neutrons down to thermal 
energies before entering the proportional counters. Due to 
multiple scattering in the absorber and moderator, the time 
distribution of the secondary neutrons became significantly 
broader. Thus, the time distribution of the pulses from the 
proportional counters of the neutron monitor after EAS 
propagation extends to ~ 1 ms, thousands of times larger 
than the EAS passing time (Balabin et al., 2011). The 
measurements on Tien-Shan demonstrated that EASs with 
energy greater than 10 PeV with axes in 3-10 meters from 
NM could produce multiplicities above 1000 (Antonova et 
al., 2002).  

The Aragats neutron monitor (Fig. 3) has a special op-
tion for the EAS detection. Usually the dead time of NM is 
set to ~1 ms for one-to-one relation of incident hadrons and 
detector counts. Thus, all neutrons entering the proportional 
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chamber after the first one will be neglected. In ArNM we 
use several dead times and the shortest one, the 400 nsec, 
can count almost all the secondary neutrons that enter the 
proportional chambers. Thus, if ArNM with the shortest 
dead time registers much more signals than with ~ 1ms 
dead time it means that the EAS core is hitting the detector.  
Within 1 ms, if we assume very large (continuous) thermal-
ized neutron flux, 2500 thermal neutrons can be registered. 
Sure, only extremely energetic EASs hitting NM can pro-
duce this very large multiplicity.  

In Fig. 20 we demonstrate one of such events with a to-
tal multiplicity of 2310 measured by the shortest dead time 
of 0.4 μs. The count rate corresponding to larger dead times 
also enhanced; however, only by 17% (250 μs dead time) 
and by 14% (250 μs dead time) of the shortest dead time. 
The distribution of multiplicity among 8 operational pro-
portional chambers (see insert in fig. 20) is more or less 
uniform with the center of gravity of counts in the second 
section of ArNM (counters 7 and 8). 

 

Name Mean σ Min Max 
ArNM #3 42.58 7.57 27 (-2.06σ) 214 (22.63σ) 
ArNM #4 44.49 7.74 31 (-1.74σ) 218 (22.42σ) 
ArNM #8 56.9 9.87 35 (-2.22σ) 450 (39.82σ) 
ArNM #9 60.8 10.12 41 (-1.96σ) 284 (22.06σ) 
ArNM #13 20.56 5.66 9 (-2.04σ) 268 (43.74σ) 
ArNM #14 35.02 7.09 21 (-1.98σ) 373 (47.66σ) 
ArNM #16 23.29 6.36 12 (-1.77σ) 230 (32.49σ) 
ArNM #17 38.95 8.15 22 (-2.08σ) 259 (27.01σ 

 
Figure 20.. Time series of ArNM proportional counters registered a large neutron burst at 1:03:4 on 19 October 2013. The mean value and variance 
of the one-second time series of each counter were calculated by 59  ArNM counts from 1:02:10 to 1:03:9 with the second of the neutron burst 
excluded.  

Name Mean σ Min Max
Dead time      0.4μs 338.47 27.37 276 (-2.28σ) 2060 (62.72σ) 

Dead time   250μs 307.03 22.55 250 (-2.53σ)  440 (5.9σ)
Dead time 1250μs 278.63 19.19 230 (-2.53σ)  337 (3.04σ)
3cm scint. 7.5cm Lead 261.95 13.58 232 (-2.21σ)  541 (20.56σ) 
1cm scint. 9cm Lead 178.97 12.9 156 (-1.78σ)  390 (16.35σ) 
1cm scint. 15cm Lead 125.27 11.12 92 (-2.99σ)  313 (16.88σ) 
3cm thick scintillator 478.83 18.74 440 (-2.07σ) 479(0.01σ)
Coinc. of Muon scint.    4.9  2.36    1 (-1.65σ)    47 (17.87σ) 

 
Figure 21.. Large neutron burst detected by the ArNM with dead time 0.4 us. All 3 layers of Muon detector and coincidences also demonstrate large 
enhancement (see insert). 3 cm thick plastic scintillator shows no enhancement. The 1 sec shift in time series of ArNM and Muon detectors is 
explained by the accuracy of time series detected by separate  DAQ systems.   
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   Name Mean        σ     Min       Max 
ArNM #3 39.19 6.97 24 (-2.18σ) 184 (20.77σ) 
ArNM #4 43.05 6.56 30 (-1.99σ) 218 (26.67σ) 
ArNM #8 56.49 10.9 40 (-1.51σ) 293 (21.69σ) 
ArNM #9 64.29 9.93 45 (-1.94σ) 292 (22.93σ) 
ArNM #13 17.54 4.45 9 (-1.92σ) 178 (36.05σ) 
ArNM #14 36.14 8.84 18 (-2.05σ) 283 (27.92σ) 
ArNM #16 22.03 5.27 10 (-2.28σ) 252 (43.65σ) 
ArNM #17 35.8 6.9 18 (-2.58σ) 278 (35.11σ) 

 
Figure 22. Time series of ArNM proportional counters registered a large neutron burst at 23:40:45 on 16 April 2014. The mean value and variance of 
the one-second time series of each counter were calculated by 59  ArNM counts from 23:30 to 23:30:59 with the second of the neutron burst excluded.  

In Fig. 21 we show another large neutron burst this 
time detected also by the Muon detector. In the insert to 
Fig. 21 we show the enhancement of proportional counters 
and scintillators of ArNM, Muon and outdoors scintillator 
without any matter above.  The multiplicity (size of the 
neutron burst) in ArNM equals 2060.  All 3 scintillators of 
Muon detector show huge enhancements. The number of 
coincidences in 3 scintillators exceeds by an order of mag-
nitude. The outdoors scintillator demonstrates no enhance-
ment at all.  

In Fig. 22 we show the corresponding enhancements in 
8 proportional counters of ArNM. The uniform distribution 
of counts in all sections of ArNM and huge enhancements 
in Muon detector located at a distance of 6 m from ArNM 
verifies very large size of EAS core, exceeding 10m. Thus, 
the energy of the primary particle initiate EAS was enor-
mously large.   

 
Figure 23. The dependence of the multiplicity (size) of neutron burst on 
energy of primary particle, which initiated EAS (obtained by relation of 
the frequency of different observed multiplicities (neutron burst sizes) to 
integeral energy spectrum measured by MAKET array (Chilingarian et 
al.,  2004). By arrow we show the knee position of the all particle 
spectrum and by asterics – the primary particle energy corresponding to 
the frequency of detecting bursts both in ArNM and muon detector. 

In Fig. 23 shows the neutron burst multiplicity as a 
function of the energy of the primary proton initiated EAS. 
The relation was obtained by the frequency analysis 
through the counting intensities of multiplicities  (one-
second peak counts) of different magnitude and relating 
them to the integral energy spectrum measured by the 
MAKET array at the same place several years ago 
(Chilingarian et al.,  2004). 

The multiplicities above 2000 are extremely rare, 1-2 
per month; neutron bursts detected by both ArNM and Mu-
on are even rarer, 3-4 per year. The primary particle ener-
gies corresponding to these events are well above 1016 eV. 
In the last 3 years we detect only 2 strong negative cloud-
to-ground lightnings (-CG) coinciding with enhancements 
in muon detector. Unfortunately, at 11:20:53 on 19 October 
2013, the lightning was so strong that several ASEC parti-
cle detectors (including ArNM) remained “blind” for sever-
al seconds, including the second of a huge enhancement in 
Muon detector. At 18:00 on 20 April 2015 the ArNM was 
switched off due to electronics failure. Thus, we have 2 
coinciding events of a strong nearby lightning and a very 
high-energy EAS, which possibly facilitate the propagation 
of the lightning leader through mater LPCR. These light-
nings also abruptly terminated a huge TGE on the stage of 
its maximal flux (Fig. 16 and 17).  

7. CONCLUSION 

April thunderstorms, as usual, also in 2015, bring a 
lot of TGEs observed by Aragats Space Environment cen-
ter particle detectors and field meters. Using 1-sec time 
series we investigate the relations of lightnings and parti-
cle fluxes. For the first time we bring vast evidence on 
simultaneous detection of TGEs, disturbances of the elec-
trostatic field and lightnings. Lightning flashes terminated 
the particle fluxes very often; during some of TGEs the 
lightning terminated the particle flux 3 times. Only a 
negative lightning can terminate TGEs. We have no TGE 
terminated by a positive lightning. We classify positive 
and negative lightnings by the characteristic pattern of 
disturbance of near-surface electrostatic field that we 
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measure 20 times per second with a network of EFM-100 
electric mills. According to the model (Nag and Rakov, 
2009), lightnings terminate the particle fluxes mostly in 
the beginning of TGE or on the decay of it, when the 
Lower positive charge region is “thinning” and the light-
ning leader can make a path through it and connect the 
negative charge region in the cloud and ground. However, 
we observed two events (19 October 2013 and 20 April 
2015) when huge TGEs were terminated just on the max-
imum of their development, i.e. when LPCR was thick 
and mature and should prevent the lightning leader to 
reach the Earth’s surface. The Muon detector fixed a huge 
EAS in the same second when the TGE abruptly terminat-
ed. Thus, in one and the same second we observe: abrupt 
termination of TGE at maximal particle flux, a large EAS 
and a negative cloud-to-ground lightning. Unfortunately, 
we do not detect all the 3 processes on the microsecond 
time scales. However, following the theory of a combined 
effect of RB-EAS effect (Gurevich, et al., 1999), we can 
assume that the strong ionization in the atmosphere due to 
passage of a high-energy EAS (E > 1016 eV) under RB 
conditions, produced a strong local pulse of electric cur-
rent that initiated a lightning leader and, thereafter, a 
negative cloud-to-ground lightning. Of course, our find-
ings need to be confirmed by measurements with a micro-
second time resolution, which are planned for 2016-2017 
at Aragats. It is very important to correlate particle flux 
enhancements and lightnings on millisecond time scales. 
The lightnings are a powerful source of electromagnetic 
radiation and can influence DAQ electronics and produce 
fake signals. However, as we demonstrate in (Chilingarian 
et al., 2016), the particle flux is changing not immediately 
with a huge pulse of electromagnetic radiation, but with 
the rearrangement of the electric fields in the cloud after 
depositing the negative charge to the ground by a light-
ning. And there is a delay of at least several tens of milli-
seconds between these processes. Therefore, to avoid pos-
sible interferences and fake signals in the particle detec-
tors, we plan to add a precise time stamp to each registra-
tion in the Muon detector.   

By detecting TGEs with the same type of detectors alt-
hough different amount of matter above and, therefore, hav-
ing different energy thresholds, we prove the existence of 
two-components of particle population in the TGE. The 
high-energy one (from 3-4 till 40-50 MeV) is local and 
short in time (several minutes) and is connected with 
RB/RREA process above the detectors resulting in brems-
strahlung gamma photons. The second, low- energy com-
ponent (0.4-3 MeV) lasted several hours and, as we admit, 
is connected with the Compton-scattered gamma rays that 
reach the detectors from the distant regions of the cloud. 
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