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Preface 

A summer school “A century of cosmic rays” was held on June 1-7, 2012 in the International Conference 
Center of Yerevan Physics Institute in Nor Amberd, Armenia, 40 km from Armenia’s capital Yerevan. A cycle 
of invited lectures was delivered to the students of Yerevan State University work in Cosmic Ray Division 
(CRD) of A.Alikhanyan National laboratory, for graduate and PhD students and young scientists of CRD. 
During the summer school also sessions devoted to International Science and Technology (ISTC) project 
A1554, completed recently by CRD staff, were held. Last 10 years ISTC was the main funding body supporting 
research on high altitude stations Aragats and Nor Amberd and facilitating creation of new scientific directions 
of CRD, namely, Space Weather and Solar terrestrial connections; High energy Phenomena in thunderstorm 
atmospheres. Young scientists and students have presented 13 reports covering recent research in the framework 
of the A1554 ISTC project “Space Weather Research and Forecasting by Networks of Hybrid Particle Detectors 
Measuring Neutral and Charged Fluxes”. 

On 6 June, early in the morning, the summer school participants and professors observed the Venus transit 
on solar disc; the same day afternoon School students welcomed at Republic square in the center of Yerevan the 
group of bicyclist from the USA and Armenia cycling from Artsakh province to memorize 100 years of cosmic 
ray invention and successes of CRD physicists. Also school participants installed a new optical telescope and 
weather station in Nor Amberd, to detect Thunderstorm Ground Enhancements (TGEs) registered by facilities 
of Aragats and Nor Amberd labs; the students were introduced to the data analysis methodologies developed in 
CRD; climbed to the Aragats research station on 3200 m all in snow. 

 
Program of Lectures 

Prof. Johannes Knapp 

1) Introduction to Astroparticle Physics; Cosmic Rays and Photons. 
2) Cosmic Ray Physics in the energy range 10^14 … 10^18 eV. 
3) Air shower simulations with the Corsika Program. 
4) Ultra High Energy Cosmic Rays & Recent Results from the Pierre Auger Observatory. 
5) Gamma Ray Astronomy and the Cherenkov Telescope Array. 

 

Prof. Razmik Mirzoyan 

1) Discovery of Cherenkov emission and instrumentation based on this discovery. 
2) Ground-based Very High Energy Astroparticle Physics by Means of Gamma Rays: Status of the Field. 
3) Ultra-fast Light sensors for Astroparticle Physics. 
4) Pulsed gamma rays from the Crab pulsar. 
5) The Galactic source W51. 

Prof. Hartmut Gemmeke 

1) Signals from the particle detectors and their treatment; modern trends. 
2) Particle radio emission in the atmosphere; history of detection, instrumentation and opened possibilities. 
3) European and American radio detecting arrays; goals, results, problems. 
4) Status and Results from the Auger Engineering Array (AERA). 
5) AERA Hardware and Self-Trigger. 
6) First Results from the KIT 3D Computer Tomography. 

Prof. Ashot Chilingarian 

1) Thunderclouds - another source of MeV electrons, gamma rays and neutrons. 
 

Videography of lectures and slides are available from http://crd.yerphi.am 
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Thunderstorm Ground Enhancements (TGEs) - New High-Energy 
Phenomenon Originated in the Terrestrial Atmosphere 

A. Chilingarian 

Abstract: Space based gamma ray observatories; sensors on aircraft and surface particle detectors observe fluxes 
of gamma rays, which are correlated with thunderstorms. In some, yet fully unknown circumstances electrons are 
accelerated upward in direction to space and downward in direction to the Earth and dramatically enhance usually 
rather stable cosmic ray background. These very important phenomena are now intensively researched both in 
space and on Earth’s surface. Numerous particle detectors and field maters located on the slopes of mountain 
Aragats and in Yerevan 24 hours 12 months are monitoring changing geophysical conditions. After analyzing 
near 300 detected at Aragats Thunderstorm ground enhancements (TGEs) we present the physical model of new 
phenomena. 

1. THUNDERSTORM GROUND ENHANCEMENTS 
(TGES) 

Rapidly expanding field of energetic particle and 
radiation physics in terrestrial atmosphere, namely, High-
Energy Atmospheric Physics, impacts traditional 
atmospheric electricity and lightning physics, study of 
cosmic-ray extensive air showers, discharge physics, space 
physics, plasma physics, and aviation safety [1]. One of the 
most exciting manifestations of the new field is so called 
Thunderstorm Ground Enhancement (TGE, [2]): abrupt 
enhancements of surface particle detector count rates 
correlated with thunderstorm activity.  Facilities of the 
Aragats Space Environment Center (ASEC, [3]) observe 
charged and neutral fluxes of secondary cosmic rays by the 
variety of particle detectors located in Yerevan and on 
slopes of Mount Aragats at altitudes 1000, 2000 and 3200 
m. ASEC detectors measure particle fluxes with different 
energy thresholds as well as Extensive Air Shower (EAS) 
initiated by primary proton or stripped nuclei with energies 
greater than 50–100 TeV and Extensive Cloud Showers 
(ECS) initiated by the electron-gamma ray avalanches in 
the thunderstorm atmosphere. TGEs detected during 2008-
2011 bring vast amounts (243 events) of small and very few 
large TGEs (only 6 TGE events with amplitude exceeding 
20%) allowing the detailed analyses and taxonomy of the 
new high-energy phenomena in the atmosphere1. In Fig. 1, 
we present the histogram of the 243 TGE amplitudes 
measured by the MAKET detector in 2008-2011; the dates 
of 4 largest TGE events are displayed as boxed text; flux 
enhancement is presented in percentage relative to rather 
stable background of the ambient population of secondary 
cosmic rays. As we can see in the left corner of histogram 
of Fig. 1, majority of TGE events have amplitude less than 
10 %. These small TGEs and analogical TGEs reported by 
other groups can be explained by the modification of the 
energy spectra of charged particles in the electric field of 
thunderclouds. Due to asymmetry of positive-to-negative 
flux of secondary cosmic rays in the terrestrial atmosphere, 
peaks and dips can arise in time series of count rates of 
surface particle detectors. These effects have been 
theoretically analyzed in [4] and detected on Mount 
Norikura [5] and in Baksan, Russia [6]. Measurements at 

                                                 
1 Time series of changing particle fluxes registered from ASEC 
monitors, as well as magnetometer and electrical mill 
measurements are available from http://adei.crd.yerphi.am/adei/. 

ASEC and simulations with GEANT4 package [7] confirm 
additional flux of gamma rays up to 1000% in the energy 
range 2-20 MeV and up to 10% in the energy range up to 
100 MeV. Simultaneously dips in the muon flux at energies 
above 200 MeV were obtained by GEANT4 simulations 
and detected by ASEC detectors.  

 
Few very large enhancements seen in the right corner 

of Fig. 1 can be explained only by invoking the Runaway 
Breakdown (RB) process [8], also referred as Relativistic 
Runaway Electron avalanche (RREA, [9-11]. Ambient 
population of secondary cosmic ray electrons in the electric 
fields with strength greater than critical value2 unleash the 
electron-gamma ray avalanches and total number of 
particles on the exit from cloud can be multiplied by several 
orders of magnitude. Proceeding from the measurements of 
the charged and neutral fluxes as well as from the energy 
deposit of particles in thick scintillators we recover the 
energy spectra of TGE electrons and gamma rays for the 2 
largest TGE events of September 19, 2009 and October 4, 
2010 [12]. Installed at Aragats field meters and lightning 

                                                 
2The critical electric field Et = 1.534; 1.625, 1.742 kV/cm at 4500, 
4000 and 3400m respectively. Et dependence on altitude follows 
the air density dependence on altitude. 

Figure 1. The histogram of the amplitudes of TGE events detected by
ASEC detectors in 2008-2010. The peak values of the cosmic ray flux
increase above rather stable secondary cosmic ray background were
measured by the outdoor plastic scintillators. 
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detectors allow correlating the measured particle fluxes 
with near-surface electric field disturbances and with 
occurrences of lightning of different types. 

Lightning occurrences, as well as sketch of the RREA 
process in upper and lower dipoles also are depicted in Fig. 
1. The indispensable condition of TGE initiation is the 
creation of the lower dipole accelerating electrons 
downward. The temporarily emerging Lower positive 
charge region (LPCR, [13]) is smaller than the mid-level 
negative and upper positive layers of the main upper 
thundercloud dipole [14]. Therefore TGE phenomena is 
local and its duration coincide with duration of the 
existence of LCPR, at Aragats usually ~10 minutes. 

 
2. SUMMARY OF TGE RESEARCH 

Thunderstorm ground enhancements (TGEs) manifest 
themselves by at least 6 physical effects: 

 Large fluxes of the electrons and gamma rays; 
 Neutron fluxes; 
 Microsecond bursts of the electrons; 
 Depletion of the high energy muon flux; 
 Large negative near-surface electrical field; 
 Depletion of the cloud-ground lightning 

occurrences and enhancement of the intracloud 
lightning occurrences. 

Origin of TGE is a radiating region in the bottom of the 
cloud [15] coincided with LPCR, which forms a lower 
dipole with the main negative charge region in the middle 
of the cloud. Intensive electrical field between these layers 
accelerates electrons downward and give birth to 2 
processes:  

 Relativistic runaway electron avalanches 
(RB/RREA) process sustaining electron and 
gamma ray fluxes up to 10 times above cosmic 
ray;  

 Modification of CR energy spectra (MOS) process, 
which is responsible for the gamma ray and 
electron flux enhancements and depletion of high-
energy muon flux. 

Electrical fields in thunderclouds effectively transfers 
field energy to electrons; electrons generate gamma rays 
and gamma rates by photonuclear reactions born neutrons 
detected on earth’s surface [16-18]; RREA can generate 
particle bursts with duration less than 50 microseconds [19] 
; overall duration of TGE is ~ 10 minutes, during 10 
minutes large amount of short bursts occurs; Largest TGE 
events allows to estimate energy spectra: energy spectra of 
electrons and low energy gamma rays are exponential; 
energy spectra of gamma rays above 10 MeV are described 
by power law in overall agreement with GEANТ4 
simulation; TGEs usually occurred on negative near surface 
electrical field varied from -10 to -30 kV/m; During TGEs 
the fraction of IC- lightning occurrences is strictly 
increased, CG- lightnings are suppressed; observed 
behavior of lightning occurrences supports emergence of 
the LCPR and, consequently, lower dipole. The upper 
dipole accelerates electrons upward to the space where 
electrons, positrons and gamma rays are detected by space 

born gamma ray observatories [20]. This founding is very 
important for geophysics, atmospheric physics and 
climatology. Ongoing climate change can lead to 
significant increase of lightning occurrences mostly in 
globe dry regions. Monitoring lightnings by worldwide 
networks of antennas and by space born monitors, planned 
in coming decade at International Space Station [21,22]will 
help to establish the forewarning services on disastrous 
weather conditions greatly enlarged recently. The 
increasing rate of lightnings and simultaneous increase of 
their height can alert on the upcoming huge thunderstorm 
with possible flooding. The increasing rate of positive cloud 
to ground lightnings is manifestation of possible hailing. 
Numerous particle detectors and field maters located on the 
slopes of mountain Aragats and in Yerevan 24 hours 12 
months are monitoring changing geophysical conditions. 
Planned geophysical station near Sevan lake with existing 3 
stations on slopes of Mt. Aragats will monitor particle 
fluxes from sun, thunderclouds and Galaxy as well as 
magnetic and electrical fields and lightning occurrences; 
issue alerts and forewarnings on upcoming dangerous 
consequences of space and thunder-storms. 
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Recovering of the TGE Electron and Gamma Ray Energy Spectra 

 A. Chilingarian, B. Mailyan 

Abstract: The strong electric fields inside thunderclouds give rise to enhanced fluxes of high-energy electrons 
and, consequently, gamma rays and neutrons. During thunderstorms at Mount Aragats, hundreds of 
Thunderstorm Ground Enhancements (TGEs) comprising millions of energetic electrons and gamma rays, as well 
as neutrons, were detected at Aragats Space Environmental Center (ASEC) on 3200 m altitude. Observed large 
TGE events allow for the first time to measure the energy spectra of electrons and gamma rays well above the 
cosmic ray background. We describe the methodology of solving cosmic ray physics inverse problem to recover 
the energy spectra of electrons and gamma rays incident on particle detectors located at mountain altitudes. The 
energy spectra of the electrons have an exponential shape and extend up to 30-40 MeV. Recovered energy 
spectrum of the gamma rays is also exponential in the energy range 5-10 MeV, then turns to power law and is 
extending up to 100 MeV. 

1. INTRODUCTION: THUNDERSTORM GROUND 
ENHANCEMENTS (TGES) 

The attempts to discover high-energy phenomena in 
the atmosphere, so called, Thunderstorm Ground 
Enhancement (TGE), in spite of a long history since the 
prediction of C.R.T. Wilson in 1916 [1], were discrepant 
and rare [2-7]. Facilities of the Aragats Space 
Environmental Center (ASEC) [8] observe charged and 
neutral fluxes of secondary cosmic rays by a variety of 
particle detectors located in Yerevan and on slopes of 
Mount Aragats at altitudes 1000, 2000 and 3200 m. ASEC 
detectors measure particle fluxes with different energy 
thresholds, as well as, EAS initiated by primary proton or 
stripped nuclei with energies greater than 50– 100 TeV [9]. 
TGEs detected during 2008-2011 bring vast amounts of 
small and very few large TGEs (only 6 TGE events from 
243 exceed 20% of cosmic ray background) allowing the 
detailed analyses and taxonomy of the new high-energy 
phenomena in the atmosphere. Few very large 
enhancements can be explained only by invoking the 
Runaway Breakdown (RB) process [10], also referred as 
Relativistic Runaway Electron avalanche (RREA), [11, 12]. 
Proceeding from the measurements of the charged and 
neutral fluxes, as well as, from the energy deposit of 
particles in thick scintillators, we recover the energy spectra 
of TGE electrons and gamma rays for the 2 largest TGE 
events of September 19, 2009 and October 4, 2010 and 
considerably smaller event on 27 May 2011. 

 
1.1. THE ENERGY SPECTRA OF THE TGE 

ELECTRONS 

Among hundreds of TGE events detected at ASEC 
only September 19, 2009 and October 4, 2010 TGEs allow 
the electron energy spectra recovering. In Figure 1, electron 
spectra of September 19, 2009 and October 4, 2010 TGEs 
are presented. The spectrum of September 19, 2009 TGE 
was obtained by additional counts of plastic scintillators 
with energy threshold of 9,12,15,18 and 25 MeV. The 
spectrum was approximated with exponential function; 
corresponding mean energy equals to ~3.3 MeV. 
Scintillators with thresholds of 2, 7 and 12 MeV were used 
to recover the October 4, 2010 TGE electron integral 
spectrum; for this event, the mean energy equal to ~2.3 
MeV; both values are significantly smaller than estimates 
based on simulations of the RREA [13, 14]; however the 

7.2 MeV value was obtained for the electrons just exiting 
electrical field and for rather large electrical field strengths; 
the particle source of considered measurements at Aragats 
were located according to our estimates 50-150 m above 
detectors. 

 
1.2. THE ENERGY SPETRA OF THE TGE GAMMA 

RAYS 

The energy spectra of September 19, 2009 and October 
4, 2010 TGE gamma rays are recovered based on the 
energy deposit spectra measured by Cube and ASNT 
detectors (see details of detector operation in [9]). Both 
Cube and ASNT detectors are measuring the energy deposit 
spectra and store them each minute. These histograms 
reproduce the energy spectrum of gamma rays, however 
they are folded by the detector response very different for 
Cube and ASNT detector assemblies. Recovering the 
energy spectrum by the energy deposit histograms, i.e. 
solving the inverse problem of cosmic ray physics is rather 
complicated task and we use multiple trial spectra for 
solving it. For October 4, 2010 TGE, we recover the 
gamma ray energy spectrum in the range of 5-10 MeV. The 
spectrum was approximated by both exponential and power 
law functions. Exponential function with mean energy of 
~3.8 MeV provides slightly better approximation of the 
measured energy deposit with simulated one. 

 
Figure 1. Electron integral energy spectra of the September 19, 2009 
and October 4, 2010 TGEs measured at 3200 m compared with the 
background energy spectrum. 
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We use the energy deposit spectra measured by Cube 
detector for the calibration of ASNT detector. Above 10 
MeV, the energy spectra are better approximated with 
power law. The spectral indices of gamma ray differential 
energy spectra were estimated to be 3.3±0.7 and 3.4±0.8. 

The recovered gamma ray energy spectra posted in 
Figure 2 have no error bars due to the spectra recovering 
method; we chose a particular power index (the power was 
found to be the best model), which provides simulated 
energy deposit histogram (obtained by simulation of the 
detector response) closest to the experimentally measured 
one. The uncertainties of the procedure, including the 
possible errors in estimating detector response are included 
in the errors of the estimated power law indices. 

 
2. MAY 27, 2011 TGE MEASURED BY NAI 

DETECTORS 

In 2011, several TGEs were detected by newly 
installed NaI crystals network and also by Cube detector 
providing veto signal for charged particles and by STAND 
assembly allowing detection of charged flux with various 
energy thresholds. These detectors enabling us to 
disentangle charged and neutral fluxes and recover energy 
spectra of TGE gamma rays and electrons. Since NaI 
gamma ray registration efficiency is much higher than one 
for the plastic scintillators, the measured energy deposit is 
closer to the energy spectra above the detector. Therefore, 
for obtaining gamma ray energy spectra we use simpler 
method that was used for the energy recovering by the 
measured energy release histograms in plastic scintillators 
[15]. Proceeding from the simulation of the energy release 
in NaI crystals we calculated corrections to be applied to 
measured energy release spectrum in each histogram bin. 
These corrections are dependent on assumed in simulation 
energy spectrum of gamma rays (power law with different 
indices); however corrections corresponding to indices -1.5, 
-2 and -3 are very close to each other. Moreover, after 
corrections for the efficiency, the shape and index of energy 
deposit spectrum doesn’t change much and the differences 
are within the errors bars. The energy deposit spectrum of 
the gamma rays registered on May 27, 2011 by the NaI 
crystal of thickness 13.5 x 13.5 x 21 cm in aluminum case 
of 0.7 mm is shown in Figure 3. In the same figure, one 
also can see the “corrected” spectrum. According to the 

calculations, there were ~130,000 particles/m2/min at the 
energy range 3 - 20 MeV on May 27, 2011. The power 
spectrum index of these gamma rays is ~1.7±0.1. It is worth 
mentioning, that Stand detector’s data show the absence of 
electrons > 7 MeV and presence of electrons of 4-7 MeV, 
which can contaminate gamma ray flux observed by NaI 
crystals, however, by our estimates the electron fraction can 
not exceed 5 % of the gamma ray flux. 

3. CONCLUSIONS 

We present electron and gamma ray energy spectra of 2 
large events observed by facilities of Aragats Space 
Environmental Center (ASEC) in 2009 and 2010, and 
considerably smaller event (without electrons above 7 
MeV) detected by NaI crystals in 2011. Integral energy 
spectra of the TGE electrons of super events on September 
19, 2009 and October 4, 2010 have exponential shape with 
mean energy ~3.3 and ~2.3 MeV. The gamma ray 
differential energy spectrum also is better fitted by an 
exponential function at energies below 10 MeV with mean 
energy ~4 MeV; in the energy range 10 – 100 MeV spectra 
are fitted by power law function with indices -3.3 and -3.4. 
The spectral index of the May 27 2011 event (energy range 
3-20 MeV) equal to approximately -1.7 is in a good 
agreement with indices reported by Gamma‐Ray 
Observation of Winter Thunderclouds (GROWTH) 
collaboration in the energy range up to 10 MeV[6]. 
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Simulations of the Secondary Cosmic Ray Propagation in the Thunderstorm 
Atmospheres Resulting in the Thunderstorm Ground Enhancements (TGEs) 

A. Chilingarian, L. Vanyan 

Abstract. GEANT4 simulations of the propagation of electrons in the thunderstorm atmospheres were performed 
to explain the Thunderstorm Ground Enhancements (TGEs), detected by the particle detectors of the Aragats 
Space Environmental Center (ASEC) operating at altitude 3200 m on the slopes of Mt. Aragats in Armenia. The 
charged particle propagation and multiplication processes were simulated in the uniform electric fields of 
different strengths and elongation. The Gamma ray, electron and neutron energy spectra were obtained on the exit 
of the electric field and beneath. Simulation results prove existence of 2 mechanisms of particle enhancements, 
first connected with electron – gamma ray avalanche process; and the second – with modification of energy 
spectra of particles in the strong electric fields of the thunderclouds. The avalanche process can multiply the 
number of electrons and gamma rays by several orders of magnitude well above the cosmic ray background in the 
energy range up to 40 MeV; the energy spectra modifications lead to a few percent enhancements in the energy 
range up to 100 MeV, as well as to the depletion of the high-energy muon flux. Consequently the energy spectra 
at low energy are better fitted by an exponential law; at high energies – by the power law.  

1.  INTRODUCTION:  

Creation of a detailed model to explain the TGE events 
is hampered by unknown strength and structure of the 
electric field in the thunderclouds. The location and time 
evolution of the charged layers in the thundercloud (sources 
of electric field) is very poor studied domain due to missing 
of suitable and reliable experimental techniques. In these 
circumstances the experimentation with the computer 
models of the propagation of radiation through 
thunderstorm atmosphere is only available method for 
developing of the quantitative models of TGE events. The 
theoretical knowledge on the acceleration of electrons in 
the atmospheric electric fields as well as interactions of 
electrons, gamma rays and neutrons with atmosphere nuclei 
and molecules are well established and simulated in the 
applied program packages [1]. The limits on possible values 
and elongations of electric fields are known from registered 
soundings of balloons launched during thunderstorms [2] 
and from theoretical limits [3]. The density and energy 
spectra of populations of cosmic rays (CR) electrons at 
different altitudes in the atmosphere are also very well 
measured in last century. Therefore, by computer 
experiments, assuming plausible values of strength and 
structure of electric field we get valuable information to be 
compared with experimental results. One of the first 
simulations [4] was performed to explain a rocket-triggered 
lightning experiment. From simulation experiments of 
Relativistic Runaway Electron Avalanche (RREA, [5], also 
referred as Runaway breakdown, RB – process [6]) were 
obtained RREA electron energy spectra approximated by 
the exponential function. To explain the measurements of 
hard gamma radiation from winter thunderstorms in Japan, 
(Torii et al. 2004), a tripol model of thundercloud electric 
field was used [7] and was obtain a significant flux of 
secondary bremsstrahlung gamma rays from the RREA 
process, some portion of which was capable to reach the 
ground. Another simulation code [8] estimates photon 
energy spectra, number of photons in the source, full 
bremsstrahlung energy, which in the best way fit the spectra 
of gamma ray flux published in [9].  The shift of the energy 
spectrum of the electrons/positrons and negative/positive 

muons entering large electric field region in thunderclouds 
can lead to dips and peaks in time series of the count rates 
of surface particle detectors (see theory of meteorological 
effects in [10]. These effects were investigated in 
experimentally in [11] and [12].  

2.  SIMULATIONS OF THE PARTICLE PROPAGATION 
IN THE ELECTRIC FIELDS  

We used the following approximations in our 
simplified model of the electrical structure of the      
thundercloud:  

Electric field within thundercloud is uniform (no 
“pockets” with enhanced field, and no different layers with 
opposite field directions). The electric field strength of 
1.8kV/cm which is greater than threshold value Et ≈ 
1.7kV/cm was used. The length of electric fields equals to 
L = 1650m, from 5000m till 3350 above the detectors 
located at 3200m.  

As seed particles secondary Cosmic Ray (CR) 
electrons in the energy range of 1-300 MeV and with fixed 
energy 1 MeV (simulating “pure” RREA process, ~1 MeV 
electrons commit minimal ionization losses in the 
atmosphere) were used. Incident electron spectrum was 
estimated by EXPACS WEB-calculator, which estimates 
secondary cosmic ray spectra at different altitudes and 
latitudes (Sato, 2009).  

The following interactions were considered: 
For electrons and positrons – ionization, 

bremsstrahlung, multiple scattering; 
For positrons also –annihilation; 
For gamma rays– Compton scattering, conversion, 

photoelectric effect, photonuclear reaction. 
 

3. ELECTRON AND GAMMA RAY ENERGY 
SPECTRA DERIVED FROM SIMULATIONS 

To explain numerous TGEs detected at Aragats Space 
environmental center (ASEC, [13, 14, 15]) we implement 
simulations using described above simple model of the 
electric fields in the thundercloud. Results of the simulation 
are posted in  Fig. 1, where we can apparently see 2 modes 
of particle generation. The RREA mode with maximal 
energy of electrons is 30-40 MeV and gamma rays - 20-30 
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MeV and MOS (modification of spectra) mode accelerating 
electrons up to 60-70 MeV; gamma ray spectrum prolonged 
up to 80-90 MeV. The electron and gamma ray energy 
spectra in the energy range 1-10 MeV demonstrate large 
multiplication of electrons in the RREA process and huge 
amplitudes of the TGEs. MOS regime is fast fading after 50 
MeV and needs large surfaces of particle detectors to be 
measured above the background of ambient population of 
secondary cosmic rays. 

 
The high-energy tail of the gamma ray spectrum is due 

to enhanced bremstrahlung radiation of the higher energy 
electrons traversing the electric field of the cloud. Because 
of highly enlarged radiation losses, high energy electrons 
cannot unleash the RREA, however, the additional flux of 
gamma rays radiated by these electrons can reach the 
mountain altitudes and be registered as small and modest 
enhancement over CR background.  

To prove our hypothesis on 2-component origin of 
TGE, we perform the same simulation with a fixed flux of 1 
MeV seed electrons. The shape of electron and gamma ray 
spectra coincides with spectra obtained with 1-300 MeV 
electron seeds (exponential function – reflecting the particle 
multiplication in the avalanche process), however there are 
no high energy tails, see Figure 2. Thus, pure RREA 
process with chosen electric field parameters cannot 
produce TGE electrons with energies above 30-40 MeV 
and gamma rays with energies above 20-30 MeV. 

To prove that MOS process can provide high-energy 
gamma rays we perform simulations of the electron 
propagation in the moderate electric field below RREA 
initiation threshold (1.5 kV/cm). In Figure 3 we see that 
only modification of the energy spectra of electrons can 
significantly enlarge the yield of the gamma rays reaching 
the earth surface. Electrons attenuate in the atmosphere 
after exiting from the cloud; however, as we can see from 
Figure 3, the gamma rays survive. 

 

 
 

 
4. CONCLUSION 

 Our simulations supports 2 component model of the 
TGE origin: the RRRE avalanches in energy domain up to 
30-40 MeV and Modification Of energy Spectra (MOS) 
process operating on all energy scales and providing 
extension of TGE gamma ray energy spectra up to 100 
MeV. The RREA process can multiply particle flux up to 
10 times above ambient background of secondary cosmic 
rays; the MOS process can provide several percentage 
excess above cosmic rays, however for the much higher 
energies. 
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Figure 2. The electron and gamma energy spectra obtained in 
electric field of 1.8 kV/m  prolonged from 5000 till 3400 m with 1 
MeV electron as seeds. 

 
Figure 3. Comparison of background gamma ray spectrum with 
the surplus gamma ray spectrum generated by electrons 
accelerated in the field of strength 1.5 kV/m below the critical field 
for the RREA initiation; the background cosmic ray gamma ray 
flux and TGE gamma ray flux are calculated at 3200 m altitude 
after exiting from the uniform electric field at 3350 m altitude 

 
Figure 1. TGE electron and gamma ray spectra obtained from 
GEANT4 simulation of RREA process in electric field of 1.8 kV/cm 
with seed electrons 1-300 MeV. 
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Geophysical Research Network Operating in the Aragats Space  
Environmental Center 

A. Reymers, S. Chilingarian 

Abstract. In the Aragаts Space Environmental center (ASEC) operate hundreds of measuring channels detecting 
the changing fluxes of secondary cosmic rays and geophysical parameters, including magnetic and electrical 
fields, low and high frequency radio emissions, lightning intensity. We also plan to measure the height and 
structure of thunderclouds and electrical field inside; provide optical monitoring of the transient luminous events. 
The network of the particle detectors and field meters is rather large including several locations out of Armenia. 
The created scientific infrastructure is intended for the research of the solar modulation effects, high-energy 
atmospheric events and for issuing warnings and alerts on the violent consequences of solar eruptions and 
catastrophic meteorological events. Information from all measuring channels should be assessable on-line in fast 
and user-friendly fashion. Also forecast and now cast of the events under development requires fast joint analysis 
of the multivariate information and decision making on the level of risks. We present the structure and operation 
characteristics of the ASEC as well as MySQL databases and mirror sites, as well as software support codes for 
solving this problem. 

1. INTRODUCTION  

Geophysical research network of the Aragats Space-
Environmental Center (ASEC) (‘[1]’) provides monitoring 
of different species of secondary cosmic rays and 
geophysical parameters. ASEC network monitors located at 
two high altitude stations on Mt. Aragats in Armenia and 
Yerevan headquarters of Cosmic Ray Division (CRD) of A. 
Alikhanian National Laboratory. 

First research station, Aragats, located at 3200m 
altitude, geographic coordinates 40o28'N, 44o10'E. Second 
station is Nor-Amberd, altitude 2000m and geographic 
coordinates 40o22'N, 44o15'E. The third observation altitude 
is1000m, Yerevan headquarters of CRD; geographic 
coordinates 40o11'N, 44o31'E. Geomagnetic cutoff rigidity 
~7.1 GV for allocations. At these 3 destinations different 
types of particle detectors are continuously measure the 
intensity of the secondary cosmic ray fluxes; one second 
and one minute time series of all ASEC channels are 
available from the CRD web page 
(http://adei.crd.yerphi.am) in real time.  

Also ASEC manage Space Environmental Viewing and 
Analyses Network (SEVAN) monitors (‘[2]’). At this 
moment SEVAN network consist of 7 monitors, 4 of them 
installed in the Armenia, 3 other in Bulgaria (Mt. Musala 
42°10'45"N, 23°35'8"E, 2925m asl), Croatia (Zagreb, 
45°49'7"N, 15°58'30"E, 160m asl), and India, New Delhi 
(Jawaharlal Nehru University, 28°32'26"N, 077°09'46"E, 
258m asl). 

Since Jun 2009 we start to measure geomagnetic field 
at Nor-Amberd research station; in 2010 September 
geomagnetic measurements also started at Aragats research 
station. Since August 2010 we measure near surface 
atmospheric electric field, 4 types lightning occurrences at 
Aragats station. Later we establish the same instruments 
(Boltek EFM100 and Boltek Storm Tracker) in Yerevan 
and Nor Amberd. In 2011 also started measure weather 
parameters by the Vantage Pro2 weather station. 

 
2. MONITORS OF THE ASEC 

ASEC operates since 2012 13 monitors at Aragats 
station. Number of physical channels (each monitor 
comprises from multiple sensors) at Aragats station is 197. 

Number of software channels (various logical combinations 
of monitor channels) which are available online in our 
home page is 579. In Nor-Amberd station we have 7 
monitors. Also near to Nor-Amberd, in Burakan we have 2 
monitors. Number of physical channels is 58. Number of 
software channels number is 383. In Yerevan located only 5 
monitors. Number of physical channels is 14. Number of 
software channels is 79.  

Several particle monitors measure not only second or 
minute counts of incident particle, but also energy release 
spectra in the thick plastic scintillator and NaI crystals. 
According to chosen trigger conditions data for various 
experiments are continuously collected. For instance one of, 
so called, selected events consists in registering horizontal 
muon flux, within 1 degree. Another “event” consists in 
selecting short bursts of electrons incident on 1000 m2 area 
50 microseconds. After multiyear operation this kind of 
information will be analyzed and published. This type of 
data we do not share in the web.  

Each monitor at the station has its own Data 
acquisition (DAQ) electronics and on-line PC. Electrical 
pulses from the monitor channels are digitized and stored. 
At the stage of analyses we could obtain any combination 
of count rates. Along with count rate of the particles per 
second detected in each channel we can obtain count rate of 
the any coincidences between different channels. For 
instance, we can organize veto trigger to measure neutral 
fluxes from the thick scintillators fully covered by thin 
ones. After obtaining all type of interested count rates 
electronic device send information to local PC. Local PC 
could also generate additional software channels and store 
information and share it in local network. Different 
monitors have different DAQ electronics and PCs with 
different operating system. Some of them share information 
by http, some of them - by ssh.  

DAQ electronic developed at CRD has also its own 
data acquisition system (Advanced Data Acquisition 
System - ADAS). By the ADAS software PCs 
communicate with electronics, download data from it and 
share data in the network. Also, by ADAS it is possible to 
control parameters of the electronics (for instance - 
thresholds of particle detectors). By the http protocols it is 
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possible to download data from the PC in different formats 
(XML, CSV, TXT). 

At this moment, geophysical research network consist 
from 30 monitors, 338 physical channels and 1059 software 
channels. Daily size of the data, which we are collecting 
from the geophysical network monitors, approximately 
equal to 5GB.  

3. NETWORK ORGANIZATION 

ASEC geophysical research network physically could 
be divided in 4 sections. Aragats research station, Nor-
Amberd research station, Yerevan headquarters of CRD 
and SEVAN monitors located outside of Armenia. Main 
servers of CRD located at Yerevan headquarters.  

Doubled wireless connection between Yerevan and 
Aragats, Yerevan and Nor-Amberd provide stable and 
reliable connections with stations. Now we have 11Mb/s 
link between Yerevan and research stations. Around 60 
hosts (PCs, servers, wireless bridges, routers etc.) are in the 
ASEC network. The Nagios Core software 
(http://nagios.org) controls operation of all these devices. .  

On each station we have local file server, to which 
connected GPS antenna and this file server works also as 
NTP server to synchronize all on-line PCs. In Yerevan 
SyncServer S250 GPS Network Time Server provides ultra-
precise time even if GPS antenna loses signals from the 
satellites. Station file server downloads data from the on-
line PCs in real time, store and share this data in local 
network. Also station file server download data from other 
station file servers. It was done to have copy of all our data 
in all file servers. At this moment we have 3 File Servers, at 
Aragats, Nor-Amberd and Yerevan. File servers store data 
in raw format without any changes. File servers shares data 
by http protocol. They are available by the web browser. 
The final storage place of our data is MySQL database. 
Usage of MySQL facilitates software developments for data 
analysis. To increase access speed to MySQL database, we 
use MySQL database on separate server. Also we use 
separate server (we called it application server) to run 
scripts, which are working with MySQL and file servers.  
Application server takes data from the File Server and fills 
this data to MySQL server. Also application server takes 
data from MySQL server and sends it to mirrors. Filtration 
and correction of the data also are doing by Application 
server. 

4. ADEI 

Advanced Data Extraction Infrastructure (ADEI) has 
been developed to provide data exploration capabilities to a 
broad range of physical experiments dealing with time 
series. ADEI shares our data in the Internet. You can 
connect to ADEI server by the web browser and very 
quickly make a plot of our data for any time window. After 
that you can download selected data in different formats. 
The web address of this server is http://adei.crd.yerphi.am . 
To provide such broad coverage ADEI utilizes highly 
modular architecture. The system consists of backend and 
frontend parts communicating over HTTP protocol using 
Asynchronous JavaScript and XML (AJAX) approach 
(‘[3]’). The ADEI backend defines few abstract interfaces 
which are used to implement various capabilities using 

simple plugins. The data sources are interfaced with 
dedicated drivers implemented data access abstraction 
layer. The higher levels of system are relaying on this 
abstract interface to get data in a uniform way from 
arbitrary storage. ADEI web frontend is inspired by Google 
Maps interface. The navigation through the data is feasible 
using mouse only. Single or multiple time series are plotted 
using the data from currently selected time interval. Then, 
the plot could be dragged and zoomed over time and value 
axes. Detailed information is provided about the graphics 
around mouse pointer. The region of plot may be selected 
and exported in one of supported formats. ADEI is licensed 
under GNU General Public License and uses only free open 
source technologies. It is currently implemented at Aragats 
Space Environmental Center to providing data access 
(‘[4]’), (‘[5]’). 

In Fig. 1 we post an example of the ADEI interface. To 
check the possibility to detect the neutrons from lightnings 
we turn the Aragats neutron monitor (ANM) to one-second 
data-recording regime. To see if there are coincidences with 
lightning occurrences we correlate ANM time series with 
one-second near surface electrical field data. In the Fig.1we 
see 2 abrupt increases of the near-surface electrical field, 
which could be attributed to the lightning occurrences. In 
the same second we detect abrupt increase of the “bare”3 
proportional counter and other 18 counters of ANM. 
Proportional counter is made from 2 m long and 15 cm 
diameter iron tube that is excellent antenna. In spite of 
grounding when lightning hits nearby all channels of 
neutron monitor register inference signals due to extremely 
powerful radio pulses from lightning bolt, as we see in the 
Fig. 1. 
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Magnetometric Measurements at Mt. Aragats 

T. Karapetyan 

Abstract. Magnetometric station LEMI-018, and LEMI-417 commissioned by the Lviv center of Space Research 
Institute of Ukrainian Academy of Science, have been installed on slopes mountain Aragats (Armenia) at heights 
2000 and 3200m above sea level. Operation of magnetometric station started on July 2009 and 2011 accordingly. 
LEMI-417 is measuring also components of the electric field. One-second time series of the 3-dimensional 
measurements of the geomagnetic field enter the database of the Aragats Space Environmental Center (ASEC). 
This information can highly improve the research of correlations of the geomagnetic field, changes of the fluxes 
of secondary cosmic rays measured by ASEC monitors with parameters of the solar wind and interplanetary 
magnetic field (IMF) measured by facilities on board space station located 1.5 million km from Earth. 
Measurements of geomagnetic field at Nor Amberd (2000m) and Aragats (3200m) research stations of 
A.Alikhanyan national lab will support forewarning of the upcoming major geomagnetic storms. We present the 
detection of the first geomagnetic storms of the 24 solar activity cycle detected by new installed magnetometric 
stations. 

1. INTRODUCTION  

Interplanetary coronal mass ejections (ICMEs) are 
known as major drivers of severe space weather conditions 
when arriving at the Earth. On their way to Earth, ICMEs 
also ‘‘modulate’’ the flux of galactic cosmic rays (GCRs) 
introducing anisotropy and changing the energy (rigidity) 
spectra. These anisotropies of GCRs manifested themselves 
as peaks and deeps in time series of secondary cosmic rays, 
detected by surface particle detectors. Presence of a strong 
and long-duration southward magnetic field component in 
the sheath region of ICMEs is the primary requirement for 
their geoeffectiveness [1, and references therein]. The size 
and magnetic field strength of ICMEs are correlated with 
the ICME modulation effects on the energy spectra and the 
direction of GCRs [2]. Therefore, simultaneous 
measurements of the particle fluxes and disturbances of 
magnetic field will allow better understanding solar 
modulation processes and helping to build the model of 
solar-terrestrial connections. Facilities of the Aragats Space 
Environment Center (ASEC) [3] observe charged and 
neutral fluxes of secondary cosmic rays by the variety of 
particle detectors located in Yerevan and on slopes of 
Mount Aragats at altitudes 1000, 2000 and 3200 m. ASEC 
detectors measure particle fluxes with different energy 
thresholds starting from 2 MeV and register solar 
modulation effects in wide range of secondary particle 
energies and types. We present results of detected 
geomagnetic storms by new magnetometric stations 
operated on slopes of Mt. Aragats and also comparisons of 
Nor Amberd and Aragats magnetometers data with LVIV, 
Furstenfeldbruck, and Novosibirsk magnetometers as well 
as with geomagnetic Dst index. 

 
2. THE MAIN TECHNICAL PARAMETERS OF 

MAGNETOMETER LEMI -018 AND LEMI-417 

In Table 1 are shown the main technical parameters of 
magnetometer LEMI-018 and LEMI-417. LEMI-417 
magnetoteluric station has the same main technical 
parameters of measuring magnetic field as LEMI-01. 

 
 
  

Table 1. Main technical parameters of magnetometer LEMI-018 

Measured range of total magnetic 
field 

± 65000 nT 

Resolution along each component 
both at the display and registered 
into the internal FLASH-memory 

0.01 nT 

Temperature drift <0.2 nT/°C 

Frequency band DC-0.3 Hz 

Magnetometer output noise in 
frequency band(0.03…0.3)Hz 

< 10 pT rms 

Magnetic sensor components 
orthogonality error 

<30 min of arc 

Automated offset compensation 
band along each magnetic 
component 

�65000 nT 

Noise of electric meter in the 
frequency band 0.03 – 0.3Hz 

<0.5 μV rms 

Sample rate (LEMI018) 1.2. 4. 10. 60 sec 

Volume of the internal FLASH-
memory 

Up to 2 GB 

Digital output RS-232 

GPS timing and coordinates 
determination 

 

Operating temperature range Minus 10 to +50°C 

Temperature sensors (both in 
magnetic sensor and electronic 
units) resolution 

0.1 °C 

Power supply 9…12 V 

Power consumption <0.7 W 
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3. OBSERVATIONS 

Active sunspot 1401 erupted in Jan. 19th, on 2012 
between 15:15 and 16:30 UT. The long-duration blast 
produced an M3-class solar flare and a CME heading 
towards Earth (http://spaceweather.com). At Jan. 22thhas 
been registered geomagnetic storm, see Figures 1-3, where 
we present  1-second time series of geomagnetic field 
components measurements in Nor Amberd (Armenia), 
LVIV (Ukraine), Furstenfeldbruck (Germany), Novosibirsk 
(Russia). Data of Lviv, Furstenfeldbruck, Novosibirsk, 
stations were taken from web pageof International Real-
time Magnetic Observatory Network(intermagnet.org). In 
Figure 4 we present comparisons of Nor Amberd 
magnetometer 1-hour measurements, Dst index calculated 
by Kyoto data center and Bz component of magnetic field 
of CME measured by ACE magnetometer.  As we can see 
in figures our data are in good agreement with others. 

 

 

 

4. CONCLUSION 

For the first time we present geomagnetic field 
measurements on the slope of mountain Aragats. The 
comparison of data from new installed magnetometers in 
January and March 2012 during strong solar activity with 
data from Lviv, Furstenfeldbruck, Novosibirsk 
magnetometers as well as with geomagnetic Dst index 
proves relevance and applicability of new devices for 
global research of solar-terrestrial connections. 
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Figure 3. One second data comparison of Z component of the 
Earth’s magnetic field of Nor Amberd, LVIV, Furstenfeldbruck, 
Novosibirsk magnetometers 

Figure 4. Hourly total magnetic field data comparison of Nor 
Amberd magnetometer, Dst index of Kyoto and Bz component of 
ACE satellite magnetometer. 

 

Figure 1. One second data comparison of X component of the Earth’s 
magnetic field of Nor Amberd, Lviv, Furstenfeldbruck, and 
Novosibirsk magnetometers 

Figure 2. One  second data comparison of Y component of the Earth’s 
magnetic field of Nor Amberd, Lviv, Furstenfeldbruck, and 
Novosibirsk magnetometers 
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NaI Detector Network at Aragats 

K. Avakyan, K. Arakelyan, A. Chilingarian, A. Daryan, L. Kozliner, 
B. Mailyan, G. Hovsepyan, D. Pokhsraryan, D. Sargsyan  

Abstract The Aragats Space Environmental Center (ASEC) [1] provides monitoring of different species of 
secondary cosmic rays and consists of two high altitude research stations on Mt. Aragats in Armenia. Energy 
spectra and correlations between fluxes of different particles, measured on Earth’s surface address the important 
issues of the solar modulation effects and the atmospheric high-energy phenomena. Along with solar modulation 
effects, ASEC detectors register several coherent enhancements associated with thunderstorm activity. The 
experimental techniques used allowed for the first time to simultaneously measure changing fluxes of the 
electrons, muons, gamma rays, and neutrons correlated with thunderstorm activity [2,3]. Ground-based 
observations with a complex of surface particle detectors, measuring in systematic and repeatable fashion, gamma 
quanta, electrons, muons and neutrons from atmospheric sources are necessary for proving the theory of particle 
acceleration and multiplication during thunderstorms. Established on May 26 2011, network of 5 NaI(Tl) 
(thallium-doped sodium iodide) scintillation detectors in the new ASEC laboratory on Aragats is of great 
importance for the investigation of thunderstorm phenomena because NaI(Tl) detectors have a higher efficiency 
of gamma ray detection  comparing with plastic ones. 

1. NETWORK DESIGN 

The NaI network consists of 5 NaI crystal scintillators 
of size 12.5 x 12.5 x 30 cm and plastic one of the same 
shape; the plastic scintillator is installed for comparison 
purposes. The scheme of detector and detector distribution 
in the network are presented in Figs.1 and 2 respectively. 
The NaI crystal is placed into sealed aluminium (1 mm 
thick) housing (because the crystal is hygroscopic) with 
transparent window attached to the photo-cathode of the 
photomultiplier tube (PM). 

 
The PM-49 type PM has large photocathode (15 cm 

diameter) and therefore provides good light collecting. 
Spectral sensitivity range of PM-49 is 300-850 nm, that 
covers the spectrum of NaI(Tl) emission light. 

 

2. DETECTOR RESPONSE SIMULATION 

Calculation of the detector response to the secondary 
cosmic ray flux has been carried out with “EXPACS” 
cosmic ray flux WEB calculator [4] and “GEANT3” code. 
All particle fluxes providing considerable contribution to 
the detector counts was taken into account in simulation. 
Obtained registration efficiencies are plotted in the Fig. 3. 
Simulations demonstrate that efficiency of the NaI exceeds 
that of the plastic one 3 – 4 times in the energy range 3 -100 
MeV.  

 
3. 27 MAY OF 2011 THUNDER GROUND 

ENHANCEMENT (TGE) EVENT AT ARAGATS 
MOUNTAIN. 

Just after installing NAI network, on 27 May 2011 a 
Thunderstorm Ground enhancement (TGE) was observed at 
Aragats. The maximum of enhancement was at 13:13 UT. 
In Fig. 4 we can see that the TGE amplitude is much larger 
for NaI crystals comparing with plastic scintillator.  

 

 
Figure 1. NaI(Tl) and PM assembly 

 
Figure 3. Registration efficiency of NaI crystal and plastic 
scintillator 

 
Figure 2. Disposition of NaI & plastic scintillation detectors at 
Aragats Cosmic Ray Station 
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On 26 May, 2012 very interesting TGE was detected 

by ASEC particle detectors on Aragats. In Figs. 5 and 6 we 
post the one-minute time series of several ASEC particle 
detectors sensitive to neutral flux (Fig. 5) and charged flux 
(Fig. 6). Also the one-second time series of near-surface 
electric field are posted in both Figures.4 

 
The NaI crystals and inner 20 cm thick plastic 

scintillators of Cube detector, fully surrounded by the 1-cm 
thick veto scintillators, also r5egistered gamma ray flux 
with deeply suppressed charged flux. As we see in Figure 5 
both detectors demonstrate identical time history of TGE 
detection, peaking at 10:17 UT. After field reversal the 
particle detectors sensitive to charged flux and insensitive 
to gamma rays; namely “110” combination of the STAND 
1 cm detector and “1100”5 combination of STAND 3 cm 
detector, register ~ 25% TGE mostly in electron flux, see 
Fig. 6. During positive near surface electric field and, 
expected negative electric field in thundercloud electrons 
cannot be accelerated in direction to earth and only gamma 
rays can reach detectors. During negative near-surface 
electrical field electrons are accelerated downwards and 

                                                 
4 The Boltek firm EFM-100 electrical mill is continuously 
monitoring monitored the near-surface electrical field at Aragats. 
5 Stand detectors comprise from stacked horizontally 1 and 3 cm 
thick plastic scintillators. Count rates of all combinations of 
scintillator hits are registered and stored. Combinations 110 and 
1100 denote the situation when signals come only from 2 upper 
scintillators. The probability that gamma ray initiate these 
combinations is veru low. 

along with gamma rays can be detected by surface particle 
detectors.  

 
4. CONCLUSION 

New detector network is taking data 24 hours a day, 
detecting high energy phenomena in atmosphere and solar 
modulation effects: efficiency of detecting gamma rays is 
~4 times larger than that of plastic scintillators. Detection of 
TGE events in 2011 and 2012 proves high efficiency and 
reliability of the NaI crystal network. 
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Figure 6.  During negative near-surface electrical field ASEC 
detectors sensitive to charged particles detect ~25% TGE,  
peaking at 10:20-10:22 

 
Figure 5. During positive near-surface electrical field ASEC 
detectors sensitive to gamma rays  detected ~20% TGE with 
absolutely identical shape peaking at 10:17 

 
Figure 4. TGE event detected by NaI and plastic scintillator 
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New Low Threshold Detectors for Measuring Electron and                                    
Gamma Ray Fluxes from Thunderclouds 

K. Arakelyan, K. Avakyan, A. Chilingarian, A. Daryan, L. Kozliner, G. Hovsepyan,                              
L. Melkumyan, D. Pokhsraryan, D. Sargsyan  

Abstract. Space Environmental Viewing and Analysis Network  is a worldwide network of identical particle 
detectors located at middle and low latitudes aimed to improve fundamental research of space weather conditions 
and to provide short- and long-term forecasts of the dangerous consequences of space storms. SEVAN detected 
changing fluxes of different species of secondary cosmic rays at different altitudes and latitudes, thus turning 
SEVAN into a powerful integrated device used to explore solar modulation effects. Till to now the SEVAN 
modules are installed at Aragats Space Environmental Centre in Armenia (3 units at altitudes 800, 2000 and 3200 
m a.s.l.), Bulgaria (Moussala), Croatia and India (New-Delhi JNU.) and now under installation in Slovakia, 
LomnitskySchtit). Recently SEVAN detectors were used for research of new high-energy phenomena originated 
in terrestrial atmosphere – Thunderstorm Ground Enhancements (TGEs). In 2011 first joint measurements of 
solar modulation effects were performed by SEVAN network, now under analysis. 

1. DESIGN OF THE STAND STACKED DETECTOR 

 
“STAND” detector comprise of three-layer assembly 

of 1 cm thick 1 m2 sensitive area molded plastic 
scintillators one above the other and one 3 cm thick 
scintillator located aside (Figure 1). Detector operates in 
particle counter regime6. Outdoors location, 1-cm thickness 
and three-layer design allow to measure flux of TGE 
electrons with 3 different energy thresholds starting from 
1.5 MeV and to recover integral spectrum of TGE 
electrons. Light from scintillator by optical spectrum-shifter 
fibers is reradiated to the long-wavelength region and 
passed to the FEU-115M type photomultiplier (PM). 
Maximum of luminescence is on about 420nm wavelength 
and luminescence time is about 2.3 ns 
(http://www.ihep.su/). The tuning of STAND detector 
consists in selections of PM high voltage and 
discrimination threshold. The threshold should be chosen to 
guarantee both high efficiency of signal detection and 
maximal suppression of noise. Tuning of STAND was 
made by means of the 8-channel signal analyzer developed 
in CRD for online experimental data processing in real time 
[1]. Proper tuning of the detector provides 98-99% signal 
detection efficiency simultaneously suppressing electronic 
noise down to 1-2%. The SEVAN DAQ along with 
separate channel counts is measuring and storing all 
coincidences of the detector channels. Coincidence “111” 
means that all 3 layers register particle, minimal energy of 

                                                 
6 4-layered 3 cm thick version of STAND also measures 1-minute 
histograms of the energy deposit 

charged particles giving signal in all 3 layers should be ~10 
MeV; coincidence “100” means that only upper detector 
register particle – we estimate the minimal energy of this 
coincidence to be ~1.5 MeV. The energy threshold of 3cm 
thick scintillators is ~5MeV. 

2. CUBE  SCINTILLATOR  ASSEMBLY  DESIGN 

The CUBE assembly (Figure 2) consists of two 20cm 
thick scintillation detectors of 0.25 m2 area each 
surrounded by 1cm thick 1 m2 area scintillators. This 
design ensures that no particle can hit the inside 20cm 
detectors without passing through at least one of 1cm 
scintillators.  

 
The 20cm thick plastic scintillator with 0.25 sq. meter 

area is overviewed by the photomultiplier (PM) ФЭУ-49 
with large cathode, operating in low-noise operation mode. 
Surrounding detectors (6 units) are 1 cm thick molded 
plastic scintillators fabricated in High Energy Institute of 
Russian academy of sciences.  

The efficiency of neutral component detection by 1cm 
scintillators calculated by Monte-Carlo simulation is ~2% 
and weakly depends on energy of gamma ray. The energy 
deposit of passing muons in 20 cm thick plastic scintillator 
is ~40 MeV. Taking into account construction material of 
detector (2 mm plastic and 1 cm thick scintillator above, 
detection threshold is estimated to be about 9 MeV. The 

 
Figure 2. CUBE assembly design. 

 
Figure 1. Stand assembly and design of 1 cm thick molded plastic 
scintillator with optical spectrum-shifter fibers; details of detector 
construction see in  [2]. 
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efficiency of gamma ray detection by 20 cm thick 
scintillator was calculated by GEANT3 code, in the range 
10 - 120 MeV. Obtained efficiency of gamma ray 
registration equals ~30% and weakly depends on energy. 
Efficiency of neutron detection in the range 4-100 MeV, in 
20 cm thick scintillator is ~27%. CUBE assembly has been 
tested in Yerevan at 1000 m. a.s.l. and in 2010 installed at 
high altitude “Aragats” research station (3200 m a.s.l.). It 
has been included into Aragats Space Environmental Center 
(ASEC, [3]) since September 15, 2010; the on-line time 
series are available from the CRD portal:  
http://adei.crd.yerphi.am/adei/. 
3. TGE  EVENT  AT  OCTOBER  4,  2010.  

 ASEC particle detectors have recorded a huge TGE 
event in October 4, 2010 [4]. The count rate enhancement 
at maximum minute (18:23 UT) amounts to 232%, 229% 
and 190% for top, middle and bottom STAND layers 
respectively (Fig. 3). The total number of additional 
particles registered in that minute was 103873, 111941 and 
73279 accordingly. The total number of TGE particles 
registered in the 3cm detector amounts to 91200 that is 
267% enhancement. The enhancement varies in layers of 
STAND due to difference in energy thresholds. 

 
CUBE count rate enhancement at maximum minute 

(18:23 UT) amounts to 390% and 304% for detectors #7 
and #8 respectively (Figure 4). Lower count rate of bottom 
detector is connected with additional matter above it, which 
causes attenuation of the gamma ray flux. Number of TGE 
particles detected by upper thick scintillator (detector 
surface 0.25 m2, see Figure 19) at 18:23, 4 October 2010 
was N (20cm) = 43,439 with veto and Nv(20 cm) = 44,956 
without veto, the difference is N – Nv = 1517. By these 
counts we recover the flux (number of particles per m2 per 
minute) of gamma rays ng above the detector (see details in 
[5]) by solving the inverse problem of cosmic rays:  

 dE/dn = 5.4e+07* exp(-0.25*E) for the energy range 
of 5-10 MeV;  

 dE/dn = 1.93e+08 * E-3.3for the energy range of 10-
50MeV. 

The energy spectrum of gamma rays obtained by the 
Cube detector was used to calculate the detector response of 
the STAND detector. In Table 1 we compare the measured 
at 18:23 4 October 2010 coincidences statistics with 
simulated detector response on reconstructed by Cube 
gamma ray energy spectrum. 

 
Table 1. Measured and simulated STAND statistics; 18:23, 4 October 
2010. 

 100 110 111 

Experiment 95025 7366 1836 

Simulated gamma rays 62832 3929 1377 

Simulated electrons 32193 3437 459 

Rather good coincidence of the sum of simulated 
electrons and gamma rays with measured particle confirms 
that used gamma ray energy spectrum is valid. 
Furthermore, by the electron fraction of the total counts we 
can recover integral spectrum of the TGE electrons. 

4.  CONCLUSION 

Cube and STAND type detectors are precisely suited 
for the TGE research, measuring separately fluxes of 
electrons and gamma rays with rather low energy threshold. 
Same type detectors are operating now also in Yerevan 
(Cube with 3 cm thick) and a 3 cm thick STAND at 
Aragats, a vertically stacked assembly of the four 3 cm 
thick molded plastic scintillators with optical guided light-
shifters. New ASEC detector has rich possibilities to detect 
charged and neutral cosmic ray flux. Measured and stored 
statistics of 4 layered coincidences of scintillator operation 
will be used to check and confirm the fraction of gamma 
rays and electrons in TGE; as well as to estimate with high 
precision the integral energy spectrum of the TGE electrons 
in energy range from 2 till 30 MeV.   
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Figure 4. Count rate enhancement of Cube inner scintillators;   
October 4, 2010. 

 
Figure 3. Count rate enhancements for STAND assembly’s 
detectors. 
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Space Environmental Viewing and Analysis Network (SEVAN) – 
Characteristics and First Operation Results 

A. Chilingarian, K. Avakyan, K. Arakelyan, N. Bostanjyan, S. Chilingarian,                                     
L. Kozliner, D. Pokhsraryan,  D. Sargsyan, A. Reymers  

Abstract. Space Environmental Viewing and Analysis Network  is a worldwide network of identical particle 
detectors located at middle and low latitudes aimed to improve fundamental research of space weather conditions 
and to provide short- and long-term forecasts of the dangerous consequences of space storms. SEVAN detected 
changing fluxes of different species of secondary cosmic rays at different altitudes and latitudes, thus turning 
SEVAN into a powerful integrated device used to explore solar modulation effects. Till to now the SEVAN 
modules are installed at Aragats Space Environmental Centre in Armenia (3 units at altitudes 800, 2000 and 3200 
m a.s.l.), Bulgaria (Moussala), Croatia and India (New-Delhi JNU.) and now under installation in Slovakia, 
LomnitskySchtit). Recently SEVAN detectors were used for research of new high-energy phenomena originated 
in terrestrial atmosphere – Thunderstorm Ground Enhancements (TGEs). In 2011 first joint measurements of 
solar modulation effects were performed by SEVAN network, now under analysis. 

1. INTRODUCTION 

For the basic research of solar physics, solar-terrestrial 
connections and Space weather, as well as for establishing 
services of alerting and forecasting of dangerous 
consequences of space storm the networks of particle 
detectors located at different geographical coordinates and 
measuring various species of secondary cosmic rays are of 
vital importance.A network of particle detectors located at 
middle to low latitudes known as SEVAN (Space 
Environment Viewing and Analysis Network, [1.2]) was 
developed in the framework of the International 
Heliophysical Year (IHY-2007) and now operates and 
continue to growth within International Space Weather 
Initiative (ISWI). SEVAN detectors measure time series of 
charged and neutral secondary particles born in cascades 
originating in the atmosphere by nuclear interactions of 
protons and nuclei accelerated in the Galaxy and nearby the 
sun. SEVAN modules are operating in Armenia (4 one m2 
standard modules and 2 super modules of 12 identical 
SEVAN units each arranged above and below 2 standard 
sections of Nor Amberd neutron monitor 6NM-64; both 
super modules are capable of muon direction estimation), in 
Croatia (Zagreb observatory), Bulgaria (Mt. Moussala, 
India (New-Delhi JNU Univ.) and are under construction in 
Slovakia (Mt. Lomnicky Stit).The analogical detector is in 
operation in Tibet [3]. 

The particle fluxes measured by the new network at 
medium to low latitudes, combined with information from 
satellites and particle detector networks at high latitudes, 
will provide experimental evidence on the most energetic 
processes in the solar system and will constitute an 
important element of the global space weather monitoring 
and forecasting service. SEVAN network measure charged 
and neutral fluxes; energy spectra of the solar protons by 
registering the ground level enhancements (GLEs); 
distinguish between neutron- and proton-initiated GLEs. 
SEVAN modules also register Thunderstorm ground 
enhancements (TGEs), new high-energy phenomena in the 
atmosphere. SEVAN modules, operated at slopes of Mt. 
Aragats in Armenia during recent years detect many TGE 
events in fluxes of gamma rays and high-energy muons, 
proving existence of the strong electrical fields in the 
thunderclouds initiating relativistic runaway electron 

avalanches in the thunderstorm atmospheres [4,-6]. SEVAN 
detectors was calibrated by the gamma ray flux of the most 
powerful TGEs and furthermore, the time series of the high 
energy muons detected by SEVAN open possibility to 
estimate the electrical structure of the thunderclouds, the 
key parameter for creating models of both TGE and 
lightning occurrences. 

 
2. DESIGN  OF  SEVAN  PARTICLE  DETECTORS 

The basic detecting unit of the SEVAN network (see 
Figure 1) is assembled from standard slabs of 50 x 50 x 5 
cm3 plastic scintillators. Between two identical assemblies 
of 100 x 100 x 5 cm3 scintillators (four standard slabs) are 
located two 100 x 100 x 5 cm3 lead absorbers and thick 50 
x 50 x 25 cm3 scintillator assembly (5 standard slabs). A 
scintillator light capture cone and photo multiplier tube 
(PMT) are located on the top, bottom and the intermediate 
layers of detector. The detailed detector charts with all sizes 
are available from http://aragats.am/SEVAN. 

 
Incoming neutral particles undergo nuclear reactions in 

the thick 25 cm plastic scintillator and produce protons and 

 
Figure 1.  Basic detecting unit of the SEVAN network. 
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other charged particles. In the upper 5 cm thick scintillator 
charged particles are registered very effectively; however 
for the nuclear interactions of neutral particles there is not 
enough matter. When a neutral particle traverses the top 
thin (5 cm) scintillator, usually no signal is produced. The 
absence of the signal in the upper scintillators, coinciding 
with the signal in the middle scintillator, points to neutral 
particle detection. The coincidence of signals from the top 
and bottom scintillators indicates the traversal of high-
energy muons. Lead absorbers improve the efficiency of the 
neutral flux detection and filtered low energy charged 
particles 

If we denote by ‘‘1’’ the signal from a scintillator and 
by ‘‘0’’ the absence of a signal, then the following 
combinations of the 3-layered detector output are possible: 

111 and 101—traversal of high energy muon;  010—
traversal of a neutral particle;100—traversal of a low 
energy charged particle stopped in the scintillator or in the 
first lead absorber (energy less than *100 MeV).110—
traversal of a higher energy charged particle stopped in the 
second lead absorber. 001—registration of inclined charged 
particles 

3. FORBUSH DECREASE EVENTS DETECTED BY 
THE SEVAN NETWORK IN THE BEGINNING OF 
THE 24-TH SOLAR ACTIVITY CYCLE 

 In the middle of February 2011 the active region AR 
11158 unleashed 3 solar flares of class М6.6 (13 February, 
solar coordinates S19, W03), М2.2 (14 February, solar 
coordinates S20, W14) and strongest X2.2 (15 February, 
solar coordinates S19, W03S21, W18). All 3 flares were 
accompanied with CMEs headed to the earth direction. The 
worldwide network of neutron monitors detects at 18 
February sizeable Forbush decrease (FD). The SEVAN 
network as well detects FD by 3 monitors located in 
Armenia and by Balkanian monitors located in Zagreb 
observatory (Croatia) and Mt. Moussala (Bulgaria). The 
SEVAN module locates in India do not register FD due to 
large geomagnetic cutoff. 

 
As we can see in Figure 2 the overall patterns of FD 

detected in charged particle fluxes are very similar to the 
ones measured by neutron monitors. However, there are 
several differences due to location of detectors at different 
latitudes, longitudes and altitudes. The FD phenomena is 
global phenomena influenced all globe (may be not the 

equatorial regions only where the cutoff rigidity is very 
large); nevertheless the detection of the local differences in 
time profiles of FD produced by primary particles of 
different energies is very important and allows to recover 
the event anisotropy and sometimes also the shape of the 
ICME. The SEVAN network located on different 
longitudes (from Zagreb to Delhi) gives possibility to 
explore FD’s shape and the magnitude longitudinal 
dependence and character of the disturbance and its source. 
The amplitude of FD is dependent on the speed, size, and 
value of magnetic field of ICMEs [7]. In this respect 
registration of FD also in low and high energy charged 
particle fluxes can bring additional information for the 
developing of the model of ICME – magnetosphere 
interactions.  

4. CONCLUSION 

Networks of particle detectors on Earth’s surface 
provide timely information and constitute an important 
element of planetary Space Weather warning services. The 
big advantage of ground based particle detectors is their 
consistency, 24 h coverage, and multi- year operation. In 
contrast the planned life of the satellites and spacecraft is 
only a few years, they are affected by the same solar blast 
that they should alert, and space-born facilities instead of 
sending warnings are usually set in the stand-by mode. The 
multi-particle detectors probe different populations of 
primary cosmic rays. The basic detector of the SEVAN 
network is designed to measure fluxes of neutrons and 
gamma rays, of low energy charged particles and high-
energy muons. The rich information obtained from the 
SEVAN network allows estimation of the energy spectra of 
the highest energy Solar CR (SCR). The SEVAN network 
is sensitive to very weak fluxes of SCR above 10 GeV, a 
very poorly explored region of the highest energy. 
Summarizing, the hybrid particle detectors, measuring 
neutral and charged fluxes provide the following 
advantages over existing detector networks measuring 
single species of secondary cosmic rays: 

 

 Enlarged statistical accuracy of measurements;  
 Probe different populations of primary cosmic rays 

with rigidities from 3 GV up to 20– 30 GV;  
 Reconstruct SCR spectra and determine position of 

the spectral ‘‘knees’’;  
 Classify GLEs in ‘‘neutron’’ or ‘‘proton’’ initiated 

events;  
 Gives possibilities to investigate energy 

dependences of the barometric coefficients and 
diurnal wave; 

 Estimate and analyze correlation matrices among 
different fluxes;  

 Significantly enlarge the reliability of Space 
Weather alerts due to detection of three particle 
fluxes instead of only one in existing neutron 
monitor and muon telescope world-wide networks. 
 
 
 

Figure 2.  The time profiles of the FD on 18 February, 2011 measured 
by Zagreb and Moussala SEVAN monitors in comparison with Rome 
Neutron monitor and Aragats Neutron monitor. The low energy 
charged particles (combination 100) and high-energy muons 
(combination 111) are recovering much faster comparing with 
neutrons measured by Rome and Aragats Neutron monitors.
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Simulation of MuSTAnG telescope response to cosmic rays  

R.  Hippler, M.  Zazyan  

Abstract. The Muon Space Weather Telescope for Anisotropies (MuSTAnG) is operating at present at Greifswald 
University in Germany for studying the variations of cosmic rays muon flux. MuSTAnG telescope is able to 
register incident muons with different zenith and azimuth angles.                         The mean incoming directions, 
as well as muon threshold energies for the different upper/lower layer detector combinations were computed 
using Geant4-based Monte Carlo simulation. The median energies of primary protons, responsible for detected 
muons, have been calculated using CORSIKA code. 

1. INTRODUCTION 

MuSTAnG telescope was constructed between 2004 – 
2006 at Greifswald University in Germany. It consists of 32 
muon detectors arranged in two (top and bottom) layers 
separated vertically by 95 cm, with an intermediate 5 cm 
thick layer of  lead [1,2]. Each detector consists of a 
scintillator plate of size 50 cm x 50 cm x 5 cm. Muon 
traversing the scintillator plates produce intense flashes of 
light that are converted into electrical signals by the 
photomultipliers. 

A Monte Carlo simulation has been performed to study 
the response of MuSTAnG telescope to cosmic rays. 
Atmospheric muons produced in the interactions of primary 
cosmic rays particles with Earth's atmosphere were 
simulated using CORSIKA code [3]. As input to 
CORSIKA, the primary angles of incidence and energy 
thresholds of muons were needed. In this connection, an 
additional Monte Carlo simulation of particle transport 
through MuSTAnG telescope was performed using 
GEANT4 (version 9.4) toolkit [4]. 

2. GEANT4  SIMULATION 

The objective of GEANT4 simulations was to estimate 
muons energy thresholds for different arrival directions. In 
our simulation muons were randomly distributed over the 
surface of telescope. The energies were selected in the 
range 10 Mev to 800 MeV at random from a uniform 
distribution. The incident directions were also randomized 
over the range 0 ≤ θ ≤ 75˚ and 0  ≤ φ ≤ 360˚. 5×107 incident 
muons hitting the telescope have been simulated. Particles 
were followed through the detailed geometry of MuSTAnG 
telescope. The simulation program outputs energy deposits 
in all scintillators. If it was more than 4 MeV in any upper 
and any lower layer scintillators, muon was considered as 
recorded.  

The propagation of incident muons and the secondary 
particles through the telescope is illustrated on Figure 1. 

Energy distribution of vertically penetrating muons is 
shown in figure 2. Estimation of the threshold energy is 
illustrated. 

Muon energy and angular distributions were obtained 
from simulation for different upper layer/lower layer 
combinations of the detectors that recorded the muons 
passage. If (UX, UY) is the position of upper detector and 
(LX, LY) is the position of lower detector, the distance 
between upper and lower detectors can be expressed as 
UX-LX= l·Δn, UY-LY = l·Δm (l m is a quadratic detector’s  
length, n and m are the detectors  numbers in X  and Y 

directions).  A matrix (7×7) spanning from -3 to 3 in X and 
Y represents all possible directions. 

 

Mean zenith and azimuthal angles θ and φ and muon 
energy threshold for each cell of matrix were derived from 
appropriating distributions (see example on Figure 3). 

 

Figure 1. Cosmic ray muons passing through the layers of 
MuSTAnG telescope.

 
Figure 2. Estimation of the threshold energy for vertical 
muons.
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3.  CORSIKA SIMULATION 

To simulate particles propagation through the 
atmosphere CORSIKA code (version 6.900) has been used. 
In our simulation the primary energies vary between the 
geomagnetic cut-off of the MuSTAnG telescope location 
(2.4 GV) and 10000 GeV. The simulations have been done 
for Galactic cosmic rays (GCR) using for the primary 
particle's spectrum the expression: JP(E)~E-2.7. For the 
simulation of hadronic interactions GHEISHA [5] and 
QGSJET [6] models have been used. The observation level 
was set to 15 m a.s.l. As input to CORSIKA, the angles of 
incidence and threshold energies of muons, obtained from 
GEANT4 simulation were used. 

The median energies of primary particles responsible 
for muons detected by MuSTAnG telescope have been 
derived for different directions. 28 cm of concrete shield 
was included in GEANT4 simulation. We have summarized 
the results of GEANT4 and CORSIKA simulations in   
Table 1.  

The dependence of primary proton median energy on 
the zenith angle for GCRs can be described by the formula 
Emed (θ) = 51.5 · (cosθ) – 0.943 GeV . 

 
 
 
 
 

Table 1. Mean zenith angles θ, muon threshold energies and 
primary proton median energes for the different upper/lower layer 
detector combinations. 

 
±Δm 

±Δn 0 1 2 3 

0 Θ  (degree) 
Eµ_thr (MeV) 
Ep_med(GeV) 

17.6 
262 
55.6 

28.8 
280 
60.6 

45.3 
350 
71.7 

55.5 
460 
87.0 

1 Θ (degree) 
Eµ_thr (MeV) 
Ep_med(GeV) 

28.8 
280 
60.6 

36.2 
300 
62.1 

48.5 
375 
75.3 

57.0 
485 
88.5 

2 Θ (degree) 
Eµ_thr(MeV) 
Ep_med(GeV) 

45.3 
350 
71.7 

48.5 
375 
75.3 

54.9 
450 
86.7 

60.1 
550 

102.3 

3 Θ  (degree) 
Eµ_thr(MeV) 
Ep_med(GeV) 

55.5 
460 
87.0 

57.0 
485 
88.5 

60.1 
550 

102.3 

62.9 
600 

110.6 

 
4. CONCLUSION 

Mean angles of incidence, as well as threshold energies 
of muons for different upper/lower layer detector 
combinations were computed using GEANT4 code. It was 
found that MuSTAnG telescope detects muon flux in the 
zenith angle range 17.6° ≤ θmean ≤ 63°. The threshold 
energy of muons ranges from 0.262 to 0.6 GeV, depending 
on zenith angle. Using these parameters as input for 
CORSIKA simulation the median energies of primary 
protons, responsible for detected muons, have been 
calculated for different directions. It was shown, that 
MuSTAnG telescope selects primary cosmic rays in energy 
range from 55.6 to 110.6 GeV.  
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Figure 3.  Muon energy, and zenith and azimuthal angle 
distributions for one of upper/lower layer detector combinations. 
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CME-CME Interaction and Forbush Decrease: a case study                                  
of 13th ; 14th; 15th February 2011 CMEs 

D. Maričić, N. Bostasyan, M. Dumbović, A. Chilingarian, K. Arakelyan,                                        
H. Rostomyan, B. Vršnak, D. Roša, D. Hržina, I. Romštajn and A. Veronig 

 

Abstract. Aims. We analyze the kinematics of three interplanetary coronal mass ejections (ICMEs) that occurred 
on 13th, 14th and 15th February 2011 in the active region AR11155 and showed that they have appeared at the 
Earth orbit on February, 18th and have causing Forbush decrease (FD). Furthermore, we investigate their 
connection to observed solar flares and the timing of the FD relative to the ICMEs arrival at the Earth.  

Methods. The solar coordinates of flares are (S19W03), (S20W14) and (S21W18). The  kinematic curves were 
obtained using STEREO (AB) data. Additionally, we explore the possibility of the CME-CME interaction for 
these three events. We compare obtained estimates of ICME arrival with the in-situ measurements from WIND 
spacecraft at L1 point and with ground-based cosmic ray data obtained from SEVAN network.  

Results. The acceleration of each CME is highly correlated with the associated SXR flares energy release. CMEs 
that erupted at 13 and 14 Feb 2011 are not associated with prominence eruption; maximum velocity was vmax  
550 ± 50 km/s and vmax  400 ± 50 km/s, respectively. However, 15 Feb 2011 CME is connected with much more 
violent eruption associated with a prominence, with maximum velocity of vmax  1400 ± 50 km/s. The last 
overtakes 13th and 14th Feb CMEs at distances of 32 and 160 R�, respectively. Therefore, the solar eruptions 
occurred at the 13-15 February represent an example of the colliding CMEs, which were the cause of Fd.  

Conclusion. The estimated arrival times of the ICMEs, at the L1 point and at the Earth, obtained from STEREO-A 
 B data (tA = 01:05 ± 120 UT,18 February 2011 and tB = 02:20 ± 120 UT, 18 February 2011, respectively), are in 
good coincidence with the observed onset of the Space Weather disturbances (Storm Sudden Commencement – 
SSC, tssc = 00:42 ± 60 UT, 18 February 2011) and Forbush decrease (caused by the ICME, tFD = 02:30 ± 60 UT 
by SEVAN Aragats on  18 February 2011).  

 
 
 

Depletion of High Energy Muon Flux during TGEs – a Possibility                              
to Measure Potential Drop in Thunderclouds 

A. Chilingarian, G. Karapetyan, K. Bostanjyan, L. Vanyan 

Abstract. Magnetometric station LEMI-018, and LEMI-417 commissioned by the Lviv center of Space Research 
Institute of Ukrainian Academy of Science, have been installed on slopes mountain Aragats (Armenia) at heights 
2000 and 3200m above sea level. Operation of magnetometric station started on July 2009 and 2011 accordingly. 
LEMI-417 is measuring also components of the electric field. One-second time series of the 3-dimensional 
measurements of the geomagnetic field enter the database of the Aragats Space Environmental Center (ASEC). 
This information can highly improve the research of correlations of the geomagnetic field, changes of the fluxes 
of secondary cosmic rays measured by ASEC monitors with parameters of the solar wind and interplanetary 
magnetic field (IMF) measured by facilities on board space station located 1.5 million km from Earth. 
Measurements of geomagnetic field at Nor Amberd (2000m) and Aragats (3200m) research stations of 
A.Alikhanyan national lab will support forewarning of the upcoming major geomagnetic storms. We present the 
detection of the first geomagnetic storms of the 24 solar activity cycle detected by new installed magnetometric 
stations. 
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Extensive Cloud Showers (ECS) – High-Energy Phenomena                          
Resulting  from the Thunderstorm Atmospheres 

A. Chilingarian, G. Hovsepyan 

Abstract: In 2011 we report the phenomenon of the short TGEs (duration less than 50 us) detected by the surface 
particle detectors at mountain altitudes. Short particle bursts occur during a large near surface negative electrical 
field. Observed short TGEs, in contrast to prolonged ones (lasting ~10 minutes and more) are direct evidence of 
the RB/RREA process reaching the mountain altitudes from low located thunderclouds. In the report we present 
further analysis of these rare events including spatial distribution, density spectra and particle energy.  
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Comments on recent results on neutron  production in thunderclouds 

A. Chilingarian, N. Bostanjyan, T. Karapetyan, L. Vanyan 

Abstract. We have analyzed the neutron fluxes correlated with thunderstorm activity recently measured at 
mountain altitudes by Tien-Shan, Tibet and Aragats groups. We perform simulations of the photonuclear 
reactions of gamma rays born in the electron-gamma ray avalanches in the thunderstorm atmosphere and 
calculate expected count rates of the neutron counters used by 3 groups. Also we present independent experiment 
performed at the slopes of Aragats Mountain in Armenia confirming the photonuclear nature of thunderstorm-
correlated neutrons. 

1. INTRODUCTION  

Although the reported enhancements of the Neutron 
Monitor counts are rather consistent all 3 groups drastically 
differ in explanation of the origin of neutron flux. The Tien-
Shan group reports large flux of thermal neutrons correlated 
with atmospheric discharges; Aragats and Tibet groups do 
not relate the neutron flux to lightning occurrences due to 
considerable difference of time scales of lightning (~ msec) 
and neutron flux (minutes); different at least 5 orders of 
magnitude. Both groups connect neutron flux with 
Relativistic Runaway Electron Avalanches (RREA, Babich 
et al., 1998, also referred as Runaway Breakdown, RB, 
Gurevich et al., 1992) process in the thunderstorm 
atmosphere; however Tibet group assumes that gamma rays 
born in the avalanche directly initiate NM counts by 
photonuclear reactions with lead producer of NM (Tsuchiya 
et. al., 2012); Aragats group accepts the hypothesis of 
the photonuclear reaction of the RREA gamma rays with 
the atmosphere as a source of neutrons (Chilingarian et al, 
2012a). 

 Tien-Shan group founded their explanation on the 
large thermal neutron flux detected by outdoors and indoors 
thermal neutron detectors correlated in time with 
atmospheric discharges; no gamma ray flux was 
reported. Aragats group interpretation was based on the 
simultaneous detection of the electrons, gamma rays and 
neutron fluxes and was supported by the GEANT4 
simulations of photonuclear reactions of gamma rays in the 
atmosphere. 

To resolve apparent ambiguity and to clarify neutron 
production mechanisms we perform additional simulations 
and add new experimental evidence coming from another 
experimental setup located on slopes of Mt. Aragats in Nor 
Amberd research station on altitude 2000 m. Experimental 
facilities located in Nor Amberd operated as a part of the 
Aragats Space Environmental center (ASEC, Chilingarian 
et al., 2005) and measure fluxes of gamma rays, thermal 
and high energy neutrons, as well as high energy muons; 
we consider registration of multiple particle fluxes 
(Thunderstorm ground enhancements, TGEs, see 
Chilingarian et al., 2010, 2011, 2012b) as an absolutely 
necessary condition for making physical inference on the 
neutron origin. 

 

2. THE  RELATION  BETWEEN  ADDITIONAL 
GAMMA  RAYS  AND  NEUTRONS  DETECTED 
DURING TGES;  DO  GAMMA  RAYS  DIRECTLY 
INITIATE  COUNTS  IN  NEUTRON  MONITOR? 

The simulation performed by Tsuchiya et. al., 
2012, showed that the arriving neutron flux at >1 keV is 
expected to be lower than that of arriving gamma rays at > 
10 MeV by more than 2 orders of magnitude. Combining 
this estimate with an efficiency of NM to register gamma 
rays with energies above 10 MeV and neutrons above 1 
KeV (Fig. 1 of Tsuchiya et. al., 2012) it was found that 
bremsstrahlung gamma rays interacting with lead producer 
of NM largely attribute the signal obtained by YBJ NM 
and neutrons born in photonuclear reactions in atmosphere 
give only a small contribution to the signal. 

The authors of Tsuchiya et. al., 2012 conclude also 
“Consequently, not neutrons but gamma rays may possibly 
dominate enhancements detected by the Aragats neutron 
monitor”. 

Under plausible assumptions on the originated in the 
thunderclouds gamma ray spectrum and height of the 
gamma ray source several simulations (see for instance 
Babich et al., 2010, Carlson et al., 2010) estimate a yield 
rate of a photo- nuclear neutron per one gamma ray with 
energy >10 MeV to be ~0.3-0.4%. This estimate is 
consistent with the claim made in Tsuchiya et. al., 2012 on 
the relative rate of neutrons and gamma rays. However, as 
we discuss in Chilingarian et al., 2012a) the mentioned 
above estimate of ~0.3-0.4% is related to the axis-
symmetric simulation of the neutron production and 
transport. The gamma ray flux reported in (Tsuchiya et. al., 
2012) relate to a point source of gamma rays7 rather than 
realistic extended one, as was proved in Tsuchiya et al., 
2011 and Torii et al., 2011. The locality of gamma ray 
emitting region and drastically different angular distribution 
of the gamma rays and neutrons (see Figure 1) leads as we 
discuss in Chilingarian et al., 2012a to the large discrepancy 
of the neutron relative yield. Gamma rays are radiated in a 
rather narrow cone; therefore they are illuminated in a 
limited area below the thundercloud. The increasing offset 
of the projection of simulated point gamma ray source 
relative to the particle detector location as we can see in 
Fig. 8 of Chilingarian et al., 2012a, dramatically changes 
the neutron relative yield making it at offset distances of 
~150 m ~12% instead of 0.3-0.4%. Therefore, the claim of 

                                                 
7 The particular simulation scheme adopted by the 
authors of Tsuchiya et al, 2012 is apparent from 
discussion in the end of section 1. 
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prevailing contribution of gamma rays in NM counts is not 
valid. 

Another argument against dominating “gamma ray” 
nature of NM counts is the absence of the expected under 
assumption of the gamma ray nature of NM counts linear 
correlation between number of additional gamma rays and 
NM counts as we can see in Fig. 3 of Chilingarian et al., 
2012a. 

 
 In Figures 2 and 3 we post the histograms of the 

numbers of the additional gamma rays and neutrons of the 
TGEs detected in 2009-2010 at Aragats (from Table 2 of 
Chilingarian et al., 2012). The histogram ranges (difference 
between maximal value and minimal value) are quite 
different: by the gamma ray content events differ from 715 
till 10,281, i.e. the range is 9,566 (Figure 2) and of the 
neutron content only 74 – from 50 till 124 neutrons (Figure 
3). The relative range8of gamma ray histogram is ~3.6, and 
for the neutron histogram  ~1. Thus, the neutron 
distribution of the TGE events is much more compact than 
gamma ray distribution. It demonstrates that there is no 
linear relation between gamma rays and neutrons fallen on 
the detector, expected if the origin of NM counts will be 
gamma rays as assumed in (Tsuchiya et al., 2008). 

The large divergence of detected neutrons to gamma 
ray ratio can be explained by the different angular 
distribution of gamma rays and neutrons from thundercloud 
and by various locations of the thunderclouds relative to 
particle detector see Figure 1 (see also discussion in 
Chilingarian et al., 2012).  

                                                 
8Relative range equals to range divided to the sample mean 

and usually is used as an estimate of the standard deviation for 
small samples not belonging to an analytic probabilistic families  
(nonparametric estimate of standard deviation) 

 
 

 
3. THERMAL  AND  PHOTONUCLEAR  NEUTRON 

FLUXES  (ATTEMPT  TO  EXPLAIN  TIEN-SHAN 
DATA) 

Gurevich et al., 2012 reported for the first time about 
the registration of the extremely intensive fluxes of low-
energy neutrons generated during thunderstorms. They also 
claim that these fluxes are connected with atmospheric 
discharges. Unfortunately the empiric data on neutron 
detector count rates were not supported by the detector 
response calculation and with a model of neutron 
generation. Only several episodes of the detected 1-minute 
count rate enhancements possibly correlated in time with 
lightning occurrences are presented. 

Reported observations were done with Tien-Shan 
18NM64 neutron monitor (TSNM) and thermal neutron 
counters (TSNC) located outdoors and indoors, see Figure 2 
in (Chubenko et al., 2008). The counters are filled with 3He 
gas; because of the absence of producing and moderating 
material these counters can register only thermal neutrons 
having energies in the range (0.01 – 1 eV). From 
the published (Gurevich et al., 2012) outdoors (external) 
thermal neutron counts were taken into account reported in 
(Chubenko et al., 2008) efficiency and size of TSNC 
counters we readily obtain the flux of thermal neutrons for 
mentioning episodes to be: 

3462, 1600, 1684, 4567, 3717 and 2722 neutrons per 
m2 per minute. 

 These fluxes of the thermal neutrons are fallen on the 
building where TSNM and indoor TSNC are located. 
Having incident neutron fluxes and construction of the 
building roof reported in (Chubenko et al., 2008 and 
Gurevich et al., 2012) we simulate the transport of neutrons 

Figure 2.  Histogram of the normalize to 1 m2 gamma rays detected by 
ASNT during 13 TGE events in 2009-2010 (from Table 1); relative 
range (nonparametric estimate of standard deviation) ~ 3.6 

Figure 3. Histogram of the normalize to 1 m2 neutrons detected by 
ANM during 13 TGE events in 2009-2010 (from Table 1); relative 
range (nonparametric estimate of standard deviation) ~ 1 

Figure 1.  Angular distribution of gamma rays according to detected 
TGE on 4 October 2010 and neutron flux born by these gamma rays in 
the photonuclear reaction with atmospheric nuclei.  
The source of gamma rays is located on 5000 m height, detection on 
3200 m height. 
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through the roof material and using also reported in 
Gurevich et al., 2012 the neutron detection efficiencies we 
calculate the expected count rate of both indoor neutron 
detectors. 

 The indoor TSNC and TNNM are located in the 
building under 2 mm iron tilt, 20 cm carbon and 2.5 
cm wood. Our GEANT4 simulations demonstrate that only 
7% of thermal neutron flux can penetrate the roof matter. If 
we proceed from the recovered by outdoors TSNC neutron 
fluxes we come to following expected numbers of thermal 
neutrons to be detected by indoors TSNC: 

 109, 50, 53, 143, 117, 86 per m2, per minute. 
 However, the reported numbers of detecting thermal 

neutrons are much larger: 
 641, 418, 323, 716, 927 and 922 per m2, per minute. 
 The reported (recalculated to unit surface) numbers of 

counts detected by TSNM are: 
 44, 63, 51, 40, 156, 117 per m2, per minute. 
 Assuming 0.5% efficiency (Gurevich et al., 2012) of 

TSNM to detect thermal neutrons we obtain the much lower 
expected number of the TSNM counts: 

 1, 1, 1, 2, 2, 1 per m2, per minute. 
 Thus, measured by the outdoors TSNC thermal 

neutron flux9 cannot explain the reported counts of indoors 
TSNC and TSNM. 

 As a possible explanation of the count rate 
enhancements reported by Tien Shan group we consider 
also flux of neutrons born in photonuclear reaction in the 
thunderstorm atmosphere, see Fig. 4. 

 
Maximal estimated neutron flux at Aragats up to date 

is ~5000 neutrons per m2, per minute. By considering the 
higher location of Tien-Shan we can double this number 
and assume that photonuclear neutron flux at Tien-Shan can 
reach 10000 neutrons per m2, per minute. GEANT4 
simulations demonstrate that only ~20% 
of photonuclear neutrons can penetrate the roof material; 
additionally, as we can see in Fig. 4, the 20 cm thick carbon 
layer effectively termalized neutrons; 97% of the initial 
neutrons incident on the indoor detectors are termalized.  
2000 neutrons entering indoor TSNC and TSNM will 
generate approximately the same number of counts as the 
thermal neutron flux calculated from counts of outdoor 

                                                 
9Possibly generated in atmospheric discharge processes as 
assumed by the authors of Gurevichetal., 2012. 

TSNC10; much less than reported. Thus the hypothesis of 
the photonuclear nature of neutron flux in Tien-Shan also 
cannot explain reported count rate enhancements. 

Thermal neutron counters on Aragats and Nor Amberd 
only once detect enhancement of count rate at 4 October 
2010, see Fig. 6 of (Chilingarian et al., 2012). Our 
simulations demonstrate that the MeV photonuclear neutron 
flux incident on the neutron monitor thermalized in the 
polyethylene moderator and a significant fraction of the 
thermal neutrons is emitted upwards from the polyethylene 
moderator covering the Aragats NM and registered by the 
bare proportional chamber located just on the moderator of 
neutron monitor. 
  
4.  NOR  AMBERD  HYBRID  DETECTOR 

Detector assembly measuring secondary cosmic ray 
fluxes originated from protons and ions accelerated on sun 
and in the Galaxy are located on the slopes of the mountain 
Aragats in Nor Amberd research station at 2000 m above 
sea level. Nor Amberd detecting system consists of 
18NM64 neutron monitor (NANM, 3 sections of 6 neutron 
counters each) and - Multidirectional Muon Monitor 
(NAMMM) – 2 layers of 5 cm thick 
plastic scintillators overviewed by photomultiplier (PM) 
above and below 2 sections of NM; and include also 2 
proportional counters without lead producer and 
polyethylene moderator for detecting thermal neutrons, see 
Fig. 5. The energy threshold of the upper scintillators is 
determined by the roof matter and by data acquisition 
electronics (DAQ) and equals ~ 7 MeV. The 
upper scintillator registered charged flux above the 
threshold with very high efficiency reaching 99%; however 
5 cm plastic scintillator register also neutral flux (gamma 
rays and neutrons) although with much smaller efficiency - 
~10%. The bottom layer of scintillators is located under a 
significant amount of matter including 10 cm of lead and its 
energy threshold is ~350 MeV; therefore the bottom layer 
measures mostly high energy muons. 

 

                                                 
10Of course, under the assumption of the photonuclear nature 

of the neutron flux outdoors TSNC also should count much less 
neutrons than reported. 

 
Figure 5. Nor Amberd multidirectional muon monitor (NAMMM) 
arranged above and below 2 sections of the Nor Amberd Neutron 
Monitor (NANM); on the third section of NANM 2 “bare” 
proportional counters are located 

 
Figure  4. Energy spectra of photonuclear neutrons at 3350 m and in 
the building of Tien-Shan NM after crossing the roof matter 
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DAQ electronics calculates all possible coincidences of 
detector operation as well as count rates of each detector 
and total count rates of upper and bottom detectors of both 
sections of NAMMM. By counting one-to-one coincidences 
of upper and bottom scintillators it is possible to 
monitor muon fluxes for 12 directions. NANM operates 
with 3 dead times ranging from 0.4 to 1250 μs. The monitor 
counts with shortest dead time give possibility to count 
almost all thermal neutrons entering the sensitive volume of 
the proportional chamber; the long dead time provides a 
one-to-one relation between counts and high energy 
atmospheric hadrons incident on the detector. If neutron 
bursts are incident on detector the shortest dead time will 
provide registration of a majority of neutrons, the longer 
dead time will miss neutrons coming simultaneously within 
1250 μs. 
  
5. SIMULTANEOUS DETECTION OF CHARGED 

AND NEUTRAL FLUXES BY NOR AMBERD 
DETECTOR ASSEMBLY 

In Fig.6 we post detected at 28 March 2009 time series 
of 1-minute count rates of NAMMM top and bottom layers 
as well as NANM 1 minute time series corresponding to 
shortest dead time. 

The statistical accuracy of measurements and 
significances of detected peaks is posted in Table 1. In 
Figure 6 we see a large enhancement of the counts in the 
upper layer of NAMMM conditioned on absence of signal 
in the lower layer (we assume that most of them are  
gamma rays); 

28 March, 2009

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

13:30 13:35 13:40 13:45 13:50

UT

C
ou

n
t 

ra
te

 o
f 

n
eu

tr
on

s,
 g

am
m

a 
ra

ys
an

d
 m

u
on

s
 (

%
)

NAMMM(gamma rays) NAMMM(muons)
NANM (neutrons)  

Figure 3 . The 1-minute time series of count rates of upper and top 
layers of NANM and NANM  

 significant enhancement of the count rate of neutron 
monitor and depletion of counts of high energy muons. The 
TGE in Nor-Amberd is alike of TGEs measured at Aragats; 
namely Fig. 1,4 and Table 1 of (Chilingarian et al., 2012) 
are very close to the ones presented here, obtained with 
different detector at different altitude. 
 
 

6. CONCLUSION 

We consider the data of recently reported neutron 
fluxes correlated with thunderstorms. The Tibet group 
explains the detected count rate enhancement in the neutron 
monitor by the previously neglected direct registration of 
gamma ray photons by NM. According to their estimates 
the gamma channel over performed the contribution of the 
neutrons born in the photonuclear reactions in the 
atmosphere by an order of magnitude. However, as we have 
shown they do not take into account the offset of neutron 
source related to detector location. Also, calculated linear 
correlation of gamma ray and neutron fluxes expected if the 
main mechanism of neutron production is a photonuclear 

reaction in the lead producer of NM is not supported by 
Aragats group neutron events.  

Proceeding from the reported in (Gurevich et al., 2012) 
thermal neutron count rates measured by the outdoors 
Thermal neutron counter (TSNC) we calculate the expected 
counts of Tien-Shan neutron monitor (TSNM) and indoors 
TSNC taking into account the detector response. Calculated 
fluxes are much lower than reported ones. If we assume that 
additional neutrons were born in the photonuclear reactions 
of gamma rays in the atmosphere we come to 
approximately the same expected numbers due to 
effective thermalizing of neutrons in roof matter. Thus both 
thermal and photonuclear hypotheses of neutron origin 
contradict reported data. 

Table 1 Statistical characteristics of detectors and detected peaks and dips at 28.03.2009, 13:43. 

Detector 

Mean 
count rate 
per 
minute   

Standard deviation –
SD (σ) and relative 
standard deviation 
(RSD) 

Percent of 
enhancement  

Number of SD 
() in peak  

Number of additional 
particles (or deficit for 
muons) at minute of 
maximal excess (min-1 m -

2) 

NANM 
neutrons 

30000 300 (1%) 3.2% 3.2σ 53 

NAMMM 
upper (10) 

121150 348 (0.29%) 9.2% 32σ 924 

NAMMM 
(muons>350 MeV); 
Vertical direction 
excluded 

24000 155(0.65%) -2,2% 3.5σ -45 



 

38 

 The situation can be clarified by presenting measured 
gamma ray fluxes and by correlating the neutron bursts and 
atmospheric discharges on the second (better millisecond) 
scale. It will be also useful to estimate the 
negative muons contribution to TSNM counts, previously 
treated by members of group as the main cause of TSNM 
count rate enhancements during thunderstorms 
(Antonova et.al., 2011). 

 Also it is worth to mention that Aragats and Tibet 
measurements do not support the hypothesis of particle 
fluxes directly related to the atmospheric discharges, 
accepted by Tien-Shan group. Accordingly during the 
developed Lower positive charge region in the 
thundercloud (necessary condition of the creation of lower 
dipole accelerated electrons downward) the flash rate is 
quite low (Qui et al., 2005). 

Based on previous discussions and also on TGE event 
detected on 28 March 2009 at Nor Amberd research station 
we confirm the existence of the atmospheric 
photonuclear neutron flux correlated with thunderstorms. 
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Role of the Lower Positive Charge Region (LPCR) in initiation of the 
Thunderstorm Ground Enhancements (TGEs) 

A. Chilingarian, H. Mkrtchyan 

Abstract. Despite the ubiquity of thunderstorms, lightning, and related electrical phenomena, many important 
electromagnetic processes in our atmosphere are poorly understood; the key questions about the thundercloud 
electrification and lightning initiation remain unanswered (Dwyer et al., 2012). The bulk information on particle 
fluxes correlated with thunderstorm can be used to better understand the electrical structure of thunderclouds. 
Only very specific electric configuration of the lower part of the cloud can support the sustainable acceleration of 
the electrons. Our analysis is based on the thunderstorm data from the Aragats mountain in Armenia, 3200 
m a.s.l. The electrical mill and lightning detectors are monitoring the near surface electric field and type of 
lightning occurrences, particle detectors register fluxes of neutral and charged particles associated with 
thunderstorms. We relate particle fluxes to the electrical structure of thunderclouds and - to lightning occurrences. 
The origination of the Lower Positive Charged Region (LPCR) leads to the blocking of CG- lightning 
occurrences.  High particle fluxes, associated with thunderstorms, so called Thunderstorm Ground Enhancements 
(TGEs) precede lightning activity, thus proving possibility that downward moving streamer uses the conductive 
channel opened by the electron-gamma ray avalanches. 

1. INTRODUCTION  

Thunderstorms, due to their potential to kill and cause 
extensive property damage are an important issue not only 
for researchers but also for the society. However, in spite of 
many experimental and theoretical studies the origin of 
electrification in clouds is still   poorly understood; the 
layered structure of the thundercloud is variable and 
unexplained; relationship between electrification, lightning 
activity and particle fluxes have not been unambiguously 
established. 

Although big varieties of measures in the thundercloud 
electric field profiles, the following basic structure of the 
electric field in thunderclouds is widely accepted: from the 
ground up to cloud base there is usually a low magnitude 
field (both positive or negative); relative small positively 
charged “pocket” is lowermost just at cloud base 
(comprising only ~20% of negative charge higher); larger 
positive field prolongs up to negative charge layer at 1-2 
km above cloud base; and about 1-4 km above the negative 
layer the main positive charge is located (Stolzenburg et al., 
1998). The Lower Positive Charge Region (LPCR) with a 
main negative layer in the middle of the cloud represents 
the, so called, lower dipole, responsible for the downward 
electron acceleration and also playing a major role in the 
initiation of cloud-to-ground (CG-) and intracloud (IC-) 
lightning occurrences. 

 The acceleration of electrons in the strong electric 
fields inside thunderclouds was postulated by C.R.T.Wilson 
in 1924, in 1992 Gurevich et al., developed theory of the 
Runaway breakdown (RB), now mostly referred to as 
Relativistic Runaway Electron Avalanches (RREA, Babich 
et al., 1998). In (Chilingarian et al., 2012b) we consider 
alternative mechanism of electron acceleration in 
thunderclouds, namely the Modification Of energy Spectra 
(MOS, Dorman et al., 2005) of charged cosmic ray 
particles.  Both scenarios lead to enhancements of the 
secondary cosmic rays in the thunderclouds and if the 
height of clouds is not very large particle detectors located 
on the earth’s surface can register enhancement of count 
rates of electrons, gamma rays and neutrons, lasting as 

much, as the electric field sustain electron acceleration, at 
Aragats usually ~ 10 minutes. 

It has been suggested that RREAs seeded by cosmic-
ray extensive air showers (EASs) could result in enough 
ionization to initiate lightning (Gurevich et al. 1999, 2003). 
However, Babich et al. (2009), Dwyer and Babich (2011) 
argue that lateral diffusion and the relativistic feedback 
threshold on the amount of avalanche multiplication are 
limited a joint action of EASs and RREAs to initiate 
lightning. Although, they do not rule out that RREA acting 
on the ambient cosmic-ray flux could discharge the large 
scale electrical field in such a way that local electric field 
enhancements occur, potentially providing a high enough 
field region to allow lightning to initiate (Dwyer 2005; 
Babich et al. 2011). 

Additionally, Dwyer et al., 2012, pointed to the 
possibility that the gamma ray glows (the gamma ray 
component of the TGE) may be a manifestation of the 
steady state configuration of the electric field in which the 
charging currents are balanced by the discharge RREA 
currents. Lasting tens of minutes TGEs may affect lightning 
initiation and research of the correlations of lightning and 
TGE can provide long missing clues to understand the 
lightning physics. 

In the paper the correlation between thundercloud 
electrification (near surface electrical field, type of 
lightning discharge and its distance from the detecting 
point) and measured particle fluxes was studied, thus 
invoking in the atmospheric electricity research a new type 
of key evidence – presence of the Thunderstorm Ground 
Enhancements (TGEs), the flux of gamma rays and 
electrons coming from thunderclouds and detected on the 
earth’s surface by particle detectors (Chilingarian et al., 
2010, 2011, 2012a). For the first time we present 
simultaneous measurements of the particle fluxes, 
disturbances in the near surface electrical field and 
lightning initiations of the different types.  
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2. THE LOWER POSITIVE CHARGE REGION (LPCR) 
AND ITS INFLUENCE ON THE NEGATIVE 
CLOUD-TO-GROUND (CG-) AND INTRACLOUD 
(IC-) LIGHTNING OCCURRENCES 

During the last 3 years of TGE research on Aragats 
nearly 300 significant enhancements of particle detector 
count rates were detected. After locating the field meters 
and lightning detectors in 2010-2011 we found that all 
TGEs were accompanied by the disturbances of the near-
surface electric field and most of them – with lightning 
occurrences. The research of TGE events started with 
classification of TGEs according to patterns of near-surface 
electrical field disturbances. Then we examine each class to 
get evidence how is the particle flux increasing and what 
happens with lightning occurrences as a flux enlarged. Our 
model of TGE initiation (Chilingarian et al., 2011, 2012b) 
suggests that electron acceleration could start only after the 
creation of the Lower positive charge region (LPCR) below 
the main negative charged region in the center of the cloud. 
If electric field between 2 differently charged regions is 
strong enough the RREA process is unleashed and runaway 
electrons generate gamma rays and gamma rays in turn if 
energetic enough can generate neutrons via 
phonuclear reactions. If the electric field is below the 
RREA threshold the MOS process can result in additional 
fluxes; however much weak comparing with RREA. 

Simpson and Scrase, 1937, found that many 
thunderstorms contain a region of the positive charge 
located below the   main negatively charged layer in the 
middle of a thundercloud; they speculated that 
the   positive charge resided on precipitation particles. 
Measurements by   (Holden et al., 1980) show that LPCR's 
are not always found   because they are localized to a 
fairly small volume and   are transient phenomena as well. 
LPCR's are short-lived because, being composed of 
precipitation, they fall out of the cloud and carry their 
charge to the ground. As the LPCR approaches the ground, 
it should alter (at least locally) the field at the ground; thus 
LPCRs are responsible for the field reversals (Moore et al., 
1977). Many researchers outline the dominant role lower 
positive charge region plays in initiating/triggering 
an intracloud and the cloud‐to‐ground lightning discharge 
(Pawar and Kamra, 2004, Nag and Rakov 2009, Qui et.al., 
2009). The influence of the LPCR on lightning leader 
propagation can be considered in the following steps: 

  
a. While the negative charge accumulates at mid 

level, it   may not be energetically favorable to 
transfer the negative   charge to ground in -CG 
lightning. Starting to develop lower positive 
charge results in the enhancement of the electric 
field strength within the cloud, allows for negative 
charge transfer to ground in -CG lightning 
occurrence (Williams, 1989). 

b. When the magnitude of LPCR is becoming 
considerably large negative intracloud discharges 
IC- (attempted leader) are expected to occur. The 
“normal” IC+ intracloud lightning occurs between 
main negative and positive layers of the dipole; the 
electric field is negative and electrons are 

accelerated upward. IC- lightning bridging the 
main negative and large lower positive charge 
regions have been reported by (Qie et al., 2005); 
due to screening positive charge descending 
negative leader may change its direction of 
propagation to horizontal. 

Thus, the existence of the LPCR is a necessary 
condition for the TGE unleashing and, also, for the 
lightning initiation. As LPCR is just forming or decaying 
the clod-ground CG- lightning occurrences should be often, 
during the mature stage of LPCR mostly intracloud IC- 
lightning should occur. An example of the above-described 
scenario gives lightning studies on the central Tibetan 
Plateau at an altitude of 4508 m. The registered on Tibet 
IC- flashes were usually polarity-inverted and occurred in 
the lower dipole. The large LPCR did not cause positive 
CG+ flashes to occur during the whole storm lifetime, and 
only negative CG- flashes were observed in the late stage of 
the storm (Qui et al., 2005).  Also there were observed that 
the flash rate was quite low. It is worth to note that recently 
the TGE detection on Tibet also was reported (Salvini, 
2011). 

3. PARTICLE  FLUXES,  ELECTRIC FIELDS AND  
LIGHTNING  OCCURRENCES  

 Electric field meters11 and lightning detectors12 
installed at Aragats as well as multipurpose weather 
station13 allows to correlateTGEs with electric field 
disturbances, with occurrences of lightning of different 
types and with other meteorological conditions (rain, 
atmospheric pressure, temperature, humidity…). The TGE 
amplitude (the percentage of enhancement of particle flux 
relative to the rather stable background of secondary 
cosmic rays) was measured by the outdoor 5 and 3 cm 
thick, 1 m2 area plastic scintillators. Time series of particle 
intensity, electric field measurements, lightning occurrences 
and meteorological information are entering the MySql 
database and are visualized with ADEI multivariate 
visualization code14. Examining disturbances of near-
surface electric field we outline following most typical 
patterns accompanied with TGE (see Figure 1): 

1. Electric field reversal from positive to negative: 
field strength changes from large (up to 50 kV/m) 
positive electric field to low (down to  -35 kV/m) 
negative value. We select 6 events of this type, see 
Figure  a) and Table 1 

                                                 
11 Boltek firm electrical mill EFM100, measurement accuracy 

5%, http://www.boltek.com/efm100.html 
12 Boltek's StormTracker Lightning Detection System 

powered by the software from Astrogenic systems, defining 4 
types of lightning occurrences ( CG- , CG+ cloud-to ground 
negative and positive, IC-, IC_+ intracloud positive and negative, 
- in radius of 1, 3 and 5 km around location of its antenna, 
http://www.boltek.com/stormtracker 

13 Professional Davis Instruments Vantage Pro2, 
http://www.davisnet.com/ 

14 ADEI (Advances Data Extraction Infrastructure) is AJAX 
based dynamic web interface facilitating browsing and extraction 
time-series from various data sources. 
http://adei.crd.yerphi.am/adei/ 
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2. Electric field reversal from negative to positive: 
changes from low (down to -35 kV/m) negative 
electric field to large positive electric field (~50 
kV/m). We select 3 events of this type, see Figure  
b) and Table 2. 

3. Electric field’s abrupt decreases: changes started 
from fair weather value (few hundred volts) down 
to large negative values (-30 kV/m); we select 5 
events of this type, see Figure  c) and Table 3. 

Usually 3 types of TGE events were accompanied with 
lightning occurrence and rain; however sometimes 
lightnings and rain are missing.  

 
4. TGE EVENTS OF THE FIRST TYPE 

 During the first type of events, see Figure 2, the near-
surface positive electric field reaching a strength of 
40 kV/m after a series of lightning occurrences (those types 
are usually equally distributed among intraclaud positive 
and negative lightning IC+ and IC- and cloud-to-ground 
negative lightning CG- when the near surface electric field 
is positive, see Figure 3) started to reverse and 
simultaneously particle flux started to slowly rise at 13:10 
discharging the electric field. The evolution of the surface 
electric field as in shown in Figure 2 suggests occurrence of 
the “special type thunderstorm”, according to classification 
introduced in (Qui et al., 2009). A special-type 
thunderstorm suggests the long period of negative surface 
electric field. During this period larger in dimension and 

high in charge magnitude LPCR exists at the base of the 
storm. Electron acceleration downward is possible only if 
the electric field in the thundercloud is positive; i.e. if the 
lower dipole is formed or under formation. Lasting ~10 
minutes the negative near-surface electric field coincides in 
time with large particle flux, proving that the positive 
charge region at the base of thundercloud is larger in 
dimension and charge magnitude. Developed LPCR creates 
a larger positive electric field in the cloud that increases the 
particle flux downward, peaking at ~13:13 when the 
negative field approaching minimal strength of -35 kV/m. 
During several minutes of particle flux maximum IC+ and 
CG- lightning occurrences are highly suppressed and only 
IC- lightnings were observed, see Figure 4. Emerging large 
LPCR blocks the step leader propagation to the ground and 
turn it to intracloud IC- flash because the abundant lower 
positive charge made IC-discharges energetically 
preferable. At 13:20 the LPCR contracted and particle flux 
decayed. Consequently diminished LPCR cannot block any 
more the lightning leader propagation to the ground and 
several CG- lightning occurred at 13:23 at fully stopped 
particle flux. 

 
The information on the first type TGEs is posted in the 

Table 1. TGE duration comprises ~10 minutes; however 
sometimes we detect long lasting tails of particle fluxes. To 
avoid possible ambiguity we “normalize” the TGE duration 
by calculating the full duration of the TGE peak on the half-
maximum (FDHM).  

In the first column we post the date of the TGE event. 
The durations of the positive and negative fields with 
maximal and minimal field values, the full duration of the 
TGE peak at the half-maximum (FDHM) and TGE 
amplitudes present in the fourth column. In the columns 5-7 
we post fractions of lightnings of different types during 
positive and negative fields and during FDHM in different 
radiuses around particle detector location (1, 3 and 5 km). 
Last column depicts the rain duration and rain rate, if any. 
As we see in Table 2 the range of the maximal values of the 
positive electric field varies 14 – 45 kV/m, duration 5-20 
minutes. The maximal value of negative field is changing 
from -28 till -35 kV/m; duration 5-20 minutes.   

 
Figure  2. TGE of the first type according to pattern of the electric field 
disturbances; the black curve shows changing electric field; red lines -  
IC- lightning and blue CG- lightning occurrences within 3 km radius; 
the green curve shows the time series of the particle flux minutely 
counts. Particle flux peaked at 21% above CR background .   

 
Figure  1. Three patterns of the electric field disturbances during TGE 
events on Aragats. 
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Figure 4.  May 27 2011. Fractions of lightning occurrences of 

Table 1 . Selected first type of TGE event according to changing pattern of the near-surface electric field 

Max value of 
electric field

Min value of 
electric field

Flux increase 
(percents)

Time
Positive 

field
Negative 

field
FDHM of 

TGE
Time

Positive 
field

Negative 
field

FDHM of 
TGE

Time
Positive 

field
Negative 

field
FDHM 

TGE

Total 0 5 1 Total 1 17 2 Total 3 32 9

IC- 0% 100% 100% IC- 0% 76.5% 100% IC- 66.7% 81.3% 100%

IC+ 0% 0% 0% IC+ 100% 11.8% 0% IC+ 33.3% 12.5% 0%

GC- 0% 0% 0% GC- 0% 5.8% 0% GC- 0% 3.13% 0%

GC+ 0% 0% 0% Gc+ 0% 5.8% 0% Gc+ 0% 3.13% 0%

Time
Positive 

field
Negative 

field
FDHM of 

TGE
Time

Positive 
field

Negative 
field

FDHM of 
TGE

Time
Positive 

field
Negative 

field
FDHM 

TGE

Total 1 3 2 Total 2 10 5 Total 4 41 33

IC- 0% 100% 100% IC- 0% 90% 80% IC- 25% 61.0% 58%

IC+ 0% 0% 0% IC+ 0% 10% 20% IC+ 25% 34% 39%

GC- 100% 0% 0% GC- 100% 0% 0% GC- 50% 4.87% 3%

GC+ 0% 0% 0% GC+ 0% 0% 0% GC+ 0% 0% 0%

Time
Positive 

field
Negative 

field
FDHM of 

TGE
Time

Positive 
field

Negative 
field

FDHM of 
TGE

Time
Positive 

field
Negative 

field
FDHM 

TGE

Total 10 9 2 Total 60 173 141 Total 74 735 531

IC- 30% 33% 100% IC- 38% 86% 97% IC- 32% 77.1% 84%

IC+ 60% 22% 0% IC+ 38% 6.9% 3% IC+ 39% 20% 14.9%

GC- 10% 44% 0% GC- 23% 5.8% 0% GC- 28% 2.30% 0.6%

GC+ 0% 0% 0% GC+ 0% 1.70% 0% GC+ 0% 0.50% 0.2%

Time
Positive 

field
Negative 

field
FDHM of 

TGE
Time

Positive 
field

Negative 
field

FDHM of 
TGE

Time
Positive 

field
Negative 

field
FDHM 

TGE

Total 0 10 8 Total 0 146 104 Total 0 383 328

IC- 0% 100% 100% IC- 0% 80.0% 97% IC- 0% 88% 97%

IC+ 0% 0% 0% IC+ 0% 8.9% 2% IC+ 0% 7% 2%

GC- 0% 0% 0% GC- 0% 8.9% 0% GC- 0% 4% 0%

GC+ 0% 0% 0% GC+ 0% 2.0% 1% GC+ 0% 1% 1%

Time
Positive 

field
Negative 

field
FDHM of 

TGE
Time

Positive 
field

Negative 
field

FDHM of 
TGE

Time
Positive 

field
Negative 

field
FDHM 

TGE

Total 0 17 15 Total 0 26 20 Total 0 32 22

IC- 0% 94.1% 100% IC- 0% 88.5% 100% IC- 0% 87.5% 100%

IC+ 0% 0% 0% IC+ 0% 3.85% 0% IC+ 0% 6.25% 0%

GC- 0% 5.89% 0% GC- 0% 7.70% 0% GC- 0% 6.25% 0%

GC+ 0% 0% 0% GC+ 0% 0% 0% GC+ 0% 0% 0%

Time
Positive 

field
Negative 

field
FDHM of 

TGE
Time

Positive 
field

Negative 
field

FDHM of 
TGE

Time
Positive 

field
Negative 

field
FDHM 

TGE

Total 0 30 0 Total 0 65 6 Total 0 221 31

IC- 0% 20% 0% IC- 0% 28% 98% IC- 0% 44% 65%

IC+ 0% 37% 0% IC+ 0% 31% 2% IC+ 0% 32% 23%

GC- 0% 40% 0% GC- 0% 34% 0% GC- 0% 19% 10%

GC+ 0% 3% 0% GC+ 0% 8% 0% GC+ 0% 5% 3%

-29.45 kV/m 2.55%

8%

20.09.11

10:08:34-
10:19:45

10:19:47-
10:40:30

10:22-10:28

21.05 kV/m

22.08.11

22:06-22:14 22:14-22:25 22:14-22:20

17.9 kV/m -29.95 kV/m

14.05kV/m -29.3kV/m 2.44%

24.05.11

-35.5 kV/m 21%

15.07.11

21:05-
21:23:45

21:23:46-
21:41:06

21:26-21:35

27.05.11

13:05-13:10 13:10-13:25 13:11-13:16

45 kV/m

13:17-13:26 13:26-13:40 13:29-13:38

22.15 kV/m -35.2 kV/m 3%

28.8 kV/m -28.8 kV/m 76%

Fraction of lightnings of different type 
within 3km

Fraction of lightnings of different typ
within 5km

Fraction of lightnings of different type 
within 1km

04.10.10

18:14-18:20 18:20-18:25 18:22-18:23

Event's date

Duration of 
positive field

Duration of 
negative field

FDHM of 
TGE

 
 

 
Figure 3. Fractions of lightning occurrences of different type
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TGE amplitude changes from 2.5 till 76%, FDHM is 
usually 4-9 minute, only once it falls to 1 minute for the 
super TGE at October 4, 2010.  

The circular diagrams (Figure 3 and 4) demonstrate the 
frequencies of lightning occurrences at positive and 
negative near-surface electric field. The pattern of 
frequencies is drastically different. If at positive field the 
share of 3 types of lightning occurrences (intracloud 
positive and negative and cloud-to-ground negative) is 
approximately equal, at negative field we detect strong 
suppression of CG- and IC+ lightning occurrences (positive 
cloud-to-ground lightning IC+ is rather a rare occasion). In 
the just vicinity of particle detectors we detect only IC- 
lightnings, with enlarging the radius around the detection 
site other types of lightnings occur; however their fraction 
was negligible, only once reaching 20% (IC+ type at 24 
May, 2011 in 3 km radius). The total number of lightning 
occurrences was very moderate within 1 km radius ranging 
from 3 to 30; confirming the results of the Tibet plateau 
lightning occurrences study (Qui et al., 2005) in 3 km 
radius the range is significantly larger: from 10 till 146 
during negative near-surface electric field. This founding 
supports resent results of the Japanese groups measuring 
the size of the radiation region within the thundercloud to 
be ~1 km (Tsuchiya, 2011, Torii, 2011). 

 
5. TGE EVENTS OF THE SECOND TYPE  

During the second type of the TGE events, see Figure 
5, the near-surface electric field gradually decreases from 
the near-zero value at 15:40 UT and remain in the negative 
domain near 40 minutes. At 16:10 – 16:22 UT particle flux 
reaches maximum of 8%, electric field peaks -28 kV/m at 
16:19 UT and simultaneously we observe highly enlarged 
lightning occurrences, see Figure 6, mostly of the IC- type, 
CG- lightning occurrences again were suppressed.  At 
16:24 UT abrupt reversal of the field occurred and positive 
field peaked on 24.2 kV/m at 16:26 UT.  The pattern of the 
lightning occurrences changed accordingly; see Figures and 
6 and 7. 

 
In Figures 6 and 7 were depicted the frequencies of 
lightning occurrences around the maximum of TGE and 
during positive near-surface electric field. As we see the 
second type of events is different from the first one.   
Around the time of maximal particle flux we detect the 

lightnings of all types, although the fraction of the IC- 
lightnings is again overwhelming. During positive near-
surface electric field we detect all types of lightnings 
including positive cloud-to-ground lightning (CG+) almost 
missing in type 1 events. 
 

 

We registered 3 events of the second type, see Table 2; the 
Table filling is the same as Table 1. Depend on distance 
fractions of lightnings changed insignificantly. In the 
vicinity of particle detectors we detect plenty IC- 
lightnings, with enlarging the radius other types of 
lightnings occur. All 3 TGE started during negative field; 
field strength is changing from -32 to -18 kV/m; duration 
range is 20-45 minutes. The range of the positive electric 
field is 12 – 25 kV/m, duration - 7-30 minutes. TGE 
amplitude changes from 2.8 till 8%, FDHM is changing 
from 7 till 9 minutes.  Very large numbers of lightnings 
were registered on September 24 2011; considerable 
fraction was registered in the minute of peak of the particle 
flux; most of them were IC-. The rain started during 
negative field and ended with TGE fading. On September 
25 2011 during negative field we registered a large number 
of IC- lightnings, however during positive field we did not 
register any lightning. This day the rain started during the 
positive field. On October 17 we have very few lightning 
occurrences. Naturally, numbers of lightnings of all types 
increased depending on the growth of the distance.  

 

 
Figure 7. Positive field duration is 16:22:47-16:53:36 UT; max 
value is 24.2kV/m at 16:26:48 UT. TGE ended at 16:22 UT. 

 
Figure 6. Fractions of lightning occurrences of different type in 
FDHM of TGE (16:11-16:20 UT ); negative field peaked -
28.65kV/m at 16:19:06 UT. 

 
Figure 5. TGE of the second type according to pattern of the electric 
field disturbances; the black curve shows changing electric field; red 
lines -  IC- lightning and blue CG- lightning occurrences within 3 km; 
the green curve - the time series of the particle flux minutely counts. 
Particle flux peaked at 8% above CR background .   
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6. TGE EVENTS OF THE THIRD TYPE 

During the third type of events, see Figure 8, the near-
surface electric field gradually decreases from the near-zero 
value at 22:00 UT and remain in the negative domain near 
20 minutes, peaking -26 kV/m at 22:12 and 22:15 UT; the 
particle flux starts to rise and peak at 3.6% at 22:13 UT. 
After the start of the rain the negative field very fast returns 
to near-zero value and consequently particle flux stopped. 

IC- lightning occurrences started at maximum of 
particle flux and continued till flux faded. CG- lightning 
occurrences were not detected; IC+ lightnings occurred 
within 3 km radius around the particle detector location, see 
Figure 9. 

 
The third type of TGEs differs from the others as 

lightnings were registered only during the particle flux. We 
detect 5 events of the third type, during some of them large 
number of lightnings were registered see Table 3.  

As we see in Error! Reference source not found. the 
value of the negative electric field varies from  -34.5 to -18  
kV/m, duration was - 25-55 minutes. TGE amplitude 
changes from 2.27 till 12%, FDHM of TGE varies from 4 
till 9 minutes. In two events we detected 100% IC- 
lightnings in 1 and 3 km radius. During the other events 
fraction of IC- lightnings predominate and lightning 
occurrences of CG- and IC+ were suppressed see Table 3. 

 

7. CONCLUSION 

Incorporation of the information on the changing 
particle fluxes measured during thunderstorms proves the 
model of LPCR as it was formulated in the points a) and b) 
of section 2.  LPCR and lower dipole are transient and local 
phenomena; LPCR is created during minutes, with 
consequent acceleration of electrons in lower dipole 
resulting in enlarged particle flux (TGE). Particle flux is a 
measure of the LPCR maturity; it reaches maximum at the 
largest LPCR size and decays on LPCR contracting fully 
agreeing with foundlings made in Tibet (Qui et al., 2005, 
2009).  The negative polarity signals that the LPCR is 
creating and with developing of LPCR the particle flux has 
consequently been rising; simultaneously mature LPCR 
prevents negative CG- flashes due to abundant lower 
positive charge making intraclaud IC- flashes preferable 
(see also Nag and Rakov, 2009).  The negative CG- 
discharges occurred in the late stage of the storm on the 
degradation of the LPCR when particle flux stopped. 
Therefore, scenarios a) and b) of the section 2 are enabled 
successively during one and the same 
thunderstorm. Aragats thunderstorm data also confirm 
founding from Tibetan thunderstorms that emerged LPCR 
did not cause positive CG+ flashes. The characteristic time 
scale of maturing the LPCR is ~10 minutes coinciding with 
estimates from thunderstorms at Tibet plateau. 

The technique of measuring particle fluxes 
simultaneously with near-surface electric field and 
lightning occurrences of different types first developed and 
used on Aragats allows following up the creation of the 
LPCR and its contraction. The maximal flux of gamma rays 
detected at the surface (and corresponding maximal flux of 
the electrons within the lower dipole) pointed at the 
maximal positive electric field in the cloud and, 
correspondingly on the maximal dimension and charge of 
the LPCR. The distance between the main negatively 
charged layer in the middle of a cloud and LPCR should be 
significantly larger to provide large potential drop 
necessary for the electron acceleration.   Fading of the 
gamma ray flux evidences the degradation of the LPCR. 
Measured particle flux along with registered lightning 
occurrences of the different type allows researching the fine 
structure of the thunderstorm, including the time evolution 
of the LPCR and ongoing processes of intracloud lightning 
initiation and electron avalanche propagation. 

In several events the particle fluxes (TGEs) precede 
lightning occurrences, thus demonstrating that downward 
moving streamer can use the conductive channel opened by 
the downward electron-gamma ray avalanche (see Smith et 
al., 2010); however for some of TGEs the frequency of 
lightning occurrences at maximal particle flux is very low 
signaling that in some circumstances the particle 
acceleration and IC- lightning occurrences can compete. 
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Figure  9. Fractions of lightning occurrences of different type in 
FDHM of TGE (16:11-16:20 UT ); negative field peaked -
28.65kV/m at 16:19:06 UT. 

Figure  8. TGE of the third type according to pattern of the electric 
field disturbances; the black curve shows changing electric field; red 
lines -  IC- occurrences within 3 km; the green curve - the time series of 
the particle flux minutely counts. Particle flux peaked at 3.6% above 
CR background . Rain was detected during 22:15-22:35 UT. 



 

46 

data transfer from the particle detectors to databases at 
CRD headquarters. Suren Chilingaryan tuned ADEI data 
visualization code for cosmic ray monitoring. Narine 

Khachatryan designed figures. To all of them authors 
express gratitude for fruitful collaboration. 

 

Table 3.  Selected third type of TGE event according to changing pattern of the near-surface electric field. 

Min value of 
electric field

Flux increase 
(percents)

Rain rate

Time
FDHM of 

TGE
Time

FDHM of 
TGE

Time
FDHM of 

TGE

Total 235 Total 1002 Total 1089

IC- 96.2% IC- 98.2% IC- 98.2%

IC+ 21.27% IC+ 1.3% IC+ 1.28%

GC- 1.07% GC- 0.4% GC- 0.37%

GC+ 0% GC+ 0.1% GC+ 0.18%

Time
FDHM of 

TGE
Time

FDHM of 
TGE

Time
FDHM of 

TGE

Total 6 Total 157 Total 266

IC- 50% IC- 92.4% IC- 93%

IC+ 0% IC+ 0.6% IC+ 1%

GC- 50% GC- 5.7% GC- 5%

GC+ 0% GC+ 1.3% GC+ 1%

Time
FDHM of 

TGE
Time

FDHM of 
TGE

Time
FDHM of 

TGE

Total 8 Total 50 Total 234

IC- 100% IC- 74% IC- 62%

IC+ 0% IC+ 26% IC+ 38%

GC- 0% GC- 0% GC- 0%

GC+ 0% GC+ 0% GC+ 0%

Time
FDHM of 

TGE
Time

FDHM of 
TGE

Time
FDHM of 

TGE

Total 103 Total 112 Total 115

IC- 100% IC- 100% IC- 99%

IC+ 0% IC+ 0% IC+ 1%

GC- 0% GC- 0% GC- 0%

GC+ 0% GC+ 0% GC+ 0%

Time
FDHM of 

TGE
Time

FDHM of 
TGE

Time
FDHM of 

TGE

Total 346 Total 503 Total 719

IC- 100% IC- 100% IC- 100%

IC+ 0% IC+ 0% IC+ 0%

GC- 0% GC- 0% GC- 0%

GC+ 0% GC+ 0% GC+ 0%

Rain 
duration

07.05.11

20:35-21:30 21:11-21:15 missing 
data

-34.5 kV/m 4.36%

Event's date

Duration of 
negative field

FDHM of TGE
Fraction of lightnings 

of different type 
within 1km

Fraction of lightnings 
of different type 

within 3km

Fraction of lightnings 
of different type 

within 5km

08.05.11

01:43-02:09 01:45-01:51 missing 
data

-32 kV/m 7.50%

10.07.11

21:56-22:20 22:10-22:15 22:15-
22:35

-26.05 kV/m 4.36%

13.10.11

11:24-11:50 11:32-11:39
short  time

-29.5 kV/m 12.00%

25.10.11

23:08-23:37 23:24-23:33
no rain

-18.55kV/m 2.27%
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