Astroparticle Physics 84 (2016) 107-114

journal homepage: www.elsevier.com/locate/astropartphys

Contents lists available at ScienceDirect

Astroparticle Physics

Effect of near-earth thunderstorms electric field on the intensity of

ground cosmic ray positrons/electrons in Tibet

CrossMark

X.X. Zhou*, X.J. Wang, D.H. Huang, H.Y. Jia

School of Physical Science and Technology, Southwest Jiaotong University, 111, Er Huan Lu Bei Yi Duan, Chengdu 610031, China

ARTICLE INFO

ABSTRACT

Article history:

Received 4 April 2016

Revised 8 July 2016

Accepted 11 August 2016
Available online 18 August 2016

Keywords:

Near-earth thunderstorms electric field
Cosmic rays

Extensive air showers

Monte Carlo simulations

ARGO-YB]

Monte Carlo simulations are performed to study the correlation between the ground cosmic ray intensity
and near-earth thunderstorms electric field at YB] (located at YangBaJing, Tibet, China, 4300 m a. s. L.).
The variations of the secondary cosmic ray intensity are found to be highly dependent on the strength
and polarity of the electric field. In negative fields and in positive fields greater than 600 V/cm, the total
number of ground comic ray positrons and electrons increases with increasing electric field strength. And
these values increase more obviously when involving a shower with lower primary energy or a higher
zenith angle. While in positive fields ranging from 0 to 600 V/cm, the total number of ground comic
ray positrons and electrons declines and the amplitude is up to 3.1% for vertical showers. A decrease of
intensity occurs in inclined showers within the range of 0—500 V/cm, which is accompanied by smaller
amplitudes. In this paper, the intensity changes are analyzed, especially concerning those decreasing phe-
nomena in positive electric fields. Our simulation results could be helpful in understanding the decreases
observed in some ground-based experiments (such as the Carpet air shower array and ARGO-YBJ), and
also be useful in understanding the acceleration mechanisms of secondary charged particles caused by
an atmospheric electric field.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The effect of thunderstorms electric field on the development
of cosmic ray air showers, especially on the intensity of secondary
cosmic rays, is one of the hottest topics in high-energy atmo-
spheric physics. During thunderstorms, the maximum strength of

For decades, many scientists have carried out a wide range of
ground-based experiments to detect the thunderstorm ground en-

hancement (TGE), a new high-ener: henomenon _originating in
the terrestrial atmosphere, trying to find high-energy electrons ac-
celerated by thunderstorms_electric field or_high-energy photons
radiated by bremsstrahlung. The intensity enhancements of ground

electric fields has been found in the range of 850—1300V/cm [1],
or even up to 2000V/cm [23]. In such strong fields, by acceler-
ating or decelerating the charged particles in extensive air show-
ers, the intensity of secondary cosmic rays could be influenced.
It was first suggested by Wilson [4] in 1924 that the strong elec-
tric field during thunderstorms might result in an observable effect
on a secondary electron, which has tiny mass. In 1992, Gurevich
et al. [5] suggested an avalanche-type increase of the number of
runaway electrons could lead to a new type of electric breakdown
of gases in the atmosphere. They developed the theory of run-
away breakdown (RB), now mostly referred to as relativistic run-
away electron avalanche (RREA) [6]. Marshall et al. [3,7], Dwyer
[8] and Symbalisty et al. [9] studied the strength of threshold field
necessary for an avalanche to occur, which is strongly dependent
on the altitude.
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cosmic rays have been detected by high altitude experiments, such
as the Carpet air shower array [10,11], EAS-TOP [12], ASEC [13-17]
and ASy [18]. Their results indicated that the increases were asso-
ciated with the electric field and the RREA process could be re-
sponsible for huge TGEs. Tsuchiya et al. [18-20] and Torii et al.
[21-22] provided clear evidence that strong electric fields can ac-
celerate electrons beyond a few tens of MeV.

It is well known that the strong electric discharges associated
with thunderstorms can produce terrestrial gamma-ray flash (TGF).
For years, thousands of TGFs have been detected by satellite-based
experiments, such as AGILE [23] and Fermi-GBM [24]. The light-
ning initiation and correlations with thunderstorms have also been
studied in details [16,25-29].

To discover more valuable information, a few simulations have
been done to study the intensity and energy changes of secondary
particles during thunderstorms [17,30-32]. Buitink et al. [33] have
modified the CORSIKA code and performed simulations to calculate
the effect of an electric field on the development of proton show-

ers with energies more than 10'® eV. Their results showed that the
RREA might occur at high altitudes.
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From the experimental observations and simulation results
above, it seems that these enhancements of secondary particles
during thunderstorms are correlated with the electric field and the
RREA will occur under certain conditions. However, the accelera-
tion mechanisms of secondary charged particles caused by atmo-
spheric electric field still remain unresolved.

In 2011, the AGILE team found that the TGF emission above 10
MeV had a significant power-law spectrum with energies up to 100
MeV [34]. These results posed a big challenge for the widely ac-
cepted TGF model based on the RREA mechanism.

It is clear now that intensity decreases for the hard compo-
nent of cosmic rays are associated with thunderstorms electric
field. Chilingarian et al. [15] found a deficit of ~6.0% in the flux of
muons with energies greater than 200 MeV during thunderstorms.
By analyzing the data from the Carpet air shower array, Alexeenko
et al. [11] studied the effects of thunderstorms electric field on the
soft and hard components of cosmic rays separately. The net ef-
fect is a decreasing intensity for the hard component (muons) and
an increasing intensity for the soft component (electrons). Interest-
ingly, a negative correlation of variations between the electric field
and the soft component intensity was reported in the same pa-
per. That is to say, the intensity of the soft component decreased
in a certain range of positive fields. The study suggested that the
reason for this decreasing phenomenon was the poor separation of
the soft and hard components. Is the soft component intensity de-
crease related to thunderstorms electric field or poor separation of
the components?

The intensity changes of ground cosmic rays were detected by
the ARGO-YB] experiment, which is connected to two independent
data acquisition systems, corresponding to the shower and scaler
operation modes. The total counts of charged particles, namely
multiplicity (n), are measured every 0.5s in scaler mode. There
are four independent channels to record the counting rates re-
ferred to n > 1, 2, 3, 4, respectively. More details about the ARGO-
YBJ detector can be found elsewhere [35]. During thunderstorms,
the increases for channel n=1 or n=2 are detected. But if n=3
or n > 4, the counting rates do not obviously change or even
decline [36-38]. The intensity decreases cannot be explained by
the RREA mechanism. Are these decreasing phenomena associated
with thunderstorms electric field? Moreover, what is the accelera-
tion mechanism for them?

Because of the unknown strength and structure of thunder-
storms electric field, there are numerous problems regarding the
processes of high-energy particle interactions in the atmosphere
that remain unsolved to this today. In order to learn more about
the acceleration mechanism and the intensity change, more theo-
retical, experimental and careful simulation results are needed.

In this work, we perform Monte Carlo simulations by using
CORSIKA to study the effect of a near-earth electric field on the
intensity of ground cosmic ray positrons/electrons at YB]. Using
these simulations, we then try to analyze the cause of the de-
creasing phenomena for soft components. This paper is organized
as follows: The simulation parameters are introduced in Section 2.
The simulation results of vertical and inclined proton showers with
several different primary energies are shown in Section 3. The dis-
cussions are presented in Section 4. The conclusions are given in
Section 5.

2. Simulation parameters

CORSIKA (COsmic Ray SImulations for KAscade) is a detailed
Monte Carlo program used to study the evolution and properties
of extensive air showers in the atmosphere [39]. In our simulation
work, we use the code of CORSIKA 7.3700, its subroutine ELECTR
has been extended to account for the effect of atmospheric elec-
tric fields on the transport of electromagnetic particles. The ex-

tension follows the programming procedure emf_macros.mortran,
which was developed by Bielajew [40]. The selected hadronic in-
teraction model is QGSJETII-04 for high energy and GHEISHA for
low energy.

Previous studies have shown that the atmospheric electric field
distributed roughly within the altitude scope of 4—12 km during
thunderstorms [41]. Because charged secondary particles will lose
their energies quickly through radiation and ionization, the ef-
fect on the intensity of charged particles can be neglected in the
electric field, which is far from detectors. More details can be
found elsewhere [42]. In our simulations, the electric field length
is 2000m, from an altitude of 6300-4300m (corresponding to
the atmospheric depth 484—606 g/cm?). From the data detected
by two electric field mills (Boltek EFM-100) which are installed
on the roof of ARGO-YBJ building, we found that the strength
of near-earth thunderstorms electric field at YBJ is mostly within
1000 V/cm [43]. In our work, the uniform electric field ranges from
-1000 to 1000 V/cm. Here, we define the positive electric field as
one that accelerates positrons downward in the direction of the
earth.

According to the energy threshold of the ARGO-YB] detector,
which is a few tens of GeV in scaler mode and a few hundreds of
GeV in shower mode [35], proton showers with three typical ener-
gies of 30, 100 and 770 GeV are chosen as the primary particles in
this work.

Since positrons and electrons predominate in the secondary
charged particles of cosmic rays, and the hadronic and muonic
parts of the shower are hardly affected, the effects of the electric
field on positrons and electrons are properly taken into account in
our work. In view of the acceleration of the field, the energy cutoff
is set to 0.1 MeV, below which value positrons and electrons are
discarded from the simulation.

To minimize the fluctuations from shower to shower, we use
the same line just like the paper [33]. The differences derived from
the first interactions are predominated for extensive air showers.
INTTEST option in CORSIKA was selected to simulate the first in-
teraction. All secondary particles after the first interactions were
listed in a file, which can be used as an input stack for CORSIKA
using the STACKIN option. In this work, we use INTTEST option to
make ten thousand shower simulations for vertical and inclined
showers with primary energy 30, 100 and 770 GeV. The shower
with a large number of secondary particles in the first interaction
and a fairly typical longitudinal shower profile was selected. Then
we use the selected shower as the input of STACKIN option to gen-
erate 2 x 10 showers with different random seeds. This will pro-
duce much smaller variations.

3. Simulation results

When a primary cosmic ray enters the atmosphere, it will pro-
duce a large number of secondary particles via the hadron and
electromagnetic cascades. These particles are distributed in a range
many kilometers wide. This phenomenon is called extensive air
shower (EAS). The total number of secondary particles, which are
produced in an EAS at a particular level in the atmosphere, is
called the shower size. In this paper, we only consider the effect
of an electric field on positrons and electrons. The shower size is
defined as the total number of positrons and electrons.

3.1. Vertical showers with primary energy 100 GeV

The electric fields are chosen as a series of values in the
range of -1000—1000 V/cm. The correlations between the number
of positrons/electrons and the near-earth electric field are simu-
lated. Fig. 1 shows the percent change of the average number of
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Fig. 1. Percent change of the average number of positrons, electrons and sum of
both as a function of electric field at YB] (The illustration is the enlarged view of
the total number in reducing range).
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Fig. 2. Percent change of the total number of positrons and electrons as a function
of atmospheric depth in 400, 600 and 700 V/cm.

positrons, electrons and the sum of both in different electric fields
at YBJ.

As shown in Fig. 1, when the electric field is negative (accel-
erating electrons), the number of electrons (Ne.) increases, while
the number of positrons (Ne,) decreases. The shower size (to-
tal number of positrons and electrons) increases as the electric
field strength increases, and the amplitude enhancement is up to
66.5% in an electric field of -1000V/cm. When the field is pos-
itive (accelerating positrons), the number of electrons decreases,
while the number of positrons increases. In positive fields greater
than 600 V/cm, the shower size increases as the field strength in-
creases, and the amplitude is lower than 14.3% in an electric field
of 1000 V/cm. The amplitude of the enhancement is much lower
than that in a negative field of the same strength. In the range
of 0—600V/cm, the shower size declines and the maximum am-
plitude is about 3.1%. From Fig. 1, for proton showers with pri-
mary energy 100 GeV, the shower size is enlarged in all negative
fields and positive fields greater than 600 V/cm; while in positive
fields less than 600 V/cm, the shower size is reduced. That is to say,
within the range of 0—600 V/cm, the number of lower shower size
is increased and the number of larger shower size is decreased,
which results in the decrease of the average shower size.

Fig. 2 shows the percent change of the average shower size
as a function of atmospheric depth in several positive electric
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Electric field (V/cm)

Fig. 3. Percent change of the total number of positrons and electrons as a function
of electric field for primary energies of 30, 100 and 770 GeV at YB]J.

fields. When the field is switched on from an altitude of 6300 m
(~484 g/cm?) to 4300m (~606g/cm?), the shower size drops
steeply and the degree of decline reaches up to 3.9%, which is
mostly due to more low energy electrons losing their energies to
be below the detection threshold in positive fields. Soon, it in-
creases with an increasing atmospheric depth. At YBJ, the shower
size is increased in 700 V/cm. While the shower size does not show
any significant change in 600 V/cm, it is obviously decreased in
400 V/cm.

3.2. Vertical showers with primary energies of 30, 100 and 770 GeV

This work simulated vertical proton showers with primary en-
ergies of 30, 100 and 770 GeV. In Fig. 3, the percent change of the
average shower size is plotted as a function of electric field for
several shower energies at YB]. The black solid circle data points
correspond to a primary energy of 30GeV, the red hollow circle
points for 100 GeV and the blue solid triangle points for 770 GeV.

As we can see from Fig. 3, in negative fields or in positive fields
greater than 600 V/cm, the intensities increase and the amplitude
enhancements are larger for showers with lower primary energies.
In the 0-600V/cm range, apparent declines of the total number
can be seen for all these different primary energy showers. The
differences of the amplitude changes for 30, 100 and 770 GeV are
not obvious.

3.3. Inclined showers with primary energy 100 GeV

Fig. 4 shows the results of inclined (with zenith angles of 30
and 60°) proton showers with a primary energy of 100 GeV in dif-
ferent fields at YBJ]. The red hollow circle points correspond to
showers with a 30° angle and the blue solid triangle points for
60°. Here, vertical showers (black solid circle points) are plotted
for reference. As shown in the figure, decreasing phenomena oc-
cur in positive fields less than 500 V/cm and the maximum ampli-
tude is about 1.7%, which is smaller than that of the vertical show-
ers. In negative fields and in positive fields greater than 500 V/cm,
intensities increase with an increasing field strength and zenith
angle. We can see that the effects of positive/negative fields on
positrons/electrons of inclined showers are stronger, especially for
those with a 60° angle. For other results (such as the longitudi-
nal development) concerning inclined showers, please refer to the
report by Buitink et al. [33].
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Fig. 4. Percent change of the total number of electrons and positrons as a function
of electric field for vertical and inclined showers at YBJ.
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3.4. Positrons/electrons distributions for different showers

From our simulation results, we can see that intensity changes
of ground cosmic ray positrons/electrons are associated with near-
earth thunderstorms electric fields. The degree of intensity in-
crease or decrease is dependent on the polarity and strength of the
particular electric field, as well as the primary energy and zenith
angle of the shower. We will analyze the electric field effects on
the intensity changes especially on the decreasing phenomena as
follows: the ratio of electrons to positrons, the energy of positrons
and electrons, and the energy and the zenith angle of the primary
shower. In the following analyses, if not otherwise specified, all re-
sults are for vertical showers with a primary energy of 100 GeV.

3.4.1. The ratio of electrons to positrons

It is well known that the number of positrons is less than
that of electrons in cosmic rays for the asymmetry of mechanism,
including Compton scattering, positron annihilation and photo-
electric effects. Fig. 5 shows the percent of positrons and elec-
trons in the total number as a function of atmospheric depth in
absence of an electric field. From our simulation results, we can
clearly see that the percentage of positrons decreases as the atmo-
spheric depth increases, while it increases for electrons. For exam-
ple, at 100 g/cm?2, the number of electrons is about 1.5 times of
that of positrons; at YBJ (606 g/cm?), the value is up to more than
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Fig. 6. Ratios of electrons to positrons as a function of electric field at YBJ.
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Fig. 7. Percent distributions of electrons and positrons as a function of energy at
6300 m.

1.8. The reason is mostly that the Compton scattering and photo-
electric effects will increase as the atmospheric depth increases.

Fig. 6 shows ratios of electrons to positrons (Ne-/N+) in differ-
ent electric fields at YBJ. In negative fields, the number of electrons
is much greater than that of positrons, the ratio is more than 1.8
and the value increases with increasing field strength. In positive
fields, positrons are accelerated and low energy positrons gain suf-
ficient energy to be above the detection threshold, and the ratio
declines as the field strength increases. In positive fields greater
than 600V/cm, the ratio is less than 1.0 (< 0.75 in 1000 V/cm),
which means that positrons outnumber electrons. But in positive
fields less than 600 V/cm, the ratio is larger than 1.0, which means
that the number of positrons is still less than that of electrons. The
number of electrons decreases faster than the number of positrons
increase in these fields. This factor ultimately leads to a deficit in
total number of positrons and electrons in positive fields less than
600 V/cm.

3.4.2. The energy of positrons and electrons

Fig. 7 shows energy distributions of positrons and electrons at
6300 m in absence of an electric field. In low energy regions, be-
tween 1-12 MeV, the proportion of electrons, which is the ratio
of electrons in a certain energy region to the total number of elec-
trons, is much larger than that of positrons. But the situation is re-
versed in higher energy regions. Positrons with energies above 12
MeV become more dominant than that of electrons. For example,
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there are 71.7% positrons but only 51.7% electrons with energies
more than 12 MeV.

It is well known that the slowing-down force of positron/
electron in the atmosphere varies with its energy. According to
the theory of Bethe [44], if the energy of positron/electron is
more than ~1 MeV [45], the drag force increases as the en-
ergy increases. In electric field, the equilibrium energy (U) [33] of
positron/electron can be expressed by U(X) = qu—OXO where X is
the atmospheric depth with unit g/cm?2, X0 (~36.7 g/cm?) is the ra-
diation length for electron/positron in air, Z0 (~8.4 km) is the scale
height, and E is the electric field. Particles below equilibrium en-
ergy are accelerated. Radiation losses are dominated for particles
above this energy. At the same altitude, the equilibrium energy is
higher in stronger fields. For example, at an altitude of 6300 m, the
equilibrium energy is about 19.3 MeV in 300 V/cm and 64.2 MeV
in 1000 V/cm. From Fig. 7, it can be seen that there are about 59.8%
electrons and only 40.9% positrons, which can be accelerated in the
field strength of 300 V/cm at 6300 m. It shows that electrons with
lower energies are easier to be affected in the same strength field.
This factor also leads to a deficit in the total number of positrons
and electrons in positive fields.

Fig. 8 shows the number change of positrons, electrons and
the sum of both as a function of energy in 300V/cm at YB].
When energies are below equilibrium energy, which is less than
19.3 MeV at an altitude lower than 6300 m in 300 V/cm, the num-
ber of positrons and electrons changes noticeably. In low energy
regions, the increased number of positrons is clearly smaller than
the decreased number of electrons. In energies above 12 MeV, the
proportions of positrons are larger than that of electrons from
Fig. 7, and the total number increases insignificantly. As a result,
a decline occurs in 300 V/cm.

Fig. 9 shows the energy distributions of positrons and elec-
trons at YBJ in electric fields of 300 and 1000 V/cm. Solid lines
correspond to positrons and dashed lines correspond to electrons.
The red thin lines stand for 300V/cm and blue bold lines stand
for 1000V/cm. As seen in Fig. 9, there are still more positrons
with higher energies than that of electrons, and the energies of
positrons in 300 V/cm are clearly higher than that in 1000 V/cm.
That is to say, more low energy positrons are generated by pair
production in 1000V/cm. Considering the ratio of electrons to
positrons and the equilibrium energy, 18.0% of the total particles
can be accelerated and 35.4% can be decelerated in 300V/cm;
while in 1000 V/cm, the values vary from 47.5% to 36.6%. It is easy
to understand why a decrease occurs in 300V/cm while an in-
crease occurs in 1000 V/cm.

E=300V/cm and E=1000V/cm at 4300m
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Fig. 9. Percent distributions of positrons and electrons as a function of energy at
YBJ in 300 and 1000 V/cm, respectively.

From the analyses above, we know that the number of electrons
is greater than that of positrons and there are higher proportions
of positrons with larger energies than that of electrons. In certain
positive fields, the increase of positrons cannot be compensated by
the decrease of electrons, and so an obvious decline in the total
number of positrons and electrons occurs.

3.4.3. Primary energy and zenith angle of the shower

In order to understand more about the relations between the
intensity changes and the primary energies of showers, we ana-
lyze the energy and number distributions of positrons and elec-
trons. Fig. 10(a) shows the energy distributions for showers with
30, 100 and 770 GeV at an altitude of 6300 m. We can see there
are more positrons and electrons with larger energies for higher
primary energy showers. Fig. 10(b) shows the ratios of electrons to
positrons as a function of atmospheric depth in the absence of an
electric field. There are more positrons for higher primary energy
showers. The reason is mostly that the effect of pair production
exceeds the Compton scattering for higher energy showers.

For higher primary energy showers, because of higher en-
ergies of positrons/electrons, the effect of the electric field on
positrons/electrons is weaker, and the increase in shower size
is smaller in negative fields and in positive fields greater than
600V/cm. In positive fields less than 600V/cm, the size of the
shower with higher primary energy could be easily enlarged for
the lower ratio of electrons to positrons, but it is more difficult to
accelerate the positrons with higher energies. Because of the con-
tradictory effects of these two factors, the differences of intensity
changes are not obvious in the 0-600 V/cm range.

Fig. 11(a) and (b) show the energy distributions and ratios of
electrons to positrons for vertical and inclined showers. As for the
inclined shower, we only show the results of those with a 60°
zenith angle. From the two figures, we can see that the energies
and ratios of inclined showers are lower than vertical showers at
YBJ. Furthermore, because of the larger atmospheric length for in-
clined showers, the atmosphere is less dense in the same step
length (distance to next interaction). The energy loss due to col-
lisions in low density is smaller and acceleration in the electric
field is thus more efficient. The effect of the electric field on the
intensity change is stronger for shower with a higher zenith angle.

4. Discussions

During an actual thunderstorm, the strength of electric field
fluctuates violently and the polarity can change multiple times. For
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Fig. 10. (top) Percent distributions of electrons and positrons as a function of
energy for different primary energies at 6300 m. (bottom) Ratios of electrons to
positrons as a function of atmospheric depth for several primary energies in E=0.

the violent nature, the measurements of the thunderstorm elec-
tric fields are difficult to perform. In this work, the electric fields
are regarded as homogeneous, which will certainly bring some de-
viations with the realistic situation. But such simplification could
easily clarify the effect of the thunderstorms electric field on the
secondary charged particle.

The energy cutoff (0.1 MeV) for positions and electrons is
selected for CORSIKA simulation. That means the energy below
0.1 MeV, positions and electrons are discarded before they may be
accelerated to higher energies by the electric field. The energy cut-
off setting will weaken the effect of the electric field in our simu-
lations.

It has been found by Marshall [7] that the breakeven field
strength (Egg) for the energy loss due to collisions is equal to
the energy gain in the electric field, which can be expressed by
Ege = E;jp_gpe%/84. Dwyer [8] and Symbalisty et al. [9] have stud-
ied the threshold field strength (Egg) for the development of a
runaway breakdown process, which can be expressed by Egg =
Eyp_gge~%/34). Here Z is the height above sea level (the unit is km),
E¢_pgis about 2020 V/cm at sea level, E;_gp is about 2800 V/cm
at sea level. The strength of breakeven field and threshold field
are strongly dependent on the altitude. At 6.3 km, Egg is about
950V/cm and Egg is about 1300V/cm. According to the RREA
mechanism, the breakdown effect occurs when the field strength
is higher than threshold field. While the strength is less than
breakeven field, no breakdown effects are expected. From Fig. 1,
we can see the number of electrons and positrons increases obvi-
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Fig. 11. (top) Percent distributions of electrons and positrons as a function of en-
ergy with zenith angles of 0 and 60° at 6300 m. (bottom) Ratios of electrons to
positrons as a function of atmospheric depth with zenith angles of 0 and 60° in
E=0.

ously when the field is greater than Egg. More detailed discussions
of electric field effects about the RREA, please refer to our another
paper [43].

Many thunderstorm ground enhancements (TGEs) have been
detected by some air shower experiments (such as EAS-TOP, ASEC
and ASy) [12-18]. From our simulation results, these increas-
ing phenomena can be partly explained by the effects of nega-
tive fields and a certain range of positive fields on the secondary
positrons and electrons.

The decreases of ground cosmic rays have been observed by
some high altitude experiments. For soft component, a negative
correlation during thunderstorms has been detected by the Carpet
air shower array (located at Baksan Valley, North Caucasus, 1700 m
a. s. 1) [11]. That is to say, in a certain range of electric fields,
an increase in negative fields and a decrease in positive fields
occurred. In ARGO-YB] experiment (located at Tibet, China, 4300 m
a. s. L), an increase of the count rate for channel with lower
multiplicity and a decrease for channel with higher multiplicity
were observed [36-38]. Comparing with the results obtained from
our simulations, there are some similarities, such as the increases
or decreases in a certain range of electric fields; while some differ-
ences appear, such as the amplitude of the intensity variation and
the range of the electric field accompanied with the decline. There
are more factors should be taken into account in this simulation,
such as the primary energy spectrum, the response of detector, the
detection threshold of particle energy and so on. The simulation
results in this paper are not able to describe all the observed
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phenomenology. But, these results could be helpful in under-
standing the decreasing phenomena observed in ground-based
experiments.

5. Conclusions

Monte Carlo simulations are performed with CORSIKA 7.3700
packages to study the intensity change of ground cosmic rays in
near-earth thunderstorms electric fields. We conduct simulations
for vertical and inclined (with zenith angles of 30 and 60°) pro-
ton showers with primary energies of 30, 100 and 770 GeV. The
electric fields are chosen as a series of values in the range of —
1000—1000V/cm, and the length of the fields is 2 km from 6300 m
to 4300 m.

The total number of positrons and electrons will increase or de-
crease in different electric fields. In a negative field, the shower
size increases as the field strength increases. The amplitude en-
hancement is up to 66.5% in —-1000 V/cm. In the positive field, the
number of positrons continues to increase while the number of
electrons continues to decrease. If the positive field is greater than
600 V/cm, the positrons outnumber the electrons at YBJ, and the
shower size increases as the field strength increases. The ampli-
tude enhancement is about 14.3% in 1000 V/cm. If the positive field
is less than 600 V/cm, the number of electrons remains more than
that of positrons. The shower size decreases due to the increase in
the number of positrons being less than the decrease in the num-
ber of electrons. A certain degree of decline (3.1%) occurs at YBJ
in our simulations. The decreases also occur in different primary
energy showers and inclined showers. There are two main factors
that may be considered for the decreasing phenomenon. First, the
number of positrons is less than that of electrons because of the
asymmetry of mechanism. Secondly, the electric field has more ob-
vious effects on electrons which have smaller energies than that of
positrons.

In 2002, Alexeenko et al. reported that the intensity declines for
the soft component of cosmic rays were observed in the Carpet air
shower array. During thunderstorms, the decreases of event rates
were detected by the ARGO-YB] experiment. In our simulations,
the decreasing phenomena also occur in a certain range of positive
fields. Accordingly, we believe the intensity decline of ground cos-
mic rays, which was detected in mountain top experiments, is re-
ally related to the near-earth thunderstorms electric field to some
extent. Our simulation results are useful in understanding the ob-
served decreasing phenomenon and give more information about
the acceleration mechanism.
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