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Abstract. During three summer months in 2015, the 
Cosmic Ray (CR) station Irkutsk-3000, located at 3000 
m above sea level, measured the CR neutron component 
intensity with the 6NM64 neutron monitor, as well as 
the atmospheric electric field strength and the level of 
electromagnetic interference during lightning discharg-
es. It is shown that the level of electromagnetic interfer-

ence, when registered during lightning discharges, de-
pends considerably on the fixed level of signal discrimi-
nation. During observations, we observed no effects of 
thunderstorm discharges at the neutron monitor count 
rate at the CR station Irkutsk-3000. 
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INTRODUCTION 

A statistically significant increase in the neutron de-

tector count rate during periods of thunderstorm activity 

in the course of the three-year experiment at an altitude 

of 2743 m was first reported by Shah et al. [1985]. In 

this experiment, neutrons were detected by counters 

with BF3, surrounded by a polyethylene layer as a mod-

erator. Changes in the electric field associated with 

lightning discharges were recorded using a linear anten-

na. Enoto et al. [2017] have shown that during a light-

ning discharge the bremsstrahlung radiation of relativ-

istic electrons can initiate photonuclear reactions that 

produce neutrons. The possibility of generating neutrons 

produced by a lightning discharge is also discussed by Ba-

bich et al. [2013]. The authors attribute the enhancement of 

the neutron flux in thunderclouds and during thunder-

storms to photonuclear reactions due to the bremsstrahlung 

radiation of avalanches of runaway high-energy electrons 

arising in a thunderstorm electric field. Babich et al. [2013] 

note that an increase in the neutron detector count rate in 

the thunderstorm atmosphere can be caused by any pene-

trating radiation generated in the atmosphere. At the same 

time, there are studies in which such neutrons were not 

detected [Alekseenko et al., 2015; Makhmutov et al., 2017; 

Chilingaryan, 2017]. 

Recently, experiments have been conducted to meas-

ure the neutron intensity during periods of thunderstorm 

activity. These studies were carried out at the Tien Shan 

mountain cosmic-ray station (3340 m altitude) with a 

complex Thunderstorm in 2004–2005 [Antonova et al., 

2008]. The neutron component was recorded with the 

standard neutron monitor 18NM64 (the count rate of or-

der of 5·10
6
 pulse/hr). 

Near Yakutsk in the Tuymaada valley, Starodubtsev 

et al. [2012] have examined short-term neutron bursts 

during thunderstorms, using a synchronized complex of 

instruments with different time resolution, the main of 

which was the neutron monitor 24NM64 (105 m alti-

tude). They used 1-min resolution data corrected for 

pressure. The study of the dependence of the neutron 

monitor count rate on the atmospheric surface electric 

field strength during lightning discharges has shown that 

short-term neutron bursts are recorded when the threshold 

electric field strength on average exceeds –16 kV·m
–1

, the 

burst amplitude increasing with field strength. 

During the experiment in the Tuymaada valley, statisti-

cally significant neutron bursts were observed in 9 power-

ful thunderstorms of 39 events. 

The authors associate the results obtained in these 

experiments with the additional neutron flux produced 

by lightning discharges. 

Authors of the studies that describe experiments con-

ducted at the cosmic-ray (CR) stations located in the per-

mafrost zone and in high mountains do not discuss mecha-

nisms of neutron production in lightning discharges and 

their propagation in the atmosphere. It is doubtful whether 

the authors postulate a possible multiple enhancement of 

the neutron flux in lightning discharges and their propaga-

tion to the observation point. For example, in the experi-

ment in the Tuymaada valley, the distance between the 

point of lightning stroke to the hill summit and the site of 

CR detection was ~7 km, i.e. 2–3 neutron free paths. It 

should be appreciated that the neutron monitor that detects 

the CR neutron component has a very narrow antenna pat-

tern (~cos 
6
(θ)). Therefore, we think that the neutrons pro-

duced outside an observation point cannot make a signifi-

cant contribution to the neutron monitor count rate. 

We have carried out an experiment on recording the 

CR neutron component intensity at an altitude of 3000 m 

during thunderstorm activity. 

In this paper, we present the results of simultaneous 

measurements of neutron count rates by the neutron mo- 

nitor, atmospheric electric field, and electromagnetic 

interference during lightning discharges at the mountain 

CR station Irkutsk-3000 (at 3000 m). 
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DATA AND EQUIPMENT 

The analysis is based on 1-min CR intensity data 

corrected for pressure, which have been obtained by the 

neutron monitor 6NM64 installed at an altitude of 3000 m. 

The 6NM64 count rate is ~25·10
3
 pulse/min, the statis-

tical accuracy of the 1-min data is ~0.7 %; of one coun-

ter, ~1.4 %. The neutron component intensity is record-

ed using PCI-1780 recorders. The amplifier-

discriminator consists of two components: a linear am-

plifier with a current input operating in the current–

voltage conversion mode, and a threshold device with 

different levels of discrimination (at the level 0.4~0.5 V). 

The amplifier–discriminator input is connected to a two-

meter wire of the counter. This wire serves as an anten-

na for receiving electromagnetic emission of a thunder-

storm if the counter body performing the role of the 

screen (for the antenna) is poorly grounded (when the 

station ground resistance is great). The CR station uses a 

connection diagram with a grounded cathode (high volt-

age is applied to the wire, the body is grounded) and 

with signal transmission to the amplifier through a high-

voltage blocking capacitor. 

As an electromagnetic interference (EMI) receiver we 
utilize the counter SNM-15 with gas removed and with 
electric power supply voltage. The method of detecting 

electromagnetic interference with an “empty” counter 

was first experimentally tested at the CR station Irkutsk-

3000 in the 1980s [Kozlov, Yanchukovsky, 1987; Yan-

chukovsky, Kozlov, 1988]. EMI signals with different lev-

els of discrimination (discrimination threshold 1 is set at a 

level of 0 V; threshold discrimination 2, at 0.2 V) are cal-

culated in individual channels of the recorder. The thresh-

olds were selected according to discriminatory curves of 

the neutron counter [Kozlov, Yanchukovsky, 1987].  

The atmospheric electric field strength was meas-

ured using an electrostatic fluxmeter designed and 

manufactured in the design office of the ISTP SB 

RAS research-and-development shop [Aleshkov, Mo-

lodykh, 2012]. It has the following characteristics:  

 measurement range is from –30 000 to +30 000 V; 

 accuracy is ±50 V; 

 shielding plate revolution is 3000 rev/min. 
The amplifier operated in the differential measurement 

mode to avoid electromagnetic interference; the phase de-
tector was made using an optocoupler to determine the 
potential gradient sign. We processed 1-s data. 

 

RESULTS AND CONCLUSIONS 

Figures 1–4 plot neutron count rates (a) and electro-
magnetic interference (b, c) recorded by an amplifier with 
different discrimination thresholds (0.2 V and 0 V), as well 
as electric field strength for June 14, 15, 22, 25, 2015 (d). 

 

Figure 1. Neutron count rates (a) and electromagnetic interference level when recorded with different discrimination thresh-

olds of amplifiers 0.2 V (b) and 0 V (c) respectively; electric field strength according to data from the fluxmeter installed in the 

CR station Irkutsk-3000 (d) for June 14, 2015 
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Figure 2. The same as in Figure 1 for June 15, 2015 

 

Figure 3. Neutron count rates (a) and electromagnetic interference level when recorded with different discrimination thresholds 

of amplifiers 0.2 V (b) and 0 V (c) respectively; electric field strength according to data from the fluxmeter installed in the CR sta-

tion  Irkutsk-3000 (d) for June 22, 2015 
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Figure 4. The same as in Figure 3 for June 25, 2015 

 
The level of electromagnetic interference when rec-

orded during lightning discharges is shown to depend 
largely on a fixed level of signal discrimination. Thus, 
the number of electromagnetic interference recorded at 
the discrimination level of 0.2 V is smaller 5–10 times 
than that at 0 V, and the number of interference at 0.2 V 
in all the above lightning events does not exceed the 
statistical error in identifying useful information. 

When analyzing data on the neutron monitor count rate 
at the CR station Irkutsk-3000 at a 0.4 V discrimination 
level chosen for regular measurements within the statistical 
accuracy, we observed no increases in the count rate during 
lightning discharges. 

The short-term increases in the number of pulses 
recorded during lightning discharges [Shah et al., 1985; 
Antonova et al., 2008; Starodubtsev et al., 2012] must 
have been caused by the contribution of electromagnetic 
interference to the neutron count rate of monitors. To 
ensure protection from EMI requires us to improve the 
interference resistance of CR stations and follow re- 
quirements for ground connection. Our study has shown 
that EMI occurring during thunderstorms had no effect 
on recording equipment of the CR station Irkutsk-3000. 
We have observed that the neutron monitor is made so 
that it cannot detect the neutrons that appear far from 
the place of their detection, as well as particles from 
surrounding objects. We do not know the mechanism of 
acceleration of nucleons to relativistic energies in thun-
derstorm electric fields so that they can have 2–3 free 
paths and produce neutrons that can reach the point of 
their recording.  

The work was performed with budgetary funding of 

Basic Research program II.16. The results were ob-

tained using the equipment of Center for Common Use 

«Angara» [http://ckp-rf.ru/ckp/3056] and the Unique 

Research Facility Russian National Ground Network of 

Cosmic Ray Stations (CRS Network). 
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