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Abstract: On results of registration of short-term neutron bursts during 12 thunderstorms observed in 2012 in
Yakutsk is informed. The data of neutronmonitor and electrostatic fluxmeter arranged in one place of observation,
are used. Experiments carried out by us on registration of 60 thunderstorms during 2009-2012 showed that
because of orographic peculiarities of the locality, lightnings fall , mainly, either along a coastal line of the river
Lena, or along the edge of terrace bordering the Tuymaada valley where Yakutsk is situated. In 2012 during 9
thunderstormswe registered the neutron bursts at a distance of 3÷6 km from point of impact of lightning into the
ground. In this case, the height of low edge of thunderstorm clouds was 0.9÷1.5 km. It is shown that short-term
(less than 5 min) bursts of neutrons with the amplitude up to 35% from the level of background are connected
both with negative and positive lightning discharges. It is found that short-term neutron bursts during lightnings
are registered when jumping the electric field exceeding the value of 2.5 kV/m.
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1 Introduction
For the first time it was informed on the observation of
short-term neutron bursts during thunderstorm discharges
in [1]. Hereinafter, this phenomenon has been repeated-
ly confirmed by various experiments (see the review [2]
and references in it). Later, for the purpose of establishing
of possible physical mechanism responsible for this phe-
nomenon, theoretical studies have been carried out. How-
ever, up to the present the nature of this phenomenon has
not yet conclusively established [3, 4]. It is significan-
t that these experiments have been carried out by mean-
s of the detectors installed at major heights in mountains
[3, 5, 6, 7], i.e. they have been carried out under conditions
when installations are practically at the same level as thun-
derstorm clouds [8] and measurements are made either in-
side clouds, or in the immediate vicinity of them. Unlike
these experiments, our devices are arranged at the altitude
of about 100 m above sea level and the registration of thun-
derstorm events is made at a considerable removal (1÷ 3
km) from the lower edge of cloudiness [9]. Our measure-
ments are leading to the conclusion that events of neutron
bursts are observed not at all thunderstorms. So, a prob-
lem of definition of conditions for the occurrence of such
events appears.

2 Complex of instruments and data
To study neutron bursts during thunderstorms we used syn-
chronized measurements of a complex of instruments in-
stalled in the Tuymaada valley of around Yakutsk [9]:
1) 1-min data of the cosmic ray (CR) spectrograph

named after A.I.Kuzmin corrected for pressure. The spec-
trograph characteristics are the following: the geograph-
ic latitude is 61◦59′21′′N, the geographic longitude is
129◦41′52′′E, the altitude above sea-level is 95 m , the
threshold of geomagnetic cut-off is 1.65 GV. The spectro-
graph consists of the neutron monitor 24-NM-64 and four

muon telescopes of one type installed at levels 0, 7, 20 and
40 m of water equivalent (m w.e.) which are capable to
measure the intensity of particles coming from 5 direction-
s, i.e. the vertical, 30◦ and 60◦ from the north and south, re-
spectively. In the neutron monitor the gas-discharge coun-
ters of SNM-15 type, and in the muon telescopes the coun-
ters of SGM-14 type are used.
2) 1-sec data of registration of the value and variations

of atmospheric electric field carried out with two electro-
static fluxmeters. One fluxmeter was developed at ShICRA
of SB RAS, its measuring range is ±50 kV ·m−1 and its
instrumental error is 1 V ·m−1. This instrument is placed
on the building of cosmic ray spectrograph at height of 5
m from the ground level. The second fluxmeter was devel-
oped at the Institute of Radio Physics (Nizhnij Novgorod,
Russia) has a measuring range of±40 kV ·m−1 and instru-
mental error of 1 V ·m−1, it is placed on a roof of main
building of ShICRA of SB RAS (the geographical latitude
is 62◦01′29′′N, geographical longitude is 129◦43′32′′E) at
height of 28 m above-ground. The distance between these
points of measurements is 4.2 km. Both devices have been
calibrated in an artificial electric field.
3) During several thunder-storms observed for 2011-

2012 a high-speed (300 frames ·s−1) video recording of
thunderstorm discharges with the Casio EX-F1 camera
was made.
4) Since 2012 a synchronous recording of electromag-

netic signals and sound generated by thunderstorm dis-
charges is also made. The application of this instrumental
complex has allowed us to determine time, remoteness, the
number of repeated discharges, place of shock and type of
lightning.

3 Results and discussion
As an example, in figures 1 and 2 present the results of mea-
surements of neutron intensity (a) and vertical component
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Fig. 1: Dependence of count rate of the neutron monitor (a), intensity of the atmospheric electric field registered by the
electrostatic fluxmeters arranged around the CR spectrograph (b) and main building of ShICRA of SB RAS (c) on the
time for the thunderstorm of June 8, 2012.

of the electric field (b) and (c) obtained in 2 points i.e. mea-
surements using the CR spectrograph and measurements
on the building of ShICRA of SB RAS. The figure 1 cor-
responds to the registration of lightnings with the negative
discharges and figure 2 – with positive ones. As seen from
the given Figures the neutron bursts are observed irrespec-
tive of the electric field direction in lightning discharges.
It also follows from figures 1 and 2 that neutron bursts of
neutrons are registered not at each discharge of a lightning.
The analysis shows that from 53 thunderstorms observed
in the Tuymaada valley for 2009–2012, statistically signifi-
cant bursts of the fluxes of neutrons were registered during
lightning discharges which happened during only 15 pow-
erful thunder-storms. In this case we registered 13 thunder-
storms with positive lightning discharges. In them only in
the first case the events of neutron bursts were observed. In
the rest 40 thunderstorms with the negative lightnings we
registered 14 events of neutron bursts. Therefore, there is
a natural problem on the possible mechanism of neutron
generation, dependence of registration of neutron bursts on
the direction and value of the jump of electric field during
the lightning discharges, their remoteness from the point of
observations and height of the lower edge of thunderstorm
cloudiness.
The analysis carried out by us has shown that the used

complex of devices can ensure a registration of lightnings
observed within about 10 km radius of the CR spectro-
graph. In this case the point of impact into the ground,
mainly, on the mountain terrace, or on the shoreline of the
Lena river surrounding the Tuymaada valley in which our

devices [10] are arranged. Besides, in the valley itself light-
nings also get to the TV-tower of Yakutsk arranged at a dis-
tance of about 4 km from the CR spectrograph.
Our observations lead to the conclusion that the aver-

age amplitude of neutron bursts exceeds a statistical error
of measurements by a value of 5σ and more, and their
duration is 1 to 4 minutes. When passing a thunderstorm
cloud over the point of observation at the surface against
the background of atmospheric electric field of average in-
tensity (E ∼ 100V ·m−1) the slow (to 1 hour) variations of
field with the amplitude of ∼ 1000 V ·m−1 are registered.
At the same time at registering of lightning discharges the
rapid jumps (their duration is of few seconds) of electric
field may run up to 20 kV ·m−1.
In figure 3, as an example the dependence of amplitude

of neutron bursts of neutrons on the value of jump of the
electric field caused lightning discharges, for 6 thunder-
storms observed in 2012 is shown. From figure 3 follows
that statistically significant neutron bursts are observed at
values of a jump of electric field mainly exceeding the val-
ues of 2 kV ·m−1. The dependence on a height of low-
er edge of the thunderstorm cloudiness (solid symbols)
whose characteristic value accounts for 1500 m over the
ground surface is simultaneously manifested. In the pres-
ence of lower cloudiness and jumps of the electric field
less than∼ 1 kV ·m−1 either neutron bursts of small ampli-
tude (not exceeding 3%) or usual fluctuations of neutron
flux relative to average value (open symbols), not connect-
ed with lightning discharges are registered.
The most probable mechanism among the suggested
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Fig. 2: The same for thunderstorm of June 14, 2012.

mechanisms of neutron generation at present time one can
consider the mechanism of a photodisintegration of air
atoms by a braking gamma radiation from the escaping
electrons (Gurevich’s discharge [3]). This mechanism is
well-grounded in works by Babich (see [4, 11] and refer-
ences in them). However, the detailed comparison of the
short-term increases of neutronmonitor count rate with sig-
nals from lightning discharges shows that neutron bursts
can precede prompt jumps of the electric field. Hence, the
reason of bursts can be not related to the lightning chan-
nel. Apparently, in this case the neutron bursts are a con-
sequence of electric field growth during the period before
lightning discharge. Then one of the possible mechanis-
m of this phenomenon can be the electric field effect on
cascade nucleons of the secondary CR which ultimately
make a contribution to the neutron intensity registered by
the monitor. The electric field of the order of 1kV ·m−1

on the scale of 100 m is capable of adding tens of MeV
to the energy of secondary nucleons. At particle energies
of hundreds of MeV it will create the increase in tens per-
cents that corresponds in order of the value to the observ-
able neutron bursts. The mentioned mechanism can act on-
ly in those cases when the electric field is directed from a
cloud to the ground. The event of June 14, 2012 (see figure
2) confirms such sign of the field. However, these are rare
events and further observations for a set of sufficient statis-
tics are required.

4 Conclusion
Thus, we have presented the our study results of the con-
nection between thunderstorms and short-term neutron
bursts observed in Yakutsk for 2009-2012. Although the
thunderstorms in Yakutsk occur infrequently nevertheless
we found the following:
1. It is established that statistically significant neutron

bursts near to the sea level are observed far from in all
thunderstorms. They are mainly registered during negative
lightning discharges.
2.The dependence of neutron burst amplitude on the

value of jump of the electric field caused by lightning
discharges and height of the lower edge of cloudiness has
been revealed.
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Fig. 3: Dependence of the amplitude of neutron bursts on the value of jump of the electric field caused by lightning
discharges for the events of thunderstorms of 2012 registered in Yakutsk. The zero level of neutron flux fluctuations before
the onset thunderstorms is shown by a solid line. The symbols show the date of thunderstorm events and height of the
lower edge of cloudness.
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