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AUTONOMOUS STATION FOR RECORDING RADIATION
IN A THUNDERSTORM ATMOSPHERE
AT THE TIEN SHAN HIGH MOUNTAIN COSMIC-RAY STATION

During the past decades, considerable attention has been paid to the search and registration of elec-
tromagnetic radiation accompanying lightning discharges in the atmosphere when studying processes
occurring in thunderclouds. Such studies are of interest for understanding the mechanisms of lightning
generation and its further development, leading to the generation of an avalanche of charged particles
accelerated by an electric field, the hard bremsstrahlung of which is registered by the detectors. In this
work we consider a compact measuring system, which was created at the Tien Shan High-Mountain Sci-
entific Station for registering radiation during thunderstorm activity. A feature of the system is complete
autonomy, when all its components (detectors, recording electronics, battery) are placed inside a solid
metal casing, which plays the role of an electromagnetic screen and does not have any connections to
external cable lines. This allows one to record radiation directly inside the thundercloud. Examples of
gamma-radiation detection using a Nal crystal scintillation detector, as well as the detection of charged
particles by a special detector, which is a stack of two flat scintillation detectors of a large area and a
rubber filter placed between them, are considered.

Key words: thunderstorm, thundercloud, hard X-ray, high-energy cosmic rays.
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TsaHb-LLlaHb 6MiK TayAbl FapbILUTBIK, COYAEAEpP CTAHLMUSICbIHAAFbI
XKep armocdepacbiHAa Hali3aFai COYAEAEHYIH TipKeyre apHaAfaH
ABTOHOMADI OALLIeY XKYHecCi

COHFbl OHXKbIAABIKTAP iWiHAE aTMOCepaAa HaM3aranmAbIH MarnAa 60AybIMEH Oipre SAeKTPOMarHUTTIK
COYAEAEHYAI i3AeYTe XXoHe TipKeyre, KyH KypKipey KesiHAe nanaa 60AaTbiH MPOLIECTEPAI 3epTTeyre Ker
KOHIA GOAIHAL. MyHAal 3epTTeyAep Hai3arariAbliH nanAa 60AY MEXaHM3MIH >KaHE OHbIH KEMiHTT AaMybIH
TYCiHyre KbI3bIFYLIbIAbIK, TYAbIPaAbl, OAQp 3AEKTP ©piCi apKbIAbl XXEAEAAETIAIMN, AETEeKTOPAApPMEH
>KasblAaAbl. Bya Makarapa Hecep 6GeACEHAIAIri KesiHAe CoyAeAeHyAl >kasy yuliH Tab-LLaHb 6umik
TayAbl FbIABIMM-3EPTTEY CTaHUMSCbIHAQ KYPACTbIPbIAFAH bIKLIAM OALLeY >KyHeci KapacTbIpbIAFaH.
JKyiieHiH epekueAiri peTiHAe OHbIH GapAbIK KOMMOHEHTTEPI (AeTekTopAap, >ka3ba 3AEKTPOHMKAChI,
GaTapest) SAeKTPOMArHUTTIK 3KPaHHbIH, POAIH OMHAMTBIH >K8HE CbIPTKbl KabeAb XXeAirepiHe KOoCblAMan
Typa KaTTbl METAAA KOPMYyCblHA CaAbIHFAH KE3AE TOAbIK, aBTOHOMMSIFA Me GOAybl. ByA KyH coyAaeciHeH
TikeAeln cayAe Tycipyre MyMKiHAIK Gepeai. Nal KpuCTaaAbl CUMHTMAASILMS AETEKTOPbIMEH FaMma-
COYAEAEHYAI aHbIKTayAbIH YATIAEPI, COHAAM-aK, 3apsiATaAFaH OOALIEKTEPAI YAKEH aliMaKTbiH €Ki XasblK,
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CUMHTUAASLIMST AETEKTOPAAPBIHBIH, YK8HE OAAPAbIH apacblHAQ OPHAAACKAH pe3eHKe CY3rilUTiH >KMHaFbl
6OAbIN TabbIAATBIH apHaibl AETEKTOP apPKblAbl aHbIKTAY KApaCTbIPbIAFaH.

TyiiH ce3aep: Hai3aral, KyH KypKipeyi, >KOFapbl 3HEPIMSAbl Fapblll COYAEAEpPi, KAaTTbl PEHTreH
CcayAeAepi.
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ABTOHOMHasi U3MepUTeAbHasi CUCTEMA
AASI PErMCTPaLL MM TPO30BOro M3AyveHus B atmocdepe 3emAan
Ha TsaHb-LLIaHbCKOM BbICOKOTOPHOM CTaHLMM KOCMMYECKUX AydeH

B TeueHune MOCAEAHMX AECATUAETUIN 3HAUYMTEAbHOE BHMMAHME YAEAAAOCb NMONCKY U perncrtpaumm
SAEKTPOMArHMTHOIro N3Ay4vYeHnd, CoOrnpoBOXXAAeMOro pa3pasamMmm MOAHUN B aTmocq:)epe, npn n3yvyeHnmn
npoueccos, NPoONCXoAdLLNX B TPO30BbIX obAakax. Takue MCCAEAOBAHNA MPEACTABAAIOT MHTEPEC AAA
NOHNMaHNA MEeXaHN3MOB reHepaun MOAHUKN N ee TMOCAEAYIOWEro pa3sBmnTnsa, KOTOpPble YCKOPAKOTCA
SAEKTPUYHECKNM MOAEM N PErNCTPUPYIOTCA AETEKTOPaAMU. B AQHHOM pa60Te PaCCMOTPEHA KOMMAaKTHa4qa
M3MepuTeAbHad CMCTeMa, KOTOpPasd CO3AadHa Ha Tanb-LLlaHbckomM BbICOKOFOpHOVI HayLIHOVI CTaHUMN AA4A
perncrpaumm l/I3Ay'~IEHl/ll7I BO BpemMs FpO3OBOl71 AKTUBHOCTU. OCOOEHHOCTBIO CUCTEMbI IBASIETCS MOAHAS
dBTOHOMHOCTb, KOrAa BCe ee KOMIMOHEHTbI (AeTEKTOpbl, perncTpmpyioulaq SAeKTpOoHMKa, aKKyMyAS]TOp)
pa3mMellaloTCa BHYTPU CNAOLLHOIO METAAAMYECKOro KOXKyXa, urparouero poAb 3AEKTPOMarHMTHOro
3KpaHa 1 He nmetoero KaKMx-Am6o MOAKAIOYEHMNI K BHELUHMM KabeAbHbIM AMHMAM. DTO MO3BOASIET
pPerncTpmpoBatb M3AyHeHUd HEenocpeACTBEHHO BHYTPW rpo30BOro obAaka. PaCCMOTpEHbl nprMepbl
perncrTpaumm raMma-n3AyvyeHnsa CUMHTUAAALUMOHHBIM AETEKTOPOM Ha OCHOBE KPUCTAAAOB Nal, a TakKoke
perncrTpaumm 3apsa>kKeHHbIX 4aCTuLl, CNeUNaAbHbIM AETEKTOPOM, KOTOprVI NnpeACTaBAdgeT cobon CTONKY
M3 ABYX MAOCKUNX CUMHTUAAALUMOHHBIX AETEKTOPOB GOAbLLOW NAOWaAMN N PAaSMELLEHHOTIO MeXAY HUMU

pe3nHOBOro uabTpa.
KAtoueBble caoBa:
KOCMMYECKME AYYM.

rposa,

Introduction

During the past decades, considerable attention
has been paid to the search and registration of
electromagnetic radiation accompanying lightning
discharges in the atmosphere when studying
processes occurring in thunderclouds. Such studies
are of interest for understanding the mechanisms of
lightning generation and its further development,
leading to the generation of an avalanche of charged
particles accelerated by an electric field, the hard
bremsstrahlung of which is registered by the
detectors. Examples of such works are experiments
conducted at the height of mountains in Armenia
[1, 2] and Japan [3]. At the complex installation of
the Tien-Shan high-mountain station [4, 5], similar
experiments on the detection of hard X-ray and
gamma radiation from thunderclouds were launched
in the mid-2000s (the Thunderstorm experiment). In
the course of these works, the fine time structure of
short-duration gamma-ray flashes that accompany
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lightning discharges on a time scale of the order of
hundreds and thousands of microseconds [6, 7, 8,
9, 10, 11] was discovered, and the first estimates of
its energy spectrum were obtained in energies from
tens of keV to several of MeV [12]. The correlation
of processes in a thunderstorm atmosphere with
high-energy cosmic rays was also studied [13, 14].
In addition, thermal neutron flashes were observed
at the facility at moments of lightning discharges
[15, 16, 17]. Recent studies have carried out
measurements of all types of high-energy radiation
that accompany lightning discharges [18, 19, 20].
According to theoretical predictions, as well
as the results of the simulation of the development
of electron avalanches in the electric field of a
thundercloud, the distribution function of electrons
in the corners is strongly elongated in the direction
of their acceleration (along the field). Since the
direction of the electric field in a thunderstorm field
isusually vertical, the generated electron avalanches,
as well as gamma-rays of bremsstrahlung propagate
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mainly in the vertical direction. In addition, gamma
rays have relatively small range in the atmosphere
(hundreds of meters). Considering all this, detectors
designed for their registration should be located close
to the area of generation of radiation; preferably
directly inside the thundercloud. At the same
time, special attention should be paid to protecting
recording systems from accompanying close
lightning discharges of powerful electromagnetic
interference, which, with insufficient attention to this
issue, can lead to a strong distortion of measurement
results, as well as to a rapid and complete lay-up of
the installation resulting in disruption of work. The
most suitable for such conditions is the experiment
scheme using portable gamma-radiation detectors
based on modern microprocessor technology of
a compact data collection system and a battery-
powered power supply system independent of
external sources, which should ensure autonomous
operation of the tracking station throughout the
entire period of thunderstorm (1-2 hours). In
this case, the entire measuring system as a whole
(detector, recording electronics, battery) must be
placed inside a solid metal casing, which plays the

role of an electromagnetic screen and does not have
any connections to external cable lines.

The relief of the surrounding mountain slopes
of the Tien-Shan High-Mountain Station provides
a convenient opportunity to conduct experiments of
this kind, allowing one to place the tracking stations
at altitudes of 300-500 m above the Station’s average
level (3340 m above sea level), moreover in such
case the detectors are immersed directly inside the
thunderclouds that are passing over the mountain
pass of the Station. At the same time, relatively
convenient access to the tracking stations and their
continuous connection with the information network
of the Tien-Shan Station is maintained, which
allows organizing round-the-clock staff duty at
these stations to maintain their continous operation,
as well as processing and analyzing the incoming
data using the computer systems of the station in real
time mode. During 2015-2017, such an autonomous
tracking station (Fig. 1) was gradually created at a
point located on the mountain ridge surrounding the
Tien-Shan station, at an altitude of ~ 3800 m above
sea level (~ 400 m above the average level of the
Station).

Figure 1 — Left: remote tracking station near the top (400 m above the Tien Shan station,
3750 m above sea level). In the center: shielded scintillation gamma detector
with an autonomous power supply system. Right: compact microprocessor data acquisition system

Instrumentation

The tracking station is intended for registration
of hard electromagnetic radiation generated at the
time of lightning discharges. For this purpose, a
scintillation gamma detector based on an inorganic
Nal(T1) crystal with a diameter of 110 mm and a
height of 110 mm, with an efficiency of 20-80%

with respect to the detection of gamma radiation in
various energy ranges is used. A block diagram of
the registration of gamma radiation is presented in
Fig.2. The scintillation crystal is coupled to a pho-
tomultiplier tube FEU-110; electrical signals from
the anode of the PMT are fed to a 12-channel pulse
discriminator, which allows measuring the ampli-
tude spectrum of the input signals in a 30-fold am-
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plitude range. Absolute energy calibration of the
detector was performed using a set of radioactive
gamma sources; The discriminator thresholds were
tuned to 12 different energy values in the range
of 30 keV — 1 MeV. The intensities of the pulses
generated by the discriminator are continuously re-
corded using a measuring system built on the basis
of the microprocessor set STM32F407/STM32F-
4DISCOVERY [21]. Measurement of the intensity
of scintillation signals is performed simultaneously
in two time ranges: continuous monitoring of the
current intensity with a time resolution of 1 s and
measurement of time intensity scans with a resolu-
tion of 30-100 ps over a time interval of -1 — +1 s
relative to the moment of lightning discharge. The
measuring system is equipped with an autonomous
power supply based on a car battery and a volt-
age converter, ensuring the possibility of its inde-
pendent operation for at least 2-3 hours during the
passage of thunderstorm clouds. The scintillation
detector, the recording electronics and the autono-
mous power supply system are inside a solid met-
al box made by welding from sheet metal with a
thickness of 2 mm.

The time course of development of a lightning
discharge, which serves as a source of gamma radia-

SCINTILLATION QETECTQR

anode -!l_.l‘\'\-:\i

0.05..12V
T
iV
HY
9001200V
3.3V
T
| Pulse STM32FLOT
l ulse _
L ldiscriminator micro-
board tontroller
| | unit =5
1 — ﬂ
| [‘J}?
- —— ! embedded
— rode ”
- | {wirtual
— pulse
— counter)
external
(lightning]
trigger

tion, is recorded using a special radio antenna system
that operates at the Tian-Shan station in synchroni-
zation with the detectors located on the mountain
ridge of the upper autonomous station. Mutual time
synchronization of the data acquisition system in a
stand-alone unit with a system of radio detectors (as
well as with detectors located on the station’s terri-
tory, intended to record a possible signal from the
neutron component generated during the lightning
discharge radiation process, which serves to locate
the lightning position by a system of acoustic sen-
sors, etc. ) is produced in the period of clear weather
between thunderstorms with an accuracy of no less
than 1 millisecond via a computer network (using
the ntp protocol), or by means of GPS-receivers.
During the summer seasons of 2016 and 2017,
the autonomous gamma-radiation detection system
at the upper detector station operated continuously
for four months, starting in mid-May until mid-
September. During this time, continuous monitor-
ing records of the intensity of atmospheric gamma
radiation were obtained for 12 energy ranges with a
resolution of 1 s, which are supposed to be used for
further studies related to the behavior of gamma ra-
diation background in the atmospheric surface layer
during clear weather and during precipitation.

to "Thunderstorm’
database

The main data
acquisition monitaring
machine data table

| I ——
e — 3 i

Is periodicity

USB-UART |
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time series
data table

Figure 2 — Block diagram of the gamma radiation detection system
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The peculiarity of the autonomous radiation
registration station is in the principle of selection of
events associated with close atmospheric discharges.
Indeed, the selection based on triggers from light-
ning, which are effectively produced by the radio
system of the Tien-Shan station and broadcast via
cable lines to all installations located in its territory,
is inapplicable in the conditions of a remote location
due to the impossibility of direct cable communica-
tion with its common trigger station system, and at
the same time, the use of any modern means of com-
munication via a radio channel (such as wi-fi, etc.)
is not possible because of the need to work directly
during thunderstorms. Therefore, the set of pro-
grams that provide control of the data collection sys-
tem of an autonomous point was supplemented with
an algorithm for generating its own, purely logical
trigger that triggers the recording of temporal inten-
sity distributions of signals from particle detectors
with high temporal resolution. The essence of this
algorithm is that the software system continuously
monitors the intensity of the current stream of input
pulses and itself, in a purely software way, gener-
ates the trigger signal necessary for its synchroniza-
tion at the moment when this stream satisfies certain
conditions established at the time of launching the
program. In particular, when registering the tempo-
ral distributions of the intensity of gamma radiation
during the summer season of 2017, the condition “a

total number of at least 12 pulses over three consec-
utive time distribution intervals (ie 480 ps)» was ap-
plied. In addition, the program complex provides for
the possibility of mutual binding of all programs that
otherwise independently control the various systems
of detectors located at an autonomous point, but can
synchronize their work with a trigger signal gener-
ated by one (any) of them.
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Figure 3 — The frequency of operation
of the software trigger, depending on the electric field

Figure 4 — Detector of charged particles

The graph presented in Fig. 3 illustrates the
generation frequency of the software trigger
(according to the above algorithm) for different
periods of time, depending on the strength of the
atmospheric electric field, which was measured by
a special detector located at the Tien Shan Station.
It can be seen that the number of trigger signals

per second is minimal in the period of time when
the field is close to zero, has a moderate value as
the thunderstorm clouds passing a station carrying
a negative (relative to the “ground”) charge, and
increases dramatically as the positively charged
of clouds. Thus, this graph shows a reasonably
reasonable dependence of the intensity of triggering
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of the software trigger algorithm on the field
strength: it turns out to be maximum with a positive
field, which really should accelerate negatively
charged particles (cosmic ray electrons) from the
thundercloud in the direction of the measurement
setup.

In the summer season of 2017, the autonomous
detector system at the remote tracking station was
supplemented by a charged particle detector (Fig.
4), which is a stack of two flat scintillation detectors
of a large area and a rubber filter placed between
them. Unlike the crystal scintillator, which is used
in the gamma-ray detector, the sensitive elements of
the newly installed detector are formed by a large
area scintillation plastic (1x1 sq. M), which, due to
its small atomic weight and small thickness (1 cm),

has a high efficiency with respect to the detection of
charged particles, and low with respect to gamma
radiation [22]. Charged particles — electrons are
supposed to be generated during atmospheric
electrical discharges, and the new detector is
designed to directly register them.

The rubber absorber filter between the
scintillator planes with a total thickness of ~ 60 g/
cm? serves to isolate the contribution from charged
particles of different energy to the total signal and
allows a rough estimate of the energy spectrum of
the detected radiation by the presence or absence of
coincidence signals between the scintillator planes.
In the future, this type of detector is supposed to be
supplemented with another 2-3 sensitive rows of
scintillators.
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Figure 5 — Signal intensities in different energy ranges of gamma radiation at the level
of an autonomous detector point for three days in August 2016
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The output signals of a large area scintillation
detectors and the coincidence signals between
them are recorded by a common data acquisition
system of an autonomous detector point, similar
to the signals of a gamma-ray detector. A special
condition was added to the software algorithm for
generating an autonomous trigger that ensures the
selection of events in which signals from a charged
particle detector are observed: recording time
intensity distributions with high temporal resolution
was initiated when recording at least 5 pulses from
any of the planar scintillators during one interval
time scan (160 ps).

First results

Fig. 5 presents examples of the results of
measurements of the intensity of signals in different
energy ranges of gamma radiation at the level of an
autonomous detector point for three days in August

N A i B

- S ST _Il

S S N — T

2016. Measurements of the intensity of scintillation
pulses from a gamma detector were carried out
continuously with a period of 1 s. The sharp increase
in the intensity of gamma radiation on the afternoon
of August 23 is associated with the passage of a
thunderstorm cloud near the Tien Shan Station and
precipitation.

Fig. 6 shows the distribution of the intensity
of gamma radiation in the time vicinity of electri-
cal discharges, measured in the same events with a
resolution of 160 ps and 25 ps.

Fig. 7 shows the results of recording the
intensity of signals from scintillation detectors of
charged particles. The intensities of scintillation
signals from the upper (plastic-up) and lower
(plastic-low) detectors, as well as signals of
coincidence between them (plastic-coin.),
measured with a l-second period during the
passage of a thunderstorm during the afternoon of
August 23 are presented.
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Figure 7 — The time course of the intensity of the signal of the plastic detector;
below — a coincidence signal between the lower and upper detectors
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Figure 8 — An example of the registration of a
temporary change in the intensity of signals from a
gamma detector and detectors of charged particles in the
time around triggering

The temporal distributions in Fig. 8, represent
the intensity course of signals from a gamma
detector and charged particle detectors (the three
lower distributions on each panel are labeled
as PLASTIC-UPPER, PLASTIC-LOWER and
PLASTIC-COINC) recorded with a resolution of
160 pus with an internal trigger from the channels of
the charged particle detector.

Conclusion

An autonomous tracking station for detecting
radiation directly inside the thundercloud was
created at the Tien-Shan High-Mountain Scientific
Station. Its main elements are gamma-radiation
and charged particle detectors, a compact data
acquisition system and a battery-powered power
supply system independent of external sources,
which ensures the autonomous operation of the
measuring point throughout the entire period
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of thunderstorm (up to two hours). The first
data on the measurements of the intensities of
gamma radiation and the charged component
demonstrated the efficiency and high reliability
of all the systems of the autonomous registration
point. The developed new approach to conducting
an experiment under conditions of thunderstorm
activity makes it possible to expand the field of
observation of radiation almost unlimitedly by
increasing the number of observation points and

placing them at different heights of the mountain
massif.
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M3MEPEHNA SMAHALU MU N30TOINOB PAAOHA
B XXUAbIX U AAMUHUCTPATUBHbIX
MOMELLUEHUSAX

AaHHas paboTa MocBsUleHA M3YUYEHUIO  PACMPEAEAEHMS  aAb(da-aKTMBHOCTU  MPUPOAHbBIX
PaAMOHYKAMAOB B LIKOAAX-MHTEPHATAX, HAXOASLLMXCS BOAM3M 30H TEKTOHMUYECKMX PA3AOMOB . AAMAThI.
M3mepeHuns GbiAM MPOU3BEAEHDI B LLIKOAAX-MHTEPHATAX, KOTOPbIE OAHOBPEMEHHO SIBASIIOTCS U SKUABIMM,
M aAMMHUCTPATMBHbIMM MOMELLEHNSIMU. B pesyabTaTe m3mepeHmii Gbiaa mocTpoeHa 2D-Ttonoaorus
pacrnpeAeAeHns MAOTHOCTM MOTOKa aAbda-M3AyUYeHWS M30TOMOB paAoHa M ux ATP oT BbicOTbl
N3MEPEHNS (ITAXKHOCTM) AAS KaXKAOM LLKOAbI-MHTepHaTa 1 2D-TonoAormng pacnpeAeAeHmns NAOTHOCTH
noToka aAb(a-n3AyHeHMs OT PacCTOSHUS AO TEKTOHMYECKOro pasAoMa. 1o pesyAbTaTam M3MepeHui
ObIA HaAeH KO3(MUUMEHT KOHLEHTPALMM PAAOHA OT PACCTOSIHMSI OT TEKTOHWMYECKOro pasAoMa.
McrnoAb3ys MOAYUEHHYI0 3aKOHOMEPHOCTb MOXKHO MOCTPOUTH FPaghuK 3aBUCMMOCTH 0O6bEMHOI aaba-
AKTUMBHOCTU AAS APYTMX LUKOA, €CAM M3BECTHO MX PACCTOSAHMS OT TEKTOHMYECKOrO pa3Aoma.

KAtoueBble cAoBa: pasOH, AOYEpHME MPOAYKTbl pacnaAa pPasoOHa, aAb(a-akKTMBHOCTb, TEKTO-
HUYeCcKMe pasAOMbl, MPUPOAHbBIN PAAMALMOHHbBIA (POH.
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Measurements of emanation of radon isotopes
in residential and administrative buildings

The distribution of alpha activity of natural radionuclides in boarding schools located near the tec-
tonic fault zones of Almaty was studied. Measurements were made in boarding schools, which are both
residential and administrative buildings. As a result of the measurements, a 2D topology of the distribu-
tion of the alpha-radiation flux density of radon isotopes and their daughter decay products from the
measurement height (number of storeys) for each boarding school was made. In addition, a 2D topology
of the distribution of alpha-radiation flux density from the distance to the tectonic fault was compiled.
According to the measurement results, the concentration coefficient of radon was found depending on
the distance from the tectonic fault. Using the obtained regularity, it is possible to construct a graph of
the dependence of volume alpha activity for other schools, if their distance from the tectonic fault is
known.

Key words: radon, radon decay daughter products, alpha activity, tectonic faults, natural radiation
background.
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