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Evaluation of CARPET hardware and software potentialities

This article describes the ground-based cosmophysical complex CARPET/ASTANA. The Cosmophysical
Complex CARPET/ASTANA was put into operation at the Physico-Technical Faculty of the L.N.Gumilyowv
ENU. This is software and hardware complex, which includes a CARPET detector, as well as the EEM-100
fluxmeter. The purpose of the installation of the CARPET complex is the measurement and processing of so-
lar and geophysical parameters in the Earth's atmosphere. The CARPET detector detects soft (electron-
photon) and hard (muon) components of cosmic rays. Monitoring of the electric field of the atmosphere was
carried out using an electrostatic fluxmeter. The processing and analysis of the experimental data-of the detec-
tor and the fluxmeter allow to carry out investigations of the radiation situation in the earth's atmosphere dur-
ing flares on the Sun, to measure the maximum intensity of the flux of solar cosmic rays and their energy
spectrum. From the analysis of the obtained results, it is concluded that the cosmophysical complex makes it
possible to make an assessment of the radiation and meteorological situation in the terrestrial conditions of
the region of Astana.
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1. Introduction

Cosmic rays play an important role in atmospheric processes associated with weather and climate.

The study of variations in secondary cosmic ray fluxs caused by atmospheric processes is one of the ac-
tual problems of cosmophysics, and it has been widely discussed inrecent years [1-5].

Long-term measurements of cosmic rays in the'atmosphere and at the Earth level are one of the most
actual experiments in the world. The behavior of cosmic rays with an energy of> 100 MeV is studied in de-
tail, depending on the atmospheric pressure or altitude, the level of solar activity and geomagnetic conditions
at the observation station. Measurements of cosmic rays in the atmosphere have been and are being carried
out at present by the DSS FIAN in collaberation with many institutes [6-9].

In this paper, a cosmophysical complex is used to experimentally study variations in the secondary par-
ticles of cosmic radiation during periods of changes in the characteristics of the surface electric field (the
passage of thunderstorm clouds, thunderstorms, etc.) and changes in the meteorological parameters of the
surface atmosphere (precipitation, etc.) which includes a CARPET/ASTANA detector and an electrostatic
fluxmeter EFM-100.

In 2016, the CARPET/ASTANA ground complex was installed to measure the flux density of the gen-
eral ionizing component of the secondary cosmic rays at the Physical-Technical Faculty of the ENU of
L.N. Gumilyov (Astana, Kazakhstan, 71°26'45"W, 51°10'48"S, , height 358 m, rigidity of geomagnetic cut-
off Rc ~ 2.5 GV). The detector was developed and created at the Physical Institute of the Academy of Sci-
ences of P.N.Lebedev within the agreement on international cooperation between FIAN (Russia) and ENU
(Kazakhstan) [10, 11].

The ' cosmic ray detector CARPET/ASTANA is designed for continuous monitoring of cosmic ray flux
at the Earth level. The description of the cosmic ray detector CARPET/ASTANA and its characteristics are
presented in [12-14].

The cosmic ray detector CARPET/ASTANA is designed for continuous monitoring of the cosmic ray
flux at the Earth level. The detector consists of 120 gas-discharge counters STS-6, located on a metal
platform measuring ~1.5. Each block consists of two horizontal layers of counters, separated by a 7 mm
aluminum layer. In each horizontal layer of the block there are 5 STS-6 counters. The detector provides
continuous recording of charged particles. The CARPET detector is an integrated registrator, the totalizer of
the charged particle flow: it counts and accumulates pulses from the flow of flying charged particles over the
entire area of the device. It is assembled from 2 detector vertical modules, combined with recording and
summing electronics throughout the instrument. The two detector modules - the «telescope» - have upper
and lower gas-discharge counters. The summing electronics of the CARPET detector captures and
accumulates pulses from these telescopes in such a way that:
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— all impulses from all upper counters of all CARPET telescopes are summarized in the counter of the
Ist channel (data channel - CH1);

— all impulses from all lower counters of all telescopes of the device are summed up in the counter of
the 2nd channel (CH2);

— all coincidences of simultaneous operations of the upper and lower counters of any telescope of the
device are summed up in the counter of the 3rd channel (TEL channel).

The general view of the installation is shown in Figure 1. The first block of the CARPET detector is in-
stalled inside the building, and the second block is located outside the faculty building. In contrast to the first
unit, it additionally provides the temperature stabilization.

Figure 1. The cosmic ray detector CARPET/ASTANA

In order to study the meteorological situation in"Astana region, the EFM-100 electrostatic fluxmeter is
included in the CARPET detector, a complex installation for the measurement of cosmic rays. The electro-
static flux meter EFM-100 allows not only to_detect lightning discharges, but also to determine the state of
high electric field strength, preceding the first lightning discharges.

Figure 2 shows the appearance of the’' EFM-100 flux meter.

Figure 2. Appearance of the EFM-100 flux meter

EFM-100 not only measures the static electric field created by lightning formations, but also is able to
recognize atmospheric conditions that precede thunderstorms. The data are displayed on a personal computer
in a graphic and text forms, using standard software.

For full electrical insulation, the EFM-100 is connected to the computer with a special optical table.
Figure 3 shows the measurement of the static electric field in the region of Astana using the fluxmeter.
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Figure 3. Measurement of the static electric field in the region of Astana (October 26, 2017)

For full electrical insulation, the EFM-100 is connected to the computer with a special optical cable.
To process experimental CARPET/ASTANA data, application packages implemented in IDL environ-
ment [15] are used.

1. Experimental data

In recent years, the problem of influencing geophysical factors on environment has attracted increasing
attention. Studies of the dose and electrical characteristics of the lower part of troposphere play an important
role, where the majority of human activity takes place:

In this paper, data on the dosimetric calibration of the CARPET/ASTANA detector, obtained by simul-
taneous measurements with a detector and a standard dosimeter SOEKS 01M Prime, are presented.
The accumulated dose of radiation is measured and the level of radioactive background in Astana region is
estimated.

A method for estimating the radiation background by the magnitude of power of ionizing radiation in
Astana region is developed. We used a SOEKS 01M Prime dosimeter along with the CARPET/ASTANA
detector.

The results of simultaneous measurements using a standard dosimeter SOEKS 01M Prime were used to
carry out dosimetric calibration‘of the data of upper (CN1) channel of the CARPET/ASTANA detector. This
dosimeter is designed to measure the accumulated dose of radiation and assess the level of radioactive back-
ground. The detector of ionizing radiation in this dosimeter is the Geiger-Muller counter. Radiation back-
ground is estimated from the amount of ionizing radiation power (mainly gamma radiation with energy
above 100 keV. and beta-particles flux).

In 20162017 years several simultaneous measurements of the charged particle count rate were con-
ducted by the CARPET/ASTANA detector and the SOEKS 01M Prime dosimeter. The data of the measure-
ments' made on September 10" in 2016 are shown in Figure 4. The processing of the simultaneous measure-
ments made by the CARPET/ASTANA detector and the SOEKS dosimeter has made it possible to determine
the average rate of counting of the charged particles CN1 and the average dose D. These values allowed us to
calculate the average normalizing transition coefficient from of the CARPET/ASTANA detector to the dose
at the detector location. Its value was k=2.1-10" (uSv/h)/(imp/s).
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Figure 4. The charged particle count rate of the CARPET/ASTANA detector (CN 1, the count rate per second averaged
over 15 points) and the dose value (radioactive background) measured:by the SOEKS dosimeter (unit pSv/h). Data were
received on September 10, 2016.at 9-10 a.m

Further, using the results of ground-based measurements of charged particle fluxes by the
CARPET/ASTANA detector (secondary cosmic rays and surface radioactivity) in 2017, it is possible to es-
timate the dose value in the surface layer. The estimated results are shown in Figure 5.
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Figure 5. Time dose changes (hourly averaging), determined from
the CARPET/ASTANA detector measurements in 2017

It should be noted that, as determined in this way, the dose in the surface layer did not exceed the safe
level (up to 0.23 uSv/h). Thus, it is possible to use the experimental data obtained by the ground instrument
CARPET/ASTANA, not only for fundamental research in the field of high energy physics and cosmic rays,
but also for solving some practical problems (for example, for continuous monitoring of radioactive back-
ground in the surface layer). Importantly, unlike widely used standard dosimeters, the CARPET/ASTANA
detector is sensitive to a more energetic (all-penetrating) component of charged particles. In the future, it is
planned to continue simultaneous measurements to improve this technique.
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Conclusion

Based on the above presented experimental data obtained at the CARPET/ASTANA ground complex,
the following conclusions can be made:

ethe detector data allow to investigate the nature of cosmic ray variations caused by processes on the
Sun, in the interplanetary medium and in the terrestrial magnetosphere for different time intervals;

eanalyze the effect of secondary cosmic rays on the parameters of the surface electric field;

eanalyze the effect of secondary cosmic rays on radiation characteristics in the ground layer of the
atmosphere.
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CARPET 0arpapaamanbl-annapaTTbhiK KellleHi MYMKIHAIKTEpiH 0arasiay

Makamaga CARPET/ASTANA rapsin-(u3ukanblk KelleHiHe cumarTama OepinreH. Fapsim-¢usnkainsik
CARPET/ASTANA kemeni JLH. 'ymuneB ateinarsl EYVY-HBIH (U3UKa-TeXHHKAIBIK (aKyJIbTETIHIC
opHanacTelpbUFaH. barnapnamanel-annapaTtelk kemeH KypambiHa CARPET gerexrop xone EFM-100
¢umoxkemetp kipeni. CARPET kemeHin opHaTynslH Makcatbl — JKep aTMocdepachiHAaFbl Telfo- KoHE
reodusuKanbK napamerprepai oxnaey sxone oimiey. CARPET meTekTopbl FaphIMITHIK COyJeNepaiH KyMcaK
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(9mexTpoHIbI-POTOHBI) JKOHE KATThl (MIOOH/IBI) KOMIIOHEHTTEPIH TipKehai. ATMochepaHblH 3JIEKTp epiciH
6aKplIay JIEKTPCTATUKAIBIK (QIIOKCMETP KOMEriMeH xyprizinren. OIroKkcMeTp MeH JETeKTOPIbIH TaKipude
JepekTepin Tanaay xoHe eHuey KyH xapkpuibl kesingeri JKep armochepacslHIarbl paananusuIbK Karaira
3epTTey XKyprizyre, COHbIMEH KaTap KYHIIK FapbIITBHIK COYJENCPIiH MaKCUMAIbl aFbIHbI MEH OJIapJIbIH
SHEPTreTHKAIBIK CIIEKTPIH OJIIeyre MYMKIHAIK Oepexmi. AJBIHFAH HOTIDKENEpHi Tajqjay apKbUIbl FapbIII-
(bu3nKaibIK KeneH ActaHa ayMarbIHBIH JKep MaHbIHIArbl PaIHalHsIIbIK )KOHE METEOPOJIOTHSIIBIK JKaF JailbIH
OaranayFa MYMKIHJIIK Oepeli JereH KOPBITHIHIBI KacaIbl.

Kinm ce30ep: exinu pettik rapsiuthiK coyienep, CARPET nerexTopsl, 31MeKTPOCTaTHKAIBIK (QIIFOKCMET,
ra3paspsiIThl €cenTeyilTep.

A K. Mopza6aes, ILII.I". 'unusrosa, I'.A. lllaxarnosa, B.C. MaxmyToB

OuneHka BO3MOKHOCTeH nporpaMMHo-annapaTHoro komimjiekca CARPET

B nanHoii ctathe ommchiBacTess HazeMHBIH KocModusndeckuii kommieke CARPET/ASTANA. Kocmoduzu-
yeckuil kommurekc CARPET/ASTANA BBeieH B 9KCIUIyaTanuio Ha GpHU3NKo-TexHHIecKoM ¢akynsrere EHY
uM. JLH. I'ymuneBa. DTo mporpamMMHO-anmapaTHBI KOMILIEKC, B COCTaB KOTOPOTO BXOZAT NETEKTOD
CARPET, a taoke ¢utokemerp EFM-100. Liens ycranoBku kommiekca CARPET — usmepenne u.06paborka
refnuo- U reopu3nyeckux napameTrpoB B 3eMHOH atmocgepe. [lerektop CARPET peructpupyer Msarkyro
(311eKTPOH-()OTOHHYIO) U JKECTKYIO (MIOOHHYI0) KOMIIOHEHTHl KOCMUYECKUX JTy4el. MOHUTOPHHL BlIeKTpUye-
CKOTO Mot aTMoc(ephl NPOBEJIECH C IMOMOIIBIO IEKTpocTaTHuecKoro QurokcMerpa. O0paboTka U aHamM3
9KCIIEPUMEHTAIIBHBIX JaHHBIX JAETEKTOPa M (PIFOKCMETpPa MO3BOJIIOT MTPOBOAUTE HCCIECIOBAHMS paJHaIlIOH-
HOU 00CTaHOBKY B 3eMHOM aTMoc(epe Bo BpeMs Benblmek Ha ColtHIle, I3MEPHTh MAaKCUMAaIbHYI0 HHTEHCHB-
HOCTb ITOTOKA COJHEYHBIX KOCMHUYECKUX Jy4el M MX dHepreTHdeckni crekrtp. VI3 aHanmsa MoIydeHHBIX pe-
3yJIbTaTOB CIEJIaHbl BBIBOIBI, YTO KOCMO(H3NYECKUIT KOMIUIEKC II03BOJBSIET C/Ie1aTh OLICHKY PaJHallMOHHON U
METEOpPOJIOTHUECKOH 0OCTAHOBKU B HA3EMHBIX YCIIOBUSIX PETHOHA ACTaHBI.

Kniouesvie cnosa: Bropuunbie kocMuueckue nyqn, aetektop CARPET, snekrpocrartiueckuii dirokemerp,
ra3opaspsaHble CYETUMKU.
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