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THE FORBUSH-DECREASES IN COSMIC RAY FLUXES AND
SOLAR-PROTON EVENTS IN JULY AND SEPTEMBER 2017

The study of the nature of variations in cosmic ray fluxes, including diurnal, 27-day, annual, etc.,
and the question of the relationship of solar-geophysical factors on the state of the atmosphere attracts
special attention of scientists. Coronal mass ejections are the result of solar winds generated on the Sun
during a series of flares. At the same time, solar winds provoke variations in the intensity of cosmic
rays, which include, in particular, Forbush-decreases. The article presents brief characteristics of the
CARPET detector of the scientific cosmophysical complex of the L.N.Gumilyov ENU and experimental
data obtained at this facility during the observation of Forbush-deacreases in July and September 2017.
The results of the analysis of variations in cosmic ray fluxes are presented and their relationship with the
conditions in the interplanetary medium and the Earth’s magnetosphere caused by processes on the Sun
is described. It was found that the decrease in cosmic ray fluxes in July and September 2017 was due
to high solar activity (a series of solar flares). A comparative analysis of the time changes recorded by
the CARPET detector modules of the L.N.Gumilyov ENU scientific complex with the data of the world
network of neutron monitors (<Apatity», «Almaty» and Jungfraujoch IGY») is also presented. Data on
the electromagnetic environment of interplanetary space during the period of heliospheric and magne-
tospheric disturbances were also used for the analysis. The analysis showed that the measurement data
of the CARPET detector is in good agreement with the data of the above-mentioned neutron monitors
of the world network, which allows us to study the physical nature of cosmic ray variations for different
time intervals.

Key words: The Forbush-decrease, the variation of cosmic rays, solar activity, neutron monitor,
magnetosphere, magnetic field.
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2017 XbIAFbI LIAAE MEH KbIPKYHEKTeri FapblLUTbIK, COYA€Aep aFbIHAAPbIHBIH,
®opbyL-TemeHAeyi xoHe KYH-NPOTOH OKUFaAapbl

FapbIWThIK COYAEAEP aFbIHAAPbIHBIH, OHbIH, iLLIHAE TOYAIKTIK, 27 KYHAIK, )KbIAABIK, )XoHe T.6. e3repy
TabuFaTbIH 3ePTTEY XKOHE KYH-reohM3nKaAbIK, (pakTOPAAPAbIH aTMOCepaHbIH KyMiHE KaTbIHAChI TYPaAbl
MOCEAE FaAbIMAAPAbIH epeklie HasapbiH ayaapaabl. KyHaeri 6ipkatap aaay kesiHae nanaa 60AaTbiH
KYH >XKeAl MacCaHblH KOPOHaAAbI LLbIFAPbIABIMAAPAbBIH HOTVMXKeCi 60AbIN Tabbiraabl. COHbIMEH KaTap,
KYH >XEAAEpi FapbILTbIK, COYAEAEPAIH KAPKbIHABIAbIFbIHbIH ©3repyiH TyAblpaAbl, OFaH aTan anTKaHAQ
Dopbyu-temeHAey >kataabl. Makarasa A.H. 'ymmaes aTtbiHAarbl Eypasms yATTbIK, yHMBEpPCUTETTETI
CARPET #blAbIMM KOCMOMM3MKAABIK, KELLEHHIH, AETEKTOPbIHbIH KbICKAlla CMMAaTTaMaAapbl >XKeHEe OChbl
KOHAbBIPFbI apKbiAbl 2017 >KbIAABIH LIIAAE, KbIPKYMEK aiAapbiHAA (hopbyLi-TeMeHAEYAEpAT Bakbiray
Ke3eHIHAE aAblHFAH 3KCMEPUMEHTTIK AepekTep KeATipiAreH. FapbllTbIK, COyAe aFblHAAP ©3repyiHiH
TaAAQy HOTMXKeAepi KeATipiAreH >xaHe KyHAeri npouectepaeH TyblHAAFaH MAAQHETAAPaAbIK, OpTaAaFbl
>KOHE >Xep MarHutocdepasarbl KaraarAapmeH OanAaHbiCbl cunatTasraH. 2017 >KbIAAbIH LLAAE
>KOHE KbIPKYMEK aAapAa FapblLUTbIK, COYAEAEP aFbIHbIHbIH a3alobl >KOFapbl KyH OeAceHAiAirimeH (KyH
COYAECIHIH cepuscbl) GanAaHbICTbl eKeHAIr aHbikTaaabl. CoHaait-ak, A.H. 'ymmaeB atbiHAarbl EYY
CARPET fbIAbIMM KeLIEHIHAETT AETEKTOP MOAYAbAEPIHAE TIPKEAreH yakbITLlA e3repictepi aAeMAIK
HEMTPOHABIK, MOHUTOPAAP («<AnatnuTreps, «<AAMaTbl» XxaHe «Jungfraujoch IGY») xeAiciHiH AepekTepimeH
CaAbICTbIPMaAbl  TaAAQybl  YCbIHbIAABL.  TaApay YWiH reAnocdepablk, >8He MarHMTocgepabik,
aybITKyAap Ke3eHiHAEri MAaHeTaapaAblK, KEHICTIKTIH SAEKTPOMArHUTTIK OpTachl TYPaAbl MOAIMETTED Ae
KOAAaHbIAABL. Tanaay kepcetkeHaeri, CARPET AeTekTOpbIHbIH ©Alley AepekTepi KOFapblaa aTaAFaH
SAEMAIK HEMTPOHABI MOHMTOPAAP >KEAIHIH MOAIMETTEPIMEH JKaKCbl COMKEC KEABAI, OYA 8P TYPAI yakbIT
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apaAbIKTapbl YLWiH FapbILITbIK, COYAEAEPAIH ©3repyiHiH (PU3MKaAbIK, TabUFaTbIH 3€PTTEYre MyMKIHAIK
6epeai.

Tyrin cespep: DopOyl-TOMEHAEY, FapbIWTHIK, COYAEAEPAIH BapuauMsiCbl, KyH OEACEHAIAIri,
HEMTPOHABIK, MOHUTOP, MarHUToCcepa, MarH1T epici.
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D opOYLL-NOHMKEHUS NOTOKOB KOCMUUYECKUX Ayuei U
COAHEYHO-TIPOTOHHbIE COOLITUS B MIOAE U CeHTsIOpe 2017 roaa

M3yueHne NpMpoAbl Bapraumm NoTOKOB KOCMUYECKUX AyUer, B TOM YUCAE CYTOUHBIX, 27-AHEBHbIX,
rOAOBBIX U T.A., MU BOMPOCA B3aMMOCBSI3M COAHEYHO-Teohr3nyeckmx hak TOPOB Ha COCTOsSIHME aTMOCdeEpPb!
npuBAekaeT ocoboe BHMMaHMWE YyudeHblX. KopoHaAbHble BbIOPOCHI MACChl SIBASIIOTCS PE3YAbTAaTOM
COAHEYHbIX BETPOB, BO3HMKLWMX Ha COAHLIE BO Bpems cepumn BCrbilek. [1pyn 3TOM, COAHeYHble BETpa
NMPOBOLIMPYIOT BapuaLMM MHTEHCMBHOCTU KOCMUYECKUX AyYel, K KOTOPbIM OTHOCUTCS, B YaCTHOCTH,
Dopbyw-noHmkeHns. B cTathe npeacTaBAeHbl KpaTkue xapaktepuctuku aetektopa CARPET
Hay4yHoro kocmodumsnydeckoro komnaekca EHY um. A.H. T'ymnaeBa n akcnepMmeHTaAbHble AaHHbIE,
MOAYYEHHbIE HA AQHHOWM YCTaHOBKE B MEpPMOA HabAAEHUS (DOPOYLLI-MOHUKEHUI B UIOAE U CEHTSOpe
2017 roaa. lNpuBeaeHbl pe3yAbTaTbl aHaAM3a BapyaLmii MOTOKOB KOCMMYECKMX AyYelt M onmcaHa Mx
CB$I3b C 06CTAHOBKAMM B MEXKIAQHETHOM CPEAE M 3EMHOM MarH1Tocdepe, Bbi3BaHHbIMU NMPOLLIECCaMM Ha
CoAHue. YCTaHOBAEHO, YTO YMEHbLLEHMSI MOTOKOB KOCMUYECKMX AyYer B MIOAE U ceHTsbpe 2017 rosa
OblAM 0O0YCAOBAEHbI BbICOKOM COAHEYHOM aKTMBHOCTbIO (cepms Benbiwek Ha CoAHue). [peacTaBaeH
Tak>Xe CPaBHUTEAbHbIA aHAaAM3 BPEMEHHbIX M3MEHEHWI, 3aperMcTPUPOBaHHbIX MOAYASIMU AETEKTOopa
CARPET HayuHoro komnaekca EHY wmm. A.H. TymmaeBa ¢ AaHHbIMM MMPOBOWM CETU HEMATPOHHbIX
MOHMTOPOB («Anatutbl», AAMaTbl U «Jungfraujoch IGY»). AAS aHaAM3a MCMOAb30BAAMCH TaK>Ke AAHHbIE
006 DAEKTPOMArHUTHOM OOBCTAHOBKE MEXKMAAHETHOrO MPOCTPAHCTBA B MEPUOA TEAMOCHEPHbIX U
MarHMTOC(EepHbIX BO3MYLLEHWI. AHAAM3 MOKa3aA, 4YTO AaHHble mamepeHuin aetektopa CARPET
XOPOLLO COrAACYlOTCS C A@HHbIMM BbllleyKa3aHHbIMU HEATPOHHbIMM MOHWUTOPaMW MWMPOBOM CETH,
KOTOPOE MO3BOASIET MCCAEAOBATb (PM3NUECKYIO NMPUPOAY BapuaLMii KOCMUYECKMX AyYer AAS Pa3HbIX

BPEMEHHbIX MHTEPBAAOB.

KatoueBble caoBa: DopbyLu-noHu>KeHne, Bapraums KOCMUUYECKMX AyUei, COAHEeYHasl akTUBHOCTD,
HEMTPOHHbIN MOHUTOP, MarHMTocepa, MarHUTHOE MOAe.

Introduction

Cosmic rays (CR) play a significant role in at-
mospheric processes associated with weather and
climate. Therefore, the study on different time scales
(daily, 27-day, seasonal, annual, etc.) of the physical
nature of variations in secondary CR fluxes caused
by atmospheric processes is very important.

The issue of the impact of various manifesta-
tions of solar-geophysical factors on the state of the
lower atmosphere, weather and climate of the Earth
has been the focus of attention of scientists over
the past several hundred years [1]. One of the first
works on this topic can be attributed to work [2],
which establishes an eleven-year periodicity in vari-
ations in the average air temperature in the Northern
Hemisphere, correlating with eleven-year variations
in Wolf numbers. This allowed the author to prove
the existence of a connection between solar activity,
weather and the Earth’s climate.

The relationship between the parameters of the
lower atmosphere (the nature of circulation, temper-

ature, pressure) with helio-space factors was noted
in a number of works [3,4,5,6].

In addition to the wave radiation of the Sun, the
characteristics of the atmosphere are also affected
by the fluxes of solar protons with energies of tens
and hundreds of MeV [5,6]. According to [5,7], the
dynamics of the solar wind affects the nature of the
ionosphere and the current density in the global
electric circuit.

During solar flares, solar winds are disturbed,
which in turn accompany coronal mass ejections.
Solar winds influence galactic CR fluxes and thereby
provoke CR intensity variations [8]. Such variations
include the Forbush effect (short-term and sharp de-
crease in the intensity of cosmic rays).

This effect is quite complex, requires study, and
has not been fully investigated until now.

Materials and methods

To study cosmic rays, ground-based instal-
lations are used that register secondary particles
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formed during the interaction of primary CRs with
the atmosphere [9].

At the same time, the creation and implemen-
tation of experimental ground-based complexes is
necessary for carrying out research to study the na-
ture of cosmic ray fluxes modulation.

For this purpose, the L.N. Gumilyov Eurasian
National University (ENU), in cooperation with the
P.N. Lebedev Physical Institute of the Russian Acad-
emy of Sciences, created a cosmophysical complex
consisting of a CARPET detector, a neutron detec-
tor, and an EFM-100 electrostatic fluxmeter.

The scientific CR detector CARPET was in-
stalled at the end of 2015 at the Faculty of Physics
and Technology of ENU in Nur-Sultan, Republic of
Kazakhstan (51°10 48 “s. w., 71°26° 45 “ w. d.,
height 358 m, geomagnetic circumcision stiffness
R ~2.9 GeV) [10]. To increase the measurement ac-
curacy, two modules are installed.

The basis of the CARPET device is gas-dis-
charge cylindrical Geiger counters of the STS-6
type, united into 12 counting units (size ~ 1.5%1.5
m), each of which contains 10 counters [11,12, 19].
The meter block consists of two layers of meters (5
upper and 5 lower), separated by an aluminum ab-
sorber (filter) 7 mm thick

The CARPET detects particles with energies:
in the channels “UP” and “LOW” — electrons and
positrons with energies E> 200 keV, protons with
E> 5 MeV, muons with E> 1.5 MeV and E> 20 keV
photons (efficiency less 1%). Channel “TEL” (coin-
cidence) detects more energetic particles: electrons
with energy E> 5 MeV, protons with E> 30 MeV
and muons with E> 15.5 MeV [13, 20].

Thus, the CARPET, unlike ground-based neu-
tron monitors, is sensitive to all charged particles,
including the low-energy charged secondary CR
component formed by primary galactic and solar
CRs in the Earth’s atmosphere and/or other process-
es in the near-ground atmosphere.

Results and discussion

This paper examines the Forbush decreases
observed in July and September 2017 against the
background of a strong geomagnetic storm. For the
analysis, we used data from the world network of
neutron monitors, as well as data on the electromag-
netic environment of interplanetary space during the
period of heliospheric and magnetospheric distur-
bances [14-17].

Figures 1 and 2 show the results of a com-
parative analysis of temporal changes of regis-
tered modules 1 and 2 of the CARPET detector
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and data obtained using neutron monitors Apa-
tity (curve 1, the Polar geophysical Institute,
Russia, 67.57°N, 33.39°E, geomagnetic rigidity
of circumcision R = 0.65 GW), Almaty (curve
2, Institute of ionosphere, Kazakhstan, 43,1°S,
76,6°E, R, = 6,69 GW) and “Jungfraujoch IGY”
(curve 3, SW1tzerland 46.55°N, 7.98°E R =4.49
GW) in the period from 10 July to 20 July 2017
and for the period from 1 September to 15 Sep-
tember 2017 [14].

During these periods, a series of Forbush de-
creases in the CR intensity observed by the global
network of ground-based neutron monitors were re-
corded.

Experimental data from the CARPET detector
and neutron monitors in July and September 2017
showed that the CR flux in the surface atmosphere
decreased, which is due to high solar activity (a se-
ries of solar flares).

Thus, a series of solar flares occurred in the ac-
tive region of the Sun NOAA2665 (SO6W 29) from
July 14 to 16 [15, 16].

In July 2017, a significant decrease in the CR
flux is observed (Fig. 3) with an onset in the sec-
ond half of July 16 and a subsequent continuation of
the series on July 17. The CR decreases fall on the
phase of the geomagnetic storm, when the value of
the geomagnetic hourly index D decreased to -72
nT on July 16 at 15 UT and -61 nT on July 17 at 16
UT, the planetary geomagnetic index K reached 6.0
on July 16 (18-20 UT) and 5.7 July 17 (15 17 UT).
The maximum solar wind plasma velocity V, falls
on the second half of July 16 and was 625 km/s. On
July 16, the critical values of the magnetic field B
and B reached 23.7 and -20.2 nT, respectively, and
the magnetic field density n increased to 43.8 N/cm?
at 7 UT.

According to the measurements of the GOES-
13 satellite (Fig. 4), the arrival of fluxes of low-en-
ergy (<10 MeV) solar protons was registered from
July 14 at =3 UT and is observed until July 16. The
source of these particles is a series of M-class flares.
More energetic solar protons with energies above
100 MeV have not been observed.

Forbush-decrease was also observed in Septem-
ber 2017. It was caused by high solar flare activity in
the NOAA 12673 area (S 11W 16) from September
4 to September 10 [15, 16, 18]. A decrease in the
CR intensity with an amplitude of =2% occurs on
September 7 with the onset of interplanetary distur-
bances and a geomagnetic storm. Further, on Sep-
tember 8, there is a significant decrease in the inten-
sity of CR flows on all ground monitors, including
the CARPET detector.
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Figure 1 — Counting rate in TEL channels of two CARPET detector modules
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Figure 2 — Counting rate in the TEL channels of two CARPET detector modules
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On September 8, 2017, the D value decreased  velocity reached 817 km/s (September 8 at 8 UT).
to -142 nT (1 UT), and the three-hour planetary = The critical values of the magnetic field B and B,
geomagnetic index K was high until September 9  reached 27.3 and -24.2 nT, respectively, the mag-
(from 4.7 to 8.3), the maximum value (8.3) reached  netic field density -n on September 7 was 13.9 N/
September 8 at 12-14 UT. The solar wind plasma  cm?® (Fig. 5).
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According to the GOES-13 satellite (Fig. 6), the
proton flux peaks fall on September 8 and 11, 2017.
On September 10, a powerful solar-proton event
was observed at ~15-16 UT, where the proton flux
increased in a wide energy range (from 10 MeV to>
100 MeV) [15].

The measurement data using the CARPET detec-
tor of the scientific complex of the L.N. Gumilyov
ENU agree well enough with the measurement data
on neutron monitors Apatity, Jungfrau and Almaty.

Conclusions

The results obtained confirmed and showed that
variations in CR intensity (Forbush-decreases) are
due to previous changes in the elements of the geo-
magnetic field caused by perturbations on the Sun.

The analysis of the obtained experimental data
of the installed and debugged CARPET detector of
the scientific complex of the L.N. Gumilyov ENU
and their correlation with the results of ground-based
neutron monitors shows that the detector makes it
possible to study the nature of CR variations for dif-
ferent time intervals, including for observations of
Forbush-decreases.
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