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Abstract

The aim of the dissertation is to examine the solar and thunderstorm modulation
effects posed on the secondary cosmic ray fluxes as measured by the particle detectors
located on the earth’s surface. Forbush decreases, geomagnetic affects as well as
Thunderstorm Ground Enhancements (TGEs) were investigated using data registered by the
particle detectors of Aragats Space Environmental Centre (ASEC) during 2008-2012 years.

After traveling millions of years in our Galaxy, Galactic Cosmic Rays (GCR)
arrive in the solar system as highly isotropic and stable flux. On the other hand, the Sun is a
variable object changing intensity of radiation and particle fluxes several orders of
magnitude in a few minutes. The influence of the Sun on GCR flux can be described as a
modulation of the usually stable “background”. The Sun modulates GCR in several ways.
The modulation effects caused by the Sun are divided into 3 types: Geomagnetic Effects,
Forbush Decreases and Ground Level Enhancements. Beside modulation effects mentioned
above the variation of atmospheric conditions (pressure, temperature, eleciric fields in the
upper atmosphere during thunderstorm activity) also can cause the variation of the flux of
secondary particles. Primary particles interactions with atmospheric nuclei and different
meteorological effects can hide genuine variations of the primary flux and hinder the
understanding of dynamics of ongoing physical processes in the solar-terrestrial chain. To
recover the primary particles fluxes incident on the Earth’s atmosphere it is necessary to
know the relationship between observed count rates of the detectors and the primary
particles fluxes, as well as the influence of the meteorological effects on the flux of
secondary particles reaching the Earth surface. Dorman’s theory of meteorological effects
mentioned the barometric one as major influencing particle fluxes. Therefore, it is the
greatest importance to accurately measure the barometric coefficients to “unfold” the solar
modulation effects. Besides this there exists several independent research problems
connected with rigidity, height and solar cycle phase dependence of the barometric
coefficient. All these dependences can be investigated at ASEC and by SEVAN network due
to different altitudes, various cutoff rigidities and planned long-term operation.

In the chapter 1 of the thesis we describe the ASEC particle detectors and present
results of estimation of the barometric coefficients for the different types of secondary
cosmic rays observed by ASEC detectors. The dependences of the obtained barometric
coefficients on the cutoff rigidities, altitudes and solar cycle phase are calculated and
discussed.

The electric fields in the upper atmosphere developing during thunderstorm
activity also can modulate the flux of secondary cosmic rays. In 1925 C.R.T. Wilson
proposed that the large electrical field in the thunderstorm atmosphere accelerates electrons
to very high energies. Such an electron is described as a "runaway.” As runaway electrons
gain energy from an electric field, they occasionally collide with atoms in the material,
knocking off secondary electrons. If the secondary electrons also have high enough energy
to run away, they produce further secondary electrons, etc. The total number of energetic
electrons grows exponentially in an avalanche. This process was named Runaway
breakdown (RB) or Relativistic Runaway Electron Avalanche (RREA). In 1992 Gurevich et
al., introduced the theory of the generation of fast ‘‘runaway‘‘ electrons from the MeV
electrons of the extensive air showers (EAS) initiated by the energetic proton or nuclei
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incident on the top of the atmosphere. RREA requires substantially less electric field
strength values than those needed for conventional breakdown. The phenomenon of RREA
is based on specific features of the interaction between energetic particles and matter. The
experimental evidence of the RREA process are believed to be the Terrestrial Gamma
flashes (TGFs), routinely detected by the orbiting gamma ray observatories and
Thunderstorm ground enhancements (TGEs) detected on mountain altitudes by the networks
of particle detectors. TGE, i.e. sudden boost of the secondary cosmic ray flux correlated
with thunderstorm activity, is the manifestation of the high-energy processes in the
terrestrial atmosphere. Origin of TGE is strong electrical field in the thundercloud, giving
rise to rather complicated physical phenomena, including several physical processes:

= Relativistic Runaway Electron Avalanches (RREA).

= Modification of the Secondary cosmic ray (electrons, muons, protons and charged

mesons) energy spectra.

=  Photonuclear reactions of the RREA gamma rays.

=  Roentgen and gamma radiation from the lightning.

We adopt the tripole structure of electric field with positive dipole between main
negative charged layer in the middle of the thundercloud and smaller Lower Positive Charge
Region (LPCR) sitting in the bottom of thundercloud. Lower dipole accelerates electrons
downward, runaway electrons initiate cascades, and, if thundercloud low above the Earth’s
surface the particle detectors register enhancement of secondary cosmic rays above stable
background initiated by the ambient flux of galactic cosmic rays incident on the terrestrial
atmosphere. Near 300 TGE were registered on Aragats and Nor Amberd highland during 5
years. In chapter 2 of the thesis the statistical analysis of TGE events registered by the
ASEC nparticle detectors is presented. The seasonal and daily variations of the registered
TGEs as well as the amplitude and duration analysis are presented and discussed.

Understanding magnetic storms is important for risk mitigation. Using cosmic ray
and magneto-metric measurements Scott Forbush established in 1930s the correlation of
worldwide decreases in cosmic-ray intensity with Geomagnetic Storms. Examining the
relationships among solar activity, GMS, and cosinic-ray intensity, Philip Morrison in 1956
claimed that sporadic emission of clouds of magnetized plasma (now named ICMEs) can
modulate the cosmic ray intensity in interplanetary space and produce terrestrial
geomagnetic storms. After establishing that the origin of the non-recurrent FDs are ICMEs
and recurrent FDs are caused by the co-rotation of high speed solar wind streams, numerous
theoretical and experimental papers were devoted to the possible mechanisms of FD.
Monitoring of FDs is usually done through neutron monitor stations because most of the
intensity variation is associated with low energy particles, whereas GeV muons are sensitive
to more energetic primaries. However, a quantitative study of the correlation between the
data from neutron monitor stations and muon telescopes is sometimes conducted. The rate of
muon detection depends on a number of meteorological factors, such as atmospheric
pressure and temperature. Correction for local variations of these factors must be made to
determine the properties of the primary cosmic rays. The effect of the atmospheric
temperature is most important in the upper atmosphere, where air showers are initiated, but
even then it is small compared to the atmospheric pressure effect.
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Tema MuccepTalMoOHHOM paGOTHI OCBAIEHA HCCIETOBAHNIO MOLYIISIHMA ITOTOKOB
BTOPHYHEIX KOCMHYECKMX Jyded oOpa3OBaHHEIX B CIEICTBHM CONHEYHOM aKTHBHOCTH H
YCKOPEHHH JIIEKTPOHOB IPO30BEIX obnakax. ®opOyIn MOHMKEH:ES, FeOMarHUTHBIE > deKTh
u I'pozoBbie Hazemunie IIpepnimenus (THII) GbUmM HCCaeROBaHBI C HMOMOIIBIO JaHHBIX
3aperuCTPHPOBAHHBIX Ha3eMHBIMH neTekTopamH ASEC (Aragats Space Environmental
Centre) B nepuon 2008-2012 .

Tanakrudeckue kocmmueckne nyun (TKJY) pocruraiomme Hameld conHeuHol
CHCTEMBI JJOCTATOYHO M30TPOITHEI H HOTOK WX TakXke NocTosHeH. C npyrol CropoHEI CONHIE
ABJSETCA IIEPEMEHHLIM OOBLEKTOM M B TeYeHHE HECKONLKHX MMHYT HHTEHCHBHOCTB
COJTHETHOTO KOCMHYECKOTO H3y4EHHS MOXET BO3PAcTH Ha HECKOJILKO HOPSAKOB. BiusHue
COJIHEYHOM aKTHBHOCTH Ha moTok# ['KJI MOXHO paccMaTpHBaTh Kak MOIYJISAIIHIO
MOCTOSHHOTO “oHa” TajaKTUYECKMX KOCMHYECKHX Jyded. MomynaumoHHblE 3(deKTH
I'KJI B pesyneTaTe CONHEYHON AKTHBHOCTH MOXKHO Pa3NelIMTh Ha TPH THIIA — | €OMarHuTHOE
Bo3MyleHKe, QopOymr nommkeHue M Hasemabie npeBeneHns. [ToMuMO MEpeHHCIEHHEIX
MOZIYJIALMOHHEIX 3(h()eKTOB Ha MOTOKH BTOPHUIHEIX KOCMHYECKUX Jydel MOTYT BIMATH Tak
’ke MOTONHBIC YCIOBHsS (TeMIepaTypa, HNaBlICHHE, SICKTPHYECKHE IO B TPO3OBEIX
obnakax). Jlid NpaBMILHON PpEKOHCTPYKIWMM IOTOKOB MEPBUYHOrO KOCMMYECKOTO
M3MydeHUs HeoOXONMMO 3HATh KaK OHH B3aHMOCBS3AHEI C HA3EMHBIMH HM3MEPEHHAMH
KOCMHYECKHX Jiydell YUHMTHIBas BIMSAHHA TIOTOXZHEIX YycioBui. JlopMaHOBckad Teopus
MeTeoposiorndeckux 3ddexrax ykaspBaer, 4To OapoMerpudeckuii »ddexT Bimser Ha
MIOTOKM BTOPHYHOTO KOCMHYECKOIO H3Iy4eHMI Oonbme Bcero. ITo3TOMy OYeHb BaKHO
BBIYHCIIATH GapomeTprdeckue Kod(GHLIHEHTH ¢ GONBINOM TOYHOCTHIO. bapoMeTpHtIecKHit
3¢(deKT 3aBUCHT OT XECTKOCTH I'€OMArHHUTHOIO OOpe3aHHs, BBICOTHI, (asbl COMHEYHOro
nukna. Monutopet  ASEC uw SEVAN naioT BO3MOXHOCTE HCCIENOBATH BCE OTH
B3AMMOCBA3H, TaK KaK PAacIONIONEHBl Ha PasiuMYHBIX BBICOTAX, B palOHAX C pa3smmdHOM
TEOMATHUTHOH JKECTKOCTIO M PpErMCTPHPYIOT BCE THILl BTOPUYHOrO KOCMHYECKOTO
M3ILyIEHUS.

B nepBoi#t rimaBe aucccpraioHOM pabGoThl omucBarTca MOHHTOps! ASEC
TIPEACTABIEHH PEe3yNbTaThl BLIYHCICHHA 0apoMeTpHdeckux KoddGHUMEHTOB IS Bcex
THUIIOB BTOPMYHOTO KOCMUYECKOTO W3IYYEHHS KOTOPHIC PETHCTPUPYETCS MOHHTOpaMH
ASEC. Taxxe mpeacraBieHsl 3aBUCHMOCTH OGapoMerpuueckux Ko3dduumenros ot
reOMarHUTHOH JKECTKOCTH, BEICOTHI @ TaKXKe (pa3bl COTHEYHOro UK.

Bo Bropoit rmaBe TpUBEAEHEI XapaKTEPMCTHKH [po3oBRIX HanseMmHbX
ITpessimennn (UHIT). Dnexrpudeckue nons o6pazoBLIBAIONIHECS B IPO3OBEIX 06lIakax Tak
7K€ MOTYT MOXYIHMpPOBATH IOTOKM BTOPWHYHBEIX KkocMHMyeckux mydeil. Eme B 1925 roxy
BunbcoH Npeanoaokuil, YTO dMEKTPHIECKHE IO B TPO30OBHIX 00NaKkaX MOTYT YCKOPHTH
JNEKTPOHBI HO O4YeHb BGLICOKMX JHEPrHi. OTH DIIEKTPOHBEl ITOIYYMIH Ha3BaHHE
“y6eraromux”’. TIoTy4rB TONONHATEILHYIO SHEPIHIO “yGeraromuil” 3MeKTPOH CTAIKHBAACH
¢ aroMaMH aTMOC(epHl BLIOMBAacT BTOPHUYHEIE NEKTPOHLL ECTH BTOPUYHBIE 3NEKTPOHBI
HMEIOT NIOCTaTOYHO PHEPrHM 4Tobml “y6exarts”, TOTNa OHM TOXKE 0Opa3yIOT BTOPHUHEIC
JNEKTPOHBI, H T.J., 00IIee KOJIHYECTBO DIEKTPOHOB pACTET IKCIOHEHHHATBHO. DTOT
npouecc 6bin HaspaH JlaBuHM PemstuBUcTHYecKHX YOerarommx DnektpooB (Relativistic
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Runaway Electron Avalanche, RREA). B 1992 r. TypeBud npencrasBui TEOPHIO
“yGeraomux’’ 3NEKTPOHOB.

Jins RREA TtpefyeTcs CymecTBeHHO MEHbINAsl HAMPSXKEHHOCTh 3IEKTPHYECKOIO
nons, 4eM Jiig oOeMHOro npotos. ®denomMen RREA ocHoBana Ha ocoGeHHOCTAX
B3aMMOZAEHCTBUS BHEPrMYHEIX YacTHIl C Tpo30Boil aTMocdepoil. OkcCHEepHMEHTaITBHEIM
noaTBepxaendemM mnpouecca RREA ssmatorcs Hasemusie I'aMva Bempmmixu (Terrestrial
Gamma Flashes, TGF), 4acTo peructpupyemMsie OpGUTANBHEIMH raMMa-o0cepBaTOpHAMH.
Taxxe nonTBepxnenneM nporecca RREA sBmustorcsa I'pososie Hazemunie I1peBbnnenns
(Thunderstorm Ground Enhancements, TGESs) koTopbie pericTpBpyIOTCS Ha BBHICOTAX I'Op C
MOMOLIBIO JETEeKTOpOB 3ieMeHTapHeix 4actuu. TGE o6pasyercda Bo BpeMf CHIIBHOTO
SNIEKTPHYECKOTO TMOJIS B TPO30BOM 0ONaKe, YTO MNPHBOAUT K JOBOJBHO CIOMKHBIM
(MBHYECKIM SBIEHUAM, B TOM YHCIIE:

. JlaBunHa Penarupucriveckux Y Geratommx Dnektpoos (RREA).
] Moy IA1Hs CIEKTPOB BTOPHYHBIX KOCMUYECKHX JIydeid.

. DoTosIEpHbIE PEAKITMH POXKAEHHEIX FaMMa KBaHTOB.

L] Penrrenonckoe 1 I'aMMa U3JTydeHHE OT MOJHMIA.

M= npeanonaraeM cIenyIOLUIYI0 CTPYKTYpy paclipeleleHus 3apsaoB B obnake: B
BepxHeit 9acT obnaka coOmpaeTcs IMONOXUTENBHBIA 3apsAn B cpenHell 9acTh obnaka —
OTpHMIIATENbHEI, a B HIDkHEN d9acTu oOpasyeTcd OTHOCHUTENBHO MaleHbKHH
TIONOXUTENbHBIA 3apsDKeHHEIN cnoi. Hinkuuil TUIIONE ycKOpSET 31EKTPOHLI B HANPaBICHUH
3eMJIH, B pesylkTaTe 4ero ofpasyioTcs “y6eraromnmue” 5I€KTPOHBI, KOTOPHIE HHHLMMPYIOT
Kackane! yacTuil. Ecim obnako Haxopwrcs GIMH3KO IMOBEPXHOCTH 3EMIM, TOTJA JETEKTOPE!
SIEMEHTAPHEIX YaCTHL] PETHCTPUPYIOT IPEBBIIEHHE IT0TOKA BTOPUYHBIX KOCMHYECKHX
Jyde#l OTHOCHTENLHO (JOHOBOrO IOTOKA, KOTOPEIA OGYCNOBNEH  [EPBHYHBIMH
rajJakTHIeCKUMH kocMHYeckuMHU JydamMu. Oxomo 300  coberTmii TGE 6&ino
33PETHCTPUPOBAHO Ha cTaHuMax Aparau ¥ Hop-Ambepn sa mocnemnue 5 mer. B paGore
NPWBENCHB! CTATHCTHYECCKWN aHamu3 OTHX cobbIThit. PaccMarpuBatoTcs Cce30HHBIE H
JTHEBHBIC BapHalliH, a TAKXKE aMILUIMTYAa U AauTensHocTs TGE coObiTHid.

B rTpereeli rnaBe NPUBOAATCA MAarHWTHBIE U3MEPEHMS HAa BBICOKOTOPHBIX
cramumsx Aparan u Hop Am6epx u 3apeructpuposaHue reoMarHWTHHE >(deKkTEl U
@®op6ym noHuKeHUs. M3ydeHne reoMarHuTHHIX Oypb OYEHB BAXKHO NI CHUKEHI
BO3MOXHEIX PHUCKOB Kak B KocMmoce Tak M Ha 3eMmiue. 1930-x romax, ®@opbym Ckorr,
HCMONE3YS H3MEPEHUS KOCMHYECKOrO H3Jyd€HMS W MarHUTHOTO IIONA 3€MIIH, Hamlen
KOPpENsLUUI0 MEXAY TOHWKEHHEM HHTCHCHBHOCTH MOTOKOB BTOPHYHBIX KOCMHYECKHX
aydeit ¥ reoMarHuTHREIME Oypsamu. dumun MoppucoHs, B 1956 roxy, u3ydas B3anuMOCBS3b
MEXkJy COJHEYHOM aKTHBHOCTBIO, TEOMArHUTHEIMH OypsMM M UHTEHCHBHOCTBIO IIOTOKOB
KOCMHYECKMX Jydedl Hauwen, YTO CIIOPafHdYecKHe BHIOPOChI HaMarHWYEHHBIX OO6IIaKkoB
[1a3Mbl MOTYT W3MEHSTH HHTEHCHMBHOCTH KOCMMYECKOIO H3IYYeHHA B MEXKIIIAHETHOM
NPOCTPAaHCTBE U WHHLMMpPOBAaTh reomarHuTHele O6ypw. ITocie OTKPBRITHA, YTO ONHHOYHbBIE
@opbym noHWKeHHs cBs3aHHBI ¢ MexruaneTeiMu  KopoHansHeME BuiGpocamu a
niepuonudeckie DII cBA3aHHE!I C CONHEYHBIM BETPOM, MHOIOUHCIIEHHEIC HAYYHbLIE CTATHH
CTam¥ mpejnarate Mexauusmel oOpazosauus OII. Onnako 10 cux mop OOMENPHHATOH
meronsl @n He cymecrByer. [lns MonuTopuHra @I oOBMHO HCIOML3YIOT HEUTPOHHEIE
MOHHTOPSHI TIOTOMY YTO Bapwanus KOCMMYECKOro W3mydeHHs Bo Bpems ®II B ocHOBHOM
0o0ycnoBjieHa HH3KO3HEPreTHMYECKUMH HaCTHIaMM, a BTOPHYHBIM [3B-HEM MIoOHaM
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COOTBETCTBYIOT 6oliee BEICOKHE YHEPIMH IEPBHYHOTO KOCMMYECKOTO H3JydeHus. XOTs
OYEHbL JAaCTO MIOOHHBIE JaHHBIE MCITONE3YIOT COBMECTHO C HEHTPOHHBIMH VIS TIONYYEHHS
JononHurensHoi uHpopManmu. Hcnomb3ys MIOOHHBIE NaHHEIE HYXKHO He 3a0bLIBATh, 4TO
MHTEHCHBHOCTh IIOTOKOB BTOPHHYHEIX MIOOHOB 3aBHCHT TakXke OT METESOPONOTHMYECKUX
ycinoBui (gaBlieHHe, TeMIIEpaTypa) X BHOCHTL COOTBETCIBYIOMIHE KOppeKUHH. UsMeHenve
TEMIIEpaTyphl BIMAET Ha NOTOKM BTOPUYHBIX MIOOHOB B BEPXHMX CIIOAX aTMocdiepkl, HO 1O
cpaBHeHHIO a GapoMeTpudeckuM 3¢ dhekToM 0HO HAMHOTO MEHBIIE.

B pa6ore npuBOnATCA pacdeThl BCEX STHX KOPPEKIMHM H IPHMEPH HX
KCIIOJI30BaHMSA B 3aperHCTPUPOBAHHEIX DI ¥ TeoMarHUTHEIX dddexrax.
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