High energy physics in Earth’s

Atmosphere.

Ashot Chilingarian
Yerevan Physics Institute, Armenia

Aragats Space Environmental Center (ASEC)-
continuous monitoring of various particle fluxes,
fields, meteorological conditions, radio emissions,
lightning flashes and skies (more than 500 channels)
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Aragats station 3200 asl, Kare lich, August

MAKET experimental hall under snow, April.

Surrounded by scintillators of MAKET-ANI surface array, which for the
first time measured energy spectra of light and heavy nuclei separately




Pun3nkKa BbICOKUX 3HEprmu B
aTMmocdepe 3emMnu

3a boree YeM CTONETHIOK UCTOPUIO UCCIIEA0BaHUS KOCMUYECKUX JTyHen
6bIn co3gaH NHCTPYMEHTAaPUI, UCNOSb3yEeMbIN B aCTPOPU3NKE BbICOKUX
9Heprnn, B ursnke arneMeHTapHbIX YacTul, U cendac — B reodomsnke.

He ocTtaHaBnuBasicb Ha bnecTaWmx JOCTUXKEHMAX B NEPBbLIX ABYX
obnacTtax, N03BONMMBLLNX CO30aTb CAMOCOIMaCOBaHHY0 KapTUHY
BO3HMKHOBEHMSA BceneHHom n matepum, OCTaHOBUMCS Ha TPETLEN,
CpaBHUTENbHO HOBOM obnacTw.

A nmeto BBMAy npexae Bcero MOAYNSILUNOHHbIE 9P EKTbI, CBA3AHHbIE C
NPOXOXAEHNEM KOCMUYECKUX JTy4en Yepes rpo30Byo aTMOCepy
BNUAHME SNEKTPUYECKUX NONemn rpo3oBbiX 0651akoB Ha eCTECTBEHHbIN
dooH ramma-paguaunn. iccnegosaHne B3aMMOCBA3N MeXAy NOTOKaMu
afieMeHTapHbIX YacTuy, paspagamMm MOAHUA U BO3MYLLEHUAMMU
aTMOCEPHOTO AMEKTPUYECKOTO NOMs NPMBENO K OTKPbITUIO psaa
(PU3NHECKNX SBNEHUW, UMEIOLLNX KaK PyHAAMEHTarbHbIW, Tak U
NpuKNnagHou xapakrtep.

B noknape 6ynet pacckasaHo o nporpecce on3nKn BbICOKUX 3HEPTUN B
aTmocdepe, OCTUTHYTOM C NMOMOLLbIO METOA0B (PU3NKN dNeMeHTapHbIX
4acTuL, U A0epPHOM CNEKTPOCKOMUMN.



 SEP- » » lnslidedig,
$ % A Protons and partially EAS :::' m::;g;:i
200 ® A stripped atoms o
POSITIVE : Van Alen Belt
protons and fully
stripped atoms
0000000060 ©6 OMAN §

© O000 0 ©0 ©0 © NEGATIVE
.
A A




Tripole model

»

, OO 0o @O 0 00000 4]

* - ™

$++ ‘
L OO s 600 o o

.
PSS e




Particle bursts: EAS cores (energies > 10° eV)
occasionally hitting surface arrays




TGFs — RREAs in upper dipole —
most energetic gamma rays

from microbursts (individual RREAS)
reach orbiting gamma observatories:
electron avalanches open path for
lightning flashes,

sprites and other optical
phenomena
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Synergy of Atmospheric physics and
Cosmic Ray physics
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Scientific Instrumentation: neutral and
charge fluxes, energy spectra

ASNT SEVAN

Aragats Solar Neutron Telescope Lasgy Space Environmental Viewing
and Analysis Network

4 scincillators
with size
50x50x5 cm

56 cm |

5 scincillators
with size
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ASNT Det#l veto
10 October 2017
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Comparison of TGE registered by NAI 1
(energy spectrum at 15:56 prolonged up to
10 MeV) and 4 (under lead filter, energy
spectrum on 15:56 prolonged up to 1.2 MeV)
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Slow (30Hz) electric field EFM-100 electric field sensors
(electric mills) 4 units operate on Aragats
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New lab installed on Aragats for synchronous monitoring of
skies, NS electric field, meteo parameters, and particle fluxes

o Panors
camer:
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Proceeding from the gamma ray spectrum observed on 30 May
2018 we estimate that 10 gamma rays each second

bombarded the globe
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The differential energy spectra of two TGE events of 2020
measured by ASNT spectrometer: NS electric field can reach
strength of 200 kV/m at 100 m above ground!
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On 22 April the positive near-surface electric field lasting 4 minutes indicates
the positive charge above, i.e., a mature LPCR that screened the negative charge
of the MN layer. Proceeding from the very low maximum energy of the

electron energy spectrum (7 MeV) compared with 40 MeV maximum

energy of the gamma-ray flux) we conclude that electric field extends 100 m

“deeper” than on 22 April, and electron flux attenuates much less than on 22 April.



Space Environmental Viewing and Analysis Q Q
Network (SEVAN) |

A network of middle to low latitude particle detectors called SEVAN (Space
Environmental Viewing and Analysis Network) was accomplished in the
framework of the International Heliophysical Year (IHY-2007), to improve
fundamental research of the Solar accelerators and Space Weather
conditions. The program of high-energy atmospheric physics with SEVAN
network started in 2010.
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Installation of SEVAN module at
entrance of DESY (Zeuthen)
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Lomnicky Stit (LS) 49.1952 N 20.2131 E
2634 m

The observed enhancements of gamma ray and electron
fluxes measured by the upper scintillator of SEVAN as
compared with CORSIKA simulations of the RREA imply
the maximum =500 MV potential difference present in the
atmosphere during the minute of the highest flux (and
consequently highest strength of the electric field)
measured by the SEVAN detector at Lomnicky Stit on 10 June
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Extreme TGE event detected by
SEVAN detector located on
Lomnicky Stit mountain: a) —
TGE particles — electrons and
gamma rays; b) high energy
muons; ¢) inclined muons.
Maximum potential drop 250
MYV; electric field 2.5 kV/em
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CORSIKA code version 7.7400, which takes into account the
effect of the electric field on the transport of particles.

No=1000

ne=2427

N=653 with sec. clectrons

0 5 10 15 20 25 30 35

Ez=18 kV/em

40 45 50
Eo (MeV)

No=1000

ne=249882

N=836 with sec, dectrons

Ez=2.0 kV/em

*
OSIOISZOZSW'&S

40 45 50
Eo (MeV)

v 300
r4
Ez=1.9 kV/em
250 No=1000
N=814 with sec, electrons
200 - ne=28118
150 =° 2
00 F "o o W
B LI TR
Sleg, " e =y
S50 P Gt ' ’. . »
'Y ., )
U o oN ~ -
0 -%‘ {= 3 "“ L
0§10l520251035404550
Eo (MeV)
J 0000
7z Ez=2.1 kV/em
9000 - No=1000
N=867 with sec, electrons
8000 | De= 1863989
7000 :

40 45 S0
Eo (MeV)

N Larl
05!0]5202‘3035

The energy spectrum of
seed electrons was
adopted from the EXPACS
WEB calculator in the
energy range 1-300 MeV.
The number of seed
electrons from the
ambient population of
secondary cosmic rays was
obtained from the same
calculator, to be 42,000 on
the height 5400 above
Aragats with energies
lareger than 1 MeV.



Comparing measured TGE intensities
with CORSIKA simulations
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Avalanche started at 5400 m a.s.l. (0 depth), that is 2200 m above the Aragats station.
The number of avalanche particles is calculated each 300 m. After exiting from the
electric field propagation of avalanche particles is followed additionally 200 m before
reaching the station. By blue line, we show the electron and gamma ray number per seed
electron for the TGE that occurred on 14 June 2020.



ATmMochepHOe aNeKTPNYeCcTBO: YCKOPUTENun
3rIeKTPOHOB, BO34EeUCTBUE Ha KNMMaT U Ha TEXHOSNOIMu

HoBoe HanpasneHne nccrnenoBaHnim atMocdepHbIX ANIEKTPUYECKMX MOSEN CBA3AHO C
NOTOKaMK YacTul, MPOXOAALLNX YepPE3 rPO3bl U PErNCTPUPYEMbIX HA MOBEPXHOCTN 3eMIN
CNeKTpoMeTpamMm YacTuml, T.e. Mbl UCNOSb3yeM NOTOKN YacTuL, ANst CKPUHMHIa rpo30BOU
aTMocepbl (NOAOBHO PEHTTEHOBCKOMY CKPUHUHTY). HOBbINM Noaxon AaeT OYeHb
NHTEpPECHbIE pe3yrnbTaThbl, MHOrAa NpoTMBOpEeYaLLme ooLWENPUHATBIM 3HAHUAM O
BEpPTUKaNbHOM NMpodune atTMocdepHOro aneKkTprUYeCcKoro nosisi, 0gHaKko NoaKpeneHHbIe
TOYHBLIMW MeToAaMN OU3NKN HaCTUL, N YCTOABLUMMUCS TEOPUAMMN ANTEKTPOMArHUTHbIX
B3aMMOLENCTBUMN.

MHorve Buabl aneMeHTapHbIX YacTUL poXaarTcs B 3eMHOW aTMocdepe
BbICOKO3HEPreTUYEeCKMMM MPOTOHAMM N SiAPaMK, YCKOPEHHbBIMU B 3K30TUYECKUX
ranakTU4ecknx NCToYHMKaxX. Bo Bpemsi rposbl, B AOMNOSTHEHNE K 3TOMY bonee unm meHee
MOCTOAHHOMY MOTOKY, 3NIEKTPOHbI U raMMa-JTy4n NMPON3BOAATCH CaMbiM MOLLHbIM
€CTECTBEHHLIM YCKOPUTENEM 3NEKTPOHOB, paboTatoLnM B 3reKTpum3ytoLenca atmocdepe.
OrpoMHbIe NOTOKM 9NEKTPOHOB U raMMa-nU3nyyYeHns MoryT npeBbiwaTtb ooH 40 100 pa3 1
OKasblBaTb NoOKa eLlle He OLlEeHEHHOE BIAHUE Ha Knnmart. B onpegeneHHblIn MOMEHT
BpeMeHU BO BCeM MUpe AencTByrOT 6onee 2 000 rpos, KOTopble NPOn3BOAAT OKOMo 100
BCMbILWEK B cekyHAy. ObLuasa noBepxHOCTb IPO30BOM aTMocdepbl B KaXKabli MOMEHT
BpeMeHU MOXeT ObITb OLieHeHa Kak = 200 000 KM?, 1, MO HalUM oLeHKaMm, = 1,3*10% ramma-
nyyen c aHeprnen eoiwe 100 k3B nonagatoT Ha NOBEPXHOCTb 3eMIM KaXkaQyHo CEKyHAY.
[lonrocpoyHoe BO3OENCTBMNE 3TOrO U3NyYeHMs Ha YernoBeka AOMMKHO ObITb TWaTenbHO
N3y4YeHo.

Bbicokasi HANPsPKEHHOCTb NPUNOBEPXHOCTHOIO 3NEKTPUYECKOro nons, gocturatoLlas 200
kB/Mm, Obina ycTaHOBNEHa NyTEM U3YyYEeHNS SHEPTETUYECKNX CNIEKTPOB 3NEKTPOHOB U
raMma-ny4ven naBmH 4acTuL, UHULUNPOBAHHbLIX YCKOPUTENEM 3MIEKTPOHOB, paboTatoLmM B
rpo3oBoun atmocdepe. Bo MHOrMx LeHTpax Myupa permcTpmpyoTcs A0ONONHUTENbHbIE
MOTOKN raMMa-n3nyyYeHunsi, Mbl Ha Aparale ¢ NoMOLLbI CITOXKHbIX CMEKTPOMETPOB MOXEM
Takke PermcTpupoBaTh AMEKTPOHbI M BOCCTaHABNUBATbL UX SHEPreTUYECKNE CNEKTPbI. ITO
NO3BOSISIET HAM C TOMHOCTbIO =50 M OLIEHUTb, KOra CUIbHOE YCKopsitoLlee none
3aKaH4YMBAETCS U ANEKTPOHbI BbIXOAAT U3 HETO U 04eHb ObICTPO TEPSIHOT SHEPrUIo Ha
MOHMN3aLNI0 N UcYe3atloT. Ecnn mMbl namepsiem NOTOK 3NEKTPOHOB, TO U3 3TOMO B KOHEYHOM
nTore crnenyet, YTo norie 3akaH4MBaeTcs Ha BbicoTe He bonee 100 M Haf 3emnein. B cBsasn ¢



Conclusion

du3mka BbICOKMX aHEPrun B aTMocdepe (PBOA) B
HacTosLlee BpeMsa AOCTUrna 3pernoro CoOCToAHUA.
PesynbraTbl, NOfTy4YeHHble B 3TON OTHOCUTENBHO HOBOW
obracTn nccnegoBaHuin, NOKa3bIiBaoOT, YTO KOCMUYECKUE
Nyyun ABNSTCHA BECTHUKAMMN, HECYLLIMMWN MHAPOPMaLUIO He
TOJIbKO O KPYMNHEULMX yCKopuTenax Bo BceneHHoW, HO K
MHPOopPMaLMIO O 3apsXKEHHOW CTPYKTYpe 00nakoB u
n3aMmeHeHuu knumarta. l[locnegHee BbiABNAETCA NyTEM
MOHUTOPUHIa Moaynsumm noTokoB MUHTEHCUBHOCTU
Pa3fnNYHbIX BUOOB BTOPUYHbLIX KOCMUYECKMX JTy4en
aTMoCepHbIM 3NEKTPUYECKMUM NONEM.



