A.E. Yynakos.
100 neT co AHA poXXOeHus

A.C. JlnaBaHcKuin

NHCTUTYT agepHbIX nccrnegosaHum PAH



A.E. Yynakos Bosrnaenan CoeeTt no
kocmmndeckum nydyam AH CCCP (PAH)
bonee 20 net. W, cnepgoBaTernbHO, Npw
HeM Obino npoBeaeHo okosno 10
KOHdbepeHUMN NogoOHbIX 3TOW.

CTorneTtue co OHA ero poXxgeHus
NPULLIIOCH Ha rod MexXxay KoHdepeHUnamm
n emy Oblfa NocesilWeHa cneunanbHas
ceccuss OPH PAH, HO He OTMeTUTb 3TO
cobbiTne Takke n Ha BKKJ1 xoTtsa Obl roa
cnycTa ObIfio 6bl HecnpaBeadmBoO.



ABTOp npeacraBneHHOro COMMHEHUA, HECOMHEHHO, - FTEHUN.
TemM He MeHee, OH 3acnyXuBaeT NPUCYXaeHNs emMy CTeNeHu
noktopa Kembpuakckoro yHuBepcurteTa.

Ot3biB beprpana Paccena Ha
«JIoruko-punocopckuii TpaKTaT»
JI. ButrenmreHna




“...his undoubted genius...”
Prof. J. Linsley (Univ. New Mexico, USA)

“Chudakov was a ‘gentle giant’, a man of towering
physical presence and towering intellect. His
contributions to Cosmic Ray Physics were many; indeed,
very, very few have done so much important work.”
Prof. Sir Arnold Wolfendale, Former Royal
Astronomer for England (Durham Univ.)

“From scientific point of view he was always surprising.
He could face quite different arguments: physics (with a
capability of interpreting ideas, and theories from the
point of view of an experimentalist), mathematics,
electronics, mechanics.”

Prof. G. Navarra, (Torino Univ., Italia)
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Yynakos ObifT NTMOHEPOM BO MHOIMMX
obnacTsax HayKu

dun3nKa KOCMUYECKNX NyYen
aMMa-acTpPOHOMMUS
HenTpnHHaa acTPOHOMUS
eopun3nka

'loa3emMHaga pumanka

Ho OH o4eHb HEDOPEXKHO OTHOCUIICH K
nyonukaumm n pekriame cBoux pesynbraToB




IPpdekT HynakoBa
(1949-1955)

HNoHuzanus 31eKTpoH-

MO3UTPOHHOM Napbl Kak (QyHKIHS
npooOera oT TOUKU poxkaeHus. s

TPEX 3HAYECHUM yIJia pas3JjieTa.

Xotst UynakoB mpeackasani 3ToT 3P ekt
(yMeHBIIICHHE HOHU3AIMOHHBIX TTOTEPh
Mapbl 10 CPABHEHHUIO C BeIUUHHOM 21 ) B
1949 r.,oH onyOIUKOBaN pe3yabTar
MHOTO TTo3X%e (Kak roBopsat, .M. ®dpaHk
HACTOSJT Ha MyOJIUKaIIUM ).
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QddeKT 3TOT Ha camoM ferne
yHuBepcarneH. Ero yunteiatot B KX, raoe
OH NPOSIBASIETCS KaK 3KpaHUPOBKA LIBETHbIX
NOSIEN Y3KMX NMap KBApKOB W MMIOOHOB.



doTomeTp ANna namepeHna noYyepHeHna cneaos
3apAXeHHbIX YacTuL B OTO3MYIIbCUAX.
KoHcTpykumna A.E. Hynakoa
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b. A. BorikoBckui, A. W. I'anaktmonos, M.U. Tperpsikona,
A.E. Uynaxkos, IIT3, Ne 6, 1957, c. 38



‘ JkcnepmmeHT Yygakoa Ha Namupe (1953-1957)

Detector with mirror (1)
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W. Galbright and J. Jelly, 1952.
A single dustbin with a small
(25 cm) parabolic mirror and e g e
5-cm phototube. SERmeeiy M mptne
Detector without mirror (2)
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JkcnepumeHT Yyagakosa Ha [Namupe
(1953-1957) 1 coBpeMeHHbIN
acTpodusnyeckmnn komnnekc TAIGA
(cnpaBa) B TYHKMHCKOWN OOMUNHE.
BHM3y nepBbIn geTtekTop anbpanTta un
[xennn.
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Detector without mirror (2)

Tunka-Grande -
380 scintillation
counters for
registration of
charged particles

Tunka-133 -
175 optical
detectors on
the area 3 km? |

TyHka-REX - 63 antennas for
registrations of radio signals
From EAS

W. Galbright and J. Jelly, 1952.
A single dustbin with a small (25 cm)
parabolic mirror and 5-cm phototube.




CHOyTHHK-2 : HA9aA0 HCCACAOBAHUA
KOCMHUYECKIAX AVIEU B KOCMOCE

OTOT CIIyTHUK OOBIYHO
MMEHYIOT OMOJIOTHYECKUM
(cobaka Jlaiika). Ho Ha HeM
ObLIIM YCTAHOBJICHBI CUETUUK
['eiirepa u nBa (poToMeTpa.
BriepBbie B KOCMOC ObLI
BBIBEJICH JCTCKTOP
3JIEMEHTAPHBIX YACTHII.

WcKyccTBeHHbIA CNYTHUK 3eMnu “CnyTHUK-2"




‘ OTKpbITUE paanalMOHHbIX NOACOB 3eMSN
(1957 - 1958)

<— Sputnik 2
<«— Explorer 1
<«— Sputnik 3
<«— Explorer 4

| «— Explorer 3
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cTopuma HECOCTOSABLLEroca OTKPbITUSA

paanaLMoHHbIX nosicoB BepHoBa:

The Geiger counters of Sputnik 2 (this was the satellite carrying the dog Laika) had detected
the trapped radiation near apogee over Australia with KS-5, the first orbiting instrument
for cosmic ray studies. But since S.N. Vernov and A.E. Chudakov did not receive the
data from the Australian receiving station they did not see the rapid rise in intensity with
altitude until much later. At Sydney, Australia, the scientists with

Professor H. Messel, a noted cosmic ray researcher and head of the School of Physics at the
University of Sidney, recorded the telemetry signals from Sputnik 2. But they did not
have the telemetry code. Asked about this during the Cosmic Ray Congress in 1959,
Messel said to Singer ‘They would not send us the code and we were not about to send
them the data’ (Hess, 1968). This is why in the November 23, 1984, issue of Science,
Alex Dessler published an editorial titled ‘The Vernov Radiation Belt (Almost)’.

This piece of History re-opens the issue of who, in scientific races, are remembered as the
key actor and discoverer: the pioneer who had the idea first, who designed an experiment
to check this idea and prove it to be correct, or, the author(s) whose paper passed the
refereeing process and who, luckily, first published the results in open literature. In
Geophysics it is the latter who wins this ‘Guiness Book of Records’ competition.

“From the discovery of Radiation Belts to Space Weather perspectives”
by J.F. Lemaire,
(Proc. "Space Storms and Space Weather Hazards", Crete, Greece, 19-29 June, 2000).



[lepBbit B MUpPe BOAHbLIN
4YepPEeHKOBCKNN OETEKTOP
bonbLoro o6vema (Mockea,

1959-1960) n ero NnOTOMKMU
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‘ I Ipoekr I mniep-Kammoxanae

Pasmepsr:
BbIcOTa 60 M, nuameTp 74 m

260000 T cBepX4YMCTON BOABI

40000 BBICOKOYYBCTBUTEIIb-
HBIX (DOTOJIETEKTOPOB,

Peering into the Universe and its ele mentary particles from underground

The planned Hyper-Kamiokande detector will consist of an
order of magnitude larger tank than the predecessor, Super-
Kamiokande, and will be equipped with ultra high sensitivity
photosensors. The Hyper-Kamiokande detector is both a
"microscope,” used to observe elementary particles, and a
"telescope”] used to study the Sun and supernovas through
neutrinos. Hyper-Kamiokande aims to elucidate the Grand

Experimental Technique

The photosensors on the tank wall detect the very weak Cherenkov
light emitted along its direction of travel by a charged particle

ejected in the collision between neutrinos and watef in the tank.

This Cherenkov light is emitted in the form of a cone shape or in most

cases a ring as the charged
particle is eventually absorbed.
The energy, direction and type
of neutrinos are determined
using the information obtained
from the photosensors, such
as the quantity of light and the
ring shape.

Unified Theory and explain the evolution of the Universe
through the investigation of proton decay, CP violation (the
difference between neutrinos and antineutrinos), and the
observation of neutrinos from supernova explosions. The
Hyper-Kamiokande experiment is an international research
project aiming to become operational in the second half of
the 2020s.

g, Cop,

N

Ultrasensitive Photodetectors

We have been developing the world’s largest
photosensors, which exhibit a photodetection
efficiency two times greater than that of the
Super-Kamiokande photosensors. These new
photosensors are able to perform light intensity
and timing measurements with a much higher
precision.

The new Large-Aperture High-Sensitivity Hybrid
Photodetector (left), the new Large-Aperture
High-Sensitivity Photomultiplier Tube (right).
The bottom photographs show the electron
multiplication component.

The huge Hyper-Kamiokande tank will be used
in order to obtain in only 10 years an amount
of data corresponding to 100 years of data
collection time using Super-Kamiokande. This
allows the observation of previously unrevealed
rare phenomena and small values of CP
wviolation.

—‘ fiducial volume

‘ 50,000 tons - 260,000 tons |

Super-Kamiokande Hyper-Kamiokande




[lepBags perncrpaumnsa nepexoagHoro
N3ny4yeHns — BoodLle HeT nybnmkaunm

Bo Bcex Personalia Yygakosa HanncaHo, 4To oH Habnogan
[T B 1953 r. npn NoarotoBke CBONX 3KCNEPUMEHTOB C
4YepPEeHKOBCKUM M3nydeHnem. To e MOXHO NpoYecTb BO
MHOIMMX BOCMOMMHAHUSX U HEKOTOPbLIX AUCCEPTaLUSIX.

Ho, no-Bugnmomy, OH He 03aboTurnca onyodnnkosaTb CBOU
HabnaeHusa. 1 noatomy B Buknneamm HanncaHo (ctaTbs
«llepexogHoe nanyyeHne»):

«IKcnepumeHTarnbHO addekT obHapyxeH B 1958 roay B
EpeBaHCKOM (PU3NYECKOM UHCTUTYTEY.



[ @aMMa-aCTPOHOMUSA OYEHb BbICOKMX
oHeprmn (VHE astronomy)

[lepBbIii YEPEHKOBCKUU raMMa-TEJIECKOI CO3/IaHHbIMN
YynakoBeiM B KpbIMy OBLIT BOOOIIIE IIEPBBIM B MUPE
WHCTPYMEHTOM JIJISl HAOJIFOICHUS TaMMa HU3TyYCHHUS 13
KocMoca. MeTo1 ObLI IIPEI0KEH B padoTeE:

[.T. 3auenuH, A.E. Yynakos, O meTogax nonckos

NnoKarnbHbIX NCTOYHMKOB POTOHOB BbICOKOW
aHeprun, XOTO, T. 41, BbIn. 2(8), cTp. 655 (1961).



POOLLA V.RAMANA MURTHY &
ARNOLD W.WOLFENDALE

Gamma-ray
astronomy
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To Prof. A.E. Chudakov — a founding
father of the subject — from
PVRM & AWW




[lepBbIN B MUpe ramma-
Teneckon (Kaumsenu, Kpbim,
1960- 1963) 1 oTaenbHblE
Terneckonbl 3 NOKONEeHUS

HESS

\eritas

Puc. 1. O6Gumit BUI yCTAaHOBKH




[[amMma-obcepBaTopus
CTA

Hayano paboTbl obcepBaTtopun — 2022
3aBepLlueHue ctpoutenbctea - 2025

The Cherenkov Telescope Array (CTA) is the next generation ground-
based observatory for gamma-ray astronomy at very-high energies. With
more than 100 telescopes located in the northern and southern
hemispheres, CTA will be the world’s largest and most sensitive high-
energy gamma-ray observatory.




[Mpodb. k. JlnHcnun o npnoputete Yynakosa B

npeanoXxeHnn pnroopecUeHTHOro MetToga permcrpaumm
LLUAJT KocMnyeckux nyyeu

... I tried ... to get clarification from Chudakov himself in his later
years about an idea that apparently came to him before it came
to others: to observe EAS by means of atmospheric scintillation. In
a well-known remark of his at the 1962 Interamerican Symposium
in La Paz, Bolivia, published in the Proceedings, he described his
iIdea in some detall, dating it to 1955-57, the time he made

pioneering measurements on atmospheric Cerenkov radiation from
EAS.

John Linsley (private communication, 2001)

Hrak, naes BozHukia y Uynakora B cepeaune 1950-x
MyOJIMYHO OH O3BYyYMWJI €€ B 1962 I. (B 3aMe4aHUM K JOKIIAAY
snoHna K. Cyra), a onmy0JMKoBall B )KypHajle TOJIbKO B 1966 T.



History of FM development

1955-1957 Chudakov is preparing Cherenkov experiment. He
studies the ionization glow as a background for it.

1962 Chudakov gives publicity to the idea of fluorescent method as
a remark at the conference in Bolivia.

Early 1960-ies. Air glow after atomic bomb tests is under study (Los
Alamos). K. Greisen participates in this work.

1966 Chudakov’s suggestion is published.

1967 Cornwall experiment of Greisen (10 modules, 500 PMs with
Fresnel lenses 0.1 m?)

1976 Three modules of the Utah University are tested at Volcano
Runch (mirror 1.8 m n 14 PM in the focal plane. First EAS detection.

1981-1993 Fly’s Eye (stereoscopic observations since ¢ 19806).




[TlepBOe onybnnkoBaHHOE NpeasioXxXeHne
doS1I0OpPECLIEHTHOrO MeToAa

B.A. bensieB u A.E. UynakoB , MoHuzannonHoe
CBEUCHME BO3yXa U BO3MOKHOCTH €0
VCIIOJIb30BaHMS JUIsl PETUCTPALAN IIUPOKUX
atmocdepHbix nuBHeil, M3Bectus AH CCCP,
cep. ¢pus., 1966, v. 30, Ne 10, ctp. 1700.

HU3BECTUA AKATEMHI HAYK CCCP
T. XXX, M 10 CEPUS ®HU3HYECKASA 1966

B. A. BEJIFEB n A. E. YYJIARKOB

MOHU3ATIMOHHOE CBEYEHUE BO3J[YXA I BO3MOKHOCTH Ero
NCNOJIb30BAHIA JJIA PETHCTPAIIAN
MHIPOKNX ATMOC®EPHBIX JINBHEN

IIpu MOHMBAIMOHHBIX JIOTEPAX BHAYMTENbHAS UACTH DHEPLHH MOMKHA HATH
Ha Bo3OysjleHne Momeryx cpeisl. Horja cpejoii sBiasiercs paspeskenmbii ras
1 Ge3bI3yqaTeNnbHEe ePexobl MaJOBEPOATHLI, dHepruA Bo3dymienmus (mo-
PAJKA TIOJOBUHEI MONHBIX HOHHBAMMOHHEIX HOTEPH?) JOJ/KHA BBHICBEUHBATHCH.
Ha onsrre okasmiBaercs, 0JHAKO, UTO 10 KAKHM-TO NPHIAHAM B BUINMOI 00-
JACTH CHEKTpa JIeKUT JAMb KpaifHe HeaHmaunmTeJbHas ¥acTh oOI(eil sHeprun
HOHABANNOHHBIX TIoTeph, V3aMepenne BEIXOJa MOHH3AMIOHHOTO CBEYCHIS BO3-
JiyXa mpoBojimsioch HaMit B 1955 r. B cBA3H ¢ M3YYeHHEM CBETOBOIT BCIBIIIKIE
mupoknx arMocdepusix ausneit (ITAJT) B armocepe mas ompesenenis
COOTHONICHHST YePEHKOBCKOTO H HOHM3AIHOHHOID CBEYEHMiT M BO3MOKHOCTIE
TPAKTHYECKOrO NCITOMb30BAHIA Tecaeaero s perucrpamun ITAJ *,

B namem okcmepnMmenTe cBedeHHe B030Y/KIaloch B HeGOIBINOI TepMerii-
YeCKoil aIIOMHHHEBOIf KaMepe I DerHCTPHPOBATOCH Yepe3 IPO3padHoe OKHO
¢ moMompio oroymuokureas PIY-19. Uepes asa ToHROCTEHHBIX OKOIIKA
qepes KaMepy TPOXOu/ KOJIMMHPOBAHHEIA IyYOK dIeKTPOHOB pacnaja P
co cpenmeir oueprueii 1 Moae. Tlo BEIXOle U3 KaMepbl d1CKTPOHEI TOTAANN Ha
KpucTami crumbfena B Konrtakre co Bropsim ®IV-19. Jro mossomsio perner-
PHPOBATh COBHAJIEHHsA, B TOM YWCJI® CABHHYTHIC BO BPEMEHI, I TeM CaMBIM
OTpeseNATs, BpeMsi BLICBeunmBammsa. Permcrpammst cBeueHns B Kamepe Bedach
TyTeM cYeTa OT/eJbHEIX CBETOBBIX KBaHTOB, mepssiii MIY-19 6sur crnemumaanuo
oroGpan m mMex cobeTseHHbIl or ~ 25 doroaaerrporos B 1 cer, uro 1M03BO-
JA0 BECTH KaK CYeT COBIAXEHHI, TaK ¥ CYeT KBAHTOB 10 OJHOMY KaHATY.

OcHoBHEIE Pe3yJNbTATHL M3MEDEHNUA CBEYEHMs BO3AYXa, a TaKsKe a30Ta If
aproma mpu fasiennn or 0 o 1 ary moxasamsr ma puc. 1 (reMmeparypa KoM-
HATHAA).

ITo ocu opamHAT 0TIOKEHO YMCIO CBETOBBIX KBAHTOB, MCIYCKAEMBIX Pesi-
THBHCTCKIM dIeKTpoHOM Ha 1 ¢k myTm B rase**, mo oci aberyice — gapiente
raza. I'opH3oHTaNBbHBIE VUACTKH KPUBBIX JJIA BO3JAYXa M a30Ta IIOKA3BIBAIOT,

*B HacToslee BpeMsa aTa npu(’meua ONATH NPHBJICKACT BHUMAHNe B CBA3W C TeM, 4TO
710 CuX IOp He Haiijleno ajexksaTHOro Meroxa permerpamui HIAJL ¢ £ = 102 96 n mcmodn-
30BaHNe HOHM3ALMMOUIION0 CBeYEHIA B arMocdepe OCTAeTCA OFHNM M3 Hauboaee Iepeiek-
TupHBIX nyTeil. B CIIA » Kopmeasckom ymmsepcmtere 1o pykosojcrsom K. I'peiisena
Hauata HKCIepHMenTaibHas PaboTa B 9TOM HAIDABICHI.

** CHeKTpajgbHBEIi HHTEPBAJ PETHCTPHPYEMOro cmedenms onpejensics ®IY. Kamn-
GpoBKA UYBCTBUTENLHOCTH ITPOBOJMIIACL ITyTeM CPABHEHMSI ¢ UePEHKOBCKUM HATyUeHHeM
B TOHKOIl CIIOJANON ILIACTHHKE, IOMEIIEHHON Ha NYTH DIEKTPOHOB B KaMepe IPH KOHT-
poabnoM ombrte. Ha puc. 1 0Ti0/en0 YHCI0 KBAHTOB B ycao0BHOM amamazone 300—600 s
B IIPeIIOJIOAKEeHNH, YTO CHEKTpajbHOe pacrnpejejienne HHTEHCHBHOCTH WOHH3AIHOHHOTO
CBEYCHHA TaKOe ’Ke, KaK WePeHKOBCKOe, YTO B IEPBOM NPHOMMKeHHH He NPABOAHT K
Gompmoii ommbxe (2] Hmaumii mpeges MHTeNCHBHOCTH NOMYUHTCH B 1IPeII0JI0Ke HITI,
4TO BCe WIJAyUeHNMe JIeRNT B 00macTH MakcumyMa wyscTBHTexbHoctTH ShCs-(oTokarona
(400—430 nx). B oToM caydae nudpsr Mo OCH OPAWHAT JAOMKHBI ObLIH OB GHITH yMHOMe-
Hbl Ha KOd(PPumuent 0,5.

1702 B. A. Beases u A. E. Yydaxos

LIOHHOTO CBEYEHIST PACTET C BHICOTOIL. Tpu pasaenmn 200 e"c.u’z 0§a adder-
Ta 0T OEHAKOBHIT BLIXOX, & MPH Gouee HUBKIIX JaBICHIAX nomuaunoml‘(:‘si
ceuenne npeobaagaer. Jlus perncTpamin LIAJI cymectBenna, OjHaKO, o
CTOMBKO PABHHIA B CBETOBOM BBIXO1E, CKOMBKO B MPOCTPAHCTBEHHOM PACHDE
eJerI CBeTa Ha ypoBHe HaGmofemms. Yakaa ROMTHMAIIS ucpem’(:mcmm
CBeTA [M03BOAAET PEIMCTPUPOBATH JMBHI HeGONBINOI dDHEPrui: 0T 10 28, #o

NP MAABIX  NPIIEILHBIX  HapaMeTpax
L nBakm-s* r=100 x [3]. Ha omux paccrosumax
JNOHHBAIHONHOE CBEUECHH® He JaeT HiKa-
KOro BEAQJA.

Ha puc. 2 noKasaHo TpocTPaHCTBEHHOE
pacTpejieenie cBeta ot 050MX MPOTeCcos,
PACCUNTANNOE [ BEPTHKAILHOTO :‘):‘Il’l\‘—
TpovarmmTHoro Kackaza ¢ E = 10% 6.
Pacuer qepemroOBCKOro M3IyYeHHsa Ha pac-
crosumax Gonee 1 kx 0T ocH HeHajeseH,
TaK KaK BaBMCHT OT IPEJI0IaraeMoro
SHEPIETIMECKOTo CTEKTPa MICKTPOHOB Ha
pasHeii CTaj|I Pa3BHTHA JUBHA. Boamoix-
Puc. 2. IlpocrpancTsennoe pacmpeje- — HBI® DKCTPATOJALII YKa3aHbl NyHKTHPOM.
femie: ] — uePENKOBCKOIO M3iayuenns  JoHmaamuoHHOe CBeueHye lepeseimsaer
2 — HOHN3AIWONNO0 CBOUCHIA BOD- 1o rg g paifone 3 ki 11 He3yCAOBHO JI0MI-

FapiROrD A o= D 500 wnpyer Ha paccroammm 5 mm u Goxee.
Basko, 9T0 PACUYCTH MOHMBAMHOHHOTO CBEUCHIA He 3aBHCAT m'v yr.vrx,c;mirao):
DHEPreTIMECKOro PAcTpe/ieleHitii YacTHI, B JNBHE. 1lo dopme :nulﬁjn::‘ OT nlcﬁ
FHCTPUPOBAHHEIX B HECKONBKNX NYHKTAX Ha PACCTOAHIMIL o-— ke mTpa“:
B NPUHIIG MOAKHO OUPETeTNIL He TOALKO TMOJIOMKEHIE 0CH ,um‘gnm”gw."“ym
cTBe, 110 11 OPMY KACKAUTON KPHBOIT Il COOTRCTCTBENHO DHCPIIIO, a. it g
B arvocdpepe. BoamosHa PErHCTPAIS HAKIONIBIX I NOUTIL TOPHIOUTAS 3
m“‘ghl::'mm HHEPreTHUeCKITl TIOPOr PErNCTPAINII AIBHCI o nmul.anunov||1|‘ou‘?v
cBewenn0. YCTAHOBKA MOrIa 06l COCTOATH N3 HECKOJABKIX JIECATROB 11)111.101:
PACHOJOKEHHBIX Ha PACCTOAHNN 10 %x apyr ot Ap; ! “aﬁ‘(t yueceTsh ‘l]mu o“
cBewemisT HouHoro meba, miomais dorokaroion DIV B KancioM nymHKTe. ;
anTeapHoCTH cirnaia (Mopaika (1= 2)-1079 cex). Mpn !l.l()l.l.la;::lf qbo'n:rl;c‘n‘_
70708 1000 ¢M> T HPEBBIMICHHN CATHATA HA/ MYMOM B 3 pasza 1ple yercg} e
roBoii otor ~ 3-10° Keanr x24T0 B 3-10% pas Gompuie, gem Ha puc. 2 17

r— 6 K. OTCIO[A CACIYET, UTO AHEPreTHICCKIil NOPOT TaKOil YCTAHOBKI CO-

crapnr 310 26 1w npn £ = 10* 96 BO3MOHO LOAYIATH mozpobuyio midop-

Manuio. E
Jlureparypa

1. chopperE, Z Naturforsch., 6a, 698 (1951).
. SpicerV Phys. Rev., 98, 1061 (1955).

n A E,
3hienin B M, Uyxaxon A. E, . oxcrepms. u reop. fua., 42, 1622 (1962)-




‘ dnroopecyUeHTHbIM MeTO
(1962-1966)

[ kBarm. m*

76

2 Fly’s Eye and its largest shower
\ Ja0.0 T T T T T
]11111||J_1|1Il||
) 10 15
r, KM 7500 [ :i» -
NoHn3anmoHHOE CBEYEHHE MTPEBATUPYET II€-TO B PAaOHE 3 KM T‘ci 0.0 + i’ .
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‘ YctaHoBka PAO (Pierre Auger Observatory)
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Baksan: Underground Physics and
Cosmic Rays (1964-2001)

Chronicle of events:

1963 — Construction of the Baksan Neutrino
Observatory approved,;

1967 — the beginning of construction;

1974 — the Carpet air shower array put into
operation;

1978 —t

1993 -t

ne Baksan Underground Scintillation

Telescope (BUST) put into operation;

ne Andyrchi air shower array Is constructed

above the BUST.
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The flux of vertical neutrinos and
parameters of neutrino oscillations

Vertical intensity of upward-going neutrino-induced muons was
measured for the first time (1980). The limits for parameters of
neutrino oscillations were obtained (1985-1990).

M.M. bonunes n gp., A, 34, ctp. 1418-1421 (1981).

M.M. Boliev A.V. Butkevich, A.E. Chudakov, B.A. Makoev, S.P. Mikheyev, V.N.
Zakidyshev, Baksan Neutrino experiment, Proc. of Neutrino81 Conf., Honolulu,
Hawali, v. 1, p. 283 — 290.

Particle Data Group, 1982

Ratio of measured to expected events R = 0.95 £ 0.22. At 90% CL
the limit was Am? < 6 103 eV? (two types of neutrinos and maximum
mixing). This limit was stronger than those of other experiments by a
factor of 100. But due to small statistics it is rapidly became weaker
with decreasing mixing and at sin?2a. < 0.65 completely

disappeared.



Proton lifetime

E.H. AnekceeB u gp., OrpaHn4yeHue Ha BpeMs XXU3HU NMPOTOHA NO AaHHbIM
BakcaHCKOro nog3emMHoOro CLUMHTUNNSALUUOHHOIO Terneckona, lNucbma B XKOTO,
T. 33, BbIN.12, 664 (1981).

E.N. Alexeyev, V.N. Bakatanov, A.V. Butkevich, A.V. Voevodsky, A.A. Gitel’son,
A.E. Danshin, G.P. Keidan, A.A. Kiryushin, O.l. Petkova, A.E. Chudakov, B.E.
Shtern, Lower limit on the proton lifetime according to data from the Baksan
Unde;ground Scintillation Telescope, ZhETP Letters, v. 33, no. 12, 651- 653
(1981).

Some construction changes improving anti-coincidence shield were
made for this experiment. Two inner layers of detectors were used
to search for proton decays, six outer layers being the anti-
coincidence shield.

The lower limit on proton (neutron) lifetime established in this paper
was equal to 1.25.103° years (90% confidence level) for all
neutrinoless modes of decay.

The world-best limit approximately for half a year.



Upper limits on the flux of magnetic

monopoles

The upper limit for the magnetic
monopole flux was world-best for
almost 20 years.

First published 1983:

E.N. Alexeyev et al., Search for
slowly moving penetrating particles
at Baksan underground telescope,
18" ICRC, Bangalore, India, 1983,
vol. 5, pp. 52-55.

T

Fig.1 Upper limits for flux of superheavy
magnetic monopole (for references see

E.C.Loh 1982).




Upper limits on the flux of magnetic
monopoles

2, ~1 —1

[ToTok,cM“-C™" - Cp
The American-Italian collaboration MACRO (1988-2000) in | WMHIyKUHOHHBIC METOABL
LNGS 10—13 -
“Its principal goal was to observe magnetic monopoles or set
significantly lower experimental flux limits than had been
previously available in the velocity range from about f=10"* L e T i
tounity> B AlGEREINRAERAEE A
M. Ambrosio et al., The MACRO detector at Gran
Sasso, Nuclear Instruments and Methods in Physics 10-°F : 5
Research Section A Accelerators Spectrometers Detectors e
and Associated Equipment 486(3):45 - July 2002 Lo-16L MACRO
1 1 1 ! ]
|t | SO U L | RS [ 1
= Thus, the upper limit for the B
magnetiC m0n0p0|e ﬂUX was Puc. 2. OrpannyeHue Ha NOTOK MarHUTHbIX MOHOIIOJIEM,
world-best for almost 20 years. MoJy4eHHOE B JaHHOH paboTe, B CPaBHEHUH C pe3yJibTa-
The MACRO  collaboration, for S R IEAIN KNBICARON HH
which this problem had been the
main task, finally succeeded in [Tonck MarHUTHBIX MOHOTIONEH Ha bakcaHckoM
reaching the level of Baksan, but 0/13eMHOM CHMHTIILIAIIMOHHOM Teeckorne, M3B.

practically failed to improve it. PAH, cep. ¢us. 65, Nel1, crp. 1662-1663 (2001)
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‘ Inelastic interactions of muons

= BbakaTtaHoB B.H., HoBocenbues KO.®., HoBocenbuesa P.B., CemeHoB A.M., CteHbkuH KO.B,
Yynakos A.E., CeyeHune hoToagepHOro B3ammogencTamns npu saHeprum qooToHOB B AManasoHe oT
0,9 oo 10 TaB, lMucema B XKX3TD, 1988, T. 48, cTp. 121-123.

Bepewkos I"M., Jlanakynny O.[1., HoBocenbues KO.®., HoBocenbuera P.B., lNonHoe ceveHune y-N

B3aMMOAENCTBMA B 00nacTn aHeprum \'s = 40 - 250 eB, ApepHas dumaumka, 2003, 1.66, BbIN.3, CTP.
591 - 600

X experimental data and
——fits (5),(11) of calibration curves
[u] yp ZEUS BPC extrapolation
fit (12),(14),(16) ZEUS BPC extrapolation

photoproduction data: /
low-energy data /
BUST /
ZEUS 92,94 ¥
H195 /

fit (12),(14),(15) /
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Fig.1. Calibration curves and cross section of yp interaction.




Muon bundles underground

V.N. Bakatanov, Yu.F. Novosel'tsev, R.V. Novosel'tseva, Observation of “the knee" in cosmic ray energy spectrum with
underground muons and the primary mass composition in the range 10%°-107 eV, Astroparticle Physics, 1999, v.12, p.19.

Y.F. Novoseltsev, R.V. Novoseltseva and G.M..Vereshkov,
On the mass composition of primary cosmic rays in the energy region
1015-1016 eV, J. Phys. G: Nucl. Part. Phys. 39 (2012) 105202
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Figure 1. Squares are the EAS spectrum versus ny, (experimental data). The muon threshold energy ‘hasaa ’ 2
is Ejm = 235 GeV if ny < 1000 and Ex = 220 GeV at n, = 1000 [16, 18]. Crosses show the \a

muon multiplicity spectrum obtained in [ I 5] (m and F (m) correspond to the multiplicity spectrum).
Solid curves are the expected fluxes (Ey, = 220 GeV) for the case £ = Z x 3 x 10'3 eV, dashed
curves — the case Ex = 3 x 10" eV/nucleus. Dotted curves show the expected fluxes for the case
Ep = Z x 3 x 101 eV at Ey, = 235 GeV. Numbers near curves denote the mass composition
variants: | is the “standard” (low energy) composition, 2 is the composition (2).



'Muon bundles underground
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Neutrino bursts from collapsing stars

The BUST appeared to be one of four instruments in the
world that succeeded in detecting the neutrino signal
from collapsing star during explosion of supernova
SN1987A in the Large Magellanic Cloud

E.N. Alexeev, L.N. Alexeeva, .V. Krivosheina, V.I. Volchenko,
Detection of the Neutrino Signal from SN1987A in the LMC using
the INR Baksan Underground Scintillation Telescope, Phys.Lett.
B205 (1988) 209-214.



February 23, 1987

1 3 5 7 9 11
e ———————————|—————————
Optical observations
|| mv=12“‘ mv=6"‘ ll
Geograv || 2:52:35,4
2:52:36,8 7:36:00
5
S 43,8 % o 19
KII i 2:52:34 12; 7:35:35
7:35:41
IMB 8 3 47
BUST 1 2:52:34 g 7:36:06
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Energy spectrum of high-energy muons

V.N. Bakatanov, A.E. Chudakov, Yu.F. Novosel'tsev, R.V. Novosel'tseva, A.M. Semenov, Yu.V.Sten'kin.
Study of muon spectrum and muon inelastic scattering at Baksan underground scintillation telescope. Proc.
of 21 ICRC, Adelaide, 1990, v.9, p. 375-378.

A.G. Bogdanov, R.P. Kokoulin, Yu.F. Novoseltsev, R.V. Novoseltseva, V.B. Petkov, A.A. Petrukhin,
Energy spectrum of cosmic ray muons in 100 TeV energy region reconstructed from the BUST data,
Astroparticle Physics, 36 (2012) 224-236
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Upper limits on the Dark Matter

(neutralino) parameters

M.M. Boliev, E.V. Bugaey,

A.V. Butkevich, A.E. Chudakov,
S.P. Mikheev, O.V. Suvorova, V.N.
Zakidyshev, Nucl. Phys. Proc.
Suppl. (1996) 83-86

. . _ | . iy - . . . 15 —
Fig. 4. Upper limits at 90% confidence level on annihilation rate in units of 107" s
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EAS studies with the Carpet array

High-precision measurements of LDF and its fluctuations

E.N. Alexeyev et al., Lateral distribution of electrons in EAS with Ne > 2.10%, 151" ICRC,
Plovdiv, Bulgaria, v. 8, p. 52 (1977).

E.H. AnekceeB u ap., @yHKIMS TPOCTPAHCTBEHHOIO pacnpeaeiacHus 31ekTpoHoBB [IIAJI Ha
BeicoTe 1700 M Hax ypoBHem Mops, 3B. AH CCCP, cep. pus., 1978, 1. 42, Ne 7, ctp. 1417-
14109.

J.J.JxanmyeB u ap. @aykryanuu GopMbl TpocTpaHcTBeHHOTO pactpeaencHus [TAJI na
paccrosausAx < 50 M oT ocu, SAD, 1979, 1. 29, Ned4, ctp. 957-961.

Study of EAS structure near its axis and estimation of the flattening
region near the core

E.N. Alexeyev et al., Structure of the central part of EAS with Ne > 2-105, 15" ICRC,
Plovdiv, Bulgaria, v. 8, p. 56 (1977).

E.H. AnexkceeB u np. [IpoctpanctBennas crpykrypa LIIAJI Boausu ocu, M3s. AH CCCP, cep.
¢bus., 1978, 1. 42, Ne 7, cTp. 1420-1424.
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Multi-core EAS and high transverse
momenta in hadron-hadron interactions

From the analysis of multicore showers (Carpet) the cross section of
generation of high Pt jets at VS ~ 500 GeV is estimated and demonstrated
to be in agreement with QCD predictions (1981, at least one year before the
similar results of UA1 and UA2 collaborations at the CERN SPS-collider).

(The plot from this report was reprinted in CERN Courier immediately)

A.E. Chudakov, D.D. Dzhappuyev, A.S. Lidvansky, V.A.

Tizengauzen, V.P. Sulakov, G. Navarra, Investigation of
EAS with multicore structure,

16" ICRC, Kyoto, Japan, v. 8, p. 222 (1979).

A.E. Chudakov, K. Dobrzynski, E. Krys,

A.S. Lidvansky, G. Navarra, V.A. Tizengauzen,

J. Wdowczyk. The data on multicore air showers and
cross-section of high-Pt jet production at VS ~ 500 GeV,
Proc. of 17th ICRC, Paris, 1981, v.6, p. 183-186.
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Gamma-ray astronomy
The Crab Nebula burst on Feb 23, 1989 r.

V.V. Alexeenko, A.S. Lidvansky, V.A. Tizengauzen,

A Search for > 1014 eV Gamma Rays from Point Sources at Baksan Air Shower Array,
Proceed. of Intern. Workshop on Very High Energy Gamma Ray Astronomy, Crimea, 1989,
ed. by A.A. Stepanyan, D.J. Fegan, and M.F. Cawley, p. 137

Acharya B.S., Rao M.V.S,, Sivaprasad K., Sreekantan B.V., and Vishwanath P.R., First
simultaneous detection of PeV energy burst from the Crab Nebula,

Nature, 347 (1990), 364-5.

V.V. Alexeenko, Yu.M. Andreyev, A.E. Chudakov, Ya.S. Elensky, A.S. Lidvansky,
S.Kh. Ozrokov, Yu.V. Stenkin, V.A. Tizengauzen, L.J. Graham, J.L. Osborne, A.W.
Wolfendale. The ultra-high energy gamma-ray burst from the Crab Nebula observed
by the Baksan EAS array. Journ. of Phys. G : Nucl. Part. Phys. 18 (1992) L83-L88.
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‘ Detection of GLE from solar flares
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‘ Anisotropy of cosmic rays
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Fic. 5.— The energy dependences of amplitude (top) and phase (bottom), of the first harmonics of the CRs anisotropy obtained
in this work, and reported from previous measurements. They are underground muon observations: Norikura(1973) (Sakakibara et al.

1973), Dtlawa{lQES".l (Bercovitch & Agrawal 1981), London(1983) (Thambyahpillai 1983), Bolivia(1983) (Swinson & Nagashima 1983),
Budapesl{lﬁﬂa".l (Smnson&Nagash]ma 1985), Hobart(1985) (Swinson & Nagashima 198u’5 London(1985) (Swinson & Nagashima
1985), Misato(1985) (Swinson & Nagashima 1985), Socorro{19853) (Swinson & Nagashima lﬂﬂa) Yakutsk(1985) (Swinson & Nagashima
1!]&:".1 Banksan(1987) (Andreyev et al. 1987), ]IDngKDng{l!}ST} (Lee & Ng 1987]__ Sakashita(1990) (Ueno et al. 1990}, Utah{1991)
(Cutler & Groom 1991), Liapootah(1995) (Munakata et al. 1995), Matsushiro(1995) (Mori et al. 1995), Poatina(1995) (Fenton et al.
199"} [\amtcukandc(lgﬂ’r'] (Munakata et al. 1997), Marco{2003) (Ambrosio et al. 2003), SuperKamiokande(2007) (Guillian et al. 2007),
and air shower array experiments: PeakMusala(1973) (Gombosi et al. 1975), Baksan(1981) (Alexeyvenko et al. 1081), Norikura(1989)
{Nagashima et al. 19897, EASTOP{1995,1996,2000) (Aglietta et al. 1995, 1996, 2009), Baksan(2009) (Alekseenko et al. 2000), Mila-
gro(2009) (Abdo et al. 2000), leeCube(2010,2012) (Abbasi et al. 2010, 2012}. Ice'[‘op{?ﬂw} (Aartzen et al. 2013), ARCO—‘IBJ{ED]E}
{Bartoli et al. 2015), Tibet{2005,2013) (Amenomori et al. 2005b; Amenomeori et al. 2013).




Anisotropy of cosmic rays:

In high-energy muons (underground) and in small-size EAS
(on the ground surface)
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Variations of cosmic rays during
thunderstorms

Disturbances in secondary cosmic ray intensity during thunderstorms were first discovered in
pioneering experiment in 1985.

Alexeyenko, V.V., Chudakov, A.E., Sborshikov, V.G., and Tizengauzen, V.A., Short
perturbations of cosmic ray intensity and electric field in atmosphere, Proc. 19th ICRC, La
Jolla, 1985, vol. 5, pp. 352-355.

The experiment restarted again at a new level in 2000.

V.V. Alexeenko, N.S. Khaerdinov, A.S. Lidvansky, and V.B. Petkov, Transient Variations of
Secondary Cosmic Rays due to Atmospheric Electric Field and Evidence for Pre-Lightning
Particle Acceleration, Physics Letters A, 2002, vol. 301, issues 3-4, pp. 299-306.

At the moment this line of research represents the separate field of science. The specialized
annual TEPA (Thunderstorm Elementary Particle Acceleration) workshops are carried out at
Nor-Amberd (Armenia).
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Record enhancement
during thunderstorm on

October 11, 2003

Estimates of minimal
distance to two

lightning strokes exerting
strong effect on the
intensity are 4.4 and

3.1 km. Other lightning
discharges, including very
near, give no such an
effect.

Amplitude of variation (%o)

Electric field strength, kV/m
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Two strong variations of muons on one day of a year separated by seven years:
September 24, 2000 and 2007. In the latter event sharp variations associated with
lightning discharges are observed
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CR Variations during The event on October 15, 2007

thunderstorms: .

geomagnetic pulsations and new type L3 IS fn.wl - M
of high-altitude discharge coincident " W
with muon intensity disturbances " e

Thunderstorm event on September 15, 2013.
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The Summary of Chudakov’s Pioneering
Achievements

He predicted a new physical effect (Chudakov effect), which
turned out to be of universal nature;

He was the first who observed an interesting physical effect
predicted by other people (transition radiation);

He discovered (together with S.N. Vernov) the outer radiation
belt, a new physical object (area in space) of fundamental
Importance for space exploration, environment and physical
studies;

He was a founding father for several branches of modern
science, like gamma ray astronomy and underground physics,
where his ideas predetermined the future development in both
direction and methods of investigations.



3 Hekponora YygakoBy

OH Bcen cBOEWN OeATENbHOCTbIO OKa3biBan OrpoMHoOe
BIUSIHME Ha hbopMMpoOBaHME CKNaga MbllLeHns ,
Hay4YHOro MMPOBO33PEHUA U CTUNSA PaboTbl MHOMNX
nokoneHun ousnkos, paboTaroLwmx B obnactu
KocMuyeckunx nydven. ['lpm aTom B HacTosLlee, He
nydiwiee onst oTe4ecTBEHHOW HayKu BPeEMS, Koraa
CnnoLwb N pssaoM Benuyaniuen JobnecTbio cHnTaeTcs
ObITb HA YPOBHE MUPOBLIX TEHAEHUNN N AOCTUXKEHUN
(4TO Ha caMmoM gerne o3HavaeT npo3sibaHme B XBOCTE
neneToHa), ocCO6beHHO NOy4YnTENEH NPUMEP YYEHOrO,
KOTOPbIN BO BCEX CBOMX HAYNUHAHUSIX ObIn MMOHEPOM W,
Kak npasunsio, onepexan MMpoBON YPOBEHb HA MHOTME
rogbi.

YOH, 2001, 1. 171, Ne 5



