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Three meanings of the word “tirst”

The very first experiments made with
Baksan facilities and their results

The results t
(were world-
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Preparations and pre-Baksan studies

Liquid scintillator, very cheep, transparency L~ 50 m, stability >
40 years.

A.B. Boesoackun, B.J1. agbiknH, O.I. Psxckas, XKngkue cunHtunnatopbl, C6. Kocmuyeckne
nydu, 1969, Ne11, ctp. 188-191; XKngkme cumHTUNNATopbl ANs 60MbWNX CUMHTUNNSLUNOHHBIX
cyeTyumkos, MNT3, 1970, Ne 1, cTp. 85-87.

Calibration of PM tubes

HO.H. KoHoBarnos, A.E. Yyaakos, I"'A. LWenkos, MNMopTaTUBHbIN MMMNYNbCHbLIA NCTOYHUK
PEHTrEHOBCKOIo U3nyyYeHns ansa KanmbpoBKM CUMHTUNNAUMOHHLIX aeTekTopoB, Tpyabl BKKI1,
TawkeHT, 1968, cTp. 133-136.

A.C. EneHckmin, ICTOYHMK HAHOCEKYHOHbIX CBETOBbIX MMMYSbCOB H60MbLION MHTEHCUBHOCTH, T3,
1971, Ne 4, cTp. 183-184.

Pilot studies, Ground-surface muon telescope at Dolgoprudnyi
near Moscow, 100 standard scintillation detectors

E.N. Aleksejev et al., 100-channel scintillation telescope, 12" ICRC, Hobart, Tasmania,
V. 6, p. 2516 (1971)

B.I. C6opwukos, Nonckm KOpOTKONEPNOANYECKUX BapraLMn KOCMUYECKMX NyYen Ha LWIMpoTe
Mockssbl, 3Bectn AH CCCP, cep. ¢pus., 1973, Ne 6,cTp. 1331-1333.

E.H. Anekcees n gp. 100-kaHanbHbIN CUMHTUNASALUMOHHBLIN Teneckon, C6. Kocmuyeckme nyyn,
1974, Ne 14, cTp. 187-189.



Turin-effect

The paper [1] B. Baschiera, L. Bergamasco, C. Castagnoli, P. Picchi,

Lett. Nuovo Cimento, 4, 121, (1970) had measured in the tunnel under Mont
Blanc the number of stopping muons. At a depth of 4500 m.w.e. the
measured value was found to exceed predicted number of stopping muons
by a factor of 10.

When no experimental setups did yet exist, one liquid scintillator detector
was placed in horizontal mine at different distances from the entry. This
experiment showed that “within traditional concepts and knowledge about
Interactions of muons there is no simple explanation of the result of paper
[1]”. So elegant and polite was formulation of the fact that the Turin-effect
was closed.

E.H. Anekcees, B.H. I'ypeHuos, C.I1. Mnxees, B.A. TnseHrayseH,

A.E. YynakoB, IHTEHCMBHOCTb OCTaHaBMMBAKOLLIMXCS MIOOHOB Ha rnybuHe
60 n 850 m.B.3., N3sectna AH CCCP, cep. ms., 1. 37, Ne 7 (1973).
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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 > 2105, 15" ICRC,
Plovdiv, Bulgaria, v. 8, p. 52 (1977).

E.H. AnekceeB u ap., DyHKIUS TPOCTPAHCTBEHHOTO pacnpeneneHus 31eKkTpoHoBB [ITAJ] Ha
BbicoTe 1700 M Hax ypoBaem mopsi, 3B. AH CCCP, cep. ¢us., 1978, 1. 42, Ne 7, ctp. 1417-
14109.

J.J.JbxanmyeB u ap. @nykTyaruu ¢Gopmel IpocTpaHcTBeHHOTO pacnpenencHus [1IAJI Ha
paccrosiHusiX < 50 M oT ocu, AD, 1979, 1. 29, Ne4, 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 > 2-10°, 151 ICRC, Plovdiv,
Bulgaria, v. 8, p. 56 (1977).

E.H. AnexkceeB u np. [IpoctpanctBennas ctpykrypa IIIAJI Bonu3u ocu, 3. AH CCCP, cep.
busz., 1978, 1. 42, No 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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First confirmation of QCD
in high-Pt physics
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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. bonnes n gp., Ad, 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,
Hawaii, 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 1073 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., OrpaHnyeHue Ha BpeMs XXU3HU NPOTOHA NO AaHHbIM
BakcaHCKOro nog3eMHoOro CUMHTUNNSUMOHHOro Teneckona, Nucoema B XK3TO, 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, 07
18t ICRC, Bangalore, India, 1983,
vol. 5, pp. 52-55. R




Upper limits on the flux of magnetic

monopoles
Mook, cM2 - ¢! - cp™!
The American-Italian collaboration MACRO (1988-2000) in | ______ ViapykumomHble METOABI
LNGS 10—13 e
“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"* R e P o
tounity> B AAEREEINRASERES et
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 T
and Associated Equipment 486(3):45 - July 2002 sl MACRO
Jrian: gRtaogds gl - rugpl 1
= Thus, the upper limit for the B
magnetic monopole flux was Puc. 2. OrpaHnyenne Ha IOTOK MArHUTHBIX MOHOTIONE,
world-best for almost 20 years. NOJIy4eHHOE B JaHHOU paboTe, B CPaBHEHUH C PE3yJIbTa-
The MACRO  collaboration, for Ot *NAGIN KNAIREROD HH
which this problem had been the
main task, finally succeeded in [Torck MarHUTHBIX MOHOTIONEH Ha BakcaHckoM
reaching the level of Baksan, but TI0/136MHOM CHMHTWUILIIIMOHHOM TeJeckore, M3B.

practically failed to improve it. PAH, cep. dus. 65, Nel1, ctp. 1662-1663 (2001)



https://www.researchgate.net/journal/0168-9002_Nuclear_Instruments_and_Methods_in_Physics_Research_Section_A_Accelerators_Spectrometers_Detectors_and_Associated_Equipment

‘ Inelastic interactions of muons

= BbakartaHoB B.H., HoBocenbueB KO.®., HoBocenbuesa P.B., CemeHoB A.M., CteHbkuH HO.B,

Uynakos A.E., CedeHune poToagepHOro B3auMoaenCcTBUS Npu aHeprum (oToHOB B AnanasoHe oT
0,9 oo 10 TaB, lMucbma B XX3T®, 1988, 1. 48, cTp. 121-123.

Bepewkos .M., Jllanakynn4y O.[l., Hosocenbues KO.®., HosocernbueBa P.B., lNonHoe ceveHune y-N

B3anmMoaencTaus B obnactn aHeprum \s = 40 - 250 2B, ApepHas doumsumka, 2003, 1.66, BbIN.3, CTP.
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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%°-10%7 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

is E = 235 GeV if ny < 1000 and Ep 220 GeV at ny > 1000 [16, 18]. Crosses show the

muon multiplicity spectrum obtained in [ 15] (m and F (m) correspond to the multiplicity spectrum).
= 220 GeV) for the case E; = Z x 3 x 10'% ¢V, dashed

Solid curves are the expected fluxes (Ey,
curves — the case £ = 3 x 10'* eV/mucleus. Dotted curves show the expected fluxes for the case

E. = Z % 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, I.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.
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E’N,(E) cm”s’ sr’ GeV’

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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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

05 GLE of 15 Apr 2001 I
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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{]QES} (Bercovitch & Aprawal 1981), London(1983) (Thambyahpillai 1983), Bolivia(19853) (Swinson & Nagashima 1985),
Budapesl{lﬁﬂa".l (Swmson&Nagashlma 1985), Hobart(1985) (Swinson & Nagashima lDS.J'& London(1985) (Swinson & Nagashima
1985), Misato(1985) (Swinson & Nagashima 1985), Socorrof1985) (Swinson & Nagashima 19&:) Yakutsk(1985) (Swinson & Nagashima
IUEJ} Banksan(1987) (Andreyev et al. 1987), ]IongKDng{lﬁET} (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) {Fentcrn et al.
199"".! hamu:ukandc[lg'g?] (Munakata et al. 1997), Marco{2003) (Ambrosio et al. 2003), SuperKamiokande(2007) (Guillian et al. 2007),
and air shower array experiments: PeakMusala(1975) (Gombosi et al. 1975), Baksan(1981) (Alexeyenko et al. 1981), Norikura(1989)
{Nagashima et al. 1080), EAS TOP{1995,1996,2000) (Aglietta et al. 1995, 1996, 2000), Baksan(2009) (Alekseenko et al. 2008), Mila-
gro(2009) (Abdo et al. 2000), leeCube(2010, 2012) (Abbasi et al. 2010, 2012), IceTop(2013) (Aartsen et al. 2013), ﬁRGO‘rBJ{ZU]a}
(Bartoli et al. 2015), Tibet{2005,2013) (Amenomori et al. 2005b; Amenomori 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).



Strong enhancement of the soft
component on September 7, 2000,

Baksan Valley.
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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 vanation (%)
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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: . M
geomagnetic pulsations and new type o Z““‘I{\"’“‘"f”ﬂ An ﬂ l A
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Thunderstorm event on September 15, 2013.
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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

. . N | . iy - . . . 15 —
Fig. 4. Upper limits at 90% confidence level on annihilation rate in units of 1075
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Dark matter. Upper
limits on the cross

section of WIMP

scattering
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Thermal neutrons: new methods of

studying EAS and geophysical phenomena

A new type of detectors of thermal neutrons was developed and first applied
for studies in cosmic ray physics (the PRISMA project) and geophysics

Currently, as a part of the PRISMA project three experimental setups
operate in collaboration with MEPhI and IHEP (China): two in Moscow
(MEPhAI) PRISMA-32 and URAN, and one in Tibet at an altitude of 4300 m
a.s.l. (PRISMA-YBJ).

On a larger scale these detectors will be used in the LHAASO project.



Light collecting
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Geophysical research
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Summary: the results that still hold first
positions either 1n history or at the
moment

The results obtained for the first time (st vertical

neutrino detection, first QCD confirmation, ...)

One-shot (single occurrence) events ursts of

gamma and neutrino emission, outstanding solar flares)

The results still not repeated igh-energy muons, muon

and electron flux variations during thunderstorms under the action of electric field)

Pioneering works and methods (electric field effects on

CR, n-detectors)



