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IlepBbIi KJIacTep INIyOOKOBOAHOTO HEUTPUHHOTO
Tejeckona Baikal-GVD Berynuia B crpou

B nepBrix uncnax ampens 2015 . yuersimu MHCTHTY T
snepubix uccnenosanuii PAH (Tpouik) u O0beanHeHHOTO
WHCTUTYTa SICPHBIX HCCIEAOBAHUM, a TaKkKe psaa poc-
CHIMCKHMX Hay4HBIX OpraHM3alluil, BXOAIUX B KOJLU1abopa-
uro «baiikan», ObUT pa3BEepHYT M BBEJICH B HKCILTYaTAIIHIO
YHUKAJIBHBII AKCIIEPUMEHTAIbHBIA KOMIUIEKC — TITyOOKO-
BOJIHBIH HEHTPUHHBIN TENECKOIN MYJIBTHMETaTOHHOTO Mac-
mraba «Jlyona» Ha o3epe baiikan. OH SIBISICTCS TEPBBIM
KJIACTEpOM CO3/1aBaeMOT0 HEHTPHHHOTO TeJeckoma Ky0o-
kuiomeTpoBoro Macmrabda Baikal-GVD (Gigaton Volume
Detector). Jlerexkrop mpenHa3HaueH Ui HCCICAOBAHUS
MPUPOJIHOTO TTOTOKA HEUTPUHO BBICOKUX SHEPTHUI.

Heiitpuno, npoiiisg ckBO3b TONILY 3€MIIU, MOXKET C He-
KOTOpPO#l BEPOSATHOCTHIO MPOB3AaMMOJICMCTBOBATh B BOJIE
o3epa balikan u mopoauTe Kackaja 3apsyKEHHBIX UYACTHIL.
YUepeHKOBCKUHM CBET OT 3apsKEHHBIX YacTHILl pacipocTpa-
HSIETCS B BOJIE 03€pa U PETUCTPUPYETCS ONTUUECKUMHU MO-

nynsvu ycraHoBku. Kiactep «/lyOHa» comepXuT B cBOEM
cocraBe 192 onTHYecKuX MOAYIS, pa3MEIIeHHBIX Ha BOCH-
MU BEPTUKAJbHBIX THpJSIHAAX UIMHOM 345 M Kaxzias u
MOTPY’KEHHBIX Ha ryouHy 70 1300 M. DTO omuH U3 ABYX
Hanboee MOIIHBIX JIETEKTOPOB HEUTPUHO BBICOKHX 3HEP-
ruii B CeBepHOM MONyIIApUH M OAWH W3 Tpex Hambosee
KPYIHBIX JETEKTOPOB HEUTPUHO B Mupe. CIeayIomum HTa-
TIOM pa3BUTHUS TPOEKTA SIBJISETCS MOCIENI0BATEIbHOE yBe-
JMYeHUE 00beMa TEeNIECKOIa 33 CYET Pa3BEPTHIBAHNS HOBBIX
xiacrepoB. K 2020 r. mnanupyercs co3aHue YCTaHOBKH,
cocrosmiei u3 10—12 kmactepoB 00IUM 00BEMOM TOPSII-
ka 0,5 KM>, COMOCTaBHMBIM C UYBCTBUTEIHHBIM 0OBEMOM
MHpOBOTO JHepa — Teneckorna IceCube aist perncrpannu
HEHTPHUHO BBICOKMX SHEPTUil acTpOpU3MUECKON TPUPOJIBL.
Oskuyiaercsi, 4T0 BTOpasi ouepeb Teneckona Oyner couep-
ath 27 KIlacTepoB o6IIMM 06beMoM Topsiaka 1,5 kv,
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The First Cluster of the Deep Underwater
Neutrino Telescope Baikal-GVD Has Been Launched

In early April 2015, scientists of the Institute for
Nuclear Research of the Russian Academy of Sciences
(Troitsk) and the Joint Institute for Nuclear Research, to-
gether with Russian scientific organizations — members of
the Baikal collaboration, deployed and put into operation
a unique experimental complex — the deep underwater
neutrino telescope of multi-megaton scale “Dubna” in Lake
Baikal. It is the first cluster of the cubic kilometer scale neu-
trino telescope Baikal-GVD (Gigaton Volume Detector).
The detector is designed for research of the natural neutrino
flux of high energy.

Having passed through earth, the neutrino can, with
some probability, interact in the water of Lake Baikal and
generate a cascade of charged particles. Cherenkov ra-
diation from charged particles spreads in the water of the
lake and is detected with optical modules of the setup. The
cluster “Dubna” contains 192 optical modules positioned
on eight vertical bunches, each 345 m long deep down to
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1300 m. The cluster is one of the two most powerful high-
energy neutrino detectors in the Northern hemisphere and
of the three largest neutrino detectors in the world. The next
stage of the project development is the gradual extension
of the telescope volume by deploying new clusters. It is
planned to develop by 2020 a facility consisting of 10—12
clusters with the total volume of about 0.5 km? that will be
comparable to the sensitive volume of the world leader —
the experiment IceCube to detect astrophysical neutrinos. It
is expected that the second line of the telescope will contain
27 clusters with the total volume of about 1.5 km?.

In the ensemble of elementary particles for today the
neutrino occupies the position of one of its lightest mem-
bers and for recent decades has firmly secured the repu-
tation of an “extreme intriguer”. The unique character of
this particle as a messenger carrying information about pro-
cesses that take place in the Universe is determined by its
superweak interaction with matter. The studies of this flux
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I'pymnma y4acTHUKOB paboT 110 BBOAY B AKCILTyaTaIUIO
[TyGOKOBOTHOTO HEHTPUHHOTO TEJIECKOIA MYJIBTHMETaTOHHOTO
macmTaba «JlyoHa» Ha o3epe Baiikan

B aHcam0One W3BECTHBIX Ha CETOMHS 3JIEMCHTapPHBIX
4acTUL HEUTPUHO 3aHUMAET TMO3ULUHU OJHOTO W3 Jierdai-
[IMX €r0 yYaCTHHUKOB M MPOYHO 3aKPEIUIIO 332 COOO0MH B IMO-
CJIEZIHAE JECATUIIETUS] CTATyC BeJUYalIIel «MHTPUTAHKIY.
YHHUKaJIBHOCT 3TOW YaCTHUIIBI, KAK HOCHTENS MH()OPMAITHH
0 Tpolleccax, MPOTCKAIIMX BO BceneHHOW, 00yCiIoB-
JICHa €€ CBEPXCITa0bIM B3aUMOJICHCTBHEM C BEUICCTBOM.

An optical module of the Baikal-GVD neutrino telescope cluster

in various energy ranges can give us clues to understand-
ing of early stages of the Universe evolution, processes of
chemical elements’ formation, the evolution mechanism of
massive stars and Supernova explosions, shed light on the
problem of dark (invisible) matter, the composition and in-
ner structure of the Sun today and in the distant Past, and
even advance in our understanding of the problem of inner
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A team of participants to launch the deep underwater neutrino
telescope of the multi-megaton scale “Dubna” at Lake Baikal

HcenenoBanne nprpoIHOTO MOTOKA HEHTPUHO B Pa3IMIHbIX
SHEPreTHYECKHX JINaa30Hax CIIOCOOHO JaTh K04 K MOHH-
MaHHUIO PaHHUX CTaJMi BOMIONMN BceneHHOH, nmporeccoB
(OpMHPOBaHMS XUMHYECKUX JJIEMEHTOB, MEXaHW3Ma JBO-
JIFOLIMH MAaCCHBHBIX 3BE3/] U B3PHIBOB CBEPXHOBBIX, IIPOJIUTH
CBET Ha IpOOJEeMy TEeMHOH (HEBHUIMMOW) MaTepuH, Ha CO-
cTaB M BHyTpeHHee ctpoeHre CollHIa CeroiHs U B JOCTa-

OnTrdeckuii MOIYIb
KJactepa HeHTpuHHOTO Teneckona Baikal-GVD

structure of one of the objects that are most difficult to be
studied — the Planet Earth.

The detection of neutrino at Lake Baikal will allow sci-
entists to understand high-energy processes that occur in
far astrophysical sources, determine the origin of space par-
ticles of the highest detected energy, discover new proper-
ties of elementary particles, and learn more about the struc-
ture and evolution of the Universe on the whole.

The idea to register elementary particles at large-scale
Cherenkov detectors in natural transparent media was
expressed for the first time in the early 1960s by the out-
standing Soviet scientist M. Markov. At the suggestion of
A. Chudakov the method of deep-underwater detection was
started to be developed, with Lake Baikal considered as a
testing range and a site for future large-scale neutrino tele-
scopes. The choice of Lake Baikal was determined by high
transparency of deep fresh water, the depth of the lake, the
ice cover that allowed the work to install deep underwater
equipment during two winter months.

1 October 1980, when a laboratory of high-energy
neutrino astrophysics headed by G. Domogatsky was estab-
lished at the Institute for Nuclear Research, AS USSR (now
INR RAS), can be regarded the start of the Baikal neutrino
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TOYHO yaJI€HHOM MPOIUIOM U Jja’Ke MPOJBUHYTHCS B OHU-
MaHUH MPOOJIEMBbl BHYTPEHHETO CTPOCHUS OJJHOTO M3 HaW-
GoJiee TPYIHBIX ISl H3yUEeHUsI 00BEKTOB — IJIAHETHI 3eMIIS.

Peructpanus HelTpuHO Ha balikasie 03BOJIUT MOHATH
BBICOKOOHEPTHUHBIE MPOLIECCHI, MPOTEKAIOIUE B JATEKUX
acTpo(U3MYECKUX HCTOYHHKAX, YCTAaHOBUTH HPOHCXOXK-
JICHUEe KOCMHYECKUX YaCTHUI] CAMBIX BBICOKHX KOTJa-JIN00
3apErUCTPUPOBAHHBIX DHEPTHil, OTKPBITH HOBBIE CBOMCTBA
9JIEMEHTAPHBIX YaCTHIl ¥ y3HATh MHOTO HOBOTO 00 yCTpOH-
CTBE U 3BOJIIOLIUU BeenenHnoil B ienom.

Wnes peructpauy 31eMEeHTapHBIX YaCTUL Ha KPYITHO-
MacmTaOHBIX YEPEHKOBCKHX JETEKTOPaX B €CTECTBEHHBIX
MIpO3pavHbIX cpenax Oblla BIEpBHIE BBHICKA3aHa B Hauyalle
60-X TOJI0B MPOIIIOro BeKa BBLAAIOLMIMMCS COBETCKUM yde-
HeIM M. A.MapkoeiM. [lo npemnoxkenuto A.E.Uynaxosa
B CCCP Hawanace paspaboTka MeToga IITyOOKOBOIHOTO
JICTEKTUPOBAHUsI, OpPHUEHTHpYIOIasics Ha o3epo baiikan
KaK Ha TOJIUTOH JUI UCHBITAaHUM U MECTO pa3BepThIBAHUS
OylymuX KpyHMHOMAacIITaOHBIX HEHTPHHHBIX TEJIECKOIOB.
Bri6op Baiikana Obitr 00yciioBiIeH BBICOKOH ITPO3PaIHOCTHIO
TIPECHBIX NTyOMHHBIX BOJ, TNIYOWHOH 03epa, HaJlMYheM Jie-
JIOBOTO MOKPOBA, MO3BOJISIOIIETO0 B TEUEHHE JIBYX 3MMHUX
MECSIIIEB BECTH MOHTaX ITyOOKOBOZHOM armaparyphl.

Jatoli Havama OallKadbCKOrO HEHTPUHHOTO JKC-
NepUMEHTa MOXXHO cuuraTh | okTsopst 1980 T., Kor-
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ga B Mucrutyre snepueix uccnefosanuit AH CCCP
(merre USIM PAH) Obuta cosmana JlaGopatopusi Hewd-
TPUHHOM acTpO(U3MKH BBICOKMX OSHEpPIuil IMoJ pYyKo-
BoactBoM ['.B./lomoranxoro, craBmas BHOCIEICTBHU
sIpoM  Oaiikaibckoi  Kojutabopanuu, B COCTaB KOTO-
poii Ha pasHBIX JTamax Bxoauwau OOBCIUHCHHBIA WH-
CTUTYT siepHBIX wuccienoBanuii (lyona), Mpkyrckuii
rOCyJapCTBEHHbI!  yHHMBepcUTeT, MOCKOBCKUI rocy-
JapcTBeHHbIM yHuBepcuteT uM. M.B.JlomoHocOBa, uc-
cienoBarenscknii  1eHTp DESY-Zeuthen (I'epmanmus),
Huxeropoackuii rocyJapCTBEHHBIM TEXHUUECKUI yHUBEP-
curet, Cankr-IleTepOyprckuii rocy1apcTBEHHBII MOPCKOH
TEXHUYECKUN YHMBEPCUTET U PAJ APYTUX HaydyHO-HUCCIe-
JloBaTeNbCKUX opranusanuil Poccun, Benrpuu, I'epmanun,
Yexun, CrnoBakuu. B Hacrosiee Bpemst Ha cTaun 00CyX-
JICHUS ydacTHe KpakoBckoro MHcruryTa sinepHoi pusmku
(ITospmra).

B nepuon ¢ 1993 mo 1998 r. na baiikane Obu1 pas-
BEPHYT IEPBBIH B MHUpPE IIIyOOKOBOJHBIM HEHTPHUHHBIN
teneckort HT200, comepxasmmii 192 ¢otonerexropa,
CTPYNIUPOBAHHBIX B BOCEMb BEPTHKAIBHBIX THPISHI,
pasmenieHHbIX Ha rryoune 1100-1200 M m oxBarbIBaro-
mmx 100000 M3 npecroit Bombl. Yike U3 Habopa JKcre-
PUMEHTAIBHBIX AaHHBIX 1994 T. ObIIN BBIZCICHBI TIEPBBIC
B MHPOBOIl IPAaKTHKE TITyOOKOBOAHBIX M IOJUIEAHBIX JKC-

experiment. Later it became the core of the Baikal collabo-
ration that included in different periods the Joint Institute
for Nuclear Research (Dubna), Irkutsk State University,
Moscow State University after M. Lomonosov, the research
centre DESY-Zeuthen (Germany), the Nizhni Novgorod
State Technical University, the St.Petersburg State Marine
Technical University, and other scientific research organi-
zations of Russia, Hungary, Germany, the Czech Republic,
and Slovakia. Today the participation of the Cracow
Institute for Nuclear Physics (Poland) is under discussion.

During 1993-1998 the world’s first deep underwater
neutrino telescope HT200 was constructed; it contained 192
photodetectors grouped into eight vertical bunches placed
at the depth of 1100-1200 m overlapping 100 000 m? of
fresh water. The experimental data of 1994 already showed
neutrino events that were the first in the international prac-
tice of deep underwater and subglacial experiments. A wide
programme of scientific research was implemented and the
most significant results at that time were obtained in neu-
trino search from local sources, the diffuse neutrino flux.
Restrictions were obtained for the value of magnetic mono-
pole flux and muon flux from the dark matter particles’ de-
cay in the centre of the Earth and the Sun.
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The successful operation of the HT200 neutrino tele-
scope for over a decade and the data obtained have shown
the effectiveness of the deep underwater neutrino detection
method in fresh water of Lake Baikal. The next stage is the
work-out of the project for a telescope of a new genera-
tion — Baikal-GVD — with a volume of water mass about
1 km?. During 2006-2010 samples of all basic elements and
the Baikal-GVD telescope system were designed, manufac-
tured, and tested. The telescope will have a module struc-
ture that is formed from functionally independent setups —
clusters of vertical strings of optical modules. The module
structure of the telescope will allow data acquisition at early
stages of the facility construction and provide prospects of
practically unlimited increase of its volume. The choice of
the telescope structure will also allow adjustment of its con-
figuration due to various changes of scientific priorities at
different periods.

The idea of deep underwater detection in its ice modi-
fication, when instead of a natural reservoir the photode-
tectors are placed into transparent Antarctic ice, led to the
development of a neutrino telescope IceCube at the South
Pole, of 1 km?3 (leading participants are the USA, Germany,
and Sweden), that detected in 2010-2013 for the first time
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MIEPUMEHTOB COOBITHSI OT HelTpuHO. bbuta peanmu3oBana
IIMpOKask MporpaMMa Hay4YHBIX HCCIICOBAHUM, W MOIY-
YeHbI OJJHM M3 HanboJjiee 3HAYMMBIX JUISI CBOETO BPEMEHHU
pe3yNbTaToB B 3aja4ax IMOMCKa HEHTPUHO OT JIOKAJIbHBIX
HCTOYHUKOB, AU(PQy3HOro MOTOKa HEUTPHUHO, MOTYUYCHBI
OTpaHUYEHUS Ha BEJMYMHY MOTOKAa MArHUTHBIX MOHOIIO-
Jeil U MOTOKa MIOOHOB OT paclaja 4acTHUIl TEMHOH MaTe-
puu B nientpe 3emau u ComHIa.

VYenenrnas SKcILTyaTanus Ha MpOTsDKEHUH Ooutee Jie-
csatu yet HedTpuHHoro Tteneckona HT200 u pesynbraTs
aHaJIN3a TOJIYYEHHBIX HA HEM JIAaHHBIX JOKazaiu dQQex-
TUBHOCTH METO/Ia TITyOOKOBOJHOW PETUCTpALUU HEHTPH-
HO B mpecHOM Bojie o3epa bailikan. Creayromum marom
cTasia pa3paboTKa IPOEeKTa TEIEeCKOIIa HOBOTO OKOJICHHS
Baikal-GVD ¢ npocmarpruBaeMbiM 005eMOM BOJTHON Mac-
cul mopsiaka 1 xv3. B Teuenne 2006-2010 rr. 6bm pas-
paboTaHbl, U3TOTOBJICHBI M HCHBITAHBl B €CTECTBEHHBIX
YCIIOBHSIX 00pa3ibl BceX 0a30BBIX JJIEMEHTOB M CHCTEM
teneckona Baikal-GVD. Teneckon Oynet uMeTh MOAYJIb-
HYIO CTPYKTYpY, popMHpyeMyI0 U3 (PyHKIIMOHAJIBHO He-
3aBHCHMBIX YCTAaHOBOK — KJIACTEPOB BEPTHKAJIBHBIX
TUPJISIHJ ONTHYECKUX Momyineid. MonyibpHas CTpyKTypa
TEJIECKOTIa TTO3BOJISIET BECTH HAOOP SKCIEPUMEHTAIBHBIX
JAHHBIX YK€ Ha PaHHMUX dTanax pa3BepTHIBAHHs yCTa-
HOBKHM M 00€CIeYMBaET MEPCHEKTHBY NPAKTHUYECKH He-
OTPaHMYCHHOTO HapallnBaHUs ero odbema. BriOpannas
CTPYKTypa TeEJEeCKONa MO3BOJUT TAaKXKe H3MEHSATHb €ro

KOH(HTYpanuio Mo Mepe U3MEHEHHUS CO BpEeMEHEeM Hayd-
HBIX IPUOPUTETOB.

Wpnest riyOOKOBOHOM pEerucTpanyy B JIETOBOH MOIH-
(puKanmm, Korma BMECTO €CTECTBEHHOTo BojoeMa (orose-
TEKTOPbl MOTPYXaloTCid B IMPO3padHbIl aHTApPKTUYECKHH
nen, nmpuBena K co3faHuio Ha KOxkHOM momoce HEHTpuH-
Horo Teneckona IceCube o6bemom 1 kM3 (Bemymme yuact-
Huky koabopamun — CIUA, Tepmanus, IlIBenus), Ha
kotopoM B 2010-2013 rr. ObIM BHEpBBIE 3apErUCTPHPO-
BaHbl «acTpO(pHU3MUECKHE» HEHTPHHO BBICOKMX DHEPIHH,
T.€. HEWTpHUHO, poauBlIMecs 3a npenenamu ConHEUHOH
cucteMsl. Perucrtpanust 3TuX HEHTPUHO, O3HAMEHOBAB-
mask pOXKACHUE HEHUTPUHHOI acTpOHOMHUH, IOCTaBUIIA
Ha TOBECTKY JHS HEOOXOANMOCTH CO3/IaHMsI HEUTPUHHBIX
TEJIECKOIIOB On3Koi MomHOCTH B CeBEepHOM MOITyILIApHH,
C TeM 4TOOBI BECTH MCCJIEI0BaHNE NCTOYHUKOB HEHTPHHO
BBICOKHX PHEPTHU 110 BCei HebecHoM cdepe.

OUIN, yxe UMeroIUi MHOTOJIETHUN OMBIT y4acTUS
B 0aliKaJIbCKOM HEHTPHUHHOM MPOEKTE, MPHUHSII pelIeHne
paccmarpuBaTh paboOTy MO CO3/1aHUIO0 KPyMHOMAacuTad-
HOTO HeWTpuHHOTO Teneckona Baikal-GVD B kauectBe
OJIHOTO M3 CBOUX HayuHBIX mpuoputetoB. B 2011 r. Ha-
yajcs 3aKIIOUUTEIbHBIA 3Tall KOMIJIEKCHBIX in Situ HC-
NBITAaHUH 2JIE€MEHTOB U CUCTEM TeJIeCKOIa, 3aBEpILUB-
muiics B 2015 1. cozganneM riryOOKOBOJHOW yCTaHOBKH
«/lyOHa» — mepBoro Kiacrepa HEHTPUHHOTO TEJIEeCKoIa
Baikal-GVD.

MoHTasx THPISTHABI ONTHIECKUX MOAYIel HeWTpHHHOTO Teneckona Baikal-GVD

Assembling a string of optical modules of the Baikal-GVD neutrino telescope

“astrophysical” neutrinos of high en-
ergy, i.e., the neutrinos generated be-
yond the solar system. The registration
of these neutrinos marked the birth
of neutrino astronomy and brought
about the necessity to develop high-
capacity neutrino telescopes in the
Northern hemisphere to conduct stud-
ies of high-energy neutrino sources
over the whole celestial sphere.

JINR had many years’ experience
of being a participant of the Baikal
neutrino project, so a decision was
taken at the Institute to regard activi-
ties for development of the large-scale
neutrino telescope Baikal-GVD as one
of its scientific priorities. In 2011 the
final stage of complex in-situ testing
started that finished in 2015 with the
development of the deep underwater
facility “Dubna” — the first cluster of
the neutrino telescope Baikal-GVD.
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