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1. AcTpodhnanyecKkmm KOMnNriekc B
TYHKMHCKOW O0fINHe

TyHKUHCKas n0JIMHA , pecityOIrKa
bypstusa, 50 km ot o3epa baitkan

51° 48" 35
103" 04' 02" E
675m a.s.l.




Bce yctaHOBKU KomnaeKca TAIGA

1. Tunka-133 Cosmic rays with energy > 10 eV
2. Tunka-Grande

3. TAIGA-HISCORe
4. TAIGA-IACTS
5. TAIGA-MUONSs

TAIGA (Tunka Advanced Instrument for
cosmic rays and Gamma - Astronomy)

The main aim of TAIGA project:

Study of very high energy (>30 TeV)
gamma rays from Galactic accelerators
with large area array (~10 km?)



Komnnekca TAIGA n kKocMuucekcume

Tunka-133 - [ Flelefei®’% Tunka- Grande —
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2. aMmma-acTpoHOMUSA BbICOKUX
QHEPrnMm n KoMnrekc
TAIGA




[aMMa-acTPOHOMMUSA BbICOKUX SHEPTUIA

1. TMpouncxoxneHne KoOCMUYeCKux ny4vyen
2. PenatmBucrtckme gxetbl n Al'A

3. lNonck TemHOW MaTepuu

4. INpo3pavyHocTb BcerneHHomM n akCUOHBI

5. Nounck HapyLweHnn JlopeHL, HBapMaHTHOCTH




KaK poXXpaloTca ramma-KBaHTbl BbICOKUX SHEPrum

Electron acceleration

X-ray(synchrotron)
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KakK NOHATb MexaHU3m POXAEHUA TAMMaA-KBAHTOB
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to study high-energy cut-of of energy spectrum:

The contribution of gamma rays generated by electrons during IC
scattering should be suppressed at high energies due to a
decrease in the scattering cross section (Klein-Nishima effect)
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Imaging Atmospheric Cherenkov Arrays (2-5 IACTi
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OcHoBOW MeTO[, BblAeSIeHNs raMma-KBaHTOB — perncrpauns ogHoro
LUAJTa aByma u 605bLLIMM YMCIIOM Terieckonos —
CTEPEOCKOMNMNUYECKUN METOL,
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CTA project : 100 IACT on the area 10 km?

Low energies
Energy threshold 20-30 GeV
23 m diameter

4 telescopes
(LST’s)

Medium energies

100 GeV - 10 TeV
9.7 to 12 m diameter
25 telescopes
(MST’s/SCTs)

High energies

Up to > 300 TeV

10 km? eff. area @ 10 TeV
4m diameter

70 telescopes

(SST’s)
-.—3‘.‘&‘_‘;.*: °*- ' -‘l
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The TAIGA experiment - a hybrid detector for very
High energy gamma-ray astronomy and cosmic
ray physics in the Tunka valley

The main idea: A cost effective approach for construction of large area installation is
a joint operation of wide-field-of-view timing Cherenkov detectors (the non-imaging
technique) with a few small-size imaging Air Cherenkov Telescopes.

TAIGA- |ACT
TAIGA- HISCORE

ez [ The flrst stage of TAIGA - 1 km2 area
| installation with 120 wide-angle timing
- detectors and 3 IACTs.
| Commissioning of installation in 2021




[IImpoxoyroabHas ctanuus HISCORE

Cetb ctaHumm ((war 100 m) —
BOCCTaHOBIeHME Yrna npuxoga
LUAJT ( 0.1- 0.4 rpag) v aHeprum

[Tnoxas pexekuns agpoHOB.
Kak noBbicnTb?

£ Digitization of signal by
Winston cone and PMT <™} DRS4 board with 0.5 ns
with 20-25 cm ™ step
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TAIGA-IACT

Area of mirrors - 9.6 m? ( 34mirrors ) *
Focus length 4.75m

FOV 9.6°

pixel FoV 0.36°

560 pixels( pmt XP1911)

PSF ~0.1°
CCD for checking telescope pointing direction.

MNMocTtep A.XKypoBa

Bonblioe none 3peHue — pernctpauns LUAJ1 ¢ 6onblunx pacctosHum ( o 350 m)

B HacTosiLee BpemMsa TONbKO ABa LLUMPOKOYronbHbIX Tenieckona caanm
ak3ameH — 3apeructpupoBanun Kpab — TAIGA-IACT n ASTRI ( CTA)




1.

2.

3.

4.

YeTbipe noaxoaa K perncrtpaumm ramma-
KBAaHTOB B sKcnepumeHTe TAIGA

ABTOHOMHasi pabota ogHoro Teneckona E <10-15 TaB

CTepeockonnyeckun noaxoq npu 0onbLLINX PpacCTOSAHUN MexXay
Teneckonammn E =10 TaB

[MbpnaHbIn noaxon — coBMmecTHasa pabota HISCORE u teneckonos E = 30 TaB

HISCORE un miooHHble geTtekTopbl E = 300-500 TaB



Hay4yHaA nporpamma

Oo6cepsaropusi TAIGA Oynet camoil ceBepHOM raMMa-o0cepBaTOPUEH, U 3TO PACTIOIOKEHUE
o0ecreurBaeT ONpeIeICHHbIE MPEUMYIIIECTBA J1JIsI HAOMIOEHNUSI ICTOYHUKOB C OOJIBITUMHU
CKJIOHCHUSMU - UICTOYHUK TaMMa-U3JIy4YE€HHS B OCTAaTKe CBEpXHOBOM Tuxo bpare, npaktuyecku
HegocTynHbid 11 yctaHoBOK HAWC u LHAASO [6ynet B noJie 3peHust 1€TeKTOPOB
oocepBaropuu TAIGA B Teuenue 500 9 B ro/.

1.ITouck npenena yCKOPEHUs YaCTHUIl B U3BECTHBIX OCTATKAX CBEPXHOBBIX U MYJIbCAPHBIX
TyMaHHOCTAX: KpaboBumnasi TyMaHHOCTh U Boomerang (mmyJibcapHble TYMaHHOCTH), Tuxo bpare v
Kaccuomnest A (ocTaTku CBEpXHOBBIX) U IPYTUX

2. JlMTeNbHBIA MOHUTOPUHT U UCCIIEIOBAHUE Kpas SHEPTETUUYECKOTO CIIEKTpa APKUX 0JIa3apOB KaK
METOJI IOMCKA aHOMAJIU B paCIPOCTPAHEHUU FaMMAa-KBAHTOB BO BCEJIEHHOW U ITOUCKA aKCUOHO-
IMOOOHBIX YaCTHIL.

3.ITonck u30BITOYHOTO UG GY3HOTO N3IyUCHHS raMMa-KBAaHTOB C DHEPIHEl B AUANa30HEe SHEPT Ui
1014-10% 5B, u obmactu suepruu Boitne 1017 5B. TTouck auddy3Horo raMma-u3nydeHus B
nuanasone sHepruii 104-10% 3B mo3BonuT 00HAPYKUTH N30BITOYHBIN IIOTOK F'aMMa-KBaHTOB,
COIPOBOXKIAIONINX aCTPOPU3NIECKHE HEHTPUHO, U TIOCTABUTh BEPXHMIA IIPEIEIT Ha ITOTOK, TEM
CaMbIM ITOATBEPIUB HJIH OIPOBEPIHYB ralaKTHUECKOE ITPOUCXOKICHHE CYIECTBEHHON T0JIH
acTpo(pM3MUECKUX HERTPHUHO, 3apETUCTPUPOBAaHHBIX TeseckonoM IceCube.



3. TAIGA TeKywWwmnn cTaTyc
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YCTaHOBKa Kamepbl Ha 2-U
Teneckon (20 aHBapsa, 2020)




Btopoun Teneckon B TyHKe( ¢ 20.01 2020)

Cherenko_\i -C'a'n-wera Data
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The second IACT one of the first evnts



I1Ba Teneckona Ha pacctoAaHnn 320




4.MepBble pe3ynbTaTbl B 06/1aCTH
raMma-acTPOHOMUM — TECT PaboTbl
TENIECKOMNOB

Hoknap J1..CBewHnkoBon + noctep l. Bonuyyroea.
Crab - 6 sigma

Mkr421 — 5 sigma
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FIRST EXAMPLE OF HYBRID
“GAMMA-LIKE” EVENT

|JACT data
Width=0.13°, length=0.69°, alpha=8.9°, size=709p.e. HISCORE data

Width=1.6 cm, «=8.8 deg
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CobObITUA OT raMmma-KBaHTOB (KaHauaaThbl)

Cuts:

20
16 |
12 |

Alfa< 15°

50 cobbiTnn

E — 45-60 TaB

Qo N B~ D

ansa 100 yacoB Ha
nepBou odepean TAIGA:

3:10° rmbpunaHbIX COObLITUN
(u3y4yeHune maccoBoOro
cocTtaBa KJl)

50-100 rubpunpgHbIX
coObITUA
ot Kpaba (E 2.40 TeV)




5.MnaHbl Ha byayliee
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The TAIGA-Muon scintillation array
Hokaan E.KpaBuenoko — 238.09
6 MIOOHHBIX KJacTepoB ( M0 16 cueTYHKOB)

Counter
dimension 1x1
m2.

Wavelength
shifting bars are
used for
collection of the
scintillation light.

Mean amplitude
from cosmic
muon is 23.1 p,e,
with £15%
variation.



LLInpOKOYronbHbIN TEACEKON HA
SIPMs

FoV of TAIGA-HISCORE detectors is 60° but TAIGA-IACT — 10° as a result we have
only 4% of joint events.

To study the gamma-ray with energy above 30 TeV we started off a development of a
Small Image Telescopes (SIT) with a SiPM-based camera with a FoV up to 60° and an
effective recording area of 1m2. We intend to test 3 variants of the SIT optical system:
spherical mirror, a system of Fresnel lenses, combination of the two

mentioned technologies

Spmidt camera,

r FOV ~15°

e ) - 2
A S~1m

Number of pixels ~ 1000-1200
FOV for one pixel ~0.4°

Energy threshold ~ 10 TeV

1. Spherical Mirror
2. Corrected lens
3. Focal surface



IVia1blKt HePEeHKOBCKUUN TENECKOT
(Small Imaging Telescope):
S~ 0.5m2, 100 KaHanoB

Light guide ‘ Fresnel lens: £D-~1 || l l

100 kaHanos

Focused light CDOH B 100 pa3 -
(with spherical | | [/

sberrations) ||/ Nopor B 10 pa3
\.! HUXe.

Photodetectors
with light guides

Front-end and
control electromics

B A Read-:uut_
Photomultpher o — electronics CoObITNSa OoT ramma-
KBAHTOB — B OHOM

NMNKcene

AQ~0.6 sr >> 0.03 ( for EAS)



SIT npoTtoTKn

Prototype SIT (FOV ~20°, S ~ 0.1 m?, 49 SIPM SensL MicroFC-60035-SMT, 6 x6
mm? ) was installed in the Tunka Valley for operation together with the TAIGA-
HISCORE array in September 2019. — cm. NMocTtep E.BoHBeuY u gp.

Prototype SIT

Examples of detected events by the SIT prototype

432024 432884 433114 433173 433985
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Ycnex nepBoii ouepeau ycranoBku [AIGA no3BouT 00CyX1aTh
Ooyayliee pacnmoeHue YCTAHOBKHU

TAIGA-HISCORE - array.
A net of 1000 non
imaging wide-angle
detectors distributed on
area 10 km? with spacing
100 m about

An EAS core position,
direction and energy

TAIGA-IACT - array

of 12 - 16 IACT with mirrors
— 4.3 m diameter.

Charged particles rejection
using imaging technique.

reconstruction.

TAIGA-Muon array

of scintillation detectors,
including underground
muon detectors with area
-2000 — 3000 m?2

Charged particles

rejection



o0.3akn4yeHne

1. CdopmynupoBaHa HayyHasi IporpaMma M 3aBEpIlacTCs pa3BepThIBAHUE
nepBoit ouepenn komruiekca TAIGA — 120 cranmuii HISCORE u 3 teneckomna.

Pe3ynbrarsl NEPBBIX TECTOBBIX CE30HOB Pa0OTHI KOMILICKCA,
KaK raMMa 00CepBaTOPHUU BIIOJHE YCICIITHBI:
- 3aperucTpupoBaHbl curHaiabsl oT Kpaba u Mpk-421
- Brigenensl nepBbie “gamma-like” coObITHSI TP COBMECTHOU
padore HISCORE u AtmochepHOro 4epeHKOBCKOIO TEIECKOIIA

2. Kommuiekc TAIGA pacmupsieT BO3MOKHOCTH ycTaHOBKH TyHka-133 1o
UCCJIEJOBAHUIO KOCMUYECKUX JIYYEU CBEPXBBICOKUX YHEPTHUM.

OCOOEHHOCTH DHEPIETUYECKOTO criekTpa B quamnazone 10 -1018 5B mo manHbM
ycranoBok Tynka-133 1 HISCORE TtpeOyroT TeopeTnuecKoii HHTEpIpETaIiH.

3. Hagatsl paboTHI 110 CO37IaHUIO IITUPOKOYTOJIBHBIX Kamep 11 Ha 6a3e SIPM
s coBMectHoM padbotel ¢ HISCORE



nacnbo 3a BHMMaHue




