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1. Astrophysical complex in Tunka Valley

Tunka Valley, Republic Buryatia
- 50 km to west
from Lake Baikal.

-High energy cosmic rays and gamma-
astronomy arrays

- Optical telescope MASTER

51° 48" 35
103" 04' 02" E
675m a.s.l.




All installations in Tunka Valley

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?)
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2.High-energy gamma-astronomy
and the TAIGA project




[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




NCTOYHUKUN FTaMMa-KBAHTOB
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MpoekT CTA : 100 IACT Ha nsowaan 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 2020




Scientific Program

1.Study of high-energy edge of spectrum of
galactic gamma-ray sources. Search for Pevatrons

2. Monitoring of the bright extragalactic sources
3.Apply the new hybrid approach (joint operation of IACTs
and wide-angle timing array) for study of cosmic rays mass

composition in the “knee” region ( 1014 -10° eV)

4. Fundamental physics (photon-axion oscillation, indications
of Lorentz invariance violation etc).



Wide angle station
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ATMOCHEpPHbIN YHePEHKOBCKNI
Teneckon TAIGA-IACT

[Mnowaab 3epkan - 9.6 m? ( 34 3epkana ) *
[nuHa dokyca 4.75 m

FOV 9.50

Yrnosown pasmep nukcens 0.36°

560 lMukcenen ( PAY XP1911

PSF ~0.1°
CCD kamepa ona KOHTpOnAa TOMHOCTU HaBeOEeHMUs.




dopmupoBaHue nsobpaxxeHus LLAJ




BbiaeneHmne cobbiTMn OT raMma-KBaTHOB
No MapameTpam Xunnaca
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1.

2.

3.

4.

YeTbipe noaxoaa K perncrtpaumm ramma-
KBAaHTOB B aKcnepumeHTe 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



3. TAIGA current status




TAIGA - mapTt 2020 : 86 cTaHUMK K 2 Teneckona
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YCTaHOBKa Kamepbl Ha BTOPOWU
Teneckon ( 20 anBapsa 2020)




Bropoun teneckon B TyHKe ( ¢ 20.01 2020)

BTopon Teneckon

- —— e —
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[1Ba Teneckona Ha pacctoAHnn 320 m




4.[MepBble pe3yabTaThl

. ABTOHOMHas pabota ogHoro Teneckona E <10-15 TaB

CTepeockonnyecku noaxos npu 0osbLLIMX PacCTOAHUN
mMexay Tteneckonammn E =10 TaB

. ['nbpunaHbIn noaxoq — coBmecTHada pabota HISCORE w
TeneckonoB E = 30 TaB




MoHUTOpUpPOBaHNE KTECTOBbIX
MCTOYHUKOB» : Kpab n Mrk421

Crab : CeaHcCbl: OKTAOpPb — HOSAOPb, HOAOPbL — AeKabpb —
42 yaca xopoluen noroabl — 3TN AaHHbIE yXXe 0OpaboTaHbI.

Ewe ABa ceaHca — AeKabpb-AHBapb, AHBapb —heBpanb-
oxupgaetcsa okono 30 yacoB

Mkr421 : pekabpb —mapT - 60 yacoB



PacnpeageneHue no yrny ALFA ana 40 yacos
HabaoaeHna Kpaba. U36biToK npu ALFA <10°
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JACT n HiISCORE coBsmecTHble cobbiTUA
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W2 — pacnpeaeneHmne and COBMECTHbIX COObITUN
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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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CoObITUA OT raMma-KBaHTOB (KaHaOuaaT
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Pernctpauuna LWAJ1 apyma Teneckonamm Ha pacctoaHnm 300 m-
CTEPEOCKOMUYECKNN NOAXOA AN BbICOKMX IHEPTUM
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5. The future of experiment




A future 10 square kilometer scale hybrid array for astroparticle
physics, gamma-astronomy and cosmic ray physics

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



The TAIGA-Muon scintillation array

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.




Wide-angle telescope on SiPMs

FoV of TAIGA-HISCORE detectors is 60° but TAIGA-IACT — 10° as a result we have
only 1% 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

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

Energy threshold ~ 10 TeV

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



A compact-size wide Field of View IACT with a
SiPM-based camera for energies above 10 TeV.

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.

....

Prototype SIT

Examples of detected events by the SIT prototype

432024 432884 433114 433173 433985

OQ#Q#




Haw to decrease HiSCORE energy
threshold ?

M.Shayduk et al (2015)

Light guide ‘
Readout
Photomultiplier S electronics

Fresnel lens: £D~1

Photodetectors
with light guides

Front-end and
control electromics

AQ~0.6 sr >> 0.03 ( for EAS)

Focused light | |
(with spherical | | |/
aberrations)

.,-f..f

N

L

100 channel
May be another
optical system

Background per
channel in 100
smaller then
Energy threshold in
10 times smaller

( 5 times for
HISCORE station
with 4 PMT)




Conclusion

1 TAIGA -10km? hybrid array 1000 wide-angle stations and 15-20 |ACTSs).
The sensitivity for local sources in the energy range 30 -200 TeV is
expected be — 1023 TeV cm?sec? ( for 500 h observation)

2. Deployment of the full scale TAIGA prototype -120 wide-angle stations and three
IACTs is planned for 2019-2020.

The expected sensitivity for 300 hours source observation with this array in the range
30— 200 TeV is about 2.5 1012 TeV/(cm?sec), extending the energy range of existing
and planned experiments to the ultra-high energy range.

3. The first commission seasons were successful:
- CR energy spectrum below the knee
- Detection of gamma-rays from Crab
- First results from joint operation of HISCORE and IACT

4. Work has begun on the creation of a new cameras based on SiPM
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