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TAIGA: Imaging + non-imaging techniques
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Hybrid concept:
TAIGA-HISCORE (Timing array):
Energy, direction and core location of EAS
IACT at large distances (Imaging array):
gamma — hadron separation
Tunka-Grande & TAIGA-Muon
(electron/muon ratio)




TAIGA 1, IN operatlon since 2022year
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TAIGA-HISCORE (High Sensitivity Cosmic Origin Explorer)

Consist of 120 Cherenkov stations distributed on 1,1 km?2 area with
spacing 106 m. Each station includes four 8 inch PMTs equipped with
a segmented Winston cone. The resulting total light collection area of
a station is 0.5 m2. Threshold for CR- 100TeV, for y- 50TeV

HiSCORE detector station concept

Cosmic-ray / gamma-ray

DRS-4 board (0.5 ns step)

et o e W 2000

L

0

If | T =7 Q
".Iw L vy vy Al 51750 |
1500 |-

1250 | ;
1000 [, X\

750 |- _ x‘\
. soof : : f
250 ‘ L]
: , 2 J
0 ;w«w"j ™

—-250 F

7

- 1 I
5001 10 120 130 140 150 160 170




BoccranoBiaenuss HanpaBJjeHust ocu HHTAJI mo naHHbIM
o Bpemenax perucrpauuu IIIAJI ycranoBkoii TAIGA-HISCORE
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TpaeKTopml MpPoJIETOB CIITYTHUKA IMOJ0KCHHUA CMYTHUKA OT

DAQI-1 nag xommiaexkcom TAIGA Cpe/iHel TPaeKTOpHH

1. Energy resolution ~ 15% Ons BbipaBHMBaHUA annapaTypHbIX

2. Angular resolution ~ 0.1 - 0.4 deg 3afiepXXeK Bcex CTaHUuin yctaHoBKN TAIGA-

3. Accuracy positioning EAS core - 5-6 m
4. Accuracy of X, measure ~ 20 -25 g/cm?
5. Large Field of View: ~ 0.6 sr

HiSCORE ¢ TouHocTb 1HC ncnonb3ayrorcs
pe3ynkTaThbl perucTpauum cBeToBbIX
MMNYNbLCOB OT Nuaapa Ha 6opTy cnyTHUKa

DAQI1 n co6biTnn LLAJ ¢ yncnom
cpaboTaBlnX cTaHUUU bonblue 50.



The TAIGA - IACT

The TAIGA - IACT

First 2017y, second 2019y, third 2022y
situated at the vertices of atriangle

with sides: 300 m, 400 m and 500 m about

- 34-segment reflectors (Davis-Cotton)

- Diameter 4.3 m, area ~10 m?

- Focal length 4.75 m

- Threshold energy ~2 -3 TeV
Camera - 600 PMT XP1911 @ 19 mm
FoV - 9.6° (pixel FoV 0.36° )
PSF ~0.1°

CCD for checking telescope pointing

direction.




The TAIGA particle detectors.

*Permanent absolute energy calibration
of Cherenkov arrays Tunka-133 and

TAIGA-HISCORE. ey el
« Round-the-clock duty cycle; PR % f\
*Improvement of mass composition data | SA0 228 ‘ & §\
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Cosmic-ray physics
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Iinyonna makcumyma HIAJL,

onpeJeJieHHAs MO pe3yJbTaTam
M3MepeHusI KPYTH3HbI (DYHKIIUH
MPOCTPAHCTBEHHOT0 pacnpenejaeHus
yepeHkoBckoro ceera (P = Q80/Q200) ¢
nomoibio ycranoBkn TAIGA-HISCORE

InA

fFe T | Q@S.JET;—u—cm
i : 0— TAIGA— HlSCORE 2024
3 fmini AL AUGER 20119, '
s ; -—LHAASO—2024
F CNO ; : .
2.5

85 335 445 555 6 65 7 7.5
10910(Eo/TeV)
Cpennuii Jorapugm MaccoBoro cocraBa
KOCMHUYECKHX JIy4eil, BOCCTAHOBJICHHBIN,
HCI0JIb3YHl Pe3yJbTAThl U3MePEeHUH
cpeanen miyoune makcumyma IHIAJI ¢
novombio ycranoBok TAIGA-HISCORE
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Mapk TepHoBOM

OnpepneneHue rnybuHbl MakcMMymMa no
ANUTEeNbHOCTU UMNYNbCca AN YCTaHOBKU
TAIGA-HISCORE



Tpu pexxuma aHaau3a COBMECTHBIX JaHHBIX AUT ycTaHOBKH
TAIGA-IACT u mmpoxkoyrojbHoi ycranoBku TAIGA-HISCORE
IPU UCCJIETOBAHUU MOTOKOB KOCMUYECKHUX JIY4YEH.
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ABTOHOMHBIi (MOHO) PesKUM Crepeo pexum I'nOpuaHbIA pexxum

ITopor - 6 T2B ITopor - 12 THB IMopor 100-200 T>B



BbiaeneHmne nerkom KomnoHeHtbl MKJ/1, ncnonb3sya napamerpbol
yepeHKOBCKUX n3o0bpaxkeHuu LLA.
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Koppensuusa mogenupyemMbiX ¥ BOCCTaHOBMEHHbIX MapamMeTpoB
nepBUYHbIX Saep, N0 AaHHbIM O YepPeHKOBCKUX nsobpaxeHunax LUAII,
perncTpupyembix B ctepeo-pexume yctaHoskou TAIGA-IACT

Bopopog Kucnopopg,

400 400

350 350

300 300
250 250
200 200

150 150

BocTaHoeneHHad 3Heprud, T3B
BocTaHoBNeHHad 3Heprud, T3B
BocTaHoBNeHHAA 3Heprud, T3B

100 100

50 50

100
Mopgenupyemasn sHeprua, T3B

200 300 400

100
Mopgenupyemasn sHepruda, T3B

200 300 400

400

350

300

250

200

150

50 4

Henezo

100 5

I..r

100 200 300
Mopgenupyemasn sHeprmvsg, T3B

400

Koppeasuus MoaeaupyeMoii 1 BOCCTAHOBJICHHOM 3HEPrUM MEPBUYHBIX fA/IeP BOAOPO/a, KNCJIOPO/Ia U KeJjie3a

Bonopon Kncnopon

700 700

600

600

500

500

400

400

300

BOCTaHOBNEH HBIA Xmax, f',lfl‘.'l'-1'2

300

200
200

200

300 400 500 600 200

Mogennpyemelil Xmax, ricm?

700 300 400 500 600

Mogenupyemeld Xmax, ricm?

700

Henezo
700

600

500

400

300

200

300
Moaenmpyemeld Xmax, ricm?

400 500 600 700

Koppe.lmunﬂ MOAC/JIMPYEMBIX H BOCCTAHOBJICHHDBIX 3HAYeHHH XMmax IMCPBUYHBLIX SAJACP BOJAOpOaAA,

KHCJI0pOaa U 7KeJi€3a



(%%}
[}
!

FHepreTU4YecKoe pa3peweHnea, %

[
[es]
1

=t
(=2}
L

Koppensuusa mogenupyemMbiX ¥ BOCCTaHOBMEHHbIX MapamMeTpoB
nepBUYHbIX Saep, N0 AaHHbIM O YepPeHKOBCKUX nsobpaxeHunax LUAII,
perncTpupyembix B ctepeo-pexume yctaHoskou TAIGA-IACT
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JHeprernuyeckoe paspemenue 1jas HIAJL ot
NEePBUYHBIX si/iep BOAOPOAA, KUCJIOPOAA U KeJe3a,
110 JAHHBIM O MapPaMeTPaX YePeHKOBCKUX
u3oopaxenuii LHIAJI, perucrpupyemsIx B cTepeo-
pexxume Tesieckonamu ycranoBku TAIGA-IACT.
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3aBHMCHMMOCTH TOUHOCTH BOCCTAHOBJICHUSA

riyonabl Makcumyma pazsutus HIAJL ot
JHEPruM M THUIA MEPBUYHOIO AAPA, MO JAHHBIM 0
napaMeTpax 4epeHKoOBCKNX u3oo0paxenuin HHIAJI,
PErUCTPUPYEMBIX B CTEPEO-PeKUMeE TeJIECKOMaMM

ycranoBku TAIGA-IACT




JNlerkaa komnoHeHTa MK/ ( p, He) B 06nactun «Knaccnyeckoro KosieHa» no
pe3ynbTatam rubpuaHbIX U3SmepeHUm.
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1. CneKTpbl NIerkon KomnoHeHTbl (Pr+He), AeMOHCTPUPYIOT APKO BbIPaXKEHHbIA U3NIOM NPU
3Heprumn okono 3 M3B, Yto noAaTBep:KAAET rMNoTesy, YTO U3/1I0M PaA3/IMYHbIX KOMNOHEHT KJ/1
NPOUCXOAUT NO XECTKOCTU YaCTUL,, U ONpeaenaeTcd MMeHHO 1IerKOM KOMMOHEHTOM, KaK
Hanbonee npeacTaBNeHHON B CNEKTPe A0 SHEPrUUu nssiioma.
2.He noatsepXxaaeTca U3Nom CneKkTpa NPoToHOB npu sHepruu 900 T3B,
nosy4yeHHbIX paHee B 3KcnepumeHTe ARGO-YBI.
3.UHTeHcnBHOCTL Pr + He B 06nactn ~200 TaB xopoLuo cornacyercs ¢ AaHHbIMMU

npAambix akcnepumeHtos DAMPE u NUCLON



JHepreTudeckuii cnektp KJI mo nanabiM ycranoBku Tunka-Grande

dns onpenenenusi 3Hepruu HIAJI no nanHbIM
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dHepreTnyeckum cnektp MK/ no

Koppeasiuus napamerpa p,,;, € NepBHYHOH AaHHbiM yctaHOBKM Tunka-Grande 3a
sHeprueit IIIAJI, BocCTAaHOBJICHHBIN 10 2017 — 2023 roabl
JAaHHBIM YePEHKOBCKOH YCTAHOBKH
TAIGA-HISCORE. y=-3,18 & 0,005 npu E<20 I>B
v=-3,0 = 0,01 mpu 20 II>B < E < 100 I1»B
JHepreTnyeckoe paspewieHme 26% v=-3,26 = 0,03 mpu E > 100 IT»B

ana E > 30 MNaB. (BTOpOE KOJIEHO!)



Gamma-astronomy

1 HaOmronenue rajsakruyeckux IlhBarponos:
Kpab6oBuanas tymanHnocthb, Dragonfly, J2227+610 (G106.3+2.7), J2031 +415

(Cygnus Cocoon), CTA-1, LHAASO J0341+5258, LHAASO J07003+14005, LHAASO
J2228+6100 u T.A., MOMCK HOBBIX HCTOYHHKOB

IlepBble pe3yabrarhbl
« KpaoGoBuaHas TyMmaHHOCTb - (Jloxaan I1.Boauyrosa)
e J2227+610 (G106.3+2.7)(Boomerang) - cmekTp ocenbio 2025

2. loaroBpeMeHHbI MOHUTOPHHT M U3y4YeHHE YJHEPreTHYeCKOro CeKTPa sipKuX 0J1a3apoB:
1ES 0229+200, 1ES 1959+650, Mrk 501, Mrk 421, Arp 220, M82.

3. IMouck nu¢@y3HbIX raMMa-KBAHTOB CBEPXBBICOKUX JHEPruii (
4. Ilouck raMMa-KBaHTOB THBHOIO IMana3oHa 0T raMMa-BCILUIECKOB
5. [lonck raMMa-KBaHTOB ACCONMMPOBAHHBIX C JHEPTHYHBIMHA HEUTPHUHO.

6 Ilorck HAHOCEKYHIHBIX ONTHYECKUX TPAH3MEHTOB ACTPOPU3NUYECKOT0 MTPOUCXOKIAEHUS



Three approaches for detecting of gamma rays in the
TAIGA experiment by Cherenkov detectors

1. Standalone mode of IACTs operation ( E> 2-3 TeV).
Hadronic background rejection ~10 4

2. Stereoscopic mode for large distances between the IACTs
( E > 8 TeV). Hadronic background rejection ~5 10

3. Hybrid mode - joint operation of the TAIGA-HISCORE and some
IACTs (E > 40 TeV ). Hadronic background rejection ~10-




HabntoaeHne KpaboBnMAHOM TYMaHHOCTM
B MOHO-peXunme
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The accuracy of reconstructing the position of the EAS axis
and it direction of arrival by stereo method

Number of events
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Accuracy of reconstructing
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Accuracy are understood as the angle 0.4 and the radius of the
circle Rgg, Which contain 68% of the reconstructed events



Background subtracted ©24-distributions for 150 hours
of the Crab Nebula observation (stereo mode)
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Pavel Volchugov
Peructpauusa ramma-kBaHToB OT KpaboBnaHOM TyMaHHOCTU
Teneckonamum TAIGA-IACT B ctepeo-pexnme no gaHHbIM 2020-2023 rr.



The energy spectrum of gamma quanta
from the Crab Nebula
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Mounck ¢potoHoB TaBHLIX 3HEpPrumn
OT raMMa-BCMNJ/J1IeCKOB U NO asiIepTam OT YCTaHOBOK:
Baikal-GVD, IceCube n HAWC

.Pa3paboTaHa n BHegpeHa cuctema aBToMmaTu3lauum U3MepeHun m
aBTOMaTn4yeckoro HaBegeHus teneckonoB yctaHOBKM TAIGA-IACT Ha
ramMmma-BCrnJfiecCKu no curHanam, nonydeHHoIM ot General Coordinate
Network (GCN)

Bcero ~10 HaGnoaeHun no aneptam. Bpemsa HabnoaeHusa okono 1 4yaca

GRB 221226A ( Fermi GBM)
GRB 230116E ( Fermi-GBM)
GRB 230816A (Swift-BAT)

GRB-231115A (INTEGRAL)

Bcenbiwka ot ABonHOro nynbcapa Be/X-ray LS V +44 17 (Swift-BAT)
HaBepeHue no cosnapgeHuto IceCube n HAWC NuEm-240118A.

OT1 ncrtounuka GRB 221009 — 3 Teneckonamu Morno oObiTb
3apernctpupoBaHo 600 ramma-KBaHTOB - 14 curma

Ot Bcnbiwku B 10 pa3 cnabee — 60 coObITUN, OKONO 5 curma



Near future TAIGA-1 upgrade



2 new IACT with 4.3 m mirror diameter
TAIGA-IACT (2025-2026y)

® TAIGA

® LHAASO

10| 21|11 12 13 2 3
I M 10 3Heprua, TaB 10
L—49————2060021————22—J
23 25

18
24 26 27

NMpu padoTe 5 TeneckonoB 3a 300 yacoB
IACT in planned HabnoaeHua oxuaaet 30-40 coObLITUMA C 3HEprum

O operation O IACT “ Bbiwe 100 TaB ot KpaboBuaHOW TyMaHHOCTU npw

nokKasaTterie HakrfioHa crnekTpa B UICTOYHUKe -2.9



HYyBCTBUTENbHOCTb CUCTEMBbI U3 5 TesIeCKONnoB

ek TUBHaA Nnowanb Km?
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NpUMeHeHUa KputepueB oTbopa
Ha gammaness u 62,

JAun¢pepennuaibHasg YyBCTBUTEIbHOCTD
ycranoBku TAIGA-IACT
B CTepeo peknuMe HAOIIICHU .



BHemnue ontuyeckne craniuuu ycranoskn TAIGA-HISCORE
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Pa3zBeprbiBaHMe JOMOJHUTEIbHBIX KOJIEH ONITHYECKUX
crannuii ycranoBkun TAIGA-HISCORE, nmo3BosnT
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The TAIGA-Muon scintillation array

Counter dimension
1x1 m? designed
NSU& BINP

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

Mean amplitude
from cosmic muon
IS 23.1 p.e. with
+15% variation.

A clear peak in
amplitude spectrum
IS seen from cosmic
muons in a self
trigger mode

The TAIGA-Muon counters

4}(,

The position of the counters
in a cluster of TAIGA-Muon

Surface counters of
a TAIGA-Muon cluster

Surface counters of
a TAIGA-Muon cluster



Deployment of the prototype of water Cherenkov
detectors at the site of the TAIGA-1
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[lopaBneHue aaopoOHOB BOAHbIMMU
YapeHKOBCKUMU AeTeKTopamMu
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Our dream:
Full scale array TAIGA-100



Full scale TAIGA-100 array for PeV gamma astronomy

10 km

N 3000 wide-angel Cherenkov stations with 1 PMT, FoV 1 ster.
5-10 4 mclass IACTs (like in Tunka-1)

1-2 10 mclass IACTs (mini ALEGRO)

10 km ~ 1000 scintillation detectors

~ 3000 underground water Cherenkov detectors, 40m? area
1-2 Fluorescent detectors

A
v

\ 4

é TAIGAL
TAIGA10 Energy range 100 TeV — 10 PeV. About 350
x 10 12 gamma from Crab Nebula with energy > 500 TeV

. S— for 300 hours of observation ( 3 years)
b ® LHAASO | | . oo . .
8 14 & TAIGAI00 | - The significance level is 10 sigma.
=t ® TAIGA1 1 - - - -
s O l - ] Hadronic background rejection ~10 times
3oy bl by muon detectors
o 1 ®les
; 0,01 i %
X f P.MoHxoeB
i MpoekT acTtpodpunsnyvyeckoro komnnekca TAIGA-100
= Lk oo T o087 Cekuusa «[JeTeKkTopbl, METOAMKA IKCNEepPUMEHTa U

Siiepri, T8 aaepHo-dusnyeckue metoabl.» 21.02.25. 16:00



HayuyHaa nporpamma TAIGA-100

1. FaMmma acTPOHOMMUSA YNbLTPaBbICOKUX 3HEPru.

2. Kocmunyeckune nyuum B ananasoHe
10%4 - 101° 3B

3. Mouck choToHOB B AonanasoHe 10'7-10'° 3B

4. TpaH3UEHTHbIe ABNEHUA U raMmma-BCnJIeCKu

5. Flopn3oHTanbHble HEUTPUHO (?)

6. OK30TUKa ( TeMHaa maTepusa, CTpaHrneTbl U T.A4)

/. Teodpnsuka



Mouck $oTOoHOB C SIHEeprueun B
AvanasoHe 107 - 102 5B
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Integral photon flux for E > E_[km™ sryr

1074

107 =

Auger HeCo + SD 750 m (2022), U.L. at 95 % C.L.
Auger Hybrid (2021), U.L. at95 % C.L.

Auger SD 1500 m (2022), UL at 95 % C.L.
KASCADE-Grande (2017), U.L. at 90 % C.L.
EAS-MSU (2017), U.L. at 90 % C.L.

Telescope Array (2019), UL.at 95 % C.L.
Telescope Array (2021), UL . at95% C.L.

GZK proton | (Kampertetal. 2011)

GZK proton Il (Gelmini, Kalashev & Semikoz 2022)
GZK mixed (Bobrikova et al. 2021)

CR interactions in Milky Way (Berat et al. 2022)
SHDM la (Kalashev & Kuznetsov 2016)
SHDM Ib (Kalashev & Kuznetsov 2016)
SHDM Il (Kachelriess, Kalashev & Kuznetsov 2018)

1018

1 020

MoxHo oxuaaTtb 10 ramma-kBaHToB 3a 10 net



Bbibop mecTa

IlepcneKTHBHbIE TEPPHTOPHH:

Crenu FOkHOoH CHOHPH B rpaHHIAX BalKaIbCcKOH H ATae-CassHCKOH IOPHBIX (PH3HKO-Teorpa)HIecKHX CTPaH

Pecny0.1Hka Aarai: UyHcKas cTenb
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Borgoy steppe — a site for the TAIGA-100
Dzhidinsky District, Republic of Buryatia, 50.84° s. w., 105.81° v. d.

A_St"OC“ma_t'C features™ Topographic features* Infrastructure features
»  high proportion of cloudless « altitude of ~ 800 m a.s.l. « 200 km from the regional center
nights — 68-71%  area > 100 km? (Ulan-Ude)
*  low precipitation and low « site surface slope angles< 5° « automobile, rail and air
water vapor content in the «  soils suitable for digging to a communications
atmosphere (3.1-3.3 kg/mz)_ depth of more than 3 m «  power supply - 3 power lines
* low level of aerosols pollution . \yater for water Cherenkov 35 kV and 110 kV

in the atmosphere (AOT = detectors is available availability of radio engineering

0.11) _ _ « absence of permafrost on the and optical telecommunication
* low level of light pollution site systems

* snow cover thickness — 2—3 cm

* according to the MODIS, VIIRS (NOAA) satellite systems, the MAIAC algorithm (Aqua, Terra) from 2019 to 2023 and
the CALIPSO lidar from 2016 to 2021



3aKa4yeHue

1. CozpgaHme kKomnnekca TAIGA-1 ONN3KO K 3aBepLUeHUlo, OoCcTanocChb
NoAroToBUTbL  elle 2 perucTpupyrowme Kamepbl AnA aTMocgepHbIX
YyepeHKOBCKUX TerieCKonoB nu pa3BepHyTb AononHUTenbHbIe
CUUMHTUNNALMUOHHbIE AeTeKTopbl ycTaHOBKM TAIGA-Muon.

2. ObpaboTka AaHHbIX NpoaBUraeTcs BMOJIHE YCMELHO — MNOoJflyYeHbl HOBbIE
pe3ynbTatbl B 00MacCTM KOCMMYECKMX JlyYeM UM ramMma-aCTPOHOMMM.
OcBanmBalTCA HOBble MeTOAbl aHanuM3a AaHHbIX Ha OCHOBE MAaLIMHHOrO
ooyueHus.

3. Hayanacb noarotoBka npoekrta actpodusnyeckoro komnnekca TAIGA100.
NMnaHnpyetca npotecTupoBaTb OCHOBHbLIe AeTekTopbl TAIGA1l00 (BOoAHbIN
YEepPEeHKOBCKUN OETEKTOP MIOOHOB U CUMHTUNMNALUNOHHLIE OEeTEeKTOPbl, HOBbIN
YyepeHKOBCKUN AeTEeKTOp U Ap.) U cucteMy coopa aaHHbIX Ha nonuroHe TAIGA-
1 oo BbIOOpa MecTa pa3BepTbiBaHUA HOBOU YCTaHOBKM.



Thank you
for attention!




