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Tunka observatory site

TAIGA-IACT
TAIGA-HISCORE
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_ ~J . TAIGA-Mugh|
* Very high energy Astrophysics \ . ‘

under extreme conditions

* Proximity to BAIKAL v Experiment
* Tunka valley, Republic Buryatia

Air Cherenkov arrays
Particle detectors

Optical Astronomy
51° 48' 35
103" 04' 02" E

675m a.s.l. (Radio air shower detection)
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TAIGA

Tunka Advanced Instrument for cosmic ray and
Gamma Ray Astronomy
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The hybrid TAIGA
Experiment

TAIGA-HISCORE

Integrating air Cherenkov
Timing array

2020: 89 stations

2021: 120 stations

TAIGA-IACT

IACT-1: first results available
IACT-2: data taking started
IACT-3: in consturction
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TAIGA-Muon

240 m2 surface and
underground particle
detectors



Hybrid air Cherenkov
approach

Cost efficient |
Instrumentation Monoscopic IACTs:
Of large areas Image shape
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Hybrid reconstruction:

HISCORE timing array: Combining strengths of techniques

Angular resolution O(0.1°) - hybrid scaled width

- Image recovery / correction

— _— — —
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Hbrid reconstruction

Hybrid
imaging+timing
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TAIGA Pilot complex

* Hybrid sensitivity estimate 10"

- 1km2 HISCORE
- 3 IACTs

e Different FoV

- HISCORE ~60° diameter

- |ACTs ~9° diameter
* Key to

source identification

morphology
spectroscopy:

- AB 0.15° @O(TeV)
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Scientific goals of the
TAIGA Pilot complex

 Establish the new hybrid imaging and timing approach for
gamma-ray and cosmic ray astrophysics

* TeV-PeV gamma-ray spectroscopy
- Extend gamma ray spectra into 100 TeV range

- Search for Galactic Pevatrons
spectroscopy (15% resolution) of cutoff energy range
morphological studies (0.1° angular resolution)

* Monitoring of bright extragalactic sources

* Fundamental physics
- Heavy dark matter, axion search
- Lorentz invariance violation
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TAIGA-HiISCORE timing
array
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* 0.5 m? light collection, FoV
~0.6 sr

* “Tilting” for extension of

sky coverage

* Sub-ns array-wide
time synchronization

-Reeonstruction: —

a0 : : : : :
50L'I 10 120 130 140 150 160 170

0.5ns sampling, DRS4 rime. ns



HISCORE results

Cosmic ray energy spectrum
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Verified with data (chessboard)

Single station trigger rates
Reproduced (Ethr ~ 50TeV)

First point source: CATS Lidar
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TAIGA IACTS

dish:

* 34 gla
 Manual facet adju

Cameras:

560 XP1911 PMTs IACT-1

e 505 XP1911 PMTs IACT-2

 15mm cathode area

 Single pixel aperture 0.36°
~* Energy threshold O(TeV)




MAROC-3 board
64 channels
Trigger: fast shaper
Signal: slow shaper

MAROC3 board

f Cross-board

'-';'E-' 1 HV supply

: l. :::I'l/

< TPMT
divider board

— PMT XP1911

| Winston cones

22 clusters
28 PMTs each

e
g
4 1
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Pointing correction

= ...__.--._._ru_mera_ ) 2 ;},
* Pointing e __ s
e Shaft encoders on i

JACT axes

* CCD camera: calibration us'ing bright stars
* Accuracy ~0.02° .

5 —— 35 407
Srar scan & Fredicted X proie, Profiles of tha
thro -\-g‘ltﬁ d - tar po n —p— confer of star scan through
0.2 4 | contrm i on the foca 15 arawit ¥ 0007 Eisg cprmbra I i
plane 3.0 v praf

Gravity .-:I:I [aTET]

3 "’FT—W
/¥ """-.
_ X

P o

o
= &
5 g
L 1] "
[ ' B
o
L2
LY.
current [rmbch
current [k
al L
i =
-
=
= |
=
|

I | ]
= =] =]
s V) -
] + +
[ ]
-
&
./\
- ol
uf =]
- [
LA [=]
-
/' .

S
a T T T
L mil? =1 L1 ] 0.1 .2 0.3 =il 3 =l 2 {1 i .1 .2 0o.x
x [deg) % [deql

-
(=1
-
=




Data from 1% TAIGA-IACT

Image: IACT
Direction: HISCORE




TAIGA data & MC

2 independent simulation chains

Second hottest pixel Differential spectra by size
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Pata . EXPERIMENT
17 10 3 days
- 10? 2 o o
0 —MC
103 0 10° 31000 TeV
- £ 10 gam=-2.6
)
N 1¢°
107 - m
LH 25 50 75 _ 1040 125 150 175 200 A .
amplitude / p.g. Z 10

— it experiment tracking Mrki21
[Twidth, MC with detector response, pr 3-100TeV, NS 1.8pel350s, trigger 2x10pe/15ns, image cleaning Gpefipe, size>=E0pe, npix»=5, 1.5'<Rc<2 5°|

f Image width: 10% — —
i data & MC 10° 10° 10*
§ T (protons)

Size, p.e.

1 1 | 1 1 .
Q 008 0.1 015 0.2 025 03 035

Wi, dogress Status & Results 16



P

1x1 m each detector

Wavelength shifters for
scintillation light collection .
Fed onto PMTs = . o

Mean cosmic muon amplitude 31 p.e. %‘%‘b il
+-20%

Clear muon peak observed



Data analysis 1% IACT

* Only 1 IACT, monoscopic, no hybrid analysis yet

* Two independent raw data reconstruction chains
(from raw data to image)

* 4 groups with high level analyses

* First attempts at machine learning analyses

TAIGA Status & Results
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Observations of the Crab
Nebula by IACT-1

* Culmination ~30°
e Total high quality 40.5 h

. O __JINST 185, 9, C09031 20200
Size > 120p.e. 120 =2 N
(~4.5TeV) 110 . : Time =40.5 h N (off

100 ' ]

* Alpha: angle of 90 ] %\ | Non =427  Noff = 263 f
major image axis 80 +# : i
to source position _ 70- | 5& y
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Conclusions

* TAIGA Pilot complex, 1 km? — cost-efficient hybrid principle
- 89 HISCORE stations & 2 IACTs operational
- 120 HISCORE stations by the end of 2021
- 34 JACT under construction

- MC & Data in agreement

— First results: Crab Nebula detected
- Hybrid event analysis work in progress

* Improvement at high energy end

using muon counters

 Future array: O(10km?)
- 1000 wide-angle stations

- 15 IACTs
- 0(10-13) TeV cm-2sec-t
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Backup slides
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Event reconstructlon

> Station amplitudes

(LDF/ADF)

X [m]

— core impact
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TAIGA IACT real data

Event #6281867
Ncl = 0, Npix = 23
Size = 709 p.e.
Width=1.6 cm, «=8.8 deg

| Width 0.19°
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Data-MC comparison:

rates

Single station trigger rates
Data reproduced with
MC-A_~ 250 p.e.

1 " 1 * I - I
calculations

Multiplicity

28 station array: Data / MC

R=17 Hz (0-30)' 1 Multiplicity distnbution
10 — — R=14 Hz (0.35) ] l T I
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Gammas: Ethr ~ 50 TeV
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Data-MC comparison

Angular resolution from MC
Verified with data (chessboard)

Angular resolution VS ... . ___ _, ~n VS triggered stations

-t

|||!| |!|||!|||!|||!lll!lll!lll!_._TNES IIII.IIII.IIII!IIII!IIII
i i i i i i i E-DN:_"S

|-y N=8

.............................................

Act (68%) [deg]
Ao (68%) [deg]

107" b g LU b S SR o o ¢

0 20 40 60 80 100 120 140 160 180 200 0 5 10 15 20 25 30
MC-Energy [TeV] Triggered stations

26



HISCORE local sky

The first Point-source

In several nights:

' ISS-TLE
L HiS-28 data peak
<  MASTER-IMAGE peak

* O(s) trigger-rate “flares”,

4 kHz pulsed emission >

* Point-like emission,
fast moving source position

45¢
MASTER detection of ISS/CATS-LIDAR

e Coincidence with ISS o
CATS LIDAR, 1.3mJ

* Data used for
absolute pointing calibration <0.1°

TAIGA Status & Results
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Chessboard method

Reconstruction
using two different
subarrays

Angular resolution VS MC-Energy
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g/h separation

Hybrid scaled width (HSCW)

counts

0.04
0.03
0.02

0.01

TACT I ed widthk—

Scaled width distribution, cumul.

TIACT (width)

[M. Kunnas, PhD thesis 2018]
-

1 2 3
log(E/TeV)
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Sky coverage

Tilted mode: inclined along the north-south axis.
coverage of different parts of the sky.

Tilted south mode: 110 h on the Crab Nebula,

after weather corrections.
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TAIGA array

3 1ACTs

600

47

58 .
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km? + 3 IACT
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Cosmic ray energy
spectrum
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* Energy
from light density @200m
from shower core
resolution ~15%

1*Ey* {m~%s™'sr'eV?)
—
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w

* results compatible
with other experiments

: 10%*
* See presentation by —

L. Kumzmichoyv, this conference
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