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TAIGA - Tunka Advanced Instrument for cosmic
ray phys

cs and Gamma-ray Astronomy

TAIGA-IACT - imaging

IACT in planned  afmospheric Cherenkov telescopes
operating IACT
HiSCORE = HiSCORE TA|GA—HISCORE—V§/ide-Oﬂ9|G
cluster#1 cluster#2 Cherenkov installation

HiSCORE HiSCORE TAIGA-Muon - EAS scintillation
Cluster#3 cluster#4 installation
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TAIGA-IACT

» focallength-4.75m;
» reflector diometer - 4.3 m;

TAIGA-IACT recording cameras
include XP1911 PMTs grouped into 22
clusters (560 and 600 for IACT1 and
IACT2)

» each PMT is equipped with a
Winston cone;

» pixel viewing angle - 0.36 °;
» cameraFoV -9.6°%

» camera diameter ~110 cm;




Observation
methods

LENGTH

In any observation mode, |IACTs form
images that can be parameterized.
These parameters are the basis for further
data analysis.

Stereo mode
E>8T3B




Simulation of gamma rays for 5
felescopes

1 km

Total generatedin MC.:
4x10°events

Core position Core position

Number of
+ EAS core position triggered

telescopes:
Energy range:

@ TAIGA-IACTs 2 ) 5 O TeV
The trigger condition requires an
amplitude exceeding 10
photoelectronsin two
neighbouring pixels withina 15
ns window.

After passing the hardware trigg
er, the eventscan be analyzed
in sev eralstereo modes, such as
2+, 3+, 4+ and 5.

500 -1000 —500 500 For example, the 2+ mode mea
ns that the analysisinvolveseve
nts that triggered 2 or more

Before |IACT trigger condition After |ACT trigger condition felescopes.




Comparison of spectra of size

experiment 17.10.20

+ events of IACTO1 detected

by the both telescopes

events registered by

the both telescopes

number of events

— experiment 17.10.20

L MC 4’7 all events of IACTO1
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expermental distribution of size of all events TAIGA-
IACTO1 and events detected by the both
telescopes

experimental and MC distribution of size of events
detected by the both telescopes of the TAIGA-IACT




with border pixels of camera
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Effective area

45
energy, TeV

At an energy of 22 TeV in stereo mode, the
effective installation area is ~ 0.9km?

without border pixels of camera

For each energy bin (5 TeV), the number of
generated gamma rays was calculated.
The graphsshow the effective areas of the
installation at different energies for different
typesof detected events

effective area, km?

energy, TeV



Reconsfruction of

shnower geometry

For

« 2+ friggered events,

« withsize > 100 photoelectron
« without boundary pixels

the shower geometry was reconstructed.

basic
suppresionn

In particular, reconstruction of the core position
of the EAS and the arrival direction of EAS in the
FoV of the telescope can be performed.

Example of event, detected by 4

|IACTO2




Error of EAS core position
determination

Reconstruction of core position 2+ events, gamma rays, E > 10TeV 4+ events, gamma rays, E > 10TeV

core position error - core position error
¥  core position Entries 11907 Entries 2518

reconstructed core position Mean x 5.985 Mean x -1.671
Mean y 5.46 Mean y 3.952

mage axis IA CT03 Std Devx  47.25 Std Devx 16.58
StdDevy  35.33 Std Dev y 1565
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To determine the core position, the procedure for minimizing the distances to the axes connecting the
image CoG and the shower arrival direction (so called dist) was used. In the case of triggering 4+
telescopes, the distribution RMSis~ 16 m.




Reconstruction of the arrival direction of EAS

2+ events,gamma rays, E> 10TeV 4+ events,gamma rays, E> 10TeV

Entries 11807 Entries 4390

Mean x 0.00818 Meanx  0.005124

error y, deg
error y, deg

" Meany  0.002761

“"|Meany  0.000147
Std Devx  0.3127 : : StdDevx 0.1714
StdDevy 0.2733 : : StdDevy  0.174

4 4
error x, deg error x, deg

The arrival direction of particles was
determined as the weighted (by
image size and sin© between
intersection lines) average position of
the points of intersection of the
major axes of all ellipses.

Cut on error of arrival direction was defined as a circle with containment
radius 68% of the events that passed basic suppression. The angular
resolution for the 2+ events is res= 0.2°



Another parameters

Func'l'lonol f, 2+, gommo rays E> ]O TeV Normalized width, 2+, gamma rays E> 10 TeV

gamma
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0O 10 20 30 40 50 60 70 80 90 100 Based on the reconstructed core positions,
f normalized widths were calculated.

Functional f minimizes error on the arrival direction of eventsin the telescope's FoV. This functional selects
the position of the source near the intersection of the major axes of the ellipses and at small distance
from the true arrival direction of events




Hadron suppresion

» Based on the considered parameters of MC events, the suppression coefficients of
hadrons(2x10) and gammarays(2x10-') with energies above 10 TeV were
obtained.

number

| MC hardware 2+ exclusion of | size > of events
>10TeV

generated | trigger | events | edge pixels | 100 phe within

Fegg = U . 29

gamma 19627 19128 | 14973 14389 11907 8116
hadrons | 215765 | 110354 | 48784
» The sensitivity of the TAIGA-IACT installation for 100 h at energy of 10 TeV is

1.5x10 2 TeV-'cm2s!




Conclusion

» A sufficiently large effective area (~1 km?) and good angular
resolution (r«~0.2°) for gammarays with energy above 10 TeV was
derived from Monte Carlo simulation of 5§ IACTs in TAIGA.

» Bothsensitivity (~1.5x1012TeV-1cm=2s! for 100 h of observation) and
northernmostlocation(51.49°N, 103.04°E) allow detailed studying
energy spectra (>10 TeV) of many sources from the Crab Nebula
and Mrk 501 to Dragonfly Nebula, Boomerang, ARGO J2031+4157
etc. and probably SNR CTA 1 and Tycho.

» Since fall 2021 three IACTs willbe operating and available for the
stereoscopic analysis. Two more IACTs are to be deployed by 2023.






