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YepenkoBckuii ramma-tenaeckon TAIGA-IACT

OnuH U3 2IIEMEHTOB
obcepBatopun TAIGA,
PACIIOJIOKEHHOHU B
TYHKUHCKOU JOJIMHE
(pecn. bypsTus)

IJiomaab 3epKaJ1a
~10 m?
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raMmMa-COOBITUHN
~1,5T>B
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Kak MOXXHO YJIYUYIIIUTh XapaKTEPUCTUKH
tejaeckona TAIGA-IACT u co3nars
nepcrekTuBy mis oyaymux IACT?

1. 3amenurs BakyymHble @®PIY Ha KpemMHHEBBIE (POTOYMHOKHTEIH
(mampumep, SensL/OnSemi MicroFJ-60035)

* yIIy4IlICHHAsS 9yBCTBUTEILHOCTE (PDE)
* HI3KOE HAIIPSDKCHHE ITUTAHMS U DYHEPIOIOTPEOICHUE
* YCTOMYUBOCTH K 3aCBETKE

* CHUKCHHBIM BEC ACTCKTOPA U KaMCPhbI B IICJIOM

2. Acnmob30BaTh CBETO(PMIBTPLI
* YBEIIMUCHHE YKCITO3UIINM 3a cUeT IoAaBiicHue ¢oHa oT HouHoro Heba (NSB)

* VIyYIICHHE TaMMa-aJJpOHHON CEJICKIIMH CHUTHaja OT SPKUX UCTOYHHKOB 3a CUET
n3Mmepenus qoim u3nyderus LIAJI B ommkaem YO guamnazone (A<300 nm)



QKcnepuMeHTarnbHbIN AETEKTOPHbIN Knactep Ha SiPM, paspabotaHHbin B T
(CoBMeCTUM C KractepamMu, HblHe ncrnonbdyembimu Ha TAIGA-IACT)
2 KOMMneKkTa cCBETOPUIIBTPOB, MHTENPMPOBAHHbLIX B KOHYCbl YVMHCTOHA



MopgenupoBaHue napaMeTpoB Teneckona
B NpeaaBepun HaTYPHbIX UCMNbITAHUN

EAS and NSB simulations

EASs simulations: CORSIKA v. 7.7400 (D. Heck et al. 1998)
NSB simulations: TAIGA Soft (Kholupenko et al. 2020)

Place: Tunka valley, altitude is 675 m a.s.l. (atmosphere depth 950 — 960 g/cm?),
atmosphere model is ‘winter mid-latitude atmosphere N3’, wavelength 200 — 700 nm,

magnetic field (H,Z2)=(18.5, 57.7) uT

Vertically incident primary particles, impact parameter (distance from the telescope to
the EAS axis) varied from 0 to 960 m, primary particle energies 0.3162, 0.5, 0.7, 1.0,
3.162, 10.0, 31.62 TeV

The total 300 — 600 nm NSB intensity 3-10%2 ph-m-2s-Isterl. Lines of atomic oxygen
at 557.7 nm and its doublet at 630-632 nm are taken into account

Modeling of photon transport in the telescope

Modeling of a telescope is performed with a specially developed software package,
“TAIGA Soft”. Parameters: mirror area 9.6 m?, field of view (FoV) 9.72°, mirror
albedo 0.8, cover glass transmission 0.9, Winston cone transmission 0.7, signal

Integration time-frame 15 ns.
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1) YepHbIN : ycpeaHEHHbIN CnekTp YepeHKoBCKoro nanyyeHmsa ot LUAJT ot dpoToHa ¢ aHeprnen 1 TaB
2) XKentbin, ronybon n gap: 4 MoHTe-Kapno peanusaumm poHa HouHoro Heba

3) CuHun cnnowHon: PDE SiPM OnSemi MicroFJ-60035

4) CvHun wtpnx: PDE PMT XP1911

5) KpacHbin: koachdpuumneHT nponyckaHms cdovnerpa “©otoontnk” SL 290 -- 590

6) 3eneHbln: kKO3 PUUNEHT NponyckaHusa dpunetpa “@otoontmk” SL 280 -- 390
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MoaoenbHas adpdekTnBHasn nnowanb kamepbl TAIGA-IACT no pernctpaunm doToOHOB M MPOTOHOB
1) YepHbIN: TekyLwwaa KoHdurypauma kamepbl (PMT XP1911)

2) cuHun: kamepa Ha SiPM OnSemi MicroFJ-60035 ¢ dounstpom SL 290 -- 590
3) KpacHbIn: kKamepa Ha SiPM OnSemi MicroFJ-60035 ¢ dpunerpom SL 280 -- 390
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MopgenbHble gudpdepeHumanbHble CKOPOCTU cHeTa pasnuyHbIX KOHUrypaummn kamepbl
TAIGA-IACT gnga pasnuyHbiX TUNOB NEPBUYHLIX YacTuL
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MopgenbHble CKopocTM cdeTa B mMoguduumpoBaHHoW Kamepe TAIGA-IACT, Bbi3BaHHble
doHOBbIMN POTOHAMKM OT HOYHOro Heba (NSB) u nx nocnenmmnynbcamu, Ons pasfndHbIX TUMOB
TpUrrepoB
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MopgenbHas vyyBcTBuTENbHOCTL Kamepbl TAIGA-IACT.
C.U. = Crab Unit, Q(E) — dpakTop cenekumn (~1.2-3.0).
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[Topor peructpanuu kocMuyeckoro ramma-uznydenusi ¢ TAIGA-IACT
IIPY MCIIOJIb30BAaHUM JETEKTOPOB Ha KPEMHUEBBIX (POTOYMHOKHUTEISAX
MOeT ObITh cHUXeH 10 0,.3-0,8 THB

(B 3aBUCUMOCTH OT (DHIIBTPA U MIPUEMIIEMOTO YPOBHS ITOTPEITHOCTH)

Cmacu6o 3a BguMmanmue!












The eftective area of a Cherenkov telescope can be defined as
SMCO(E) = 27?/ P (E,r)rdr, (1)
0

where P (FE,r) is the probability to detect a primary particle of energy E. at a distance
r from EAS axis. This probability has been estimated within a Monte Carlo approach
described in [11].

To describe the dependence of the telescope effective area on energy the following formula

has been used:
E a E a—b -1
y(E) ~ S, | — 1 — . 2
— @

where Sp, Ey, a, b are the approximation parameters, determined by minimization of the
standard deviation, given as

1 & [S(E,) 2\ /2
7= (ﬂnmr Z [W - 1] ) 1 (3)

1

where SMC is the effective arca value calculated by full-particle (Monte Carlo, MC)
methods at energy FE,. Part of the formula (2) determining the functional dependence
at low energies (< 10 TeV) is well known (e.g. [25, 26]) and an additional factor (the last
term in square brackets) takes into account the influence of finiteness of the telescope’s
field of view, which leads to limitation of the effective area at high values of energy (= 30

TeV). For gamma-quanta, the MC modeling and approximation has been done over n=7



Table 1. Parameters of effective area approximation according to the formula (2)

Configuration, Sy, m? E,, TeV E,, TeV a b o, % 0, %
Primary Particle

PMT XP1911

No filter

{2 neighb. px, 10 ph.e.}

Gamma-quantum 6.1798 - 10 0.5106  39.7372 4.0704 3.2649 1.3 24

SiPM OnSemi MicroFJ-60035

Filter SL 290 — 590

{3 neighb. px, 10 ph.e.}

Gamma-quantum 54711-10"  0.3616  10.4358 4.426 34577 1.8 29

SiPM OnSemi MicroFJ-60035
Filter SL 280 — 390
{3 neighb. px, 4 ph.e.}

Gamma-quantum 9.8943 - 10" 0.8185 59.57  3.6058 2.8785 6.8 11
PMT XP1911

No filter

{2 neighb. px, 10 ph.e.}

Proton 3.7116 - 10" 1.191 39.528  3.6929 2.6594 4.6 9

SiPM OnSemi MicroFJ-60035

Filter SL 290 — 590

{3 neighb. px, 10 ph.e.}

Proton 2.4245-10"  0.7879 152022 5.4607 4.1693 3.4 45

SiPM OnSemi MicroFJ-60035

Filter SL 280 — 390

{3 neighb. px, 4 ph.e.}

Proton 2.7041 -10%  1.2763  20.6882 3.8311 2553 11.4 24




A point source of 1 Crab Unit (C.U.) flux placed at zenith was chosen as a reference
source of gamma-rays. Its spectral flux [TeV'm~?s7!| can be approximated as:

(8)

adF’ E —Bo~ =B+ In(E/E.)
4 |
dE ( E, ) _

where {A, = 3.85 1077 TeV-im 2571, E, =1TeV, By, =251, 5, = []1[1423 at E <

{J—id TeV} (in this range the fit fmm [dl] is used?), and {A, = 2.35-107" TeV 'm 271,

=T7TeV, By, = 2.79, f1, = 0.1 at E > 1.543 TeV} (in this range the fit from [32] is
uch).

The employed estimate of spectral intensity |[TeV—!m~2s !ster 1| of cosmic ray
electrons is described by the following formulas |25, 29|:

. -1 . .Slt: —1
A (£) [1 +(£) ] . E<E,
Jﬁ - .,- _.'92:: | (T)
A (f) , E> E,

where . = 1 TeV, A;. = 13.6 TeV 'm2s7!ster™!, F;, = 5-107° TeV, 31, = 2.2,
Age = 117 - 107" TeV 1 m 25 !ster !, By, = 3.9. At low energies (E < 0.5 TeV) this
spectrum is in a very good agreement with that reported by [30].



Table 2: The integral count rates, R [Hz|

Primary Particle — Protons Electrons Gamma-Quanta NSB
Configuration |

PMT XP1911
No filter
{2 neighb. px, 10 ph.e.} 138 0.6 0.08 -

SiPM OnSemi MicroFJ-60035
Filter SL 290 — 590
{3 neighb. px, 10 ph.e.} 212 1.2 0.13 0.1

SiPM OnSemi MicroFJ-60035
Filter SL 280 — 390
{3 neighb. px, 4 ph.e.} 106 0.4 0.06 1.23

Table 3: The modeled threshold detection energy, Eiy [TCV]

Primary Particle — Protons Electrons Gamma-Quanta
Configuration |

PMT XP1911
No filter
{2 neighb. px, 10 ph.e.} 1.02 0.37 0.52

SiPM OnSemi MicroF.J-60035
Filter SL 290 — 590
{3 neighb. px, 10 ph.e.} 0.94 0.3 0.41

SiPM OnSemi MicroFJ-60035
Filter SL 280 — 390
{3 neighb. px, 4 ph.e.} 1.21 0.43 0.71
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Example images formed in camera with using main band filter (260 - 600 nm): a) night sky background
(NSB) noise; b) original useful signal generated by Cherenkov radiation at distance of 120 m from axis of
EAS induced by vertically incident gamma-quantum of energy 3 TeV ¢) sum of images (a) and (b) - the
model of real signal; d) image (c) after cleaning;



E F(>E), TeV cm™s

Fit HEGRA (2004) for Crab radiation flux is used
A\ k. =0.06, k, =0.35
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The triggering probability at distance of 120 m from axis of EASs induced by vertically incident primary
particles. Results of calculations with using main band filter (260 - 600 nm) are shown by rhombuses,
corresponding fits - by solid curves. Results of calculations with using ZWB3-filter (270 - 400 nm) are shown
by squares, corresponding fits - by dashed curves. Registration probabilities of events induced by gamma-
quanta are shown by blue color for N,,=3, cyan - for N,,=4, black - for N;,=5. Registration probabilities of
events induced by protons are shown by red color for N,,=3, green - for N,,=5.
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Parameter "Size" - the total number of photoelectronsEgénrgrez:;\ted by Cherenkov photons in camera at distance
of 120 m from axis of EASes induced by vertically incident gamma-quanta (blue curves) and protons (red
curves). Dependencies of "Size" obtained with using main band filter (260 - 600 nm) are shown by solid
color curves, and with using ZWB3 filter (270 - 400 nm) - by dashed color curves. Threshold values are
shown by black color: the level of 100 ph.e. is shown by solid curve, 50 ph.e. - dashed curve.
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The total number of illuminated pixels (blue curves correspond to events induced by gamma-quanta, red
ones - by protons) and the number of non-isolated bright pixels (the signal in which exceeds the threshold
value, black curves correspond to events induced by gamma-quanta, green ones - by protons) at registration
on distance of 120 m from the EAS axis. Solid curves correspond to calculations using the main band filter
(260 - 600 nm), dashed curves - ZWB3 filter (270 - 400 nm).



