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Transparency of the atmosphere in different domains of electromagnetic spectrum

Cosmic microwave background, -3 mm Longair’ (1 992)

1EeV 1PeV 1TeV  1GeV 1MeV 1keV 1
10"%ev  10"ev 10'ev  10°ev  10°%eV  10°eV  1eV 10 eV 10°eV 10 eV 10 eV 10 eV
| | | I | | | [1om | | | |
IR ‘ » radio
Frays g yisible
| | | | | | | | | |
10%m 0% 10 "%m 10"m 10% 10Pm 1m 10h 1%
iam 1fm 1pm 1 nm 1pm 1 mm | 1 km 1 Mm
| 300 MHz
@“f) 300 GHz 300 kHz

% N |

________

IlI
| o
|
{ 50% of Incident
radiation absorbed

|
rockets ‘% ? ,I'II
- it ' inii it~ e mEs e

s L [eas

400 W17

m d__-f“'dﬁ-d:_ ] Cherenkov
20 Wi ST R0y telescopes
0y Elfth ’"m

e :
fluorescence

3

Barbosa, (2022)
detectors
PHYSICS
FOR Gamma-ray Astronomy with SST-1M Imaging Atmospheric Cherenkov Telescope

FUTURE



Very-high-energy gamma rays Galactic sources

* Energies: tens of GeV and more = VHEGR Supernova remnants, microquasars, ...

* Sources: non-thermal Universe
- regions where charged particles are accelerated
- magnetic fields and shock waves
- supernova remnants, pulsar wind nebulae,

active galactic nuclei ...

* Objectives:
- search for origin of charged cosmic rays

- study of the processes near neutron stars and

black holes .
Extragalactic sources

- search for dark matter signatures AGNs, neutron star mergers (GRBs), ...

- study of exotic phenomena (Lorentz inv. SRR .
) P ‘ Active Galactic

violation) Ga"lpma-Ray
- study extragalactic background light
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Detection techniques in gamma-ray astronomy

Cosmic microwave background, ~3

(Longair, 1992)
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Imaging Atmospheric Cherenkov Telescopes

\" 4 . . .
s * - REFNRELIVE telescopes on Alt-Az mounts - first in 1980s Whipple telescope
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Imaging Atmospheric Cherenkov Telescopes (IACTs) across the world

Credit:
.. S Wikipedia
FACT A o

Gamma-ray Astronomy with SST-1M Imaging Atmospheric Cherenkov Telescope



Southern Hemisphere Array

Cherenkov Telescope Array Observatory (CTAOQO)
v @

Medium-Sized Telescope ‘

CTAO Operations Building &
Other Calibration Devices

Weather Station

Stellar Photometer
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MAGIC Telescopes

External Facilities
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SST-1M project

L Single-Mirror
R Small Size Telescope

Collaboration of 17 institutes from 3
countries - Czechia, Poland and
Switzerland

Developed as a design of Small Sized
Telescopes for CTAO - other design
was selected

Constructed 2 SST-1M prototypes -
relocated in 2022 from Poland to
Ondrejov Observatory of Czech

Academy of Sciences near Prague
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SST-1M telescopes

« Davies-Cotton optics
« Segmented mirror - 18 hexagonal mirror facests

« Fully remote observations

Focal Length 5600 £ 5 mm
f/iD 1,4

Dish diameter 4m
Mirror Area (*) 9.42m?
Mirror Effective Area (*) 6.47m?
Hexagonal Mirror facets 7803 mm
Mirror PSF Dg, (requirement) 0.082° (8.1 mm)
Mirror PSF Dg, (measured) 0.028° (2.7 mm)
Telescope PSF Dg, (required) 0.25° (24.4 mm)
Telescope PSF Dgo (measured) On-Axis 0.082° (8 mm)

C. Alispach et al JCAP02(2025)047

Figure adopted from
. Actis et al., (2011)

mirror facets radius of curvature R
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Pipeline and analysis
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Data and Monte Carlo analysis software for low-level analysis -

train » RFs IRFs
waveform calibration and integration, shower-image
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parametrisation, stereo reconstruction, random forest training, t':ﬂ _ ?"1
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Perfomance of SST-1M (Ondrejov)
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- Sensitivity in energy domain approx. 1 TeV - 100 TeV
- Significant improvement of performance in stereo mode comparing

to mono mode
- Results in stereo mode
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Crab Nebula (M1) observation
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Observation of the Crab Nebula with the Single-Mirror Small-Size
Telescope stereoscopic system at low altitude

C, Alispuch’, A, Araudo®, M. Balbo', V. Beshley', 1. Bluzek?, ], Borkowski®, S, Boula®, T. Bulik®, F. Cadoux',
8. Casanova®, A, Christov?, . Chudoba?, L. Chytka’, P. Cechvala®, P. Dédic?, D, della Volpe', Y. Favre!,
M. Garczarceyk®, L. Gibaud®, T, Gieras®, E, Glowacki”, P Hamal”, M. Heller', M, Hrabovsky', P Janedek?,
M. Jelinek!", V. Jilek”, 1. Jury$ek®*, V. Karas'!, B. Lacave', E. Lyard"?, E. Mach®, D. Manddt®, W. Marek®, S, Michal,
1. Michatowski®, M. Miron”, R. Moderski®, T. Montaruli', A, Muraczewski®, §. R. Muthyala®, A, L. Miiller’,
A, Nagai', K. Nalewajski®, D. Neise'?, 1. Niemiec’, M. Nikolajuk”, V. Novotny™ "*, M. Ostrowski'®, M. Palatka®,
o M Pech®, M. Prouza®, P. Schovanek®, V. Sliusar'?_ £ Stawarz'®, R. Sternberger®, M. Stodulska', J. Swierblewski®,
P Swierk®, J. Strobl'™, T. Tavernier™, P. Trivnicek?, I Troyano Pujud,usl L1 Wicha®, R. Walter'?, and K. Zii;l.'i.m'5

5

Département de Physique Nucléaire, Faculté de Sciences, Université de Genéve, 24 Quai Ernest Ansermet, CH-1205 Genéve,
Switzerlund

FZLU - Institute of Physics of the Crech Academy of Sciences, Ma Slovance 19992, Prague 8, Crech Republic

Pidstryhach Institute for Applied Problems of Mechanics and Mathematics, National Academy of Sciences of Ukraine, 3-h
Maukova St., 79060, Lyviv, Ukraine

Micolaus Copernicus Astronomical Center, Polish Academy of Sciences, ul. Bartycka 18, (0-716 Warsaw, Poland

Institute of Nuclear Physics Polish Academy of Sciences, PL-31342 Krakdw, Poland

Astronomical Observatory, University of Warsaw, Al Ujazdowskie 4, 00-478 Warsaw, Poland

Palacky University lomouc, Faculty of Science, 17, hstopadu 50, Olomoue, Crech Republic

Deutsches Elektronen-Synchrotron (DESY ) Platanenallee 6, D-15738 Zeuthen, Germany

Faculty of Physics, University of Bualystok, ul. K. Ciolkowskiego |L, 15-245 Bialystok, Poland

Astronomical Institute of the Crech Academy of Sciences, Frifova 298, CZ-25165 Ondicjov, Ceech Republic

" Astronomical Instivste of the Crech Academy of Sciences, Bocni 11 1400, CZ-14100 Prague, Crech Republic

" Département d Astronomie, Faculté de Science. Université de Genéve, Chemin d'Ecogia 16, CH-1290 Versoix, Switeerland
"UETH Zurich, Institute for Particle Physics and Astrophysics, Otwo-Stem-Weg §, 8093 Zurich, Switzerlnd

M Institute of Panticle and Nuclear Physics, Faculty of Mathematics and Physics, Charles Universily, V HoleSovickich 2, Prague 8,
Caech Republic

Astronoimical Obgervitory, Tagiellonian University, ul, Orla 171, 30-244 Krakdw, Polund

P T

Received ... f Accepted ...

ABSTRACT

The Single-Mirror Small-Size Telescope (S8T-1M) stereoscopic system is composed of two Imaging Atmospheric Cherenkov Tele-
scopes (LACTs) designed for optimal performance for gumma-ray astronomy in the muli-TeV energy range. It features a 4-meter-
diwmeter tessellsted mimror dish and an innovative SiIPM-based camera. lis optical system features a 4-m diameter spherical miror
dish based on the Davies-Cotton design, mamtaining a good image quality over a large FoV while minimizing optical aberrations.
In 2022, two S8T-1M telescopes were installed at the Ondfejov Observatory, Crech Republic, at an altitude of 510 meters above sea
level, und have been collecting data for commissioning and astronomical observations since then.
We present the first S5T-1M observations of the Crab Nebula, conducted between September 2023 and March 2024 in both mono and
sterenscopic modes. During this observation period, 46 hours for the S8T-1M-1 and 52 hours for the S8T-1M-2 were collected for
which 33 hours are in stereoscopic mode. We use the Crab Nebula observation to validate the expected performance of the instrument,
s evaluated by Monte Carlo simulations carefully tuned to account for instrumental and stmospheric effects, We determined that the
energy threshold at the analysis level for the zenith angles below 307 15 1 TeV for mono mode and 1.3 TeV for stereo mode. The
P H Y s I c s energy and angular resolutions are approximately 20% and 0.18" for mono mode and 10% and 00107 for stereo mode, respectively.
We present the off-uxis performance of the instrument and u detailed study of systematic uncertainties. The results of a full simula-
F o R tion of the telescope and s camers 15 compared o the data for the first tme, allowing o deep understanding of the S8T-1M array

2506.01733v1 [astro-ph.IM] 2 Jun 20

arxiv
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Koy words. Instrumentation: detecions = Methods: data analysis = ISM: individuil objects: Crab Nebula = gammi rays: general
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Mrk 421 Credit : Sloan Digital Sky
Survey
http://skyserver.sdss.org/

Active Galactic Nuclei (AGN) monitoring
Markarian (Mrk) 421, stereo data

First extragalactic source in true stereo detected by SST-1M

Observation during increased activity on 15.3.2024 - ATel #16533,

Detection of enhanced very-high-energy gamma-ray
emission from Markarian 421

https.//www.astronomerstelegram.org/

ATel #16533;
on 15 Mar 2024; 16:55 UT
Credential Certification: Thomas Tavernier (tavernier@fzu.cz)

Observed spectral index - 2.6 £ 0.3

The result is compatible with result published by HAWC collaboration A. Albert et al.,
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Conclusion

« Bright future for gamma-ray astronomy in the nex years

- 2 prototypes of SST-1M telescopes successfully built and
currently gathering data in stereo regime in Ondrejov

« First detected sources both galactic and extragalactic

- Perspective for interesting scientific results from SST-1M mini-
array in near future - first scientific paper showing actual

data already accepted
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