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• Imaging Atmospheric Cherenkov Telescopes

• Single Mirror Small Size Telescopes – SST-1M project

• Performance and scientific results of SST-1M
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Transparency of the atmosphere in different domains of electromagnetic spectrum

Barbosa, (2022)

Longair, (1992)
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Very-high-energy gamma rays
• Energies: tens of GeV and more = VHEGR 

• 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

- search for dark matter signatures

- study of exotic phenomena (Lorentz inv. 

violation) 

- study extragalactic background light

Galactic sources
Supernova remnants, microquasars, …

Extragalactic sources
AGNs, neutron star mergers (GRBs), …
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Detection techniques in gamma-ray astronomy (Longair, 1992)

Credit: The
University of 
Sheffield



Credit: Tomáš Slovinský, Petr Horálek



Credit: CTAO

Credit: MAGIC collaboration

• Reflective telescopes on Alt-Az mounts – first in 1980s Whipple telescope

• Sensitive camera photo-detection plane composed of an array of silicon 

photomultipliers

• Parametrisation of the shower image – Hillas parameters (Hillas, 1985)

• For multiple telescopes, possibility to operate in stereo regime – improvement of

γ/hadron separation, direction reconstruction and energy

reconstruction

Imaging Atmospheric Cherenkov Telescopes
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Credit: CTAO
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MAGIC

VERITAS

H.E.S.S.

Credit: 
Wikipedia

MACE

SST-1M

LST
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Imaging Atmospheric Cherenkov Telescopes (IACTs) across the world

FACT
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Southern Hemisphere Array

Northern Hemisphere Array

Cherenkov Telescope Array Observatory (CTAO)

Credit: CTAO



LST-1
10/2018

LST2
11/2025

LST3
08/2025

LST4
03/2025

MAGIC-I

MAGIC-II
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SST-1M project

• 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

Ondřejov Observatory of Czech

Academy of Sciences near Prague

https://sst-1m.science/

https://sst-1m.science/
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Ondřejov
Observatory

Source: Google maps

https://asu.cas.cz/

https://asu.cas.cz/
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Telescope 1

Telescope 2

Figure adopted from
Actis et al., (2011)

• Davies-Cotton optics

• Segmented mirror – 18 hexagonal mirror facests

• Fully remote observations

C. Alispach et al JCAP02(2025)047

SST-1M telescopes



Gamma-ray Astronomy with SST-1M Imaging Atmospheric Cherenkov Telescope
16

Pipeline and analysis
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sst1mpipe

• Juryšek et al., PoS(ICRC2023)592

• Juryšek et al., 2024, sst1mpipe v.0.4.1, Zenodo

• https://github.com/SST-1M-collaboration/sst1mpipe

• Data and Monte Carlo analysis software for low-level analysis – 

waveform calibration and integration, shower-image 

parametrisation, stereo reconstruction, random forest training, 

instrument response function (IRF) calculation 

• Pipeline is divided into several steps (r0 -> dl1 -> dl2 -> dl3) – based 

on functions adopted from ctapipe https://github.com/cta-

observatory/ctapipe  and follows lstchain cta-

observatory.github.io/cta-lstchain/

• Results are compatible with gamma-astro-data-format (GADF) -

> can be forwarded for high-level analysis (dl4/dl5/dl6) performed 

by gammapy

https://github.com/cta-observatory/ctapipe
https://github.com/cta-observatory/ctapipe
https://cta-observatory.github.io/cta-lstchain/
https://cta-observatory.github.io/cta-lstchain/
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Perfomance of SST-1M (Ondřejov)
- Sensitivity in energy domain approx. 1 TeV – 100 TeV
- Significant improvement of performance in stereo mode comparing 

to mono mode
- Results in stereo mode

Juryšek et al., (2023), PoS(ICRC2023)592
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Crab Nebula (M1) observation
• Standard candle in gamma-ray astronomy

• Obs. campaign 2023/2024 - approx. 23 hours of stereo data after

quality cuts

• Data zenith angle < 45° and energy treshold 2-3 TeV

• 5σ detection in less than 2 hours in stereo (in less than 3 hours

for mono) Tavernier et al., (2023,) PoS(ICRC2023)741
Alispach et al., (2025) accepted to A&A
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arXiv:2506.01733

https://arxiv.org/abs/2506.01733
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Active Galactic Nuclei (AGN) monitoring
Markarian (Mrk) 421, stereo data

Mrk 421 Credit : Sloa n Digit a l Sky
Su rve y -
h t t p :/ / skyse rve r .sd ss .o rg/

• Blazar in  Ursa Major constellation
• z = 0.031, d= 133 Mpc
• RA = 11h 04m 19s, DEC=38° 11´ 41´´

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

• Observation during increased activity on 15.3.2024 – ATel #16533, 

https://www.astronomerstelegram.org/

• Observed spectral index - 2.6 ± 0.3

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

2022 ApJ 929 125, 2.26 ± 0.12

• Maximum energies compatible with HAWC (9 TeV) 

http://skyserver.sdss.org/
https://www.astronomerstelegram.org/
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• Crab Nebula image: Based on File:Crab Nebula in multiwavelength.png by Torres997 Radio: NRAO/AUI and M. Bietenholz; NRAO/AUI and J.M. 
Uson, T.J. Cornwell Infrared: NASA/JPL-Caltech/R. Gehrz (University of Minnesota) Visible: NASA, ESA, J. Hester and A. Loll (Arizona State 
University) Ultraviolet: NASA/Swift/E. Hoversten, PSU X-ray: NASA/CXC/SAO/F.Seward et al. Gamma: NASA/DOE/Fermi LAT/R. Buehler -
Radio: http://images.nrao.edu/393; http://images.nrao.edu/34 (Very Large Array, {{NRAO}}: CC-by-3.0) 
Infrared: http://www.nasa.gov/multimedia/imagegallery/image_feature_567.html (Spitzer, {{PD-USGov-NASA}}: Public domain) 
Visible: http://hubblesite.org/newscenter/archive/releases/2005/37/image/a/ (Hubble, {{PD-Hubble}}: Public domain) 
Ultraviolet: http://www.nasa.gov/mission_pages/swift/bursts/swift-images.html (Swift, {{PD-USGov-NASA}}: Public domain) X-
ray: http://chandra.harvard.edu/photo/2008/crab/ (Chandra, {{PD-USGov-NASA}}: Public domain) Gamma: http://svs.gsfc.nasa.gov/cgi-
bin/details.cgi?aid=10767 (Fermi, {{PD-USGov-NASA}}: Public domain)

• Longair, S. M.: High Energy Astrophysics. Cambridge University Press, 1992. ISBN 0-521-38374-9.
• Haungs A 2011 Astrophys. Space Sci. Trans. 7 295
• H.E.S.S. photo – Klepser, Wikipedia
• VERITAS photo - https://www.nsf.gov/news/news_images.jsp?cntn_id=115836&org=NSF
• MAGIC photo – Patrik Čechvala
• LST photo – Adriana Pisarčíková
• MACE photo - Singh, K. K., & Yadav, K. K. (2021). 20 Years of Indian Gamma Ray Astronomy Using Imaging Cherenkov Telescopes and Road 

Ahead. Universe, 7(4), 96. https://doi.org/10.3390/universe7040096
• FACT photo - https://fact-project.org/, José Louis Lemus
• Pulsar picture - NASA Goddard/Walt Feimer
• Starburst galaxy picture – NASA/ESA
• A. Hillas, “Cerenkov light images of EAS produced by primary gamma”, Proc. 19nd I.C.R.C. (La Jolla), Vol 3, 445 (1985).
• The CTA Consortium., Actis, M., Agnetta, G. et al. Design concepts for the Cherenkov Telescope Array CTA: an advanced facility for ground-based

high-energy gamma-ray astronomy. Exp Astron 32, 193–316 (2011). https://doi.org/10.1007/s10686-011-9247-0
• C. Alispach et al JCAP02(2025)047, The SST-1M imaging atmospheric Cherenkov telescope for gamma-ray astrophysics, in press,

https://doi.org/10.48550/arXiv.2409.11310
• Juryšek et al., (2023), PoS(ICRC2023)592, https://doi.org/10.22323/1.444.0592
• Barbosa et al., Cyber-Cosmos: A new citizen science concept in a dark sky destination, 2022, vol. 200, p. 612-619,

https://doi.org/10.1016/j.actaastro.2022.09.008
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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 Ondřejov

• 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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