
Credit: Jiří Srba

Patrik Čechvala °, Jakub Juryšek° on behalf of the SST-1M collaboration
°Institute of Physics CAS, Prague, Czech republic

TATRA ASTRO SUMMIT 2025, Tatranská Lomnica
22.9.-26.9.2025

The SST-1M project: Present and Future

Credit: Stanislav Griguš



Outline

The SST-1M Project: Present and Future

• Imaging Atmospheric Cherenkov Telescopes

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

• Performance and scientific results of SST-1M

• Future prospects 



Detection techniques in gamma-ray astronomy
(Longair, 1992)
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• 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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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/
https://sst-1m.science/
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The SST-1M collaboration

Photo taken during the International Cosmic Ray Conference in July 2025, Geneva

Photo taken during the last collaboration meeting  December 2024, Geneva
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Ondřejov 
Observatory

Source: Google maps

https://asu.cas.cz/ 

https://asu.cas.cz/


SST-1M major milestones
Analysis/science related

• February/November 2022 – Telescope 2/1 installation in Ondřejov

• March 2023 – first sst1mpipe prototype

• April 2023 – Crab nebula detection in mono mode

• June 2023 – Crab nebula detection in stereo mode (without White Rabbit)

• July 2023 – first extragalactic source detected 1ES 1959+650 detection

• October 2023 – Crab nebula detected in true stereo mode (using White Rabbit)

• November 2023 – first release of sst1mpipe

• March 2024 – detection of increased activity of Markarian 421, first ATel #16533

• August 2024 – first extended source detected in stereo mode

• February 2025 – harware paper published, C. Alispach et al JCAP02(2025)047

• July 2025 – performance paper published, A&A



Publication status

• 2023
International Cosmic Ray Conference

Conference contributions

• Juryšek et al., PoS(ICRC2023)592 - Mono and stereo performance of the two 
SST-1M telescope prototypes, https://doi.org/10.22323/1.444.0592 

• Tavernier et al., PoS(ICRC2023)741 - Analysis of commissioning data from SST-
1M: A Prototype of Single-Mirror Small Size Telescope, 
https://doi.org/10.22323/1.444.0741 • 2024

IAU General Assembly 2024

Gamma 2024

TDiHEP III 2024

WDS

Moriond

TeVPA

• M. Nikolajuk – poster, SST-1M mini-array progress at the Ondřejov
observatory

• J. Juryšek – talk, Observation of Astrophysical Sources with SST-1M Telescopes
• M. Heller – poster, Commissioning and Operation of the SST-1M Stereoscopic 

Imaging Atmospheric Cherenkov Telescopes

• P. Čechvala – talk, Overview of the SST-1M project – triggering and recent 
scientific results

• S. Muthyala – talk, Gamma-ray emission from Markarian 421 

• T. Tavernier – talk, SST-1M IACTs : Commissioning and Preliminary Observation 
Results 

• T. Tavernier – talk, SST-1M IACTs : Commissioning and Preliminary Observation 
Results 

Published papers

• C. Alispach et al JCAP02(2025)047 - The SST-1M 
imaging atmospheric Cherenkov telescope for gamma-
ray astrophysics, 10.1088/1475-7516/2025/02/047

C. Alispach et al. (2025). Observation of the Crab Nebula 
with the Single-Mirror Small-Size Telescope stereoscopic 
system at low altitude. Astronomy and 
Astrophysics. https://doi.org/10.1051/0004-
6361/202555292

https://doi.org/10.22323/1.444.0592
https://doi.org/10.22323/1.444.0741


Publication status
Conference contributions

• 2025
Bezovec, Conference of Young Astronomers 2025

International Cosmic Ray Conference

• P. Čechvala – talk, Gamma-ray astronomy with SST-1M Imaging 
Atmospheric Cherenkov Telescopes

• Alispach et al., PoS(ICRC2025)771 - The SST-1M stereoscopic systems, https://doi.org/10.22323/1.501.0771

• Tavernier et al., PoS(ICRC2025)861 - Calibration and Performance Validation of the SST-1M Telescopes Using Crab Nebula 
Observations, https://doi.org/10.22323/1.501.0861

• Muthyala et al., PoS(ICRC2025)776 - SST-1M Observations of Markarian 421, https://doi.org/10.22323/1.501.0776
• Lacave et al., PoS(ICRC2025)719 - Stereo observations of CTA 1 with SST-1M, https://doi.org/10.22323/1.501.0719
• Juryšek et al., PoS(ICRC2025)703 - Observation of VER J2019+368 with the SST-1M stereoscopic system, 

https://doi.org/10.22323/1.501.0703

• Mandát et al., PoS(ICRC2025)746 - Operation of the SST-1M Cherenkov telescope gammaray stereoscopic system, 
https://doi.org/10.22323/1.501.0746

• Čechvala et al., PoS(ICRC2025)908 - Stereo performance of SST-1M at different altitudes, https://doi.org/10.22323/1.501.0908
• Bakalová et al., PoS(ICRC2025)558 - Hybrid concept of detection for a wide-field gamma-ray observatory using Cherenkov 

telescopes, https://doi.org/10.22323/1.501.0558

https://doi.org/10.22323/1.501.0771
https://doi.org/10.22323/1.501.0861
https://doi.org/10.22323/1.501.0776
https://doi.org/10.22323/1.501.0719
https://doi.org/10.22323/1.501.0703
https://doi.org/10.22323/1.501.0746
https://doi.org/10.22323/1.501.0908
https://doi.org/10.22323/1.501.0558


Telescope 1

Telescope 2

• Davies-Cotton optics

• Segmented mirror – 18 hexagonal mirror facests

• Fully remote observations 

Alispach et al., JCAP02(2025)047

SST-1M telescopes

Mandát et al., PoS(ICRC2025)746 



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

Nigro, C., Hassan, T., & Olivera-Nieto, L. (2021). Evolution of 
Data Formats in Very-High-Energy Gamma-Ray 
Astronomy. Universe, 7(10), 374. 
https://doi.org/10.3390/universe7100374

https://github.com/cta-observatory/ctapipe
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/
https://cta-observatory.github.io/cta-lstchain/
https://cta-observatory.github.io/cta-lstchain/
https://cta-observatory.github.io/cta-lstchain/
https://cta-observatory.github.io/cta-lstchain/
https://cta-observatory.github.io/cta-lstchain/
https://doi.org/10.3390/universe7100374


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
- Angular resolution in stereo ≈ 0.1°
- Energy resolution in stereo ≈ 10%-15%

Juryšek et al., (2023), PoS(ICRC2023)592

Alispach et al., (2025), A&A



Crab Nebula (M1) observation

• Standard candle in gamma-ray astronomy

• Obs. campaign 2023/2024 - approx. 25 hours of stereo 

data after quality cuts

• Data zenith angle < 53° and energy threshold 1.0 TeV 

(mono), 1.3 TeV (stereo)

• 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), A&A



AGN activity monitoring – Mrk 421
Muthyala et al., PoS(ICRC2025)776 

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

• Higher activity detected on 15 of March 2024



VER J2019+368 (Dragonfly)

• Complex region with multiple sources – in 

radio, in X-rays and in gamma rays

• Slightly extended source (approx. 0.5°)

• Observational campaign in 2024 – zenith 

angle ranging 5°-60°

• Region discovered by MILAGRO (A. A. 

Abdo et al 2007 ApJ 658 L33)

• Resolved into different sources by VERITAS 

(A. U. Abeysekara et al 2018 ApJ 861 134)

• Source(s) resolved – VER 2019+368 together 

with CTB 87

•  Ongoing analysis

Juryšek et al., PoS(ICRC2025)703 



Searching for a new home for SST-1M telescopes

Credit: 
Wikipedia

• Atmospheric conditions in Ondřejov are not satisfactory – number of clear-
sky nights

Pierre Auger Observatory site („Auger“ site), 
69.2°W, 35.15°S

sea level

Auger, 1420 m a. s. l.

Hanle, 4270 m a. s. l.

Indian Astronomical Observatory site („Hanle“ 
site), 78.98°E, 32.78°N

Čechvala et al., PoS(ICRC2025)908 



IACTs and surface array joining forces

Credit: Wikipedia

SWGO, 67.73°W, 23.01°S
sea level

Auger, 1420 m a. s. l.

Hanle, 4270 m a. s. l.

SWGO, 4700 m a. s. l.

SWGO

SST-1M

Bakalová et al., PoS(ICRC2025)558 
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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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