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Instrument Overview

SST-1M project

Consortium of research institutions from Poland, Switzerland and
Czech Republic

SST-1M was a prototype designed for the CTA Observatory

It satisfied all the CTA requirements. However, another design was
ultimately chosen.

Two SST-1M prototype telescopes were relocated from Poland to
the Czech’s Republic and were commissioned at the Ondrejov
Observatory (alt 500m).
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Instrument Overview

Onďrejov Observatory
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Instrument Overview

SST-1M telescopes

18 mirrors facets

4m diameter

5.6m Focal lenght

9.1° FOV

6.47 m² mirror effective
area

Observations carried out
entirely remotely
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Instrument Overview

SST-1M camera : SiPM and fully digital readout
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Analysis Pipeline

sst1mpipe : SST-1M analysis pipeline

Analysis pipeline is heavily based on ctapipe and inspired by lstchain and magic-ctapipe

Event reconstruction and classification is done using random forest trained on Monte-Carlo
Available in public repository: https://github.com/SST-1M-collaboration/sst1mpipe

Juryšek et al. (2025). sst1mpipe: v0.9.0. 13 Nov 2025. Zenodo
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Performances

SST-1M performances

Low altitude of the site (500 m) leads to
an energy threshold > 1TeV

But also very good performances above
few tens of TeV!

Stereo gamma-ray PSF: ∼ 0.1°
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Calibration

Calibration from Dark runs

MC electronic
adjusted to match
average distribution :
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Dark runs are taken every night before and
after the observations

Photo-sensor’s response can be estimated
trough the photoelectron spectrum produced
by thermal charges.

internal (in one pixel) X-talk → Borel distribution :
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Conversion factor from ADC counts to
photo-electrons is given by : 1−ν

g
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Calibration

Calibration from Muons

Muons are known to be valuable test beams
for IACT astronomy

Typical ring images at the focal plane
Light intensity is proportional to the ring
radius

Sensor’s response (gain, optical efficiency,
x-talk) are affected by the NSB level.

Studied through electronic MC [1]

This effect and the optical efficiency of the
telescope can be evaluated using muons.

Observation under moonlight.

[1] SiPM behaviour under continuous light [10.1088/1748-0221/14/12/P12016]
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Calibration

Optical efficiency with Muons

Optical efficiency of the instrument is monitored through
muon analysis.

The long-term evolution is dominated by the
degradation of the mirror reflectance over time.

Mirror upgrade :

Back coated mirror have been
recently installed on telescope 2

Back coated mirror reflectance is
expected to remain significantly
more stable over time.
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Calibration

Commissioning and Early Science Observation Program

Crab Nebula Observation

Galactic sources :
Dragonfly Nebula
CTB 87
CTA 1

AGN Monitoring :
Mrk 421
Mrk 501
1ES 1959+650

ToO and Transient Trigger :
Flaring nearby AGNs
AMON ν-EM Alerts
GW Alerts (NS-NS Merger) - No
Follow-up for now

Total time : 765 h
(577 h after quality selection)
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Observation results

Crab observation Dataset

Crab Observation
campaigns:

2022-2023

2.5 h
[ICRC(2023)741]

2023-2024

43.4 h (30.8 h)
[A&A, 699, A255 (2025)]

2024-2025

84.0 h (61.8 h)
[ICRC(2025) 746]

2025-2026

15.8 h (8.6 h)‘

Livetime after quality cuts : 92.7 h

Data quality selection

Fit relative intensity: Ir
R(IshIr) = A ∗ (IshIr)

−B

Systematic uncertainty from attenuation
: ∼ 7%

Observation wobble :
0.7°, 1.4°,2.1° & 3.0° offset

Zenith angle range : 28° to 55°
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Observation results

Crab SED (Stereo data)

Reflected bkg

Excess : 976.5

counts ON : 1172

counts OFF : 195.4

significance : >45σ

SED fit (log parabola)

Φ0

(
E

10TeV

)−α−β log
(

E
10TeV

)

Φ0 = (5.5 ± 0.3) × 10−14

cm−2 s−1 TeV−1

α = 2.92 ± 0.05

β = 0.063 ± 0.04

Crab is seen at 5σ in ∼1.5h of observation.

No statistical evidence for curvature (∼ 2σ)

>50 TeV
counts ON : 12

counts OFF : 2.3

Excess : 9.7

significance : 4.4σ

Thomas Tavernier, on behalf of the SST1M collaboration (FZU) SST-1M July 20, 2026 14 / 34



Observation results

Gamma-hadron discrimination

Gammaness: assigned by
a Random Forest classifier
trained on MC
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Distribution of Gammaness for excess events:

Zenith angle: 25°–35°
Within 0.12° of the Crab position
Using 5 OFF regions
MC: point-like gamma rays weighted to
MAGIC Crab spectrum
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Observation results

Gamma-ray PSF

Crab is not exactly point-like.

H.E.S.S. : ∼ 1 arcmin >3 TeV
No extension seen in our data.

Gaussian gamma-ray PSF is fitted

Same procedure with MC simulations shows good
agreement.
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Observation results

Sensitivity at large offset

Comparison between Crab observation and MC
simulation at 30° zenith angle shows good
agreement.

Radial gamma acceptance is reasonably flat up to
3 deg offset.

Acceptance of SST-1M Vs offset.
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Observation results

Observations of two evolved PWN in Cygnus region.

Dragonfly

CTB 87 

CTB 87
(VER J2016+371)

Age ∼10–20 kyr
Distance ∼ 6.1 kpc
Assoc. PSR J2016+3711 :
– Spin period : 50.81 ms
– Ė = 2.2× 1037 erg s−1

– τc ∼11 kyr

Dragonfly Nebula
(VER J2019+368)

Age ∼17 kyr
Distance ∼ 1.8 kpc
Assoc. PSR J2021+3651 :
– Spin period : 103.7 ms
– Ė = 3.4× 1036 erg s−1

– τc ∼17 kyr
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Observation results

Dragonfly Nebula

3D analysis

120 hours

Background model : Baccmod

source model : Asymmetric Gaussian + PWL SED

PRELIMINARY

Credit : Jakub Juryšek

Thomas Tavernier, on behalf of the SST1M collaboration (FZU) SST-1M July 20, 2026 19 / 34



Observation results

CTB 87

PRELIMINARY

Fermi analysis :

SST-1M Reflected background analysis

Energy range: 1.5–20 TeV

Exposure: 101 h

Non : 124

Noff : 1750 (α = 0.042)

Excess: 51

Li&Ma significance: 5.2 σ

Joint Likelihood Fit (Fermi-LAT+SST-1M) :

PRELIMINARY
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Observation results

CTA 1

Evolved PWN powered by PSR J0007+7303

Distance : 1.4 - 1.8 kpc
Age: ∼ 13 kyr
Ė ∼ 4.5× 1035

SST-1M 3D Analysis

60 h of observation

3D Background modelling estimated with Baccmod

Extended (gaussian) source fit with gammapy
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Observation results

Monitoring AGNs : Markarian 421

Markarian 421 is the brightest AGN at TeV energy.

It has been monitored since the beginning of operations.

Almost 200 h in total.

Fermi-LAT + SST-1M joint fit :
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Observation results

Monitoring AGNs : Markarian 421

2 bright activity reported on Astronomer’s Telegram

January 2026 activity :

21 h
247 excess events
29 σ
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Observation results

Transient Observation : Amon Alert NuEm240118A

AMON :Astrophysical Multimessenger Observatory Network

NuEm Alerts :

IceCube Bronze event + HAWC 3σ hotspot.

False alarm rate ∼ 2/yr
Genuine 3σ seen during one HAWC transit could be
confirmed in few hours with SST-1M

NuEm-240118A : 5h of observation in 2 nights

No Significant detection

Thomas Tavernier, on behalf of the SST1M collaboration (FZU) SST-1M July 20, 2026 24 / 34



Future of SST-1M Telescopes

Current development

Implementation of hipeRTA

Real Time Analysis
Gives feed back to the observers
Optimise transient observation

Smart trigger:

TDScan (Trigger Distributed Spatial
Convolution Accelerator Network)
Hexagonal CNN with ∼40k trainable
weights
Aims to lower the threshold
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Future of SST-1M Telescopes

Future of SST-1M telescopes

Relocation of SST-1M telescope is under
discussion.

Different relocation sites are considered,
including :

Hanle (4270 m a.s.l.)
Malargüe (1420 m a.s.l.)

MC simulations were performed for
different altitudes to optimise telescope
placement.
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Future of SST-1M Telescopes

Summary

The SST-1M stereo system has been operating routinely
since 2023

Calibration and reconstruction are fully validated and
meets the expectation.

Performance paper : [A&A, 699, A255 (2025)]

Early science programme is well underway, including
observations of PWNe/SNRs, AGN monitoring, and
transient/ToO follow-up.

ICRC 2025 : Mrk 421, Dragonfly, CTA1...
Upcoming TeVPA / gamma 2026 : Proton spectrum,
Mrk 421 ...
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Future of SST-1M Telescopes

Summary

The SST-1M stereo system has been operating routinely
since 2023

Calibration and reconstruction are fully validated and
meets the expectation.

Performance paper : [A&A, 699, A255 (2025)]

Early science programme is well underway, including
observations of PWNe/SNRs, AGN monitoring, and
transient/ToO follow-up.

ICRC 2025 : Mrk 421, Dragonfly, CTA1...
Upcoming TeVPA / gamma 2026 : Proton spectrum,
Mrk 421 ...

Thank you
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Backup

Backup
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Backup

Timing test with Crab Pulsar

Test timestamps accuracy with B-UVB modulated
signal from Crab Pulsar:

No frequency filter : DC
Baselines are evaluated averaging 1024 samples of
4 ns for each events.

No dedicated setup
Very poor duty cycle :
50 h -> 5 min effective exposure

Timing correction : PINT
Ephemerides : Jodrell Bank

White rabbit network installed in 2023

Connection with GPS reference in March 2024

B-UVB band : NOT gamma-ray

No pulsed signal detected in
gamma-ray by SST-1M yet
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Backup

CTB 87 : MWL
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Backup

CTB 87 : MWL
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Backup
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Backup
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