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GRBALPHA IN SPACE SINCE 2021

● 1-U CubeSat with gamma-ray detector (~60-900 keV)

● Small size (75x75x5mm3) of CsI(Tl) scintillator
readout by 8 MPPCs (SiPMs)

various zenith Θ, fixed azimuth Ф=270°

● Effective area based on GEANT4 MC simulations

Θ

Φ

https://grbalpha.konkoly.hu

https://grbalpha.konkoly.hu/


Wrapped in Enhanced Specular Reflector (ESR)

Pál+ 2020

CsI(Tl) scintillator

2 readout channels each with 4 MPPCs (S13360-3050 PE) by Hamamatsu 

GRBALPHA:
DETECTOR ASSEMBLING

https://ui.adsabs.harvard.edu/abs/2020SPIE11444E..4VP/abstract


● MPPCs are coupled with crystal by optical glue DOWSIL93-500
● Detector wrapped by optically thick DuPont TCC15BL3 tedlar (PVF) to prevent light leakage from outside

DuPont Tedlar TCC15BL3 wrapping
Assembled detector with 2.5mm thick Pb-Sb alloy
To reduce MPPC degradation by protons in SAA 

GRBALPHA:
DETECTOR ASSEMBLING



INTEGRATION OF GRBALPHA

Launched to 550 km SSO on March 22, 2021



GRBALPHA DE-ORBITED ON JUNE 9, 2025

● GRBAlpha de-orbited during this workshop
● It was on orbit observing GRBs over 4 years
● 127 GRBs detected
● 134 GCN circulars published

Credit: celestrak.org
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VZLUSAT-2: WITH TWO GRB DETECTORS

● VZLUSAT-2 is a technology 
mission (3U size) with an Earth 
observing camera as a primary 
payload developed by Czech 
Aerospace Research Centre 
(VZLU)

● Two detectors (75x75x5mm3) as a 
secondary payload 

● The detector concept, the MPPCs 
and electronics are the same as 
on GRBAlpha

GRB detectors
under solar panels

https://www.vzlusat2.cz

https://www.vzlusat2.cz/


VZLUSAT-2 IN SPACE SINCE 2022

● Satellite was assembled, went through environmental tests and was shipped to USA in Sep 2020
● It was launched to 540 km SSO by Falcon 9 is on Jan 13, 2022



SAGA CONTINUES: GRBBETA (2U)

● Gamma detector unchanged
● Testing several technologies

– inter-satellite transmitter module
– S-band communication
– IR position Sun sensors
– attitude control
– NUV sensor to test at LEO for QUVIK,  
   including optics (LUVS team, Toronto, CA)

● Launched on July 9, 2024 by the European’s 
new rocket Ariane 6

● Satellite passed commissioning phase

● All sub-systems works well.

https://grbbeta.tuke.sk

https://grbbeta.tuke.sk/


LIST OF TRANSIENTS OBSERVED BY GRBALPHA
https://monoceros.physics.muni.cz/hea/GRBAlpha

2 Soft Gamma Repeaters 
SGR 1935+2154 (magnetar)

1 X-ray binary 

104 Solar Flares

127 Gamma-Ray Bursts 
(24 short / 103 long)

234 gamma ray transients so far

https://monoceros.physics.muni.cz/hea/GRBAlpha


LIST OF TRANSIENTS OBSERVED BY VZLUSAT-2
https://monoceros.physics.muni.cz/hea/VZLUSAT-2

71 Solar Flares

67 Gamma-Ray Bursts
(10 short / 57 long)

5 Soft Gamma Repeaters
SGR 1935+2154 and

SGR 1806-20 (magnetars)

143 gamma ray transients so far

https://monoceros.physics.muni.cz/hea/VZLUSAT-2


GRBALPHA & VZLUSAT-2: EXAMPLE GRB DETECTIONS

● GRBAlpha’s GRB 241026A at z=2.8, light travel time 11.4 Gyr
● VZLUSAT-2’s GRB 241025A at z=4.2, light travel time 12.3 Gyr
● Demonstration that nano-satellites can host payloads sensitive enough to routinely detect GRBs!

● GRB detections by GRBAlpha 
confirmed by other missions: 
Swift/BAT, Fermi/GBM, 
INTEGRAL/SPI-ACS ...

GRB 210807A

GRB 210909A

GRB 210822A

GRB 211018A

GRB 211019A



GRB 221009A
BRIGHTEST OF ALL TIME (BOAT)!

● The most intense GRB ever recorded in the 55 years history of GRB science
● Claimed to be once-in-10,000-year event
● Detected by several instruments: Fermi/GBM+LAT, Swift, INTEGRAL, Wind-KONUS, AGILE etc.
● So bright that it saturated larger detectors and effected Earth ionosphere. Redshift z = 0.151 (740 Mpc).
●

● LHAASO and Carpet 2 observed very high energy photons reaching 18 TeV

GRB
Van Allen 
radiation belt



GRB 221009A
BRIGHTEST OF ALL TIME (BOAT)!

● Unknown GRBAlpha's attitude at the time of the GRB, we had to find the most probable direction
● Spectral fitting was done in region not effected by pileup at ts = 13:20:33.5 UTC
● Then we scaled up the peak flux to the peak time by the count ratio
● Liso >  8.4x1052 erg/s (4 s scale) in the 1 − 10 000 keV
● Eiso > 1.5x1054 erg in 1 - 10 000 keV (> 2.5 solar rest-mass energy)
● Details in Řípa et al. 2023, A&A, 677, L2

Cutoff power law 
α = 0.7 ± 0.1
E0 = 750 (+410,-200) keV
A = 8 (+6,-4) ph keV/cm2/s

https://ui.adsabs.harvard.edu/abs/2023A%26A...677L...2R/abstract


VZLUSAT-2 AND GRBALPHA JOINT DETECTIONS:
GRB 230307A

● 2nd brightest GRB ever detected
● Long GRB (T90 = 30 s) with identified kilonova pointing the merger involving a NS !
● JWST provided the infrared spectrum of a kilonova identifying elements heavier than iron

GRBAlpha VZLUSAT-2

  UTC

Credit: Levan et al. 2023



GRBALPHA: HALF-YEAR BACKGROUND MAP
● Averaged detected count rate in half year at ~540 km
● Such a map will be useful in future to control a rate trigger algorithm for autonomous GRB detection

      

E > ~70 keV E > ~110 keV

E > ~630 keVE > ~370 keV

SAA

Outer Van Allen 
rad. belt

CXB+Earh's 
albedo

contribution from 
activation



TRANSIENTS OBSERVED BY GRBBETA

● 2 solar flare and 11 gamma-ray bursts so far

UTC



GRBBETA: ATTITUDE DETERMINATION BY IR SENSORS

Credit: András Pál



NUV CAMERA LUVCAM @ GRBBETA
● LUVCam @ GRBBeta covers near-UV band 240-310 nm
● Dunlap Institute - University of Toronto: S. Sivanandam, A. Tohuvavohu for LUVCam team
● Operations of satellite by Marianna Dafčíková

2024-10-26
Clouds: 2025-04-30

Moon: 2025-06-13 Moon: 2025-09-08

Clouds: 2025-04-15

Divjaka-Karavasta National Park, Albania
2025-07-09



SUMMARY

● GRBAlpha:
-  worked at LEO >4 years, de-orbited this June
-  detected ~230 transients up to now (GRBs, solar flares, SGRs)
-  detector concept proven

● VZLUSAT-2:
-  at LEO >3 years
-  detected ~140 transients up to now
 

-  both CubeSats map background at LEO
-  characterized aging of MPPCs over 3 years at LEO

● GRBBeta:
-  launched >1 year ago, all systems works well 

● Details in publications:
- Řípa et al. 2025, NIM-A, 1076, 170513
- Münz et al. 2024, Proc. of SPIE, 13093, 130936J

    - Pál et al. 2023, A&A, 677, A40
    - Řípa et al. 2023, A&A, 677, L2
    - Mészaros et al. 2022, Proc. of SPIE, 12181, 121811L
    - Pál et al. 2020, Proc. of SPIE, 11444, 114444V
    - Werner et al. 2018, Proc. of SPIE, 10699, 106992P

https://ui.adsabs.harvard.edu/abs/2025NIMPA107670513R/abstract
https://ui.adsabs.harvard.edu/abs/2024SPIE13093E..6JM/abstract
https://ui.adsabs.harvard.edu/abs/2023A%26A...677A..40P/abstract
https://ui.adsabs.harvard.edu/abs/2023A%26A...677L...2R/abstract
https://ui.adsabs.harvard.edu/abs/2022SPIE12181E..1LM/abstract
https://ui.adsabs.harvard.edu/abs/2020SPIE11444E..4VP/abstract
https://ui.adsabs.harvard.edu/abs/2018SPIE10699E..2PW/abstract
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