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All-sky GRB coverage

• IPN-like triangulation principle
• at LEO needing sub-ms timing precision 

to reach 1˚ localization
• constellation of 9+ satellites
• many projects in progress 

(BurstCube, Hermes)
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In-orbit demonstration

Two missions on polar orbits 

GRBAlpha – 1U – from 03/2021 (very NewSpace devs :)

VZLUSAT2 – 3U – from 01/2022 (secondary payload)

towards CAMELOT constellation

look under solar panels
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CsI (Tl) scintillator – 5x higher yield than BGO (lower 
energy threshold)

75× 75×5mm, covered with ESR reflecting foil 
open on single side

Detector design & assembly

simplest hard X/gamma-ray detector  

2 x 4 Si PM arrays – Hamammatsu S13360-3050PE 
glued with optical rubber
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Detector design

right amount of shielding 
(for VZLUSAT including outer solar panels)
→ background level higher but acceptable in polar regions

detectors sensitive from both sides 
(1U not an obstacle above 200 keV)
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Detector design – signal shaping

electronics / analog part (no ASIC)
concept CR (differ.) – RC (integ.) combined filter

final 2-stage amplifier (R1C1=3.3 ms decay, 
next shaping defining 15 μs eff. pulse duration: C2R2= 3 μs, RfCf=1 μs)

Filip Münz @ AXRO Prague7/12/237/12/23 Filip Münz @ AXRO Prague

careful design and fabrication

M. Ohno, A. Pál, L. Mészáros
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Digital processing

preliminary 

MCU

FPGA

➢ AD conversion to 128 channels 
stored in histogram (currently 1s integration)

➢ 2 channels for redundancy (no failure fo far)

➢ software upgrades possible even with very 
limited uplink bandwidth 

➢ storage/downlink improved significantly with 
variable-length compression (Pal et al 2023)
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Pathfinders needed

• lot of testing on ground (shape of 
scintillators, coupling, electronic design)

• flight verification needed for further 
expansion (in size and numbers)

variation of detector response for gamma 
source at different positions
(from CAMELOT feasibility study)
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Communication limits

only VHF/UHF (almost omnidirectional) transmission

Filip Münz @ AXRO Prague7/12/237/12/23 Filip Münz @ AXRO Prague

using storage of digital board 
(direct transfer to radio)
– day of 1Hz sampling in 4 bands

selecting chunks of data around GCN events (no autonomous trigger)
dropping scrambled packets on chosen (amateur) stations (up to 1 MB per day, power limited)
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Space weather correlations

‘22 March 10
M. Dafčíková Bc thesis
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Background maps

processing of J. Řípa

maps for 8/2022-3/2023

correct modelling needed for 

tuning trigger algorithm
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Detector degradation

• threshold settings 

position right above the noise peak

preliminary analysis (P. Kosík, J. Řípa)

VZLUSAT-2 at 30km lower orbit, extra shielding 
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Calibrating response

average eff. area (in cm2)
for GRBAlpha (simple model)

based on GEANT4 simulations 
by H. Takahashi & Y. Fukazawa
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Transient tables

GRBAlpha – 54 GRBs (7 in november 23)

27 solar flares

VZLUSAT2 – 34 GRBs (4 in november 23)

26 solar flares + 2 SGRs (repeated)

lower threshold (and sorbit)

http://physics.muni.cz/hea/GRBAlpha /
/VZLUSAT-2/
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Brightest of all times

22 000 counts/s peak
for GRBAlpha (>80 keV)
pile-up (cca 20%) 
far enough from saturation

allows to reconstruct 
peak flux 
(if we know the attitude)
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Brightest of all times

+ : measured in 16 channels (3 empty)
– : caught during north polar passage

reconstruction from responses for all possible directions
Řípa et al 2023

best model: CPL

α = 0.7 ± 0.1

E0 = 750 (+410,-200) keV
A = 8 (+6,-4) ph keV/cm2/s
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GRBAlpha mentioned along the greatest GRB observatories

Brightest of all times
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VZLUSAT-2 : similar and different

GRB 230307A

2nd brightest burst ever

Filip Münz @ AXRO Prague7/12/237/12/23 Filip Münz @ AXRO Prague
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GRBAlpha: Full orbit spectra

VZLUSAT-2:
limited operation 
time (sharing 
power resources)
→ might improve 
in future

attitude knowledge 
on demand
attitude control in 
special cases only
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GRB Beta – the sequel

● gamma detector unchanged 
(compatibility of data)

● testing several technologies

–Globalstar transmitter module

–S-band communication

–IR position Sun sensors

–attitude control – coils only
(cubesat module)

–UV camera test board (LUVS team, Toronto CA)

including optics!
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● enthusiastic operators from MU students (M. Dafčíková, M. Kolář, L. Szakszonová, N. Husáriková) with 
senior support (A. Pál, J. Řípa)

Filip Münz @ AXRO Prague7/12/237/12/23 Filip Münz @ AXRO Prague



Summary

 1U box capable of detecting GRBs

 SiPM degradation under control (choice of orbit)

 amateur network used at large scale (citizen science)

TD: on-board trigger will allow for finer timing

TD: interoperation and standardization of timing constellations

(beyond AHEAD2020 WP): GRBnanosats.net 
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