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Masaryk University

• Ambition to develop excellent Space research, support of the leadership of 
Masaryk University, as well as the leadership of relevant faculties


• Faculty of Science, Faculty of Informatics, Institute of Computer Science


• Main topics: Astrophysics using satellites and ground based telescopes, 
involvement in the development of both large and small satellites for 
astrophysics, remote Earth observations, image processing, data analysis, 
modeling and interpretation of satellite data 


• Member of the Brno Space cluster
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Athena Science Study Team (ASST)

Athena X-ray Observatory
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Athena Charged Particle Diverter 

Simulations using GEANT4

 www.the-athena-x-ray-observatory.eu

Simulated proton distribution at the mirror exit (top-le!). Simulated 
proton de"ection of the WFI diverter (top-right) with an example 

surface roughness model for secondary proton scattering evaluation. 
Design of the novel X-IFU and WFI proton magnetic diverters 

(bottom). Credits: ESA, Masaryk University, LK Engineering and 
Frentech Aerospace.

A magnetic broom for sweeping protons o! the Athena focal plane

Valentina Fioretti
Osservatorio di astro!sica e scienza dello spazio di 

Bologna - INAF, Italy

@AthenaXobs  Athena X-ray Observatory ACO@ifca.unican.es

 
Low-energy charged particles can emulate the grazing angle re!ection of X-ray photons by scattering 

on the mirror surface into the focal plane. "e resulting increased non-X-ray background can have a seri-
ous impact on the performance and e#ciency of an observatory like Athena.

"e shielding solution adopted in past X-ray missions to avoid the collimation of trapped electrons 
is the use of magnetic diverters. "ese devices are composed of a set of permanent magnets that together 
de!ect protons and electrons outside the $eld of view of the instruments. What came as a surprise a%er 
the launch of XMM-Newton is that low-energy protons (< hundreds of keV) populating the interplanetary 
space can also scatter towards the focal plane, causing hits in the detectors that are di#cult to be distin-
guished from real X-ray photons without large losses in observation e#ciency.

"e ESA-funded AREMBES and EXACRAD projects, led by INAF, provided a pioneering study of the 
in-orbit low-energy particle environment and the physical processes behind the proton scattering, build-
ing blocks of the simulation of the proton scattering at the Athena mirror and the residual background at 
instrument level. "e result is that the minimization of the proton focusing e&ect is indeed mandatory for 
Athena, posing a new technological challenge on the path to ful$lling the mission science objectives. Due 
to the heavier particle mass, a magnetic diverter for protons requires in fact a 40 times higher magnetic 
$eld strength to achieve the same de!ection than for electrons!

An ESA Technology Demonstrator Activity (TDA) to design the Athena charged particle diverter 
kicked o& in 2018, driven by requirements for maximizing de!ection e#ciency, minimizing the residual 
magnetic $eld at instrument level, and minimizing total mass. While previous electron diverters were 
placed at the rear mirror aperture in the spider shadow, the novel technology of the Athena magnetic di-
verter creates a semi-monodirectional de!ection for both protons and electrons with the use of modi$ed 
Halbach arrays at the detector side. "e design foresees a circular array of 30 magnets at 80 cm on top of 
the X-IFU and a pear shape array of 36 magnets at 60 cm on top of the WFI to enclose both the Large De-
tector Array and the Fast Detector. "e total system mass, including a 20% margin, is 46.2 kg. "e diverter 
manufacturing was successfully completed and environmental tests are currently being performed.

"e $eld measurements implemented in the trajectory simulation show compliance with the de!ec-
tion requirements (100% below 66 keV for X-IFU and 76 keV for WFI), but simulations also predict a 
potential secondary scattering of the de!ected protons on the diverter walls and on focal plane assembly 
surfaces (e.g. ba'es). To minimize this scattering, additional saw-shaped structures and vanes will be 
applied to exposed surfaces. In the meantime, proton scattering measurements on representative surface 
samples are being performed to ensure scienti$c performance.



The fleet of 9 (18) satellites will provide a sensitive all sky 
coverage with a localisation accuracy of ~ l deg2

GRBAlpha 
Launched: 22. 3. 2021

VZLUSAT-2 
Launched: 13. 1. 2022

1. GRBAlpha and VZLUSAT-2 test the detector

2. Prototype of the CAMELOT satellite

3. Full constellation

CAMELOT: Cubesat Array for MEasuring 
and LOcalising Transients 
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The main thing to celebrate  :-)

GRB210909AGRB 210822A
Figure 1: Raw count rate curve of GRB 210807A.

1GRB 210807A

GRBAlpha
A SUCCESSFUL IN-ORBIT


DEMONSTRATION



7 GRB 211018A GRB 211019A

GRBAlpha
A SUCCESSFUL IN-ORBIT


DEMONSTRATION
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Background map
GRBALPHA BACKGROUND MONITORING: MAP

      

● interpolation of measurements plotted 
with HEALPix tesselation

● plan is to use such a map on board to 
control data taking and in future possibly 
to control the rate trigger

(~110keV)

● satellite tracks (averaged flux when overlap) 
with 1s, 4s and 15s time resolution 
background measurements
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VZLUSAT-2
ANOTHER SUCCESSFUL IN-ORBIT


DEMONSTRATION
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HERMES - 7 NEW CAPABLE 

GRB DETECTING SATELLITES IN  2023
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QUVIK: Quick Ultra VIolet Kilonova surveyor

An ambitious Czech science and technology mission

Czech Aerospace Research Centre VZLU (prime), Masaryk University  (science PI), 

TOPTEC (telescope), PEKASAT (communication)
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QUVIK: Quick Ultra VIolet Kilonova 
surveyor

- UV Space Telescope with a collecting area of at least 200 cm2 and a 
field of view between 1.5—5 deg2. Its  primary objective is photometry of 
kilonovae detected by gravitational wave observatories.


- On a micro-satellit platform by the Czech Aerospace Research  Centre 
VZLU


- The satellite will have a fast a repointing capability 


- Many secondary science objectives (TDEs, exoplanets, GRB afterglows, 
hot stars, etc.)


- Masaryk University is responsible for science (Science PI)
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Stellar Astronomy from Space at the Department 
of Theoretical Physics and Astrophysics

Kepler

TESS

GAIA

BRITE
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Earth Observations – EO – interpretation of image 
data

▪ Department of Geography, Faculty of Science MU - long-term experience in the use of 
satellite data in environmental applications


▪ Main areas of research - use of satellite data and data from UAVs for addressing global 
change, monitoring and modelling of environmental change, modelling of adaptation 
mechanisms and adaptation strategies, modelling in the field of precision agriculture, use 
of remote sensing data in virtual reality


▪ Main tools - SW for satellite data processing (ArcGIS Pro, Envi, Geomatica, 3D Survey, 
freely available QGIS, SNAP), satellite data from the Copernicus program



15

Earth Observations – EO – interpretation of image 
data

▪ Institute of Computer Science MU - experience with interdisciplinary cooperation, 
including in the field of processing and analysis of environmental data

▪ long-term cooperation with CzechGlobe


▪ Main areas of research - development and operation of powerful computer systems and 
data processing (operation of the national computer and storage center CERIT-SC)

▪ Specialising in demanding calculations (and their acceleration - GPU accelerators), Big 

Data techniques, machine learning and artificial intelligence,…


▪ Main tools - application and development of BigData analysis tools, data infrastructure, 
creation of new solutions

▪ prototype of the ENVision portal - https://envision.cerit-sc.cz
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Image processing 
 
Faculty of Informatics MU – long-term experience in the field of image processing 

Main areas of research – image segmentation, detection and tracking of objects in time 

Main tools – artificial intelligence (deep learning), mathematical morphology 

Current challenges – big data, many dimensions / modalities including spectral 

Possible optimisation – for speed (real-time), for hardware requirements (memory, GPU, ...)




