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"go where no man has gone before" 
Star trekSpace research

challenges, tasks
• Cosmic rays

• Radiation protection of astronauts 
& space equipment

• Space weather
• Long lasting spaceflight

• O2 production, CO2 elimination
• Proper feeding

• Nutrient composition, enjoyment
• Growing plants
• Water and nutrient-recirculation

• Effect of microgravity on astronauts
• Skeletal system, muscles, cardio-

vascular system, psychic changes 
• Using data from Space

• Remote sensing, GPS, astronomy
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Research groups participating in the
UD SPACE program

Radiation Physics RG Cosmic rays

Space Physiology RG

Space Nutrition RG

Cardiovascular RG

Climate Change RG

Nuclear Medicine RG

Long lasting space 
flight

Effects of 
microgravity

Data from Space
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NAND Flash based dosimeter

Part of the BME MRC-100 micro satellite
• Dosimeter on a 30 × 30 mm panel
• Radiation tests:
– ATOMKI cyclotron: neutron
– UD: 60Co and 137Cs  gamma-sources
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Aerogels

General properties:

• Solids: rigid or flexible

• Open mesoporous structure

• High porosity (90–99%)

• High specific surface area 
(400–1000 m2/g)

• Low density (0.5–0.03 g/cm3)

• Inorganic, organic, 
biopolymer, hybrid and 
composite solid backbones
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Polyimide and Polyamide aerogels

Absorption of humidity

Hydration induced
structural changes

Space applications:
• Thermal insulation

(low / medium / high
temperature)

• Radiation / impact
shielding

• Electrical insulation

Key characteristics:
• Mechanical properties

• Conductivity (th.; el.)

• Optical properties (IR)
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Crop structure maps using satellite data

green: wheat, blue: barley, red: rape, 
yellow alfalfa

Sentinel-2 cut Annotated image
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Drought monitoring

NDVI

20212022
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Artists view of a Lunar/Martian base
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BIODROME DEBRECEN SPACE PLANT RESEARCH PROGRAM
PAYLOAD DEVELOPMENT: HUNOR PROGRAM  
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Body fluid distribution in microgravity

Centralized fluid distribution 
→ higher central pressure 

→ compensation
→ decrease in bodily fluid 
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Effect of microgravity on skeletal muscle differentiation

Normal gravity Microgravity

MYH2: Cy3 Nuclei: DAPI

Random Positioning Machine
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Vascular calcification
• SM myocytes have a contractile phenotype.
• SMCs display phenotypic plasticity.

Durham, Card. Res. 2018

osteochondrogenic
transdifferentiation

• Calcifying extracellular vesicles
are also secreted by the SMCs.

Increased extra- or intracellular Ca2+

levels were connected to the
calcification. 

However, the mechanism whereby the intracellular 
level is increased is not properly understood. 
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Activation of Piezo1 increases calcification in HAoSMCs

mean ± SD, n = 3-8. **p<0.01, ****p<0.001
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Particles, beams and photons at ATOMKI for irradiation testing

Facility Particle Energy 
range

60Co source gamma photons Eg1 = 1173 keV
Eg2 = 1332 keV

Electron Cyclotron 
Resonance Ion 

Source
ions from H to Xe 50 eV - 30*Q 

keV

Tandetron
accelerator

H+-ions
He+ and He++-ions
C, O, Si, Cu ions

200 - 4030 
keV

200 - 6030 
keV

MGC-20E cyclotron

protons
deuterons
3He++ ions

alpha particles
fast neutrons

3 - 18 MeV
1 - 10 MeV
4 – 26 MeV
2 – 20 MeV

0.1 – 18 MeV

• Total Ionization Dose (TID) effects
• gamma photons
• ions

• Atomic displacement effects
• fast neutrons
• ions 

g-photon induced 
ageing of

a thermal control 
multi-layer 

planned for a 
satellite

A Device 
Under 
Test

(DUT)

The 60Co gamma photon source at ATOMKI
Total Ionization Dose (TID) tests

27Al(n,a)
24Na

A region in a multi-chip 
module where neutrons can 
create highly ionising alpha 

particles and recoils

Tracks of nuclear reaction 
products generated in a 
CMOS active pixel image  

sensor

Testing of electronic 
devices exposed to 

broad spectrum  p+Be
neutrons

28Si(n,a)25Mg
a

25Mg

Tests with fast neutrons
Atomic displacement tests and study of fast neutron activation 

characteristics of devices

Inside 
a model satellite

at a LEO

p+Be

d+Be

Cosmic-ray induced
atmospheric (multiplied by 5)

Neutron spectra of the cyclotron based neutron sources of 
ATOMKI and their space research relevance
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Space chemistry/biology by ion impact

The ICA chamber at the Tandetron
beamline

Astrochemistry method @ 
Tandetron

Relevance
• Chemical evolution in the cosmos

• molecular clouds
• proto- and developed planetary systems

• Building blocks for biological systems -
life
• formation of complex organic molecules                  

in space conditions

• Processes at planetary surfaces and in 
atmospheres              
• Planetary/lunar surface evolution and 

chemical composition, space weather

• Technical conditions for space 
missions:
• radiation resistant materials, drugs, 
• materials for future Lunar and Martian 

bases

• Space exploitation – supporting future 
technologies

Irradiations with protons @ 
Cyclotron:

filamentous fungi and skeletal muscle 
cells

Petri-dish
holder

Pr
ot

on
 b
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m

Beam
collimator
Æ 16 mm

Petri-dish
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Solar physics observatory rehabilitation

• Renovation
• Planetarium
• Optical ground station
• National sunspot archive
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