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The global exploration roadmap – ISECG 2020
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GCR Charge Contributions
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Durante and Cucinotta, Rev. Mod. Phys. 2011 
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PERSONAL DOSIMETRY
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Personal dosimetry: Surveillance of the radiation exposure of astro – and cosmonauts (passive)
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Radiation dose during the travel to Mars and on the 
planet’s surface measured by RAD on MSL

Launch date: 26.11.2011

Landing date: 06.08.2012
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Dose summary for Mars & ISS

7



FAIR | ESA

0.01             0.1                  1                   10                 100                 1000              10000.    100000.             1000000

Dose 
(mSv)

1 day

1 year

Max. annual
dose for rad. 

workers

Dose to the
tumor

1 year

1 day

Fukushima 
liquidators

Guarapari beach 
1 year

8



FAIR | ESA

Disclaimer
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I do believe that humans landed on the Moon!



FAIR | ESA

REFERENCE

§ http://www.theseus-eu.org/

§ Radiation risks:

§ 1. Cancer
§ 2. Tissue degenerative effects

§ 2.1 CNS
§ 2.2 Cardiovascular
§ 2.3 Cataracts

§ 3. Acute syndromes (SPE)
§ 4. Hereditary effects
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http://www.theseus-eu.org/
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Durante & Cucinotta, Nature Rev. Cancer (2008)
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Biological effects of heavy ions

No human epidemiological data
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Durante & Cucinotta, Nature Rev. Cancer (2008)

RADIATION RISKS AND UNCERTAINTIES

1
3

Sources of uncertainty
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g-rays

silicon

iron
Cucinotta and Durante, Lancet Oncol. 2006



GFP-NSBS1

Live cell imaging DNA repair protein recruitment at DSB sites

Jakob et al., Proc. Natl. Acad. Sci. USA 2009; Nucl. Acids Res. 2011 15
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Recruitment of XRCC1 to heterochromatin and
euchromatin after exposure of mouse embryo
fibroblasts to heavy ions

X-ray repair 
complementing 
defective in 
Chinese 
hamster cells
(SSB and b-
excision repair 
pathways)

Jakob et al., Nucl. 
Acids. Res. 2011
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Chromosomal aberrations induced by heavy ions

3 Gy g-rays 0.3 Gy Fe-ions

Durante et al., Radiat. Res. 2002
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19 Risk of radiation-induced late cardiovascular 
disease

Hughson, Helm & Durante, Nat. Rev. Cardiol. 2018
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NASA astronauts’ cause-specific mortality

Astronauts excluding Flight Tragedies
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Survival of general population
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Boscolo and Durante, Physics, 2022
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Astronaut mortality causes

80 95

Reynolds & Day, Occup. Environ. Med. 2021
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NASA limit (2012): 3% REID within 95% CI

Durante & Cucinotta, Nuclear Physics News 2014 26
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REID: gender/age dependence

REID is larger for females than for males and decreasing with age.  30% 
difference@30 years
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How to reduce risk uncertainty and develop 
new countermeasures?
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Blue team: research should be in space

•Mixed radiation field: protons+HZE+photons+neutrons
•Energies from few eV to TeV
• High fluence of protons (low dose rate) + low fluence 
HZE (high local dose)
•Exposure under strong stress conditions: microgravity, 
immune system depression, hypoxia
• Evidence that the space environment can affect organ 
functions, tissue growth, cellular metabolism and gene 
expression
• Space environment cannot be fully reproduced on 
Earth
• Space agencies think that space science = space flight
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Red team: research should be on Earth

•Experiments in space are very 
expensive
• Many hindrances and boundary 
conditions, need custom hardware, 
very little crew time available, 
sometimes no sample return
• Experiments conditions are scarcely 
under control
•It is almost impossible to repeat the 
experiments
•Dose rate in space is very low (<1 
mSv/day), but spaceflight related 
stress is very high: very low 
signal/noise ratio
• Accelerators can reproduce many 
aspects of the radiation environment

“our knowledge about space radiation risk 
comes from ground-based accelerator 
experiments”
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Medical Dept. Biology Dept.

NASA Space Radiation Health Program at the 
Brookhaven National Laboratory, Upton, NY
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ESA space radiation lab @GSI

November 16, 2011
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The European lab for space radiation research

• All ions from H 
to U

• Max energy 10 
GeV/n

• Intensity 10-
1,000x the one 
at GSI SIS18

• Opening slated 
for 2025
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MoU FAIR-GSI, 2018
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• Investigations	into	the	
Biological	Effects	of	Space	
Radiation	(IBER),	identifying	
and	testing	shielding	material

• Solicitation	and	
implementation	of	experiments	
through	Continuously	Open	
Research	Announcement	as	
well	as	a	dedicated	
Announcement	of	Opportunity	
released	(next	in	Spring	2022)

ESA’S GROUND-BASED
SPACE RADIATION RESEARCH
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ROSSINI 
experiment

© G. Otto, GSI
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Schuy et al., 
Radiat. Res. 2019

Giraudo et al., 
Radiat. Res. 2018
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Zeitlin et al., New J. Phys. 2008
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Effective dose from GCR behind different 
shielding materials

Evaluating shielding
approaches to reduce 
space radiation cancer
risks (NASA TM-2012-
217361). Cucinotta FA, 
Kim MYH, Chappell LJ.
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Slaba et al., Life Sci. Space Res. 2017
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NASA Space Radiation Laboratory GCR Simulation
Defined and delivered GCR reference environment radiation field compatible
with NSRL operational and delivery parameters including animal care, cell
requirements and logistics.

The radiation field found within the female deep
tissue site (BFO) behind 20g/cm2of aluminum
during solar minimum conditions is the reference
field for the GCR simulator.

Slaba et al. (2016)Re
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New infrastructures for FAIR tested in 
FAIR-phase-0 (March-June 2021)

GCR 
simulator

42

Schuy et al., Front. Phys. 2020
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ESA-FAIR Summer School in Darmstadt

43www.gsi.de/esa-fair-summer-school.htm
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Conclusion & Take-Home Messages

§ Space radiation is the main health risk for humans in space and a 
potential showstopper for exploration

§ High uncertainty on radiation risk caused by the radiation quality 
difference compared to Earth

§ Lack of reliable countermeasures, due to the high energy of the cosmic 
radiation

§ Need for more research at high-energy particle accelerators
§ Need for common risk models and dose limits for international 

exploratory-class missions
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Thanks you very much!

www.gsi.de/biophysik
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Thank you!
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Funding 
agencies


