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NASA has been directed to 
develop a plan for an 
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develop a plan for an 
innovative and sustainable 
program of exploration with 
commercial and international 
partners to enable human 
expansion across the solar 
system, returning humans to 
the Moon for long-term 
exploration and utilization, 
followed by human missions 
to Mars and other destinations

Mike Pence, October 6, 2017
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Health in Deep 
Space

1. Protection from space 
radiation (particularly very 
high energy heavy ions)

The Moon 
& Mars

THE ROUGH GUIDE to

high energy heavy ions)

2. Psychosocial and 
behavioural problems

3. Physiological changes 
caused by microgravity

Modified by Mike Lockwood



RADIATION RADIATION 
ENVIRONMENT ENVIRONMENT -- ISSISS

DOSIS 3D (2012 – ongoing): Variation of absorbed dose over ISS orbit (active radiation detectors)



PERSONAL DOSIMETRYPERSONAL DOSIMETRY
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Personal dosimetry: Surveillance of the radiation exposure of astro – and cosmonauts (passive)



Radiation dose during the travel to Mars and on the planet’s surface Radiation dose during the travel to Mars and on the planet’s surface 

measured by RAD on MSLmeasured by RAD on MSL

Launch date: 26.11.2011

Landing date: 06.08.2012



Dose Dose summarysummary forfor Mars Mars 
& ISS& ISS
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o http://www.theseus-eu.org/

o Radiation risks:

o 1. Cancer
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o

o 2. Tissue degenerative effects

• 2.1 CNS

• 2.2 Cardiovascular

• 2.3 Cataracts

o 3. Acute syndromes (SPE)

o 4. Hereditary effects



1. Carcinogenesis



NASA uses the risk model and set the astronauts‘ carreer limits
to 3% REID within 95% CI

Dose Dose limitslimits

Dose limits in Sv – for NASA, the numbers are
for ISS excluding cardiovascular risk



Durante & Cucinotta, Nature Rev. Cancer (2008)



RADIATION RISKS AND UNCERTAINTIES

ESA UNCLASSIFIED – For Official Use   |   slide 13 Durante & Cucinotta, Nature Rev. Cancer (2008)



Estimates of cancer mortality risk and 
95% CI for different space mission 
scenarios and terrestrial exposures. 

Durante & Cucinotta, Nuclear Physics
News 2014



NASA ASTRONAUTS’ CAUSE-SPECIFIC 
MORTALITY

Total Frequency Death Frequency

Total 339 45

Male 269 41

Female 40 4

Astronaut 316 44

Astronauts excluding Flight Tragedies
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2. CNS2. CNS
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3. Heart
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Risk of radiation-induced late cardiovascular disease

19Hughson et al., Nat. Rev. Cardiol. 2017
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Nuclear fragmentationNuclear fragmentation

Abrasion-ablation 
model

( )23/13/12
0 bAAr Tp −+= πσ

Geometrical approximation (Bradt-Peters formula)

Energy 
dependence 

(12C on 
graphite)



Ion:                    8O16

Peak Position:    11.375 cm
Kinetic nergy:    284.1 MeV/n
LET(water):       23.32 KeV/µm 



14Si28: Peak at 20.15 cm
KE = 575.4 MeV/n
LETwater = 51.1 KeV/µm





0,8

1

1,2

56Fe, 1 GeV/n in water

0

0,2

0,4

0,6

0,8

0 5 10 15 20 25 30 35 40 45 50



Is shielding a solution?

Aluminum ~ 30%

Polyethylene ~ 50%

Liquid hydrogen ~ 90%

Max GCR dose

reduction



“Best” shielding materials“Best” shielding materials

Projectile interactions per unit target mass:
Ionization ~ Z/A (Bethe-Bloch formula)
Fragmentation ~ A-1/3 (Bradt-Peters formula)

Durante & Cucinotta, Rev. Mod. Phys. 2011



Shielding on ISS

• Sleep station outfitted with PE and water
• Thin, flat panels are PE shields
• Stowage water packaging above the sleep station







Protection by
ISRU materials

© G. Otto, GSI
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Bragg curve for heavy ions
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Percent Dose Reduction per Unit Areal Density for S ingle Materials
Fe56 962.8 MeV/n - NSRL/BNL Brookhaven 23/06/2012
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ShieldingShielding testtest resultsresults, ROSSINI, 2012, ROSSINI, 2012--1616
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New shielding New shielding 
conceptsconcepts
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10 G$ - 2026



Radiation Biophysics SS2011 41





“Pumpkin” 
structure

Burger et al. Front. Oncol. 2016
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INTERNAL THALES ALENIA SPACE 
COMMERCIAL IN CONFIDENCE
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The ultimate countermeasure
45

15/02/2018

Durante & Bruno, Eur. Phys. J. 2010



• Space radiation is a potential showstopper for human 

space exploration

• Radiation protection in space and particle therapy 

share many common topics (carcinogenesis, CNS, CVD, 

modeling, radioprotectors etc.)

• Shielding is the only practical countermeasure but 

5.Conclusions

• Shielding is the only practical countermeasure but 

conventional materials are unable to ensure sufficient 

protection for long-term interplanetary missions

• Ground-based accelerators can be used for simulation 

of the space radiation environment and material testing, 

and many experiments can be of mutual interest for 

space and therapy
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