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The Moon 
& Mars

THE ROUGH GUIDE to

Health in Deep Space

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

2. Psychosocial and 
behavioural problems

3. Physiological changes 
caused by microgravity
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– Galactic Cosmic Rays GCR (all ions)
– Solar Particle Events SPE (mainly protons)
– Trapped particles (protons and electrons)
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Space radiation environment
GCR composition 
and energy spectra

SPE energy spectra



Deep-Space Radiation

Solar Particle Events 

Solar Wind

q Built by NASA and for NASA
q Construction: 2000-2003
q Purpose: carry out experiments for studying the 

effects of radiation (mainly biology) 

Deep-Space Radiation



Radiation levels
Level above which 

cancer is more 
likely



Dose distribution on the ISS

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

mission to
Mars
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Risk assessment
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Ground- and space-based experiments to assess:
uRadiation environment
uDosimetry
uBiological effects

…but this approach alone is too time and money
consuming

Deterministic and Monte Carlo codes



Countermeasures
o Passive shielding
o Active shielding
o Biology-based approaches
+ Availability
+ The average shielding on the International Space Station 
(20 g cm-2) can stop most trapped protons and low-energy 
SPE
+ Everything is a shield (multifunctional materials)
+ In-situ resources materials on other planets
- Load weight limitations
- Creation of high-energy secondary particles
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Physical processes of interest
q Energy loss
q Lateral scattering
q Nuclear fragmentation

…occurring in
o Space craft hull and structure
o Shielding
o Astronaut’s body

Change of the radiation field in terms of particle species 
and energies

Dose prediction is geometry-dependent
It can be exploited for reducing the dose
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Electromagnetic interaction

Shielding material selection
the need of  a compass

Liquid H2

Plastic (PE)

Water

Aluminum

Lead

best

worst

Concrete

Nuclear fragmentation
projectile

target

fragments

Slow down and stopping

Isotope- and charge-changing
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Material effectiveness as shielding
(1 GeV/u 56Fe as proxy of GCR)



Dose reduction after 2.83 g cm-2 PE



Shielding on the International 
Space Station

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



Where can nuclear physics help?
a) Shielding materials optimization
b) Radiation exposure risk assessment

Full characterization of the radiation field in 
different scenarios

⌘Improve the accuracy of theoretical models for 
nuclear interactions

⌘Provide experimental data for validating and 
benchmarking the models
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SOME ONGOING 
EXPERIMENTS
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ROSSINI –
Radiation Shielding 
from ISRU and/or 
innovative materials 
for spacecraft, EVA 
and habitat



Some missing pieces of the puzzle
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What codes predict for thick shielding

GCR spectrum 
interacting 

with 20 g cm-2 

Al shielding
d, t,

3He, 4He Protons
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12th	Trento	Workshop	on	
Advanced	Silicon	Radiation	
Detectors,		20-22	February	
2017,	Trento,	Italy

What codes predict for thin shielding

4He
3He

p
d
t
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The experiment
(performed at NSRL, US)
o Beams: H to Fe
o Energies: up to 1500 MeV/u
o Targets: elemental (C, Al) and 

composite (PE, H2O)

Detectors
- Pixel chamber
- Plastic scintillators
- Liquid scintillators
- NaI crystals
- BaF2 crystals

Methodologies
v Energy 

deposition (DE 
and E)

v Time-of-flight 
(TOF)
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Results
Outputs:
- yield
- kinetic energy
of all fragments types 
(including isotope 
discrimination) at several 
angles

Double-differential cross sections 



FOOT (FragmentatiOn Of Target)
Focus on the cross 
section for target and 
projectile fragmentation 
in Particle Therapy and 
for radioprotection in 
space
Combines magnetic, 
TOF and calorimetric 
measurements

Inverse kinematic 
approach
Movable setup, data 
taking foreseen at 
CNAO/HIT in 2019



Summary
▶ High-energy ions represent a main limitation to space 

exploration
▶ Currently the best strategy is passive shielding
▶ The combination of ground and space-based 

experiments can help understand the radiation hazard
▶ Deterministic and Monte Carlo codes provide radiation 

risk assessment for all scenarios

Nuclear physics plays a key role in improving the 
existing theoretical models and in providing 
measurements for validating and benchmarking them
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Thank you for your attention
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