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Space Radiation in free space
Galactic Cosmic Rays (GCR) 

    
87 % protons 12 % He-ions

1 % Heavy-ions

Maximum Dose Rate = 0.5 mGy/day



𝛗= 465 → Solar Minimum
𝛗= 1440 → Solar Maximum



Space Radiation in free space
Solar Particle Events (SPE) 

- Up to 1011 particles.cm-2 in 
few hours, mainly protons 

  

Dose→ Gy/event

protons He-ions



Biological damage by space radiation



Relative biological effectiveness 

Dosephotons

Dosespace radiation

RBE = 
Same 

biological 
effect



 NCRP recommendations on the RBE values for 
non-cancer effects to be used for skin and BFO  

Radiation Type Recommended 
RBE

Range

1 to 5 MeV 
neutrons

6.0 4-8

5 to 50 MeV 
neutrons 

3.5 2-5

Heavy ions 2.5 1-4

Protons > 2 MeV 1.5 -

Fix values



ARES Project 
WP1 –  Space radiation effects computational studies

Particle 
transport Code Bianca Model

RBE depending on 
LET, particle and 

dose
+

Physics Biological 
damage
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Main assumption: DNA “critical lesions” lead to chromosome aberrations, 
and some chromosome aberrations (e.g., dicentrics) lead to cell death

BIANCA model developed in Pavia

Energy 
deposition

DNA «Critical 
Lesions» (CL)

Lethal 
chromosome 

aberrations (f)

Cell death
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Example of radiobiological database for V79:

BIANCA model 

S(Di) = exp(-αiDi-βiDi
2)

Cell death for each ion and LET:



In this work, two radiobiological databases have been generated by 
BIANCA for ions up to iron:

 Human Skin 
Fibroblasts (HSF) 

cell survival

αi and βi 
coefficients

derived from our 
simulated survival 

curves

S(Di) = exp(-αiDi-βiDi
2)

for each ion 
and LET (i)

Lymphocyte 
dicentric aberrations

for each ion 
and LET (i)

ai and bi 
coefficients derived 
from our simulated 

dose-response 
curves

Y(Di) = aiDi + biDi
2

BIANCA model 



BIANCA (αi,βi)

RBE for cell survival
Related to the induction of 
early deterministic damage

VOXEL

RBE= Dx/D

p

p He

Particle Transport Code 
Dose (Di), LET, particle

VOXEL

C



SPE: DOSE and RBE calculations

Male and female 
ICRP phantoms

Cylindrical Al shielding               
(r=38cm, h=180cm) 

Variable thickness   
(from 0 to 30 g/cm2)

SPE of October 2003

SPE of August 1972



SPE of August 1972 

Female ICRP phantom
Shielding: 10 g/cm2



SPE of August 1972 

Deterministic effects 

Al thickness 
(g/cm2)

Equivalent 
Dose MALE  

(Gy.RBE)

Equivalent 
Dose FEMALE

(Gy.RBE)

Skin BFO Skin BFO

0.3 18.37 1.66 19.27 1.71

1 10.18 1.29 10.62 1.34

2 5.95 0.96 6.19 1.03

5 2.06 0.47 2.16 0.50

10 0.62 0.19 0.65 0.20

20 0.12 0.05 0.13 0.06

NASA and ESA limits 
(30-day limit)

Skin = 1.5 Gy-Eq
BFO = 0.25 Gy-Eq



SPE of October 2003 
Deterministic effects Al thickness 

(g/cm2)
Equivalent 
Dose MALE  

(Gy.RBE)

Equivalent 
Dose FEMALE

(Gy.RBE)

Skin BFO Skin BFO

0.3 13.61 0.48 14.60 0.50

1 5.11 0.31 5.44 0.33

2 2.32 0.20 2.38 0.21

5 0.48 0.07 0.51 0.08

10 0.10 0.03 0.11 0.03

20 0.02 0.01 0.02 0.01

NASA and ESA limits 
(30-day limit)

Skin = 1.5 Gy-Eq
BFO = 0.25 Gy-Eq



Conclusions
• The BIANCA model, interfaced with a radiation transport code, provided 

RBE predictions of cell killing (related to deterministic effects) and 
chromosome aberrations (related to stochastic effects including cancer)

• To respect NASA limits, a 650-days Mars Mission should be performed 
during the solar maximum period. For the SPE of October 2003, a shielding 
of 5 g/cm2 is necessary to respect the limits and for the SPE of August 1972 
a shielding of 10 g/cm2 is necessary to respect the limits.
 

• BIANCA allows taking into account that the RBE depends not only on 
particle type, but also on LET and dose.
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