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https://www.nasa.gov/specials/artemis

“We go to the Moon now to 
build a community on and 
around the 
Moon capable of proving 
how to live on other worlds”



Mars
350 mGy (650 days)

Earth
2 mGy (650 days)



Galactic Cosmic Rays (GCR) 

    
87 % protons 12 % He-ions

1 % Heavy-ions

Maximum Dose Rate = 0.5 mGy/day
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Cosmic Rays

GCR and solar activity



Up to 10 11 particles.cm -2 in 
few hours, mainly protons  

  

Dose→ Gy/event

protons
He-ions

    Solar Particle Events (SPE)

  



Biological damage by 
space radiation



NASA  limits for non-cancer effects

Limits
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Dosespace radiation
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Same 
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Space radiation effects 
computational studies

Particle 
transport 

code
Bianca model

RBE = Relative 
Biological 

Effectiveness 
Physics Biological 

damage
Depending on 
LET, particle 

and dose



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



12

Example of radiobiological database for cells V79:

BIANCA model 

Cell death for each ion and LET:



BIANCA (αi,βi)p

pHe

Particle Transport Code: particle i, dose (Di), LET 

C

Interface BIANCA - FLUKA 

VOXEL

p

VOXEL



Space radiation calculations 
FLUKA + BIANCA

Male and female 
ICRP phantoms

Cylindrical 
shielding               

Variable 
thickness GCR, SPE sources
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RBE (LET, D, particle)!!!

Limit for 
BFO
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Thickness (g/cm2)

BFO - SPE August  1972

Ramos et al, Journal of 
Radiological Protection, 2024

Space radiation calculations

Bernardini…& Ramos, LSSR, 
submitted



Thanks!

ricardoluis.ramos@unipv.it


