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Cosmic Rays Interactions with 
the geo-magnetosphere

Earth is a cocoon !!! 

Magnetosphere stops/deflects 
99.9% of charged particles

the Earth Atmosphere is 
equivalent to a metal shielding  

1 meter thick

(credit : ESA)

(credit : CERN)

The annual cosmic ray “dose” at sea level is 
about 0.3 mSv

<10% of “Natural Background Radiation”
(Radon, Soils, Foods, ..)IAC-2021 , A.Bartoloni, L.Strigari 3



Space Radiation Environment 

Image courtesy of European Space Agency (ESA)

Human Space activities must 
cope with the high radiation 
environment of outer space. 

Space Radiation composition 
- Galactic Cosmic Rays (GCR)
- Particle emitted by the Sun (SEP) 
during isolated events
- Particle trapped in Earth’s magnetic 
field (Radiation Belt)

None of the 3 components is constant in 
time, mainly due to the solar activity
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A new era in human space exploration is coming …

«Global Exploration 
Roadmap 

Lunar Surface Exploration 
Scenario 

update August 2020»

International Space Exploration 
Coordination Group

(ISECG)
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Limits and concerns 

The manned spaceflight especially the one beyond the 
LEO could represent a concern for the health of 

astronauts.

The limit in carrying out the missions are due to health 
effects 

- short-term (<hours)

- acute effects (<months) 

- late effects including severe toxicity

Radioprotection in space is a difficult jobs due to the 
presence of different species of particle and nuclei that 

present different characteristics in penetrating the 
barrier and shielding 

Questa foto di Autore sconosciuto è concesso in licenza da CC BY-SA
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Ionizing radiation exposures is one of the main 
concern for astronaut's health involved in 

exploratory missions to the Moon and Mars due 
to the high doses of radiation expected during 

the flight and on the surface

The radiation health hazard assessments in 
exploratory space missions requires the 

evaluation of the dose effects models in order 
to quantify the expected damage in the forecast 

astronaut's exposition scenario.

To complete this task the charged particle data 
taken by the high energy particle experiments 
can be useful to increase knowledge in many 

part of the risk assessment phases 

Ionizing radiation-

related health 

hazard in space

Radiation

Carcinogenesis

CardioVascular

Disease

(CVD)

Centra Nervous

System Effects

(CNS)

Cataract or 

Visual

impairments

Eye-Flashes

Others

(e.g. chromosomal

aberrations; difestive, 

ummune,respiratory

disfunction)
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Cosmic Ray Observatory

“A cosmic-ray observatory 

is a scientific installation 

built to detect high-energy-

particles coming from 

space called cosmic rays. 

This typically includes 

photons (high-energy light), 

electrons, protons, and 

some heavier nuclei, as 
well as antimatter particles.

Credit : P. Picozza (INFN)
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International Space Station based

Principal Operating Cosmic Ray Space Detectors
Satellite Based

AMS02 – 2011

ACE - 1997

CALET - 2015

DAMPE - 2017

ISS-CREAM – 2017-2019
PAMELA – 2006-2016

28/10/2021 IAC-2021 , A.Bartoloni, L.Strigari 11

an ensemble of instruments 
each one designed to 

capture and measure the 
cosmic ray particles
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Missions Operations
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(Image by  V. Choutko – AMS Collaboration)
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HEP-APE Energy Range

AMS02 - 500 MeV-3TeV

50 – 500 MeV

CALET - 1 GeV-10TeV

CALET 

ISS-CREAM 

ISS-CREAM - 1TeV-1PeV

PAMELA - 50 MeV-2TeV

PAMELA 

AMS02 

ACE

Energy (GeV)
1010.1 102 103 104 105 106 1070.01

DAMPE - 5GeV-100TeV

DAMPE 
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The biological effects of ionising radiation 
is a consequence of the energy transfer 

by ionization and excitation
to body cells



GCR sensitivity analysis
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A. Bartoloni a*, L. Strigarib

SIF 2019

• Identifications of CR 

components  of the CR that are 

of interest for the computation of 

possible risks associated with the 

manned exploratory space 

missions in LEO and BLEO 

scenarios.

• Use of space radiation sensitivity 

studies we also recognised that 

they correspond with the data 

taken by the astroparticle

experiments
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A. Bartoloni a*, L. Strigarib

Proceedings of GLEX-21-8.2.5 

(ID:62186)

Human Health Risk Assessment in 

exploratory space missions: possible 

improvement using astroparticle

experiments operating in space. 

1) Environmental Model Characterization: 

- Use the enormous data at energies > 1Gev 

- Improve  affects the accuracy and precision of the risk assessment potentially 

underestimating the actual damage. 

- Indeed, space radiation for LET greater than several keV/μm causes more serious 

damage than low-LET radiation to living cell/tissues.

2) Effective Dose Measurements: 
Measurements only of absorbed doses, by passive dosimeters, are insufficient for 

investigating biological effects or assessing radiation risk for astronauts.

Dose equivalents need to consider the whole LET distributions, their QFs (up to 30), 

and RBE of high-LET particles constituting the space radiation environment. 

3) Transport Code Validation :
Based on the detailed information of APE, Monte Carlo (MC) simulation code can be 

further implemented to better describe the interaction with the matter of GCR 

environments thanks to the improvement of accuracy of cross sections at high energy of 

elementary particles (electrons, protons), light and heavy nuclei (Helium to Iron and 

beyond). 

The implementation of transport code at these energies allows predicting the particle 

interactions with the known geometries of installed detectors. The determination of ray / 

particle tracing, energy spectrum and deposited energies collected in several materials can 

serve for a subsequent MC transport code validation (e.g. through a possible Bayesian 

approach).

The calculations of dose equivalents allow generating an accurate and precise 

database for subsequent MC simulation codes validation applied to human tissues. 

Moreover, MC codes can be used for designing ad hoc shielding of spacecrafts and space 

landers. 

4) Space Exposition Scenario Dose Computation:
- Implementation of Montecarlo codes to calculate the dose and so predict/describe 

the effects of GCR particles interacting with cells, tissues/organs and astronauts, which 

can be modeled as geometries with increasing details and complexities. 

5) Ground or Space based Experiment setup definition:



Slaba whithman
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Dose-Effects Relationship  

The known dose-effect relationships are 
based on a limited number of 

astronauts 

(hundreds)
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< 1

1 to 3

4  to 6

6 to 12

>12

Astronauts/Months in space 

Needs of an 
improvements 
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Radiation Exposure and Mortality from Cardiovascular Disease and Cancer in 
Early NASA Astronauts S.Robin et Al - 2018



Targeted Effects vs Non targeted Effects

Target Effects (TE) will regards the 
IR damage due to the irradiated 

tissue or organs 

Non Target Effects instead will 
refers to the damage generated in 
tissue not directly irradiated

Usual linear model used in 
radioprotection do not take in 

account the NTE effects

“The scarcity of data with animal models for 
tissues that dominate human radiation cancer 

risk, including lung, colon, breast, liver and 
stomach , suggest that studies of NTEs in other 
tissues are urgently needed prior to long-term 

space missions outside the protection of the  

Earth’s geomagnetic sphere” 

“Non Targeted Effects Models Predict Significantly Higher Mars 
Mission cancer Risk than Targeted Effects Models” - F.Cucinotta et 

al.  12/05/2017
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Summary

• In the coming years there will be a great interest for space human 
mission non only to explorate but also for a permanent presence 
of humans in LEO and outside the geomagnetosphere 

• Space Radiation is a main concern and the first one showstopper 
in many human exploration scenarios. 

• Dose-Effects models knowledge and other space radiobiology 
topics could benefit from the use of should be improved

• a synergy with the experience from the clinical field is crucial to 
perform this task

• Other important topics needs to be faced (e.g. Non-Targeted
Effects, Individual Radiosensitivity)

• Astrparticle Experiments  are a principal source of information to 
perform this investigations complementary to what is usually done
in the research field.

THANKS for the attention !!!
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AMS INFN Roma-Sapienza Group  
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Strigari

Silvia 
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Paolani

To address such problems a research collaboration on 

SPace RadioBiology (SPRB) is active since the 2017 

between the INFN Roma-Sapienza AMS group and the 

Medical Physics Department of IRCCS University Hospital 

of Bologna (Italy)

The aim is to address the topic of space radiobiology by 

the comparison of possible effects 

on the health of astronauts from particles and 

dangerous charged nuclei with the radiobiology 

experience in the clinical field where the ionizing 

radiations are used for therapy and diagnosisIAC-2021 , A.Bartoloni, L.Strigari 21

New Entry 
Aboma

Guracho



If you are interested to collaborate on the 

SPRB with our research group please contact 

alessandro.bartoloni@roma1.infn.it

POST-DOC open position in Roma-Sapienza !



Backup slides
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Can high energy particle detectors be used for improving risk models 

in space radiobiology?

(A.Bartoloni1, S.Strolin2 ,L.Strigari2)

Transport
Code

Environmental
Model

(flux particle/ions)
Flux

Dose-Effects 
Models

Effective Dose
Risk 

Assessment
Damage

Ground experiment
@beam facility

Exposition Scenario 
(When, Where, How Long,…)

Radiation Quality - RBE
(Wr,Wt)

Computational
Human Phantom

(Mathematical models used in radiology)

Measurements
(Detectors/Dosimeter)

Radiation health hazard assessment in exploratory space missions



DAMPE DAMPE: The Dark Matter Particle 
Explorer is a satellite-based space 
mission whose main purpose is the 
detection of cosmic electrons and 
photons up to energies of 10 TeV. 
The DAMPE instruments have also 
the capability to measure the fluxes 
and the elemental composition of 
the galactic cosmic rays nuclei up 
to 100 TeV. It is in data taking 
since 2015 and consists of: a 
double layer of Plastic Scintillator 
Detector; a Silicon-tungsten 
Tracker-converter; an 
electromagnetic calorimeter and a 
Neutron Detector. In the first’s 
years of operations DAMPE has 
collected and send to the earth 
more than 6 billion of cosmic ray 
events.
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CALET

CALET: The CALorimetric Electron Telescope is in operation

since 2015 on the external platform of the Japanese

experimental module (KIBO/JEM) by the ISS.

The instrument is optimized to precisely study the properties

of extreme energy cosmic electrons up to dozens of TeV. It is

also capable of measuring the relative composition and

abundance of nuclei coming from space, from protons to the

heaviest elements up to Z=40. In the first three years of

operation CALET has collected and send to the earth more than

1.8 billion of cosmic rays events [10].
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ISS-CREAM

ISS-CREAM: The Cosmic Ray Energetic and Mass for the

International Space Station was successfully installed and

activated on the Japanese Experiment Module Exposed Facility

as an attached payload on 2017. The instrument is configured

with complementary particle detectors capable of measuring

elemental spectra for Z=1 up to Z=26 nuclei in the energy range

from 1 up to 1000 TeV; as well as electrons at multi-TeV

energies. [11]
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ACE

ACE: The Advanced Composition Explorer is a satellite-based

space mission that started its operation on 1998 with the aim to

observe particles of solar, interplanetary, interstellar, and

galactic origins, spanning the energy range from solar wind ions

to galactic cosmic ray nuclei. It is located at the L1 Lagrange

point, about 1.4 million kilometre from the Earth. Thanks to the

multiple instruments on board ACE can measure particle and

nuclei elements up to Z=30 in an energy range up to hundreds

of MeV. The end of its operation is forecast not before the

2024.[12]
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PAMELA

Another important satellite based cosmic ray observatory is

the Payload for Antimatter Matter Exploration and Light-nuclei

Astrophysics (PAMELA) that starting its data taking in 2006 and

ends its operations in 2016, producing in this period accuracy

measurements of the cosmic ray components (particle and light

nuclei up to Z=6) [14]
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