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AMS02 Latest Results (Flux)

AMS02 Nuclei Events (2019)
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(Cucinotta, Durante 2008)[1]
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By SpaceX - Falcon Heavy Demo Mission

on board the ISS = x150-200

Mars surface =x250 

Earth is a coocon:
• Magnetosphere stops 99.9% of charged particle
• Atmosphere equivalent to a 10 meter of water shielding

Moon surface = x300-400Travelling Earth to Mars = x750 

https://sv.wikipedia.org/wiki/Internationella_rymdstationen
https://creativecommons.org/licenses/by-sa/3.0/




N. Study Reference Model Particles Dose range/threshold or 
LET

Experimental Validation

4 Eye flashes Light Nuclei 
(He,..)

LET> 5 – 10 keV/µm Yes

7 Chromosomal 
aberrations

Not Identified 5 - 150 mGy Yes

7 Cataract Risk Not Identified 8mSv Yes

2 CNS Risk Not Identified 100-200 mGy No

1 Mucositis Heavy Nuclei (C, 
..)

- No

3 Cardiovascular 
disease (CVD)

Not identified 1000 mGy In japan atomic bomb 
survivors

6 Cancer Not identified <100 mGy Yes

We carried out a review of  the dose effect patterns derived from the biological effects observed as a result of  space 
missions. 

Many of  the effects occur at doses of  hundreds of  mGy and are typical doses of  diagnostic investigations so a synergy 
between knowledge arising from clinical trials and those of  Space Radiobiology is desirable to increase the robustness 

and prediction of  current models. 
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Codici di 
trasporto
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dosimetrici in radiologia)

Transport
Code

Environmental
Model

(flux particle/ions)
Flux

Radiation Quality - RBE
(Wr,Wt)

Dose-Effects 
ModelsEffecive Dose

Computational
Human Phantom

(Mathematical models used in 
radiology)

Risk 
Assessment

Damage

Graound experiment
@beam facility

Exposition Scenario 
(When, Where, How 

Long,…)

Measurements
(Detectors/Dosimeter)



Radiation Type
Energy WR
(ICRP 60)

x-rays, gamma rays, 
beta particles, muons

1

neutrons (< 1 MeV) 2.5 + 18.2.0e-[ln(2E)]2/6

neutrons (1 - 50 MeV) 5.0 + 17.0e-[ln(2E)]2/6

neutrons (> 50 MeV) 2.5 + 3.25e-[ln(0.04E)]2/6

protons, charged pions 2

alpha particles, nuclear 
fission products, heavy 
nuclei

20
“The Badhwar-O'Neill galactic 

cosmic ray (GCR) model has been 
revised to model all balloon and 

satellite GCR measurements since 
1955. This includes the newer 

1997-2010 Advanced Composition 
Explorer (ACE) measurements and 

spans six solar cycles.
….

The GCR spectrum is needed by 
radiation health physicists for 

astronauts exposures on deep space 
missions” 

FAX  model built using 151 
CT images recorded from a 

female patient, corresponding 
to indication  in ICRP 89



35.60%

8.40%

13.80%

19.30%
22.90%

58.10%

12.20%
9.10% 10.00% 10.60%

69.60%

14.00%

6.70% 5.10% 4.60%

Z=1 Z=2 Z=3-10 Z=11-20 Z=21-28

Contribution to the effective dose of  different 
nuclei in GCRs

(all energies)

NO shielding 20 g/cm2 Al 40 g/cm2 Al

Dati elaborati da (Slaba2014)



AMS02 (71.5%) 

Protons (69.5%)

AMS02 (91%)AMS02 (86.4%)

AMS02 measures the flux and properties of  most GCRs 
charged particles that contribute to the effective dose



Protons (35.6%)

AMS02 Protons (71%)

Heavy
Nuclei

Protons (69.5%)

AMS02 Protons (92%)

Heavy
Nuclei

Protons (58.1%)

AMS02 Protons (88%)
Heavy
Nuclei

Dati elaborati da (Slaba2014)

AMS02 measures the flux and properties of  most protons 
that contribute to the effective dose









Differential Effective dose

Cumulative Effective dose rate
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Variazioni giornaliere del flusso dei protoni
Maggio 2011- Maggio 2018 



AMS02 permette di 
misurare  il 71% dei 

protoni che 
contribuiscono alla dose 

efficace 

Heavy
Nuclei

Protons (35.6%)

AMS02 Protons (71%)



AMS02 permette di 
misurare  l’88% dei 

protoni che 
contribuiscono alla dose 

efficace 

Heavy
Nuclei

Protons (58.1%)

AMS02 Protons (88%)



AMS02 permette di 
misurare  il 92% dei 

protoni che 
contribuiscono alla dose 

efficace

Heavy
Nuclei

Protons (69.5%)

AMS02 Protons (92%)













Particles
• Electrons and positrons
• Protons and antiprotons
• Deuterium and different 

He isotopes
• Heavy Nuclei 

Measured 
Quantities
• Kinetic Energy
• Momentum
• Charge
• Rigidity

Position
• International Space 

Station is in the Low 
Earth Orbit, approx. 
400 Km of altitude 

• Approx 15 orbit each 
day (74 minutes)

• AMS measure cosmic 
ray coming from any 
direction 

• Also measuring in the 
South Atlantic Anomaly 
zone (SAA)

Time
• Operative since May 

2011, h24 365day/year
• Possibility to 

reconstruct the variation 
in time of CR 
composition

• Approved to run until 
2024

• Possibility to monitor 
CR for an entire solar 
magnetic activity cycle 
(11 years)

He,Li,

Be,..Fe
Pe– He,CPe+

TRD

TOF

Tracker
+Magnet

RICH

ECAL

– – –

Physics
example

Anti
matterCosmic Ray Physics

Dark 
matter

γ

Particles signatures in AMS sub-detectors

AMS orbits coverage

Solar Magnetic activity 
cycles (1985-2020)

Signature of a 4GeV 
electron in AMS detector
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AMS Cosmic rays “Data” contains information crucial for research in 
different fields…

Since 2013 AMS collaboration reports 
an excess in the cosmic ray positron 
spectrum that could derive by 
annihilation of dark matter particles 
(latest results in figure - 2019)

Heliosphere

There are similarities between 
the ionizing radiation doses 
uses in clinical purposes in 
medicine (i.e radiotherapy, …) 
and the one absorbed from 
astronauts in space due to 
exposure to charged particles 
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