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THE DISCOVERY OF COSMIC RAYS

! 7 August 1912 V. Hess
”The results of my
observation are best
explained by the
assumption that a
radiation of very great
penetrating power enters
our atmosphere from
above.”

! Nobel Price 1936

! MSL-RAD coincidence?

Image from Wikipedia
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100 YEARS OF COSMIC RAY RESEARCH

! 1932 e+ C.D. Andreson

! 1949 Fermi Cosmic ray
acceleration

! 1958 ”van Alen Belts”

! 1966 CMB 2.7 K

! Beginning of 1990
2− 3 · 1020eV Image from Wikipedia
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COMPOSITION OF THE COSMIC RAY SPECTRUM

Particle Composition

! p, e, and He: 99%

! 1% Heavy ions

! Origin? Acceleration?

Image from lanl.gov
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ORIGIN OF GALACTIC COSMIC RAYS

The Fermi collaboration
published on 15 Feb

! The Origin of CR

! Acceleration of p

In principal:
p+ p → π0 + X
In 99%: π0

→ 2γ
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THE 1%

Image taken from Simpson 1983

The Composition of Heavy
Nuclei

!
dE
dx ∝ z2

! Fe≈ 0.02 %
→ 20-50 % Deq

(Deq = Equivalent dose)
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THE HEALTH RISK

The ability to a priori accurately predict health
risks is paramount for the future of space

exploration.
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THE INTERNATIONAL SPACE STATION
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COMPLICATIONS DUE TO COMPOSITION

Modulation factors

! Hull Thickness

! Hull Composition

! Rack Configuration

! Other interior stuff

Image from NASA
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MONITORING THE RADIATION ENVIRONMENT

Different Detectors

! SilEye-3/Alteino

! AMS

! Passive dosimetry
TEPC, CR-39 etc.

The Matroshka Dosimeter
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THE SILEYE-3/ALTEINO EXPERIMENT

Detector characteristics

! 8 Silicon Planes

! 32 Strips/Plane

! Particle Abundance

! Shielding effect

! Dose measurement

! Fragmentation analysis

Image NASA
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RELATIVE ABUNDANCE

Relative Abundance in the Russian Pirs module
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EQUIVALENT ALUMINIUM

Modulated ratio of particle abundance:

P(Fe → X) =
σXNA

MAl
· ρAl∆x (1)

Fe/X =
NFe0(1− P(Fe → All))

(NX0 +NFe0P(Fe → X))
(2)

NFe0 and NX0 are number density outside the ISS.
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EQUIVALENT ALUMINIUM

Calculating Hull Thickness by Epax 2.1 and Geant4 QGSP BIC

Equivalent Al thickness [cm]
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DOSE AND EQUIVALENT DOSE RATES

Effects of data analysis cuts
Data Cuts

! Angular

! Multiplicity

! Energy
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DOSE AND EQUIVALENT DOSE RATES

Conversion from LETSi to LETH2O has traditionally been done
by constant factor.

We use

Log(LETH2O) = −0.2902 + (1.025 · Log(LETSi)) (3)

E.R Benton et. al, Radiation Measurements, 45, 2010, 957-959
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DOSE AND EQUIVALENT DOSE RATES

Data

! SilEye-3/Alteino

! ALTEA

! Dostel (MIR)

! CR-39 (JAXA)
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DOSE AND EQUIVALENT DOSE RATES

Multiplicity distribution of
events are well confined
however the contribution to Dr

and Deq aren’t as well confined.
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SUMMARY

The results from SilEye-3/Alteino to date

! Clear increase in flux of odd charged particles

! Shielding efficiency of Polyethylene

! Particle flux non-isotropic

! Dose and Dose rates are consistent and isotropic
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OUTLOOK

For SilEye-3/Alteino

! Analysis of high multiplicity events

! δe production in data vs Monte Carlo (Geant4)

! Continuing mapping the radiation environment

General issues for the assessment of radiation risks

! Several different Monte Carlo codes

! Multiple physics list

! Geometry description
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OUTLOOK

The risks in long duration and/or deep space space missions
due to radiation needs to be dealt with in order to continue

with such explorations.
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Thank You for your Attention!

SRS
Organising Committee
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Questions?

Image source, unknown
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Back Up
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ALTEINO DETECTOR DESCRIPTION

SilEye-3/Alteino

! 8 planes, 8x8 cm2, 380 µm

! Gf ≈ 24cm2sr

! Readout electronics based
on Pamela

! 16 bit ADC

! Calibration 3.3 keV/ADCch

! Max dE ≈ 174 MeV Image from http://wizard.roma2.infn.it/sileye/index.htm
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ALTEINO DATA CUTS

Angular normalisation

! cos(θinc)

Multiplicity

! LET: MSA < 200 (256)

! ST: MSA < 32 (256)

Kinetic Energy

∣

∣

∣

∣

(E1 + E2)− (E7 + E8)

(E1 + E2) + (E7 + E8)

∣

∣

∣

∣

< 20%

(4)
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LET CONVERSION, BENTON ET. AL
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MISSION TO MARS

18 Pages Feasibility study
”In addition to spacecraft
materials of construction,
radiation protection is
provided by a water shield
made up of water in storage for
other subsystems.”
”Further studies needs to be
done to find creative solutions
for radiation protection, [...]”
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