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Introduction

e Current space missions
Inside magnetosphere

— Astronauts partly shielded
— Shielding not top priority

e Future deep space missions
outside magnetosphere

— No “natural protection”

— Shielding = top priority

Introduction



Radiation environment in space

e Sources of radiation is space

— Primary sources

» Galactic Cosmic Radiation (GCR) \
» Solar wind
+ Solar Particle Event (SPE)

* Trapped radiation belts

— Secondary sources
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Radiation environment in space

e Sources of radiation is space

— Primary sources

» Galactic Cosmic Radiation (GCR)

Spectrum of

particles and
energies

Radiation

* Solar wind beam

+ Solar Particle Event (SPE)

* Trapped radiation belts

Shield

— Secondary sources
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Introduction

e \Work objectives
1. Identify materials for optimum shielding (physics)
2. Evaluate shielding efficiency (transport codes)

e Delineation of scope
— Locationat 1 AU

— Passive shielding

e Butfirst .... We need to benchmark the calculational methodology
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Radiation protection in space

e ALARA

— Earth - time, distance, shielding

— Space - shielding
e Current materials in LEO - aluminium

=> In deep space - Al = good for SPE but not optimal for GCR
e Recommended materials - light materials

= Optimal shielding against (heavy) ions
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Methodology and data for dose assessment

e Dose assessment in space
1. Radiation transport calculations (validated models)
2. Measurements
= Recommended = transport calculations

e Reliable dose calculations - accurate spectral data (source term)
— GCR - analyzed models & compared to measurements = Solar Min 2010
— SPE - analyzed historical data on Solar outbursts = 1972 King

= Selected based on intensity & energy distribution
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Methodology and data for dose assessment

GCR & SPE model spectra Monte Carlo simulations (PHITS)

Parameters
GCR spectra (1 AU): Compositions & densities
Simulation output

SPE spectra (1 AU):
Post-processing of simulated data

Absorbed dose (D)
Dose equivalent (Ho)
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Methodology and data for dose assessment

e Modelling input parameters (PHITS)

— Geometry
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Benchmarking

e GCR
Solar Min 2010

— Estimation of galactic cosmic ray exposure inside and outside the Earth’s magnetosphere during the recent solar
minimum between solar cycles 23 and 24, Mrigakshi et al. 2013b, Advances in Space Research, Volume 52, Issue 5, p.
979-987, 2013

e SPE

August 1972 LaRC

— D - benchmarked to 1D (MULASSIS) & 3D (GRAS) dose calculations tools

— Results for 1972 King SPE spectral data generated by OLTARIS & SPENVIS
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Conclusions on the benchmarking

e A calculation methodology based on the Monte Carlo code PHITS and OLTARIS was established.

e Confidence in this methodology was gained following the satisfactory benchmark results both for
GCR and SPE.

e Best results for unshielded configurations because of increasing statistical uncertainties with
growing shield thickness in the results against which PHITS and OLTARIS were tested.

e Next step: optimisation of a passive shield:

— candidate materials: hydrogenated compounds using Al as reference.

Benchmarking & results



Results

e Analyzed data
— GCR
+ Solar Min 2010 - bounding
+ Solar Max 2001
— SPE

* August 1972 LaRC

e Dose results - absolute doses, dose reduction factors, shielding efficiencies
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Results

Dose rate in function of shielding thickness - Solar Min 2010
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Results

— ; Dose in function of shielding thickness - 1972 LaRC SPE
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Conclusions

e Main outcomes
1) Light materials = superior shielding characteristics (GCR & SPE)
2) Liquid H - best shielding efficiency (D & H)
3) Adding B to PE - overall counter effective (D & H)
4) SPEs - much easier to shield than GCR
5) Dose reduction = strongest for lower solar activities

6) Bounding shielding design = most intensive solar minimum
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Future work

e Source terms

— Use spectral data from other GCR models (e.g. BON2014 & SINP) & historical SPEs (e.g. 04/11/2003)

e Geometries & materials

— Use mathematical (voxel) models of human body & novel shielding materials (e.g. CNT, BNNT)

e Simulations

— Increase # source particles (decrease errors) and optimize VRT

— Analyze dose contribution of primary/secondary particles & dose depth distributions in target

Thank you for your attention

Future work



