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Summary
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. Introduction
2. Sources of radiation in space

. Interaction of radiation with mater




What is space radiation?

§ O
Naga Jort®

Radiation may be defined as the emmision of energy energy in form of high-
speed particles and electromagnetic waves.

« lonizing radiation is radiation with sufficient energy to remove electrons from the
orbits of atoms resulting in charged particles, and it is this type of radiation that is
evaluated for purposes of radiation protection( gamma rays, protons, and

neutrons).



Source of radiation: Solar activity

4 October 2016

Visible Sunspot Regions

Sunspots are temporary phenomena on the photosphere of the
Sun that appear as dark spots due to reduced surface
temperature caused by concentrations of magnetic field flux that
inhibit convection.

Sunspots usually appear in pairs of opposite magnetic polarity.

Most solar flares and coronal mass ejections originate in
magnetically active regions around visible sunspot groupings.

www.solarham.com

Magnetogram

1996 2006

www.solarham.com



Solar Flares Coronal Mass E/ectlons

""‘!-\-.

Relative size
of Earth

These are huge bubbles of plasma (ionized atomic
| matter w:th hlgh kmetlc energy) threaded W|th




SDO/AIA 131 2012-01-21 12:13:11 UT




Source of radiation: Solar Wind

The solar wind is a stream of energized,
charged patrticles, primarily electrons and
protons, flowing outward from the Sun, through
the solar system.

It differs based on where on the sun i
originates:

» Fast wind originates in coronal holes and
reaches speeds up to 500 mi/s or 800 km/s.

\“Q o
. i 1ed)
 Slow wind originate at the oo cieamer G\,Q’Y:\\a&‘

~ around the equator, and travels more




Source of radiation: Trapped particles

Some particles become trapped in the Earth's

. Outer Belt °
12,000 — 25,000 miles

magnetic field. '

GPS Satellites
12,500 miles - . . @

These particles are contained in one of two
doughnut-shaped magnetic rings surrounding
the Earth called the Van Allen radiation belis.

- The inner belt contains protons with

Geosynchronous Orbit (GSO)
- NASA's Solar
i - Dynamics Observatory
Inner Belt . 22,000 miles :
1,000 — 8,000 miles Oy

energies exceeding 10 MeV (400-6000 mi) e S

International Space Station
. 230 miles

- The outer belt contains mainly electrons
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Inner
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Inner
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South Atlantic Anomaly
(200km from Earth's Surface)
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Focus on :

The Sun

Space Weather
Magnetosphere
Heliosphere

Il Formulation

I Implementation

I Primary Ops
Il Extended Ops
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Discovered on Aug. 7, 1912, physicist Victor Hess

- Galactic cosmic radiation is tought to originates outside the
solar system but whithin the Milky Way.

It consists of ionized atoms ranging from a single proton up to
an uranium nucleus.

It travel very close to the speed of light, and because it has a
heavy elements componentsuch as iron, it produces intense
lonization as they pass through matter..

Figure D.1. Abundances (a) and Energy Spectra (b) of GCR CompOS|t|0n 0 Cosmlc RayS
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Source of radiation: The Big Picture

Galactic Cosmig Rays’
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« GCR (and SPE) particks interact e e
with molecules in the P PR § /
(nitrogen, oxygen ck.)if they are ; A
not shickled by Earth’s magnetic T 7
m[:’t “ 7 : : I / * SPEs much more
= raction causes a wide range of 1 . s .
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ason the ground). p v can cause a significant
* Effect of GCRs generally much L" dose at high altitudes
greater than SPE

Typical cursing altitude of jet
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Solar wind protons
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Extenor of Spacecrafi
& EVA Intenior of Spacecraft

STS: 1to5 g,:'cm3 _>i<_>|

MIR: 81to 15 g/cm?

Primary Particles

e stopped Dose contribution
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Space radiation environment inside and outside spacecraft
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Photoelectric effect Nuclear photoelectric effect  snion”
A photon ( few eV) interacts with ™ i iah-
: : f : ) : A photon ( few MeV) interacts In pair-production effect, a high
a bound electron in an atom.
Wb Aielashilnan o energy photon near a nucleus

gives up its energy to produce

an electron-positron pair
Compton inelastic scattering Thomson elastic scattering

Coherent scattering

(Thompson scattering)

Annihilation

The Compton effect is essentially a Thomson scattering is the elastic
collision between a photon and an Scatlerlng ol clectiomagnetic Interaction of particle and
electron radiation by charged particle antiparticle with photon creation

L5



Excitation

/- N Xeray

A bound electron is promoted from its atomic

orbital n/ to a less tightly bound orbital n’l’, and
the incident electron loses energy

Elastic collisions

An electron interacts with the atom or its nucleus as a

whole. The energyymomentum are redistributed, but
no ionization or excitation occurs

lonization &

£ Nasa sort®

A bound electron is ejected from the atom

Bremsstrahlung

An electron emits radiation as it accelerates/
decelerated within the atom or solid

according to the Maxwell equations.

Cerenkov radiation: electromagnetic radiation emitted when a charged particle passes through an insulator at a
speed greater than the speed of light in that medium. The characteristic "blue glow" of nuclear reactors is due to

Cerenkov radiation.

16



Inelastic scattering

The nucleus is excited which is followed by the
emission of radiation.

Radiative capture

The incident neutron is absorbed into the nucleus

\ o
£ Nasa sort®

No internal excitation of the nucleus occur, takes
place mostly between fast neutrons and low atomic
number elements (“billiard ball effect”)

Fission

Dissipation of energy in the fission reaction can
cause ionization of the medium

17



The processes described above often leave the atom or ion in an excited state

Radiatiove decay are fluorescence (fast) and phosphorescence (slow), that involve

relaxation of the excited state by other means, so that the energy of the emitted photon

can be much smaller than of the primary photon or other ionizing particle

Auger processes release additional electrons from the system. Auger processes can

occur in cascades, where the system decays step-by-step to lower energy states, in each

step the inner-shell holes move towards outer shell and additional electrons are emitted.

exitation

Huorescence

N

couplage spin-orbite

/-

phosphorescence

S=1

emission

® eAuger

lonization
~ threshold
—&@—=— valence

——@— shell

|

—9@—@— core level
Auger
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1 Absorbed dose is the concentration of energy deposited in tissue as a result of an $ rnsnsone”
exposure to ionizing radiation
_ . - D-dose
Neurobeh Id t
(aiizce)ty?f:t\i/é%r:, pee:fgerx::e) ) qu(—dE [dx)Ax ° dE - ¢ —fluence
Cataract formation D=———" = QD(_ _) - p- density
Damage to quiescent pAAX pdx e iea
neural stem cells in the
hippocampus
I(:r::g:rsﬁgk F{ s 7€ Degenerative damage to X-Ra - er’: g.:
ihe clrediatory system 2. Equivalent dose is used e
to assess how much oy e 0%

Prodromal effects b|olog|ca| damage IS B 'o .

P Ws— such as nausea
N NN vomiting

o WnE. )
A expected from the . w? ,;(.___:..-.:"
S absorbed dose. (Different L YL
o 2°°%H
types of radiation have ...C:? S iR

different damaging LR 3

properties.) Teas, 008 &
Gonads susceptible e %9,
L XL
to cancer and genetic _’V..-‘ L
Skin burns germline mutations e :
Crangestobore. /L Y’ 3. Effective dose is a calculated value, measured in
microarchitecture I~/ mSv, that takes three factors into account:

- the absorbed dose to all organs of the body,
- the relative harm level of the radiation, and
- the sensitivities of each organ to radiation.
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Dose which may cause
symptoms of radiation sickness

Average annual exposure
{0 astronauts working on
the Intemational Space
Station (150 mSv)

Typical chest CT
scan (7 mSy)

Average annual dose from natural

background radiation in Canada (1.8 mSv) §

Typecal chest
x-ray (0.1 mSv)

cross-Canada
flight (0.02 mSv)

Radiation Dose
(millisievert: mSv)
1,000

500

{ O
o Nash oS

Annual dose limit for persons
carmying out emergency work

2 (500 mSv)

Five-year dose limd
for nuclear energy
workers (100 mSv)

Annual dose limt
for nuciear energy

workers (50 mSy)

Typical annual dose received
A by a worker in a uranium mine
or nuclear power plant

in Canada. (1 mSv)

Typical dose from living one year within a
few km of an operating nuclear power plant
in Canada (0.001 mSv)




Astronauts Protection
L g

Astronauts receive the highest occupational radiation
exposure

Effective protection needed to ensure the safety of the
astronauts on long duration missions.

NASA's manned spaceflight missions have taken place
within the Earth's magnetosphere(except for the Apollo
missions to the Moon.

fats Al 5 S R The radiation levels of Solar Proton Events that occurred during the Apollo

Between the Apollo 16 and 17 missions( August 1972 :

=
o
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@
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<
2

the crew of Apollo 16 had returned to Earth in April -
e | e repa ing | gx
91
' 3
| i:o'g
T r r~10?
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- A number of parameters affect astronaut exposure to radiation.

the structure of the spacecraft,
the materials used to construct the vehicle,

£
the altitude and inclination of the spacecraft, _, \f“\\
the status of outer zone electron belts, N
geomagnetic field conditions, 4

solar cycle position,

1.

2

3

4

5. the interplanetary proton flux,
6

7

8. EVA start time and duration.

considers all of these parameters in order to ensure that radiation exposures

received by the astronauts remain below established safety limits. Specific components of
this responsibility include:

(Console Operators Group)
- Providing radiological support during missions.
- Projecting pre-flight and extra-vehicular activity (EVA) crew exposures

- Evaluating radiological safety with respect to exposure to isotopes and radiation
producing equipment carried on the spacecraft
(Physics Group)

- Maintaining comprehensive crew exposure modeling capability.

- Providing radiation instruments to characterize and quantify the radiation environment
inside and outside the spacecraft

22



Console Operations Support
24 hours Contingency Support

4 hour/day Nominal Support

Operational Space Weather
Information Flow
Providing radiological support during

IVA
" Astronaut

Mission o
Commander ~—  Astronaut
CAPCOM ) missions:
N 3 HOANTIROS

R Flight Director . BY * Projecting pre-flight and extra-
j’__,ﬁ: i . vehicular activity (EVA) crew

TR s" Flight Surgeon .: exposu res
- Evaluating radiological safety with
respect to exposure to isotopes and
radiation producing equipment

SRAG :..
> e
carried on the spacecraft

4
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The vehicles

Long Duration/Habitats/Large Mass Vehicles Transportation/Low Mass Vehicles
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TECHNOLOGY FOR DOSIMETRY & SPECTROSCOPY

IV-TEPC: Intra-Vehicle Tissue Equivalent

Proportional Counter
Broad sensitivity micro-dosimeter
Made of A150 tissue equivalent plastic spheres(3
mm) filled with tissue equivalent gas (low density
propane)
- Main alerting instrument on ISS

RAM: Radiation Area Monitor
- Planned for EM-1, but not for EM-2
- Each RAM consists of a small Lexan holder
with 24 wells to accommodate the standard
commercial TLD chip

CPD: Crew Passive Dosimeter
- Uses same technology as RAM;

Dosimetry

ety ou}};»wgl? Sy




Spectrometers

REM Radiation Event Monitor
limited particle + dosimetry

« uses Medipix technology with the expectations of

creating the first personal space radiation dosimeter

* current radiation sensors must be returned to Earth for

analysis, but the REM could provide dosage data more
quickly.

* instruments provide high-spatial/contrast measurements

for energy deposition along a particle’s track;

sensor chip (e.g. silicon,
/

/
high resistivity n-type silicon //
/ /

BIRD: Battery-operated Independent

Radiation Detector

« limited particle + dosimetry;

« the Timepix assembly is mounted permanently to the
carrier board

 first in-house built Timepix-based detector;

« successfully flown on EFT-1( december 2014)

ProcessorBoard

Battery
Assembly

HERA: Hybrid Electronic Radiation Assessor
« limited particle + dosimetry

« based on timepix technology and REM heritage

« will be integrated into vehicle

« will provide real-time data

26

HERA is composed of a
HERA Power Unit (HPU)
and
Several HERA Sensor Units (HSU)




TECHNOLOGY FOR DOSIMETRY & SPECTROSCOPY

Spectrometers

Particle ID

CPS: Charged Particle Spectrometer

« current technology is ISS-Radiation Assessment Detector
(a\D)

 is heritage-design from Mars Science Lab/RAD

NS: Neutron Spectrometers

 |SS-RAD:Fast Neutron detector - FND ( natural boron loaded
scintilator),

« Fast Neutron Spectrometer —FNS (uses special glass fibers loaded
with Lithium to absorb the slowed neutrons and produce a small flash of
light unique to the neutron capture process);

« technology from both will mature for future habitat

- | detecting protons and

MPT: Miniaturized Particle Telescope
* low mass/power/volume particle spectrometer;

» stack of two-sensor TimePix detector capable of:
higher Z ions at ene

detected ion

rgies from a few to >100 MeV/n




g‘

MSL/RAD (on Mars)

BIRD (EFT-1)

o0
-

Flux measurements will be used in updating
GCR model.
- Reduces uncertainty.

Flux measurements used to benchmark
transport of GCR through Mars surface.
- Helps identify source of differences in
transport codes.

dE/dx spectra to be help improve APS/AES.
- Reduces uncertainty.

Flux measurements to help renormalize
model and/or identify model discrepancies.
- Reduces physics uncertainty in risk
assessment.

28



BFO dose equivalent, rem/yr

Beam measurements and multi-
code benchmarks used to
identify an optimal shield
thickness for vehicle
optimization and quantify
uncertainty in thick shield
transport calculations.

- Helps identify source of data-
model differences for ISS.

Annual limit

= Aluminum shield
(p=27 g/cm3)

Walter shield —\
\

~ Liquid hydrogen 3
/' shield (p=0.07 g/em”)

10 20 : 40

; , 2
Shield thickness, g/fcm”
Figure 6. Shielding effectiveness of GCR at zolar minitmum.

Feb. 1956

BFO dase squivalent, rem

Nov. 1960

Aluminum shield thickness, gfem™

Figure 9. Shielding effectiveness for three of the largest golar
proton events.

TASA-Space Radiation:
~Biee : Ndtliona
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nasa.gov/sites/default/files/14-271.jpg

Environment
models

Shielding
models

Radiation
transport
models

Exposure &

Biological response

nasa.gov/centers/johnson/slsd/
about/divisions/hacd/hrp/about-
space-radiation.html

humanresearchroadmap.
nasa.gov/evidence/report
s/Carcinogenesis.pdf

\ o
£ Nasa sort®

%AHE
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Why do we need so many instruments?

' o
{ZASA Jo\,\“e

There is no single low mass/volume/power instrument that does everything:
« TEPC and IV-TEPC - They provide dosimetry and measure lineal energy transfer

« Qur newer instruments are developed for particle detection/spectroscopy.
« Timepix-based - used for dosimetry and dE/dx.

« MSL/RAD and ISS-RAD - The use of energy deposition in different layers can be
used to provide LET (deposited energy per unit path-length), and dosimetry in
different layers.

. - Gamma and neutron spectroscopy can be performed by use of detector
response functions and advanced software;

'ISS-RAD features an additional neutron detector for lower e




How does data improve modeling?

' o
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Measurements on Mars and inside ISS identify problems in the models that NASA uses for design
and ultimately in risk assessment.

Mars has a thin atmosphere and a thick regolith;

 MSL/RAD is minimally shielded by the Curiosity rover.

Data-model discrepancies in flux measurements and dosimetry can be caused by the GCR
model or transport.

ISS has a very complex structure and the environment is composed of GCR and trapped/SAA.

Data-model discrepancies in flux measurements and dosimetry can be caused by the GCR model,
trapped model, shielding, and/or transport.

* Minimally obstructed measurements help correct/improve environment models.




Atmosphere models [info]
Density and Temperature Models

e Exospheric H Model [info, ftp]
NRLMSISE-00 Model [info, RUN
ftp, link]

MSISE-90 Model [info, ftp, RUN ]
MSIS-86 Model [info, ftp]

MET Model [info, ftp]

CIRA: Thermosphere [info]
CIRA: 0 km to 120 km [info, ftp]
OLDER MODELS (pre-1985)

Wind Models
e Horizontal Wind Model (HWM) [info, ftp]

lonosphere Models [info]
General Models

e Incoherent Scatter Radar Models [info]
e [RI[info, ftp, RUN ]
Electron Density Models

e PIM Model [info]

e FAIM Model [info]

e SLIM Model [info]

e OLDER MODELS (pre-1985)

F2-Peak Models and Applications

e \WBMOD lonospheric Scintillation Model [info, link]
e URSI foF2 Model Maps [info]

e OLDER MODELS (pre-1985)

Electron Temperature Models

e Hinotori Model [info]

e Intercosmos Model [info]

e OLDER MODELS (pre-1985)

lon Composition and Drift Models

e Intercosmos lon Composition Model [info]
e OLDER MODELS (pre-1985)

Electric Convection Field Models

Gravitation/Geopotential Models

e Earth Gravitational Model 2008 (EGM2008)
[ info, link]

Geomagnetic(Main) Field Models [info]
General Models

e IGRF Model [ ftp, info, link, RUN]

Miscellaneous Geomagnetic Field Models

e USGS Model Coefficients
for Continental U.S. and Hawaii [info]
GSFC Model Coefficients: All [ ftp], (11/87) [info], (12/83)
[info], (9/80) [info], (12/66) [info], (9/65) [info]
Summary Table
OLDER MODELS

Magnetospheric Field Models [info]

Toffoletto-Hill Magnetosphere Model [link]

Xu-Li Neutral Sheet Model [info, ftp]

User-Oriented Service Based on External and Internal
Geomagnetic Field Models [RUN]

Tsyganenko Magnetic Field Models

and GEOPACK routines [ info, link, url]

OLDER MODELS (pre-1979)

Solar and Interplanetary Space Models
Solar Reference Spectra

e Solar2000 Model [link]
e OLDER REFERENCE SPECTRA
Solar Energetic Particle Models

o Nymmik Solar Energetic Particles Model [link]
e JPL Proton Model [info]
e SOLPRO Model [info, ftp]

Cosmic Rays and Related Software

e Geomagnetic Cutoff Rigidity [info, ftp]
e Spacecraft Anomaly Data Base [info]
e CREME Programs [info, link]

Planetary Models [info]

Heppner-Maynard-Rich Electric Field Model [info, ftp]
IZMIRAN Electrodynamic Model (IZMEM) [info, link]
Utah Electric Convection Field Model [info]

OLDER MODELS (pre-1985)

Auroral Precipitation and Conductivity Models

e AFGL lon Precipitation Model [info]
e AFGL Electron Precipitation Model [info]
e Rice Electron Precipitation Model [info]

Miscellaneous Auroral Models

e Auroral Absorption Model [info]
e Auroral Oval Representation [info, ftp]

Plasmasphere Models

Akebono Model [info]
IMAGE Model [info]
IZMIRAN/SMI Model [info]
GPID Model [info]

GCPM Model [info] link

Trapped Particle Models [info]

VAMPOLA PROGRAMS [info]

SHIELDOSE [info, ftp, link]

RADBELT [ info, ftp, RUN ]

AE/AP Trapped Particle Flux Maps [info, ftp]
OLDER MODELS (pre-1985)

General Models

e EPIC general circulation model [link]

Venus Models

e PV lonosphere Model [info, ftp]

e PV Thermosphere Model [info, ftp]
Mars Models

e Mars General Circulation Model (GCM). [link]

Jupiter Models

e Galileo Interim Radiation Environment (GIRE) model [link]

Other Model Related Sites

e NASA's Community Coordinated Modeling Center (CCMC)
[link]
ESA's SPace ENVironment Information System (SPENVIS)
[link]

e Open Channel/COSMIC software depository [link]

e Rice University Space Weather page [link]

e URSI'99 Session on lonospheric Data
and Models on the WWW [link]

Older Models:

Older Atmospheric models [info]
Density and Temperature Models

e U.S. Standard Atmosphere [info]
e Jacchia Reference Atmosphere [info, ftp]
e Atmospheric Handbook [info, link]

Older lonosphere Models [info]
Electron Density Models

e Chiu lonospheric Model [info, ftp]
e Bent lonospheric Model [info]
e Penn State Mk Ill Model [info]

F2-Peak Models and Applications

CCIR foF2 and M(3000)F2 Model Maps [info]
ISS-b foF2 Maps [info]

MINIMUF/QSTMUF Model [info]

IONCAP Model [info]

Electron Temperature Models

e Density Dependent Electron Temperature Model [info]
e AEROS Electron Temperature Model [info]
e AE/ISIS Electron Temperature Models [info]

lon Composition and Drift Models

Older Trapped Particle Models [info]

e MODEL Program [info]
e FLOUT Transformation [info]
e SOFIP [info]

Older Gravitation/Geopotential Models

e Older Earth Gravitational Models Earth Gravitational Model
1996 (EGM96) [info],

Older Geomagnetic(Main) Field Models [info]
Miscellaneous Geomagnetic Field Models

e Jensen-Cain Model Coefficients [info, ftp]

e POGO Model Coefficients: (3/68) [info],
(10/68) [info], (8/69) [info], (8/71) [info]

e AWC (75) Model Coefficients [info]

e IGS (75) Model Coefficients [info]

e MGST Model Coefficients All [ ftp], (6/80) [info],
(4/81) [info]

Older Magnetospheric Field Models [info]

e Olson-Pfitzer Field Model [info]
e Mead-Fairfield Field Model [info]
e Geotail Field Model [info]

SON, ALL T WANTED
WAS A CuP OF
COFFEE TO START
™MY DAY,

© 2000 54 Aend gt by Lnietrss Pross Synicate

http://ccmc.gsfc.nasa.gov/modelweb/
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INTERNATIONAL
A | SPACE STATION
SR = SPACE LAUNCH
% o | \ \‘\n < .\ m (s‘-S)
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SOLAR | ASTEROID
ORION ELECTRIC | REDIRECT
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COMMERCIAL
CARGO AND CREW
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HIIMAN EXI’I.OHATION

NASA’s Journey to Mars A
EARTH RELIANT  PROVING GROUND * MARS READY
MISSION: 6 TO 12 MONTHS ~ MISSION: 1°T0O 12 MONTHS MISSION: 2 TO 3 YEARS
RETURN TO EARTH: HOURS RETURN TO EARTH: DAYS .~ RETURN TO EARTH: MONTHS

Mastering fundamentals
aboard the International % B
Space Station Ay g
: . | . ' r , - ¥ f . \
. g "
| | Expanding capabilities by Ry W
U.S. companies * visiting an asteroid redirected € N\
provide access to : to a lunar distant retrograde orbit 4 o

- low-Earth orbit

" The next step: traveling beyond low-Ea
| orbit with the Space Launch System
www.nasa.gov . rocket and Orion spacecraft

Developing planetary independe.nce
- by exploring Mars, its moons and
other deep space destinations

2




PROVING GROUND

2018 - 2030

« Regular crewed missions and
spacewalks in cislunar space.

++ Verify deep space habitation and
_ conduct a yearlong mission to
validate readiness for Mars.
. Demonstrate integrated human and
robotic operations by redirecting
and sampling an asteroid boulder.



%.NGS
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Curiosity Rover

§ O
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cremcam MSL Science Payload

(CheMin, SAM
inside the rover)

Mastcam

MAHLI
APXS

Brush

Drill / Sieves
Scoop




Recal
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(RAD) is a particle
analyzer designed to characterize the full spectrum of
energetic particle radiation, including galactic cosmic
rays (GCRs), solar energetic particles (SEPs),
secondary neutrons and other particles created both in
the atmosphere and in the Martian regolith.

Detector Material Type Purpose

("(".\ ’j(.,.\ [ | (VV\'\;r'<-'wy\:r"r\-
VUV I/ W)L ¢ 19 ) (@ . \.1 L.,"( \ ¢

SPECILIOSCOPRY

ANTI-CoINCIdence

42



Charged Particles

e Charged particles entering RAD from the top
deposit energy in solid-state detectors A, B,
and C.

e Valid charged particle events occur in a view
cone of about 65 degrees (full angle), defined
by the A and B detector telescope geometry

(see animation below).

Charged Particle Channel
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Particle Types
Charged Particle

£ Neutral Particle (gamma)

£ Neutral Particle (neutron)

Neutral Particles

Neutral particles are detected when energy is
deposited only in the D and/or E detectors.

An anticoincidence shield (F) surrounds the D and
E detectors to discriminate valid neutral particle
events and charged particle events which deposit
energy in F as well as D and/or E .

Charged Particle Channel
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Neutral Particle Channel
®
Gamma Ray Detector
(E\)
Neutron Detector
)

F )
~ Anti-Coincidence Shield

Particle Types

Charged Particle
£ Neutral Particle (gamma)

© Neutral Particle (neutron)



Solid Bars: Fully Identified (Charge & Energy)
RAD Energy CO Verage Dotted Bars: Partial Identification by Energy Loss
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Primary GCR spectra, exemplarily for hydrogen (Z = 1), helium (Z = 2), carbon (Z = 6), and iron (Z = 26),
for the time between August 2012 and January 2013 as described by the DLR (Matthia et al. 2013) and
Badhwar/O’Neill 2010 (BO-10) (O’Neill 2010) models.
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Neutral particle spectra (all incident angles) on the Martian  Data for zenith angles smaller than 30° on the Martian
surface measured between 19 August 2012 and 17 February surface measured between 19 August 2012 and 17 February
2013 compared to different simulation results. 2013 compared to different simulation results.
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Neutral particle spectra (all incident angles) on the Martian  Data for zenith angles smaller than 30° on the Martian
surface measured between 19 August 2012 and 17 February surface measured between 19 August 2012 and 17 February
2013 compared to different simulation results. 2013 compared to different simulation results.
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Particle spectra for zenith angles smaller than 30° on the Martian

surface measured between 19 August 2012 and 17 February 2013

and calculated for the same period by different simulation tools. RO ----52
10

= |— GEANT4
£=|— HZETRN/OLTARIS
: |—PHITS

dl/dE [1/cm?/s/st/(MeV)]




‘2”‘}0137? %
CPD Mg
o ; Detector Material Type Purpose
CPD - similar design to MSL-RAD
: 1 :
FND - a dedicated neutron detector. A BT, C Si

Started collecting data on 1 Feb.
2016.

SSD; 300um thick

D BGO?2 Scintillating

Calorimeter

EJ260XL3 Scintillator

EJ260XL3

Scintillating Anti-
coincidence

Charged particle
spectroscopy

Energy resolving
detector

High-energy particle
measurements

Anti-coincidence
counter

1. B/E - cyclic, omnidirectional charged particle dosimetry
2. Bismuth Germanium Oxide.

3. Plastic scintillator.
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« Johnson Space Center is the focal point within NASA for crew radiation health
protection.

« JSC engineers and scientists are working together on a variety of topics ranging
from measuring biological effects to physical environmental model development

 The goal is to improve the quantitative understanding of risks to astronauts due to
radiation exposure during spaceflight.

« Special instrumentation provide the means
to quantify crew doses.




