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2.
1.
2.1
( )
1
(Electromagnetic Radiation)
(Particulate Radiation)
. ’ 3 ) ’ X ’ y
( ) o O)
(Radiation Source)
, , (Inverse
Square Rule). (
)
« ) () :
( ) , , (Nuclei) ,
, (TID : Total lonizing Dose Effects)
(SEE : Single Event Effects)
(Transport) ,
. 3 2.2
3 (Monte Carlo)
(Van Allen Belt), (Solar Flares)

(Galactic Cosmic Rays)
NASA
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Hazard)

1 , , .

( ) , , (Spacecraft Charging,
: ( ): ): ( ; ,
), ( ,

2 ), ( , lon Sputtering,
, (GEO), (HEO), (MEO), , O-+erosion),
(LEO) ( , Scintillation :

3 (Space , , Wave Refraction)

1. I11
Radiation Description

Electromagnetic (EM)

Particulate

4 o

Alpha particles
Helium nuclei

Beta particles
fast electrons

Gamma rays
electromagnetic
radiation

X-rays
electromagnetic
radiation

B
Y
X

Cosmic rays
assorted particles
from neutrons and
protons to
massive nuclei

@oogg .

TheABC'sRadiation
SpaceResearchFall2001,
OfficeofBiologicaland
PhysicalResearch,
http://spaceresearch.nasa.gov

? Characterized by A andC,highflux,lowenergy

- waves or streamsofmasslessparticles traveling inawave-likefashion
andeachcarryingenergy(photons)

? Decay at 1/x* fromthesource

? Primary source isthesun(solarwind)

?Radio, IR,light,extremeUV,X-rays

? Gamma (y) rays are most abundant and originate outside the solar system

? Characterized by mass and V2, lowinflux,highenergy
? HZE particles (cosmic sources)
- High Mass and Energy (Z = atomicnumber,E=energy)
? SEPs ? Solar EnergeticParticles, also SPEs Solar ParticleEvents
? GCRs ? Galactic Cosmic Radiation (neutrons, protons & nuclei)
medianvelocity is~0.95C
? Electrons, protons, neutrons andnuclei
? Rangesfromhelium to uranium, with peak in abundance of iron
o — heliumnuclei (solar andgalactic)
B -electrons(sunandvanAllenbelts)
? lonizing radiation ? dislodgedelectron,capableofproducingchargedatoms
(ions) as passes through matter
? UV isnon-ionizing

Trapped Belt

Radiation | 2van AllenBelts(innerl-3xEarthRadii,outer4.5-10x)

-VerifiedbyExplorer 1 (31Jan58)
?SAA ? cusp in VanAllenBelts
~90%ofexposureinLEOoccursintheSAAregion

Solar Flares
? EM waves reach Earth in ~8.5 min

? Magneticcloud (particulates) reachesEarth2-3dayslater
? SolarMaxmoderatesGCRsbutincreasesSEPs
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s Solar wind protons

Auroral electrons
g
o 1010 | e
g ipped elecirons
= Trapgred protons K

{pater zone)

é s Trapped
B
g
4
g
[=

(inner za

Sokar storm probons

100 | Solar flare protons

fl:i-dm.i.v:_msmi.cr?ya
1. [2] 2. The VanAllen radiation beltsandtypical sateliite orbits[3]

Space | Spacecraft Single-event Total Surface fo:‘:l'tﬂtzgﬂ

hazard charging effects radiation dose | degradation sz
munications
) - _|Trapped Trapped lon | Wave

Specific Cosmic : Solar J Solar O* | Scintil-

s Surface||nternal r?idal:li- particle radia- particle sputter- lation refrac-
LEO <60°
LEO =602

MEO

GPS

GTO

GEO

HEO

Inter-
planetary

- Important - Relevant Mot applicable

Crozglink Summer 2003, An Dwerview of the Space B adiation Environment, J. E. bMazur

3. Spaceenvironment hazards for typical orbits. [3]

Key : LEO<60°?lowEarthorbit,lessthan60degreesinclination;
LEO >60°? low Earth orbit,morethan60degreesinclination;
MEO? medium Earth orbit; GPS? GlobalPositioning Systemsatelliteorbit;
GTO? geosynchronoustransfer orbit; GEO? geosynchronous orbit;
HEO? highlyellipticalorbit;0"? atomicoxygen.



2.3

2/2(2004)pp.89~94

Damage),
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2 2 b
(TID), (Displacement
2.Radiation Effects and Parameters[4]
Effect Parameter[Units] Examples Particles

Total ionizingdose
(TID)

Displacement
damage

Singleevent effects
From ions

Singleevent effects
fromnuclear
reactions

Payload-specific
radiation effects

Biological damage

Charging

lonizingdosein material
[grays(Gy)orrads
1Gy=100rads]

Displacementdamage

dose

[keV/gornon-ionizing Gyor
rads]

Equivalent fluenceof10
MeVprotonsorlMeV
electrons

[cm™]

Eventsperunitfluence
from linearenergytransfer
(LET) spectra&cross-
sectionvs.LET

[cm® vs. MeV cm¥gm]

Eventsperunitfluencefrom
energyspectra &
cross-section versus particle
energy

[cm? vs. MeV]

Energy-loss spectra,
charge-deposition spectra
[counts s™* MeV™]

Doseequivalent =
Dose(tissue) x Quality
Factor

[sieverts (Sv) or rems
1Sv=100rem]

Charge
[coulombs (C)]

Thresholdvoltageshift and
leakagecurrentsinCMOS,
linear bipolar(notedose-rate
sensitivity).
Damagetomaterials.
Creationofcolourcentersin
opticalmedia.

Allphotonics,egCCDtransfer
efficiency, optocoupler gain
Reductioninsolarcell
efficiency

Memories, microprocessors.
Soft errors, latch-up, burn-out,
gate rupture, transientsin
op-amps,comparators.

As above

Falsecountratesindetectors,
falseimages in CCDs

DNArupture,mutation,cell
death

Phantomcommandsfrom ESD

Electrons,protons,
bremsstrahlung

Protons, electrons,
neutrons, ions

lons

Protons, neutrons

Protons, electrons,
neutrons, ions, induced
radioactivity(a, B*, y)

lons, neutrons,
protons, electrons

Electrons
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3.1

(Top-level
Radiation Environment)

(Nominal Aluminum Shield Thickness)

(Orbit-averaged Particle Flux
Spectra)

(Dose-depth Curve)

).
? SPENVIS (ESA/ESTEC & BIRA-IASB) [5]
? SPACE RADIATION 5.0 [6]

3.2

(TID)

( : Deterministic
Method,
Monte Carlo or Stochastic Method)

? (3D Sectoring/ray trace)

2/2 (2004) pp.84~94

- SPENVIS Sectoring Tool [5]

- ESABASE/RADIATION package [7, 8]
- SIGMA 1l [9]

- MEVDP [10]

? (Monte Carlo)

- NOVICE [11]

- GEANT4 [12]

- FLUKA [13]

- HETC [14] and LCS(LAHET) [15]

- HZETRN [16]

- MCNPX [17]

- MULASSIS(SPENVIS & GEANT4) [5]

Mim=nn spescicnn .
e -

I, S— o el
Tompeia charged partce Pt
pimdnd At

ELIH P T rancels
TH b 8 - B L] L8 Tannve
P | TE
T ws-onangy spocia | i Prochalss
. L
- Flam spescien Msbsank godf o
[eiTedTy g aben | S —
adiition 4
Tarspor N '":‘Z:il
-.:--_ E, .'n'.-
-r ¥ ¥
Serpgucrsiry Revenfiolony
mdiadion artspo C .
e e and desa compuialion
orrie: Cawin)
b Li
gRarmEtry Desie-sopith bane
& mercrial
sperhra
N N
| k] -angis

4 iRy

* Deseataposl &

4. Radiation transportanalysisoverview[18]

3.3

3 (3D Sectoring/ray trace)
ESABASE/DOSRAD, SPENVIS
Sectoring Tool, SIGMA I . ESABASE/
DOSRAD

SHIELDOSE
ESABASE/DOSRAD
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5 (Ray Trace) d(ti) (Sphere)
(Solid-angle Sectoring Method) (Dose-depth Curve) ti ,
Qi :
( ) . 6 DOSRAD
(ti) . . 7 DOSRAD

ESABA SE/RADIATION

Damage-equivi
(EQFRUX)
Radiation dose com;

tien (SHIELDOSE)

Farticle fluxes . Dose-depth cu{. . quivalent qia o
N N -
\\f____ S & -
N
6. DOSRAD 7. ESABASE/RADIATION 1191
SPENVIS Sectoring Tool SIGMA I
3 . . SIGMA 1l 100
3
SPENVIS Sectoring Tool
SPENVIS Sectoring Tool 6
( )
5 6 KOREASAT 1/2
2005SAT ( , MEVDP(Modified Elemental Volume
, , ) Dose Program) RSICC

SPENVIS Sectoring CODE PACKAGE CCC-157
Tool
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3. SPENVIS SectoringTool
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SIGMA |l
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8. 2005SAT Model

9. A Simplified2005SATModel



(Spot Shielding)

, (Bremsstra
hlung Angular Scatter), (Secondaries)
(Background Particle

J19]

Levels)

3.4

NOV

ICE, GEANT4, FLUKA, HETC, HZETRN, MCNPX,

LCS (LAHET), MULASSIS(SPENVIS & GEANT4)
. NOVICE MULASSIS

(Random Sampling)
(Electron) ,

2/2(2004)pp.89~94

(Electron's Path)

91

(Electron Energy Loss)

bution)
(Section Length)

(Goddard Space Flight Center)

1,024

( )

Primary Particles

Spacecrafl Siructure,

Frolons (from repped (54A&), GCR, SPE, Aloedo)

(Scattering Distri

NASA GSFC

(Target)
1,024

[20]

He ruclei & HZE perticles (fram GCR, ranely from SPE)

Elaglroas (fram trapped)
SNautrons (from Abada)

AR AR uo e Ay Ao B eseL Ty dysg e iy

Equipment. Supples..

Secondaries
rELTrans nuglear ineractons
profons eiastic soatering
nelaslic
ool rcl e erodon and HZE mduced

{arget fragmentaton
projactila fragments  HIZE projactila
Tragmentaiion
i, uo ey ete. nuckear inkeractions, peir
production, ate,

<1 keiam
10— 100 ketitam
100 — 1200 kevfum

10 — 1200 kaWium

=1 Reium

10. The transportofprimaryradiationthrouahthespacecraftstructure andcontentsandtheaenerationof secondaries. 211
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NOVICE
NOVICE 3
(Reverse Monte Carlo Program)
1,024

.[20]

GEANT4
GEANT4

GEometry ANd Tracking GEANT4 'Toolkit'

CERN (European
Laboratory for High-Energy Physics)
40 100

http://mwww.space.qginetig.com/
geant4/geant_dv.html
GEANT4
Sector Shielding Analysis Tool (SSAT)
SSAT
(Ray-tracing)
SSAT

(Boundary Crossings)
(Fictitious Geantino Particle)

SSAT (Source code)
GEANT4
C++ LINUX
Windows PC

2/2 (2004) pp.84~94

FLUKA

FLUKA  “Fluctuating Cascade”

FLUKA

(Heavy lon; nuclei with > 2)

FLUKA
[22]
HETC(High Energy Transport Code) and LCS(L
AHET: The Los Alamos High Energy Transport)
Oak Ridge National Laboratory ,
HETC
Particle)

(Primary
(Secondary Particles)

(Particle Cascade)
GCR

23] LCS(LAHET Code System)
HETC
20 TeVv
. LCS ,

3-D
(Induced lonizing
Radiation Environment)
(Radiation
Background)
FORTRAN 77
[17] [26]

HZETRN(A Heavy lon/Nucleon Transport Code
for Space Radiations)

(Deep Space) ,

NASA
LRC (Langley Research Center) HZETRN
HZETRN
(Cross sections)

http://see.msfc.nasa.gov/tda.htm



An Efficient HZETRN (A Galactic Cosmic Ray
Transport Code) NASA Technical Paper 3147

MCNPX(Monte Carlo N-Particle Transport Code

System)
MCNPX  CCC-660/MCNP4B

Los Alamos National Laboratory
APT(Accelerator Production of Tritium)

3

[24, 25]
MULASSIS(SPENVIS & GEANT4)
MULASSIS(MUIti-LAyered Shielding Simulation

Software) 1 ,
(Incident Particle Source) GEANT4
Toolkit .
(
Elemental/lsotopic )
GEANT4
, , ' Y » A
SPENVIS
SPENVIS

, /
(Non-lonising Energy Loss, NIEL)
(Pulse Height Spectrum,
PHS)

[27] [28]
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(Preliminary Phase) (Verification Phase)

.[29]

SPENVIS  SPENVIS Sectoring Tool

PC
SPENVIS Sectoring Tool 6

GEANT4, MCNPX LCS
ESABASE/RADIATION  NOVICE

. GEANT4
, Windows

. MCNPX LCS

NASA Office of Biological and Physical
Research (OBPR) NASA
Space Radiation Shielding Program
NASA Space Radiation Transport Code Development
Consortium

NASA

(2007 4 ).
HETC FLUKA
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(Heavy lon Transport)
HZETRN 3

.[30]

FLUKA : Fluctuating Cascade

GCR : Galactic Cosmic Rays

GEANT : GEometry ANd Tracking

GEO : Geosynchronous Orbit

GPS :Global Positioning System

GTO : Geosynchronous Transfer Orbit

HEO : Highly Elliptical Orbit

HETC : High Energy Transport Code

HZE particles : HighMassandEnergy(Z=atomic
number,E=energy)

LAHET : Los Alamos High Energy Transport

LCS : LAHET Code System

LEO : Low Earth Orbit

LET : Linear Energy Transfer

MCNPX : Monte Carlo N-Particle Transport Code

System

MEO : Medium Earth orbit

MEVDP : Modified Elemental VVolume Dose Program

MULASSIS : MUIti-LAyered Shielding Simulation

Software

NIEL : Non-lonising Energy Loss

OBPR : Officeof Biological and Physical Research

SEE : Single Event Effects

TID : Total lonizing Dose Effects

1. http://www.colorado.edu/ASEN/asen5016/17-Rad.htm

2. Transport Methods andinteractions for SpaceRadiations,
NASA RP-1257, December 1991

3. An Overview oftheSpaceRadiation Environment,
Crosslink Summer 2003 Vol. 4 No. 2

4. E. Daly, P. Nieminen, et al., Standards For Space
Radiation Environments & Effects, RADECS2003, 2003

5. http://www.spenvis.oma.be/spenvis/

2/2 (2004) pp.84~94

6. Space RadiationAssociates, http://www.spacerad.com
7. http://www.astrium.eads.net/corp/prod/
8. http://www.techcentreuk.power.alstom.com/
9. W. R. Yucker, Extended Capabilities of the SIGMA
Program, 1971, DAC Memo A3-830-BBFO-121
10. http://www-rsicc.ornl.gov/codes/ccc/cccl/ccc-15
7.html

11. T. Jordan, Experimental & Mathematical Physics
Consultants, Gaithersburg, MD, Report # EMP.L8
2.001, January, 1982

12. http://cern.ch/geant4

13. http://www.fluka.org/ http://pcfluka.mi.infn.it/

14. http://www.ornl.gov/
15. http://www-xdiv.lanl.gov/XCI/PROJECTS/LCS/index.
html

16. John W. Wilson, Sang Y. Chun, et al., HZETRN: A
Heavy lon/Nucleon Transport Code for Space
Radiations. NASA TP-3146, 1991

17. http://mcnpx.lanl.gov/

18. E.J.Daly,“The Radiation Environment; The Interaction
of Radiation with Materials,” computer methods ES
A, 1989

19. Hugh D. R. Evans, The Use of Space Radiation
Environment Models for ESA Mission Evaluations,
Symposium on Environment Modelling for Space-b
ased Applications, ESA, 1996

20. Christian Poivey, "Radiation Hardness Assurance
for Space Systems"”, NSREC, PHOENIX, 2002

21. E.R. Benton, E.V. Benton, Nucl. Instr. and Meth. in
Phys. Res. B 184 (2001) 255-294

22. L. Pinsky, J. MacGibbon, G.Badhwar, and T. Wils
on, "A Space Radiation Monte Carlo Computer
Simulationusing the FLUKA code", J. Geophys. Res.
(Accepted for publication)

23. http://www.itn.mces.pt/ICRS-RPS/oralpdf/ Wednesday
12/Session17_1/TownsendO4.pdf

24. , )
, , 2003

25. http://www-rsicc.ornl.gov/codes/ccc/ccc7/ccc-705.
html

26. http://see.msfc.nasa.gov/ire/model_lahet.htm
27. http://reat.space.qginetig.com/mulassis/

28. http://www.spenvis.oma.be/spenvis/help/models/
mulassis.html

29. Kenneth A. LaBel, et al., Emerging Radiation Hardness
Assurance (RHA) issues: A NASA approach for space
flight programs, http://radhome.gsfc.nasa.gov/radhome/
papers/RHA98.pdf

30. http://www.radiationshielding.nasa.gov/



