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m Geant4 Space Users
web page
— Users, publications,
news

— Feedback appreciated

m Space Users’
Workshops (since 2003)

= Hyper-news:

“Space applications”
forum
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and is intended for a range of applications in HER, medical field, and space physics and )
Geant4 Space Users engineering. ESA has kicked-off on
1st July 2008 a project
Gallery In the recent years, space and astrophysics has become a significant user category, with  aimed at further
Publications applications ranging from instrument and detector response verification to space radiation de\l-'ellopment of the
shielding optimisation, component effects, suppart of scientific studies, and analysis of AdJD“_“t Mante Carla
Resources biological effects, The various dormains include: technigue...
Read more...
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® Space electronics and Space Science detector systers
» Simulations of astronaut radiation hazards &th Geant4 Space
* Planetary exploration applications Users" Workshop
. Inter‘Ftac:es and tools ta spa.c:e environrnent analysis tools such as SPENVIS The 6th G4SUW will be
. CPSI‘HIC ray magnetospheric propagation analyses held in Madrid, Spain,
* Micro-dosimetry on 19-22 May 2009...

Large-scale simulations requiring event biasing and GRID capabilities

- L - Read more...
General shielding optimisation applications
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' Workshop

6th Geant4 Space User.

Madrid, 19-22 May 2009 #

m  ~60 participants
Wide range of interests and applications

m The following section contains an
arbitrary, non exhaustive selection of

contributions from the event
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ESA contract

. (QinetiQ, LIP,
ESA exploration programme BIRA, DHC,

SpacelT)

Physics:
— High energy — high Z ion interactions (radiation safety)

— Filling gaps identified in previous HSF-related studies, e.g. ESA
DESIRE (T.Ersmark, KTH)

— DPMJET2.5 interface

Tool development
— dMEREM
— eMEREM — addressing engineering requirements
— Active magnetic shielding

SPENVIS interface

Presented by P.Truscott at NSREC 2008, IAC 2008




Implementation of DPMIJET-II.5 model in Geant4

ESA contract
Priority to extend the high-energy regime of Geant4 to ultra-relativistic energies L
(QinetiQ, LIP,
Existing FORTRAN code DPMIET-II.5 to act as an event generator: 5GeV/nuc to 1E+11 BIRA. DHC

GeV/nuc

SpacelT)

Geant4 DPMIJET-IL.5 interface: GADPMIET2 5Model class now developed and tested,
covers projectiles from A=2 to A=58 on targets from A=2 to A=58

Currently extending this to projectiles from A=2 to A=240 on targets from A=2to A=240

After prompt nuclear-nuclear collisions, nuclear de-excitation treated using other Geant4
models (precompound, evaporation, Fermi break-up)

Total inelastic cross-section class GADPMIJET2_ 5CrossSection also created to estimate

mean-free-path between nuclear-nuclear collisions, and also covers projectiles from A=2
to A=58 on targets from A=2 to A=58

(similarly being extended to A=240)

Models used on Detailed Mars Energetic Radiation Environment Model (AMEREM) to be
presented
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m Fast, engineering tool ESA contract

= Response matrices (note: generated with FLUKA) l(g(?/?/iqn:tighge
m  Rapid calculation of Spac’elT) ’

— radiation particle fluence and LET specitra.
— radiobiological dose
m Available on ESA SPENVIS system

m Future work includes heavy ions contribution.

P.Truscott et al., NSREC 2008
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Jet Frooulsion Laboratory . et v =t Propulgion Laborat - 1 - i
cawrmin s ot Tenaonr JUNO Flight System cwmfprerdrajectory Through Radiation Belts
Solar Wing #3 Power at 1 Au (theoretical)” 15 kY ]
Power at JOI: 486 W +  Juno trajectory
— Hower at EONM: 428 W 3 CeCT
d e maR ‘ the Jovian radiation
) - - belts one day per
orbit
i | e S | "
20+ m Diameter ™
/ +  Early orbits are
relatively benign
= — 259% of the mission
T — TID received by
| Solar Wing #1 ¥ the FOrbit17
\ 7 4m wide x 6 NAm long, 91 Kg + Late orbits are severe
\ - s
k Perijove Passage through Jupiter's Radiation Environment =% Of‘fh& lgls"’_lo‘n
Solar Wing #2 WAVES Electric TID 1‘-3‘.{511n=j ‘0\ er
2.36m wide x 0.7m long; 99.6 Kg Antenna the last 4 orbits
Spacecraft: 1600 Kg dry mass; 302T kg wet mass May 20, 2000
May 20, 2008 Kang - 11 )

rational Aeronautics and Space

Administrabon
Jet Propulsion Laboratary

Californiz Institute of T2chnoloay (:TC‘H _1l -]' _\'I(_‘.' d C‘].

Initially, 10 pixels by 10 pixels detector was modeled and is being expanded

| Shawn Kang, t0 436 x 270. —T . Positive Detector

-

Insoo Jun, NV E
J P L . Negative Detector

\,

G4 Beam
Simulation
Example

"~ Substrate

Mary 20, 2009 Eang-21



Mational Aeronautics and Spaca
Administration
' JetPropulsion Laboratory

California Institute of Tznhno\He t“\ "\_’

LET B

[on Counter (HIC)

Mational Aeronautics and Space
Administration
Jet Propulsion Laboratory

California Institute of Technology

Geant4 Model

of radiation.

»  Monitor the flux of heavy 10ms (C to Ni) to gather information en this form

*  Compliment the science observation made by other Galileo instruments.
* Improve and extend observation made by the Voyager and Pioneer mission.

May 20, 2009

Kang - 32

m  Shawn Kang,
Insoo Jun,
JPL

LET-B

Four Detectors
LB1, LB2, LB3, and LB4
Logic example
LB1.LB2.LB3.ILB4

(Detected by LB1, LB2, LB3,
but not by LB4)

LET-E
Five Detectors

LE1, LE2, LE3, and LE5
Logic example
LE1.LE2.LE3

(Detected by LE1, LE2, but
not by LE3, LE4, or LE5)

Kang - 35
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JEO vs. GLL vs. Juno Mean Dose-Depth Curves

JEO 2008 Reference

== GLL End of Mission (J35) ||

—=—Juno

S oo
JEO Baseline Flight System

Three-axis stabilized with instrument
deck for nadir pointing

Articulated HGA for simultaneous
downlink during science observations
Data rate of 150 kbps to DSN 34m
antenna on Ka-band

Performs 2260 m/s AV with 2646 kg of
propellant

Five MMRTGs would provide 540 W
(EOM) with batteries for peak modes

Rad-hardened electronics with
shielding to survive 2.9 Mrad (behind
100 mil Al) environment

9-year lifetime

Healthy mass and power margins
(43%, >33% respectively)

1000
aluminum shield thickness, mil

The estimated TID radiation design environment for JEO is similar fo
the estimated end-of-mission Galileo environment

Parts Capabllltles

Radiation Requirements Comparison

Mission Duration 15 yr 6to 10 yr 9yr
Parts TID Capability <100 krad 100 to 300 krad 300 krad desired
S 500 krad 800 krad 2.9 Mrad
clEEIT oz @100 mil Al @100 mil Al @100 mil Al
[ | |nSOO Jun JPL Shielding , <100 krad
’ Effectiveness Down to <10 krad Down to ~20 krad very massive
J u plter E u ropa Orblter DD Dose Up to 6x10" eq.N/ecm? >2x10'2 eq. N/lem?2  2x10'2 eq. N/cm?

Planetary Protection No Requirement No Requirement Required
* GEO: Geostationary Earth Orbit; MEO: Medium Earth Orbit

JEO parts requirements are similar to MEO Military Satellifes, though
igni, ges




m  Engineering tools for the prediction of the environment
and effects/mitigation analysis

m  Proton and electron flux-maps in B-L* space
for the complete Jovian environment

m Development of models for the energetic ion environment
(helium, carbon, oxygen and sulphur)

Of relevance here:
m Review of radiation effects analysis tools (not only Geant4-based)

m Implementation of updated version of PLANETOCOSMICS

— trapped particle radiation incident upon the Galilean moons
— including consideration of the Jovian and local fields.

=  New tool based on genetic algorithms and MULASSIS

— optimisation of radiation shields in combined e~ and proton environment.

ESA contract

(QinetiQ,
Onera, DHC)




m  Mars, Jupiter

3 Planet selection - Mozilla Firefox

SPENVIS Project: MARSGEN
Model packages

Planet selection

YWarning: switching planet will erase all previous result files,

<< Cancel | | Swiitch »»

3 Planet selection - Mozilla Firefox

g —. SPENVIS Project: LAPLACE
| Model packages

Planet selection

Warning: switching planet will erase all previous result files.

[ << Cancel H Swiitch > l

= BIRA-LASE
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X- and gamma-ray missions




Geant4 in JAXA
Application to JAXA's Science Missions

Geotail
Detection efficiency estimation by
Geant4

P xw Celestial gamma-rays can

Spin axis / \ comes from any direction.
/ 3 // \\,
/ __,___—-5\—? — \'u
===
2 Coscon TR e et >

Sun -;l;:] — ﬂ.‘:‘} (.;;*-}zatu'];l;'..ttlll]'l- —

—— —

SGR 1TR0A-20
Case 1

Ecliptic plane

The lower energy range of MCP is
dominated by the shielding effect
of the spacecraft structure:

this changes direction by
direction.

Ph.D. thesis by Y. Tanaka (University of Tokyo, 2009)



Geotail
•Mission for spectroscopy of charged particle (and other observations) in geo-magnetosphere
•Unexpected usage of a detector: charged-particle detectors worked as photon detectors for huge gamma-ray pulse that saturated all the other missions.(Terasawaet al. 2005, Nature Vol.434, pp.1110-1111)
•Geant4 estimated photon-detection efficiency with whole-satellite mass model as shielding materials.(Tanaka et al. 2007, ApJ, 665, L55-L58)
Details can be found in the Ph.D. thesis by YasuyukiTanaka
(University of Tokyo, 2009)
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JAXA's Science Missions

\

Application t

‘Gamnmruy:ﬂmmomy
Fh.D. thesis by 5. Takeda (University of Tokyo, 2009)

Geant4 simulation: angular resolution
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The energy dependency of the angular resolution is represented well.

— Position resolution, energy resolution and Doppler broadening are
taken into account




Geant4 in JAXA
Application to JAXA's Science Missions

Gamma-ray astronomy

Ph.D. thesis by 5. Takeda (University of Tokyo, 2009)

Geant4 simulation: on-orbit BGDs

on-axis
cosmic photons
* BGDsrc: albedo neutrons, e
, cosmic photons and A
= )
o

LEO (low activation by cosmic protons)

albeco neutrons
ALL Si/CdTe Events | |_Atter Background Suppression |
107 - 107 :
- All the Si/CdTe events N Events filtered by the reconstructed
2 o incident angle
5 .i 5 107 ™
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BGD rejection’is'crucial forhigh sensitivity
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Appiications of MRED

Robert A. Reed, Robert A. Weller,
Marcus H. Mendenhall

‘7 SCHOOL OF ENGINEERING
W VANDERBILT UNIVERSITY

#SDE |

TCAD Simulation Results

Potential Modulation: Small, Process-Isolated Diode

1ps

--—-—]——DT » Potential modulation

controlled by process
features

Carrier density defines
extent of modulation

m Robert Reed, Vanderbilt University

m  Geant4 integration with TCAD and SPICE

N B

Before =10 ps

Event < 250 ps

N Carrier motion has
)& implication on e-h cloud
4 size
< ™~

DICE Latch

Solid model of the
latch structure used in MRED

Representative sensitive volume model
for a single transistor used in MRED
(each color is a different collection efficiency) 14




Geant4 Space Users Workshop, 2009
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Event Generation for Simulation of

Space Electronics

R. A. Weller', M. H. Mendenhall', R. A. Reed’, M. A. Clemens’,
N. A. Dodds', B. D. Sierawski’,
K. M. Warren', R. D. Schrimpf!, L. W. Massengill',
T. Koi2, D. Wright?, and M. Asai®

TInstitute for Space & Defense Electronics, Vanderbilt University
2Stanford Linear Accelerator Laboratory, Stanford University

USA
Acknowledgements:
— DTRA 8.1: HDTRA1-08-1-0034 and HDTRA1-08-1-0033
— DTRAS.2: Program

MNABA GSFC: NASA Electronlc Parte and Packaging (NEPP) Program
— NASA MSFC: Radlation Hardened Electronics for Space Exploration (RHESE) Program
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General SEU Rate Prediction V
The general rate expression:

R=-Y [ dE [ dO§dA &(z.E.e.53)x P,(2.E.6.%)

i AIE f-é<0
P = —jrr Jdoc-eé
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later expanded for RADECS 2009 short course

Bob Weller, Vanderbilt University

LET Specira Comparison
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Uncertainties in standard practice and margins




Comparison and Validation of 3D
Shielding Analysis Tools for Space

Applications

Fan Lei, Pele Tiuscoll
Aerospace Divisicn, QinetiQ

Giovanni Santin and Pztteri Nieminen
ESTEC,ESA

‘Geant4 Space User Workshop
Madrid, 21/05/2009

REEF Experiment Setup

Oxford Ltd
TLDs Harshaw EXTRAD type

QinetiQ

RADFET: REM TOT&00 type from REM

Pasticsiab

3D Geometries & Detector locations

Results -2

Shellwall th ckness. (mm)

0.1, 0.5,1,5,10,20

Qverall dimensions

Sphercal shell:

m (@)

Box: | Tmx 1m xUbm

Cylirdreal shell:

im (@) x 0.5m

Det.No. 1 2 2 4 13
X-pos o 100 200 300 400
(mmj
Distance 500 400 300 200 100
to nearsst
surface

The aetails of the geomety model used in the study

The detector iocations in sphencal shell gecmetries
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The detectar locations in box and eyfndrical shell geomeiries.

Created in GDML format,
used by both the SSAT
and GRAS tools
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6™ Geant4 Space User's Workshop
Madrid, 19-22 May 2009

Forward G4 comparison with adjoint MC
and Ray Tracing Techniques

S. Ibarmia™, A. Rivera®, S. Esteve™, M. Vazquez®?, J. Cueto®

1 Space Weather & Radiation Effects Lab, INTA
@ Radiation Analysis Section, Thales Alenia Space Spain

i3
% SIMULATION 1 pooe

MOTIVATION — Previous Works

OPTOS / ODM

G4 vs SSAT

R. Lindoerg et Al
(TNS Dec 2006)

Simple Slab, Sphere, Box
Complex ConcXpress (GDML)
SSAT (slanl) + SHIELDOSE-2

[ [ Geantd

a2

Discrepancies from
60% to ~400%

&G Space Users” Workshep

g NN pEEss
SR ,,T :7 . ;ﬁ ‘ @ SIMULATION —__ ..o

NOVICE vs SSAT

P_Calvel et Al
INSREC 2003)

sphere
Comm. S/C (FASTRAD)

SSAT (slanUnurninal) + Duse Curve
NOVICE

|

Discrepancies from
Up to ~150%
respect NOVICE

Madrid, 18-32 May 2008
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Standard Radiation Environment Monitor - Simulation and Inner Belt Flus
Anisotropy Investigation

Lukes University of Technology Master's Thesis, ISSM 1653-0187

M. Siegl

ESAF: Full Simulation of Space-Based Extensive Air Showers Detectors
0207 52750L fastro-ph. M)
C. Berat et al.

Simulation of ALTEA calibration data with PHITS, FLUKA and GEANT4
MNIM B in press
C.La Tessa et al,

Search for Cosmic-Ray Antiparticles using Balloon-borne and Space-borne
Experiments
Fhi thesis, RWTH Achen University, Germany

¥ Reached end of page, continued From top

MNews

Reverse Monte
Carlo and ion
physics
developments

ESA has kicked-off on
1st July 2008 & project
aimed at further
development of the
Adjoint Monte Carlo
technique...

Read maore...

6th Geantd Space
Users' Workshop
The &6th G4sUwW will be
held in Madrid, Spain,
on 19-22 May 2009,
Read rmare...




A generic X-ray tracing toolbox in Geant4

Giuseppe Vacanti, Ernst-Jan Buis, Maximilien Collon, Marco Beijershergen, Chris Kelly
cozine, Niels Bohrweg 11, 2333 CA, Leiden, The Netherlands
FTOL. OF SF1E V. #5030 I"I Selected

_ publications
= New X-ray reflection process:

G4XrayGrazingAngleScattering http://geant4.esa.int

m Validation with simplified XMM

— Simulated effective area within
5% of measured one

on-axis effective area [ecm?]

m Metrology model input
m  Applied to IXO mirror design

3% [ MES N D
1

= Developments offered to the
Geant4 collaboration



Until recently, however, the library of physical processes available in Geant4 lacked the description of the
physical processes at work in the grazing angle interaction of X-ray photons and matter. By simply introducing
such a process into the Geant4 physics library, we have been able to turn Geant4 into a general purpose X-ray
tracer. Additionally, by leveraging the many hooks the toolkit provides for insertion of custom code into the
application, we are able to control the surface properties at each interaction, so that arbitrary surface scattering
and metrology models can be introduced in any geometrical configuration.
In this article we describe how this new Geant4 functionality is being used to support the development of
Silicon Pore Optics (SPO) for the International X-ray Observatory (IXO), and to investigate the performance
of the complete IXO mirror.

Figure 2. The published5 XMM-Newton effective area curve (solid line) and three sample points (filled triangles) calculated
with our model.

Figure 4. Visualization of the Bessy FEM beam-line configuration as modeled (top). The X-ray beam enters the vacuum
chamber along the Z axis (in blue), travelling towards an SPO stack (black). Scattered X-ray photon tracks are grey (all
angles are exaggerated for visualization purposes). Just as in the experimental set up, our software tool can carry out a
pore-by-pore scan of the stack. In the yellow inset, a detail of the stack model. In the bottom panel, a detail of a real
stack. A model stack contains several thousands of distinct objects.

Figure 5. Sample surface interferogram of a silicon plate. The two prominent features are two particles. Most of these
particles are removed by the plate cleaning process. Based on interferometric data like this, the true local normal of the
silicon plates can be calculated, and used in our toolbox. The vertical scale has been exaggerated.

Figure 6. Model of the entire IXO mirror, with one of the segments removed for visualization purposes. In this case the
model is composed exclusively of SPO-based mirror modules. One mirror segment contains several millions of distinct
objects.


High Energy X-ray Spectrometer on

Chandrayaan-1 =
P. Sreekumar®*, Y. B. Acharya®, C. N. Umapathy', M. Ramakrishna Sharma’, -"f .q.
Shanmugamz, A Tyagil, Kumarl, S. Vadawalez, M. Sudhakarl, L. Abrahaml, < e
R. Kulkanil, S. Purohitl, R.L. Premlathal, D. Banerjeel, M. Bug1 and \\
J. N. Goswami’ N
'ISRO Satellite Centre. Bangalore 560 017. India
*Physical Research Laboratory. Ahmedabad 380 009, India . .
publications
.y . . . .
m India’s first planetary exploration lunar mission http://geant4.esa.int

m High Energy X-ray spectrometer (HEX)
30—270 keV natural gamma rays from surface

m Transport of volatiles on the lunar surface
— Detected from 46.5 keV line 219Pb decay (from volatile 222Rn)

90 'IIunlarsc:atgall'nlmalrlaylspe._HI][I]l]l]IDIEWS m Geant4: continuum from
:: \l. L{ GCR interaction in regolith

g ”‘ P 1
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The low signal strength of these emissions
requires a large area detector with high sensitivity
and energy resolution, and a new generation Cd–Zn–
Te (CZT) solid state array detector is used in this
experiment.

Volatile transport on Moon and expected fluxes
The extreme nature of thermal baking and cooling of the
lunar surface leads to pole-ward transport of lunar volatiles
(see Figure 1), implying their higher concentrations
in permanently shadowed regions near the pole that can
act as cold traps for such volatiles1. In fact, the possibility
that there could be substantial reservoir of water ice
embedded in lunar soil in such polar region of the moon
is based on this concept. The HEX experiment on
Chandrayaan-1 is designed to investigate the transport of
volatiles on the lunar surface through the detection of the
46.5 keV ?-ray line from radioactive 210Pb (half-life
~22 years), a decay product of the volatile 222Rn (half-life
~4 days), both belonging to the 238U series


Gamma-ray detector on board lunar mission Chang’e-1

J. Cuanc*T, T. Mal N. Zuanc!, M.S. Carl, Y.Z. Conc!, H.S. Tanc!, R.J. Zuane!, N.S. Wane!, M.
Yu!, J.P. Mao!, Y.L. Znov?, J.Z. Liv?, A A. Xu® and L.G. Liv®

! Purple Mountain Observatory, 2 West Beijing Road, Nanjing 210008, China
_ 2 National Astronomical Observatory, 20A Datun Road, Beijing 100012, China
SMACAU University of Science and Technology, Avenida Wai Long, Taipa, Macau, China

m First Chinese lunar mission
Launched in 24th October 2007

GRS instrument

m  Study of chemical element
distribution on the Moon surface = Experimental calibration

— Gamma-ray sources
— Geant4 validation
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HZ7E Particle and Neutron Dosages from Cosmic Rays 10’

. Qi 8
on the Lunar Surface 10 SEP 2003 i
Kanako HavaTsu*, Makoto HAREvyAMA, Shingo KoBayasHi, Naoyuki YAMASHITA, 10t .
Kunitomo SAKURAI and Nobuyuki HASEBE 10°

ES‘EP 2005 A —/_GCR Solar Min_.

Proton Fluence [/cm MeV |

Research Institute for Science and Fngineering, Waseda University, 105 _ -
3-4-1 Okubo, Shinjuku, Tokyo 169-8555, Japan 10* -",- o\ __::?\ | Selected
Proc. Int. Workshop Advances in Cosmic Ray Science 3,- ; i I
J. Phys. Soc. Jpn. 78 (2009) Suppl. A, pp. 149-152 10 -G}‘R Solar Max "\ T p u bl Icatl O n S
(©)2009 The Physical Society of Japan 1[]2 AT R, TP SR T
10' 10° 10° 10* 10° )
Proton Energy [MeV] http://geant4.esa.int
Al shield thickness H*(10)sgp [mSv]
. . [g/cm?] H He O
m Ambient dose equivalent SEP 2003/10/28 0.0 50457 113.0 308
1.0 1178.4 53.4 2.5
at Moon surface 2.0 6637 244 0.0
. . 5.0 287.4 7.0 0.0
m  Galactic Cosmic Rays 10.0 33 00 00
SEP 2005/1,/20 0.0 216.7 16.8 11.0
— Secondary neutrons / gammas L0 el 190 50
i 2.0 113.6 8.7 0.2
[ |
SEP protons and ions - o1 s oa
10.0 10.2 0.8 0.1
GCR Solar Min. 0.0 39.6 17.5 110.0
= Shielding effectiveness 10 97 1rs 121
2.0 39.7 17.4 31.4
5.0 41.0 18.2 37.5
10.0 32.0 11.8 22.0
H*(10) [mSv /y1] for GCRs | H*(10) [mSv] for SEPs
highland region mare region highland region
Solar Min.  Solar Avg. Solar Max. Solar Avg. 2003 2005
Primary THE.5 519.8 265.8 519.8 2189.5 246.4
Neutron 72.9 51.9 25.4 56.3 59
Gamma Ray 3.3 2.5 1.6 2.5 0.9
Tortal 834.7 574.2 202.8 aT8.6 2196.3
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m Simulation of ALTEA calibration data with PHITS, FLUKA
and GEANT4

NIM B, in press
C. La Tessa et al.

m Instrument Simulation for the Analysis of Cosmic Ray
Electron with the FERMI LAT
Proc. of the 31st ICRC, Lodz
C. Sgro et al.




Enabling developments for space applications



m Goal

“reinforce the coordination of existing and planned space environments
and effects related activities in Europe, through the implementation of a
coherent European programme of activities in the domain.”

m Roadmap on radiation analysis tools includes

— Coordination in the
, supporting the development of infrastructure to
and ultimately ensuring that
users have access to well documented and

O are high priority requirements

ESA ESTEC
TEC-EES = SEENoTC

Home




m [mpact e.g. on

ESA contract:
— SEE ground testing of EEE components
— Recaoil ion contribution to SEE prediction RRMC
(QinetiQ,
m  Geant4 review (April 2007) SpacelT,

“Recommendation 2: We recommend rapid integration of the ICRU 73 TRAD)
heavy ion stopping power model”

m lon physics simulation requirements (Pete Truscott, QinetiQ)
— Performance of available Geant4 models
— Overview of other models / data
— Significant differences

Comparison of ion stopping powers s
from model and experiment F

Some of Geant4 stopping powers
higher than experiment by up to 60%
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ICRU-73 tabulated stopping powers (PASS code results) ESA contract:
— 16incidentions 2 < Z < 19, plus lron Z=26 RRMC
— Simple and composite materials of interest for space applications :

New Geant4 “models” (V. lvantchenko, A. Lechner)

— Beta version released within Geant4 release 9.2
— Poster at IEEE NSS 2008

GdBragglonModel (<2ZMeV), GdBetheBlochModel —

GdlonParametrisedLossModel — G4BragglonModel uses correction
MSTAR, H Paul and A Schinner [5] = based on ICRU 73 data
« Eay o
F' H E S 7 B | I S Y T el T L Ea T T L L SRR 510 LI s s A L P i S L
IFS'[ ComparISOHS '_:'__'?_-,100 I Vo Argon ion :7 - ""_“"1 Oxygen ion | : Carbon ion
[ *% e in hydrogen| § in aluminum 8 in water
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g 60| 5 Hy 3
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New models also available as option in GRAS physics list

Future areas for improvement identified

— Straggling models

— Effective charge approach

— Delta ray production at low energies
Requirements include projectiles and materials not included in
ICRU-73 publication

— Collaboration started with Peter Sigmund (author of PASS code)
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Enabling technologies:
Reverse MC m Implemented Reverse Processes:

— lonisation for e, protons, ions
: : (with delta-ray production,
ReqU|rement from Space IndUS’[ry Continuous energy loss and
= Tallying in sub-micron SV inside multiple scattering)

macroscopic geometries — e Bremsstrahlung
— Gamma: Compton scattering,
Photo-electric effect

Simulation approach:
PP Laurent Desorgher (Space IT)

= Reverse tracking from the boundary of
the sensitive region to the external source

Based on “adjoint” transport equations

= Forward tracking trough the SV to
compute the detector signal

Same code than in a forward MC
simulation

m  Capability added to GRAS

Computing time focused on tracks that
contribute to the detector signal ESA REAT-MS and RRMC contracts

Partly already included in Geant4 9.2



m Difference in total
computed dose <~5%

m Reverse MC method is
for this case 100-500
times more rapid than
the forward MC method

m Realistic space
component dosimetry
involve sub-micron SV
in ~1m spacecraft
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ESA contract:

REAT-MS
(QinetiQ, TRAD,

eta_max)

CAD (ESA REAT-MS)
Using G4 TessellatedSolid by P.Truscott

[Old prototype used to require ST-Viewer commercial S/W

GDML module to read ST-Viewer files]

— New:
via external 3D modelling tools tools

(ESA contract REAT-MS-2)

STEP for Space Environment standard (STEP-SPE)

GDML upgrade (CERN)
Tetrahedron and Tessellated volumes, modular models, loops

Modéle de la station
internationale sur FASTRAD

|
GUI for 3D modelling

GDML output
Licensing policy under discussion



¥ Radiation sources and effects: GEMAT physical models - Mozilla Firefox

(O e Sperne ama e : e 7~

SPENVIS Project; M D Frriny
Radiation sources and effects —
' Radiation sources and effects: Sector Shielding Analysis Tool (SSAT) ray tracing - Mozilla Firefox Help

Geant4-based Microdosimetry Analysis Tool (GEMAT): Physical models

| |j it = ama.be/<pen
ﬁ‘ PENVIS Pro -ec I processes
AUP Radiation sources and effects [Hadon  »|  nuclear

Sector Shielding Analysis Tool (SSAT): Ray tracing param:

Global cut-offs|

Default cut length:

Particle dependent cut

Units;
Minimum theta:

Maximum theta: ; ]
Depletion volume region

cut-offs

Default cut length: -

Particle dependent cut

Minimum phi:

Maximum phi:

Number of polar {theta) bins:

Binning interval in polar mode: |lingar v [ Reset | [ <« Geometry | [ <Source parids |

Number of azimuthal (phi) bins:

[ set reference directions Tool developed|

= D
Angular sampling distribution:
Number of rays per angular bin: _

Path length calculation method: slant b

|\f|suahzamun plus calculation V|

Do notinclude % | rays in visualization

[ Feset ] [ < Parameters ] [ Create macro »

m  GRAS interface under development




Usability:
GRAS

(e.g. SPENVIS, CREME96)

GDML, CAD (via GDML) via GPS

|
Requirements: ' /
MULASSIS,

EM & Hadronic options

|

GEMAT, i

m Ready-To-Use tool C+, e — :
Multi-mission Transport, :
approach — Scoring :

I

m Quick assessments

Ray-tracing <> MC [ PHITS, JQMD, DPMJET2.5 } Scalars, Histograms, Tuples
CSV, AIDA, ROQT, lo
1D < 3D ( o

EM < Hadronics

LET <> SV details G Santin, V Ivantchenko et al, IEEE Trans. Nucl. Sci. 52, 2005

*in progress



m  ESA facility

m Being augmented with
support of ESA external
contracts (e.g. REAT-MS,
RRMC, REST-SIM

m  Open to collaborations
and contributions
modules, infrastructure
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m Directional response function for all output channels
m Geant4 / GRAS simulations

C1, C2, C3: Isotropic Flux Model vs. Anisotropic Flux Model
100.00; +C1 ‘,(33‘.'3:-_:.

C——%C2 o< K —80
o 503 W 4 S ] _
- 10.00 Pitch angle h g
3 E =
- - [ +]
» o
§ oog Ja0 £
2 i
3 - 1 8
O 010 20
L 1o
L _
C——xC2 —80
F—oC3 1 <
- 10.00 =—— Pitch angle i e
= 3 =)
E ]
£ 100 i . ®
: ez
3 1 &
o 010 —opc
0.01 L . . do
13:26 13:33 13:40 13:48 13:55

m |nner Belt Anisotropy Investigations

— AP-8 and Badhwar-Konradi pitch angle distribution model :

— Comparison with observations onboard PROBA-1
m  Martin Siegl’s Master’s Thesis, 2009
m Presented at RADECS 09, submitted to IEEE TNS
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Energy integrated plots: flat spectrum from 10 MeV to 500 MeV
A sun-synchronous orbit (sometimes incorrectly called a heliosynchronous orbit) is a geocentric orbit which combines altitude and inclination in such a way that an object on that orbit ascends or descends over any given point of the Earth's surface at the same local mean solar time. The surface illumination angle will be nearly the same every time. 






Herschel and Planck
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Wide and diverse Geant4 space users’ community

Interests ranging from cosmology, to planetary science, to
spacecraft electronics engineering

In all these domains requirements continue to emerge for
new physics, improved usability, or even new
technologies for Geant4-based tools

Next Geant4 Space Users’ Workshop:
Boeing Co., Seattle
August 18th (Wed) - 20th (Fri), 2010



