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1. Planetary exploration
2. Looking outside the solar system
3. Geant4 usability: Tools and Engineering aspects
4. Space Users’ community
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2 Planetary exploration2. Planetary exploration

1. Physics models

– Scientific Exploration: 
Low En EM

– Manned space flight: 
Even Lower En EM and physics for hadrons

2. Interfaces

3 (Engineering) Tools3. (Engineering) Tools
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Solar event gamma-rays

Electron Bremsstrahlung – induced gammas g g
in solar flares
Compton back-scattering

observable gamma-ray spectrum g y p
much softer than predicted by simple 
analytic calculations
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Mercury surface ?

Bepi Colombo: X-Ray 
Mineralogical Survey of Mercury
Fluorescence development in Geant4
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Fluorescence development in Geant4



PlanetoCosmics
Mercury soil and magnetic fieldMercury soil and magnetic field

Mercury soil 
+ Dipole B0 = 300 nT
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Detectors for Mercury 
(and Mars)(and Mars)

High-Purity Germanium detectors (HPGe) used in 
astrophysics / planetary exploration gamma-ray spectrometers p y p y p g y p

GCR and secondary fast neutrons degradation of energy 
resolution, normally recovered by annealing (e.g. Mars y y g ( g
Odyssey, INTEGRAL)

For missions to inner solar system (Mars Observer, 
Messenger, BepiColombo) solar protons becoming major 
source of degradation (NIEL)
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PlanetoCosmics
Geant4 simulation of Cosmic RaysGeant4 simulation of Cosmic Rays 
in planetary Atmo- / Magneto- spheres

Laurent Desorgher, University of Bern

http://reat.space.qinetiq.com/septimess/m
agcos/g
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DESIRE
Dose Estimation by Simulation of the ISS Radiation Environment

http://www.particle.kth.se/desire/
T. Ersmark1, P. Carlson1, E. Daly2, C. Fuglesang3, I. Gudowska4, B. Lund-Jensen1,
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Dose Estimation by Simulation of the ISS Radiation Environment

R. Nartallo2, P. Nieminen2, M. Pearce1, G. Santin2, N. Sobolevsky5

1Royal Institute of Technology (KTH) (Stockholm), 2ESA-ESTEC (Noordwijk), 3EAC/JSC (Cologne/Houston), 4Karolinska Institutet (Stockholm), 5Institute for Nuclear Research (Moscow)

GOAL ISS AND COLUMBUS
Accurate Monte Carlo calculations (Geant4)
of the radiation fields and doses to astronauts
inside the European Columbus module of thep
International Space Station.

INCIDENT RADIATION
Trapped protons
Galactic cosmic rays Circular orbitGalactic cosmic rays
Solar particle events
Earth albedo neutrons

Circular orbit

400 km altitude

51.6º inclination

370 tons (14A)
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( )

110 by 75 m

Courtesy NASA



Solar event of 13 December 2006
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STS-116 mission to ISS

SPEs of December 2006 (GOES)
>10 MeV
>50 MeV
>100 MeV
STS-116spacewalk 1
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Life on Mars?
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PlanetoCosmics
Mars field and atmosphereMars field and atmosphere

MGS observation Br @ 400 km@
Connerney et al., Geophys.Res.Let. 28, 
21, 4015-4018, 2001
Cain 50-degree spherical harmonic 
model (2003)

NASA Mars-GRAM2001 model
– p,n, T in function of :

• Lat., long. (topography from MOLA)
• Altitude, season, local time, F10.7
• Dust models

– Based on :
• Nasa MGCM 0-80 km

U i f A i MTGCM 80 170 k

Geant4 implementation courtesy L. Desorgher, 
University of Bern
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• Univ. of Arizona MTGCM 80-170 km



MarsREM

Models for Mars, Phobos and Deimos

Surface topology and composition subsurface atmosphericSurface topology and composition, subsurface, atmospheric 
composition and density (including diurnal and annual variations), local 
magnetic fields

Active magnetic shielding: review and development of a G4 tool

User-friendly engineering tool (QARM)

New ion physics

Consortium led by QinetiQ. ESA funding
See dedicated talk on Friday afternoon

– Parallel Session 2- Aero/Space 
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Applications



No humans on Jupiter

Laurent Desorgher et al, Planetocosmics tool
Environments and doses on Jupiter Europa

ESA / ESTEC, GRAS tool
JURA Jupiter mission feasibility study 
focusing on radiation
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Looking outsideLooking outside 

1. GRB
1. GLAST-LAT / GBM
2. SWIFT

2. X-ray sources 
1. XMM from ICATPP
2. Japanese missions
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XMM
Firsov + multiple scattering

DD induced CCD CTE loss observed 
on ACIS instrument on board Chandra

H. Winter et al., NIM(B) vol 125, p124-127, 1997

Radiation belt low-energy protons 
scattering off X-ray mirrors

1.0E-04

EPIC Firsov EPIC Multiple Scattering

Surface scattering: new physics in 
Geant4: proton scattering at very small 
angles
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X- and Gamma-ray 
“Suzaku” ObservatorySuzaku  Observatory 
JAXA / NASA-GSFC, launched July 2005

ES
T)

High-precision and Low-noise detector systems
XIS: X-ray [0.3—12 keV]

– imaging spectrometer, 4 CCD
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Succeeded in representing the BGD spectrum
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Succeeded in representing the BGD spectrum 
and resolving the BGD generation mechanism



Gamma-rays 
f t tfrom neutron stars

December 27, 2004
– One of the biggest explosions ever observed by humans 

Saturation in Konus-Wind direct observation

Compton gammas from Moon surface detected by Helicon-Corona-Fp g y
– response matrix computed with Geant4
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LISA JWST

LISA 
Pathfinder

ACE

Herschel Cassini

INTEGRAL
RHESSI

Herschel
GLAST

Cassini

Bepi Colombo
SWIFT

GAIA
Messenger

Astro-E2
SELENESOHO

XMM-Newton ConeXpress

EUS
O

MAXIISS Columbus AMS



Geant4 usability

Developments oriented to both science and engineering 

Interfaces / Geometry
F t i t f G t GDML STEP SPE– Formats, interfaces: Geometry: GDML, STEP-SPE

– CAD Geometry modelling: FASTRAD, ESABASE2
– Geometry model database

Tools
– Detector / Shielding :SSAT, MULASSIS, GRAS
– Planetary environments: PLANETOCOSMICS
– Microdosimetry: GEMAT (QinetiQ), RADSAFE (Vanderbilt)

Reverse MCReverse MC
– Prototype successful implementation - ongoing

Laurent Desorgher, ESA REAT-MS project See talks by 
Fan Lei - Friday Plenary session
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TRAD – Aerospace Parallel session



CAD geometry interface
(and 3D modelling GUI)(and 3D modelling GUI)

ESA REAT-MS contract

CAD
– Using G4TessellatedSolid by P.Truscott (ESA REAT_MS1)

– Prototype used to require ST-Viewer commercial S/W (~300 USD)
• GDML module reads ST-Viewer files

– New: Direct GDML output from 3D modelling tools tools (ESA REAT_MS2)
CAD STEP interface (and normal 3D models)( )

FASTRAD and ESABASE2

GDML (Wit k P k ki)GDML (Witek Pokorski)
– Tessellated shape, modular (multi-file) models, loops

FASTRAD, ESABASE2,
– GUI for 3D modelling
– GDML output

S FASTRAD t lk i A ll l i
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See FASTRAD talk in Aerospace parallel session



Geant4 
Reverse MCReverse MC 

“Adjoint” technique [see e.g. Kalos, 1968]
Transport analogous to the forward one, but backward

– successive points are higher in energy, earlier in time

Laurent Desorgher

Feasibility study  (REAT_MS 1)

Only continuous energy loss and simple multiple scatteringFull implementation (REAT MS 2)

Space IT and Uni. Bern

p ( _ )

RMC in G4 for fast  e- dose computation
Backward simulation of :Backward simulation of :

– e- ionisation with delta production, continuous energy loss and multiple scattering
– Bremstrahlung, compton scattering, photo-electric effect
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Ongoing development Proposed to be included in Geant4 release



Space community

Geant4 Space Users’ 
web page

Users publications– Users, publications, 
news

– http://geant4.esa.int
Feedback appreciated– Feedback appreciated

Space Users’  Workshop
T k U i it– Tokyo University, 
Japan, 12-15 Feb 2008
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