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ESA Programmes Outlook (s,
(in context of energetic particle interactions) \&&? esa

Demanding Science missions
v Rosetta, GAIA ongoing

v In preparation: JUICE, Athena ,
Solar Orbiter, ExoMars, Cheops

4 LISA Pathfinder to be launched by
end of 2015; BepiColombo in
2017
. Human missions:

v ESA will construct service module
for Orion (needs high immunity
from radiation effects): Airbus
design selected in May 2014

4 Preparation for missions beyond
LEO (shielding, biological effects),
possibly Moon
» Earth observation missions with
considerable on-board processing
(susceptibilities, especially SEE)
= Telecom and Navigation (Galileo) in
highly severe outer radiation belt
environment

= Technology spacecraft ("Proba” series),
next Proba-3
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Radiation Engineering tools: SPENVIS

https://lwww.spenvis.oma.be/

10,000 + registered users

Models and tools for the space
environments effects analysis ...

We b | n te rfa Ce Public documents

A range of Ceantd-derved -
{ools and models (MULASSIS,
SSAT, GEMAT,...)

Link to GRAS

Jupiter-related models and
tools to target the JUICE
mission under “JOREM”:
JOSE environment, shielding
assessment. Low also
Ganymede environment
“‘GREET”

New MIEL models (INFN

The Space Environment Information System (SPENVIS) had been under continual development since 1996 for ESA by BIRA, providing the world community
with an on-line resource for evaluating the space environment. SPENVIS-4 is a World Wide Web based interface to a comprehensive set of models of the space
environment. It has been operational for more than ten years now and has a mature international user community of about 2000 registered users who use
the system for various purposes, e.g. mission analysis and planning, educational support, and running models for scientific applications.

Within the ESA/GSTP-5 programme, funding has been provided for the development of a next generation of this resource. The informatics technology
available today has evolved considerably from what was state of the art in 1995, where web servers were limited to basic html pages and cgi-scripts. Within
the scope of this development the framework and models of the SPENVIS system will be reviewed, restructured and reengineered using current web design
techniques and programming methodologies, providing a new, extensible and open framework for the integration of current and future space environment
models.

Distributed architectures for space data analysis and collaborative engineering have been investigated through several ESA activities (SAAPS, SEDAT,
VISPANET, SEPEM, REST-SIM) from which potential requirements and solutions for the SPENVIS-5 project may emerge. The advantages of a distributed
approach are that the resources are acquired, developed and maintained at an "expert centre" where the competences and necessary supporting facilities
reside and are available as needed by a "coordination node" in response to end-user needs and in compliance with any access restrictions that may apply. The
new system is foreseen to be operated in the context of ESA's SSA programme.

N\
deim )s 22 oH

aeronomie-be CONSULTANCY

spaceappligitions Semax

Consortium

Under development: Next Generation of the

Milan) implemented to system ‘("SPENVIS-NG"), (0 be deployed in 2015

SPENVIS in 2015
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Geant4 tool integration: GRAS

(Geant4 Radiation Analysis for Space)

= Ready-To-Use tool

Multi-mission approach External geometries . zaggtzloer/ IESnvg;nEn;:g; N
= Quick assessments GDML, CAD (via GDML) via GPS

Ray-tracng ~>MC l_ _______________ R
1D <= 3D / Built-in geometries / :
MULASSIS,

EM <— Hadronics
GEMAT,

\
: .
I
I
LET <= SV details ! Reverse MC ||
: C+, e — RMC |
=  Modular progress I :
. I . Transport, |
Open to collaborations and | Geant4 Physics e _ I
contributions I | EM & Hadronic options Scoring :
\\ - / x //
= Currently GRASv33,vo4 = - - o TN T
in preparation 2015-2016 Physics interfaces: Analysis output:
) ) PHITS, JQMD, DPMJET2.5 Scalars, Histograms, Tuples
= Increasingly the baseline for (CSV, AIDA, ROOT, log)

much of ESA analyses
. G Santin, V lvantchenko et al, IEEE Trans. Nucl. Sci. 52, 2005
= Hoverse VC: Substantial

gﬁg(r)t1ay2Loa1u5rent Desorgher  htp://space-env.esa.intiindex.php/geant4-radiation-analysis-for-space.htmi
In -
https://www.spenvis.oma.be/help/models/gras.htmi
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ESA Cosmic Vision M-class mission Solar Orbiter @ @Sa

» Examine how the Sun controls the
heliosphere

» Launch planned for October 2018;
mission of 7 years (+3 years extended)

» High-latitude (>25°) observations
between 0.28 and 0.94 AU

» Combination of remote sensing and in
situ observations, with 10 instruments

» Highly demanding mission environment

= Various Geant4 instrument analyses

Journal of Instru ation > Volume 10 >
mm et al 2015 JINST 10 C02

Performance and qualification of CdTe pixel detectors for the
Spectrometer/Telescope for Imaging X-rays

Tresun 340 c Dissertation (Metadaten)

Ly 2011

Dienstag, 26. Februar 2013, 11:15-12:45, Poster 0G
Titel (original):  Developments and Numerical Simulations for the Electron-Proton-Telescope
. Onboard Solar Orbiter s fi g E
The 5upraThe| mal Electrons, Ions and Neutrals (STEIN) detector for Solar Orbiter (iibersetzt): . .
intillation quenching i

Autor:
URN:NBN:

— = 5.1ps readout time Fakul!ﬁt:
DDC Sachgebiet:

——6.6 s readout time

Caliste-SO X-ray micro-camera for the STIX instrument
on-board Solar Orbiter space mission

Deadtime fraction (sis)

100 1000 10000 100000
Incidentphoton count rate (count's)
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ESA Cosmic Vision L-class mission Athena \

7=
D
hn
ab)

= Primary goals: Mapping hot gas
structures and determining their
properties; searching for supermassive
black holes

= Launch 2028, with mission duration of 5
years

= Halo orbit around L2 (or possibly L1)

= Utilises silicon pore optics

= Two instruments: X-Ray Integral Field
Unit (X-IFU), 0.3-10 keV, and Wide Field
Imager (WFI), 0.1-12 keV

= Radiation background: Geant4 ‘low-
energy’ e.m. physics required

= Athena Radiation Environment Models and Effects
Simulators (AREMBES): ITT closing on 25.9.2015
= Other R&D with Geant4 context in planning

European Space Agency




ESA Cosmic Vision L-Class mission JUICE
(Jupiter ICy moons Explorer)

—
—
4

=
O
7.
o

Launch planned for 2022, arrival 2030

Prime (Airbus) selected 17 July 2015

11 science instruments to be flown:
http://sci.esa.int/juice/50073-science-payload/
Japanese and US collaborations

Giant Jovian magnetosphere and e- radiation
belts up to several tens of MeV; protons
Substantial shielding and background issues
Broad range of radiation analysis activities (TID,
charging, DD, noise, SEE) for platform and
instruments, including Geant4 and GRAS

X

(c) Airbus Defence and Space

Trapped
electrons

- Trapped
protons

Solar
protons

0.01 0.1 1 10 100 1000
Energy [MeV]

ESA UNCLASSIFIED - Releasable to the Public European Space Agency



ESA UNCLASSIFIED - Releasable to the Public

Variety of radiation
tools by instrument
teams & industry
GDML chosen as
interface format

Models used for
accommodation studies
and optimisation

European Space Agency



Ganymede &\% cSa

nodification to local
diation environment

European Space Agency

HST, April 9 2007
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Ganymede Radiation Environment

Engineering Tool (GREET)

Transmission map calculation example

Map for file: kkv/10. OMeV.csv - histo 300.0+0.0

Map for file: tran/10.0MeV.csv - histo 300.0+0.0

Transmission map

The coordinate system is GPhiO. That is the X-axis (0 long, 0 lat) points
towards the direction of Ganymede's orbit and Y-axis (90 E-long, 0 lat) points

R i e
Without Ganymede Katlista_
RapMobp ( 4

'7 DH " Research ?Dﬂiy{tff%yt
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P. Truscott, D. Heyndericks, R. Nartallo, Fan Lei, A. Sicard-Piet, S. Bourdarie, J. Sorensen, L.Desorgher, “Application
of PLANETOCOSMICS to Simulate the Radiation Environment at the Galilean Moons”, Vol. 5, EPSC2010-808, 2010




- s,
LISA Pathfinder &\? @Sa

= Launch scheduled for autumn 2015
= Precursor to the potential ESA L3 mission (“eLISA”) for gravitational waves
= Highly sensitive gravitational proof mass technology

» Detailed charging / radiation monitor simulations by MC, including Geant4

© Imperial College
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Rosetta

= Perihelion of Comet 67P/Churyumov—Gerasimenko on 13 August 2015
= Some (minor) SPEs observed by the onboard SREM instrument
=  SREM response functions obtained by Geant4

European Space Agency



CIRSOS >

\

\
Collaborative lterative Radiation Shielding Optimisation System && esa

= Better interoperability of shielding analyses T asseeaniece e osemas
in (e.g. JUICE)

= Mission specification and environment :
modeller based on REST-SIM reported in o
previous G4 SUWSs = |8

= Integrated Modelling Environment i

= Effects analysis tools

- Internal charging (link also to ;
ELSHIELD outcome) ;

(GRAS, FMC and RMC, SSAT,
MULASSIS)

= Post-processing manager
—  Visualisation, plots

— Response matrices / formulae /
algorithms

= See the
‘gymu Pans € ASTRIUM etaET4IN &DH @ % OonERA w“‘""m'"“"“ RapMop

chchchchchchchchch Research
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ELSHIELD 3D internal charging tool

New 3D deep charging | T =
analysis capability, ] ~ l ] % ;Z
based on novel ~EE T
interfaces between CAD, 2
SPENVIS, FASTRAD, _ lm "
Geant4 / GRAS particle At n f’ff
transport, SPIS and
circuit solvers

= Used as input to the 3D- Flectron cur
MIX project (ONERA), to
be completed in 2015
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SEPEM

Solar Energetic Particle Environment Modelling

. P 7 SEPEM & esa @ bt v [T [ETESTE] SOuCHTIBton MARS SPACE DH
. CrOSS-Callbrated SE data frOI I l 1 9 3 to 201 3 CONSULTANCY
. . " . L) Welcome to ESA's Solar Energetic Particle Environment Modelling (SEPEM) application server, a WWW interface to solar energetic particle
] Data Access data and a range of modelling tools and functienalities intended to support space mission design. Background
eW I I lo e I n OO S S a I S I Ca a n S I Ca Browsing & plotting The system provides an implementation of several well known modelling methadologies, built on cleaned datasets. A large number of rEuzal
) Data Table Manager datasets have been combined into an SQL database for casy access. SEPEM also gives the user increased flexibility in his/her analysis and Overview
. . allows generation of mission integrated fluence statistics, peak flux statistics and other functionalities. It also integrates cffects tools that SEP events
Copy. calculate single event upset rates and radiation doses for a variety of scenarios; the statistical methods can further be applied to these iy
Data Processing effects parameters. ent i
‘Statistical models
Median filtering Furthermore, SEPEM makes use of a newly developed physics-based shock-and-particle model to simulate particle flux profiles of gradual SOLPENCO2
De-spiking SEP events from Mercury to Mars orbits [SOLPENCO2]. i
I H H EMEinD A contiguous reference proten data set was constructed using data ranging from 1973 to 2013, by means of data cleaning and processing Y oo
n I n n e r e IOS e re ro I I I 0 Manual cleaning tools available on the server. Using this dataset, a reference event list was constructed and also made available on the server. e
. . By i An extansive sst of help pages is availsble, incuding background matsria, information o the datassts and processing, and context System help
Cross-calibration sensitive help for each application page. Please consult the help pages before using the system! Server usage
Event List Manager
. . . i Use of SEPEM is free of charge, but registration is required and can be done from the homepage using the link at the bottom of the Site map
. Generate event lists left-hand menu. For further information please contact N. Crosby. Please consult the server usage help page before registering for an Context help
y Event spectra account: registration implies acceptance of the terms and conditions outlined there. ©
Effects tools Copyright Plot data
FHHLEECEEERT Edit model runs
Mulassis response function The European Space Agency remains the exclusive owner of all rights of the SEPEM software. - =
[yt All publications and presentations using data obtained from this site should properly acknowledge the service. LSS =

Browser timeouts
Data infermation

. Build statistical models ESA Contract No: 20162/06/NL/ID Data sources
u - Fluence and peak flux Project Manager: Norma 8. Crosby _ e —
. Time above threshold a EzmE proton dataset
E5A Tactmieal Officer: Piors Jiggens (Farmer\y Alexi Glover)

SEU response function

i et el ESA Technical Responsible: Alain Hilgers, ESA Space Environments and Effects SEPEM reference
. Use statistical models SEPEM Team Members and Names of the Consortium event list
- MULASSIS for dose and shielded S S
A from 1 AU A. Aran,
N. Crosby,
. Event spectra D. Heyndericks,
pa rthle |uXeS Fluence and peak flux P. Jiggens,
- B. Sanahuja,
in 3
Loo) L. Sandberg,

Username: P, Truscott

- GEMAT for SEU analysis ==t

Register for an account

SEPEM reference proton data set SEPEM reference proten dota set
"t - 1§ " ” http://dev.sepem.oma.be
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Radiation Shielding by ISRU and Innovative Materials

for EVA, Vehicles and Habitats (ROSSINIZ2)

PHITS, Geant4 vs NSRL Experimental Data PHITS, Geant4 vs NSRL Experimental Data PHITS. Geantd vs NSRL Experimental Data

_ PRy %Fe in HDPE
H in HDPE Cin HDPE
. T 16
* Exp 963 MeV/nuc
| 6 | 14
5 PHITS 252 MeV/ & Exp 293 MeVinuc —PHITS 963 MeV/n
= Exp252MeV —
. 10 252 Me s PHITS 293 MeV/nuc s f  —Geants Shielding
——Geant4 252 MeV/

—Geant4 293 MeV . P 8 ——Geantd FTFP_INCLXX

| —aBBC_EMY

o s o 1 2 = * ® @ 0 2 4 6 8 10 12 14 16 18 2 [] 5 10 15 20 25 30 35 4

Thickness [em] Thickness [em] Thickness [em]

= TAS (Torino), GSl and INFN

= Goal: Design, develop, build and test to
be adopted in future human exploration missions

. High-Z, high-energy particles: GSI closure impacts the project; other facilities
are sought (GSI discussions e.g. with NASA NSRL)

. Simulation framework developed based on Geant4 and PHITS — some
discrepancies between the codes investigated

. Evaluation of radiation doses absorbed in human tissue, given the particle
species and energy spectra observed behind the shields considered

. Design of eventual
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Long-term (2024 —) future: "Moon village™ ?

B|BIC|

i future
The new director of the ESA wants to build a b n s e coumns [RR C e
village on the Moon
» o A
Should we build a village onthe:
Moon?

The new head of the European Space Agency has a plan - for
humanity to build a village on the Moon’. Richard Hollingham asks

natum International weekly journal of science

Home | News & Comment | Research ‘ Careers & Jobs | Current Issue | Archive | Audio & Vic

y €an, shot

Europe's Space Chief: Let's Build a Moon Village
Humanit d, must, and will sett h 100r

News & Comment

Moon village would host first class research

Europe’s new space chief Johann-Dietrich Worner explains his lunar ambitions.

Elizabeth Gibney
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Jan Worner, ESA Director General.
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Outlook and conclusions {zesa

= ESA Large-class Science missions JUICE and ATHENA are major Geant4 tool,
model and application customers at ESA. For ATHENA simulator, dedicated WP
for low-E e.m. physics updates

= Planned call for L3 mission (“Gravitational Universe”) concepts in 2016
= QOther Science missions (e.g. Solar Orbiter) also face radiation issues

= Human spaceflight beyond the ISS? Shielding of the lunar radiation environment,
Geant4-DNA

= Continued importance of easy-to-use and rapid tools (e.g. reverse MC, GRAS,
SPENVIS(-NG), SEPEM Web-based applications, SEE models and tools) for
spacecraft and instrument development

= Radiation instruments and Geant4: See separate presentation

= Some personnel changes and challenges created
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