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Radiation effects modelling and tools, Ray-tracing v. Monte Carlo

Some MC based tools and study examples
Uncertainties, margins and risk

GRAS / Geant4 tool
— Features,
— Lab tutorial

REST-SIM radiation tool
— Features
— Demo
— Lab tutorial

Many thanks to the Aberystwyth team for the WS
organisation and for the support in S/W installation
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Particle radiation transport
in space radiation effect analyses

Radiation

environment
models

b 4

105
i f.) Radiation
CJ transport
..\._. Circuit /
system
simulation
|

Radiation - -DeviC_e
transport simulation

K

G.Santin - Radiation effects on Sensors and Technologies for JUICE - JUICE Instrument WS



Engineering tools
Environments - Geometry - Visualisation — Analysis &&Eesa

ﬂ Model packages - Kc

SPENVIS

T

-

E3 Location: | 3

Models and tools for the space environments
effects analysis

Web Interface Mission model

—  Orbit, attitude

Space environment
models

Radiation transport
— Simulation engine

Model packages

Effects Analysis Planet: Jupiter
— Damage mechanisms
— Charging
- SEE > -
irajectory upload
— Effects to humans Trapped particle fluxes

Plasma models
SHIELDOSE-2Q

GaA shield optimization
1. »on environments {Planetocosmics-1°

Geant4 Tools
ECSS Space Environment Standard

Recent additions of Jupiter-related models
and tools under “JOREM”: JOSE
environment, shielding assessment
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Method for the
calculation of radiation
received and its
effects, and a policy
for design margins

Increasing accuracy

Solid Sphere
—>Ray tracing
- 3D Monte Carlo
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54. Deposited dose calculations

a. One of the three following methods shall be used to evaluate the deposited dose:

. abstract simple shielding such as planar or spherical shell geometry, as specified
iné22.1;

. 3-D sector shielding, as specified in 6.2.3;
. 3-D physics-based Monte-Carlo analysis, as specified in6.2.4.

HNOTE  They are ordered ity increasing accuracy atnd rigoat.
b. In establishing the shielding contribution to a component’s FDL, the following

shall be inchaded:

1. When it is shown to be conservative, additional margin need not be applied to
doses computed it geometries with the 3-D sector shielding method specified
ing.23,

WNOTE  This is particulatly ttue when approximate geometry models are
used which are demonstrably conservative (e.g. lacking
modelling of some units, harness, mass and fuel).

2. When doses from electron environments in geometries are computed with the
3-Dr sector shielding method specified it 6.2.3, an additional margin is to be
agreed with the customer, taking into consideration uncertainties in the
electron transport simplification and the shielding model simplifications.

NOTE  3-D sector analysis methods (slant/solid or Norm/shell) for
electron dose calowations are not always worst case. In one study
a cottective factor of about 2 was needed for the SlantfSolid
tnethod and 3.4 for the Norm/Zhell method

NOTE  Approximate geometry models used with the sector shielding
method are demonstrably conservative: some shielding, e.g. fuel,
euipmment units, or harness, is omitted from the geometry model.

3. When 3-D physics-based Monte-Catlo analysis specified in 6.2 4 is used for
electron-bremastrahlung dominated environments, it shall be demonstrated
that the achieved FDLI includes the wncertainties (including the level of
conservatism in the shielding and the systematic and statistical errors in the
calculatiom).

NOTE 1 Examples of electron-bremsstrablung dominated envitonments
are geostationary and MEOD orbits.

NOTE 2 When 3-D Monte-Carlo analysis is uged for ion-macleon
kh.ieldj.ng i heavily shielded situations (eg I35 and other
manned missions) greater margins gre used.




= SHIELDOSE-2

INCIDENT FROTINEG !

AND ELECTRONE - -
= —— 1 —] oEtEcTOR

CasE 1. SEMI=1HFIMITE MEQILM

L

7
—a

IMCIDENMT FROTONS
AND ELECTRONS

va

Cage 2. FIMITE-THICRMESS sLam

HCIDENT PRATONS

AMD ELECTAOHS >

Laze 5. foLic sreEds

e ]
-4.:E
|

CETECTDA

PETECTCR

Dose in Si {rad)

10

107

1p”

1072

107

1078

1978

4pi Dose ot Centre of Al Spheres

a
<&
Ful
®

Total

Electrons
Bremastrahlung
Trapped Protzna

10
Aluminium Abserber Thickness {mm)

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth




More realistic shielding
distribution

Works ~OK for protons,
addressing geometry detail

ConeXpress model: R.Lindberg, ESA
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QinetiQ

SSAT

Ray tracing: from a user-defined point
within a Geant4 geometry

Geant4 ray transport
NORM, SLANT and MIXED tracing

Sector Shielding Analysis Tool

7

i
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d-esa

]

SHIELDING

shielding levels

fraction of solid angle for which the
shielding is within a defined interval

global and from single materials

shielding distribution

the mean shielding level as a function
of look direction

It utilizes geantinos

DOSE

Estimate of the dose at a point

Based on external Dose-Depth curve
e.g. SHIELDOSE-2

Ray-by-ray dose calculation

All materials scaled to Aluminium

Results:

Total dose
Dose-Depth profile
Dose directionality
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SHIELD DISTRIBUTION FOR ALL MATERIALS

THETA/PHI SHIELD DISTRIBUTION FOR ALL MATERIALS

E 1
én.e
3 0.6

04 I r
02|
-0|
€02
0.4
0.6
08
-1

] 50 100 150 200 250 300 350
Phi

Shield [glcm2]

THETA/PHI DOSE DISTRIBUTION
]

50 100 150 200 250 300 350 o
Phi




d>esa

+ RT SLANT SOLID o RT NORM SHELL

1801 ) . - —
= 100 —-,,_; 0% o " oo
o Py Q Q0 A
2 P. Calvel et al.,
S IEEE Trans Nucl
> Sci, Vol. 55, No.
§ 6, Dec 2008
<L

Nb of detectors : 408
A00
0 100 200 300 400

Detector #

Figure 10 : Ray Tracing Methods Accuracies vs Monte Carlo

Recommended Hardness Assurance Issues
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m “Once in a lifetime” opportunity to visit the Jupiter system
— Underestimated radiation effects to electronics
—> potential failure of S/C or P/L
— Underestimated background / contamination
- lower scientific return

— 5 ton spacecraft, 100 kg useful payload: over-dimensioned shielding
—> lower scientific return

m High level of detail needed

— Radiation impact on instrument performance (sensor, electronics)
— Radiation effects on platform electronics

— Several presentations at this WS already stressed the importance of
MC analysis, at P/L and system level
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Geant4

Monte Carlo particle transport toolkit

World-wide used toolkit for HEP detector simulation
— ~40 organizations, institutes and projects
— Mostly related to high energy physics (HEP)
— ~15 years of collaborative developments

UR from heavy ion, CP-violation, cosmic ray, astro-
and astroparticle physics, space science and
engineering,

medical applications

Strategic capabilities for the space engineering
community

— Advanced physics

— Extendibility (OO design)

— Interfaces (Geometry/CAD, visualization, post-
processing, analysis)

— Open source approach
— Long term support

http://cern.ch/geant4

Agostinelli, Nucl. Instrum. Meth. A 506, 2003




écesa
m  Active community with varied expertise
— Instrument developers, space Industry

m  Collaboration actively involved in support to space users
— Dedicated “Space applications” HyperNews thread

— Geant4 Space User Workshops (next one in Barcelona, March 2013)
and linked Technical Forum

— Please come and bring your experience, questions, requirements

9™ GEANT4 SPACE USERS WORKSHOP P

Modelling high energy radiation effects

on space systems

HOME GENERAL INFORMATION UNk‘:

Home

Geant4 Space Users' Workshop —G4SUW- is focused on new results on space radiation interaction
with components, sensors and shielding analysis, as well as on Geant4-based tools and developments
REGISTRATION & applicable to space missions. PREVIOUS
PAYMENT WORKSHOPS:

The Geant4 particle transport toolkit is jointly developed by a world-wide collaboration and is

MPORTANT DATES
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Space environment and physics models

Geant4 models

Space environment

-
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EM Standard
1| EM Low Energy

HAD ions

100 eV 1 keV 10 MeV 100 MeV 100 GeV 100 TeV 100 PeV
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Jovian Tr. Electrons

- Solarprotons
- Cosmicrays:pajions
—
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1. Orbit input parameters o
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m Layered 1.5-D geometry (slab / sphere) T oty tis] S ],
= Materials by chemical formula SEmETE g B S R
m  Primary particle spectrum and fluences — - B e
— From SPENVIS L T D | TR
— User defined e e [
= Physics list choice
= Analysis options “
—_— Dose — _—
— Pulse Height Spectrum )
Trajectory average spectra
— lon. Dose 100E+0
— NIEL N0

—’—e\ectroas
- 00EXOD —=— protons|

1T.00E+0 \

— Dose Equivalent

m  Generate the MULASSIS macro
— Download for standalone version

Differential flux (/lcm2/s/MeV)

NEW 001 T 0 100 1000
= JRun in SPENVIS >

Energy (MeV)
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http://spitfire.estec.esa.int/trac/Mulassis/

Geant4-based Microdosimetry Tool

m Microdosimetry in geometries representing features of a
semiconductor device (transistor/junction geometries)

SEU cross-section o (cmz)

= Gras 0 deg, 45 deg, 60 deg, gemat diffusion
o0 Experimental results 1
“  Experimental results 2

&0

40 60
LET (MeV em? / mg)

m Analysis includes
— Single Event Effects (SEE)
User-input collection “efficiencies” for different regions

Charge Collection Analysis (CCA, GRAS analysis module) includes
diffusion equation for charge transport outside drift volumes

— Simultaneous energy deposition in several sensitive regions (MBU)

Figure 16: SEU cross-section with GEMAT diffusion

Has been integrated into SPENVIS

NEW tandalone version at
G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth


http://spitfire.estec.esa.int/trac/GEMAT/

PlanetoCosmics
Geant4 simulation of Cosmic Rays
in planetary Atmo- / Magneto- spheres

MARS CRUSTAL MAGNETISM MGS MAG/ER

»  Originally for Earth environment

» Extended to
— Mars (local magnetic fields)

— Mercury
m Under development
— J u p i te r Connerney et al., Geophys.Res. Lett,, 28, 4015-4018, 2001 _— ' ' pi"
_  Saturn Geant4 implementation L. Desorgher, Space IT
— Jovian moons http://cosray.unibe.ch/~laurent/planetocosmics/

Radiation Transport R20 - COSPAR 2010, Bremen 16



Early work by

L.Desorgher (SpacelT), 2008

m Radiations at Europa

m Dose in Europa soil (ice)

\
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i s P 1
P. Truscott, D. Heyndericks, R. Nartallo, Fan Lei, A. Sicard-Piet, S. Bourdarie, J. Sorensen and L.Desorgher, “Application
of PLANETOCOSMICS to Simulate the Radiation Environment at the Galilean Moons”, Vol. 5, EPSC2010-808, 2010

m Available in SPENVIS
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FASTRAD
— Recent addition of (TRAD-developed) Reverse and Forward MC
— Starting collaboration for comparisons and validations

NOVICE
— De facto standard (until now) for reverse (adjoint) 3D simulations

Other 3D MC tools
— Penelope

— EGSnrc o

— MCNPX =Y B oo e ety o rdion snsitv devics s st for  wide v o

FASTRAD was developed for radiation engineers who need a user-friendly interface

_ FLUKA | /“, ; | able to:

» Create the radiation 3D model of their system
» Calculate the received doses
» Perform optimum shielding analysis

Please go to the PRODUCT page in order to have a schematic view of the capabilities
of this powerful tool.

We are able to develop and integrate tailor-made tools into FASTRAD. Do not hesitate
to contact us for a specific development.

A FREE trial version is available on the DOWNLOAD page.

1SO 9001
Qualité
AFNOR CERTIFICATION
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o
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0.1
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ESA Memo TEC-EES/2011.812/GS

JOSE model extends in energy up to 1 GeV, but impact of the highest
portion of the spectrum (above 50 MeV) is rather limited for TID

Only 10% of the dose is coming from electrons of energy
— >~15 MeV for 5mm Al
— >~25MeV for 10 mm Al
— >~35 MeV for 20 mm Al.

This might not apply to other radiation effects, e.g. background, where
high energy tail can affect signals of deeply shielded sensors

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth
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Electron source
Isotropic
(cosine-law bias)

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 43, NO. 6, DECEMBER 1996

Effects of Material and/or Structure on Shielding of Electronic Devices

R. Mal:lgeret, T. Carriére, J. Beaucour
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Inermost or outermost Al laver thickness (mm)

Fig. 7. Attenuated dose versus internal or external Aluminium
thickness at a shigld "mass thickness” of 1,35 g/focm?.



Electron source

Isotropic
(cosine-law bias)

Al
10° :
« -+ AlTa-Al 0.81 g/cm2 Ta Thin
+ 4 Al-Ta-Al 2.70 g/cm2
= = Al-Ta-Al 5.40 g/cm?2
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Giovanni Santin., Marie Ansart
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SHIELDOSE and SHIELDOSE-2 have been
standard tools for S/C shielding analysis for
over twenty years

— Whilst not physically precise, these are much
easier to use and generate results very
rapidly

SHIELDOSE-2Q

(including Fe, Ta, Cu-W alloy, Al-Ta bilayer)
and target materials

Available in SPENVIS

Some validation efforts at ESA
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Box with detectors at the centre and,

O

L

Spherical shell with detectors at the
centre and close to the inner surface

close to the inner surface, at the “Solid sphere” with a detector at the
centre of a face, next to an edge and centre
next to a corner

Dose at centre [krad/310d]

Solid sphere [Solid sphere |Box Sphere

SHD2 Al-Si-Vac 2x2x3m”"3 R=1.5m
Shielding R_Si=T/10 R_Si=10cm |[R=10cm
[mm] T Si=10um |T_Si=10um |T_Si=10um
5mm 1016 1030 345 377
10mm 266 283 83 104
20mm 62 57 18 25

m Geant4 /| GRAS 3-D Monte Carlo

ESA Memo TEC-EES/2011.812/GS
G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth




(0,0,3) (0,0,0)
: o}

80,1) 80,0) o°:
TERIE
LI o
(1,341)
Box with detectors at the centre and,
Spherical shell with detectors at the close to the inner surface, at the “Solid sphere” with a detector at the
centre and close to the inner surface centre of a face, next to an edge and centre

next to a corner

Solid sphere |Dose 310 days [krad] Sphere Dose 310 days [krad]

Target 000 Target 000 Target 001
5 mm 1030 +- 1.3 5mm 377 +I- 5 374 +/- 5
10 mm 283 +/- 0.8 10 mm 104 +/- 3 89 +/-
20 mm 57 +- 04 20 mm 25 +/- 2 18 +/- 1
Box Dose 310 days [krad]

Target 000 Target 001 Target 011 Target 111
5mm 345 +/- 5 375 +/- 5 395 +/- 5 408 +/- 5
10 mm 83 +/- 2 93 +/- 2 98 +/- 3 99 +/- 2
20 mm 18 +/- 1 18 +/- 1 21 +/- 1 22 +/- 1

Message:

m  Dose-depth curve should only be taken as first order
approximation of radiation environment severity
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k

Particle Physics

Research
| | m Ease of use
Physics extensions = Engineering interfaces
Accuracy improvement (CAD,...)
Technical transport m Tallying options
implementation = Computational speed
Geometry capabilities = Tool integration
Space Weather
Operations
Scientific approach Missions support
1. Accuracy
2. Usability
3. Speed
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m Typical radiation analysis is iterative process with chain of
calculations based on models, each with statistical and systematic
uncertainties s

— Engineering margins should account for known and unknown unknowns :
ensure mission survival in hostile environments T

— High margins imply extra costs (e.g. from weight of thick shielding, or
system redundancy) and are sometimes showstoppers in feasibility
studies — should be reasonable

m  3-D Monte Carlo is assumed to be more accurate than
approximations based on 1-D calculations or ray tracing

— Lower margins imply extra risk: contributions to the global uncertainties to
be monitored, MC should not be assumed as “perfect”

— User input mistakes are generally much more dangerous than systematics
from physics modelling

Spectrum interpolation, biasing, cuts, response functions,
absolute normalisation, wrong geometry, dose self shielding

— Open interfaces for tool interoperability increases confidence

— Significant expertise needed in the teams to increase (and quantify!) the
confidence in our Monte Carlo engineering calculations

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth



Electron source
Unidirectional, pencil beaml )

Al/Ta
Bottom shielding surface
(flux tally) 9

Si detector 1um
(detector dose taﬁy) | & |
Shared effort JPL — ESA | 20m |

Prediction capabilities of Geant4 and Gamma Spectrum - Ta Sgem-2 30MeV
MCNPX LEOI ¢

— From single materials
to multi-layered shielding options
— Mono-energetic e- and realistic

1.LE+00 AVM

LE-01 - 1‘\\
1LE-02

differential flux (cm2 - MeV)-1

spectra \
+ |[-— MCNPX
— TID, electron, gamma and also LE03 14 GRAS (Geant4) LowE 250eV]
neutron fluxes B0t - |—+— GRAS (Geant4) Standard
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02
H H gamma energy (MeV)
SeIeCtlon Of InpUt parameters and Neutron integral spectrum - Ta 5gem-2 30MeV
models for Geant4 non-trivial ~ LE02
E LE-03
Agreement generally good, with T posl ﬁ%‘*ﬂ:\
some notable differences R K\ Presented at
l.E-06 7 —o— MCNPX \JX EJSM
Providing benchmarks for potential [ GRAS Gemtd) Standar | Instrument
. . . . 1L.E-07 Workshop,
instrument providers to validate their T T T TS TR

own choice of transport tools neutron energy (MeV)
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.\l\lkb_

{=esa .

m  Analysis of problem areas in
energetic electron penetration and
interactions in S/C and P/L

m Validation of model developments
(also dedicated testing campaigns)

TAS-E led consortium
G4AIl, TRAD, INTA, DHC,
ONERA, Artenum, TAS France

RADECS 2012, Submitted to IEEE TNS
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Relative dose (%)

Relative dose (%)

Experimental dose enhancement in multi-layer

.
-

European Space Agency

shielding structures exposed to high-energy
electron environments

J. Eck. S. Ibarmia, V. Ivanchenko. D. Lavielle. A. Rivera, J. Cueto. G. Santin

6 MeV electran - Experimental dose profile
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Modelling speed in 3-D realistic S/C @ esa

CAD geometry interface

Modéle de la station
internationale sur FASTRAD

Speed: Reverse MC

CAD STEP and IGES
interface (and normal 3D
models)

via external 3D modelling
tools tools

Direct GDML output for
Geant4

FASTRAD, ESABASE?2,
SALOME

Requirement from space industry

m  Tallying in sub-micron SV inside macroscopic geometries

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

Based on “adjoint” transport equations

m  Computing time focused on tracks that contribute to the detector
signal

Nucl Instr Meth A, 2010
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m  Proton source
— [0.1keV, 200MeV]
—  E'spectrum

<0 __Results vs time Energy qeposited
—— Forward MC 1.94e-02 MeV
Gl —— Adjoint MC 2.10e-02 MeV
§ 401 B % 1073 F
5 oof 12
<] 0k 41 K
101y
—20 F 4
m Difference in total computed 10 e - .
o 109 10" 102‘ LOR 104 10° 10! 102 10°
dose <~5% computing time [s] Ej., primary proton [MeV]
m Reverse MC method more ‘ Proton fluence o Electron fluence
. 1079F ‘ ' ' E : LI P
rapid than forward by orders -
of magnitude 0 v
g 107*F 1 o
= Recent observations of O 210
bigger discrepancies with © ol 1 0
electrons are being :
investigated L T 503
Eyin [MeV]

Desorgher et al, Nucl Instr Meth A, 2010
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Geant4 tools integration:

GRAS

Requirements:

Ready-To-Use tool

Multi-mission approach

Quick assessments
Ray-tracing <> MC
1D <~ 3D
EM < Hadronics
LET <> SV details

Modular progress

Open to collaborations
and contributions

Currently GRAS v3.1

GRAS v3.2 in
preparation
— Jan-Feb 2012

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth

(e.g. SPENVIS, CREME96)

GDML, CAD (via GDML) via GPS

MULASSIS, /

GEMAT,
C++, ~

Transport,
Scoring

EM & Hadronic options

/ \

[ PHITS, JQMD, DPMJET2.5 J Scalars, Histograms, Tuples
(CSV, AIDA, ROOQT, log)

G Santin, V Ivantchenko et al, IEEE Trans. Nucl. Sci. 52, 2005



Santin et al, RADECS, 2005

GRAS: script driven
Geometry

Source

RADIATION
ENVIRONMENT

/,}gps/pos/type Surface<\\

/gps/pos/shape Sphere
Parameters for

built-in geometries
or
External files

/gps/ang/type cos
/gps/particle e-

/gras/geometry/type gdml
/gdml/file geometry/conexpress.gdml

Analysis
. L
Physics o~ o
Physics lists AW e
. . . .
or single components Object Oriented
scripting

/gras/phys/addPhysics em standard opt3
/gras/phys/addPhysics QGSP_BIC_HP /gras/analysis/dose/addModule doseB12
/gras/phys/addPhysics raddecay /gras/analysis/dose/doseBl2/addVolume bl

. /gras/analysis/dose/doseBl2/addVolume b2
/gras/physics/setCuts 0.1 mm /gras/analysis/dose/doseBl2/setUnit rad
/gras/physics/stepMax 0.01 mm




m  S/W and documentation available from
— http://spitfire.estec.esa.int/trac/ GRAS

m  Temporary login / pw for the workshop:
— juice2012 / juice2012

m Latest code version from SVN repository at
— http://spitfire.estec.esa.int/svn/GRAS/trunk/

. ===
European Space Ageg

0

logged in as gsantin = Logout  Preferences  Help/Guide  About Trac

Search

m’ Timeline |' Roadmap |'

Browse Source |’ View Tickets |’ Mew Ticket |' Search |’ Admin

SUM

Radiation Effects on Sensors and Technologies for Cosmic Vision Science Missions
(REST-SIM)

Software User Manual
Abstract

REST-SIM is a simulation framework developed by QinetiQ, SpacelT and DH Consultancy for the assessment and
analysis of radiation effects for the instruments and payloads of ESA’s Cosmic Version Programme. It is targeted
to be used in many of the different mission developments and operations through out the course of the
programme. This document is the software user's manual, consists of a brief description of the software design

and its components, instructions on its installation, basic usage instructions and detailed instructions on all
operations of the code.

Introduction

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth

Start Pege Index  History

Radiation Effects on Sensors and Technelogies for Cosmic Vision Science ...
Software User Manual
Introduction
Contractual
Background
Purpose and Scope of the Document
Problem reporting
Instructions for Software Installation
Prerequisites
Source codes
Compilation and build
Setup the MySQL database
Setup the GRAS application
Other linked/integrated tools
Getting Started
Starting REST-5IM
Basic Usages
Creating a project:
Importing a GDML geometry:
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m  Current release v3.1, Feb 2012
— Based on Geant4 9.5.1
Some highlights:
— Point detector for RMC
— New LET analysis
— Geometry biasing interface
— CMAKE-based installation

m GRAS 3.0 (Oct 2011) had
introduced

— Reverse MC

— Automatic normalisation
— Magnetic field manager
— Improved CSV output

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth

GRAS 3.1 Release Notes

20 February Z01Z

Platforms and dependencies

— This release has been tested on
+ Linux: SuSE10.3 (gcc—4.2.1), €4 bit
+ MacOS5¥ Lion &4 bit
+ Windows7 3Zbit

— FRAS3.1 regquires the installation of
+ Geant4 5.5

- Optiocnal extra packages
+ Histogramming package: ATIDE (not for Windows)

+ Histogramming package: ROOT (not for Windows)
GRAS 3.0 Release MNotes

Changes since previous release

27 Cctober 2011

Platforms and dependencies

—2dding of point detector in the - This release has been tested on
+ Linux: SuSE10.3 (gcoce-4.2.1), &4 bit
+ Linux: SuSE1l1.3 (gcoe-4.2.1), 32 bit

—Adding of NewlLET analysis module

- GRAS regquires the installation of

bi .
1&sing + Geantd 9.4.p02
_________ - Optional extra packages
—Adding of geometry biasing inter + Histogramming package: AIDA implementation
+ Histogramming package: ROOT
physics:
________ Changes since previous release
-Update to geantd4. 3.5 -
-Update list of available Phayics
for EM physics - em standard, Reverse/adjointMC
em standard optiZ, em standar " TTTTTTTT
a | _ N P - e .
em_standard_ﬂ"JI, em_standard The Reverse/Adjoint MC mode availsble in Geant4 has been now img
em penelope, rmc em standard . i . .
- - See example/reverse mc/simple_gec (reverse_simulation.gémac)
for hadronic physics: binary,
bertini_hp, bertini_precoc, F
QGSP_BERT, QGSP_BERT_HP, QG5 analysis
QGESP_QMD HP, Shielding  ~—
= - . . —Rutomatic normalisation. See example/normalisation/automatic normali:
for ion nuclear interactions: -
. : ﬁ : .
binary ion, QMD ion, incl zb -Adding of 3D scoring with meshing (Sergio Ibarmiz Huete INTA)
qud_lcn -HNew BReaction analysis module
—There is a2 possikility to use Ge:
; . physics
its name specified as 3d parame
i ' i ) I
the envircnment varizble MRCROL —kdding of reverse/adjoint physics.
histo
instellation: 77777

-Possikbility of ntupling also with ROOT.
-Improvments of GRAS C5V output (normalised unit, ...}

-New installation based on CMREE

magnetic field modeling

—kdding of the magnetic field model manager (MarsREM project, L.De

34




m  Example distributed during the JUICE instrument AO

m  S/W and documentation available from
— http://spitfire.estec.esa.int/trac/GRAS/wiki/GRAS/JuiceSimpleCase

Search

logged in as gsantin | Logout | Preferences | Help/Guide | About Trac

| m’ Timeline |' Roadmap " Brovse Source " view Tickets " Mew Ticket " Search |' Admin |
GRAS / JuiceSimpleCase Up | Start Page Index History

JUICE - GRAS simple case
Description

The gzipped tar file in attachment - contains geometry model and input macro text files for a simple GRAS simulation of a spacecraft in the Jupiter electron environment. Output
results and the log text from the simulations are also included.

The simulated case corresponds to a configuration presented in Figure 4 from TEC-EES/2010.613/GS/2.0, 30 May 2012. This particular simulation corresponds to the 90% point of the
last curve (Pb-Al), with an expected dose value of about 45 krad.

The geometry model (see Figure 1) includes a box-shaped spacecraft and 4 targets. The 2x2x3 m3 spacecraft has 2 concentric layers of different materials: the external layer is made

of Lead, the internal one is made of Aluminium. The total areal mass is 2.7 g/cm2 (corresponding to 10 mm of equivalent Aluminium} split into 2.141 mm of Lead (2.43 g/cm2, or 90% in
mass) and 1 mm of Aluminium (0.27 g/cm2, or 10% in mass). The 4 targets are thin but rather large Silicon spherical shells.

- <:: Outer layer made
of Lead

Figure 1: Geometry model (shielding thickness not to scale).

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth



'_j! [JUICE_GRAS_simple_case.tar]

simple_case
analysis
pythaon
plots
data
m  Multi-layered S/C, 4 targets geometry
. . . . log
m Jupiter trapped electron environment, mission averaged cros
macrnsfﬁd_bnx_zlayers_&targets.g&mac —=>»> main GRAS macro file
macrDsfsnarce_e_JDSE_thr_lHeV_ng.g&mac —=>»> macro file containing the electron spectrum
macros/spectrum. tXt —=>» the =same sSpectrum as in the macro above, but in simple text format
macros/vis.gdmac —=>» macro commands for visualisation
macros/colours.gdmac —-=>» macro commands for additional user defined wvisualisation colours
genmetryﬁﬁd_bnx_zlayers_&targets.gdml —=> GDML geometry model
GDMLSchema —=>» sgymbolic link pointing at the location of the GDML XMI. s=chema
Qgras.csh —=>» ghell =script to launch the GRAS simnlation
lngfﬁd_bnx_zlayers_&targets_xxx.ng —=>»> 1log output files during execution
datafﬁd_bnx_zlayers_&targets_xxx.csv —=>»> main output file=s
analysisfpythnnfanalysis_jaice_simple_case.py —=>» Python analysi=s script
analysis/pycthon/plotss... —--» Python analysis output plots
analysisfpythnnfanalysis_jaice_simple_case_tables.txt —=>» Python analysis output with tables

o Average dose in the 3D box for a constant mass (2.7g/cm2)

From outside to inside :

— Ta/Al

-- AlfTa
Al/Ta/0.03mm Al
AlfTa/0.3mm Al
AlfTa/2Zmm Al
Al/Pb/0.3mm Al
Al/Pb/2mm Al

— AI/WCu/0.3mm Al

- - AI/WCu/2mm Al
Pb/Al

Outer layer made
of Lead

70

Dose (krad)

Pure Al 10 mm s p
| ’*
- }-
/
~ % Sl L4

50

0 20 100 12i

40 60 80
Percentage of (Ta or Pb or WCu) in Equivalent Aluminium mass
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k

m  Download files from URL below or from JUICE website 2> AO - Q&A

m  Unpack

tar -zxf JUICE_GRAS_simple_case.tgz

m and go to the simple_case example directory

cd simple_case

m  Run gras with the main macro file as input. Wait 5 minutes

/usr/local/applic/gd4apps/bin/gras
macros/3d_box_2Tlayers_4targets.gdmac

m Look at the log on screen. Error on dose results might be unacceptably big
— Set # of events to 100M, re-launch GRAS, have a coffee...

m Play with the project
— Edit the main macro file to reduce the number of required events to 1M
gedit macros/3d_box_2layers_4targets.gd4mac

— Edit the GDML geometry and modify the parameters, e.g.
mat_Lead - mat_Aluminium and
thickness from 2.141 mm - 9.0 mm to compensate for density

gedit geometry/3d_box_2layers_4targets.gdmil

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth



http://spitfire.estec.esa.int/trac/GRAS/wiki/GRAS/JuiceSimpleCase

CSV and ROOT files produced
— CSV human readable, can be opened
in Excel
Python script (provided) extracts from
CSV file relevant output and produces
example tables and plots

L= R B = B B S R T R VI

il
(R

-
a

A B C D E F €]
! 1 8 0 a4 0 3 3
'GRAS DA -1 TOTAL DOSE'
'GRAS DA -1 'STAT _DOUEBLE'
'GRAS_MC -1 'dosesi'
'GRAS_MC -1 'DOSE'
'‘Dose’ "rad’
"rad'

1 'Dose/energy deposition'
'Error’ 1 'Error dose/energy deposition'
1 'NMumber of entries

1.00E+09

'Entries’
43700

‘End of Block!

rE 3 0 4 0 3 3

'GRAS DA -1 'TOTAL DOSE'

lmmam A 4 T AaT i el

738.85

#events TID
[rad]
1.0E+07 4, c3E+04
1.0E+08 4. 63E+04
1.0E+09 4 3TE+D4
Target TID
[rad]
Qo0 4 55E+04
001 4 . 12E+04
011 4. 41E+04
#0111 4.40E+04

TiD frad]

[rad]

=

30000
10°

+/-
+/ =
+/ -

+/-
+/-
+/-
+/ =

oS s

o e

.04E+03
.33E+03
-35E+02

-54E+03
-34E+03
.S2E+03
.43E+03

107 10°

Number af simulated electrons
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L
¢-esa

m More realistic GDML model

— With external tools, e.g. FASTRAD or ESABASE?2
* From CAD model via STEP, IGES,... or
* From scratch (FASTRAD and ESABASEZ2 are CAD tools too)
« Speed improvements expected with G4 Tessellation in Geant4 9.6
— Edit (by hand) the provided GDML file
* Human readable XML format

m  Spectrum
— Official mission averaged spectrum for end of mission assessment
— Phase by phase analysis
— Worst case electron flux
— Cosmic ray impact

m Instrument specific analysis, e.g.
— lonising dose v. Displacement damage depending on technology

— Instantaneous e-, photon, neutron flux spectrum for sensor
background, SEE

— Event-by-event analysis (ROOT format, python analysis) of energy
deposition for instrument background, (anti)coincidence logics,...

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth




REST-SIM  Radiation Effects on Sensors and Technologies
for Cosmic Vision SCI Missions

Recurrent difficulty of efficiently establishing and iterating in time for
critical radiation analyses:

— Spacecraft / payload geometry
— Science analysis definition (e.g. sensors)

Need for efficient front-ends
— Analysis application definition
— Geometry creation
— Models I/O

Use from earliest phases (CDF), w/ increasing details

Continuous, smooth improvement of radiation analyses over entire Phases
mission design lifetime Ato E
— Reducing costly margins on radiation levels
— Extended to flight phase and ultimately to post-flight mission data analyses

Giovanni Santin - REST-SIM - LAPLACE TDA meeting, 23 May 2011



L-Class

CCD — TI;) 1.2. : . 0.9 - a - 1A.0 - ‘ : .
DD 1.2 0.9 1.0
Photodiodes E[E)) 1.2 0.9 fg ;; ;?
SEE 0.5
Si Drift Diode Array TID 1.6
DD 1.2
i SEE 0.9
Laser Pump Diodes Elg gg 1.8 gg
SEE
APS TID 1.0 20 0.8 1.7
ste [0 57 57 o5
Hybrid CMOS ROIC Multiple TID 1.8 05 0.7 1.5
DD
m Technology mapping & effects TS i O - T
DD 1.5 0.5 0.7 2.1
®m Impact on mission risk assessment oD i T -
GaAs sDEDE
PhotoConductors TID
m The susceptibility of the various S
. . Si Bolometers TID 22 1.0
technologies to the specific space o o s
H . TES Bolometers TID
environments: o —
SQUID Amplifier TID
DD

SEE 0.8
KID Detectors TID

f =log| 250 Env x #efjects X I oo
8 TRL Cdznte TID 08

CdTe DD 0.8
SEE 0.5

MCP TID

— Env: a scaling factor that takes into SEE o4 [ [ oa] E

account the space environment (e.g. Solid State Osaillator 0

distance from the sun) and mission SEE

Crystal Oscillator TID 1.5

duration DD
SEE

— f#effects: the number of effects a Glass, Fibres, Laser Rods TID 0.5 0.2 0z | [ 03 |

DD

technology is susceptible to SEE
Si Pore Optics TID

— TRL: the technology readiness level o
Csl Scintillator TID

DD

SEE

H Traﬁlc-llght COIOur COdIng! Fluxgate Sensors TID

Search coil magnetometer DD
, . . . , SEE [ 04 | 05
G.Santin - Radiation modelling in Jupiter environme|casFixs betector TD
SEE 1.0




Mission specification and
environment modeller

S/C and P/L geometry
modeller

Effects analysis tools

— Geant4-based applications
(GRAS, SSAT, MULASSIS)

Simulation manager

Post-processing manager
— Visualisation, plots

— Response matrices /
formulae / algorithms

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth

Simulation Framework

s

¢-esa

Mission/Environ. Geometry Modeller:
Modeller: AL DOS OpenFrontier
SPENVIS/IOMERE FASTRAD

Key s/w technologies:

Python and PyQT
main programming lang. and GUI

GRAS/Geant4
particle transport and effects simulation too

NumPy, SciPy & Matplotlib
post-processing

MySQL
internal database



Project
management

File details

Simulation runs

Parallel
computing,
cluster details

Analysis input,
post-processing

Giovanni Santin - REST-SIM

P REST-SIM

Project Geometry RadiationEnv  Application  Simulation  PostProcessing
&Project Viewer
Name type
4 testl project
Geometry geo
Environment env
4 Simulations
4 sl simulation
sl.csv csv file
sl.csv csv file
macro_file_name.gdmac macro file
slcsv csv file
R Bl
< I
File Viewer
‘Steps',”, 1,Average number of steps’
‘ErrorSteps’,”,  1,Errar on number of steps'

1.113141e-001, 1.168803e-003, 6.708171e+001, 2.597032e-002, 0.0000002+000, 0.000000e+000, 1.410751e+002,

5.301615e-002

‘End of Block’

*,12,3,2,0,6,6,100, 2

'GRAS DOSE AMALYSIS MODULE'

'DOSE VS PRIMARY KINETIC ENERGY'
'GRAS HISTOGRAM 1D'

NAME', -1,'tl','t1 dose_vs_primary_kine'

E', -1,'t1dose VS primary kinetic energy’

1,'Bin lower edge'
‘upper’,”,  1,'Bin upper edge’
‘mean’ 1,'Bin mean’
walue',",  1,'Bin value'

‘arror 1 'Rin arrnr

&Running Sim Viewer

Mame host id process id
4 g

9 719

9 881

1 5160

1 5676

< i
&Simulation Fadility Viewer

Name

Holly
Local host

start time

2011-05-23 08:04:24
2011-05-23 08:04:27
2011-05-23 08:04:27
2011-05-23 08:04:27

Host name
['holly']
['localhost']

application

GRAS
GRAS
GRAS
GRAS
GRAS

moac

status

running
running
running
running
running

@ X GRAS Reverse Input Builder

-

Save ‘ macra_file_name.g4mac

Geometry | Source | Spectra | Taly

[ Add new module | Hame
Type

‘ Remove module | [t

Definition of module

td

‘IDFIISII‘\Q dose

[1d

[ Add volume for analysis

Unit MeV hd

Options

- LAPLACE TDA meeting, 23 May 2011




Giovanni Santin

m  Multiple user control
M REST-sIM
Project  Geometry  RadiationEr
per— m  Local MySQL database or
logout | central/remote database
Register
d m  Built-in project viewer
File Editor
) = Import / export facilities
P REST-SIM o[BS
User Project Geometry RadiationEnv  Application  Simulation  PostProcessing
Project Viewer g X
Mame type application
a MEQ project
4 Geocmetry geo
proba3.gdml gecmetry file
4 Environment EMV
SPEMVIS TRAP orbit averaged flux
Simulations
Post-processing analysis
4 Tnput input
reversel.nml namelist file GRASRMC
testl.nml namelist file GRAS

- REST-SIM - LAPLACE TDA meeting, 23 May 2011




¥ REST-SIM =8 EoR(Ex3
User  Project RadiationEnv  Application  Simulation  PostProcessing
Project Viewer GOML 3 Import | B X
MName OpenFrontier  » Mew application
4 examplel FastRad 3 Open
Geo.metr)l .
EEEEEEEE *.f|n.:|nrnr:nt -
=  CAD Tool -> GDML -> Geant4:
— Stored in the database in
GDML format — Geometry
Description Markup Language
m  Geometry modelling:
— import or build
= Two S/W tools can be used for
GMDL input into REST-SIM:
9 — FASTRAD (TRAD)

Nare:  OHBvau

36,60 9-BROO2, @ & o P EEE DS

nment - JUICE WS - Aberystwyth

— ESABASE2 (etamax)




™ ResT-SIM | )
User Project Geometry pplication  Simulation  PostProcessing

1=

Project Viewer SPENVIS » | g X
MName OMERE  » Setup application
4 examplel Upload L4 Ec

- Geometry et B |

m  Mission environments can be modelled using SPENVIS and OMERE
— run from REST-SIM
— environ. data are imported and saved in the project database

m User can also upload environ. specifications directly

@ mission.cen - OMERE
File Window Mission Dose SEE  Atomic displacement Solar Cells Toeols Help
D= & 7 EE

Solar Particles ...

S/P‘EE_\LT_\.{:—* @ S P E N V I S 36000.00 x 36000.00 Commic Raye

[=lrE s

'S SPENVIS - Space Environme » %}
€ > C N ‘ www.spenvis.oma.be 77 IS

Trapped Particles ...

NAVIGATION LET Spectrum ...
* Home
® Access
* Register

BIRAASE formatic ste

Import Flux ...
Regisfrfi}io Transport ...

* About SPENVIS oo o she

* Documentation

* Credits

* Rules of conduct

charge Transfer function

Interplanetary
* My account
* Forums

*® Bug tracker
* Lost password

Read more.

Need help %ther_w! rrerc!uirrrerme!lrtrs o

t: spenvis team@aeronomie.be
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P REST-SIM

Project Viewer
MName

4 examplel
Geometry

L

Geant4 based analysis tools:

Geometry and Environment from the DB

Full control of Geant4 physics

GRAS 4 Import
GRASEMC  » Edit
project Build

geo

User Project Geometry RadiationEnv | Application | Simulation  PostProcessing

L

application

GRAS Input Builder

Save input_name

Physics Geometry Source Tally

Particle type e-

Position distribution |P0int

Coordinate Center 0,00 = 0.00

Digtance from Center 0,00 - |m v|

Radius 0,00

Direction distribution |m0no directional

-

80 [deg] 0.00 =1 Bmin [deg]

@0 [deg] 0.00 + min [deg]

% Bmax [deg]

+| pmax [deg]

Spectrum distribution |E=EQ

Response Function mode

E0 0.10 = |Mev

Emin 0.01 5| Emax
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™ REST-SIM = <=
User Project Geometry RadiationEnv  Application PostProcessing
Project Viewer B X
MName type application
4 examplel project Facility New
Geometry geo -
| S " i anagement
H Define a simulation 7=
New Simulation
Simulation Name:  gjm1
Input XML file: gras-Loml (GRAS) v |
ber of : . . . apags .
= Simulation facilities:
Batch Excution. Nr.of runs: | Queue it | _ Local hOSt or remote (SSH)
’
Interactive runs H H
— Linux, or Windows (local)
MNode name Host name Nr of processors  Nr of runs
Local host  localhost 2 2 [ | TWO executlon modes:
Spitfire spitfire.estec.esa.int 16 _ |nte|"aCtlve forced runs
)
Simulation Viewer : : : : — Batch queue
Mame host id processid  starttime status percentage completed id
4 sim-1 running 5
run2 1 4572 2011-10-10 16:25:58 running 280 % completed in 1025725 0 .
runl 1 4104 2011-10-10 16:25:57 running 26.0 % completed in97.516s 8
4 sim-2 holding 6
runl None Mone Mone holding  Mone 10
run Mone Mone Mone holding  Mone 11
run3 None Mone Mone holding  Mone 12
El 1] +
= Execution
Simulation Facility Viewer . .
MName Host name IP Procs Load Mips  Bindir Tmpdir monltorlng/management:
Local host ['localhost'] ["1 [2] ['20° 2.0, 207 [2500] ChaUsersifleivrestsimibin/  Ch\lUsershfleivres
Spitfire ['spitfire.estec.esaint’] ["] [16] [''] [3000] /home/ginetig/restsim/bin/ /home/qginetig/| — CheCk progress-
% completed
4 (1l 2 H
— Stop/Kill/Remove
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P REST-SIM o=
Project  Geometry RadiationEnv  Application  Simulation | PostProcessing
Post Processing Import Python Script | g %

Results Viewer Python console Elotter

Leze s o variables | 5k

Python 2.6.6 {r266:84297, Aug 24 2010, 18:46:32) [MSC v. 1500 32 bit (Intel)] on win32
copyright”, “credits™ or license™ for mare information.
Prx rEx »xr x>k »xx [<matplotib.lines.Line2D object at 0x02E20EB0 =]

Na’ma Type Size Value a
X floatbd (101,) array([ @. » ©.86283185, @.12566371, ©.18849556, ©.25132741, ... @
= |
=
File Editor
py_testpy [

1 import numpy as np . [ | Interactive Python SCI’iptS

2 import pylab as pl
: F‘:m‘;m;ge[:ﬁ_]m —  NumPy, SciPy, Matplotlib
3oL el txmcos o) — Python console and editor
m  Plotting:
POO += B m o — 1d/2d histograms
u
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m  S/W and documentation available from

m Ask for a personal account
m  Temporary login / pw for the workshop:
— juice2012 / juice2012
m Latest code version from SVN repository at
— http://spitfire.estec.esa.int/svn/REST-SIM/trunk/

Space Environment : _
= = 5 - Search
European Space Age =
N logged in as gsantin  Logout  Preferences Help/Guide  About Trac

| m’ Timeline |' Roadmap |' Browse Source " View Tickets " New Ticket " Search |' Admin |
SUM

Start Page | Index | History

Radiation Effects on Sensors and Technologies for Cosmic Vision Science Missions

Radiation Effects on Sensors and Technologies for Cosmic Vision Science ...

Software User Manual
(REST‘SIM) Introduction
Contractual
Software User Manual Background
Purpose and Scope of the Document
Abstract Problem reporting

Instructions for Software Installation
Prerequisites

REST-SIM is a simulation framework developed by QinetiQ, SpacelT and DH Consultancy for the assessment and Source codes

analysis of radiation effects for the instruments and payloads of ESA's Cosmic Version Programme. It is targeted Compilation and build

to be used in many of the different mission developments and operations through out the course of the Setup the b database
This document is the software user's manual, consists of a brief description of the software design paRBERR S e

programme. ’ p g Other linked/integrated tools

and its components, instructions on its installation, basic usage instructions and detailed instructions on all

Getting Started
operations of the code.

Starting REST-5IM

Basic Usages

. Creating a project:
|ntr0duct|0n Impaorting a GDML geometry:

Trammrt #ha COERWVTE amsiranmant filag e
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http://spitfire.estec.esa.int/trac/REST-SIM

Start the RestSim.py client
— Please follow the instructions provided by the organisers

User accounts already available
— Same as on fearless, password = username

Defining a new project, fill it in with files e.g. from
simple_case
— Geometry (GDML file)

— Radiation environment (from SPENVIS server, OMERE or
text file)

— Application parameters (Physics, Source, Tally for GRAS
FMC and/or GRAS RMC)

Define a simulation facility, launch some runs, have a look
at the results
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ESA Intended Invitation To Tender

12.1EE.18

Title: COLLABORATIVE ITERATIVE RADIATION SHIELDING OPTIMISATION SYSTEM (CIRSOS)
Revision: 7
Program ref.: TRP
Tender Type: C
Quarter: 123
Tender Status: INTENDED
Price Range: 200-500 KEURO
Budget Ref.: E/0901-01 - TRP
Proc. Prop.: DIPC
Special Prov.: BtDE+F+D+HNL+E+S+CH+GBHRL+A+N+FIN+POR+GR+LUXACZHRO
Establishment: ESTEC
Directorate: Directorate of Technical & Quality Manag
Department: Electrical Engineering Department
Division: Electromagnetics and Space Environment D

Responsible: Eamonn Daly

The objectives of this activity are to reduce radiation shielding mass throngh a svstem that efficiently supports collaborative industry and instrument provider
shielding analyses. providing configuration controlled geometry and shielding data. reliable interfaces with company (prime and unit provider) processes,
and high speed validated physics sinmlation, implementable on low cost scalable computing resources.

m  The objectives of this activity are to
— reduce radiation shielding mass

— through a system that efficiently supports collaborative industry and
instrument provider shielding analyses,

— providing configuration controlled geometry and shielding data,

— reliable interfaces with company (prime and unit provider) processes,
— and high speed validated physics simulation,

— implementable on low cost scalable computing resources.

G.Santin - Radiation modelling in Jupiter environment - JUICE WS - Aberystwyth




m  Preparatory work in support of the JUICE mission

— to analyse and model the effects of the interplanetary and local Jovian
radiation environment on the mission, its shielding and payloads,

— using the newly developed JOREM radiation environment models

— together with radiation transport and analysis tools such as Geant4,
GRAS, FASTRAD and NOVICE

m  Contact person: Petteri Nieminen at ESTEC

— Note: the standard ESA schedule for applications does not apply to
Research Fellow positions in TEC
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Severity and new features in Jupiter radiation environment
impose use of appropriate (MC-based) tools for study of
countermeasures

New tools are being made available to the community
— GRAS v3.1 / REST-SIM

Stress on uncertainties and impact on margins - risk / mass
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