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« My God, space is radioactive ! » 

Ernie Ray, 1958
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Thanks

Many thanks to ESA's 

Space Environments and Effects (TEC-EPS) section 

Component Space Evaluation and Radiation Effects (TEC-QEC) section

For their invitation to a joint event

“FP Days” have been organized with TEC-QEC since 2009

First time we do the same with TEC-EPS

Particular thanks to Ali Zadeh, Véronique Ferlet-Cavrois, Alessandra 

Costantino, Marco Vuolo (ESA) and Françoise Bezerra (CNES)
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Space environment R&D at CNES

Mostly done through the “R&T” (research and technology) program

Bulk of it in the “MT” objective (micro-technologies and environment) 

Technical axis “MT3” “space environment” 

Space radiation and plasma knowledge and modelling (DSO/AQ/EC)

Radiation hardness assurance incl. radiation transport codes (DSO/AQ/EC)

Radiation effects on electronic components (DSO/AQ/EC ++) 

Space environment effects on materials (DSO/TB/TH, DSO/AQ/MP)

Contamination (DSO/AQ/LE)

Spacecraft charging (DSO/TB/EL)

Space debris (DSO/DV/ISL, DSO/TB/SM)

Complimentary actions on other lines of the R&T program

May be on “platforms”, “telecom”, “Earth observation” and other lines

Associates many CNES departments and offices

Close partnership with ONERA

Links with ECI (at CNES : “RCS”)
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Main orientations : space data

High level goal : direct access to space environment data

Be able to have first-hand knowledge of space environment

 Develop and fly radiation “monitors” and technology modules

 ICARE on SAC-C (ICARE), MIR (SPICA), ISS (SPICA-S)

 ICARE-NG on SAC-D, JASON-2, JASON-3 (CARMEN-1, -2, -3)

Gather other data through bilateral agreements

 UCL/CSR (EPT)

 NASA, NOAA (mostly open but need support of the PIs)

 LANL, USAF, JAXA, MSU

 ONERA IPODE data base

 ~ 50 series, LEO/MEO/HEO/GEO/IP, > 3 solar cycles

Develop data processing procedures and routines
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ICARE-NG
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ICARE-NG detectors

5 mm thick Al cylinders

700 µm Si diode
500 µm Si diode

500 µm Si diode500 µm Si diode

500 µm Si diode

500 µm Al shield 4 mm Al shield

4 mm Al shield500 µm Al shield
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ICARE-NG spectrometer energy channels

•On JASON, ICARE-NG looks through the satellite wall

•On SAC-D, ICARE-NG looked through a window in the satellite wall

SAC-D

657 km, 98°

JASON-2

1336 km, 66°
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ICARE-NG

ICARE-NG & LPT “Sky View” -Z

AMBRE

LPT-E and -S

Jason-3
January, 17, 2016

AMBRE –Y/-Z/+Y plane

Orientation of detectors

Example : Jason-3 mission
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Main orientations : modelling & user tools

High level goal : optimize radiation belt specifications

Improve radiation belt science and modelling (CRATERRE)

 Improve science, techniques & “expert tools” (not for the engineer)

 Physics-based dynamic model (Salammbô)

 Data assimilation techniques

Develop user-oriented products and services

 Develop radiation belt engineering models

 Make the models available to final users  OMERE (TRAD)

 Develop space environment tools & services

 Space data visualization  IPSAT

 Radiation belts activity indices (EUMETSAT, CNES)
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Data from ~50 couples instrument / satellite over more than 3 solar cycles

In-house data + international co-operations, Europe, USA, Russia, Japan

LEO/MEO/HEO/GEO/IP 

All along the watchtower
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Space and time propagation using dynamic modelling (Salammbô) and data 

assimilation

Combination of the 2
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IGE-2006

(ECSS 

standard for 

GEO) OZONE

Outer zone

SLOT

OPAL

IGP

(GEO)

AP8
AE8

Development of local models 

She’s like a rainbow
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GREEN-e

electrons

GREEN-p

protons

GREEN

Global model

V0 (2016) pasting, V1 (2017) smoothing, V2+ extension 

Voodoo child

Global Radiation Earth ENvironment
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Physics

Data assimilation

Measures

Labs

Other planets

(Jupiter, Saturn) Climatology

Local models

(e.g. IGE, Galileo,

« Slot », OPAL)

Services

(e.g. IPSAT, 

Eumetsat)

GREEN 

global

model

Activity indices from 

measures (e.g. JASON-

2/3)

Magnetospheric

shielding

CRATERRE Project

Labs & 

agencie

s

Diversification

(ionosphere)

Courtesy Daniel Boscher, ONERA

OZONE

model
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Example : IGE 2006

Developed by ONERA in the early 2000’s with CNES support (R&T)

and through collaborations with LANL and JAXA

Introduced in ECSS E-ST-10-04C in 2008 as a standard for GEO orbit

Effectively used in specifications ~2015 (NEOSAT)

Research  Publications, reviews (1st round of discussions)

 Acknowledgement by scientific community

 Uplift to standards (2nd round of discussions)

 Adoption by industry – may need a trigger

 ~15 years from early research to application
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Example : IGE 2006

Various EOR profiles
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Space data visualization : IPSAT

https://craterre.onecert.fr/ipsat/index.php

https://craterre.onecert.fr/ipsat/index.php
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Space weather : radiation belt indices

https://craterre.onecert.fr/home.html

https://craterre.onecert.fr/home.html
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Main orientations : OMERE

High level goal : space environment and effects tool on a desktop

Engineering – oriented

 Each year, orientations defined within a core user group

 CNES, TRAD, ONERA, AIRBUS-DS, TAS, CEA, ESA

Standard models, new models (ONERA, Ax9,…)

Idem for radiation effects

 Diffusion vector for our R&D outputs & those of our partners
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Engineering tools : OMERE

http://www.trad.fr/OMERE-Software.html?lang=en

http://www.trad.fr/OMERE-Software.html?lang=en
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Main orientations : radiation engineering

High level goal : optimize radiation design margins

Evaluate the impact of parameters on environment specifications

 e.g. anisotropy Y/N, orbit description,…

Evaluate the impact of new models on environment specifications

 e.g. A9/AP9 but also new ONERA models

Assess and improve radiation transport techniques

Assess and improve margin evaluation at each step of RHA process

Improve the definition of interface specifications


