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ATNMOSPHERIC IONISING RADIATION

Atmospheric lonising Radiation is generated as a result of
the interaction of space radiation with the atmosphere on
earth

Sources of radiation in space are, notably:

* Galactic Cosmic Rays (GCR)

* Solar Energetic Particle
Events (SF + CME)

The primary particles are

—e— Proton \ \\

mostly protons

Particle Flux (Particles.s™'.cm?)
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10 T Epaon \ AN <- Graph from F. Lei, S. Clucas, C. Dyer, and P. Truscott,
10° ¥ « Gamma \ ‘An atmospheric radiation model based on response
106 —‘:E’;;’Q:i ~_ matrices generated by detailed Monte Carlo
107 : ' ' ' Simulations of cosmic ray interactions’, IEEE Trans.
0 20 40 60 80 100 Nucl. Sci, vol. 51, no. 6, pp. 3442-3451, Dec. 2004, doi:
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PRINMIARY, SECONDARY PARTICLES AND
THEIR PHENOMENA

EAS (Extensive Air Shower) Albedo

Espace — 100km
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SINGLE EVENT EFFECTS ON EARTH -
WHY WE SHOULD FRET.

AERONAUTICS
INDUSTRY

Airplanes have represented
one of the first fields of
applicaton of RHA in
atmospheric conditions.

AUTOMOTIVE
INDUSTRY

The automotive
becoming more and more
integrated and critical  for
society. Self driving applications,
for instance, make it imperative
to ensure reliability.

industry is

ROCKETS

Rockets have always been
subject to strict RHA
procedures, due to the altitudes
reached, the risks involved and
the importance of their correct
functioning towards the payload.

BALLOONS

Radiation effects on balloons
are to be assessed and
mitigated.  The  altitudes
reached are already
important, and RHA is applied
ON MISSIoNs.
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PREVIOUS RADIATION MIODELS
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WHY A NEW MODEL -
DEVELOPMENT CONTEXT AND
OBJECTIVES

N
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Standalone software Technically up to Developed in Targeted at SEEs
date - based on Europe on electronics
GEANTS&

The RAMSEES model will be distributed through the OMERE tool ~7¥A®,
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RAMSEES
RADIATION ATMIOSPHERIC MODEL FOR
SINGLE EVENT EFFECTS SIMULATION

* Developed inthe frame of Hugo Cintas’ PhD project, affiliated to Université de Montpellier

» Co-sponsored venture by CNES (Centre Nationale d 'Etudes Spatiales) and TRAD, Tests and
Radiations

®

TRAD,
cnNnes Tests & radiations _

a HEICO coﬂ‘?

Related publication: H. Cintas et al. «t RAMSEES: a model of the atmospheric radiative environment based on geant4 simulation of extensive air shower”, MDPI
Aerospace, 2023
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CALCULATION STRUCTURE AND MODEL
ARCHITECTURE

1. Collect Data 2. Physics
Choice

3. EAS
Modelling

4. Compiling
Results
RAMSEES

* Primary Particles * Monte Carlo
* Protons * Geant4

» Atmosphere * QGSP_BERT

e CNES Cluster

e 200,000 h/CPU
o C++

* 600,000 simulations
e 4 TB of EAS data
» Python + Django

Particles spectra

Curi (Django)

0 - Extract Spectrum  Validation

(Geant4)

Others models |
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RAMSEES - A CLOSER LOOK @Z;ﬁ’
. =]

* The atmosphere column was simulated as a 30km x 30km x 100 .
km parallelepiped s

100 km

* Such a volume was divided into 10km layers, where density was
taken as uniform. Planar detectors were placed between layers.

e 1GeV, 10 GeV, 100 GeV, 1 TeV et 10 TeV energy protons were
chosen as primaries -
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A BIT OF PHYSICS

* In each layer of the atmosphere, the
/ production of secondaries is simulated

e The secondaries are then tracked

° % % through the various detectors
Ef;i?; - \ * The obtained data is then compiled into
nucleus differential ~ spectrum  information,
Production of secondary which ultimately constitutes RAMSEES
particles * Produced spectra are associated to a
specific altitude, which allows for SEE
rates calculation for missions
d(pl f[ d2¢inc dE.. .dQ.
' d Einc d Qinc inc inc
Q@ TEAD |
cnes i




SIMULATION RESULTS WITH WATER
LAYER ON GROUND

* A layer of 5km of water was 1.0E+00 |
added to the geometry of the 29 —IEC
model, in order to better . 10801 ® RAMSEES
account for albedo effects on @ Xx g + MAIRE
= 1.0E-02 X
the ground o Xx X EXPACS
* Here presented are the results § 10803
for differential neutron fluxes 3
calculated at 12 km of altitude, = ™
with primary particlesof 10 TeV.  § 10e05
max energy £
“  1.0E-06 XF
* Results from RAMSEES match *P
well their MAIRE counterparts 1.0E-07
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
Energy [MeV]
ey @ TRAD | (v
i cnes et & rediations




INMIPACT OF PRINIARY PARTICLES' ANGLE OF
INCIDENCE

* The primary particles’ angle of incidence has an impact over albedo sokm
effect produced secondaries /‘—"/ R

* Different incidence angles of primary particles were simulated, but not 90_% /
much statistical difference was found / /g /

 Results currently notincluded in RAMSEES ?
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CONMPARISON BETWEEN THE MIODELS

Parametres/Modéles RAMSEES MAIRE EXPACS
S 5 Toolkits ou Outils GEANT4 FLUKA / MCNPX PHITS
= g Physic list QGSP_BERT - INCL4.6
3 E Particules Primaires Protons Protons and Alphas Protons et lons (Z<29)
S .EEE Energie Maximale 10 TeV 1TeV/n 1 TeV/n
< & Angle des Primaires 0° 0° 0°
Modele d’Atmosphere NRLMSISE-00 NRLMSISE-00 NRLMSISE-86
2 Altitude Maximale 100 km 100 km 86 km
\g Nb. de Couches 10 310 -
S Matériau du Sol Eau $i02 (1.8 g/cm3) Air
Epaisseur du Sol 5 km 100 m -
2 Objectif SEE Dose Dose
% Nb. de simulations > 1,200,000 - -
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BRAD
MEASUREMENTS

(BALLOON RADIATION ANALYSIS DEVICE)

H. Cintas et al. “Proton, Electron and Photon Flux Measurement And Simulation During Stratospheric Balloon
Flights”, IEEE TNS, 2024

M. Ruffenach et al. “PIX: an instrument to measure atmospheric ionizing particles based on a single MiniPIX
sensor”, IEEE TNS, 2024
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BRAD MIEASURENMENTS

—— RAMSEES = 79.4 MeV
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NMODEL IMPROVEMENT PLANS

Some aspects remain still to be improved in the model - and namely:
* Better integration of angle of incidence in the model

* |mprovement of the energy resolution of the primary spectrum — and adding Heavy lons

* |Improvement of low energy statistics for lower altitude conditions

Improvements onga
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FUTURE OUTLOOKS AND APPLICATIONS

-0

IntegrationinOMERE &5 isaiseanikisionommsxao
2025 = :
- Freeware (CNES- e
TRAD development)
- OMERE isvastly
industry for RHA ——

::::::

PUrposes o

OMERE 6.0.0

- The atmospheric
module will allow to
assess radiation
effects for specific

.
fl | g | I‘t p | a I I S z g - e a Coordinate (32.12°, -32.46°)
B Caladaton + G %) Caladaton V) Ok () cancel
03/24/2025 - 0, dax « APS Min || ESP 5% || GCR I1SO 15390 (ECSS-10-04C), cut || Current file version: 6.0.0
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INTEGRATION IN OMERE Atmospheric particles »

Mission data

Mission start: 03/24/2025, 09:15:49 Lifetime: 0. 27 day(s)

View of the mission definition panel for Hipme

Source CRDEB 5
AtmospherK: part|C|eS Calculation type Mean on the mission -
i Particles Al (6/6) W
é-‘fl}utput files
Meutron «Usersidamien.herrera\Documents\ OMERE 6.0\AtmosphericMNeutrons.flx s
Proton C:\Users\damien.herrera\Documents\ OMERE 6.0\AtmosphericProtons.flx =
Photen Ch\Users\damien.herrera\Documentst OMERE 6.0\AtmosphericPhotonsfl = S
. . . ¢ i~ Electron «Users\damien.herrera\Documents\ OMERE 6.0\ AtmosphericElectrons.flx = = &
Try RAM S E ES) When |t W || be OUt N OM E RE' Muon+ wsers\damien.herrera\Documents\OMERE &.0\AtmosphericMuonsPlusflx = &
- Muen- wrsidamien.herrera\Documents\OMERE 6.0\AtmosphericMuonsMinus.flx s

Lisser ]

b__;.:l:alv:ulaﬁnn + Graph @'Calv:ulatinn @'Dk @Cancel

Ex
REPUBLIQUE L )
FRANCAISE

Fui cnes

Fraternité

l,{"" / Insérez dans la zone de pieds de page, si besoin, vos informations annexes (Iégendes, sources, crédits, restrictions, logos 19

Tests & radiations partenaires, etc).

Ql
FHEICO comP®



24

*  Marta RIZZO
Radiation and Component Engineer

- Environment and new Components Section
~ Technology & Digital Department / Quality and Expertise Group

\\,,. ' ‘.:: . - = =18, Avenue Edouard Belin, 31401 TOULOUSE Cedex 9
NS e \ % |Tél: +33 (0)5 61 28 18 42
~cnes.fr
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