|
ENSAR2 workshop: GEANT4 in nuclear physics

Extensive atmospheric cosmic-ray-shower simulations in the
South Atlantic Magnetic Anomaly for aeronautical
applications

Technological Institute of Aeronautics - Brazil
University of Seville - Spain
Institute for Advanced Studies - Brazil
National d’Etudes et de Recherches Aérospatiales - France

@SiD4
< %, % |[EAV

QD

N <«
> o
m
§ <
S

~

& 4

Mauricio T. Pazianotto, Miguel A. Cortés-Giraldo, José M. Quesada, Claudio A.
Federico, Odair L. Gongalez, Guillaume Hubert, Brett V. Carlson

ONERA

THE FRENCH AEROSPACE LAB

ENSAR?2 workshop: GEANT4 in nuclear physics April 25, 2019 1/22



Introduction

Introduction

@ The interaction of primary cosmic rays with atmospheric atoms produces many

particles throught Spallation process;

solar Galactic
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Primary cosmic rays

Atmosphere molecules Nuclearinteractions

Secundary, terciary, ...

K, K= T, v ® KLK= e k
Hadronic particles
cascade e v
s
& [ y
A
Cherenkov and
fluorescence
BOW v, vepi npat KTl e A Aoe er A
eletromagnetic

muonic component
and neutrinos

hadronic component component

and nuclear fragments

@ This interaction can be divided: intranuclear cascade, pre-equilibrium and eva-

poration.
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Introduction

Motivation

@ Aeronautics environment

o Both the human being and onboard devices are inserted in this environment
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Neutrons are an important particle in dose levels received by aircraft crews and
sensitive equipment
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Introduction

Motivation

@ The interaction of primary cosmic rays with atmospheric atoms produces high

energy neutrons;

@ Secondary neutrons produced are moderated by the atmosphere;
@ The result is a wide spectrum of neutron energy.

Neutron fluence (n/cm? Lethargy )
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Motivation
SR

Genotic Toxicology and
Environmental Mutageness

Mutation Research 513 (2002) 11-15
www.elsevier.com/locate/gentox
Community address: www.elsevier.com/locate/mutres

Chromosomal aberrations in long-haul air crew members

Delia Cavallo?, Alessandro Marinaccio®, Barbara Perniconi?, Paola Tomao?,
Vittorio Pecoriello ?, Roberto Moccaldi®, Sergio Iavicoli®*

Incidence of cancer among Nordic airline pilots over
five decades: occupational cohort study

Radiation effects on embedded electronic devices (Upsets, Burnouts, Latchaps,
etc)

Atmospheric high energy neutron

L

Charge generation in the Sensitive volume
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Introduction

Motivation

Great part of Brazil is subjected to the South Atlantic Magnetic Anomaly
(SAMA). J
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Figura: Earth's magnetic field (nT) map at 12 km altitude, for 10/01/2010 taken from
IGRF2011.
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Methodology

Atmospheric modeling

There is interest in modeling the atmosphere in the South Atlantic Magnetic
Anomaly with MCNPX and GEANT4 in order to obtain the cosmic-ray-induced
spectra as a function of altitude and develop further applications.
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Computacional modeling

The main aspects of the methodology developed for the computational modeling using

Monte Carlo codes:
Geant4 —‘ ROOT |—

MCNPX

.F'l.p (Q, E,part, h)
part.source

l

Normal. to the
primary CR (proton
and alpha)

Primary CR

‘ Comparisons }» : —>‘ H*(10)

‘ Angular distribution Fi(Q,E, part, k) Chilton’s Theorem

EMF effects
A
Analytical C.

Generation of the primary cosmic radiation:

F(E,t) } Magnetic rigidity calculation (part(E)) ‘

‘ P (E, part) ‘<—{ Chilton’s Theorem H Re application|
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Methodology

Modeling of the cosmic radiation propagation and the atmosphere

@ Planar source (reproduce the isotropic radiation field (protons + alphas));

@ Atmosphere modeling;
o Reflective sides;
@ The Earth's magnetic field were considered.
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Methodology RRELENLIZE

Geant4.9.6 parameterization

QGSP_BERT: | Bertini X| LHEP_ QGSP
QGSP_BIC: | BIC LHEP QGSP

0 5 10 15 20 GeV

@ ENDF/VII nuclear data libraries were used for energies under 20 MeV (neutron

transport)

The scattering matrices S(«,3) were alse considered (thermal neutron treatment)

°
@ Bertini: Bertini model for Spallation reaction

@ BIC: Binary Cascade model for Spallation reaction
@ QGSP: Quark-Gluon String Precompound model

Geant4 - Classes

"o

@ Some classes used: “G4WallReflection.cc”, “GNeutAtMagneticField.cc”,

“GNeutAtMagneticFieldMessenger.cc”, “StackingMessenger.cc’”;

@ Storage data in ROOT files.

email: mtpQita.br ENSAR2 workshop: GEANT4 in nuclear physics

April 25, 2019 10 / 22



MENPX
MCNPX parameterization

MCNPX

@ The ENDF/VI nuclear data library was used for all materials;
@ Scattering matrices S(a,3);

@ Nuclear data libraries were used for energies under 20 MeV. Physical models
were used above this energy;

Neutron and proton elastic scattering;
Preequilibrium model after intranuclear cascade;
Bertini for nucleons and pions;

Coulomb barrier for incident charged particles;

Experimental branching ratios were used.
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Neutron fluence rate in the atmosphere

2

Fluence rate (neutronfcm’.s)

|—=— Geant4 - Bertini
--®- Geant4 - BIC
e QARM
--¥--EXPACS

- <--MCNPX

=3
L

Conditions for the particle fluence simulation - OPD

- Date: (3-4)/8/2015

- Cutoff rigidity: 9.7 GV

- Solar potential: 683 MV; Woyry: 6003 count/min

- Primary proton fluence rate: 1.02x10~" prot/cm?.s; alphas: 1.84x10~2 alpha/cm?.s

email: mtp@ita.br ENSAR2 workshop: GEANT4 in nuclear physics April 25, 2019 12 / 22



Proton and electron fluence rate in the atmosphere
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(a) Proton fluence rate as function of altitude.

2

Fluence rate (electron/cm”.s)
o
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(b) Electron fluence rate as function of

altitude.

Conditions for the particle fluence simulation - OPD

- Date: (3-4)/8/2015
- Cutoff rigidity: 9.7 GV

- Solar potential: 683 MV; Woyry: 6003 count/min
- Primary proton fluence rate: 1.02x10~" prot/cm?.s; alphas: 1.84x10~2 alpha/cm?.s
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Fluence rate as function of altitude
Simulations and measurement at ground level - OPD (LNA)

2

Fluence rate ( neutron/cm’.s.lethargy)

LNA - Pico dos Dias Observatory - 1.865 km altitude
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LNA - Pico dos Dias Observatory - 1.865 km altitude
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H*(10) comparison with flight measurement

Comparison of the ambient dose equivalent rate calculated from simulations,
EXPACS and QARM codes, and experimental measurement at flight altitude in
the Foz do Iguacu region.

H*(10) (uSv/hr) Erro

Experimental 1.57E+00 4.00E-02
Geant4 - Bertini 1.53E+00 -
Geant4 - BIC 1.04E+401 -
MCNPX 1.03E+00 -
EXPACS 1.48E+00 -
QARM 1.10E+00 -

Conditions during the flight - Foz do Iguac

- Date: 29/06/2011

- Cutoff rigidity: 9.6 GV

- Solar potential: 517 MV; Woucru: 6324 count/min

- Primary proton fluence rate (calculated): 1.08x10™" prot/cm?.s; alphas: 1.93x1072

alpha/cm?.s
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Angular distribution analyses

Neutron angular distribution for different energy ranges at 12.5 km altitude.

12.5 km altitude
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Embedded electronic

Irradiation application (CMOS flip-flop)

@ The flip-flop target has been implemented as a CAD model using the FASTRAD
tool:

@ It was imported to Geant4 by means of the GDML interface;
@ Spectra of neutrons were used to irradiate the flip-flop transistors;

@ Determination of the energy deposition per unit volume in the channel, drain,
source and gate oxide of all transistors present in the flip-flop structure.
Sensitiveareawith ~ dreater probability
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Embedded electronic

Energy Deposited per unit volume and event in the flip-flop elements at 1 m and
10 km altitude. J

Energy deposited (neutrons, h = 1 m) Energy deposited (neutrons, h = 10 km)
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The histograms show values for channels, drains and sources.

Data from our simulations + MUSCA SEP3 platform (ONERA) —- SEE
estimations. J
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Radiation field inside aircrafts

Investigation of the influence of the position inside a small aircraft on the cosmic-
radiation-induced dose.

Source
Reflective v Reflective
wall Source wall

A. C. Prado, et al. Investigation of the influence of the position inside a small aircraft on the
cosmic-radiation-induced dose. Rad. Prot. Dosimetry, v. 173, pp. 1-9,:2017.
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REP - (Radiation Environment Platform)

Web interface:

.. REP - Radiation Enviroment Plataform
[ Arquivo Edicao Sair
|

| Informagbes sobre o voo:

Data do voo:

| Ql

AMtradeTravessa:  Unidade de Medda:
e "

Tempo de Voo: Veloodade

Spectro de Raduagho: KP:

o =[{a =

Alttude de oo:

‘ o =

Niveis de Voo:

‘ Selecione & quantdads de niveis de voo:

L -
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Alpude 2:

Alttude 3:
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Selecione a entrada de posicao geografica:

Calcular por Latitude & Longitude

Labtude Inical Langitude Iricia;

Lantude Fnsi: Longrtude Fnak:

Calcular por Aeroporto

Aeroporto Irucsl:

Aeroporto Final:

Informacdes sobre particulas:

Perticula Primérie Selecione as particulas que vock desesa:

Apha ~ [|ToDAS Acha Bétron Gamma

Modeio Nuciear: Kaon + Kaon Mion + Mion

Bertin ~ [ |pdn+ Fiéin Pién Newtro Positrén
Préton Meulrén
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REP - (Radiation Environment Platform)

Primary particles parameterization

@ Neutrons data measured at the ground level = primary cosmic radiation fluence
rate = determine the cosmic-ray-induced particles data;

@ These neutron data are collected at different locations around the world:

@ stations located at Pico dos Dias (Brazil), Concérdia Station (Antarctica) and
Pic-du-Midi (France).

IEAv and ONERA cosmic ray stations
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