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Sun / solar wind interactions with system solar bodies

—> Solar Physics [Sophie Masson]
(scales are such that MHD is a good model)

- Interaction with solar system bodies: Magnetosphere / Induced magnetospheres
(may require to go to smaller scale processes = increases (i) complexity in modelling or/and (ii) computational time
so that HPC quickly becomes a requirement)



Solar wind — magnetosphere interactions

Goal: Understand physical processes at play in mass / energy exchange with

incoming solar wind

— Collisionless shocks
— Turbulence
— Magnetic reconnection [e.g. Roch Smets]
- Fluid instabilities at the interface
(e.g. shear flow instabilities)
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Solar wind — magnetosphere interactions
Magnetized Kelvin-Helmholtz instability
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Solar wind — magnetosphere interactions
Magnetized Kelvin-Helmholtz instability

MESSENGER data:
Dawn-Dusk asymmetry and KH vortices seen on one side only
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Plasmas (spatiaux, astrophysiques) multi-échelles :
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Solar wind — magnetosphere interactions
Magnetized Kelvin-Helmholtz instability

- Code comparisons (requires same model)

-> Different models comparisons (with obviously different codes) Comparative KH growth rates
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Role of different physics
in the generation
of a turbulent layer

|deal/resistive MHD
with isothermal or adiabatic closure

—

Two-fluid model

Hybrid model
(kinetic ions, massless fluid electrons)
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Role of different physics
in the generation
of a turbulent layer

Comparison of abundance of current sheets
—> dissipation sites generation (efficiency of
dissipation in collisionless plasma)

Goal is to validate reduced model
or identify regime of validity

Here it succeeds in large scale structure,
fails in reproducing dissipation sites (small-
scale structures) — as one could expected
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(Unmagnetized bodies = Induced magnetosphere )

Sun-comet interactions - Rosetta mission

e

What generates the cometary plasma?

Photoionisation: X + hy — X"+ e
Charge exchange: X+Y"" —  Xt4+Y" bt
Electron ionisation: X + e — X" 4+ 2e”

[Galand et al. 2016, Vigren et al. 2016, Héritier et al 2017]



What generates the cometary plasma?

Electron impact ionization >> Photo-ionization >> Charge exchange
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What generates the cometary plasma?

Another example: End of mission and controlled crash to the comet surface [30/09/2016]

MIP-LAP cross-calibrated plasma density [cm-3]
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What generates the cometary plasma?

Another example: End of mission and controlled crash to the comet surface [30/09/2016]
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Issue: Pristine solar wind or cometary electrons do not enable to ionise that efficiently

=» Were do these ionizing electrons come from?




What is the origin of those ionizing
(=suprathermal) electrons?

Localsimulations-—> Need to move to global simulation of solar wind-comet interaction PRACE
(Tier-1 -> Tier-0) [PRACE - 15M CPU hours on TGCC Curie]

o ~v // 3D Full kinetic simulations of solar wind-
= comet interactions

- Collisionless (ionizing =2 suprathermal)

S = - Vlasov-Maxwell equations solved with
A S\ PIC simulations using a semi-implicit
\ I N %] scheme (Krylov solver) [markidis et al., 2010]
250 km\ 5°'3~]‘W’”d — \ t’f;f‘f;, B

[Deca et al., PRL, 2017]



What is the origin of those ionizing
(=suprathermal) electrons?

Density (cm™?)
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C:‘ g~ What is the origin of those ionizing
o (=suprathermal) electrons?
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(=suprathermal) electrons?

= . Along the Y axis at x=x_,,.. and z=z_ .,
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HPC Numerical simulations in support to space ebservations operations

Example: Rosetta bow shock excursion [oct. 2015]
~ 1 month of operations (over 2 years of total operation time)

Use of AIKEF (Adaptive lon-Kinetic Electron-Fluid) code
Hybrid code : - jons =2 Vlasov eq. through PIC
- electrons > through Ohm’s law

To predict cometary bow shock position in front of comet CG/67P
[Koenders et al, 2013]

==> used as tool to decide spacecraft operations
(very direct feedback to space mission definition and operations planning)




HPC Numerical simulations in support to space operations
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~ - BepiColombo (ESA-JAXA)
- launch to Mercury
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~ - BepiColombo (ESA-JAXA)
~ launch to Mercury
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BepiColombo @ Mercury in 2025
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Some examples of efforts within the PNST
community to develop and share numerical
simulations data in support to space missions.
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I..’i\ {Hy .') About LatHyS  Use policy L AT M ’ 'S |m

[R. Modolo]
Run Information:
BATRALO S Y s =i (S N = lﬂtHyS_Merc_]5_07_14
- Simulated Region: Mercury
Data tree: SAMP Reference Frame: MESO, Cartesian
= Mars
& Simulations x€[-12345.1,12345.1] km
@ Spacecraft Domain: ye[-25019.3,25019.3] km
& Mercury z€[-24690.1,24690.1] km
= Ganymede .
8 Simulations Cell size: 82.3 8.2.3 82.3 krno
o8 LatHyS_Gany_24_10_13@Latmos_Hybrid_Simulation_D Sub Solar Longitude: -1.00
+m LatHyS_Gany_13_06_15@Latmos_Hybrid_Simulation_D Solar wind properties:
+/m LatHyS_Gany_26_06_15@Latmos_Hybrid_Simulation_D IMF value: 21.00 nT
—/mm LatHyS_Gany_19_03_16@Latmos_Hybrid_Simulation_D IMF cone angle: 150.0°
8 3DCubes IMF: (-18.19,10.50,0.00) nT
P Density: 3.20E+01 cmA-3
@ Magnetickield Velocity: 430.00 ks
@ | ThermalPlasma Solar UV Flux @10.7: 0.00
=@ The/3D
ElectronDensity = Solar wind populations:
PlasmaBulkVelocityNorm # Name: Solar Wind electrons
PlasmaBulk Velocity Vector # Name: Solar Wind H
PlasmaBulkTemperature # Name: Solar Wind He
& 2DCuts = lonosphere populations:
= Spacecraft = Atmosphere and Exosphere populations:
Filter: : :
+ http://impex.latmos.ipsl.fr/LatHyS.htm

The LatHyS database for planetary plasma environment investigations: Overview and a case study of data/model comparisons
Modolo, Hess, Génot, Leclercq, Leblanc, Chaufray et al., Planetary and Space Science (2018)
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[Vincent Génot]
http://www.cdpp.eu/

- SNO labellisé (SO5 / SO6)

- CDPP and ESA/SSA: Integrating the ESA space weather portal
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Dissemination efforts

IMPEx demonstration: AMDA, 3DView and Simulation Databases ...

First step: search for IMPEx X demonstration: Interoperablllty of AMDA, LatHyS and Top...
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AMDA, 3DView and Simulation Databases (SMDBs) - This video was created by Europlanet with funding
from FP7/REA and presented at EPSC 2013

Interoperabtltty of AMDA LatHyS and Topcat - This video was created by Europlanet wzth funding from
FP7/REA and presented at EPSC 2013
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Les services nationaux
d’observation et les moyens
nationaux labellisés

AA- ANO-1 Métrologie de I'espace et du temps.......cccceveeivieiiiiieieieeieeieeene,
AA-ANO2 Instrumentation des grands observatoires au sol et spatiaux......
lI-1 Instrumentation des télescopes, sondes et observatoires spatiaux...
lI-2 Instrumentation des grands télescopes et interféromeétres au sol......
AA-ANO-3 Stations d’ observatlon .................................................................

» | AA-ANO-5 Centres de traitement, d'archivage et de diffusion de données.
AA-ANO-6 Surveillance du Soleil et de I'environnement spatial de la Terre.
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