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Earth inner magnetosphere
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Earth inner magnetosphere (cont.)
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2.The BSPM explained
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The BSPM explained

. 09-May-2024 -May-202 -May-202¢ ® BSPM 9 3D dynamic kinetic mOdEI Of
2024-05-10_00h00m ! EEREEEEEEE the plasmasphere first developed by
. 0 0 3 6 9 12 15 18 21 0 ¥ & 9 12 15 18 21 0 3 & 9 12 15 18 21 [Pierrard & Stegen’ 2008] based On
__ E uatorla__ll__nlae _
NN 5elgian SWIFF Plasmasphere Model v.2021 [Ca rpenter & Anderson, 1992] // |
B s units in Re parametrization - 2 series of /equatl

_Meridian plane (plasmasphere and plasm fough)

B _

---------------

-t 1. Later cou pled to the IRI iohospheré

i model [Pierrard & Vojculescu, 2011]
N - Relcénjmetrization of the
Electron density [1/cm?]

~ plasmatrough using Van Allen probes
3 . 'data [Botek, Pierrard & Darrouzet, 2021]
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\ The BSPM explained (cont.)

Input: Kp values from the previous day and current day of the simulation

Outputs proton//ions density + temperature :
//
o~ “\

" 4

-~

* Principal features of BSPM: e m
— analytical model adjusted to reproduce observations ' ’

- plasmasphere rotation and the geomagnetic activity - pla ause p05|t40n
|errard & Lemalre 2004]

— plasmasphere erosion by perturbation;,a-nthé }éfilling |
— formation and evolution of plumes f- e
Plasmasphere + Plasmapause extensively validated 9 [Bandic & al., 2016 2017,

rbanac & al., 2015, 2018] + ESA reports. 1)
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The BSPM explained (cont.)

Plasmatrough reparametrized using VAP/EMFISIS data [Botek & al., 2021]:
— difficult due to broad observations distribution of very low densities
— important for wave-particles interaction
—> impact on Radiation Belts high energy particles [Pierrard & al., 2020, 2021].
—> EMFISIS observations (2012-2019) with L > BSPM Lpp were retained

fit: a= 300, b= 848 fit: a= 301, b=1476 fit: a=1578, b= 527

- = C&A’ - = C&A" - = C&A" C&A”
Sheeley == Sheeley == Sheeley © Sheeley

N

logio(Ne) [cm™3]
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The BSPM explained (cont.)

C&A* EMFISIS-fitted
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— A slightly higher density of the plasmatrough with them&W parametrization
- Validation against Arase/PWE data [Botek & al., 2021]
- SafeSpace EU project : BSPM inside a chain of models for a sophisticated

‘model of Radiation Belts and a SW service prototype [Brunet & al. 2023]
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3.BSPM at open platforms
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BSPM at open platforms

BSPM Fortran-IDL ancient version routinely running since 2017 at https://swe.ssa.esa.int/bira-swiff-federated

Welcome to the ESA Space Weather Service Network
edith botek » THE EUROPEAN SPACE AGENCY Please note that all ESA-SWE Services are under review/construction G esa

CURRENT SPACE WEATHER xpert ice t

2017-09-05 2017-09-06 2017-09-07
j

| q
SPACE WEATHER AT ESA / The 3D dynamic model of the plasmasphere developed by the Solar Wind Division of the Royal Belgian Institute for Space Aeronomy calculates the number density and the 2 0 1 7_09_06 00 . 00 UTC . g f

SPACE WEATHER SERVICES : Federated products from the BIRA-IASB Space Weather Services (BIRA-IASB) J

temperature of the electrons inside and outside the plasmasphere. The model runs once a day using predicted Kp values providing a forecast of these parameters for the following
day. Updated animations are expected to appear around 14:30 UTC at latest. Select one of the individual parameter buttons below to show the individual figures where you can also
T SERVICE CENTRES pause the animation and step through the individual images.
EXPERT SERVICE CENTRES

ESC Solar Weather Latest available forecast

ESC Heliospheric Weather
2024-06-06  2024-06-07 2024-06-08 2024-06-06  2024-06-07 2024-06-08

ESC Space Radiation

ESC Ionospheric Weather

2024-06-07 20:30 UTC

ESC Geomagnetic Conditions

4 2 0 2 -4
INFORMATION FOR USERS

i b ; L 1
USER FEEDBACK oo . —5

CONTACT THE HELPDESK

2 0
equatorial plane meridian plane

TERMS OF USE e = 00 1000
: ‘o ; &5 Density (cm™)
equatorial plane meridian plane equatorial plane meridian plane

100 200 500 1000 1000 2000 3000 4600 5000 6000
Electron Density (cm®) Electron Temperature K

SWIFF Plasmasphere model Execution date: 2024-06-06 SWIFF Plasmasphere model Execution date: 2024-06-06

Only movies as output
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BSPM at open platforms (cont.)

BSPM Fortran-Python version available at the https://swe.ssa.esa.int/kul-cmpa-federated (VSWMC)
for runs on request inside a chain of models. Outputs: images, movies, text files.

23 spaceweather.hpc.kuleuven.be

6D Welcome to the VSWMC
uration: 4h 35m
® Finished: 4 years _ . . ) -Mar- 17-Mar-2015
The Virtual Space Weather Modelling Centre (VSWMC) is a full scale, open end-to-end (meaning
from the Sun to the Earth) space weather modelling, enabling to combine (couple) various space 2015-03-17 00hOOm
weather models in an integrated tool, with the models located either locally or geographically -
distributed. Hence, the VSWMC brings together models for different components of the space
weather in an integrated environment that enables to run them and to couple them. 0 3 69 121518210 3 6 9 121518210 3 6 9 121518 21

equatorial plane

s
, <
© Duration: 22m 52s

B Finished: 57 days ago

@ Duration: 8h 7m
8 Finished: 16 months ago

meridian plane

Electron density [1/cm?3]
|

2 3 4
Space Weather Segment 10 10 10
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lew History Bookmarks Profiles Tab

® @ Run information | CCMC

Cc 25 ccmce.gsfc.nasa.gov/results/viewrun.php?runnumber=Edith_E

° “Community Coordinated Modeling Center @ community Coordin?

About v  Models v  Simulation Services v  Validation v  Community Support v  SpaceV About v Models v Simulation Services v

Home > Model Catalog

Edith_Botek_051124_IM_1

BSPM Run Status: Run Complele
Status updated: 2024-05-11T14:30:39

Version: 2021

0000

Run Metadata

% Runs-on-Request

Metadata Record:
Metadata as JSON:

View Full Run Metadata in the CCMC Metadata Registry ((
View Full Run Metadata as JSON

The 3D dynamic model of the plasmasphere [1,2,3] is a semi-empirical model

Model Domain: M
developed by the Solar Wind Division of the Royal Belgian Institute for Space Model Name: BSPM

Model Version: 2021
Aeronomy. Key Word: big geo storm

Based on physical mechanisms for plasmapause formation and trajectories of Run type: model
. . , e iy . . DOY: 130
particles trapped in the Earth’s magnetic field, it provides the number density TS ARG 00000
End time: 2024/05/11 00:00:00

and the temperature of the electrons and protons inside and outside the

Didsmdspnere. ds Well d Ne DO Ol O Ne DIASTdDd e.daS d 1 O O 1€

Output Image (?)

ccmc.gsfc.nasa.gov/models/BSPNM~2021

Outputs: images, movies, text files. Forecast runs are the next step.

Runs on request at https:

.

-
—

-

.

BSPM at open platforms (cont.

Window
@ Chrome File Edit

Helo P 7S 2. amnee  * 8 wa
History

View

B flnamree X R O X ® Q

Bookmarks Profiles Tab Window Help

@ @ © Run information | CCMC X =+

(¢ 2% ccmc.gsfc.nasa.gov/results/viewrun.php?runnumber=Edith_Botek_05112

Output Image (?)

2024-05-10_00h00m | ! l

Equatorial plane
Belgian SWIFF Plasmasphere Model v.2021

xes units in Re

Meridian plane

dens_output

Run Services

* Request output data as a single archive file
» Browse output data

Runs with Overlapping Dates

Click on model name to expand the list

+ SWMF
+ NRLMSIS
+ NAIRAS

h~-""80080 @®
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BSPM at open platforms
New BSPM |

fO r runs on Download Returns the ZIP file of all outputs, including .png and .csv files.

“2  PITHIA Download all the outputs by passing the execution date.

NS e-Science Centre

Home > All Scientific Metadatz

Returns the ZIP file of all outputs, including .png and .csv files.

BSPM: 3D-Ki

Description

The BSPM (Belgian SWIFF Pl

the Solar Wind Division of the

on physical mechanisms for t

it provides the number densit

well as the position of the pla Name Description
geomagnetic storms, the plas

and Stegen, 2008). During qu

s penen 0 ang7 dlate *
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in the plasmatrough region hz st ring
model is running in a near-rez
(https://swe.ssa.esa.int/bira-s (query)
evaluates the electron density

equatorial and meridian plasn

by the name of 'BPIM' is avail
(https://swe.ssa.esa.int/kul-ci

a more updated version of the

plasmasphere, the ionospher

the requested day. Output of

BSPM version is also availabl¢
(https://ccme.gsfe.nasa.gov/n

dynamic kinetic model of the

Voiculescu, M., 2011. The 3D
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4.Research on radiation belt
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Research on radiation belts

A _pa O Energetic Particle Telescope (EPT)

LI v’ Onboard ESA PROBA-V launched in 2013
( * | ﬂue
& AR, W] v’ Polar Orbit of 98° inclination at 820 Km :
| N i v" Period of 101 min P
. /Ej g lla ~‘;. .
@ o l* ~ | il v 2s resolution particle flu y Fgﬁ'ges:
{

« proton Wv >
. eHe-ion 38-1200 MeV
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Electron fluxes in
1/(cm? s sr MeV)

PROBA-V/EPT data and
plasmapause for the
analysis of links
between plasma and

¢+ radiation belts
., . dynamics
lerrard & al. 2020]

Research on radiation belts (cont.)
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Research on radiation belts (cont.)
LSTM NN model for predicting electron fluxes at LEO using EPT data

(@) L= 1-8 R,
Input group 4 (RMSE: 0.324, R:0.864) _ Inputgroup 4 (RMSE: 0.144, R:0.958) Log(el) Log(eS)
—— Observations —— Observations
—— Predictions —— Predictions
Hs ahead
1
2
5
6o Input group 4 (RMSE: 0.204, R:0.947) 5 Input group 4 (RMSE: 0.165, R : 0.955)
—— Observations —— Observations 6
—— Predictions e Predictions |
5 7
10
11
& S S
Steps[fH] il 12

ourly fluxes in #/(cm?s sr MeV) with a look-back L=3-8 R; considering 48 hours look-back and 12 hours ahead
howrs and 1 hour ahead. for el= 0.5-0.6 MeV and e2=1.0-2.4 MeV fluxes
Botek, Pierrard & Winant. (2023). Space Weather, 21(7), e2023SW003466.
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* Earth Magnetosphere environment - complex multiscale coupled system
* BSPM developed since early 2000’s - plasmasphere+plasmapause+plasmatrough

Summary and perpectives

(+ionosphere). New recent plasmatrough parametrization. >
* BSPM available in open platforms: ESA SWSN (routine runs), VSWMC CC,M/C anm
PITHIA e-Science Centre (runs on request). 2 )

. Development of a Neural Network prediction model of r ion -belts at low
altitude using EPT data + future 3-DEES - available in'the near future
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Thank you for your attention!
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