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_-Geospace is a complex system

—

It exhibits strong coupling across many domains and scales

- \

CGS Mission’

Innovate space weather modeling

Empower the scientific, academic,
operational communities, and the
broader public '

Discover together how stormtime -

geospace responds to solar
disturbances

Treat geospace as a whole

'Resolve mesoscale processes

Couple to the atmosphere £ MAGE simulation, 10-11 May 2024

( , : NASA Science Visualization Studio
S : - Credit: A. J. Christensen (NASA/SVS) | Kevin Pham (NCAR/HAQ)



Innovating space weather modeling & Empowering the community

Multiscale Atmosphere-Geospace Environment (MAGE)
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Discovering together how geospace responds to solar disturbances

Cumulative # papers

63
60 - All papers

B First-author papers
A steadily growing publication list. rrtrauthor pap

* One first-authored paper per month in
the last two years. 40 1

» 5 GRLs and 1 AGU Advances out of 30 1
total 12 first-authored papers last year.

» Growing fraction of collaborative
papers each year. 101

50 1

45

20 1

2

2020 2021 2022 2023 2024
Year

{CCGS cgs.jhuapl.edu/Resources/Publications.php April 16,2025 | 4



CGS Science Theme 1

Multiscale plasma sheet transport, ring current build-up, and their global impacts throughout stormtime geospace
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0
Lu et al. Partial ring current field perturbation

Today we'll highlight

- 3 published works (2 in 2023 and one last summer)
- 1 ongoing effort

{CGS
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CGS Science Theme 1

Multiscale plasma sheet transport, ring current build-up, and their global impacts throughout stormtime geospace

Global ]/ / , ' Global MHD
\thermo- 1 Region 1 magnetosphere
) current simulation (GAMERA)

=]

=
Mass Density 105 a cm™

(=]

N

o

w
(=}

N
[=]

Joule Heat mW m
NS

Mesoscale
Uy plasmasheet
10 flows
) TIEGCM [ : :
0 \/ ) ' ' Partial ring current L LT
Lu et al. (2016) simulation field perturbation

Today we'll highlight _
- 3 published works (2 in 2023 and one last summer) Plasmasheet/Magnetotail
- 1 ongoing effort

{CCG S April 16, 2025
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RBSP RCM Comparison 06 07 08 09 10 11 12 13 14 15 16

| [RBSPICE " Observed symH X

Contribution of plasma sheet bubbles to stormtime ﬁ\\ T pemem

ring current buildup P -
» Case study of the March 17, 2013 storm :

- During initial buildup of the ring current : | [
at least 50% of the net transport below .|
6 R is due to plasma sheet bubbles “I: "

* The return flows that accompany Nc i |
bubbles as a result of interchange 100 1 e —— e —— ]
transport outwards an average , o o
of 40% of the plasma energy D Q Dj ( W @ ﬁ s .58

| - E‘) =2 w
 The evolution of the modeled ring . EH C ? gfzjg
current energy spectra is due to 3 e " 253
both an evolving source L. 202
population and energy-dependent ] rf\ L
5 | .
losses e E..% - - - - ' ' - - -
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<gE!
Full paper ] g i
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Time [hrs on 17-3-2013]

Modeling GMDs w/ MAGE T Nl i e S

E o a)
% -100 - : SMR T— SMR06 —— SMR18
Stormtime MI Coupling i Dusk
« Dawnside current wedge 2 Midnight
-
- Ohtani '21 and '23, Sorathia+ '23 = oA

* Modeling shows dawnside BBFs during stormtime create
multiscale enhancement of the dawnside AEJ
RG> ION Ring Current

« BBFs connect to omega bands & large dB/dt ION=MAG Press:p

Dawnside GMDs : o \
. dB/dt skewed towards dawn (Schillings+ '22) ’ » | -

- ;irI'M
/ Precipitating

Energy Flux

SU/V

~

Full paper
BBFs and
% Wedgelets

thl

Residual Field [nT] Energy flux [erg/cm2s]
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Full paper

Stormtime Global Convection - Geotail (1994 — 2022)

oo (B) VX! . (C)

2.2 4.2 15

0.15

Dusk

0.10

= -0.011 0.025 0062: -0.05 -3.5 2.9 -5

\ ...... i .- -0.00

Y GSM,4° [Re]

(=]
o
—
'
b
w
s
e
o
o
w
F <y
|
o
o
w

1.4 0.2 P 2.1 =5

A(-VXB)y (wrt quiet) [mV/m]
o
AV 1 x (wrt quiet) [km/s)
ABz (wrt quiet) [nT]

|
e
-
o

Dawn

-0.15

- ~ ™ _0.20 : - -
[-30, -20][-25, -15][-20, -10] [-15, -5] [-30, -20][-25, -15](-20, -10] [-158] [-30, -20][-25, -15][-20, -10] [-15, -5]
X GSM,4° [Re] X GSM,4° [Re] X GSM,4° [Re]

Outer Inner
Ey Vix Vix | Bz o optis+ 2024 | GRL

{@G S April 16, 2025 9




Summary

» CGS vision is to transform the understanding and

predictability of space weather

« CGS mission is to:
- Innovate space weather modeling

60°N [*£
30°N

- Empower the scientific, academic, operational communities, and

the broader public

- Discover together how stormtime geospace responds to solar

disturbances

» CGS is building the Multiscale Atmosphere-Geospace

Environment (MAGE) model
- MAGE 0.75 available at CCMC

00

60°S

- MAGE 1.0 is a fully coupled magnetosphere-ionosphere-

thermosphere model
= slated for OSS release next year

Stay tuned for more discoveries from the CGS .
team and let us know if you'd like to collaborate! 2
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