Storm Riders and Solar Wind Multi-Scale —Pathfinders for
Advanced Space Weather Prediction

Katariina Nykyri, Embry-Riddle Aeronautical University, NASA Goddard Space Flight Center

For 3-5 hr, Advanced, Warning of IMF Bz
ARTEMIS Spacecraft Obsetvations | | variability we need sub-L1 missions 2.5-8.5

mllllon km from Earth and beyond!

o Starting in the evening of 10 May 2024 the Earth's magnetosphere was
hit by the coronal mass ejections (CMEs) creating the largest ____ARTEMIB 2 OBSERVATIUNSAT LUNAR CRBIT v

= Ar<0.3 AU~ 1-2 days
geomagnetic storm in 20 years. = ™ =~ ¥
< = s
i) :I|8$ ‘ o ol e 7] /‘510"" e \ ‘ AT
 Aurora was detected in Florida, Mexico and Southern France! 5 150 ll 1 ik W i i 7
- I II i The al
= 58 e 4| | 1l|‘ I|‘ || “ I|I | |||| | II‘lIJ ' - B iltyreris
* Farmers lost ~500 million USD due to errors in GPS due to electron T 8 ; A r=0.06 AU ~3-7 hrs
pockets in the ionosphere caused by this space storm. 3 4G ~ . e e =
$8§ 3 SW1 s, E'1 SI-||2 1E2| | ISI-,:; | E|3 |SI|-I4| |E4| ls 151 | lTrla“l.m|g egl(l)nl . I_E
. . _ 60 .
e Storm’s severity stemmed from IMF Bz variability of —60 to +40 nT &' $0F = 2030-11-06T10:45:00.001
with ~45-60-minute periodicity created by Kelvin-Helmholtz (KH) 4B =Pt R ke - = Solar Wind
: e e ey - : = 20— = ) : ‘
instability initiated ~7 million km upstream of Earth-Sun L1 point, == oo E Earth Multi-Scale
) 3T 200 = s i
(Nykyri, GRL, 2024Db). o e T A R e S e B B e A L R "'--.,,..(SW|MS)
e T h E T SEL5 “
: i | | i °
I e e o B B B L e o L A e B B O o
CME Structure Spacecraft 2 M ' ' pasmur L
Be 0:=0G E '
: >< 100 = =
LOCatIOnS .:'2§§§:==H,|HH{H,IHHH{I.HIH'HI'IE -
& - H = = SEL1
w20 e < O . kS O SEL3
e 2024-05-11 &= -20 - > SEL2 Sun
T . ‘_,*'"__ N . E—I | [ ] Sl s ) | ( ! r r ¢ + [ [ | | ‘ [ | | | I—E
:N MMS __.e"; Lui :{ggl [ D I Y N I‘uletsl LI (T ‘ ' ‘ T I_i
nL — = X g SR :
s D >§ _ 0 / = vz 0.5 XLHO
THEMIS '1§§§_IIIHHHIH%"‘%HHHJ‘HWH%}“‘E "
i E’ : = 30 %_J é L O
"L ARTEMIS i T 20 £ 1 - "
:1&2*3“”" ggg"l\ll'%
\1 = 400 K Shock -
B 200 | | \ : 5] SMal1
X 30fl A A | | | | |
=oF e % / 1.5 -1 0.5 0 SMal2qps 1 1.5
® ® ® gg E L _%VX X(AU)
Main Physical Mechanisms at the p - S R U A averss:
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Magnetopause (periodically repeated on 05/10- AN 0B 48 oo Conclusions

05/11/2024 => strong Ring Current and Aurora)

- . * The CME boundary was twisted by giant KH waves with
Perturbatlon Of the Earth’s Magnetlc wavelengths ~60 to 270 R, initiated /7-40 M km upstream of

field caused by the CME ejecta- Earth-Sun L1 point, this exposed Earth’s Magnetosphere to

sheath boundary Modulated by the successive intervals of strongly northward and southward IMF
Giant KH waves leading to enhanced mass and magnetic flux loading =>

strong Ring Current and Aurora
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during northward IMF :
98.506 nT * To Prepare for the Eventual Carrington Scale Event we need
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