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Solar Explosions



Aurora in Iceland



Impacts of Space Weather

Communication and GPS Failures, Satellite Damage,
Power Grid Destruction
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1859.09 First solar flare observed — Largest on record, with aurora visible in Hawaii

e 1909.09 Long-distance telegraphic service in Japan and abroad disrupted due to geomagnetically induced currents in Japan.
e 1921.05 New York signaling system fails; fire at Swedish telephone office.

e 1940.03 Power outages in various parts of the U.S. and Canada.

e 1958.02 Power outages in various parts of the U.S. and Canada.

e 1972.08 Transmission and telegraph network failure in wide areas of the North American continent — U.S. mines explode on
their own in Vietnam.

e 1989.03 A major power outage in Canada due to a power transmission system failure.

o 1994.01: Attitude control failure in communications satellites Anik E1 and E2.

e 1994.02 BS-3a communications satellite in Japan malfunctions, interrupting live coverage of the Winter Olympics jumps.
e 1997.01 Communications satellite Telstar 401 ceased functioning due to discharge.

e 2000.07 Japanese X-ray astronomy satellite ASCA suffered an attitude control failure due to atmospheric drag and
subsequently ceased operations.

e 2002.04 Japan's Mars explorer “Nozomi” suffered a malfunction in its communication and power supply systems.

e 2003.10 Japan's Earth observation satellite Midori-2 stopped functioning due to a discharge failure, which prevented it from
obtaining power from its solar cells.

2003.10 A geomagnetic storm caused a power outage in Sweden due to a failure in the power transmission system.

In 2022.02, SpaceX launched 49 Starlink satellites on Falcon 9, but up to
40 of them re-entered the atmosphere due to geomagnetic storms.
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Failure of A320 by High Energy Particle

On 2025/10/30, a JetBlue A320 suddenly lowered its nose
without the pilot doing anything, and 12 passengers were hurt.

On 2025/11/28, Airbus asked airlines to stop using their A320s
since a strong sunlight could mess up important data for
flight control. This affected 6,000 A320s.

The problem was caused by the flight control computer. The
computer processes information from sensors and calculates the
position of the control surfaces. If a value is corrupted during

this calculation due to a bit flip, it is output incorrectly.

A320 Family precautionary fleet action | Airbus
https:/ /www.airbus.com/en/newsroom/press-releases/2025-11-airbus-update-on-a320-family-
precautionary-fleet-action
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Fig. A sketch of the magnetosphere (modified from Kivelson and Russel [1995))
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Vlasov equation (collisionless Boltzmann equation)
of of

_ = _ = of
S +V—+ = =0
ot or m, ov
(X, ¥, 2, Vy, Vyy Vi 1)

*3,0000=5, 832EB®)‘%')7§ ey .
MHD equations

Maxwell equations :
op " 2
- 1 0E —=-V+(Vp)+DV°p
VxB=puJd+— ot
c? ot oV 1 1. = ()]
B aB —=—(V*VN-——VP+—JxB+g+—
VxE=- ot o, o, Yo,
_ V+V)P-PVW+D, VP
v.E_L =—(V - V)PP
“0 OB ; ;
V-B=0 E:VX(VXB)+77VZB

*J =Vx(B-B,)
*3,0003X8ZF#H=1.7TBOAE!)
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https:/ /www.nipr.ac.jp/info2024 /20241031.html
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ANFE &, : Discover® 19 &

(https:/ /lasp.colorado.edu/space-weather-portal/)

#AR9:2024/5/9 0:00~2024/5/13 0:00
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5/11 128FtE
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https://lasp.colorado.edu/space-weather-portal/
https://lasp.colorado.edu/space-weather-portal/
https://lasp.colorado.edu/space-weather-portal/
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ARIER : 3.5Re
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— 9% . 115218 (=3.3TB)
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. |Jupiter |Saturn  |Earth

Magnetic field [nT] 420,000 21,000 31,000
Direction of Mag. ! ! 1
Rotation speed [hr|] 10 10.65 24
Io, Enceladus,
Plasma source Ionosphere
Ionosphere Ionosphere
Radius [km)] 71,492 00,268 6,378
From Sun [A.U.] 5.2 898 1

REIERBRHIGERENTIRXACIREEFL. BEICAIERT 5.

+ BII/NIRBBRYRENDTSORXAC R EFL. 8RICAERT 5,
HERIZINE RSBV END TS XRR2FL. W-KYAERT 5,
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Periodic plasma ejection

Observations Simulations

Simulation of Jupiter's magnetosphere
Dsw =0.01 nPa, IMF Bz=0.105 nT, t= 3.5 hours
- —

-300R

Fig. Plasma ejection in the Jovian magnetosphere from

, N _ _ ) simulation [Fukazawa et al., GRL, 200535]
Fig. Distribution of flow directions from

Galileo [Woch et al., 2002] Simulation out put size 600x400%x200=1.5c8
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Periodic plasma ejection

Observations Simulations

Fig. Periodic plasma ejection in Jovian magnetotail
[Fukazawa et al., JGR, 2010]

Fig. Plasma observations from just after NH’s

inbound crossing of Jupiter’s. [McComas et al., 2007] Simulation out put size 1200x400x400=12GB
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Vortex configuration in the Saturn’s Magnetosphere

Simulation out put size
1800x1200%x600=40.568

Fig. Magnitude of magnetic field on the
equatorial plane of Kronian magnetosphere
[Fukazawa et al., JGR, 2012]
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Fig. Configuration of FACs in the Kronian magnetosphere
[Fukazawa et al., JGR, 2012]

Fig. Pseudoimages obtained with the FUV channel of
the Cassini-UVIS spectro-imager on DOY 239 (26
August) of 2008. [Grodent et al., 2011]
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Computer resources

e« NEC SX-AT (30A) @ Tohoku U

e 4.91TFlops/VE (16 cores) + 96GB HBM2e (2.45TB/s)

e« 128 VEs (2048 cores) is used
—VE is good to use for application user due to no changing to the code

Simulation setting

e Simulation size: 6000X4000X2000=3TB

e Data output periods: 2.5hr

e Resolution: 0.15R; at maximum (we used 1.5R; in 2005ver)

e Inner boundary: nearby Io torus 5~7R,
(we set the inner boundary 15~20R; in 2005ver)
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Rmax
/CPU

Eff.
[%]

Suitable
domain

CPU
architecture

Rpeak Rmax

SX-AT

EPYC7282
ITO-A
XC40

Tesla K20X
ITO-B GPU

ThunderX2

1024 /128

262144 /32768
16384 /512

32/2

72000/4000

1088/16
112/2
112/2
2688/ 1
3584/ 1
27648/8
256/8
192/4

314.37
4194.30
S576.72
1.43
6912.00
48.86
6.81
7.17
1.31
5.30
78.08
0.70
1.70

61.47
914.12
91.49
0.20
470.10
4.32
1.84
0.85
0.15
0.38

8.90
4.50
11.06

_ 425.5

[GFlops]

480.2
27.9
178.7
99.9
117.5
273.3
921.6
426.0
153.3
382.2
1113.0
86.9

20
22
17
14
7
9
27
12
12
7
11
16
15

0.50
0.50
0.42
0.12
0.07
0.16
0.47
0.09
0.19
0.14
0.16
0.30
0.37

decomposition

2D xyzm
3D mxyz
3D xyzm
3D xyzm
1D xyzm
3D xyzm
2D xyzm
2D xyzm
3D xyzm
3D xyzm
3D xyzm
3D mxyz
3D xymz

Vector 20B
SPARC64 VIIIfx
SPARC64 XIfx
Approx. AVX2
Xeon (Skylake)
Xeon Phi KNL
Xeon (SPR) HBM
Xeon (SPR) DDR
Kepler

Pascal

Ampere

Arm v8

A64FX
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Five Great Deserts (Sahara, Arabian, Gobi, Great
Victoria and Patagonia)
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Global Climate Model (GCM) simulation [=%FE7T /L@ K] is used.

Model covers the region from the ground surface to the upper
thermosphere and has 20 vertical layers in the troposphere.

In the simulation, sea surface temperature is fixed.

Grid size is (128 x 64) in longitude x latitude.
— To decrease computation time for the parameter survey (FP645478).

Calculation starts from January 1, 2020 for one year.

Sheet effects are reflected in albedo and blackbody radiation calculations.
The surface albedo is set to 0.9 (original: 0.3).

Camphor3@KyotoU (Xeon Max + HBM2e)%2./— R T 1:8[ /> —b.
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Surface temperature distribution in the Sahara

Desert case | Globalavg. | Onsheet _

annual average of difference with/without sheet 2020.1 -0.140 -0.196
2020.2 -0.198 -0.360
2020.3 0.014 -0.370
2020.4 -0.292 -0.419
2020.5 -0.327 -0.624
2020.6 -0.348 -0.433
2020.7 -0.235 -0.483
2020.8 -0.336 -0.525
2020.9 -0.312 -0.410

2020.10 -0.235 -0.335
2020.11 -0.279 -0.424
2020.12 -0.168 -0.292

Avg. -0.238 -0.406
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Seasonal effects in the surface temperature and
Pressure

Temperature (August, December) A 55t equatorial desert,

the Sahara reflects
strong solar radiation,
cooling the surface and
leading to a significant

Pressure (August, December) increase in local
pressure.
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Magneiii field line
calculation

Lol W

Magnituide of magnetic field

s/
1.5 Q  /
£/
'i".b B a,
— 14 R 3
) LY & -
m 13} \ Q;f

-2000 -1500 1000 -S00 O 500 1000
h [e0,]

Distance from equator

1500

2000

MHD simulation

Relativistic electron acceleration

Generation of nonlinear wave

|Electron Hybrid simulation|
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CoToCoA Framework

CoToCoA (Code To Code Adapter)lddh 5 (éFztH) 3 —F

YHh51—F=fBIEEIESE5417 5

CoToCoAN4FE

¢« EEINSI—FNDE & II&/NE
— ZNZENOI—RIEH TR T IL—TTEITINS

e EARWICIIMBDI—FNDT —JEERFIHMOI—FDI>IHE S 5 SEHE N
— LD I—RZIBAET 5L EH N

e 5 |IMPIN—2Z

« CTRARIN, FortranlZ3Hx4/8. (Worker#f4313) PythonXd &,
— HPCRZYIal—YarnatFEiER T AT toXE') TPython\,

https:/ /github.com /tnanri/cotocoa
doi:10.5281 /zenodo.5655840
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https://github.com/tnanri/cotocoa

CoToCoA Basic Behavior

There are three interfaces to connect the codes
 Requester : Send calculation request to Coupler

 Coupler : Receive the request from Requester then transfer
the data to selected Worker

e Worker : Run the program according to request from Coupler
Coupler enables easy connect among the codes!!



MHD-EH Simulation

Requester

MHD simulation

Coupler + a

Magnetic field line

calculation

)

Worker

Relativistic electron acceleration

Generation of nonlinear wave




CoToCoANZE

Requester

=P

Coupler

Worker

call CTCAR_init()
call mpi_comm_rank(CTCA subcomm, irank, ier)
call mpi_comm_size(CTCA subcomm, isize, ier)
I Initialization part
call CTCAR regarea_reald(f, nn3*nb, areaid)
do ii = 1, 1last

boundary set

MHD Calc

call CTCAR_sendreq(itable(-1,-1,-1),
& itable_size)

enddo

call CTCAR_finalize()

call CTCAC_init_detail(10, 10, 100, 80000, 10)
call MPI_Comm_size(CTCA_subcomm, nprocs, ier)
call MPI_Comm_rank(CTCA_subcomm, myrank, ier)

call CTCAC_regarea_real4(areaid)

do while (.true.)
call CTCAC_pollreq(reginfo, fromrank,
& itable(-1,-1,-1), itable size)
if(CTCAC isfin()) exit

call CTCAC_readarea_real4(areaid, rank_xyz, tdisp,

& size, b(0,0,0,1))
Calculation of magnetic field line

call CTCAC_engreq_withreal8(reqinfo, progid,
& itable(-1,-1,-1), itable_size, mgl, 6*length)

enddo

CTCAC finalize();

call CTCAW init(1, 1)
call MPI_Comm_size(CTCA_subcomm, nprocs, ierr)
call MPI_Comm_rank(CTCA_subcomm, myrank, ierr)

call CTCAW_regarea_real4(areaid)

do while (.true.)

call CTCAW pollreq withreal8(fromrank,
& itable(-1,-1,-1), itable size, datareals,
6*100)

if (CTCAW_isfin()) exit
call CTCAW complete()
Worker calculation

end do

call CTCAW finalize()




Magnetosphere-Satellite Charge Simulation

Magnetosphere
(" MHD Simulation

Calculation of

Satellite charge
/ Input charge . \
L current
(1 1 G

(. Toat
s =iseit 2+ Tion + )

e

Plasma

S|

!

(@)}
o | 1
= 1
o ol 1
> condition :
' |
k i

0 20000
\- 46666 * J
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20104 15BICREL-#KA[EAERT omz BOPEHRIH
L BF, Galaxy15BTE CKRE) A*RBFENEELREERL-

BFE®E (Worker) RIEtE4 R

MHD (Requester) Izt EAER: £%
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coeff.

SC pOt Seco
(V)

(log)

SC pot.
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[ CoToCoA ]

/I Vector 1\

Requester

MHD simulation

/{ GPU

Coupler + «

\J

Magnetic field line
calculation

\ 4
x86

/I

Worker

1\

Relativistic electron acceleration

Generation of nonlinear wave

/




Requester
(MHD simualtion)

Polling
(MPI_Iprobe)

Python#| ') 7 /L9 1 Le[1R4LHI

Coupler Worker
(Python program)

- -~

«

Time Step 0 (Z = 200)

Send global
index

500

Visualize 200

Python —)

Worker < 300

Global 200

grid y
% N
nqueue oo e B

____________________________
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