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I Ca ru S (Verbeke et al., 2022)

New heliospheric model in MPI-AMRVAC i cta. 2015

e Ideal MHD equations (polytropic index y=1.5) .m

Model of the Solar wind from 0.1AU to 2AU
Input: Solar wind data generated from a
magnetogram

e Reference frame co-rotating with the Sun

Var:
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I Ca ru S (Verbeke et al., 2022)

New heliospheric model in MPI-AMRVAC xictat. 201s)

e Propagation of the Coronal Mass Ejections (CMEs) in the domain
o Cone model

o Magnetized CME model

Cone CME
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I Ca ru S (Verbeke et al., 2022)

New heliospheric model in MPI-AMRVAC xieta. 2018

e Propagation of the Coronal Mass Ejections (CMEs) in the domain
o Cone model
o Magnetized CME model
e Advanced Techniques:
o Radial grid Stretching
o Adaptive Mesh Refinement (AMR)




Linear Force-Free Spheromak (LFFSpheromak snitsxataoa, 2016))

B . 2BO J1( ) 6089’ Magnetic field is divergence free and
force-free

Blo — _BO []l(aT’) + ]1 (a,r )] Sinol,
B, = H - Byji(ar')sind'.

B, Bg By Magnetic field components of an LFFS
. model with tilt angle 7, of 90.0 [deg] in
. . ‘ the meridional plane in HEEQ
coordinates. Red and blue correspond

to positive and negative magnetic field
components, respectively.

Verbeke et al., 2019




Adaptive Mesh Refinement (AMR) on spheromak
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15

Time series at Earth ’

CME event: July 12", 2012 from the e f
NOAA AR 11520. :

-10 OMNI 1min data
—— EUHFORIA
-15 —— Middle Resolution - No AMR - Equidistant
20 —— Middle Resolution - No AMR - Stretching
—— AMR level 2 - Stretching
15 —— AMR level 3 - Stretching
0 1 2 3 4 5 6 7
10 Time [days]
5 20
T o 15
o
=2 10
—— OMNI 1min data
~10 —— EUHFORIA _ s
—— Middle Resolution - No AMR - Equidistant E
=13 —— Middle Resolution - No AMR - Stretching 5§ o
20 —— AMR level 2 - Stretching @
—— AMR level 3 - Stretching _s5 OMNI 1min data
0 1 2 3 4 5 6 7 —— EUHFORIA
Time [days] ~10 —— Middle Resolution - No AMR - Equidistant
—— Middle Resolution - No AMR - Stretching
—15 —— AMR level 2 - Stretching
—— AMR level 3 - Stretching
0 1 2 3 4 5 6 7
Time [days]

KU LEUVEN




201
Middle_., and AMR 2
STR AT i
15; - very similar 4 i.‘C’*n"\
AN
i \
10 “
51 [ ‘
— ﬁ I M ’ Alll
'E 0 WI. y mm,‘km ||“ I
= [ A | [l AMR 3 and middle_
B gl - very similar
- ‘ —— OMNI 1min data
- —— EUHFORIA
—— Middle Resolution - No AMR - Equidistant
—da —— Middle Resolution - No AMR - Stretching
—— AMR level 2 - Stretching
=20 —— AMR level 3 - Stretching
0 1 2 3 4 5 6 7
Time [days]

KU LEUVEN



Speed up

EUHFORIA |lIcarus Icarus AMR 2 AMR 3
(Middle (Middle) (Middle)
resolution) | Equidistant | Stretched
Wall-clock | 18h 2m 6h 9m 1h 3m Oh 14m Oh 38m
times
Speed up factors
Icarus (Middle) | EUHFORIA
Simulations are performed on 1 node only (with 36
CPUs) on the Genius cluster at the Vlaams AMR 2 26 77.3
Supercomputing Centre.
AMR 3 9.7 28.5
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Linear Force-Free Spheromak (LFFSpheromak snitsxataoa, 2016))

B;:2Boh( )cosﬁ’ > B.(r,0,¢) = ( ) (A, 0, ),
:9 — _B, [Jl(ar’) _'_]1(0”, )] sinf, Bo(r,0,4) = A dAb (A, 6, ),

By = H - Byji(ar')sing'. By(r,0,¢) = A e Gij&fw fi
By By Magnetic field components of an LFFS

. model with tilt angle 7, of 90.0 [deg] in
. . ‘ the meridional plane in HEEQ
coordinates. Red and blue correspond
. to positive and negative magnetic field
verbeke STEIN1S components, respectively.
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Summary & Future work

e New heliospheric model - Icarus (verbeke et al., 2022)

e Advanced techniques
o Grid Stretching I h a n k
o Adaptive Mesh Refinement

e CME models

o Cone CME '
o Magnetized CME O u -

e Advanced Gibson & Low model - Ongoing
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