Multi-ensemble MHD coronal modelling

to improve background wind
for CME propagation for EUHFORIA 2.0

By Dr. Barbara PERRI!

Collaborators:
Dr. Peter LEITNER?, Dr. Stefaan POEDTS!, Dr. Andréa LANI!, Michaela
BRCHNELOVA!, Tinatin BARATASHVILI!, Dr. Fan ZHANG!,
Dr. Blazej KUZMA! Andrey KOCHANOV! Evangelia SAMARA!, Dr. Allan
Sacha BRUN?, Dr. Antoine STRUGAREK?

1. CmPA, KU Leuven, Belgium
2. Institute of Physics, Graz, Austria
3. LDE3, CEA/AIM, Saclay, France

://1¥ von KARMAN INSTITUTE
m - rorieon 2548 x\/— PR LA TERANLS

Barbara PERRI EGU General Assembly 2022 Vienna, Austria 24/05/2022



EUHFORIA 2.0

Chain of data-driven heliospheric simulations from the solar surface to the Earth
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The extrapolations from 1 to 20 solar radii are semi-empirical
— this is where most of the structures are created!
—> we want to replace it with a more physical code (MHD) BUT still fast!
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Wind-Predict

Numerics : Physics :
* Based on the PLUTO code ¢ Polytropic wind model with y = 1.05
(Mignone+2007) * Rotation of the star and the corona
* Solves the set of ideal conservative * Gravity

MHD equations:

5 * Initialization with a Parker solution
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*  Finite-volume method with Riemann
solver
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[Perri+2022a] (under review) C O C ONUT

COolfluid COronal uNstrUcTured

- Based on the COOLFIluiD framework
[Lani+2005/2006,
Kimpe+2005,
Maneva+2017]

Ideal MHD model for the solar wind in the
corona (from 1 to 25 solar radii):
* Cartesian geometry
* Finite volume + Riemann solvers
* Polytropic heating

Advantages:
- * Unstructured mesh = no singularity at
e the solar poles
: * Implicit solving method =2 fast and
accurate
[Brchnelova+2022]
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[Perti+2022a] (under review) Validation of the new code
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[Révile+2015a, |
_ . . _ ' running time
Benchmark with both simulations (Wind-Predict) _ _
. Dipole 5.9 min
and observations (WL + EUV)
Quadrupole 11.9 min
Magnetic map

Verification of the speed-up of the implicit solver (Lnax = 15) 87.5 min (1h23)

—> operational running times Magnetic map

(L. =30) 868min(1h27)

Barbara PERRI EGU General Assembly 2022 Vienna, Austria 24/05/2022



Coupling to EUHFORIA
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With the polytropic assumption, only the magnetic field to compare for now
— More precise current sheet, but field amplitude reduced
—> Assessment on the impact on connectivity (in prep.)
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Improvement of the codes

Improvement of the coronal heating to capture bimodality:
e COCONUT = thermal conduction + radiative cooling + Manchester term
e  Wind-Predict =2 Alfvén waves

Case = poly - Case = test_new_refl
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—> Possibility to capture CIRs and HSSs
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Magnetic map sensibility

[Perri+2022b] (submitted)

Streamers ratio Polar CH ratio . 1 SB deviation
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left: 74.9%, right: 65.6% North: 86.2%, South: 42.0% Omaz = 19.1°, dmean = 4.98°
left: 66.2%, right: 70.1% North: 86.3%, South: 40.1% Y Omaz = 16.1°, Omean = 4.30°
GONG (mrbgs) 80.3% ., South: 33.9% . Omaz = 23.9° |, | Omean = 7.35°
ON mrbq) eit: 47.5%, 470 Omazxz — 2U.D7, Omean = 0.45°
GONG (mrzgs) right: 53.6% North: 85.2%, South: 39.2% 20.4% Omaz = 19.7°,
ADAPT (1) left: 64.3%, right: 77.8% ., South: 44.4% Omaz = 10.5°, dmean = 5.36°
ADAPT (2) left: 61.7%, right: 77.1% North: 87.9%, South: 44.1% Omaz = 9.99°, dmean = 5.60°
ADAPT (3) left: 69.4%, right: 72.4% North: 88.3% , South: 44.0% Omaz = 10.5°, dmean = 5.57°
ADAPT (4) | |0 BRIl | Norih: 87.9%, South: 43.9% ' Omar = 9.69° . Gmean = 4.76°
ADAPT (5) left: 61.4%, right: 79.5% North: 87.8%, South: 44.5% Omaz = 9.84°, dmean = 5.09°
ADAPT (6) left: 66.3%, right: 78.1% North: 87.5%, South: 44.1% Omaz = 10.0°, dmean = 5.84°

ADAPT (7) left: 72.1%, right: 78.5% North: 87.2%, South: 43.6% Omaz = 10.4°, dmean = 6.20°
ADAPT (8) left: 61.9%, right: 87.9% | North: 87.4%, South: 45.3% | - [maz = 063%, Smean = 5.75°
ADAPT (9) left: 75.4%, right: 77.6% North: 87.7%, South: 43.4% 3%, Omean = 5.91°
ADAPT (10) || left: 61.3%, right: 80.5% | |NCEUMISSONN. | South: 44.9% | Omaz = 9:39° , Smean = 4.99°

ADAPT (11) , right: 64.1% maz = 10.4°, Smean = 5.73°
ADAPT (12) left: 76.1%, North: 87.9%, South: 44.5% maz = 10.0°, dmean = 5.52°

= HMI and GONG-ADAPT perform the best
= WSO and GONG should not be used without the proper corrections!
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Impact on C
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Propagation of the same CME with different wind backgrounds (maps) (in prep.)
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Conclusion and perspectives

Conclusions:
* We have coupled two new coronal models to EUHFORIA
* We can then better quantify the impact of the coronal magnetic field on space
weather previsions (HMI > GONG-ADAPT > GONG)

Perspectives:
* Impact on transient propagation and connectivity
* Comparisons between models to better understand the underlying physics
* International standards to validate and quantify models (ISWAT)

Papers:
* Perri+2022 (arxiv: https://arxiviorg/pdf/2205.03341.pdf)
* Brchnelova+2022 (JPIPh, do1:10.1017/50022377822000241)
* Samara+2021: (A&A, do1:10.1051/0004-6361/202039325 )

Acknowledgements:

. | European Union’s Horizon 2020 No 870405
Thank you for your attention. pga project "Heliospheric modelling techniques”

(AO10125-GT18-004EP)
Barbara PERRI EGU General Assembly 2022 Vienna, Austria 24/05/2022



https://arxiv.org/pdf/2205.03341.pdf
https://ui.adsabs.harvard.edu/link_gateway/2022JPlPh..88b9005B/doi:10.1017/S0022377822000241
https://ui.adsabs.harvard.edu/link_gateway/2021A&A...648A..35S/doi:10.1051/0004-6361/202039325

