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Determination of plasma physical
properties across CME-driven shocks
with remote sensing data

A. Bemporad
INAF-Turin Astrophysical Observatory, Italy

“Determination of plasma physical properties across CME-driven shocks with Remoe Sensing data” — A. Bemporad Metis TT9, 30/09/2020 (via Zoom)



Physics of Shock from VL:
upstream magnetic fields

* Pre-shock densities derived with latest pre-CME LASCO pB image.

« Compression ratios X derived all along the shock front by:
— X maximizes at shock nose, X decreasing with shock altitude.

« Mach numbers M, derived all along the shock front by:

1. measuring from VL images the inclination 6 of shock surface with
respect to the radial,

2. applying the empirical formula (tested in Bemporad, Susino & Lapenta
2014; Bacchini et al. 2015) for M, in oblique shock (B << 1, y = 5/3)

Mays = /(MaLsin6)? + (M4 cos6)?

— M, maximizes at shock nose, M, decreasing with shock altitude.

* Magnetic fields derived along the coronal region crossed by shock:
1. combining M, values with measured shock speeds
2. assuming possible distributions of pre-shock solar wind speeds

Bz/ — VA ‘V /’IOmpne

— output radial field profiles s in good agreement with previous estimates.

Susino, Bemporad & Mancuso (2015)

“Determination of plasma physical properties across CME-driven shocks with Remoe Sensing data” — A. Bemporad Metis TT9, 30/09/2020 (via Zoom)



3D reconstructions of a coronal
shock with the mask-fitting method

Li Feng, Lei Lu, Beili Ying (ASO-S team)
Purple Mountain Observatory, CAS, China
B. Inhester, J. Plowman, M. Mierla, M. West,
F. Shen, Y. Wel, J. Guo




Applications: 3D kinematics
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What can we learn from solar

radio observations with
[LOFAR?

Jasmina Magdalenic
Royal Observatory of Belgium



The type Il burst observed by LOFAR

* LOFAR dynamic spectrum (observed with high time/frequency resolution of 10 ms
&12.3 kHz) shows, for the first time, such a strong fragmentation of the shock
associated radio emission.

Magdalenic et al., ApJL, 2020



Particle acceleration in coronal shocks: some recent
findings from simulations and data-analysis

Rami Vainio
Department of Physics and Astronomy, University of Turku (UTU)

Main collaborators: Alexandr Afanasiev (UTU), Athanasios Kouloumvakos (IRAP) &
Alexis Rouillard (IRAP)
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Simulated spectra at the shock

Wave spectra
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A kappa-distribution with
K = 2 and an exponential
cutoff at 1 MeV is used as
the upstream distribution
function.

A function to fit particle
spectra:

I,(E) = CE—Pe (%)

C, B, E. and ¢ are fitting
parameters

Afanasiev et al. (2018)






3D Reconstruction of CMEs with VELC & METIS
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First polar pass > 17° latitude
‘Mar 2025
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1Jan 2027
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126 Dec 2020
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117 Mar 2028
110 Jun 2029
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iFirst palar pass > 30° latitude

Eesa

300 million km

Maximum distance between
Earth and Solar Orbiter

16.5 min

Maximum time for a radio signal
to travel one way between Earth
and Solar Orbiter

22 orbits

around the Sun

Nov 2021

Start of main mission

Dec 2026

Expected start of extended
mission

*1 gu = average distance between Sun and Earth (149 597 870 700 m)




Localised acceleration of energetic
particles by a weak shock in the
solar corona

David M. Long, Hamish A. S. Reid, Gherardo Valori, Jenniter o’'Kane

Mullard Space Science Laboratory, University College London
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Fvent evolution

e Possible to identify two distinct radio
sources at leading edge of global wave

e Also radio emission from source
active region

e Correspond to Type lll radio emission
e Source 1 at higher frequencies

e Source 2 at high -> low frequencies
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3D reconstruction of a CME-driven bow shock
&

H | Lya intensity calculation

Beili Ying
Li Feng et al.

Purple Mountain Observatory, Nanjing, China




Calculation of H I Lya intensity based on the 2-fluid MHD simulation

A an density ” ' Lya intensity by integrating along the LOS

B ratio

Alog10(ltot erg/cmr2/s/sr)  Alog10(lrad erg/cm*2/s/sr)

MHD parameters on the POS

X [Fs] Noa10(1sol erg/emr2/s /sr)
Considering (lrad1)
1. nonuniform disc
intensity
2. scattering angle
3. T, #T,

(Irad2—Irad1) /Irad

(Irad3—Irad1) /Irad1

2 % 0.15 ' v
Differences with Iradl1 conditions: 1 1
Irad2: uniform disc Relative d 0
Irad3: doesn’t consider scattering angle comparison .
Irad4: T, = T, . =






