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LOw Frequency Array — Radio Interferometer

LOFAR structure:

- Central core (Exloo, NL) 24
stations

- 14 remote Stations (NL)

- 14 International Stations

Frequency range:
- Low Band: 30 — 90 MHz
- High Band: 110 — 250 MHz
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Type-lll bursts and magnetic connectivity

« Signs of down- and upward particle propagation are correlated, but do not
always appear symmetrically (Kundu et al. (1980), Reid et a. (2011), James & Wilmer (2023)).

« Type-lll bursts are very sensitive indicators for changes in the AR.

« Number of electrons producing type-lll bursts is only around 0.1% of the number of electrons
neccessary to produce X-rays (Lin et al. (1973)).

« Large event sizes are not a requirement for type-IIl bursts.

« Magnetic connectivity: The incorporation of small-scale processes leading to particle
acceleration into the large-scale magnetic structures (Raulin et al. (2000))




ll. Multi-wavelength observations of two flare events
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Magnetic configuration

» electrons propagate along magnetic field lines in encapsulated loop systems
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B-class flare on 06 June 2020

* Small event with several X-ray peaks
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Concentrated energy release in the active region
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Selected bursts related to a similar energy release in the AR
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Solar Type-lll Radio Bursts and PFSS model
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Atmospheric Imaging Assembly (AlA) Data

o Imager on the Solar Dynamics Observatory

« multiple simultaneous high-resolution full-disk images of the corona and
transition region

o 1.5-arcsec spatial resolution and 12-second temporal resolution
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DEM Anaylsis based on EUV data
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Differential Emission Measure (DEM) describes the amount of thermal plasma along the line-of-sight as a

function of the temperature T.

T
EMy =DEM(T) - AT = j | fnz(T 2)dzdT DEM Method: Yang Su et al. 2018 ApJL 856 L17
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before type-Ill radio burst
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Average EM-weighted temperatures of the active region
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EUV observations of the limb event — 25 October 2022
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2nd Event — 25 October 2022
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Dynamic radio spectra

— 1.0

T
o
(00]

=)
c
=
o
| &
L
oy
- 0.6-2
T ]
s 50 o
- 5
0.4 =
60 8
N
©
70 0.2 £
—
=
80

0.0

12:20:00 12:25:00 12:30:00 12:35:00
UTC (on 2022-10-25) [hh:mm:ss] (At=0.252s, Af=0.196MHz)



Radio source positions for selected bursts
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Thermal evolution
(DEM analysis)
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. Summary

« Magnetic connectivity can be indirectly studied with multi-wavelength observations.

« In the event on 06 June 2020 type-Ill radio bursts mark the on-set of the heating
process. Suppressed access to the higher altitudes in the corona was accompanied
by strong heating.

. The radio source position stays rather constant within each phase.

« The large-scale magnetic field is rather stable, while the ability to access certain field
lines changes over time.

. It was possible to identify single loops affected by the energy release by conducting
detailed DEM analysis of AIA/EUV data
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