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Main unresolved problems
of the solar corona:

 Why is the corona so hot?

 Why is the magnetic energy
released in solar flares so rapidly?

« What does accelerate the solar wind to 1000 km/s?
 Why is the coronal plasma so filamented?

Solving those problems requires detailed diagnostics of
physical parameters of the plasma

— could be made by MHD waves (MHD Seismology).
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Kink oscillations of coronal loops
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Time-distance analysis of kink oscillations
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Seismological estimation of the magnetic field
by kink oscillations of coronal loops:

* There is no twist / sigmoidity.
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Decayless regime:
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ey ENime—distance map from original data

12—12T10:30:10.347 original AIA 1740 12—12710:30:10.347 magk=6

The Motion Magnification (MM) technique
(2016S0Ph..291.3251A; 2021S0Ph..296..1352)




Long-durational evolution of decayless kink
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oscillations with AlA:

Oscillations last for 38, 38,
48, 40, 47, and 26 cycles
without any systematic
modification of the oscillation
pattern or the host loop.

Zhong, S. et al. Long-term evolution of
decayless kink oscillations of solar
coronal loops, MNRAS 513, 1834, 2022
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The parameters of oscillating loops <« .. ~ s xc
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Seismology of a “quiet” active region by decayless
oscillations: Alfvén speed map of AR
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Demonstration that the decayless kink oscillations
are not excited by the leakage of p-modes or 3-min
oscillations:

@ 10 -l | | | | L L I | EAY I 1 : I 1 1 i 1 i
- : * | No signatures |-
= 8 of resonance |-
- Q - * *, =
S T8 [ * 7 o« :
0 = 6 * M x B
< 7 [ xR :
> - * kK% -
E 4F « oy ok
S S ;

= *
g 2 N * - ** * . x X o
E 0 —I 11 I L1 1 I L1 1 I L1 1 I L1 1 I 11 l-

O 2 4 6 8 10 12

Period [min]

WARWICK Centre for Fusion, Space & Astrophysics



Decayless kink oscillations can be self-oscillations:

In contrast with driven oscillations, a self-oscillator itself sets
the frequency and phase with which it is driven, keeping
the frequency and phase for a number of periods.

Kink oscillations

Oscillations

Conveyor belt
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An example of a self-oscillatory system: violine
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Karampelas & Van Doorsselaere 2020ApdJ...897L..35K

3D simulations of kink self-oscillations:
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Does this formula work in the presence of noise?
\ 2 LlOO
_ p Pe
B = Ji, = pi(l + p.)

Generalised model (self-oscillations + noise):
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Kink oscillations seen with SDO/AIA and SolO/EUI:
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Conclusions

» Kink oscillations of loops are eigenmodes
(standing fast magnetoacoustic waves).

* Decayless kink oscillations: seismology before
flares.
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Abstract

Kink oscillations of coronal loops, i.e., standing kink waves, is one of the most studied
dynamic phenomena in the solar corona. The oscillations are excited by impulsive energy
releases, such as low coronal eruptions. Typical periods of the oscillations are from a few to
several minutes, and are found to increase linearly with the increase in the major radius of
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