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Possible mechanisms for quasi-periodicity

» Direct modulation of the non-thermal electron dynamics by
MHD oscillations (Nakariakov, V. M. & Melnikov, V. E 2009;
Zaitsev, V. V. & Stepanov, A. V. 1982)

» Periodic triggering of energy releases by external MHD waves

(e.g. Nakariakov et al., 2006)

» Repetitive regimes of a self-induced magnetic reconnection or
so-called “magnetic dripping models” (e.g. Tajima et al., 1987;
Kliem et al., 2000, Murray et al., 2009)



Stochastic reconnection
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C. Shen, J. Lin, and N. A. Murphy, 2011 ApJ 737, 14 . v



1.5D magnetohydrodynamical model

V= {00}
B = {0, B,,0}

V = {V,,0,V,}

E = {E.0,E,)

E. is the electrostatic field

direction of coalescence F, is the induced field

T. Tajima et al., 1987 ApJ; D. Kolotkov et al., 2016 Phys. Rev. E
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I[deal MHD limit, n. =
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(Tajima et al., 1987) Y

12 a’ > Periods are of about 1 s and longer
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General case, ne # 1 x
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Can be analysed analytically in the assumption of inertialess
electrons (w, — o0) and massive ions (w; Is finite)



Static solution
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Static state of the current sheet is determined by

the magnetic and thermodynamical pressure balance



B(A) dependence. Two regimes of CS oscillations

| AV+3 A n;l
B (*_1) — 7 2 A ; ? -1
A2 — p(AY — A2) B < n;

which reduces to the Tajima’s ideal MHD limit A = B, n. = n;
for small values of | = (Vo / V)P(Ap/A)* & B2 (Ap/))?

MHD regime High-frequency (HF) regime
small ¢, 1 > Ap, B <1, large ¢, A ~ Ap, B K 1,

n. = n;, low frequencies ne * ny, frequencies ~ w;




Small-amplitude limit

Expanding A(t) = 1 + nx(t), harmonic oscillator equation:
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with period P =27 (1 + qg—l)lf’z

For small ¢ (MHD regime), P may have arbitrarily long values

For large ¢ (HF regime), P — 27 (Vs/ Va)'/ 2!



Nonlinear governing ODE and oscillations
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Electrostatic field by local charge separation
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Nonlinear amplitude—period dependence

MHD regime
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Summary

An analytical model of highly nonlinear oscillations occurring during a
coalescence of two magnetic flux ropes, based upon two-fluid MHD, is
developed.

The model accounts for the effect of electric charge separation, and
describes perpendicular oscillations of the current sheet formed by the
coalescence.

The oscillation period is determined by the current sheet thickness, the
plasma parameter £, and the oscillation amplitude. The oscillation
periods are typically greater or about the ion plasma oscillation period.



