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ABSTRACT

Fast magnetoacoustic waves are an important tool for inferring parameters of the solar atmosphere. We numerically
simulate the propagation of fast wave pulses in randomly structured plasmas that mimic the highly inhomogeneous
solar corona. A network of secondary waves is formed by a series of paréatioms and transmissions. These
secondary waves exhibit quasi-periodicities in both time and space. Since the temporal and spatial periods are
related simply through the speed of the fast wave, we quantify the properties of secondary waves by examining the
dependence of the average temporal pgpddn the initial pulse widtlfwg) and studying the density contré&)

and correlation lengtifL.) that characterize the randomness of the equilibrium densityegroFor small-
amplitude pulsesk does not altep signi cantly. Large-amplitude pulses, on the other hand, enhance the density
contrast wherk is small but have a smoothing effect whiiis suf ciently large. We found thati scales linearly

with L. and that the scaling factor is larger for a narrower pulse. However, in terms of the absolute vpJues of
broader pulses generate secondary waves with longer periods, and this effect is stronger in random plasmas with
shorter correlation lengths. Secondary waves carry the signatures of both the leading wave pulse and the
background plasma. Our study magd applications in magnetohydrodynamic seismology by exploiting the
secondary waves detected in the dimming regions after coronal mass ejections or extreme ultraviolet waves.

Key words:magnetohydrodynamid®#IHD) — methods: numericat Sun: atmosphere Sun: corona- Sun:
oscillations— waves

1. INTRODUCTION structuring in the solar corona across the solar @hkawski

et al.200%, Yuan et al.2015 hereafter referred to as Paper
Nakariakov et al(2005 examined the dispersive oscillatory
Wakes of fast waves in randomly structured plasmas. Murawski
et al.(200)) studied the possible deceleration of fast waves due
to random structuring. Papleperformed a parametric study on
the attenuation of fast wave pulses propagating across a
randomly structured corona, and proposed the application of
the results for seismologically exploiting the frequently

Fast magnetohydrodynam{®HD) waves can propagate
across various magnetic structures, and could therefore b
easily trapped in structures with low Alfvén speésise, e.g.,
Goedbloed & Poedt2004. Plasma structuring modés how
MHD waves propagate and leads to interesting effects such a
waveguiding, dispersion, mode coupling, resonant absorption
and phase mixingedwin & Robertsl983 Heyvaerts & Priest

1983 Sakural et al.1991 Van Doorsselaere et a2008. observed large-scale extreme ultravi¢itV) waves.
Theoretical studies on MHD waves in structured plasmas, preyious investigations of global EUV waves across the
combined with the abundant measurements of low-frequencygg|ar gisk focused primarily on the nature and properties of the
waves and oscillations in the solar atmosphere, can b%ading fronisee the reviews by, e.g., Gallagher & L&y
employed to infer parameters of the solar atmosphere that argtsourakos & Vourlidag012 Liu & Ofman 2014 War-
dif cult to measure directifsee the reviews by Nakariakov &  myth2015. However, secondary waves have been observed at
Verwichte 2005 De Moortel & Nakariakov2012 and  strong magnetic waveguides or anti-waveguides, e.g., active
references therginThis technique, commonly referred to as regions(Ofman & Thompsor2002 Shen et al2013, coronal
solar MHD seismology, has been successful in yielding theoles(veronig et al2006 Li et al. 2012 Olmedo et al2012),
magnetic eld strength(Nakariakov & Ofman2001), plasma  prominence$Okamoto et al2004 Takahashi et a2015, and
beta(Zhang et al2019, transverse structuringAschwanden  coronal loopgShen & Liu2012). These studies on secondary
et al. 2003, and longitudinal Alfvén transit timgArregui waves were primarily intended to provide support for the wave
et al. 2007) in various coronal loops. In addition, it has also nature of EUV waves. However, given that their spatial
been adopted to infer the effective polytropic index of coronal distribution and temporal evolution can now be observed in
plasmagVan Doorsselaere et &011), the magnetic topology  substantial detail, secondary waves may well be suitable for
of sunspots(Yuan et al.2014a 2014, and the magnetic  remotely diagnosing the structured solar atmosphere as well
structure  of large-scale coronal streamerChen (Paperl).
et al.201Q 2011). In this study, we present a detailed numerical study of the
While not a common practice in the literature, modelling the interaction between fast wave pulses and a randomly structured
inhomogeneous solar atmosphere as randomly structure@glasma, paying special attention to secondary waves in the
plasmas is more appropriate in a number of situations. Forwake of the leading fast wave pulse. We describe our numerical
instance, this approach has been adopted to model the plethoraodel in Section2, and then present a case study on the
of thin brils in sunspot¢Keppens et all994), the lamentary secondary waves and their quasi-periodicity in Se&idrhen
coronal loops(Parker 1988 Pascoe et al2011), and the we perform a parametric study on how this quasi-periodicity is
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