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Introduction

Coronal loops are waveguides of magnetohydrodynamic
waves. Up to now these waveguides were described only
by simple density slabs. In the present study, for the first
time, a propagation of the magnetohydrodynamic waves in
a structured slab is studied. First, we constructed a
structured density slab with one axisymmetric sub-slab. We
computed a propagation of the fast magnetohydrodynamic
(MHD) waves in this structured slab. Signals were detected
in different locations along the slab and analyzed by the
wavelet analysis technique. Then, the structured slab was
divided into two simple slabs and for these simple slabs the
same analysis was made. Finally, we compared the results
for these simple slabs with those for the structured slab. To
initiate the fast sausage magnetoacoustic waves, we used
axi-symmetric Gaussian velocity perturbation. As a
diagnostic tool of these magnetoacoustic waves, we used
the wavelet analysis method. We found that for the sub-
slab with sufficiently sharp boundaries, that is, for a good
quality waveguide (without an energy leakage), the guided
waves in the structured slabs behave similarly as in two
independent simple slabs. However, a decrease of the sub-
slab-guiding quality leads to an increase of wave energy
leakage to a main body of the structured slab. Thus, the
signal corresponding to the sub-slab disappears from the
signal.

Computer model
Numerical solutions of MHD equations

In our model we describe plasma dynamics in a coronal
loop by the ideal magnetohydrodynamic equations:
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Here pis a mass density,v flow velocity, p gas pressure and B
is the magnetic field. The plasma energy density U is given by:
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with the adiabatic coefficient y = 5/3, and the flux vector S is
expressed as:
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For the solution of MHD equations, we adopted a two-
dimensional (2D) MHD model, in which we solved a full set
of ideal time-dependent MHD equations by means of the
FLASH code, using the adaptive mesh refinement (AMR)
method.
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Fig. 1. Mass density distribution in modelled structured slab with marked perturbation
points, Pi, and detection point, D. On the right side of the figure the horizontal slice in
mass density is shown as well as the detail of the part of simulation region showing the
computational grid, using Adaptive Mesh Refinement (AMR).
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Numerical results

Studied cases

Studied case | (Ae; Ay)p1 [Mm]  (Ae;Ay)pz [Mm]  wi [Mm]  wp [Mm] Py [Mm] P, [Mm] D [Mm]
#1 0.75; 0.75 - 1.0 - 10.0 - 127.0
#2 5.0; 5.0 10.0 50.0 430.0
# 3 0.50; 0.50 5.0; 5.0 1.0 10.0 25.0 492.0 375.0
Tab. 1. Geometrical parameters used in our calculations for initial velocity pulse and mass density slab indicated for all studied cases.
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Fig. 2. Studied case #1 — time evolution of mass density 40;D) - 2,(0;D) (upper panel);
corresponding wavelet analysis with typical tadpole shape (middle); bottom panel: the
global wavelet spectrum of the incoming signal (full blue line) with dominant wave period
P =3.5s (red dot), and the 99% significance level (dash-dotted green line).
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Fig. 3. Studied case #2 — time evolution of mass density /0;D) - 2,(0;D) (upper panel);
corresponding wavelet analysis with typical tadpole shape (middle); bottom panel: the global
wavelet spectrum of the incoming signal (full blue line) with dominant wave period P = 37.7 s
(red dot), and the 99% significance level (dash-dotted green line).
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Fig. 4. Studied case #3 - left column: the time evolution of mass density o(0;D) — 2,(0;D) (upper panel); corresponding wavelet analysis with typical tadpole shape (middle); bottom panel: the
global wavelet spectrum of the incoming signal (full blue line) with dominant wave period P = 32.9 s (red dot), and the 99% significance level (dash-dotted green line). Right column: detailed
views to the parts displayed as black rectangles in the left column.dashed line represents 99 % significance level.
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