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1. Introduction

A substantial amount ( <50%) of solar acoustic (p-mode) absorption in sunspot regions has
been reported by Braun, Duvall and LaBonte (1988). A number of suggestions have been ad-
vanced to account for the observed p-mode absorption in sunspots (see review by Davila in these
proceedings). These include processes involving resonance absorption, radiation damping, and
non-dissipative mechanisms. The main purpose of the present work is to demonstrate that any
dissipative process like radiative, viscous, or resistive dissipation leads to the resonant absorption
of acoustic waves incident on the sunspot tube and that the resultant heating rate can be shown
to be consistent with the observed absorption of the p-mode power impinging on an isolated
inhomogeneously structured sunspot.

2. Model Assumptions and Governing Equations

Sunspot is assumed to be a localized cylindrical (r,6, z) flux-tube bounded by r = R,;,:, which
is in transverse pressure equilibrium with a field-free homogeneous medium. The spot magnetic
field is taken to be vertical (z-direction) with a dependence on the radial coordinate, r, only,
ie. Bg = (0,0,Bo(r)). The equilibrium physical quantities; pressure, pp, density, po, and
temperature, Tp, are assumed to be functions of r, but gravity and vertical stratification are
neglected. No specific assumption is made about the magnitude of 3 = 8mp/B?. For the sake
of illustration, the fluid in the flux tube is taken to be fully compressible and inviscid, with
infinite electrical conductivity but with finite thermal (radiative) conductivity. However the
results discussed do not depend on the specific dissipation mechanism. The basic equations are
the usual conservation equations which can be linearized and then combined to get a fourth-order
differential equation for the perturbed variables.

The heating rate may be calculated by integrating the incident Poynting and acoustic flux
over the surface of the resonance layer (Davila, 1987). Given the existence of the resonance layer
in the spot tube (resulting from some dissipation process in the plasma) it suffices to compute
the heating rate by invoking the ideal MHD solution that is valid on the surface and outside
the resonance layer. The resultant heating rate per unit area contributed by the Poynting and
acoustic flux comes out to be
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All the physical quantities here are measured at the resonance layer. With a view to determine
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whether this heating rate is consistent with the observed absorption of p-mode power, we equate
H to amaz =< 3ph(V2 — V2,)c, >, the maximum observed difference between the incoming and
out-going acoustic flux. Here V;, is the amplitude of the incoming p-wave, V,y: of the reflected
wave, and py is the density at the surface of the spot tube.

Choosing typical values for the sunspot tube; ¢, = 106 cm — s, vq = 3 x 105 cm — 571,
k2r?/m? =05, R=05v =33 mHz, | (1/v3)(dvi/dr) |= 1/Rypo =2 x 107° cm™!, and
Po/po = 2, we get the wave amplitude,

|V |~ %V},, ~100 m—s~1 (2)

assuming a typical RMS value of 400 m—s~! for the photospheric velocity amplitude of p-modes.

3. Discussion and Conclusions

The required heating rate yields the wave amplitude of the order of 100 m —s~! at the resonance
layer, which should be observable within the spot-tube at the surface. The heating rate scales like
1/m? and this is also borne out by the detailed numerical calculation of the absorption coefficient
by Lou (1989) . Lou has examined the influence of viscous dissipation on the Alfven resonance; we
expect that the absorption coefficient should be independent of the precise dissipation mechanism.

The solution to the problem of the absorption of axisymmetric modes may be sought by
considering more realistic sunspot models. An isolated single spot is not expected to be a perfectly
circular absorber or scatterer. The cylindrical waves converging onto a non-axisymmetric spot
will inevitably couple the m = 0 mode to m > 0 modes. It is also unreasonable to imagine
that a sunspot would remain as a vertical monolithic structure. The sunspot may be made
up of a number of individual flux tubes which could also couple the modes. Finally, it can be
demonstrated that the Alfven resonance, responsible for resonant heating, survives even when
m=0 when the flux tube is twisted (see also Hollweg, 1988).
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