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OBJECTIVES
1. Model how slow waves are affected by

their perturbation of local heating + cooling
processes

2. Observe slow waves, which are replete in
the solar corona

3. Determine change in phase speed + ampli-
fication/damping caused by dispersion

4. Infer locally the coronal heating function,
assuming radiative losses + transport coef-
ficients

INTRODUCTION
The solar corona is delicately balanced at ther-
mal equilibrium, by radiative losses and some
heating mechanism [1]. Both the heating/cooling
mechanisms vary with the plasma parameters
(ρ, T etc). Slow magnetoacoustic waves perturb
these mechanisms enough to be themselves af-
fected [2]. So by understanding this dispersion,
we may one day use observations of slow waves
as probes, letting us infer the mysterious coronal
heating function [3].

RESULTS: EFFECTS OF FINITE-β
We consider a non-zero β plasma using lin-
earised MHD + the first order thin flux tube ap-
proximation [4], accounting for heating/cooling
Q(ρ, T,B) and thermal conduction. The resulting
dispersion is characterised by timescales
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where QT [i] refers to ∂Q/∂T keeping gas pressure

and magnetic pressure constant resp [5]. Taking
the weakly non-adiabatic limit ω � 1/τ1,2,cond the
wave phase speed is the tube speedCT and the ef-
fect of thermal misbalance may be combined into
a single timescale TM, over which the wave is am-
plified or damped:
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(a) Plot of τM at 100 G. (b) Plot of τM at 12 G. (c) Plot of τM at 4 G.

Figure 1: Damping timescales due to thermal misbalance TM for the heating model H ∝ ρ1/2T−7/2B0, as functions
of ρ, T and for different magnetic field strengths. Green depicts observed slow wave periods + damping times,
10-100 min. Symbols correspond to typical coronal conditions; square=cool loop, star=plume, circle=flaring loop.

The dispersive effect of thermal misbalance on
slow waves is found to be comparable to that by
thermal conduction. For typical coronal condi-
tions, slow waves are damped and TM matches
observed slow wave periods + damping times.

This implies the importance of the effect of mis-
balance, and its historic exclusion as a damping
mechanism may explain observed damping times
for which viscosity + thermal conduction is insuf-
ficient.

RESULTS: SLOW WAVE OVERSTABILITY

In some cases the exchange of energy between
the medium and the slow wave can lead to am-
plification i.e. overstability. For a non-zero β
plasma, the isentropic instability criterion (see [1])
accounting for both thermal misbalance and ther-
mal conduction is:
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If one parameterises the local heating function as a
power-law H ∝ ρaT bBc and estimates the radia-
tive losses L at (ρ, T ), then the criterion becomes

b >
1

γ − 1

{
1 +

(
βγ

2

)
c− a

}
+
T0
L0

(
∂L
∂T

)
T0,ρ0

+
CV

τcond

T0
L0
.

The fact that slow waves are only seen to damp
in the solar corona, and assuming β = 0, one
may infer constraints on a, b. It was in this way
that Kolotkov+ 2020[3] proposed one such heat-
ing model,H = ρ1/2T−7/2c0 used for calculations
of TM here. Of course, c should also be consid-
ered, particularly for large β plasma.

RESULTS: INSENSITIVITY TO H(B)

One may expect coronal heating to vary with
magnetic field strength, i.e. H = H(B). Yet we
find for sufficiently strongB, the damping of slow
waves is independent of the heating/cooling func-

tional dependence upon magnetic field. As a rule
of thumb, the infinite magnetic field approxima-
tion is suitable in the corona for magnetic field
strengths greater than ≈ 10 G.

(a) Typical cool loop exhibiting propagat-
ing 3 min oscillations [square].

(b) Typical cool plume with upwardly
propagating slow waves [star].

(c) Typical post-flare loop with standing
modes, aka SUMER oscillations [circle].

Figure 2: Oscillation damping time/period as a function of magnetic field strength for different heating models.
Each plot corresponds to different, common coronal slow mode parameters matching Fig. 1. Grey denotes β > 1.
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CONCLUSIONS
• Slow magnetoacoustic waves can perturb the

coronal heating + cooling mechanisms enough
to be able to infer the coronal heating’s lo-
cal power-law indices, if one can see a slow
wave’s damping, phase speed, radiative losses
and plasma parameters.

• Slow wave damping by thermal misbalance is
typically comparable to that by thermal con-
duction.

• For sufficiently strong magnetic strength, the
slow wave dynamics is insensitive to any de-
pendence of the heating function on B.

• Interested readers please see Duckenfield+
2021 [5] + email tim.duckenfield@kuleuven.be
for more information.
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