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Annomauus. Beedenue. Hnmencusnocms usnyuenus bilCOKOMeMNEPAMypHOU Nia3mbl COIHEYHOU
KOPOHbL CYWECMBEHHO 3A8UCUM Om MeMNepamypel, npuiem 35ma 3d8UCUMOCMb HOCUM  CILONCHBIL
Xxapaxkmep, HOCKOIbKY 6KIAO PA3IUHHBIX UCHOYHUKOS U3NYYeHUS KpaliHe HeOOHOPOOeH, 0CODEHHO 8
JIUHUAX U3TYYEHUS DJIeMEHMO8, 8X00AWUX & cocmas Kopousl. Pesynomamut u odcyncoenue. Hanpuwep, 6
ouanaszone memnepamyp 0,5—1 MK nabriooaemcs cunbHvill pocm QYHKYUYU uziyueHus, a 6 ouanasoune 1—
4,5 MK Habrodaemcs cmoas dice bvicmpbiti cnad. B obnacmu 3amyxanus 8603modicHa aouabamuveckast
HeyCmou4usoCcms Ko1ebanutl niomHOCMU N1a3Mbl, 00YCI081eHHA ODbICMPLIM 3amyXanuem. 3aKiryenue.
C ucnonvzoganuem panee MNOAYYEHHOU KYOUUECKOU CNIQUH-UHMEPROIAYUY DYHKYUU U3TYYEHUs
uccnedosana aduabamuyeckas HeycmoudugoCmsy U ONpedeieHbl PAHUYbL UHMEP8ALd HeyCMOouYU8oCmu,
KOmopble NOOMBEPHCOAOMC OpyeUMU paciemamu.
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Abstract. Introduction. The radiation intensity of the high-temperature plasma of the solar corona
depends strongly on temperature, and this dependence is complex, as the contributions of various
radiation sources are highly nonuniform, particularly in the emission lines of elements inhabiting the
corona. Results and discussion. For example, in the temperature range of 0.5-1 MK there is a strong
increase in the radiation function, and in the range of 1-4.5 MK there is a similarly rapid decline. In the
damping range, adiabatic instability of plasma density oscillations is possible, due to the rapid damping
rate. Conclusion. Using previously obtained cubic spline interpolation of the radiation function, the
adiabatic instability was studied, and the boundaries of the instability interval were determined, which
are confirmed by other calculations.

Keywords: computer modeling, plasma physics, radiation function, magnetic hydrodynamic, Sun,
oscillations and waves.

For citation: Mankaeva GA, Derteyev SB, Ageev SS, Baltikov AK, Mikhalyaev BB. Instability of
acoustic oscillations under the influence of radiation. Modern Science and Innovations. 2025,;(3):116-122.
(In Russ.). https://doi.org/10.37493/2307-910x.2025.3.11

Introduction. In astrophysics, two types of instability associated with the phenomenon of
superadiabatic temperature drop are widely known. The first is known as the Schwarzschild
instability; it occurs when the temperature inside a star decreases with distance from the center
faster than the threshold at which the plasma's adiabatic properties can be preserved. That is, the
temperature has time to equalize due to heat transfer from the lower, hot layers to the upper
layers. As a result, convective motion arises under the influence of the Archimedes force, which
occurs more often in the upper layers of the star, where the plasma temperature drops sharply
[1]. The second example is radiative instability, when the adiabatic threshold is exceeded during
plasma density fluctuations. The increase in temperature during plasma compression causes
increased radiative losses, as a result of which the compression is not slowed down, but, on the
contrary, intensifies. This phenomenon is called the adiabatic instability of compression waves
[2]. Adiabatic instability is determined by the properties of the plasma's radiative loss function
and can be realized under certain conditions, such as those found in the high-temperature plasma
of the solar corona. The attenuation and instability of compression waves in the coronal system
are currently being studied due to their possible connection to the solution of the coronal heating
problem [3, 4]. In this paper, these conditions are sought by interpolating the radiative loss
function, whose values are typically calculated numerically using known codes. The analytical
expression obtained with a good approximation allows for a more accurate calculation of the
radiative instability conditions than previously known estimates.
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Coronal plasma emission function. The solar corona is an optically thin medium. This
means that, due to low absorption, virtually all radiant energy is lost by the gas. The specific
energy loss function, the amount of energy lost due to radiation per unit time per unit plasma
mass, is written as Q(p, T) = pA(T), where A(T), called the emissivity function, is found using
various models as a function of temperature alone (Figure 1).
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Figure 1. Various variants of the power-law approximation of the coronal plasma emission function
[6]. For comparison, a curve obtained based on numerical calculations using the CHIANTI code is shown
(bold line). In the vicinity of 1 MK, they have a significant deviation from the original distribution.

The starting point here is the values A(T)for a series of temperature values that are
currently found using the CHIANTI code taking into account a particular set of possible sources,
including electron bremsstrahlung and ion radiation in a number of spectral lines [5, 6]. A local
power-law approximation of the radiation function of the form A(T) = yT%with certain
constants yand is traditionally used, which is convenient for calculations a. Over a wide
temperature range, several approximations are used, constructed separately on several successive
subintervals [7]. As can be seen from the figure, a significantly larger number of subintervals is
required to obtain a more accurate global approximation.

The situation can be significantly improved by using interpolation even with a relatively
small number of points. Figure 2 shows cubic spline interpolation over the 0.5-10 MK interval,
constructed using 29 points marked in red [8]. The resulting suitable analytical expression for the
function A(T)allows for a thorough study of the attenuation and instability properties of the
compression wave. In particular, we find intervals of increase and decrease in the radiation
function, as well as an instability interval of 1.83-3.15 MK. It turns out that the likelihood of
instability is highest at a temperature of 2.17 MK.
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Figure 2. The radiation function obtained by cubic interpolation (green line) over a series of its numerical
values (red dots) [12]. The red line denotes the derivative and shows the intervals of increase and decrease.
The black line gives the criterion for adiabatic instability, which occurs in the interval where it lies in the
lower half-plane.

The influence of radiation and heating on compression waves
To study the instability, we use a hydrodynamic approach that takes into account the
thermal conductivity properties of the plasma, as well as the effects of heating and radiative loss.
We use thermal conductivity in its well-known form for the thermal conductivity coefficient of
high-temperature plasma [9], and to describe the heating, we use a simplified approach in which
the energy gain per unit plasma mass per unit time is assumed to be constant. This so-called
constant heating approximation is supported by observational data [10, 11]. This yields a set of
hydrodynamic equations with fully defined physical effects that can influence the behavior of the
compression wave. Thermal conductivity is taken into account because it is the most important
physical effect, and heating is necessary to establish equilibrium with radiation in the steady
state.
The analysis is carried out on the basis of the dispersion equation for acoustic waves [8]
@ +iA@* — @C2k* +iB = 0, (1)
A=Ak*+ A, B= %(—Alkz — A, + A3)C2k?, @

the coefficients of which are determined through the thermal conductivity coefficient
#(T,)and the radiation functionA(T,)
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The tilde denotes dimensionless quantities; the following scales are chosen for physical
quantities in the solar corona conditions
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m(T) = 10° K,m(C;) = 10° mc t, m(w) = 0.1c L, m(k) =10"°m71, 4)
m(x) = 10°m,m(t) = 10c.
Plasma is described by the equation of state of an ideal gas, the adiabatic index is
y = 5/3, the molar mass is equal to M = 0.62 x 10~3 kr Mmosb~1.For a fully ionized plasma at a
temperature, To~10° Kthe thermal conductivity coefficient is determined by the expression [9]

#(Tp) = 2.28 x 10711 To/* (Brm™t K1), (5)
In the graph from Figure 2, the values of the radiation function are given to scale
m(A) = 1026 sprr=2 cm3 ¢ L. (6)
Adiabatic instability is possible when the following condition is met:
(y — DA'(Ty) + A(T,) /Ty <0, (7

which is shown in Figure 2 using the function (y — 1)A'(Ty) + A(Ty)/Ty.. Its graph is
highlighted in black. Condition (7) defines the temperature range (1.83 MK, 3.15 MK) where
instability occurs for certain wavelength values. Field's criterion for adiabatic instability of
acoustic waves [2]

(y —DAKk*+(y—1)A, + A3 <0 (®)
can be rewritten as
k > k., ©)
o |0 =Das 4 (10
¢ (y — DA, .

The critical wavenumber k.reaches its maximum at the minimum of the function
(y — DA'(Ty) + A(Ty) /Ty, i.e., at a temperature of 2.17 MK. For a typical particle concentration
in the corona 10%> Mm~3(Figure 3), this corresponds to a value of k. = 0.0063and the smallest
possible wavelength 10° m, which, under coronal conditions, is on the verge of reality.
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Figure 3. The attenuation coefficient for a temperature of 2.17 MK considering only thermal conductivity

(blue line), only heating and cooling (red line), and considering both effects (black line). Thermal conductivity
suppresses the instability at k > k..

Conclusion. It was found that the radiative instability of compression waves in the solar
corona is most probable at a temperature of 2.17 MK. This temperature is close to the estimated
value of 2 MK, previously found in a study of hot plasma condensation processes [12]. Let us
consider the possibility of instability onset based on the observed oscillation periods, which
usually vary from 3 to 30 min, but can sometimes reach values of 60-70 min. The plasma
temperature in the coronal regions where compression waves are observed can vary widely from
0.5 to 14 MK, but the value of 2.17 MK was chosen, at which the acoustic wave velocity is
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2.15 X 105 m c™1. If the oscillation period is close to 70 min, the wavelength approaches 900
Mm, that is, close to the length of the unstable wave. For frequently observed periods, it will be
far from the critical value. In other words, the radiative instability of compression waves is
unlikely to be realized in the solar corona.

The study was carried out within the framework of the state assignment of the Ministry
of Education and Science of the Russian Federation (No. 075-03-2024-113).
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