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Boundary-value trajectory problem has been solved for diagnostics of localized plasma ejections of stellar corona

based on data from multi-frequency electromagnetic translucency by signals of discrete space sources. System

of light equations in spherical case has been taken as original and added by equation for calculation of signal

group delay. Solution has been received in approximation of disturbance method with take into account of strong

trajectory variations. Functional relations linking of group delays of signals of translucency on various working

frequency with parameters of 3d-dimention structure of stellar corona ejection has been received. Opportunity of

determination of density of regular frontal part of ejection according to the data of multi-frequency measurements of

group delays of signals of translucency is shown. For estimation of parameters of coronal ejection it’s recommend to

use data of measurements of group delays of signals of translucency in radio-range and data of optical observations.
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Introduction

Recently, multichannel astronomy methods have been

successfully used for the comprehensive study of deep space

objects [1]. Due to the intensive development of all-wave

precision equipment for the ground and space segments,

observations of stellar plasma emissions have become

possible [2,3]. Significant results in this direction have

previously been achieved for the nearest star — the Sun.

The characteristics of solar coronal mass ejections (CME)
were mainly obtained using white-light coronographs in-

stalled on board of space observatories (SOHO, SDO, PSP,
Solo and others). An additional opportunity for CME sur-

veys was the results of radio tracking from spacecrafts and

observations of radio emission from remote space sources

passing through the corona. To determine the parameters

of solar CMEs, approximate analytical formulas for various

tracking characteristics were obtained, representing integrals

along rectilinear beam trajectories.

In this paper, for the diagnosis of stellar CME based on

multi-frequency tracking data from discrete space sources,

functional relationships are obtained that take into account

significant curvatures of tracking trajectories, which makes

it possible, together with optical observation data, to

determine the parameters of a stellar ejection with a large

gradient of its leading edge.

1. Initial functional ratios and models

To restore the parameters of the coronal ejection from the

tracking data, a curved path integral was considered for the

group delay of the signal at various operating frequencies:

τ ( f ) =
1

c

∫

(S)

dS
√

ε(R, ϕ, δ, f )
, (1)

where ε(R, ϕ, δ, f ) — dielectric permittivity of the cir-

cumstellar plasma; R, ϕ, δ — radial and angular beam

coordinates, respectively; c — light velocity; f — operating

frequency of discrete source. In the spherical coordinate sys-

tem with the origin in the stellar center the arc element dS
is expressed as

dS = dR
√

1 + R2(dϕ/dR)2 + R2(dδ/dR)2.

Tracking trajectories are solutions to a system of ray

equations [4]:
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Here β, α — beam refraction angles. The dielectric constant

of the perturbed stellar corona was represented as the sum

of:

ε = ε0(R) + ε1(R, ϕ, δ),

where ε0 function describe the unperturbed stellar corona,

ε1 characterizes the plasma ejection. As a model ε0 the

1853



1854 International Conference PhysicA.SPb, 21–25 October 2024, St. Petersburg

dependence was used

ε0 = 1−

(

f pl

f

)2(Rm

R

)2

. (3)

To assess the possibility of CME survey based on

the tracking data, a stationary plasma disturbance was

considered at the first stage
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(4)
where Rm = 5Rs (Rs — stellar radius); f pl — plasma

frequency at level Rm; µ, RL, ϕL, δL, aR, aϕ, aδ — accord-

ingly, the intensity, localization coordinates, and scale of the

plasma release.

2. Determination of the density of the
frontal part of a coronal stellar
ejection

The variation of the group delay of the discrete source

signal caused by the effect of plasma emission was de-

termined in the approximation of the perturbation method.

In equations (1), (2) the following expansions were used:

τ = τ0 + τ1, R = R0 + R1, δ = δ0 + δ1,

β = β0 + β1, α = α0 + α1,

where τ0, R0, δ0, β0, α0 — signal characteristics in the

unperturbed corona; τ1, R1, δ1, β1, α1 — their varia-

tions. Given the boundary conditions for variation of

trajectory R1(ϕ) in points of acceptance and radiation

R1(ϕn = 0) = R1(ϕk) = 0 (here ϕn, ϕk — the angular co-

ordinates of the discrete source and receiver, respectively),
as a first approximation, for perturbation of the group delay

of the tracking signal from the equation (1) we have
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1
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As can be seen from (5), to calculate the variation of the

group delay, it is necessary to take into account the change

in the trajectory R1(ϕ). This additive was determined by

the perturbation method:
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βn — ray incident angle on the stellar crown; Rn — the

radial coordinate of the discrete source. Assuming that

spatial scale of the plasma medium between a discrete

cosmic source and a receiver significantly exceeds the scale

of a stellar CME, the integral (5) taking into account (6)
can be approximately calculated by the Laplace method:

τ1=

[

B1(ϕs )+2
B2(ϕs )

a2
R

(

R0(ϕs )−RL
)

]

µ

(

f pl

f

)2

×

(

Rm

R0(ϕs )

)2

exp

[

−

(

R0(ϕs ) − RL

aR

)2

−

(

ϕs − ϕL

aϕ

)2]

×

√

√

√

√

√

√

√

√

π

(

a−2
ϕ + a−2

R

(

(dR0(ϕs )

dϕ

)2

+
(

R0(ϕs ) − RL

)

(d2R0(ϕs )

dϕ2

)

))

−1

,

(7)
where ϕs — angular coordinate of the largest contribution;

P1(ϕ) = F1(ϕ)Y1(ϕ), P2(ϕ) = F1(ϕ)Y2(ϕ),
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The spatial parameters of CME included in (7) can be

determined based on optical observation data. Then, ejec-

tion tracking by signals at different frequencies of the radio

band allows us to determine the parameter µ, characterizing

maximum disturbance of the ejection, in terms of difference

in group delays. When there’s a strong gradient in the

front part of ejection, this difference will not be zero,

since radio waves experience significant refraction at the

perturbation front. As for characteristics of the undisturbed

trajectories included in (7), they can be calculated using

ray equations(2) for a given model of an undisturbed stellar

corona (3). From formula (7) It follows that variation of

the group delay time decreases with increasing operating

frequency. At lower frequencies, maximum variations τ1
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Relative group delays of CME tracking signals of a sun-like star at

various radio frequencies.

occur, corresponding to trajectories passing near the leading

edge of the coronal ejection. The increase in group

delay variations directly follows from formula(5), which

includes the perturbation of the trajectory R1(ϕ) and the

dielectric constant function of the ejection ε1(R0, ϕ, δ0).
The trajectory integral over perturbation ε1 depends on

the length of the beam path inside plasma ejection and

increases as it grows. Correction R1(ϕ) depends on

the function D(ϕ), which, in its turn, is defined by

spatial gradients ε1(R0, ϕ, δ0). For the coronal disturbance

model (4) the greatest variation R1(ϕ) occurs in case of

ejection tracking near its leading edge, rather than inside

it, where the dielectric permittivity gradient is significantly

lower.

As an example, the figure shows the results of cal-

culations of differences in variations of the group delays

of CME tracking signals of a sun-like star at various

frequencies and the variations in the signal delay at a

certain reference frequency of f = 25MHz. The following

model (3), (4) parameters are selected: f pl = 15MHz;

µ = 1.7; RL = 5Rs (Rs — star radius); ϕL = 0.4 rad;

aR = 0.15Rs ; aϕ = 0.63 rad. Angular coordinate of the

receiver was ϕk = 1.74 rad.

It is easy to see that the relative group delays of radio

signals vary significantly even within a narrow frequency

band 25−35MHz. This indicates a high sensitivity of the

radio transmission signals to CME parameters.

Conclusion

The boundary trajectory problem of stellar CME tracking

by signals from discrete space sources has been solved.

Approximate analytical relations linking the group delays

of the signals with the CME parameters are obtained. The

possibility of determining the density of the regular frontal

part of an injection based on multi-frequency measurements

of the tracking signals group delays in the radio band is

shown. The combined use of optical observations of the

stellar CME spatial structure and radio measurements of

the group delays of tracking signals makes it possible to

estimate the disturbance parameters.
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