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Radiative Transfer in the Fine

Structures of Quiescent Prominences

A. Ajabshirizadeh!?, A.G. Nikoghossian?® and H. Ebadi!?**

Abstract. In this paper, elaborating the statistical approach recently proposed by one of the present
authors (A.G.N) has been elaborated for interpretation of the spatial brightness wvariations of solar
quiescent prominences. The mean statistical characteristics of the LTE line radiation such as the mean
intensity and its Relative Mean Square Deviation (RelMSD) emerging from a multi-component atmosphere
with randomly varying properties are derived as the functions of the frequency within a line. The results
previously obtained are extended to emcompass more realistic models when fluctuations of the observed
line intensities represent a combined effect of variation of different physical and geometrical parameters
of the medium (internal energy sources, optical thickness, velocity field, the number of structural elements
along the line of sight etc.). It is shown that the center-to-wings evolution of the RelMSD essentially
depends on the mentioned features of the atmosphere, which are responsible for the spatial variations we
observe. The obtained results are applied to the EUV-lines through SUMER spectrometer in frameworks
of the SOHO space mission. As a rule, the observed values of RelMSD in the central frequencies of the
observed lines are less than those in the wings. This points out that the observed fluctuations are mainly
due to the changes in energy sources in the prominence. It is shown that the central dispersion of the

RelMSD correlates with the characteristic temperature of a given line formation.
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INTRODUCTION

The solar quiescent prominences are known as rela-
tively cold and dense formations imbedded in hot and
strongly magnetized plasma of transition region and
corona. They are characterized by a rather complex
fine structure, which offers difficulties in theoretical
interpretation of the spectral line profiles and their
changes we observe. However, one may expect that
some information on the physical and geometrical
features of a radiating medium may be gained by
studying the spatial variations of the prominence sur-
face brightness in different frequencies within spectral
lines. Pursuing this aim, we assume that the inten-
sity fluctuations observed in passing from one pixel
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to another are due to the random character of the
geometrical and physical properties of the structural
elements and the medium as a whole. Hence, when
observing certain distributions of intensity over the
set of pixels, we are concerned with an ensemble
of various realizations of these characteristics. This
stresses the need for developing a suitable theory of
the line formations, which will allow for the presence
of randomly varying structural pattern heterogeneities.
An analytical procedure for handling the randomized
problems of the radiative transfer in the line frequencies
was explored by one of the present authors recently [1-
4].  As a result, the effect of random variations of
the optical thickness of structural elements and the
power of internal energy sources on the line profiles and
relative mean square deviation (RelMSD) of intensity
escaping from the radiating medium were found out.
Both the Local Thermodynamic (LTE) and Non-LTE
cases were considered. In its general formulation the
problem encounters essential difficulties in the case
of Non-LTE lines because of scattering, which leads
to the appearance of fluxes reflected from structural
elements. It should be noted that prominences are far
from the LTE state. Namely, cool lines are formed
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by a scattering of incident solar radiation and, thus,
their source function is mainly driven by the intensity
of this radiation. In the prominence corona transition
region, the scattering may play a role for some ions,
but this formalism in a Non-LTE case is much more
complicated and will be treated in future works. Of
special interest in this connection is revealing the role of
fluctuations of the destruction coefficient [4,5]. Fortu-
nately, it appeared that the mentioned effect is of minor
importance for the observed radiation, even for a rather
broad range variation of the destruction coefficient.
It is shown [3] that the averaged characteristics of
the line radiation emerging from a multicomponent
stochastic atmosphere computed for Non-LTE lines
only quantitatively differ from those for LTE lines.
This requires a comprehensive study of the LTE lines
as a convenient and instructive case in revealing the
specificity of the line radiation emitting by a multi-
component stochastic atmosphere with allowance for
the velocity field. The mean statistical quantities
derived theoretically for this radiation are compared
with those obtained from observations, thus providing
additional information on the geometrical and phys-
ical parameters of prominences. From this point of
view, the high-resolution observational data available
nowadays, thanks to the SOHO space mission, afford
an opportunity for applying the statistical approach
in different frequencies within a line. The SUMER
spectrometer slit with a 1" x 120" field makes it possible
to obtain a fairly large number of profiles of different
spectral lines in the EUV domain (including lines of
the Lyman series) and to trace their variation along
the slit. This obviously provides more information for
investigation than former observations by the HCO
spectrometer aboard the ATM-Skylab, which dealt
merely with the integrated intensities of spectral lines.
The purpose of this paper is twofold. On the one
hand, we intend to collect all the results obtained in the
above-cited papers for the LTE lines formed in a static
atmosphere. However, more attention now will be paid
to the dependence of these results on the number of
structural elements. On the other hand, we extend the
theory previously developed for the LTE atmosphere to
allow for the velocity field. The effects of the large-scale
motions, as well as micro turbulence, are envisaged.
The SOHO/SUMER observational data concerning the
mean profile and proper RelMSD for a number of the
strongest EUV-lines of prominence are presented in the
final section.

STATEMENT OF THE PROBLEM; BASIC
EQUATIONS

One of the advantages of the SOHO/SUMER project
is the appeared opportunity to study the EUV line
profiles, which allow posing and solving more realistic
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frequency-dependent models in theoretical interpreta-
tion. Another advantage concerns the high resolution.
The 1”7 x 1" observing aperture of the spectrometer
implies that each pixel encompasses most probably only
one row of threads along the line of sight (we take
the usually accepted estimates for dimensions of the
prominence threads [6]). Therefore, the consideration
of the slab model may be regarded as justified, even for
prominences having a vertical palisade-like structure.
Finding the line intensity for given pixels reduced
to a solution of a well-defined deterministic problem.
Having a sufficiently large sample of data, one may find
an averaged value of the line intensity and its variance
in diverse frequencies. We start by presenting the law
of addition of layers for the LTE atmosphere, i.e. when
there is no scattering process in the medium. Let us
consider two self-radiating layers, each of the optical
thickness 71 and 7o, and also the intensity (71 + 72) of
radiation escaping from the boundary 7 + 75 of the
composite medium. Then, simple reasoning for the
scalar case yields:

I(r + 1) =I(n)exp(—72) + I(72), (1)

where I(71) and I(r2) are intensities of radiation
emitted by each of two layers to the observer. Since
the different frequencies (directions) are not coupled in
the absence of scattering, generalization of Equation 1
to the non-scalar case of the line radiation is straight-
forward:

(1 +7,2) = I(1,2) exp(—272) + I(72, 2), (2)

where, for brevity, we designate by z the combination
z = w(x)/n and introduce the following notations:
v(z) = a(z) + B, a(x) is the non-normalized profile
of the absorption coefficient, x is the dimensionless
frequency denoting the displacement from the center
of the line in the Doppler widths, 8 is the ratio of
the absorption coefficient in continuum to that in the
center of the line, and # is the cosine of the angle
between normal to the boundary of the medium and
the direction of the radiation propagation.

In writing Equations 1 and 2, no assumptions are
made as to the properties of the considered media.
Indeed, each of them may be inhomogeneous, mul-
ticomponent with arbitrarily complex structure and,
finally, they may undergo random variations in space
obeying arbitrary statistics. @~ We are interested in
the case when two media are multicomponent and
stochastic and the realizations of their parameters are
statistically independent. Then, it is easy to derive
that:

<I(r+72,z2)>=<I(n,z) >< exp(—z72) >

+ < I(m,2)>. (3)
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This implies that, in the absence of scattering, the
averaging process may be performed in parts. In
other words, the averaged characteristics of radiation
enmerging from a given medium are not affected as a
result of the addition of new medium to them.

Let us now consider the multicomponent medium
composed of N — 1 structural elements, each of which
being characterized by optical thickness, power of
internal energy sources and velocity field. The statistics
of random variations of the mentioned quantities may
vary from one component to another. If we add to this
medium a single element, on the basis of Equation 3,
we may write:

< In(z)>=<Iy_1(z) > q(N)(zH—<I{N)(z)>, (4)

where, for brevity, it is denoted that ¢(*¥) (r,2) =<
exp(—z(N)T(N)) >. The superscript, N, indicates
the ordinal number of statistics. Successive use of
Equation 4 yields:

N—-1 N
<In(z)>=> <> ] )
k=1 i=k+1

+< IV > (5)

In particular cases, when random varying parameters
of all components obey the same statistics, we obtain:

<In(z) >=Ln(2) < I1(z) >, (6)
where:
Ly(2) =1 =gV (2)/11 = q(2)].

Equation 6 was obtained for the simplest model prob-
lem to be described later [7]. We see that the intensity
of outgoing radiation is completely determined by
optical and statistical properties of a single structural
element. Similar reasoning allows one to find;

< I3 (2) > = Mpy(2) < I} (2) >
+2K(2)An(2) < L1(2) >, (7)
where we have introduced the following notations:
My(2) = [1=7"(2)]/[1 —a(2)],
q(z) =< exp(—2z1) >,
K(z) =< ILi(z)exp(—z7) >,

An(2) = [Ln(2) = Mn(2)]/la(2) = a(2)]- (8)

Equations 6 and 7 are used to determine the requisite
averaged values of emerging intensity and RelMSD, 4,
defined as:
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§(2) = [< I (2) > / < In(2) >% — 1.

Note that, as N — oo, i.e. in the particular case of
a semi-infinite multicomponent and stochastic atmo-
sphere, Equation 6 simplifies to:

<oo(2) >=<Li(2) > /[1 = q(2)]. (9)

This equation may be derived immediately by em-
ploying Ambartsumian’s invariance principle applied to
the LTE atmosphere [8]. It should be noted that in
conclusion, in some cases we need to account also for
the random variations of the number of components.
The simplicity of formulas given by Equations 6 and 7
allows one to derive analytic expressions for the mean
statistical characteristics of the observed line radiation.
Indeed, assuming, for instance, that random variations
of N are given by the Poisson law, after some simple
algebra we obtain:

<Ig(x)>=1-q(x)exp{-N[L—q(=)]}.  (10)

and:

ox(2) = {q(2) exp[-N(1 - q(2))]

— ¢*(2) exp[-2N(1 = q(2))]}/ < Ix(2) >*,
(11)

where N is the Poisson mean number of structural
elements.

NUMERICAL RESULTS; STATIC CASE

In order to find out the general pattern of intensity
fluctuations observed in one or another case and to
look into a wide diversity of situations, we begin
with a modified version of the simple discrete model
problem considered recently [7]. Following them, we
assume that a multicomponent atmosphere consists of
two types of component, each of which is described
by an optical depth, =, (i = 1,2), measured in the
center of the line and by a power, B;v(x), of initial
energy sources. Despite the relative simplicity, this
model makes it possible to make an idea on the most
important features of the line shapes and their fluc-
tuations, when they are formed in a multicomponent
stochastic atmosphere. On the other hand, in some
cases, it is easily generalized in order to consider
more complicated and realistic models. Indeed, the
physical considerations and ratiocinations underlying
Equations 6 and 7 do not depend on the number of
the possible values taken by the pair of parameters
(B, 7). Moreover, they remain true also for the cases
when the mentioned parameters are continuum-valued
quantities.
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Figure 1. The intensities (left) and RelMSD (right) for radiation emerging from a multicomponent stochastic atmosphere
with the Voigt function taken as the absorption coefficient profile and the following values of parameters: By/B; =7,
Tm=me=1,p=p=0.5n=1,3=10"2 and 0 = 1072, The trivial case of N = 1 for which §(x) = const (= 0.44) is not

displayed to make the right-hand side picture more visualizible.

<In>

Figure 2. The same as in Figure 1 for the following values of parameters: By = Bo =1, 71 =3, 72 = 1, p1 = p2 = 0.5,

n=1,£=510"3and o = 1072

The results of computations based on Equations 6
and 7 can be formulated as follows: When the fluctu-
ations of the intensity of radiation escaping the mul-
ticomponent atmosphere are due to random variations
only in the distribution of internal energy sources, the
RelMSD decreases monotonically from the center of
the line to its wings (typical example is displayed in
Figure 1). Meanwhile, when the fluctuations are due
to random changes only in the components’ optical
thickness, the RelMSD of the measured intensity in-
creases from the line center to its wings (Figure 2).
This effect was described for relatively small numbers
of N [3]. It was also shown that inclusion of a multiple
scattering process taken into consideration leads only
to quantitative changes.

As shown in Figures 1 and 2, with increasing N,
the length of the flat core of the line profiles becomes

greater. When N — oo, the profiles in both exam-
ples disappear, tending to the constant value > B;/n
(where n is the number of types of components) in the
first case, and to B = B; in the second case.

Let us turn now to the general case when both of
the two characteristics of the medium undergo random
variations. To look into a huge variety of situations,
due to different correlations between opacities of struc-
tural elements and the power of the energy sources
they contain, one must distinguish two important types
of atmosphere. It is physically reasonable to assume
that the energy sources are greater in the more opaque
components of the medium. We refer to this type
of atmosphere as belonging to the first class. The
opposite case is apparently of theoretical interest and
will be considered as well. So, we call an atmosphere
as second class, if the greater sources of energy are
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contained in the optically thinner components. These
two classes of atmosphere possess quite different statis-
tical properties. Typical examples, shown in Figures 3
and 4, demonstrate the run of the mean intensities
and proper RelMSD versus frequency within the line
and the number, N, of structural elements. It is
seen that the RelMSD of the line-radiation outgoing
from the atmosphere of the second class decreases
in passing from the center of the line to its wings.
This relation for the atmosphere of the first class is
more complex: The RelMSD first decreases and then
increases in the far wings. Nevertheless, beginning
from a certain number of N, the values of RelMSD
in the wings of a line are less than those in the
central frequencies. It is noteworthy that, in some
cases, the LTE lines may exhibit double-peaked and
distorted profiles, as seen in Figures 3 and 4. All
the described effects qualitatively remain in force in
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the case of smaller 5, which is equivalent to consider-
ation of correspondingly greater optical thicknesses for
structural elements. The strong relationship between
the frequency-dependent RelMSD and physical prop-
erties of the multicomponent stochastic atmosphere
(at least for smaller N) allows one to have a rough
idea of some characteristics of the radiating medium.
Before analyzing the observed profiles and their surface
variations, we note that the difference between the
above-mentioned two classes of stochastic media is
much more profound and goes beyond the effects
described. For instance, in the limit of semi-infinite
atmospheres of the first type, we observe absorption
lines (Figure 5a), while the atmosphere of the second
type yields an emission profile (Figure 5b). The effects
of absorption in continuum and the multiple scattering
in formation of Non-LTE lines are also completely
different [3].

Figure 3. The mean intensities (right) and proper RelMSD (left) for radiation emerging from a multicomponent
stochastic atmosphere of the first class with the Voigt function taken as the absorption coefficient profile and the following
values of parameters: Bo/B1 =7, 1 =1, 72 =3, p1 =p2=05,7=1, 3= 1072 and Voigt parameter o = 1072,

<In>

X 3.5
Figure 4. The same as in Figure 3 for the atmosphere of the second class and for {He following values of parameters:
By/Bi=T,1=3,7=1,pr=p=05n=13=10"% and o0 = 1072,
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Figure 5. The profiles and RelMSD of the radiation intensity emerging from a semi-infinite multicomponent and
stochastic atmosphere of the first (a) and second (b) types. The values of parameters are chosen the same as in Figures 3

and 4, respectively.

EFFECT OF THE VELOCITY FIELD

It is well established that the prominence plasma is
permanently in several kinds of motion, having an in-
fluence upon the shapes of spectral lines. The random
thermal and turbulent motions with v ~ 5+ 10 km s7!
are superimposed on the ascending (eruption) or de-
scending (mass loss to chromosphere and photosphere)
large-scale bulk (or mass) motions [9]. Transfer of
the line radiation through such a dynamically active
multicomponent medium results in a large variety
of profiles distorted, in general, due to the Doppler
Effect. The net profile depends on quite a number
of physical parameters describing the state of the
radiating volume. We saw in the previous section
that even the static atmosphere may show different
profiles, depending on the slope angle of prominence
with respect to the line of sight. The complex dynamic
pattern leads to that one and the same spectral line
may exhibit diverse profiles in different prominences
or in various parts of the same prominence [10]. The
variety of possible realizations makes it difficult to give
a unique description of the physical properties of a
radiating medium. Nevertheless, one may attempt
to find out some salient features of the LTE lines
originated in a multicomponent stochastic atmosphere
with allowance for the turbulent and the large-scale
motions.

Hydrodynamic Velocities

Large-scale motions give rise to a Doppler shift propor-
tional to projection of the hydrodynamic gross velocity
onto the line of sight, u(™. One may notice that the
model problem considered above can be easily extended
to take into consideration the velocity fields. Indeed, let
us confine ourselves to considering again the transfer of
radiation through a multicomponent medium consist-
ing of discrete number n kinds of species, each of which
is described now with an additional (along with the op-

tical thickness and the power of the energy sources) pa-
()

rameter, u;, ‘(i =1,2---m). It is reasonable to assume

that there is no correlation between the realized values
of velocity and two other physical characteristics of
the structural element. One may see that Equations 6
and 7 remain still in force with the only difference being
that now the mean statistical quantities are supposed
to include an additional averaging over possible values
of hydrodynamic velocities as well. For instance, the
mean opacity, ¢, is defined as:

e m) =", pr expl—(H(w+ 1, 0)+ B ],
i=1 k=1 (12)

where H is the Voigt function, w; = uih)/uth =
(l/o/c)ugh)/Az/D7 vg and Avp are the central frequency
and Doppler width of the line, ¢ is the speed of light
and p; is the probability of occurrence of velocity ugh)
for a certain component. The other mean statistical
quantities undergo similar modifications. Figure 6
demonstrates a representative example of calculated
profiles and proper ReIMSD. As should be expected,
the effect of non-thermal motions depends essentially
on the value of w; and probabilities of their realization.
The simple example of Figure 6 shows the blue-shifted
rather distorted profiles of spectral lines. With an
increase of the number of structural elements, the
lines exhibit multiple-peaked (in this particular case
triple-peaked) profiles. The well pronounced maximum
of the RelMSD from the line center to the red-wing
(i.e. in a direction opposite to the shift) for relatively
small numbers on N is of interest. This feature is
common for all the Doppler-shifted lines independent
of the physical characteristics of components and is
undoubtedly important from the diagnostic point of
view.

Effect of Microturbulence

Equations derived in this paper allow one to esti-
mate the contribution of microturbulent motion to the
spectral line broadening. A simple reasoning shows
that the commonly accepted way of determining the
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Figure 6. The observed profiles and proper RelMSD for multicomponent atmosphere considered in Figure 3, structural

elements of which move with random non-thermal velocities w1

Py = 0.8.

microturbulence velocity, wu;, is not self-consistent and
may lead to significant errors. Actually, this method
is based on the identifications of the observed half
width of the line with that of the profile of absorption
coefficient [9,11]. It is obvious, however, that in
contrast to the absorption coefficient, the line width is a
physical parameter dependent on the mechanism of the
line formation, optical thickness, structural pattern of
radiating medium and so on. Besides, it is reasonable
to regard the microturbulence as a mass motion with
an infinitesimal eddy size rather than motions on the
atomic level similar to thermal motions.

Let us consider this point in more detail. We
shall deal with a LTE line formed in a multicomponent
atmosphere of optical thickness, 7y, in which energy
sources are distributed according to the law Buv(zx),
where B = const. For simplicity’s sake, we suppose
that the absorption coefficient profile is Dopplerian.
We also assume that a fully developed homogeneous
turbulent flow was established in the medium. Then,
the probability density of the turbulent velocity, w, is
given by Gaussian (see, e.g. [12,13]):

1

TUt

P(u) = exp(—u® /uf), (13)

so that the mean opacity of the component of optical
thickness, 7, will be given by:

oo

Ga(T,2,7) = / P(u) exp[—v(z — au)7 /7], (14)

— o0

where a = w;/up. Subscript a is introduced to indicate
that averaging is performed over the turbulent velocity
field. Let us turn now to Equation 3 and adapt it to
the problem at hand. Toward this end, we replace 7
by 7o and 75 by infinitesimal thickness A7. Then, we

= —1, waz = 1 occurred with probabilities p; = 0.2 and

may write:
<I(ro+Ar,x,n) > — <I(m,z,m) >=
- [< I(TO#U,??) > _B][]- - Qa(ATvxan)]' (15)

Passing to the limit, when Ar — 0, we arrive at the
following differential equation:

d<I(ry,z,m) >
TIDLD 2 0 i< 1(r0,.m) > ~B]
0 (16)

where:

’Y(x,'r]) — hm l_qa(ATJxvn)

AT—0 AT ' (17)

The solution of Equation 16 is:
< I(79,x,7m) >= B[l — e~ 7>}, (18)

One may use Equations 17 and 14 to derive an
analytical expression for function ~:

1 exp (_ agC;l)

y(z,n) = ol ey (19)

We see that Equation 18, for the mean observed
intensity of the line, is reminiscent of the well-known
clagssical expression for homogeneous and isothermal
atmospheres given by:

I(TOaxan) = B[]- - efv(x)T()/n]. (20)

The only difference is that v(x,n) stands for v(x)/n,
or, in other words, the contribution of the turbulent

velocity field consists in replacing a(x) = exp(—2?) by
2

exp (—afﬁ) /Va?>+1. As 79 — oo, the intensities
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resulting from Equations 18 and 20 tend to the same
limit, B.

Now, one may imagine three ways of finding the
microturbulent velocity. As mentioned above, the
commonly used approach considers the influence of
turbulent motions on the absorption coefficient profile,
similar to that of thermal motion. In addition, the
observed half-width of the spectral line is set equal
to that of the absorption coefficient profile, which
approximately stands for small optical thicknesses and
8 =0, n=1. In doing so, we ignore the physics of the
problem. The requisite halfwidth is given by:

21 = Avyyp/Avp = [(@® + 1) In2]/2. (21)

Another more correct way consists in using Equa-
tion 20, which yields:

172 = [—(a® + 1) In(x () — B)]'/?, (22)
where:
X(TO) — —iln 1+exp[—(1+ﬂ)n)]. (23)

70 2

Finally, if we consider the microturbulence as a small
scale mass motion (i.e. not in the atomic level) with
Gaussian distribution of velocities, from Equation 18,
we obtain:

212 = {—(a® + )In[(a® + 1)**(X(r0) — B)]}*/2,
(24)
where:
exp[—(a? -1/2 _
X(ro) = -~ L@ R DT =By

To 2

The comparative analysis of the results obtained by
these three ways is illustrated in Figure 7. It is seen
that the greater the optical thickness of the radiating
medium, the bigger the discrepancy of the classical
result with the exact one. The latter occupies some
intermediate position between results obtained through
use of Equations 21 and 18. As should be expected, the
more the deviations from the exact solution are pro-
nounced, the greater the role of turbulence. In extreme
cases of strongly developed turbulence, the values of the
turbulent velocity estimated by the standard technique
may differ from the real value several times.

OBSERVATIONAL DATA AND
DISCUSSION

SUMER is a high-resolution normal incidence spectro-
graph operating in the range 780-1610 A (first order)
and 390-805 A (second order). The spatial resolution
along the slit is 1 arcsec. The spectral resolution
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0.0 0.5 1.0 15 2.0 2.5 3.0
Figure 7. The halfwidths of a spectral line calculated in
three different ways. Solid line: The classical result given
by Equation 21; The cycled solid lines: The exact result
obtained through use of Equation 24 for 70 = 1 (open
cycles) and 79 = 5 (solid cycles). The cycled dotted lines:
The results given by Equation 22 for 7o = 1 (open cycles)
and 79 = 5 (solid cycles).

depends slightly on the wavelength. It can vary from
about 45 mA pixel™! at 800 A to about 41 mA pixel™!
at 1600 A [14]. A prominence situated at the limb in
the south east quadrant was observed with SUMER
on 8 October 1999. The pointing coordinates were
X = 362.69, Y = —879.75 arcsec. The objective of
this study was to make a more or less rough impression
of the specificity of the line radiation in an atmosphere
with a complex multicomponent structure. The spatial
variations of the prominence surface brightness may
often be regarded as effects concerned with random
realizations of the fine structure along the line of sight.
This suggests the use of a statistical approach to the
problem, based on a well-developed theory. In spite of
a wide variety of realizing properties of the radiating
medium and different factors influencing the shape of
the observed line, there exist some relationships in the
measured intensities and proper RelMSD, which may
be useful from a diagnostic point of view. Nevertheless,
it sounds less reasonable to carry out a detailed com-
parison of the observational data at this stage at least
for two reasons. Firstly, the specific problems treated
by no means comprise all the possible variations which
may be encountered; secondly, the volume of samples
provided by SOHO observations is, unfortunately, not
always suflicient to arrive at a unique conclusion. How-
ever, it is noteworthy to present here some results on
the mean statistical characteristics of the line radiation
calculated on the basis of SUMER measurements in
October 1999. Figure 8 demonstrates the functional
behavior of these quantities for some relatively strong
EUV lines. Since the measurement errors grow to the



220

A. Ajabshirizadeh, A.G. Nikoghossian and H. Ebadi

1.50 3.0
-, Lyman 3 A OVINI037.5 A CIIN1334.53 A +11335.71 A
Ldliat! i/ ir. CIIN1036.3 A, A1037.0 A
1.00 . 2.0
“w ,-*.x.
~ . g . &
Y P ;"."'" kWi
0.50 of 3§ 4
4 8
0.00
1025.0 1026.0 1027.0 1036.5 1037.5 1038.5 1334.5 1335.5 1336.5
6 5 - 1.0
CIIINTT A OVIA1032.93 A NVA1242.8 A
]
o

977.50

1031.75

1032.25 1032.75 1242.7 1242.9 1243.1

A A

Figure 8. The profiles and the frequency dependence of ReIMSD for some EUV emission lines. The numbers on the

ordinate axis concern the values of RelMSD.

wings of lines, we limit ourselves to considering the
frequencies not very far from the lines’ center. Bearing
this in mind, we see that the values of ReIMSD grow in
passing from the core of the line to its wings (as inferred
on the basis of the theoretical investigation). The main
reason for the behavior of the RelMSD is the optical
depth. In the Lyman line, the line core is very opaque
and we see only one element. Thus, the RelMSD is
small in the line center. In the wings, we see more
and more elements along the line of sight and, thus,
various realizations (the number of elements) give rise
to larger RelMSD. Note that such RelMSD between
1.0 and 1.5 is also detected for hotter lines, which
are optically thin along the line of sight in both the
line center and wings and, thus, RelMSD is constant.
However, this increase is pronounced differently for
various lines. For instance, among other lines, this is
less noticeable for the coronal line OVI 1032 A to have
the highest effective temperature of formation. This
equally concerns the other lines of this ion, particularly
the line 1037 A shown in Figure 8. Thus, we may infer
that the highly-ionized plasma of this temperature is
less given to variations of optical thickness. The line
CIII 977 A occupies a somewhat intermediate position
in the sense that the increase to line wings is more
pronounced. In general, one may notice the tendency
of correlation between the depth of a central depression
in RelMSD and the effective temperature of the line
formation. This effect is suggested to be checked in
further observations. The existence of such correlation
means that the relatively cold layers of quiescent

prominences are more susceptible to variations in the
optical thickness. This fact is physically intelligible,
because the lines with high temperature of formation
are originated in the rather extended layers of the
transition region and corona, where the changes in
optical thickness are not remarkable.
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