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Radiative Transfer in the Fine
Structures of Quiescent Prominences
A. Ajabshirizadeh1;2 , A.G. Nikoghossian2;3 and H. Ebadi1;2;4;
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 variations 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 encompass more realistic models when uctuations of the observed
line intensities represent a combined e ect of variation of di erent physical and geometrical parameters
of the medium (internal energy sources, optical thickness, velocity eld, 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 uctuations 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 relatively cold and dense formations imbedded in hot and
strongly magnetized plasma of transition region and
corona. They are characterized by a rather complex
ne structure, which o ers diculties in theoretical
interpretation of the spectral line pro les 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 surface brightness in di erent frequencies within spectral
lines. Pursuing this aim, we assume that the intensity uctuations 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 [14]. As a result, the e ect of random variations of
the optical thickness of structural elements and the
power of internal energy sources on the line pro les 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 diculties in the case
of Non-LTE lines because of scattering, which leads
to the appearance of uxes re ected 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
uctuations of the destruction coecient [4,5]. Fortunately, it appeared that the mentioned e ect is of minor
importance for the observed radiation, even for a rather
broad range variation of the destruction coecient.
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 di er from those for LTE lines.
This requires a comprehensive study of the LTE lines
as a convenient and instructive case in revealing the
speci city of the line radiation emitting by a multicomponent stochastic atmosphere with allowance for
the velocity eld. The mean statistical quantities
derived theoretically for this radiation are compared
with those obtained from observations, thus providing
additional information on the geometrical and physical parameters of prominences. From this point of
view, the high-resolution observational data available
nowadays, thanks to the SOHO space mission, a ord
an opportunity for applying the statistical approach
in di erent frequencies within a line. The SUMER
spectrometer slit with a 100 12000 eld makes it possible
to obtain a fairly large number of pro les of di erent
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 eld. The e ects of the large-scale
motions, as well as micro turbulence, are envisaged.
The SOHO/SUMER observational data concerning the
mean pro le and proper RelMSD for a number of the
strongest EUV-lines of prominence are presented in the
nal 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
pro les, which allow posing and solving more realistic
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frequency-dependent models in theoretical interpretation. Another advantage concerns the high resolution.
The 100  100 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 justi ed, even for
prominences having a vertical palisade-like structure.
Finding the line intensity for given pixels reduced
to a solution of a well-de ned deterministic problem.
Having a suciently large sample of data, one may nd
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 1 and 2 , and also the intensity I (1 + 2 ) of
radiation escaping from the boundary 1 + 2 of the
composite medium. Then, simple reasoning for the
scalar case yields:
I (1 + 2 ) = I (1 ) exp( 2 ) + I (2 );

(1)

where I (1 ) and I (2 ) are intensities of radiation
emitted by each of two layers to the observer. Since
the di erent frequencies (directions) are not coupled in
the absence of scattering, generalization of Equation 1
to the non-scalar case of the line radiation is straightforward:
I (1 + 2 ; z ) = I (1 ; z ) exp( z2 ) + I (2 ; z );

(2)

where, for brevity, we designate by z the combination
z = v(x)= and introduce the following notations:
v(x) = (x) + , (x) is the non-normalized pro le
of the absorption coecient, x is the dimensionless
frequency denoting the displacement from the center
of the line in the Doppler widths, is the ratio of
the absorption coecient 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, multicomponent with arbitrarily complex structure and,
nally, 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 (1 + 2 ; z ) > =< I (1 ; z ) >< exp( z2 ) >

+ < I (2 ; z ) > :

(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
emerging from a given medium are not a ected 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 eld. 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:

 (z ) = [< IN2 (z ) > = < IN (z ) >2 ] 1:

< IN (z ) >=<IN 1 (z ) > q(N ) (z )+ <I1(N ) (z ) >;

(4)

where, for brevity, it is denoted that q(N ) (; z ) =<
exp( z (N )  (N ) ) >. The superscript, N , indicates
the ordinal number of statistics. Successive use of
Equation 4 yields:
< IN (z ) > =

N
X1

N
Y
(k )
< I1 (z ) >
q(i) (z )
k=1
i=k+1

+ < I1(N ) (z ) > :

(5)

(6)

where:
LN (z ) = [1 qN (z )]=[1 q(z )]:

< IN2 (z ) > = MN (z ) < I12 (z ) >

(7)

where we have introduced the following notations:
MN (z ) = [1 qN (z )]=[1 q(z )];
q(z ) =< exp( 2z ) >;
K (z ) =< I1 (z ) exp( z ) >;
AN (z ) = [LN (z ) MN (z )]=[q(z ) q(z )]:

(9)

This equation may be derived immediately by employing 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:
< IN (z ) >= 1 q(z ) expf N [1 q(z )]g;

(10)

N (z ) = fq(z ) exp[ N (1 q(z ))]
q2 (z ) exp[ 2N (1 q(z ))]g= < IN (z ) >2 ;
(11)

where N is the Poisson mean number of structural
elements.

NUMERICAL RESULTS; STATIC CASE

Equation 6 was obtained for the simplest model problem 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 nd;
+ 2K (z )AN (z ) < I1 (z ) >;

< I1 (z ) >=< I1 (z ) > =[1 q(z )]:

and:

In particular cases, when random varying parameters
of all components obey the same statistics, we obtain:
< IN (z ) >= LN (z ) < I1 (z ) >;

Note that, as N ! 1, i.e. in the particular case of
a semi-in nite multicomponent and stochastic atmosphere, Equation 6 simpli es to:

(8)

Equations 6 and 7 are used to determine the requisite
averaged values of emerging intensity and RelMSD, ,
de ned as:

In order to nd out the general pattern of intensity
uctuations observed in one or another case and to
look into a wide diversity of situations, we begin
with a modi ed 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 (i = 1; 2), measured in the
center of the line and by a power, Bi 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 uctuations, 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;  ). Moreover, they remain true also for the cases
when the mentioned parameters are continuum-valued
quantities.

Radiative Transfer in the Fine Structures

215

Figure 1. The intensities (left) and RelMSD (right) for radiation emerging from a multicomponent stochastic atmosphere

with the Voigt function taken as the absorption coecient pro le and the following values of parameters: B2 =B1 = 7,
1 = 2 = 1, p1 = p2 = 0:5,  = 1, = 10 2 and  = 10 2 . The trivial case of N = 1 for which  (x) = const (= 0:44) is not
displayed to make the right-hand side picture more visualizible.

Figure 2. The same as in Figure 1 for the following values of parameters: B1 = B2 = 1, 1 = 3, 2 = 1, p1 = p2 = 0:5,

 = 1,

= 5:10

3

and  = 10 2 .

The results of computations based on Equations 6
and 7 can be formulated as follows: When the uctuations of the intensity of radiation escaping the multicomponent 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 uctuations are due
to random changes only in the components' optical
thickness, the RelMSD of the measured intensity increases from the line center to its wings (Figure 2).
This e ect 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 at core of the line pro les becomes

greater. When N ! 1, the pro les in bothPexamples disappear, tending to the constant value Bi =n
(where n is the number of types of components) in the
rst case, and to B = Bi 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 di erent correlations between opacities of structural 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 rst 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 di erent statistical 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 rst class is
more complex: The RelMSD rst 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 pro les, as seen in Figures 3 and 4. All
the described e ects qualitatively remain in force in

the case of smaller , which is equivalent to consideration of correspondingly greater optical thicknesses for
structural elements. The strong relationship between
the frequency-dependent RelMSD and physical properties 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 pro les and their surface
variations, we note that the di erence between the
above-mentioned two classes of stochastic media is
much more profound and goes beyond the e ects
described. For instance, in the limit of semi-in nite
atmospheres of the rst type, we observe absorption
lines (Figure 5a), while the atmosphere of the second
type yields an emission pro le (Figure 5b). The e ects
of absorption in continuum and the multiple scattering
in formation of Non-LTE lines are also completely
di erent [3].

Figure 3. The mean intensities (right) and proper RelMSD (left) for radiation emerging from a multicomponent

stochastic atmosphere of the rst class with the Voigt function taken as the absorption coecient pro le and the following
values of parameters: B2 =B1 = 7, 1 = 1, 2 = 3, p1 = p2 = 0:5,  = 1, = 10 2 and Voigt parameter  = 10 2 .

Figure 4. The same as in Figure 3 for the atmosphere of the second class and for the following values of parameters:
B2 =B1 = 7, 1 = 3, 2 = 1, p1 = p2 = 0:5,  = 1,

= 10

2

and  = 10 2 .
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Figure 5. The pro les and RelMSD of the radiation intensity emerging from a semi-in nite multicomponent and

stochastic atmosphere of the rst (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 inuence upon the shapes of spectral lines. The random
thermal and turbulent motions with v  5  10 km s 1
are superimposed on the ascending (eruption) or descending (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 pro les distorted, in general, due to the Doppler
E ect. The net pro le 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 di erent
pro les, 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 pro les in di erent prominences
or in various parts of the same prominence [10]. The
variety of possible realizations makes it dicult to give
a unique description of the physical properties of a
radiating medium. Nevertheless, one may attempt
to nd 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 proportional to projection of the hydrodynamic gross velocity
onto the line of sight, u(h) . One may notice that the
model problem considered above can be easily extended
to take into consideration the velocity elds. Indeed, let
us con ne ourselves to considering again the transfer of
radiation through a multicomponent medium consisting of discrete number n kinds of species, each of which
is described now with an additional (along with the optical thickness and the power of the energy sources) parameter, u(ih) (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 di erence 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, q, is de ned as:
q(x; )=

m
X
i=1

pi

n
X
k=1

pk exp[ (H (x + $i ;  )+ )k =];
(12)

where H is the Voigt function, $i = u(ih) =uth =
(0 =c)u(ih) =D , 0 and D are the central frequency
and Doppler width of the line, c is the speed of light
and pi is the probability of occurrence of velocity u(ih)
for a certain component. The other mean statistical
quantities undergo similar modi cations. Figure 6
demonstrates a representative example of calculated
pro les and proper RelMSD. As should be expected,
the e ect of non-thermal motions depends essentially
on the value of $i and probabilities of their realization.
The simple example of Figure 6 shows the blue-shifted
rather distorted pro les of spectral lines. With an
increase of the number of structural elements, the
lines exhibit multiple-peaked (in this particular case
triple-peaked) pro les. 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.

E ect of Microturbulence
Equations derived in this paper allow one to estimate 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 pro les and proper RelMSD for multicomponent atmosphere considered in Figure 3, structural
elements of which move with random non-thermal velocities $1 = 1, $2 = 1 occurred with probabilities p1 = 0:2 and
p2 = 0:8.

microturbulence velocity, ut , is not self-consistent and
may lead to signi cant errors. Actually, this method
is based on the identi cations of the observed half
width of the line with that of the pro le of absorption
coecient [9,11]. It is obvious, however, that in
contrast to the absorption coecient, 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 in nitesimal 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, 0 , in which energy
sources are distributed according to the law Bv(x),
where B = const. For simplicity's sake, we suppose
that the absorption coecient pro le is Dopplerian.
We also assume that a fully developed homogeneous
turbulent ow was established in the medium. Then,
the probability density of the turbulent velocity, u, is
given by Gaussian (see, e.g. [12,13]):
1
P (u) = p exp( u2 =u2t );
ut

(13)

so that the mean opacity of the component of optical
thickness,  , will be given by:
qa (; x; ) =

Z1

1

P (u) exp[ v(x au)=];

(14)

where a = ut =uD . Subscript a is introduced to indicate
that averaging is performed over the turbulent velocity
eld. Let us turn now to Equation 3 and adapt it to
the problem at hand. Toward this end, we replace 1
by 0 and 2 by in nitesimal thickness  . Then, we

may write:
< I (0 + ; x; ) >

< I (0 ; x; ) >=

[< I (0 ; x; ) > B ][1 qa (; x; )]: (15)
Passing to the limit, when 
following di erential equation:
d < I (0 ; x; ) >
=
d0

! 0, we arrive at the

(x; )[< I (0 ; x; ) > B ];
(16)

where:
1 qa (; x; )
:

The solution of Equation 16 is:
(x; ) = lim
 ! 0

< I (0 ; x; ) >= B [1 e (x;)0 ]:

(17)

(18)

One may use Equations 17 and 14 to derive an
analytical expression for function :
2

(x; ) =

14
+


exp



p

3
x2
2
a +1

a2 + 1

5:

(19)

We see that Equation 18, for the mean observed
intensity of the line, is reminiscent of the well-known
classical expression for homogeneous and isothermal
atmospheres given by:
I (0 ; x; ) = B [1 e v(x)0 = ]:

(20)

The only di erence is that (x; ) stands for v(x)=,
or, in other words, the contribution of the turbulent
velocity
eld consists in replacing (x) = exp( x2 ) by

p
2
exp a2x+1 = a2 + 1. As 0 ! 1, 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 nding the
microturbulent velocity. As mentioned above, the
commonly used approach considers the in uence of
turbulent motions on the absorption coecient pro le,
similar to that of thermal motion. In addition, the
observed half-width of the spectral line is set equal
to that of the absorption coecient pro le, which
approximately stands for small optical thicknesses and
= 0,  = 1. In doing so, we ignore the physics of the
problem. The requisite halfwidth is given by:
x1=2 = 1=2 =D = [(a2 + 1) ln 2]1=2 :

(21)

Another more correct way consists in using Equation 20, which yields:
x1=2 = [ (a2 + 1) ln((0 )

)]1=2 ;

(22)

where:
(0 ) =

1 1 + exp[ (1 + )0 ]
ln
:
0
2

(23)

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:
x1=2 = f (a2 + 1) ln[(a2 + 1)1=2 ((0 )

)]g1=2 ;
(24)

where:
(0 ) =

1 1 + exp[ (a2 + 1)
ln
0
2

1 =2

]

:

(25)

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 pronounced, 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 di er from the real value several times.

OBSERVATIONAL DATA AND
DISCUSSION
SUMER is a high-resolution normal incidence spectrograph operating in the range 780-1610 
A ( rst order)
and 390-805 
A (second order). The spatial resolution
along the slit is 1 arcsec. The spectral resolution

Figure 7. The halfwidths of a spectral line calculated in

three di erent ways. Solid line: The classical result given
by Equation 21; The cycled solid lines: The exact result
obtained through use of Equation 24 for 0 = 1 (open
cycles) and 0 = 5 (solid cycles). The cycled dotted lines:
The results given by Equation 22 for 0 = 1 (open cycles)
and 0 = 5 (solid cycles).

depends slightly on the wavelength. It can vary from
about 45 m
A pixel 1 at 800 
A to about 41 m
A pixel 1
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 speci city 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 e ects concerned with random
realizations of the ne 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 di erent factors in uencing 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 comparison of the observational data at this stage at least
for two reasons. Firstly, the speci c 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 sucient to arrive at a unique conclusion. However, 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
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Figure 8. The pro les and the frequency dependence of RelMSD 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 RelMSD 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 di erently for
various lines. For instance, among other lines, this is
less noticeable for the coronal line OVI 1032 
A to have
the highest e ective 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 e ective temperature of the line
formation. This e ect 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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