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SUMMARY: Average optical depths of the line depression formation in the
center of the solar disk for eighteen selected Fraunhofer lines have been calculated
for six solar atmosphere models given by Vernaszsa et al., (1981). Some regularities
in the behavior of the average optical depths vs. central residual intensities of the
line profiles and lower level excitation potential have been examined.

1. INTRODUCTION

- Many depth-dependent solar phenomena such
as motions, magnetic field etc., are investigated thro-
‘ugh the study of Fraunhofer lines. In the attempt

- to choose among all Fraunhofer lines those that are
suitable for investigation of a specific phenomenon
and to get the proper information about its depth-
dependence, it is necessary to know the average op-
tical depth of formation in the solar atmosphere of
various Fraunhofer lines.

o In this paper we present the calculated aver-
age optical depths of formation for eighteen Fraun-

hofer lines that are listed in THEMIS (Télescope
Héliographique pour I’Etude du Magnétisme et des
Instabilités Solaires) data bases.

2. ON THE METHOD OF CALCULATIONS

| As Gurtovenko and other authors pointed out
several times (Gurtovenko et al., 1974, 1991: Gurto-

venko and Sheminova, 1983), it is important to make

clear distinction between the photospheric region of
origin of the emergent line radiation and the region
where the line depression is mainly formed. These
two regions are not identical.

The expression for the emergent line intensity
I; at the heliocentric angle 8 can be written as

Ii(0) = L"" FedT), (1)

where 7, is the continuum optical depth and F, is the
emission contribution function. Eq.(1) reflects the
usual point of view in which the radiation emerging
In the line is a sum of the radiation emerging from
elementary layers at different atmospheric depths 7.
The average optical depth at which the emergent in-
tensity is formed is given as

(2)

The contribution function F, determines the weight

of the relevant layers in contributing to the whole
emerging intensity.
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Fraunhofer line arises on the background of

the continuum radiation as a result of an additional
source of selective absorption forming a depression

on the background. By analogy to Eqs.(1) and (2)

we can write the expression for the line depression
SD;) and the average optical depth at which the line

epression 18 formed F)4 as

[ TaFadry

o0
D9=/ Fqdry, , Pora= (3
1(6) . Fadn Ad m— (3)

where F,4 is the depression contribution function.

These two approaches do not reflect just two
mathematical ways to get the observed value of the
line radiation. There is a clear physical meaning of
the second approach concerning l'xd and F»4. The
‘additional source of selective absorption has its own
depth distribution. Its maximum influence on the
background continuum radiation is not necessarily
located at depths where main part of the observed
radiation originated, i.e., Fao # Fad.

Moreover, different sources of selective absorp-
tion resulting in the appearance of various Fraun-
hofer lines, have different depth distributions and
differently influence the emergling radiation. This
18 important when we are dea

ing with weak lines

(Gurtovenko and Ratnikova, 1974). For them 7,, is

very similar for all lines, practically equal to average
optical depth of the continuum that is not true.

When the depth dependence and the depth
range of a specific solar phenomenon are investiga-
ted, we have to look at the depth range of Fy. If
those two regions are incompatible, the phenomenon
under investigation could leave the line completely

insensitive to it (Gurtovenko et al., 1991).
. Under LTE conditions the general expression
- for the depression contribution function (Gurtovenko

et al., 1991, Eq.(3)) becomes the Unsold-Pecker con-
tribution function:

B(o0)
e~ "> dB
B('r;)
(4)

where n = k;/k. is the ratio between line and con-
tinuum absorption coefficients, 7, is the line opti-
cal depth, B is the Planck function (source function
S = B under LTE). F; has clear physical meaning:

1t 18 the energy contributed by elementary layers at
different depths in the atmosphere to the observed
line depression.

‘Fd - g,(TA, 9) 77(7'.\)3-",9'(7)\, 9) =

3. RESULTS AND DISCUSSION

Under LTE conditions we calculated the syn-
thetic line profiles for eighteen Fraunhofer lines listed

1n Table 1. The calculations refer to the line inten-
sity at the solar disk center. In our calculations we

used the classical expression for natural broadening
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(see e.g., Gray, 1976), the Van der Waals interaction
potential for the collisional broadening caused by in-
teractions with neutral perturbers (hydrogen atoms
only) within the theory of Lindholme (1945) and Fo-
ley (1946) and simple theory of collisional broaden-

ing caused by interactions with charged perturbers
(electrons only) for neutral atoms (Dimitrijevié and

Konjevié, 1986). Doppler broadening is taken into

account both thermal and microturbulence motions
simultaneously. The microturbulence depth distri-

bution is given in the atmosphere model and it is
the same in all used models. We did not assume any
macroturbulence broadening.

For the solar atmosphere we used the six mod-
els, A through F, given by Vernazza et al. (1981).
The set of these six models for the quiet Sun 1s
based on various observed brightness components of
the EUV continuum ranging from a dark cell center

(model A) to a very bright network element (model

F'). The model C represents the average quiet Sun.

For all lines listed in Table 1 we calculated the
average optical depth of formation of the line profile

center using both emission and depression contribu-
tion function (¥so0e and Fsood) and the average op-
tical depth of formation of the continuum radiation
Tsooe. It is convinient to relate the average optical

depth to the wavelength A = 500nm.
The atomic parameters for the lines and the

calculation results are given in Table 1., where co-
lumns contain respectively: the line identification
with its wavelength (1) and multiplet number (Mt),
the excitation potential of the lower level in the tran-

sition (EQ, the oscillator strength (fi,), Landé g-
factor and logarithm of the average optical depth of
formation of the line depression (log Fs004) for mod-

els A through F. E; values for calcium, chromium
and iron lines were taken from Bashkin and Stoner
(1975), Sugar and Corliss (1977), Corliss and Sugar
(1982), respectively. fi, values were taken from Wie-
se et al., (1969), Younger et al., (1981), Fuhr et al.,
(1981) and Boyarchuk and Savanov (1985), respec-
tively.

~ Selected lines are to be used in the investi-
gation of solar magnetic field, motions and different
instabilities in the atmosphere. The range of lower
level excitation potential should provide a good cov-
erage of the whole photosphere and lower chromo-
sphere. Various values of Landé g-factors that we
calculated assuming the L-S coupling in the atoms,
should provide different responses of lines to the mag-

netic field.
For all investigated Fraunhofer lines we have

T500e > 75004 and Tgooq considerably less than Fgoo..
This is true for all models, A through F. For the most
of the lines and for all models Fyo0a > ™500(Tmin ),
where m500(Tmin) designates the location of the tem-

perature minimum in the model. This implies that
the sources of the selective absorption are located
in the photosphere if the last one is defined as the
region below temperature minimum.
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Table 1. The average op
of Vernazza et al. (1981)

A (nm

Mt. E (eV g
Cal 610.27 3 1.88 2.000
Cal 612.22 3 1.89 0.121 1.750
Cal 616.22 3 1.90 0.121 1.250
Crl 524.76 18 0.96 0.033 2.500
Fel 52255 1 0.1 5.42(-6)  2.250
FeI'525.02 1 0.12 1.15(—5) 3.000
Fel 617.33 62 2.22 2.500
Fel 621.34 62 2.22 2.000
Fel 621.93 62 220  7.431(-4)  2.000
Fel 633.53 62 220  8.337(-4)  1.167
Fel 630.156 816  3.65  2.000(-2) 1.667
Fel 630.25 816 369  1671(-2) 2.500
Fel 633.68 816 3.69 3.200(-2) 2.000
Fel 74112 1077  4.28  5.141(-2)  1.000
Fel 744.57 1077 4.26 7.497(—2) 1.250
Fel 749.17 1077 4.30 1.500
Fel '749.51 1077 4.22 7.011(—2) 1.350
Fel 751.10 1077 4.18 9.091(-2 1.400
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Fig. 1.a The average optical depth of line profile
center formation (logFs004) vs. central residual in-

tensity (i.) for iron lines for model C.

inly by the excitation potential of the lower

 level. With Increasing excitation potential 5004 1D-

creases (Gurtovenko and Ratnikova, 1974). Since our

are not weak, we examined the behaviour of
O 75004 V8. central residual intensity and excitation

tical depth of formation of the line profile center in the solar atmosphere models
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Fig. 1.b The average optical depth of line profile
center formation (log¥so0q) vs. excitation potential

of lower level for iron lines for model C (Mt 1077,
816, 62, 1 are the multiplet numbers).

potentials of the lower level (Figs. 1.a and 1.b respec-

tively? for a group of fourteen Fe lines using the C

model. In other models the behaviour of those lines
18 the same. There is no clear functional dependence

on either of the parameters, although Fig. 1.a shows
less data spreading then Fig. 1.b. It seems that both
parameters are acting simultaneously with no sharp
prevalence.
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?e. The same is valid %or Ca lines from the Table Gurtovenko, E., Ratnikova, V., de Jager, C.: 1974,
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If we compare the values of log Fsooq for every ~ Gurtovenko, E., Ratnikova, V. A.: 1974, Astron.

Interesting fact within each multiplet appears
in Fig. 1.b. The bigger the log(g; fiu) is, the higher in
the atmosphere the line depression is formed, where

g1 18 the statistical weight of the lower level in the
transition. The lines with higher excitation poten-

tials and lower values of log(g; fi, ) are formed deeper
in the photosphere with the prevailing influence of
log(g1fiu). g1f1s is one of the factors that determine

the absorber concentration. Consequently, stron
lines cannot be formed in the deep photosphere an

line for all atmosphere models we can see that the Zh. 81,1032.
line depression is formed deeper in the photosphere Gurt‘}’zrlksod %-8,25110"11“0"3, V. A.: 1983, Astron.

- when we are going from model A to model F. The
same 1s valid for log Ps00s and log¥.. Also, the lines
become less intense, the central residual intensiti is
increasing from model A to model F. It appears that
the lines with lower values of the excitation potential
experience the greater change in log¥Fso04.
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O CPEIAKBVM OIITNYKNM IIYBUHAMA $OPMUPAKBA

HEKHMX ®PAYHXOSEPOBX JINMHNJA

C. Epxkarmmh u 1. Bunue

Acmporomeka oncepeamopuja, Boaeuna 7, 11050 Beoepad, Jyeocaaeuja
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OpueuHaaHu HAYYHU paod

UapadyHaTe cy BpeIHOCTH Cpede ONITHIKE IY-
OiHe QopMupama JUHUCKE Jerpecuje Y LEHTpPY CYH-
J¢BOI' QMCKa 3a OCaMHaecT (hpayHXodepoBUX JIMHUja
38 WeCT Monena CyHIeBe aTMocdepe Vernazzae U Ip.
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TPATHU PEINIYATHN MHTCHIUTET
¢KCUMTALMOHH TIOTCHIIMja1 JOHer HHBOA Ipenasa.

(1981). HcnutuBaHe Cy Heke IPABIIHOCTH Yy IOHA-

aky CPCOHHUX ONTHYKUX AYOMHA Y OQHOCY Ha IICH-
a JIMHNja U




