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SUMMARY: Changes of equivalent widths for ten selected spectral lines (530.74
nm < A < 568.82 nm) were evaluated according to ”Belgrade Program for Mon-

- jtoring of Activity-Sensitive Spectral Lines of the Sun as a Star”

Observations

from August 1987 tlll May 1990 have been processed in the way for the ﬂrst time

presented here.

1. INTRODUCTION

stars (Wilson, 1978; Belvedere et al, 1982; Livingston

and Holweger, 1982; Rodono, 1983 etc. .. ), the spec-

trophotometry of the integrated disk has been en-
couraged as a common observational approach for

solar and stellar activity (Vukiéevi¢-Karabin and Ar-
senijevi¢, 1986).

At the innovated solar spectrograph of the
Belgrade Astronomical Observatory (Arsenijevié et
al, 1988) the long term monitoring program for 30

selected spectral lines according to certain criteria
has been established (Arsenijevi¢ et al, 1987, Vince

et al, 1988). So—qalled ” Belgrade Program for Moni-

tonng of Act1v1ty-Sen51t1ve Spectral Lines of the Sun

as a Star” started in August 1987 and 1s still going
on.

Some preliminary results for the rising phase

~ of the 22"“’l solar actlwty sycle (August 1987 - May

1990) weré published recently (Karabin et al, 1990).

: . S t t1 t t h d
After the successful experience with the full - For the same time interval, we present here detailed

disk monitoring of scme spectral lines as activity '
indexes for the Sun as a star and for other cool.

analysis about changes of equwa,lent widths for ten
selected photospherlc lines together with improved

“data processing and systematic errors elimination.

2. METHODS OF DATA PROCESSING

The data for ten photospheric spectral lines
(630.74nm < X' < 568.82nm) selected -for studying
possible changes with the solar activity are given in
Tab. 1. Evaluation of equivalent widths was done
by an especially for this purpose developed interac-
tive software with possibility of selection the contin-
uum level, normalization of a profile'and numerical
1ntegrat10n of the area limited by the contour of a
spectral line.

Typical line profiles (Fel 530.74nm) before and
after the equivalent width measuring procedure men-
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tioned above is presented in Fig. 1. Equivalent width

is indicated by the hatched area (1°). All selected

spectral lines in our program have clearly defined
wings and local continuum, almost without blending

effects (that was one of the reasons for them to be

chosen). All measured equivalent widths are given
in Tab. 2. Time is marked by ¢ in Julian months

(30.4375 days) since January 1, 1987, JD 2446797.

Even a brief look at the values in Tab. 2 assure
us that all equivalent widths are subjected to system-

atyc errors (for example, all the values for May 12,
1989 are generally higher comparing to August 18,
1987). Our first task was to bring all measurements
to the same conditions.

Table 1 _
Wavelengths of Spectral Lines (in nm)

Line Element Length
/\1 Fel 530.74
A, T 533.68
A3 Mnl 539.47
)t4 Fel 539.83
/\5 Fell 542.53
A6 Fel 550.68
A7 Scll 552.68
Ag Fel 5027.61
/_\9 Cal 560.13
AIO Nal

568.82

If we put on the abscissa equivalent widths of

all lines for one date () and on the ordinate the
values of equivalent widths for another date t0) we
will get a diagram as in Fig. 2. On the assumption
that there are no real changes of equivalent widths
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during the time interval At = ¢t(9) —¢(*), a line which
was drown through given points represents a certain
law of transformation. If we assume this relation to
be linear, we can write:

w(@) = gD W) 4 b(i’j), (1)

in which the coefficients a(*#) and b(#:J) were deter-
mined by the method of least squares. Double index

(1,j) designates the transfer from the date t() to the
date t(9).
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Fig. 1. The line profile of Fel 530.74 nm before (a)
and after (b) the evaluation. The area corresponding

to the equivalent width is hatched.

Table 2
Méésured Values of Equivalent Widths

(in Fraunhofers)

—-Equivalent widths

A1 A2 A3
Aug 18, 1987 154 11.1 12.7
May 10, 1988 153 11.6 12.2
Jul 11, 1988 150 10.7 129
Sep 5, 1988 154 12.0 13.0
May 12, 1989 16.1 12.2 124
Jul 24, 1989 13.3 105 11.0
Oct 24, 1989 13.8 106 11.4
May 4, 1990 147 128 11.0

FeI Fell Fel Scll Fel Cal

pY As Ag A7 As Ag

117 6.5 203 13.0 19.1 17.8 15.6
119 6.7 19.1 125 190 178 179
11.7 6.6 185 12.1 17.7 18.0 17.5
131 74 209 135 196 20.7 19.2
134 7.1 21.1 134 20.8 20.7 21.5
112 6.7 184 119 168 18.7 16.5
108 6.3 180 11.2 16.5 . 17.0 17.1
112 6.6 185 11.3 174 188 18.3
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However, if sppctral lines show real change
of equivalent w1dth ‘with time, transformation ( 1)
should be written as:

where W() have to be taken as equlvalent width
measured on t(*), but transfered to the system ¢(/).

We suppose that the difference between WU) and

W) comes from the solar actlwty

It is obvious that the coefﬁaents (i) and
b(19) have to be determined using the spectral lines
which do not change with the activity. That is the

condition for applying transformation (1). However,
by using all ten spectral lines (Fig. 2), only points

representing the lines which do change their equiv- -
not lie down
With the exeption of Ao (Nal

568.82nm), all other deviations are rather small be-

alent widths with the activity, woul
the straight line.

cause of the short time interval.

In order to find the spectral hines which change
equivalent widths with the activity we need the co-

But for that
we have to know spectral lines which do not change

efficients for the transformations (2).

with time. Solution 1s in the method of succesive
a.pprommatlons |

The almis to reduce all measurements to date
t(1) which is August 18,1987. If we know the coeffi-

cients for transfer from t(l) to any other date t() the

reduction of all measurements to (1) will be achleved ,,.

by inversion of transformation (2):

p(a)

In the first pass all ten llneé have been used

~ for determination of the coefficients a(1/) and 8(1:)
- - We got seven diagrams similar to that as on Fig. 2

(3,3) — ,(8.3) ('\D (s J) (9
Wi = oW + b o (2) - width and each date the relation (3) was applied.

- In such a way those lines with equivalent widths re-

(abscissa always being t(1)). For each equivalent

maining 1n the X0 error limit are used in second pass,

for better determination of the coefficients a(*¥) and
Prodedure should be repeted till the results
would reach”the accordance

20.0
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. Fig. 2. Determination of the coeﬂicnents a("" ) and

1) wG) — p(1d) BN :
Wi = = (3) bCD.
- _ Table 3 . .
' Reduced Values of Equwalent Wldths .
; (W, in Fraunhofers) S
- f quva.lent w1dths
Date t Fel Till Mnl Fel Fell Fel Scll Fel Cal Nal
Az A2 A3 Ad  As  As A7 Ag Ao A
Aug 18, 1987 7.5 154 111 127 117 6.5 203 13.0 19.1 178 15.6
May 10, 1988 16.3 156 116 122 119 63 197 125 196 183 184
Jul 11, 1988 18.3 159 109 134 120 6.1 199 125 190 194 188
Sep 5, 1988 20.1 14.7 112 122 123 6.4 205 127 19.1 203 18.7
May 12, 1989 28.3 150 112 114 124 6.2 199 124 19.6 195 20.3
Jul 24, 1989 30.7 146 11.2 11.8 121 6.6 20.8 129 189 212 185
Oct 24, 1989 33.7 155 116 126 11.8 6.4 205 123 187 193 19.5
May 4, 1990 40.0 158 13.6 11.5 11.7 11.8 20.6 20.0

640

20.2
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After two iterations we selected five lines (A,
M4, A5, A¢ and Ag) with no significant change of
equivalent widths. These lines are marked by full
squares in Fig. 3 and are used for final determina-

tion of the coefficients al}¥) and b(1.3),

3. DISCUSSION OF THE RESULTS

_ Using the inverse transformation procedure
(3), reduced (free of systematic errors) values of
equivalent width (W) were obtained and presented

in Tab. 3. These values W are linear functions of
time as shown in Fig. 4, and could be written in the

form: _
W=at+ Wy, - (4)

where a has meaning of monthly variation of equiv-
alent width in absolute scale. =~ -
Relative variation of W in percentage per year
(slope) is calculated using the expression: "
a X 12
Slope = A . _
where W,, = at,, + Wy is mean value of W for the
time tp, = (81 +t8)/2 = 23.75. o
It is clear from Fig. 4 that five out of ten spec-
tral lines do not show changes of W with activity
within the 4o error limit (the coefficient o should be
compared to corresponding standard deviation o).
Three lines show steady and pronounced increase of
W with activity: -
X,=Till 533.68nm (+5.5% per year),
Ao=Cal 560.13nm (+4.8% per year) and
A10=Nal 568.82nm (+7.0% per year)... -
Two lines show steady decrease of W with activity:
Aa=Mnl 539.47nm (—3.7% per year) and
A7=Scll 552.68nm (—2.4% per year).

x 100, (5)

“We would like to emphasize that all the spec-
tral lines with positive trend of W with-increase of
activity (A2, Ag, A10) could be considered as activity-
sensitive lines because their slopes are well above 20
level (o > 20,). These lines are sensitive-to changes

in photospheric conditions (T, p, etc. .. ).

Similar results were obtained by Stepanyan
and Scherbakova (1979), Livingston and Holweger

(1982) and Kokhan (1987).
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YTUILAJ CYHYEBE AKTHBHOCTY HA EKBMBAJIEHTHE LIMPVHE
HEKMX $0TOCSEPCKMX JIMHUJA
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