BELGRADE ASTRONOMICAL OBSERVATORY IN 1996

1. SOME OF THE MAIN RESULTS OF THE
OBSERVATORY’S RESEARCH ACTIVITY

If one takes into account that the best contributions to the science, are those
published in international journals, a review of results of Belgrade Astronomical Ob-
servatory’s fellows having appeared in these publications will be presented, as well as
catalogues which are commonly the results of an effort of many years, and represent
a particular interest to the astronomy.

The interest for a very extensive list of line broadening data is particvlarly stimu-
lated by the development of space astronomy where an extensive amount of spectro-
scopic information over large spectral regions of all kind of celestial objects has been
and will be collected, stimulating the spectral—line—shape research.

It is difficult to state in general terms which are the relevant transitions since the
atmospheric composition of a star is not known a priori, and many interesting groups
of stars exist with very peculiar abundances as compared to the Sun. Consequently,
stellar spectroscopy depends on very extensive list of elements and line transitions
with their atomic and line broadening parameters.

In order to provide the corresponding atomic data for stellar envelope opacities
calculations, an international ” Opacity Project” providing essentially data on energy
levels and oscillator strengths for a large number of atoms and 1ons, and a number of
photoionisation cross sections and Stark broadening data as well, has been formed in
1984 . After the end of this project the subsequent ”Iron Project” will provide data
on electron impact excitation cross sections for atoms and ions along isoelectronic
sequences. In order to complete as much as possible such data needed for astrophysi-
cal and laboratory plasma research and stellar opacity calculations, Dimitrijevié¢ and
Sahal-Bréchot are making a continuous effort to provide Stark broadening data for a
large set of atoms and ions. In Dimitrijevi¢ (1996), a programme to provide as much
as possible complete set of Stark broadening data needed for stellar and laboratory
plasma research has been exposed and results obtained up to now as well as the future
plans have been discussed.

Stark broadening of S III and S IV lines has been considered several times ex-
perimentally and theoretically due to the increasing significance of the multiply -
charged ion lines for research and modelling of hot, dense astrophysical and labora-
tory plasmas. Dimitrijevié¢, Djenize, Sreékovié and Platisa (1996) have investigated
experimentally and theoretically Stark broadening data for lines from S III 4p-5s
transition, not experimentally investigated up to now. The experimental results are
compared with the theoretical results calculated by using the modified semiempiri-
cal approach, the approximate semiclassical approach and its modification. Since for
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S IV, the new atomic energy level data enabling the full semiclassical perturbation
calculation become available, the S IV lines have been considered as well.

Temperature dependence of the Stark widths (N III and F V) and shifts {N III and
O IV) of the 3525 — 3p(1$)? P° and 3p? P° — 3p(*S)% D transitions have been studied
theoretically using the impact semiclassical method and experimentally observed in
the plasma of a low pressure pulsed arc by Blagojevi¢, Popovié, Konjevié¢ and Dimitri-
jevié (1996). Plasma electron densities were determined from the width of the He II
P, line while electron temperatures were measured from the relative line intensities.

To estimate the influence of different ions on the width and shift of the considered
lines, evaluations of the plasma composition data were performed and, in conjunction
with the theoretical results of Blagojevié, Popovié¢, Konjevié and Dimitrijevié (1996),
the contribution of ion broadening was estimated. Within the estimated uncertainties
experimental Stark widths agree well with the results of the obtained semiclassicall
electron impact widths in the studied electron temperature range. For the conditions
of the present experiment, estimated contribution of the ion broadening has never
exceeded five percent of the total width. So, within the precision of this experiment
it was not possible to detect its presence with certainty.

Along the boron isoelectronic sequence the experimental widths and shifts agree
with semiclassical electron impact data predictions. In the case of O IV lines the inclu-
sion of the energy levels with different parent terms in the semiclassical calculations
of the Stark widths and shifts improved the agreement between theory and exper-
iment considerably. Comparison of the experimental widths with simple theoretical
formulas for estimation of plasma broadened linewidths show an agreement within
the estimated uncertainties.

Line profiles study of carbon ions in different ionization stages is of importance for
astrophysics due to the high cosmic abundance of carbon and due to the presence of
spectral lines from its various ionization stages. Stark broadening parameters for C
V lines are needed especially for hot and dense stars. A good example are PG 1159
pre-white dwarfs with effective temperature 100,000 — 140,000 K where carbon and
helium are the dominant constituents (C/He = 0.5). Stark broadening of C V lines
is also of interest for the diagnostic of laser-produced plasma and for the research
of regularities and systematic trends. For such research of interest are P V lines as
well. Recently e.g., estimates of the Stark widths for P V 4s-4p and 4p-4d transitions
have been performed in a study on Stark broadening regularities within successive
ionization stages of phosphorus, performed in 1990 by Sreékovié¢ and co-workers.

Dimitrijevi¢ and Sahal-Bréchot (1996a), performed within the semiclassical-per-
turbation formalism an analysis of electron-, proton-, and ionized helium-impact line
widths and shifts for 25 C V and 51 P V multiplets. Obtained results have been
compared with other available theoretical data.

Lines of neutral magnesium are present in the Solar spectrum and the correspond-
ing Stark broadening parameters are of interest for their analysis as well as for the
diagnostic of Solar plasma. Especially the infrared lines of Mg I have been observed
in the Solar spectrum at Kitt Peak and during the Atmos experiment on Spacelab.
Due to the suitability of these lines for the solar atmosphere investigations and to the
fact that with the increase of the principal quantum number the importance of Stark

6



BELGRADE ASTRONOMICAL OBSERVATORY IN 1996

broadening increases too, the corresponding Stark widths and shifts are of importance
for the structure of the Solar atmosphere research and solar plasma diagnostic. Stark
broadening data for Mg I lines are also of interest for laboratory plasma research and
they have been investigated experimentally and theoretically in a number of papers.
By using the semiclassical-perturbation formalism, Dimitrijevié¢ and Sahal-Bréchot
(1996b) have calculated electron-, proton-, Mg II-, Si II-, Fe II-, and Ar II-impact
line widths and shifts for 267 Mg I multiplets at an electron density of 10** cm~3, in
order to provide the needed Stark broadening parameters of all important perturbers
for investigation and modelling of Solar plasma. In order to check the applicability of
Coulomb approximation method for the calculation of oscillator strengths, line width
calculations with line strengths from TOP base (the complete package of the opacity
project (OP) data with the database management system is usually referred to as
TOP base), have been performed for particular cases as well. The conclusion is that
for transitions between low levels small differences do exist. However, for lines that
are of interest for solar infrared astrophysics, corresponding to transitions between
high levels, the use of Bates and Damgaard oscillator strengths is sufficient for line
widths.

Regemorter and Hoang Binh have discussed recently the important simplification
of theory for solar Rydberg lines corresponding to the transitions between nearly
degenerate states, where the differences of energy E(nf,nf + 1) are of the order of
a few cm™!. These energy differences are much larger than the width so that the
considered lines are isolated. They are however considerably smaller than the energy
distances to the other perturbing levels n’f/ which may be neglected so that the
Stark broadening problem corresponds to a simple three level close coupling system
including n¢, nf+1 atomic energy levels. This approximation has been tested in detail.
The analysis shows that the inelastic collision contribution practically does not vary
with the addition of new perturbing levels and that the variation of strong collision
contribution is also of the order of several percents. The elastic collision contribution
has however a nonnegligable dependence on the perturbing level number. Since for
solar Rydberg lines the elastic contribution to the width is by an order of magnitude
smaller in comparison with other considered contributions, one may conclude that
the approximation of Regemorter and Hoang Binh is very good for Stark widths of
the considered lines. Since the elastic collisions have an important role in the Stark
shift determination, for Stark shifts such approximation may become questionable.

Stark-broadening parameters for singly charged lithium lines are of particular in-
terest for Stark broadening theory investigations since the He-like Li II spectrum is
suitable for theoretical research. They are of interest for the examination of regulari-
ties and systematic trends within He isoelectronic sequence as well. For the systematic
study of such regularities within an isoelectronic sequence we need the corresponding
data for as much as possible larger number of successive ions and Li II is the first
He - like ion of the series. Moreover, Stark broadening parameters of ion lines are of
interest for solar and stellar opacities calculations, investigations of subphotospheric
layers, stellar plasma modelling and diagnostic, abundance determinations, etc.

Dimitrijevié¢ and Sahal-Bréchot (1996¢), have determined and analyzed ele-
ctron-, proton-, and ionized helium-impact line widths and shifts for 29 Li II mul-
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tiplets. The obtained results have been compared with the semiclassical results of
Jones, Benett and Griem.

The analysis shows that the agreement between present calculation and calcula-
tions of Jones, Benett and Griem is better at higher temperatures, when the inelastic
contribution to the width dominates, than at lower ones, when differences in cut-off
procedure and the symmetrization influence are more significant.

Generally, the disagreement of present calculations with the calculations of Jones,
Benett and Griem is greater than for He I. When we have transitions involving highly
excited levels, when a close perturbing energy level exist, the Debye screening (not
explicitly taken into account by Jones et al., but the corresponding correction is in-
dicated) reduces present widths and shifts. Namely, for transitions involving highly
excited levels (n,¢), the closest perturbing levels are (n,£ + 1) and (n,¢ — 1). The
difference of energy between (n,¢) and (n,£+ 1) or (n,£ — 1), which decreases when
n increases becomes small. The dominant contribution to the widths and shifts come
from the transitions [(n,£) - (n,£+ 1)] and [(n,£) — (n,£ — 1)]. Typical impact pa-
rameters increase for the width and for the shift as well. Therefore the effect of the
Debye shielding can not be negligible and reduces the widths and shifts. Likewise, at
high densities the Debye length decreases and the width and shift linear behaviour
with the density is no longer valid.

Finally the systematic trends of Stark broadening parameters within the 2s%S -
np3P? series have been investigated. The analysis shows a gradual change of Stark
broadening parameters permitting the interpolation of new data or critical evaluation
of mutual consistency of existing data.

By using the semiclassical-perturbation formalism Dimitrijevi¢ and Sahal-Bréchot
(1996d), have analyzed electron-, proton-, and ionized argon-impact line widths and
shifts for 31 multiplets of neutral selenium. The obtained results have been presented
and discussed.

The Be I1I and B III lines are also present in stellar spectra. The Be III Stark broad-
ening parameters are additionally interesting, since the surface content (abundance)
of Be, involves problems correlated with nucleogenesis, mixing between the stellar at-
mosphere and interior, and stellar structure and evolution. Line profiles of Be and B
in various ionization stages, are of interest for opacity calculations as well. Within the
semiclassical-perturbation formalism Dimitrijevi¢ and Sahal-Bréchot (1996e), have
considered electron-, proton-, and ionized helium-impact line widths and shifts for
12 multiplets of Be III and 27 multiplets of B III. The obtained results have been
presented and compared with available experimental and theoretical data.

Strontium lines are present in solar and stellar spectra. E.g. Komarov and Basak
(1993) have found neutral strontium lines in the spectra of Sun and two Praesepe’s
stars. They are also of interest since Sr i1s one of thermonuclear s - processes product
in stars and its overabundance is observed in CH and metal deficient barium stars.
Neutral strontium lines are also of interest for the investigation of laboratory plasmas.
E.g., Sr I lines have been considered theoretically by Davis (1972), for research of a
laser — generated barium plasma. In order to continue the research of Stark broadening
parameters needed for the investigation of astrophysical and laboratory plasmas and
to provide the needed Stark broadening data, Dimitrijevié and Sahal-Bréchot (1996f),
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have considered within the semiclassical-perturbation formalism electron-, proton-,
and 1onized helium-impact line widths and shifts for 33 Sr I multiplets.

In order to provide astrophysicists with the relevant data needed for the theoretical
modelling of stellar spectra and stellar atmospheres, as well as for abundance determi-
nation and opacity calculations, also for atom and ion lines for which the semiclassical
perturbation formalism cannot be applied in the appropriate way due to the lack of
reliable data for the needed atomic energy levels, Popovié¢ and Dimitrijevié¢ (1996a)
applied to such cases the simpler, modified semiempirical approach. They analysed
the Stark broadening of As II, Br II, Sb II and [ II spectral lines. For these heavy ions
a sufficiently complete set of reliable atomic data for more sophisticated semiclassical
calculations does not exist. Although, in general, abundances of heavy elements are
low, the lines are present mainly in the spectra of CP stars, as e.g. very strong absorp-
tion lines in spectra of Hg-Mn star HR7775. The obtained results have been compared
with available experimental values and with simple estimates. The improvement of
the accuracy of the presented data, by the corresponding scaling using the knowledge
on regularities and systematic trends, has been discussed as well.

Spectral lines of Xe II are present in spectra of hot Hg-Mn stars, where Stark
broadening is the main pressure broadening mechanism. On the basis of analysis of
the Xe I spectral lines, one can conclude that the abundance of Xe in Hg - Mn stars
is about two times higher than in the Sun. Stark broadening of Xe II lines is im-
portant for laboratory plasma as well and a number of experimental and theoretical
papers concerning Stark widths and shifts of Xe II lines have been published. Popovié
and Dimitrijevi¢ {1996b) have analyzed the Stark broadening within 20 Xe II multi-
plets, by using the modified semiempirical approach. The obtained results have been
compared with numerous experimental and theoretical data.

Spectral lines of Sc I, Y II and Zr II are present in spectra of ¢ Her and o And, as
well as in other hot stars. Lines of these 1ons are also observed in the Solar spectrum.
Within the modified semiempirical approach, Popovié and Dimitrijevié (1996¢) have
analyzed Stark widths for 18 transitions of Sc 1I, Y II and Zr II, which are needed
for stellar atmospheres investigations. The obtained results have been compared with
simple estimates based on regularities and systematic trends. Conditions in hot stars
atmospheres where Stark broadening is comparable to Doppler broadening or even
larger, have been discussed as well.

On the basis of the semi-classical theory, the influence of He+ Het +¢ and Hed +e
recombination and He + He*(n) ionization on the population of He*(n) atoms in
helium plasma was considered by Mihajlov, Djuri¢ and Dimitrijevié (1996) and the
corresponding rate coefficient were determined:

The principal result of the article is the demonstration of the fact that, previously
neglected recombination processes

Hel +e=> He*(n) + He

Het + He+e = He"(n) + He,

in low temperature plasma, are important and in particular cases even dominant
factor influencing the population of highly excited He*(n) atomic states. This fact is

9



M. S. DIMITRIJEVIC

stated by the comparison of these processes with the well known electron - electron -
ion recombination processes. Similar but less significant fact is stated for the chemi -
ionization processes

He*(n) + He => e + Hef

Het + He
He+ He™t

The results are obtained for nonequilibrium He plasmas with atomic temperature
T, and electronic temperature T,, within the ranges 2000K < 7, < 10000K and
2000K < T, < 40000K, with the principal quantum number 4 < n < 10, for ion-
ization degrees less than, or of the order of 1073, This results may be of interest for
the laboratory as well as for astrophysical plasmas. The calculations are performed
by using the semi-classical method, improved in comparison with previous articles.
For the considered recombination processes, the rate coefficients for T, = T, were
presented as well. Such plasmas are e.g. plasmas in atmospheres of helium rich white
dwarfs.

Mihajlov, Dimitrijevié¢ and Djurié (1996) have analyzed the recombination pro-
cesses

Hc'(n)+He=>e+{

H} +e= H*(n)+H
HY*+H+e= H*(n)+ H,

and have demonstrated that they may have an important or even a dominant role
in comparison with other relevant recombination processes in relatively low-ionized
hydrogen plasmas. Here H; is the molecular hydrogen ion in ground electronic state,
while H = H(1ls), and H* and H*(n) are hydrogen ion and atom in a highly excited
(Rydberg) state with the principle quantum number n.

The determination of the rate coefficients for the ionization processes:

H*(n)+ H= e+ H}

Ht+H
H+H*
which occur always in parallel with the above mentioned recombination processes for
the considered plasma conditions, has been performed as well. It has been shown that
they must be taken into account for the Rydberg atomic states population calculations
in partially ionized plasmas.

The calculations were carried out within the semi-classical theory, in the case of
a non-equilibrium hydrogen plasma with atomic temperature T, and electronic tem-
perature T, in the domains 2000K < 7T, < 10000K and 2000K < T. < 30000K,
with the principal quantum number 4 < n < 10. In the considered paper, Mihajlov,
Dimitrijevié¢ and Djurié (1996) have also determined the conditions under which the
analyzed processes are important for the kinetics of weakly ionized hydrogen plasma,
as e.g. the solar atmosphere plasma.

H‘(n)+H=>e+{
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The properties of stellar atmospheres as well as of their spectra result from the
complex interactions between photons and gas particles during the radiative trans-
fer throughout these outer layers of stars. Within this framework radiation transport
plays a twofold role. On one hand, radiation field determines the structural and dy-
namical properties of the medium it propagates through, and on the other, it repre-
sents an important tool in the diagnostics of the plasma properties from its spectra.

Among other physical phenomena radiative transfer is, in general, the most com-
plicated to deal with due to its non-local, non-linear and multi-mode nature.

Within the framework of the so-called structural approach — a new strategy for
studying the stellar atmospheres — Atanackovié-Vukmanovié and Simonneau (1996)
have reviewed the basic properties of the Iteration Factors Method on an instance of
the linear two-level-atom line formation problem.

The method efficiently solves the radiative transfer problem within a simple itera-
tive scheme. The improvement of the ordinary iteration procedure is achieved by the
proper quasi-invariant functions - iteration factors - coupling (input/output) param-
eters in a block-diagram representation of a problem under study. By replacing the
system of integro-differential radiative transfer equations by only one second-order
differential equation with the iteration factors as its mean coefficients, the Iteration
Factors Method avoids any matrix formulation. The rate of convergence to the exact
solution is extremely high even under extreme NLTE conditions which are computa-
tionally the most difficult to deal with.

In Arlot, ... Proti¢-Benisek et al. 1996 a catalogue of the observations is presented
containing the light-curves obtained during the PHEMU91 campaign of observations
of the mutual phenomena of the Galilean satellites. Once every six years, the Earth
and the Sun cross the equatorial plane of Jupiter and since the Galilean satellites have
their orbital planes very close to the jovian equator, the satellites occult and eclipse
each other during about six months. The 1991 period was additionally favourable,
since the event bappened during the opposition of Jupiter and the Sun, and since the
declination of Jupiter was positive, which was more favourable for the observatories
in the northern hemisphere. '

Since there is no atmosphere around the Galilean satellites, the photometric ob-
servations may be very accurate (within an accuracy from 200 km for the best pho-
tographic observations to 700km for the eclipses by Jupiter).

Results of such observations are very useful in preparations of missions of the
space probes exploring the Jovian system. Moreover, the motion of Galilean satellites,
affected by numerous perturbations, is one of the most complex in celestial mechanics,
and all the theoretical problems related to this motion are far from being solved.

A campaign of observations has been coordinated among 56 sites including Belgrade
Astronomical Observatory (V. Prtotié¢-Benisek). The complete set of observations is
composed of 371 lightcurves of 111 events.

Sadzakov, Dacié¢ and Cvetkovi¢ (1996), published an observational catalogue con-
taining the positions of 146 high-luminosity stars, as well as the optical counterparts
of 78 radio stars. These stars are of special interest for the study of the motions in the
Galaxy. If the meridian observations of these stars (Cepheides, O and B type stars
etc.) were to be repeated, a possibility of enhancing the accuracy of their positions
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and proper motions would be offered. Consequently, a more accurate calculation of
the space velocities and a more detailed study of the kinematics of high-luminosity
stars would be attained.

In view of a relatively small number of stars in the observational programme,
they added the 78 radio stars from a list of the Bordeaux Observatory. Their optical
positions are necessary for as tight as possible linking of the FK5 to the extragalactic
reference frame. These radio stars have belonged to a more comprehensive star list
observed with the Automatic Meridian Circle at Bordeaux and they have been also
included in the HIPPARCOS project. The above mentioned stars have been observed
with the Large Meridian Circle of the Belgrade Observatory in the period 1991-1993.
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