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ABSTRACT

In order to increase the completeness of the investigations of stellar abundances, we can use spectrum
synthesis method, new atomic data and observation of stellar spectra with resolution comparable to
solar spectral atlases. We made a brief review of main problems of these three ways. We present new
results of abundance determinations in the atmospheres of four stars. The first is the implementation
of new atomic data to well known Przybylski’s star. We show that the number of spectral lines, which
can be identificated in the spectrum of this star, can be significantly higher. The second example is
the investigation of { Cyg. We found the abundances of 51 elements in the atmosphere of this mild
barium star. The third example is halo star HD221170. Our preliminary abundance pattern consists
of 42 elements. The heaviest elements in this pattern are U and Th. The last star is the spectroscopic
binary HD153720. The number of elements investigated in the spectra of components of this star is not
large, but the results show that the components are Am-stars.

Key words : Line: identification, Stars: abundances, Stars: individual: HD101065, HD153720,

HD202109, HD221170

I. INTRODUCTION

In this paper we show the ways of increasing the
completeness of the investigations of stellar abundances.
If we try to overview the results of determinations of
stellar abundances, we find that a lot of elements with
Z>30 are omitted. Elements heavier than iron group
are synthesized primarily by means of neutron capture
processes. According to the work by Burbidge et al.
(1957, B2FH hereafter), in order to reconstruct the
Galactic evolutionary history of heavy elements, one
has to consider two major mechanisms of neutron ad-
dition: the s-process and the r-process. Small amount
of nuclei can be created in p-process. New process of
heavy elements creation was proposed by Woosley &
Hoffman (1992) - this is a-process for heavy elements.
A review of the developments of the theory of elements
creation was made by Wallerstein et al. (1997). This
paper was devoted to the 40th anniversary of B2FH
work. The theory of element creation needs a detailed
abundance pattern for comparison of theoretical pre-
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dictions with observations. New data on stellar abun-
dance patterns for stars of different types can signifi-
cantly influence the theory.

The full isotopic pattern is available only for me-
teoritic matter. The precision of abundance determi-
nations in stars is not so high. The best abundance
samples for the stars are:

Sun — 73 elements (Grevesse & Sauval 1998)
Procyon A - 55 elements (Yushchenko & Gopka
1996a,b),

Przybylski’s star — 54 elements (Cowley et al.
2000),

x Lupi — 51 elements (Leckrone et al. 1999),

Gopka (2000) investigated the abundances of sev-
eral heavy elements in the atmosphere of Sirius A. The
abundance pattern of this star consists of 50 elements.
In 1988 Reinolds et al. pointed out that the abundance
pattern for Canopus (38 elements) is the third after the
Sun and Przybylski’s star (Wegner & Petford 1974 - 51
elements). )

Of course, this review is not full, but it is sufficient
to make some conclusions. First of all - detailed abun-
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dance determination is a very long process. In many
cases it costs decades of efforts by many scientists. The
majority of above cited papers are the review papers or
the papers which are the final paper in a long series of
articles on abundances in this star. We need the fol-
lowing items for the future progress in our chemical
abundance analysis study:

1) the increase of signal/noise ratio and spectral res-
olution in stellar spectroscopy and the investigation of
the chemical abundance using UV spectra;

2) the new atomic data;

3) the use of the spectrum synthesis method not only
for limited number of lines in the spectrum, but for ma-
jority of lines, taking into account hyperfine and iso-
topic splitting, magnetic fields, spots, detailed analysis
of spectral binaries, individual atmosphere models, etc.

It is difficult to obtain observational data with high
quality or best atomic data or best software. Usually
the combination of all three items causes poor results.

II. HIGH QUALITY OBSERVATIONS

The majority of cited papers, which give us the
most complete stellar abundance samples, deal with
the spectra obtained at the best telescopes and spec-
trographs. During last two decades, when the number
of telescopes of 2 meter or larger became near 50, we
can see a lot of new results.

The largest telescopes are used mainly for investiga-
tions of faint objects. Highest-resolution spectral ob-
servations of bright objects are usually obtained with
middle class telescopes of 2-4 meter. In the nearest fu-
ture high resolution spectrograph with resolving power
near 100000 will be put in operation at 1.8 m tele-
scope of Bohyunsan optical astronomical observatory
(Korea).

A lot of high-quality spectral data are available on
the web sites of several observatories (see Prugniel &
Soubiran 2001, as an example). A new generation of
high dispersion stellar spectral atlases in visual wave-
length region started by Arcturus Atlas (Hinkle et al.
2000). In the ultraviolet spectral region it is necessary
to point Rogerson’s COPERNICUS atlases (see Roger-
son 1989, and reference therein), and HST atlases (se
Brandt et al. 1998, as an example). :

During the last decade observations with Coude-
echelle spectrometers started at the 1 meter telescope
of SAO RAS and 2 meter telescope of ICAMER. The
latter telescope is located at 3124 meters elevation.
Echelle spectrometer for this telescope was built as a
joint project of four institution: ICAMER, SAO (Rus-
sia), Centre for Astronomy of the Nicolaus Copernicus
University (Poland), and MAO NASU (Ukraine). The
spectrometer was designed tro achieve the maximal res-
olution up to R=500000 as well as for relatively low
resolution observations of faint objects.

The high spectral resolutions achieved by means of
three Schmidt cameras with focal lengths 450 mm, 875

mm, and 1960 mm are 45000 or 120000, 210000, and
500000, respectively. Now we made first test obser-
vations of bright stars in the highest resolution mode.
The detailed information about this instrument can be
found in the paper by Mysaev et al. (1999)

In the next sections of this paper we will review the
preliminary results of several detailed investigations of
stellar abundances with this and other spectrographs
on two meter class telescopes. The mild barium star
¢ Cyg was observed at ICAMER 2 meter telescope.
Spectra obtained with this telescope, and 1.93 meter
telescope of Haute-Provence observatory (France) are
used for investigation of halo star HD221170. The spec-
trum from 2.7 meter telescope of Mac-Donald observa-
tory (USA) is used for investigation of spectroscopic
binary HD153720. The spectrum of Przybylsky’s star
was obtained with ESO Coudé Auxiliary Telescope.

III. NEW ATOMIC DATA

High signal to noise spectral observations obtained
with high resolution in the wavelength region from UV
to IR are very tentative tool for determinations of stel-
lar abundances. Unfortunately the progress in expand-
ing the atomic data is not so fast. Now it is possible
to investigate very faint lines. Atomic data for these
lines (transition probabilities, hyperfine and /or isotopic
splitting constants, partition functions) in many cases
are unavailable.

The biggest data base of atomic and molecular lines
data was created by Kurucz (1995). In the recent years
several CDs were added to this data base. These are the
lines of TiO (Kurucz 1999a) and HyO (Kurucz 1999b,
1999¢). VALD data base (Piskunov et al. 1995) is one
of the best atomic line databases. New data are contin-
uously added to this database. The list of the strongest
lines of all elements with atomic number Z>32 was
published by Morton (2000). In the recent years suc-
cess was achieved in campaigns of upgrading the atomic
data for the first three ionization stages of many rare-
earth elements (see Zhang et al. 2002 as an example)
and for many other elements from lithium (Guan & Li
2001) to uranium (Nilsson et al. 2002a,b).

In many cases we can find only wavelengths for lines
of some element. This information can be obtained
from the list of energy levels. These lists are accessible,
for example, at NIST database (www.nist.gov). Of
course in this case we can not estimate the strengths
of the line, but it helps to avoid misidentifications in
crowded spectral regions. It should be noted that the
precision of wavelength measurements now is higher,
than the precision of old laboratory wavelengths even
for part of the lines of iron group elements. The energy
levels for several species are based on papers, published
more than 60 years ago. The accuracy of these levels
is less than 0.1 cm~!.

The other problem is very limited data on hyperfine
and isotopic splitting of the lines. The spectroscopic
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method for the determination of the isotopic compo-
sitions is not so precise, as methods used in laborato-
ries for investigations of meteoritic matter. There is no
database containing the information on the line split-
ting of all elements. We can point the list of elements,
with large isotopic splitting, measurable in stellar spec-
tra. These are He, Li, C, N, O, Mg, K, Cu, Rb, Zr, Ba,
Eu, Pt, Hg, Pb, T1. Very uncertain results can be ob-
tained for La, Ce, Pr, Nd, Sm.

Kurucz database (1995) contains isotopic and hy-
perfine splitting for part of iron group elements and
several other elements. For Mn and Co, these split-
tings are large enough to be easily detectable in the
visual wavelength region. In our calculation we always
take into account hyperfine and isotopic splitting for
Mn, Co, Cu, Ba, Eu. We try to expand this list.

Data on broadening coefficients help us to obtain
the approximation of profiles of spectral lines. With-
out these data the exact determination of stellar abun-
dances is impossible. BELDATA database (Milovanovic
et al. 2000) contains all papers on Stark broadening of
lines of different elements published by Dimitrijevic and
coworkers. But all these data permit us to identify only
half of the lines in the Solar spectrum (Kurucz 2002).

IV. SPECTRUM SYNTHESIS METHOD

It should be noted that in many cases new infor-
mation can be obtained from the observations of very
crowded spectral regions. Usual model atmosphere
technique is not available in this case. It is neces-
sary to use spectrum synthesis and automatic spectrum
synthesis. The programs for automatic spectrum syn-
thesis are described by Cowley (1995) and Tsymbal &
Cowley (2000) - MERSEN code, Valenty and Piskunov
(1995) — SME, Yushchenko (1998) — URAN, Erspamer
& North (2002). These programs are very different, but
all of them can help us to obtain detailed abundance
samples for different stellar types.

To obtain realistic abundances it is necessary to take
into account stratification of the elements in the stellar
atmospheres, the spots, the magnetic fields, differen-
tial rotation, effects of convection and turbulence, 3-
dimensional atmosphere models, non-LTE effects, indi-
vidual model atmospheres and the variations of physi-
cal conditions in the atmospheres due to pulsations and
other effects. Our URAN code and Tsymbal’s (1996)
code STARSP were designed to process the observa-
tions of spectroscopic binaries.

The power of modern computers is sufficient for us-
ing the automatic fitting of observations by synthetic
spectra at all stages of processing of the observed spec-
tra — from wavelength scale and continuum placement
through the determination of parameters of used atmo-
sphere mode] to the final calculations of stellar abun-
dances. '

In reality the large number of free parameters and
the uncertainties in atomic parameters do not permit

Table 1. Number of lines of different elements in
DREAM database
Number of lines

Element DREAM Common

in DREAM and in

our old line list

La IIT 137 9

Cell 14970 ' 1663
Pr III 18401

Nd IIT 51 51
Tb 111 923
Ho III 1324

Er II1 1307 304

Tm II 7954 474
Tm III 1478

Yb II 5484 311
Yb II1 278
Yb IV 2769

Lull 106 74

Lu III 58 3
Th III 901

us to control each stage of the calculations. It is impos-
sible to create the software for fully automatic spectra
processing with the inclusion of all above mentioned
effects. The individual calculations for every line are
desirable. That is why we use our URAN code in semi-
automatic mode.

V. CHEMICAL ABUNDANCE PATTERNS
IN DIFFERENT STARS

In this section we will overview the new results of
abundance determinations in the atmospheres of four
stars using the described methods. In all cases URAN
code was used for processing the data and abundance
determinations. The telescopes used for this study are
listed in the second section of this paper.

(a) Line identification in Przybylski’s star

We used spectra in two short regions. Wavelength
coverage was 6123-6175 AA and 6676-6732 AA - 108
A. Spectral resolution was R=100000, and signal to
noise ratio was S/N>100. In our calculations we used
new lanthanides lines from DREAM database (Biemont
et al. 2002).

We calculated individual atmosphere model with pa-
rameters T.;;=6600 K, log g=4.2, and real chemical
composition. We used the values 1.45 km/s, 3-3.5 km/s
for micro and macroturbulent velocities.

Identification of lines and calculation of abundances
were made using spectrum synthesis method. We used
Kuruez’s (1995) SYNTHE program for the calculation
of synthetic spectra and Yushchenko’s (1998) URAN
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Table 2. Abundances in Przybylski’s star
Results with Cowley et al.

Elem. DREAM 2000

logN NI logN N2 N2/N1
01 -3.74 1 -3.75+0.25 2 2
Na I -5.86+0.06 2 -5.86+0.22 4 2
Sil -4.324+0.34 4 -4.4240.26 7 1.7
Cal -6.37+£0.07 4 -6.72+0.36 5 1.2
Fel -5.50%0.35 2 -5.51+0.30 35 18
Fell  -5.12 1 -5.17+0.23 9 9
Lall -83240.25 4 -817+0.29 28 7
Ce 11 -7.58+0.06 28 -7.60+0.26 46 1.6
Prl -6.40£0.21 4
PrII  -9.45+0.13 3 -8.80%0.21 31 10
PrIII  -8.25+0.52 3 -7.46+0.16 12 4
Nd I -6.39+0.35 6
NdII -7.62+0.09 10 -7.654+0.28 71 7
Nd III -6.89 1 -7.31+£0.30 7 7
Sm II  -7.65+0.07 10 -7.75%0.29 41 4
Eull -9.15 1 -8.58+0.19 5 5
GdII -7.61 2 -7.621+0.25 35 18
TbII -884 1 -8.89+0.16 3 3
Dy II  -7.68 2 -7.88+£0.23 16 8
Ho I -6.60 1
Er I -6.24 1
ErII -8.17 2 -8.09+0.22 18 9
Er IIT -6.83+0.04 4
Tm II -8.20+£0.28 15
Yb II -8.99+0.33 9
Lull -8.80 1 -8.65+0.14 6 6
Rel -7.44 1 -7.39+0.02 2 2
Os1 -6.89 1 -7.40
Ir I -7.29 1 -7.16+£0.07 2 2

program for line identification and spectrum synthe-
sis in automatic mode. The values of abundances for
all identified lines were found with spectrum synthesis
method.

In Tables 1 and 2 we give the summary of results.
In Table 1 one can find the total number of lines of
different elements and ions in DREAM database. The
numbers in the last column of this table - the part of
these lines, are those present in our previous line list.
The total number of lanthanides and thorium lines in
DREAM database is 56150.

We tried to use these lines to find the abundances
in Przybylski’s star. We used 108 A wavelength in-
terval in red part of the spectrum. In Table 2 we show
our mean abundances (in the scale of log N(H)=12.00),
errors and number of lines from 108 A interval in red
region of the spectrum and the corresponding values
from 2693 A interval in blue-red parts of the spectrum
according to Cowley et al. (2000).

The brief inspection of the abundances shows, that
the results are similar in the range of uncertainties. In

the last column of this table we give the ratio of lines,

identified in the work of Cowley et al (2000) and in this
work.

From the ratio of wavelengths coverage in two stud-
les we can expect that the ratio of numbers of identified
lines will be near 25 or more, if we take into account,
that the majority of lanthanides lines are located in the
blue part of the spectrum. But only one value in the
last column of the table exceeds 10.

It means that the lanthanides lines from DREAM
database give us a powerful instrument for examination
of the atmospheres of peculiar stars.

On Figure 1 we show the example of the spectrum
of Przybylski’s star near the Ni16163.418 A line. One
can see that the use of lines from DREAM database
permit us to find the identification of several lines on
this plot. But not all lines can be identificated.

It should be noticed, that the inclusion of new lan-
thanides lines made no significant effect on the syn-
thetic spectra of normal stars, without big excess of
lanthanides - new lanthanides lines are relatively weak.

Not only lanthanides show the overabundance in the
atmosphere of Przybylski’s star, but all heavy elements.
Unidentified lines can be the lines of other heavy el-
ements. That is why the calculations or laboratory
measurements of oscillator strengths for weak lines of
other elements will be very important for identification
of lines in chemically peculiar stars.

(b) Chemical composition of ( Cyg
¢ Cyg is one of the brightest middle barium star.

The spectrum was obtained with resolving power R=80000

in the wavelength range 3495-10000 AA with signal to
noise ratio in visual and infrared region more than 100.
As a first step we tried to find atmosphere parameters.
We tested the parameters used by Zacs (1994) and Bo-
yarchyk et al. (2001). We used the depth ratios of iron
lines (Kovtyukh & Gorlova 2000) and other methodics
and found that following atmosphere parameters are
valid:
Tepr=5050 K, log g=2.8, Ummicro=1.45 km/s,
Umacro=3-3.5 km/s

We interpolated Kurucz (1995) atmosphere model
with these parameters and calculated synthetic spec-
trum with increased abundances of heavy elements for
all observed region. This spectrum was used for identi-
fication of spectral lines. Abundance calculations for all
elements except iron were made with spectrum synthe-
sis method. We used Kurucz (1995) SYNTHE program
for calculation of synthetic spectra and Yushchenko
(1998) URAN program for approximation of the ob-
served program by calculated one in automatic mode.

We tried to obtain abundances by direct compari-
son with the solar spectrum. We found solar oscillator
strengths for majority of the used lines. We used Liege
Solar atlas (Delbouille et al. 1974), Holweger-Muller
(1974) atmosphere model, microturbulent velocity 1.0
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Fig. 1.— The example of the screen of URAN program - the spectrum of Przybylski’s star near the Ni I 6163.418 A line.
The big squares are observed spectrum. The dashed line with small squares and the solid line are the synthetic spectrum
calculated without and with DREAM lines, respectively. Identified lines are presented in the bottom part of the figure. In
the left part we place a result of calculations of synthetic spectrum without and with DREAM lines. In the tables first
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Table 3. Chemical composition of { Cyg
Boyar- Zacs, 1994 Gratton This work
n Z chuk 1985 Element
etal. *-0 N * -0 * - O N
2001
1 3 -0.14 1 Lil
2 6 -0.09 -0.00+£0.21 4 CI
3 7 -0.62 NI
4 8 -0.33 -0.46 1 01
5 11 +0.19 -0.35 2 -0.37+0.16 5 Nal
6 12 -0.51 2 +0.22+£0.22 6 Mgl
+0.26 2 Mgll
7 13 +0.16 -0.11+0.06 8 All
8 14 +0.09 +0.14+£0.13 3 -0.06£0.13 52 Sil
9 15 +0.10 1 PI
10 16 +0.20£0.26 5 SI
11 19 +0.00+£0.26 3 KT
12 20 -0.03 +0.08+0.19 4 +0.024+£0.09 5 Cal
13 21 -0.02  +0.04+0.30 4 +0.06+0.11 4 Scl
+0.08+0.15 10 ScII
14 22 -0.11  -0.1740.22 21 -0.07+0.06 23 Til
+0.004£0.11 31 Till
15 23 -0.04 -0.13£0.18 16 -0.01£0.12 40 VI
16 24 -0.08 -0.06+£0.18 11 -0.11+0.06 26 Crl
+0.14£0.06 14 Cr1I
17 25 -0.30+0.13 5 -0.26+0.15 21 Mnl
18 26 -0.03 +0.12+0.23 51 +0.02+£0.10 92 Fel
+0.06£0.08 6 Fell
19 27 -0.13  -0.2240.12 6 -0.024£0.09 11 Col
20 28 -0.09 -0.05+0.25 10 +0.04+0.07 28 Nil
21 29 +0.444045 3 Cul
22 30 +0.00+£0.24 4 Znl
23 32 +0.28 1 Gel
24 37 -0.12 1 Rbl
25 38 +0.2240.10 3 Srl
26 39 +0.30 +0.37£0.24 3 +0.154£0.15 3 YI
+0.4840.16 22 YII
27 40 -0.08+0.20 5 +0.24+0.04 8 Zrl1
+0.61+£0.11 7 Zrll
28 41 +0.13 1 NbI*
29 42 +0.13+0.12 3 Mol
30 44 -0.02 2 Rul
31 45 <+0.2 2 RhI*
32 46 +0.36 1 PdI*
33 49 -0.12 1 Inl
34 56 +0.54 +0.410.13 3 Ba II
35 57 +045 +0.380.15 3 +0.51+0.20 12 Lall
36 58 +0.33 +0.55 1 +0.36+0.16 43 Cell
37 59 4043 +0.320.13 3 +0.19£0.19 6 Pril
38 60 +0.23 +0.424+0.17 70 NdII
39 62 +0.31+£0.15 14 Sm I
40 63 +0.22 -0.05 2 +0.45+0.05 4 Eull
41 64 +0.27+0.19 4 Gd1II
42 65 +0.12 1 TbII*
43 66 +0.2840.19 5. Dy II
44 68 +0.35 1 ErlIl
45 69 <+0.2 1 Tm1I
46 T2 +0.45 1 HfIT*
47 76 +0.30 2 Osl*
48 77 <+0.5 2 IrI*
49 78 <40.5 1 Pt1*
50 81 <+0.5 1 TiI*
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Table 4.  Chemical composition of HD221170
n Z Elem. x-0 N n 7 Elem. *-0 N
16 C -3.0 (CH) 21 41 NbI -199 1
2 8 OI -1.61£0.13 2 22 42 Mol -1.61 1
3 11 Nal -2.31£0.21 5) 23 44 Rul -2.171+0.19 2
4 12 Mgl -1.9240.26 5 24 56 Bal -1.97 1
5 13 All -1.67 1 25 56 Ball -2.0640.11 5
6 14 Sil -2.06£0.19 11 26 57 Lall -1.93%+0.09 21
7 20 Cal -1.96+0.11 26 27 58 Cell -1.93+0.12 10
8 21 SclIl -2.2040.12 11 28 59 PrII -1.90+0.11 7
9 22 Til -2.16+0.19 68 29 60 NdII -2.714+0.18 125
Till -2.11+0.14 38 30 62 SmII -1.7240.11 13
10 23 VI -2.294+0.17 19 31 63 Eull -1.69£0.02 2
11 24 Crl -2.26+0.25 15 32 64 GdII -1.50+0.08 4
CrIl -2.17£0.20 9 33 65 TbIl -1.58 1
12 25 Mnl -2.61£0.16 14 34 66 DyII -1.6940.33 5
13 26 Fel -2.18%0.23 215 35 68 ErIl -1.29+0.15 3
FeII  -2.23%0.18 26 36 71 Lull -0.93 1
14 27 Col -2.10£0.17 17 37 72 HIII -0.99 1
15 28 Nil -2.16+£0.18 79 38 74 WII -0.87 1
16 29 Cul -2.82+40.12 2 39 76 Osl -0.55+0.06 2
17 30 Znl  -2.20+0.04 3 40 77 Irl -0.50 1
18 38 Srl -2.66 1 41 90 ThII -1.12+0.28 2
19 39 YII -2.43+0.11 16 42 92 UTII -0.69+0.11 2
20 40 Zrl1 -2.17 1
Zr 11 -2.08£0.05 3

km/s, macroturbulent velocity 1.8 km/s. SYNTHE
and URAN codes were used for approximation of ob-
served solar spectrum by synthetic one.

In Table 3 we show the results of abundance deter-
minations. The results of Gratton (1985), Zacs (1994),
Boyarchuk et al. (2001) are displayed for comparison.
The abundances are given with respect to solar values.
The chemical elements with lines, that have no coun-
terparts in the solar spectrum are marked by asterisk.

We found the abundances of 48 elements in the at-
mosphere of { Cyg. The abundances of Li, N, Ba were
known from the previous investigations of this star.
The total abundance sample consist of 51 elements.
Among these elements, s-process elements show over-
abundances in the atmosphere of this star. The rela-
tive abundances of heaviest s-process elements are not
higher than 0.5 dex.

(¢) Chemical composition of HD221170

HD221170 is a well known halo star. But previously
only elements with Z<66 were investigated in it’s spec-
trum. We used two spectra of the star. The first was
observed at 1.93 m Haute-Provence telescope, the sec-
ond at 2 m ICAMER telescope. The resolving power of
the spectra were 42000 and 35000, wavelength coverage
4478-6820 AA and 3812-7753 AA  respectively. Sig-
nal to noise was near 100 in both cases. The adopted
atmospheric parameters were:

Ter;=4500 K, log g=1.0, Umicro=1.5 km/s,
Umacro=3.9-4 km/s.

We have used the same method as for ¢ Cyg, with only
one exception: we did not make the direct comparison
with the Sun. The abundances of elements from sodium
to samarium (except praseodymium) were found us-
ing model atmospheres method. The values of abun-
dances for other elements were found with SYNTHE
and URAN codes. The results are given in Table 4.

The total abundance sample consists of 42 elements.
The heaviest elements in the sample are thorium and
uranium. These elements and other r-process elements
show overabundances in the atmosphere of this star up
to 1.5 dex with respect to iron. The relative abun-
dance of uranium is larger than that of thorium. It
should be noted that we used only several lines of these
two elements with new experimental values of oscillator
strengths, published by Nillson et al. (2002ab). Fig. 2
shows the example of the spectrum of HD221170 near
the thorium line.

(d) Chemical composition of HD153720

HD153720 is a spectral binary with very similar com-
ponents (M4/Mp=1.0). We used one spectrum with
resolution 60000, S/N>100 in the wavelength region
3595-10260 AA. The chemical composition of the star
was not investigated earlier and it was used as a normal
standard star in the papers devoted to Am stars.
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Table 5. Chemical composition of HD153720
n Z Elem. A-0© N B-0 N
1 6 CI -0.31+£0.09 6 -0.34£0.11 6
2 7 NI -0.46+0.03 2 -0.444+0.10 2
3 8 OI -0.35 1 -0.59+0.07 2
4 11 Nal +0.02£0.07 2 +0.25+0.10 3
5 12 Mgl -0.13+0.17 2 -0.324+0.13 4
Mg II -0.22: 1
6 13 All -0.07+£0.03 2 -0.08+0.04 3
7 14 Sil -0.09£0.13 9 -0.13£0.10 9
Si 1T -0.13 1 -0.14 1
8 16 SI +0.06£0.09 7 +0.02+0.11 7
9 19 KI +0.09£0.10 2 +0.17 1
10 20 Cal -0.17+0.12 12 -0.52+0.09 10
Call -0.20 1 -0.67+0.18 2
11 21 SclI +0.18+0.04 3 -0.16+0.16 4
12 22 Til +0.15+0.13 3 -0.13+0.16 3
Ti II -0.124+0.33 4 -0.08+0.23 2
13 24 Crl -0.06+0.19 6 -0.01+0.25 7
CrlI +0.03+0.12 6 +0.13+£0.18 9
14 25 Mnl +0.17£0.15 4 -0.05+0.11 3
15 26 Fel +0.01+0.16 55 +0.08+0.15 44
Fe II +0.03+0.13 8 +0.13+£0.10 10
16 28 Nil +0.214+0.16 21 +0.384+0.20 25
17 29 Cul +0.47+0.18 2
18 30 Znl +0.13+£0.11 2 +0.20 1
19 38 Srll +0.80 1 +0.84 1
20 39 YII +0.69+0.24 5 +0.98+0.26 4
21 40 Zrll +0.72£0.06 2 +0.65 1
22 56 Ball +0.85+0.27 3 +1.174+0.20 2
23 58 Cell +0.67 1

We found atmospheric parameters of the compo-
nents on the basis of analysis of all available pho-
tometric and spectrophotometric data and equivalent
widths of iron lines. The large IR excess is observed
at the wavelengths longer than 25 micron. We found
the values of atmospheric parameters of components:
effective temperature T,r;=7450 K and 7125 K, sur-
face gravity log ¢g=4.0 and 3.9, microturbulent ve-
locity Viicro=2.7 km/s and vsini=15 km/s for both
components. We used the methods of determination
the physical parameters of components, described by
Yushchenko et al. (1999)

The identification of spectral lines was made on the
basis of comparison of observed spectra with synthetic
spectra of the components, calculated for the whole ob-
served region. The lines of 22 chemical elements were
identified in the spectra of the components - the rela-
tively big value of vsin¢ does not permit us to identify
faint lines. The abundances of elements were deter-
mined with the method of spectrum synthesis. For
majority of the lines oscillator strengths were deter-
mined from solar spectrum synthesis using all atomic
and molecular lines of Kurucz data base. The results

for both components are given in Table 5.

The CNO elements show an underabundances rela-
tive to the solar values (0.3-0.5 dex). The underabun-
dant are also Mg, Ca. The abundances of Na, Al, Si, S,
K, Sc, Ti, Cr, Mn, Fe are near solar values. The abun-
dances of Ni, Cu, Zn, Sr, Y, Zr, Ba, Ce show an over-
abundances which increase with atomic number from
0.2 dex for Ni to 1 dex for Ba. The largest differences
in chemical compositions of the components is observed
for Ca (0.4 dex). The abundances of other elements in
the atmospheres of components differ no more than by
0.3 dex. It permit us to claim that both components of
this binary are Am stars.

VI. CONCLUSION

We show that the abundances of 50-55 elements are
the best results for stellar abundance samples in sharp-
lined stars. We can point out some ways to increase
these number for several types of the stars. First of all
for F stars of main sequence. The detailed chemical
composition of Procyon is a summary of many papers,
and significant part of these papers used Griffin’s (1979)
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atlas of this star. New atlas of the star observed with
higher signal to noise ratio and spectral resolution will
help us to find several new elements.

The other way is the observations of UV spectrum
of Procyon or Procyon type stars. We have no determi-
nations of chemical composition of Procyon from UV
spectral data, with wavelengths shorter than 3100 A.

For barium stars additional abundances can be ob-
tained from observations in the near UV wavelengths
region - 3100-3500 A.

And we must mention about the Sun. There are a
dozen of chemical elements with unknown abundances
in the solar atmosphere. For example Gopka et al.
(2001) found the abundance of arsenic in the Sun. The
spectral atlases of solar spots (Wallace et al. 2002ab)
can be used for abundance determinations, if the good
model of the spot is made. It should be noted that we
have no high resolution UV solar atlas. The works of
Samain (1995) and Tartag et al. (2001) are only next
steps in this direction.

Here we have showed the significance of new atomic
data for lanthanides. But it should be noted that
Corliss & Bozman (1961) oscillator strengths are still in
use for several elements. We have very limited informa-
tion about the abundances of elements with Z=50-55,
33-36. One of the peaks of solar system abundances
is near Z=50-55. And we have almost no information
about this peak in the Sun and in other stars. One of
the first attempts to find the abundance of tellurium
(Z=52) (Yushchenko & Gopka 1996ab) lead us to pos-
sible overabundance of this element in Procyon.

Maybe a decade later, when 50-70 elements will be
a common number of elements in every paper on chem-
ical abundance in sharp-lined stars, we will be able to
resolve a lot of modern problems in this field and to
ask new questions.
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