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The solar element abundances and the scale
of Kurucz and Peytremann’s oscillator strengths

D. Raikova, V. Dobrichev

In a previous work (Dobrichev, Raikova, 198]) we have tested
the intrinsic consistency of the oscillator strengths from Kurucz and
Peytremann’s (1975) list using the curve of growth for selected lines
in the solar spectrum. However, this method says nothing about the zero point
of the oscillator strength system.

Using these ctirves of growth we have determined the abundances of ele-
ven chemical elements in the solar atmosphere. During the last fifteen years
the classical method of curves of growth has been rarely used and mainly for
relatively faint and nonstationary stars when either the observational mate-
rial or the nature of the object ifself allow only rough investigations and es:
timates. Its principal disadvantage is the tacit assumption of the homogeneity
of the atmosphere although it is a priori clear that all the characteristics as
temperature, pressure, ionization state, etc. change with depth.

The modern methods of analyzing stellar atmosphere use model atmosphe-
res which accounts precisely for these changes and should give more exact
results. In practice, however, it turns out that for a given star on the basis of
the same observational data and oscillator strengths different models often
give quite different results. It is the same with the Sun although the solar
atmosphere models are considered to be the best due to the detailed observa-
tional data to fit with.

For instance, the titanium abundance log Ay derived from Til lines with
Oxford oscillator strengths (Black well etal., 1982) is4,90 usingthe Ver -
nazza et al. (1976) model atmosphere and 5,08 using the H olweger
and Miiller s (1974) one. Log Ap. derived from ground level Fel solar
lines is 7,440 and 7,640 respectively (Blackwell, Sh s [G70)E Siieh
differences are due to the differing temperature structure and other details of
the two models.

There is an opinion (Blackwell et al., 1976) that the main cause of
uncertainty in the solar abundances now lies probably with the models rather
than in oscillator strengths, microturbulence or thermodynamic equilibrium
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details. In view of all this the results obtained by the classical curve of growth
method may be considered representative within some accuracy.

Through the differences of the abscissae of the theoretical curve of growth

2
;/n"g +log N;+-log (gf M) — 0, & — log (avpU;)
and the empirical curves (Dobrichev, Raikov a, 1981) the number
densities per gram N; have been found for r-times ionized atoms. We have
adopted vp=1,57 km/s. The partition function U, (T) values have been taken from
Drawin and Felenbok (1965). The continuous absorption coeffi-
cient per gram of stellar material %, has been computed from the B od e's
(1965) tables for the ratio of the numbers of atoms He/H=1/10. For each ion
a value of %, has been adopted corresponding to the middle of the wavelength
range of the lines used. Thus for the wavelength of a given line anerror in log %,
not more than 0.1 dex may occur, but the ensemble of lines does not shift and
the error of the obtained column density is considerably smaller.

Electron number densities log n. found from Sc, Ti, V, Cr and Fe (for
6=0,916,T;=5500K) are respectively 12,73; 12,57; 12,40; 12,33 and 12,71. Because
of the large number of used lines, the data for Fe are the best ones. The large
deviations of log n. obtained from Ti, V and Cr show that at least for one of
the used ionization states the result is not good and the intrinsic consistency
of the oscillator strengths is bad. As a probable source of inaccuracy we consi-
der the zero point of the oscillator strength scale. We have adopted log n.
=12,72 (from Sc and Fe) to use in the Saha equation.

The number densities per gram (log N) of the atoms of different chemi-
cal elements derived from one or two ionization states are given in Table 1.
They are compared with a compilation of the available relative abundances
logAs obtained after 1970 without Kurucz and Peytremann’s oscillator stren-
gths. It is as follows: for titanium — 12 deter minations from 10 authors (B | a -
cikewredl Bivet Al 0RO Gine wie sisiel (ST Wi ol Nk aiid Bet
Sl 97 BB R e infoin b O7ds S ER oS [O7 5 R e e 1975; E1-
I8 s 07l g N i ocvet Bl 9 G e e e o al., 1978), for chro-
mium — 6 determinations from 5 authors (Grevesse, 1970a; Cocke
et al., 1973, Garwaod and Evans, 1974 Bileniewski , 1976;

(1) Xy=log

Table 1
lons used ’ log N ’ log Ay t log A ' A
Nal 17,58 6,28 6,26 —0,02
Sil 18,65 7,65 7,33 —0.32
Cal 17,46 6,35 6,14 —0,21
Scl 14,38 3,04 3,06 +0,02
Scll 14,38 3,04 3,06 +0,02
Til 16,02 4,86 4,70 —0,16
Till 16,17 4,86 4,85 —0,01
VI 15,16 4,02 3,84 —0,18
VII 15,47 4,02 4,15 +0,13
Crl 16,99 5,65 5,67 +0,02
CrlI 17,37 5,65 6,05 +0,40
Mnl 16,89 542 5,57 +0,15
Fel 18,88 7.51 7,56 +0,05
Fell 18,89 7,51 7,57 -+0,06
Col 16,42 4,91 5,10 +0,19
Nil 17,48 6,27 6,16 —0,11
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Biémont etal, 1978), for manganese — 5 determinations from 5 authors
(B [ aicilse e Eal O Martinsonet al., 1973; Pinning -
o and Ttz 1974 Biempnt 1970, @reecnleer and Wha

1ing, 1979), for iron — 14 determinations from 7 authors (Blackwel |
and Shallis, 1979 Blackwelletal,1976; Richterand ST
1870 B aisieh el et 2l i0T00 Rieis s 1073 Smith and Whaling,
1973; May et al., 1974), and for nickel — 5 determinations from 5 authors
(Grevesse, 1970a; Grevesse Gmd S W niter s 18 G Aine SO
Lennard etal, 1975: Biémont et al., 1980). For cobalt the average
of the only known recent determination (Cardonet al., 1982) and Ross
and Aller’ s (1976) value has been taken. For the other five elements log As
have been taken from the compilation of Ross and Aller (1976). We
have placed our results (log N) on the standard scale log A (at log Ay=12,00)

by the mean difference for all 16 determinations (log N—log As)=11,32.
Taking into account the probable sources of errors in determining the abun-
dances and their reduction to the standard scale, we consider the uncertain-
ties in log A to be smaller than 0,2 dex.

In the last column of Table 1 the differences

(2) A=log A—log A

are given. They exceed the supposed error of 0,2 dex for three cases only.

The abundance of chromium derived from CrllI lines exceeds the standard
one by 0,4 dex. Twenty-six “good” lines (which have no great deviations from
the curve of growth) have been used. Nineteen of them have log (10° W, /2)<1
and lie in the linear part of the curve of growth. They belong to different mul-
tiplets of excitation energies from 2,71 to 4,76 eV. Maybe the oscillator strengths
o Crll (Ke o e 70 B e vt nieiin atm i, 1975) are too low about 0,2-0,4 dex.

We have obtained the abundance of silicium lower than the standard one
by 0,32 dex. With oscillator strengths from Wiese et al. (1969) a curve
of growth has been plotted using 14 lines and log Asi =7,53 has been found.
It is in good agreement with the standard one. In Kurucz and Peytremann’s
oscillator strength system the abundance has been obtained from 21 lines (ne-
glecting A3905 A), the great majority of which lies on the linear part of the cur-
ve of growth. Six of these lines have oscillator strengths in the compilation of
Wiese et al. (1969) and the mean difference

[Tog (gf)kp — log (gf)nes]=0. The other 15 lines in fact determine the posi-
tion of the curve of growth. Fourteen of them originate from the same lower
level 3,% *D¢ with excitation energy 5.61 eV (multiplets 27-30). It seems that
the log(gf)kp values for transitions from this level are too large with about
0,3 dex. A curve of growth constructed after such a correction of the oscilla-
tor strengths of the lines from the level 3p® 3D° gives log Agi=7,53.

The calcium abundance exceeds the standard one by 0,21 dex. Fourty li-
nes have been used to obtain it. Eighteen of them lie well on the curve of growth
and 5 are on its linear part. Another curve of growth has been constructed using
39 lines of Cal with oscillator strengths from Wiese et al. (1969). At the
same 0; and ne it gives log Aca =6,35 coinciding with the standard one. A di-
rect comparison of the 16 used lines common for the lists of Kurucz and
Peytremann (1975) and Wiese et al. (1969), gives a mean differen-
ce [log(gf)pk—log(gf)nms]=+0,19 which explains our result and suggests a
certain doubt about the accuracy of the used oscillator strengths.

In the range 3500-6500 A the lists of Wiese et al. (1969) and Ku:
rucz and Peytre mann (1975) have 81 commeon lines of Cal. The dif-
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Table 2

Multi- ’ Upper EP, £ Number
pletes |Low EP, V ‘ % D g of lines
3 1,88 3,89 —0,10 0,01 3
: 1’88 500 T 001 3
9 1.88 5,28 +0,12 0,02 6

% 7 s e o oot H
21 2.51 472 +0.29 0,04 7
2 o8l bt e b 6

: . —0.62 01
25 2,51 5.53 —0,56 0,01 6
26 2,51 5,70 —0.50 0,04 6
27 251 5.80 —0.40 0,01 6
28 251 5.87 —0,35 0,02 6

ferences D=log (gf)xp—log(gl)nes vary greatly being nearly the same for the 1i-

nes of a given multiplet. The mean differences D for some multiplets are pre-
sented in Table 2. Herein 8 is the mean of the absolute values of the deviations

from D for the individual lines. The most of the used solar spectrum lines in
the analysis by chance belong to the multiplets 4, 21 and 22, for which log(gh)xp
are overestimated.

This analysis and the results about Sil and Cal confirm once more the con-
clusion in our previous work (Dobriche v, Raikova, 1981) that
the use of Kurucz and Peytremann’s oscillator strengths for stellar atmos-
phere analysis on the basis of individual lines or small number of lines per
ion entails some risk.
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CoJigeyHble OGHJHSA 3JEeMEHTOB H 1IKaJa CHJ OCIH/JIATOPOB
Kypyua u IleiiTpemana

M. Paiixosa, B. obpu4es

(Peswme)

[To KpHBHIM POCTa, MOCTPOEHHBIM MO HEGJEHAHPOBAHHBIM JHHHAM CO/IHEYHOTO
cnektpa (lo6puues, Patikosa, 198l), onpenenensl obuaus 11 Xu-
MuYecKHux sjeMenToB B atMochepe Connua. OHH CPaBHHBAIOTCS CO CTaHAAPTHBIM
CONepIKAHHEM 3THX 3JEMEHTOB, ONpeJeNeHHBIM MO MyGJIHKAUUAM [OCTeIHHX
ner. o pasauuusaM OOHJHH, [PEBBHIIAIOUHUM 0XUTAEMYIO OIIHOKY, BBEISBJIEHEI
CHCTEMATHYeCKHe OUIHOKH CHJ OCLHJJIATOPOB IJisi HEKOTOPHIX MYJ/bTHIIETOB
Cal u Sil u Bo3MOXKHOE 3aHHKeHHe Hyabnynkra mwKansl aas Cr L.
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