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SUMMARY: We modified oscillator strengths and enhancement factors of van
der Waals damping constants for 84 moderately strong and weak neutral iron spec-
tral lines between 500 nm and 510 nm, by fitting the solar synthetic spectrum to the
observed one. We have found significant difference between the oscillator strengths
and damping constants taken from an extensive spectral line list, frequently used
for spectral synthesis, and their modified values. Our findings include: (1) the
mean value of the distribution of the difference between our and listed oscillator
strengths is -0.831dex and its width is 0.42 dex, (2) a decrease of this difference
with increasing equivalent width of spectral lines, (3) unusually high values of the
obtained enhancement factors in comparison with the results of other authors, (4)
a decrease of enhancement factor with increasing excitation potential for lines with
equivalent width greater than 7.5 pm, (5) a decrease of enhancement factors with in-
creasing equivalent width and (6) a decrease of enhancement factors with increasing

oscillator strengths.
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1. INTRODUCTION

For comparison and interpretation of the ob-
served high - resolution solar spectral line profiles we
usually use synthetic spectral line profiles calculated
under LTE conditions (e.g. Vince and Vince 2003,
Vitas and Vince 2003). We took the atomic data
for these calculations from extended atomic data ta-
bles published at different web sites (e.g. Kurucz
Atomic Data Files!). Often we found that the cal-
culated and observed spectra are very different, i.e.

there are spectral lines in calculated spectra that do
not exist in observed ones and vice versa. More often
the observed line profiles differ very much from calcu-
lated profiles. These discrepancies are independent
of the employed solar atmospheric models. We also
noticed that for a good fit of the calculated to the
observed line profiles the values in atomic data tables
must be changed: usually the oscillator strength (gf)
and van der Waals enhancement factor (E). There-
fore, one can conclude that these discrepancies are
caused by erroneous atomic data used for calcula-
tion of line profiles. These problems with atomic

Ihttp://cfa—www.harward.edu/amdata/ampdata/kuruczi8/kurucz. html
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data motivated us to modify their tabulated values
by fitting the calculated solar spectral line profiles
to the observed ones, supposing that the solar at-
mospheric models are well known and that the LTE
assumption is good enough for not too strong lines.
In this paper we present the modified atomic data
(gf and E) for weak and moderately strong iron lines
from 500 to 510 nm. We do not consider very weak
lines because their profiles are often very deformed
by unrecognized blends and can cause large statis-
tical uncertainties. Since the theoretical spectra are
synthesized adopting LTE conditions, we also avoid
very strong iron lines for which the influence of non
- LTE effect could be significant.
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Fig. 1. Fe I line at 504.421 nm with original pa-

rameters: log(gf)=-2.146 and E=1 (above), and af-
ter our corrections: log(gf)=-2.54 and E=15 (below).

2ftppencaer.phys.appstate.edu/spectrum

Shttp://physics.nist.gov/cgi-bin/AtData/display.ksh
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2. DATA AND RESULTS

We compared the calculated and observed
spectra using ISAAC, an interactive program devel-
oped specifically for this purpose (Latkovié et al.
2002). Tt displays the two spectra and their differ-
ence, and allows quick changing of atomic line pa-
rameters. The new parameters are passed then to
”Spectrum” (written by R. O. Gray), which does the
calculations. The lines we worked on are a part of a
list compiled by R. O. Gray from various sources?. A
Kurucz solar atmosphere model with microturbulent
velocity of 1 km/s and iron abundance of 7.5 was
employed. For comparison, we used photometric at-
las of the solar spectrum observed at Jungfraujoch
Observatory (Delbouille et al. 1973).

As we expected, we found significant disagree-
ment between the synthetic and observed spectra. A
typical example is presented in Fig. 1. Assuming
that this disagreement is a result of imprecise atomic
parameters that ” Spectrum” uses, we modified these
values for a selected group of neutral iron lines from

500 to 510 nm. The list contains 176 neutral iron
lines in this range. We disregarded very weak lines

(central depth less than 0.1). Also, we left some
lines in superposition for later, more detailed con-
sideration. We treated 84 lines varying their log(gf)
and E-factor values until a good fit was achieved. In
most cases, this means that after applying our cor-
rections, the difference between corresponding line
profile points is less than 0.03 expressed in units of
the local continuum (see Fig. 1, below). This is
not so with a number of stronger lines (equivalent
width greater than 8 pm) where a specific problem
appeared: while we were able to match the wings,
the core of the synthetic line remained considerably
wider than in the observed line. This problem will
remain for further investigation.

In Table 1 the old and the modified oscilla-
tor strengths and enhancement factors for van der
Waals broadening are presented. The original values
for enhancements factors in Gray’s list are all equal
to 1.0, so they are omitted. Equivalent widths are
taken from Moore et al. (1966). Missing equivalent
widths mean that in Moore et al. (1966) these lines

are not identified as iron lines or the iron line is in
an unresolved overlap with other spectral lines.

2.1. Oscillator strengths

We compared our data with the list compiled
by Gray, and with the data from NIST web site3.
In Fig. 2 this comparison is presented as the differ-
ence of tabulated and corrected log(gf) values ver-
sus corrected log(gf) values. The differences show
large scattering. Maximum deviation between our
and Gray’s data is about -1.9 dex, and about -1.3

dex between our data and the data from NIST. The
distribution function of differences for our and Gray’s
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log(gf) values is presented in Fig. 4. The distribu-
tion of differences is slightly asymmetric and shifted
toward the negative values. The shift (mean value of
the distribution) is -0.31 dex and the average devia-
tion (rms) is 0.42 dex. This means that our values
are systematically smaller than the values of other
authors (sampled in Gray’s list).
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Fig. 2. The difference of the modified and tabulated
values (Gray and NIST) of log(gf) vs. the modified
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Fig. 3. The difference of the modified and tabulated
values (Gray and NIST) of log(gf) vs. the equivalent
width.

We do not have definite explanation for neg-
ative shift of the mean value of distribution. It is
possible that the adapted microturbulent velocity of

1 km/s is too high for the used solar atmosphere
model and systematically lowers our log(gf) values.
The other possibility is that the negative shift is due

to very high values of our estimated enhancement
factors (see discussion later). Namely, high values of
enhancement factors can have significant influence on
the far wings of synthetic line profiles (redistributing
line intensity from the core to far wings of the line
profile). The far wings of synthesized lines are diffi-
cult to compare with observations because they are
usually blended with the wings of neighboring lines.
This idea is supported by the result of comparison of
the difference of our and Gray’s log(gf) values with
equivalent width of spectral lines. This comparison is
given in Fig. 3. As one can see, there is a significant
correlation between the difference of our and Gray’s
log(gf) values and equivalent width: the difference
decreases with equivalent width.

The scattering of 0.42 dex is very high in com-
parison with the scattering of differences between dif-
ferent laboratory measurements, but it is compara-
ble with the scattering of differences between semi-
empirical calculations and laboratory values (see e.g.
Bard et al. 1991). We obtained this high scat-
tering since Gray’s list mostly contains calculated
values. Large scattering might be partly due to se-
lection rules. Namely, for laboratory measurements
usually the most favorable lines are selected. For in-
stance, Bard et al. (1991) data set has only 114 Fe
I lines (for comparison with other data they never
used more than 40 lines) from the wavelength range
of 910 nm (260-1170 nm). Our data set contains
84 (also selected) lines from a much narrower wave-
length range of 10 nm (500-510 nm) and only two
lines are common with the Bard et al. (1991). We
plan to apply our method for simultaneous determi-
nation of log(gf) and enhancement factors on these
114 Fel spectral lines and compare our results with
results of Bard et al. (1991).
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Fig. 4. The distribution of the differences be-

tween our values for log(gf) and the values taken
from Gray’s table.
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2.2. Enhancement factors for van der Waals
broadening parameters

Our estimated enhancement factors (E-fac-
tors) are unexpectedly high in comparison with the
results of other authors. For example, Gurtovenko
et al. (1982) determined enhancement factors for 75
neutral iron lines. The distribution of these enhance-
ment factors is given in Fig. 5. The mean value of
the enhancement factors is 3.3 with average devia-
tion of 2.4. The minimum and maximum values are
0.4 and 14, respectively. The distribution is asym-
metric toward the higher values of E-factors. The
distribution of our E-factors is presented in Fig. 6.
It is very different from the previous one. The mean
value is about 15 and the average deviation is about
9. If several extreme values (larger than 25) are ex-
cluded, the distribution becomes rather symmetrical.
Among 25 articles (listed in Table IA of the article
by Gurtovenko and Kondrashova 1980) dealing with
E-factors, only the value of 20 obtained by Sacotte
and Bonnet (1972), exceeds our mean value of 15.

Unusually high values of our enhancement fac-
tors are not completely understood. We suspect
that a part of this discrepancy is due to the fact
that different authors use different methods for van
der Waals broadening parameters calculation. These
different approaches can lead to different values for
van der Waals broadening parameters and system-
atic differences between E-factors. For example,
spectral synthesis program ”Spectrum” that we em-
ployed for our line profile calculations, uses van der
Waals broadening parameters obtained from theory
of Barklem et al. (1998), while Gurtovenko et al.
(1982) use another approximation. We proved this
hypothesis by comparing the enhancement factors
obtained by Gurtovenko et al (1982) and Anstee
and O’Mara (1995). Anstee and O’Mara (1995) ap-
plied their broadening parameters in the synthesis of
three strong solar lines: sodium (589.592 nm), cal-
cium (616.218 nm) and iron (526.954 nm). Synthetic
profiles of these lines corrected by E-factors of 1.93,
2.39 and 2.11 respectively give consistent solar abun-
dances of these elements with the meteoritic values
and an excellent fit to wings (but not to cores) of the
observed line profiles. Since these enhancement fac-
tors are very similar to the mean value (1.27) of 19
stronger (EW>15 pm) iron lines obtained by Gur-
tovenko et al. (1982), our hypothesis is incorrect for
strong lines. It is possible that this discrepancy is a
consequence of the fact that our set of spectral lines
contains mostly moderately strong and weak spec-
tral lines, in contrast to other authors who mainly
study stronger spectral lines. In order to check this
assumption we plotted the E-factors versus equiva-
lent widths (Fig. 7). There is correlation between
equivalent widths and E-factors: E-factors decrease
with increasing equivalent widths, confirming the re-
sults published by Gurtovenko et al. (1982). They
argued that the observed increase of E-factors with
decreasing equivalent widths is due to peculiarities of
deep photospheric velocity fields but not to errors in
the theory of van der Waals broadening. Although
there is a quantitative agreement between our re-
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sults and results of Gurtovenko et al. (1982) our
E-factors are systematically larger. We believe that
the neglecting of the depression of the observed lo-
cal continuum level in synthetic spectrum calculation
can lead to this systematic effect. Weaker lines are
more influenced by this effect than stronger ones.
This is also supported by the correlation between E-
factors and oscillator strengths (Fig. 8): E-factors
decrease with increasing oscillator strengths. This is
probably the reason why our log(gf) values are sys-
tematically smaller than the values of other authors.
In the future work this correlation has to be taken
into account since it can cause systematic errors in
determination of E-factors and oscillator strengths.
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Fig. 5. The distribution of enhancement factors
published by Gurtovenko at al. (1982).

251

\

10- § §
_ N\
0 W NN

0 10 20 30 40 50 60

E - factor

Fig. 6.
tors.

The distribution of our enhancement fac-



ON THE MODIFICATIONS OF OSCILLATOR STRENGTHS AND DAMPING CONSTANTS OF Fe I SPECTRAL LINES

E - factor

45
40 - o
35 o
30
254 @ o o
(U4 ?
20 a0 o® o
dp O 0 )
151 o 0300, 00
0, o%)% oY
10 o o o o
[ 06’
5 »h "o
o » o
04
T T T T T
0 5 10 15 20

Equivalent width [pm]

Fig. 7. The dependence of the enhancement factor
on the equivalent width.
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tors and oscillator strengths.

We also investigated if there were any corre-
lation between excitation potential of lower energy
level of line transition and the obtained enhancement
factors. For this purpose we divided our data into
two groups according to equivalent width: lines with
EW < 7.5 pm and EW > 7.5 pm. For the first group
there is no correlation (see Fig. 9). The second group
shows decreasing enhancement factor with increasing

lower energy level (see Fig. 10). This result is in con-
tradiction with results of Gurtovenko et al. (1982).
They did not find any significant systematic depen-
dence between E-factors and lower-level excitation
potential.
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Fig. 9. The dependence of the enhancement factor
on lower-level excitation potential for lines with EW
less than 7.5 pm.

25 o
20 ) o
o
1
S 15-
< ®
8 o o o
1
w 10 % %
9
>
5 9
? o
0

T T T T T T T T T T T T T
5000 10000 15000 20000 25000 30000 35000

Lower energy level [cm'1]

Fig. 10. The dependence of the enhancement fac-
tor on lower-level excitation potential for lines with
EW greater than 7.5 pm.
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Table 1. The tabulated and our modified values for oscillator strengths (log(gf)) and enhancement factors
(E) as well as equivalent widths (EW) for a number of Fel lines. The columns containing our modified values
are marked with asterisk.

Alnm] | log(gf) | log(gf)* | Ex | EW[pm] Alnm] | log(gf) | log(gf)= | Ex | EW[pm]
500.1862 | -0.030 | -0.590 | 3 168 | [504.4210 | -2.146 | -2.540 | 15 7
500.2582 | -2.450 | -2.420 | 20 18| [504.7130 | -2.134 | -2.220 | 15 0.7
500.2789 | -1.579 | -2.000 | 20 85| [504.8433 | -1.256 | -1.530 | 10 7
500.4037 | -1.404 | -1.600 | 11 5| [504.9810 | -1.426 | -2.200 | 12 135
500.5711 | -0.180 | -0.700 | 3 13.6 | [505.1634 | -2.794 | -3.840 | 17 1.1
500.6117 | -0.767 | -1.500 | 11 19 | [505.2966 | -3.044 | -3.000 | 55
500.7293 | -0.210 | -0.750 7 96 | [505.4642 | -2.140 | -2.275 | 15 35
500.7728 | -1.830 | -1.830 | 15 33| [505.5993 | -2.015 | -2.060 | 40
501.1213 | -4.000 | -4.175 | 30 505.6841 | -1.961 | -1.810 | 20 24
501.1239 | -3.000 | -3.375 | 25 0.2 | [505.7480 | -2.638 | -1.860 | 13
501.2067 | -2.642 | -3.800 | 25 12| [505.7498 | -2.140 | -3.500 1
501.2153 | -0.908 | -1.450 | 10 58 | [505.8496 | -2.830 | -2.840 | 18 1
501.2683 | -1.786 | -1.660 | 15 4] [506.0049 | -1.688 | -1.700 | 40 6
501.4941 | -0.247 | -0810 | 6 125 | [506.0078 | -5.457 | -5.780 | 20
501.6476 | -1.683 | -1.750 | 15 33| [506.4955 | -1.928 | -1.800 7
501.9660 | -2.375 | -3.100 1 506.5014 | -0.134 | -0.500 5 10
501.0732 | -2.134 | -2.190 | 23 24| [5065194 | -1.994 | -1.890 | 12 68
502.0816 | -2.927 | -2.740 | 22 17| [506.7151 | -0.969 | -1.250 | 13 7.3
502.1602 | -1.250 | -1.465 | 10 48| [506.8765 | -1.227 | -1.800 | 11 12.9
502.1675 | -2.190 | -2.020 | 13 25| [506.0422 | -2.160 | -2.150 | 17
502.2236 | -0.530 | -1.050 7 114 | [507.2076 | -0.380 | -1.075 | 13 8
502.3108 | -1.602 | -1.675 | 12 35| [507.2668 | -0.880 | -1.340 | 15 6
502.3489 | -1.712 | -1.750 | 15 26 | [507.4748 | -0.196 | -0.650 8 115
502.5080 | -1.990 | -1.970 | 15 2| [507.6262 | -0.767 | -1.230 | 11 6.8
502.5318 | -2.041 | -1.080 | 17 1.8 | [507.8528 | -3.375 | -3.300 | 25 0.7
502.7120 | -0.559 | -0.920 | 9 105 | | 507.8972 | -0.260 | -0.750 5 93
502.7226 | -1.014 | -2.130 | 14 16| [507.0224 | -2.067 | -2.750 | 14 10
502.7299 | -3.083 | -4.000 1 507.9739 | -3.220 | -4.000 | 20 8.7
502.7341 | -1.963 | -2.150 | 15 32| [508.0792 | -3.946 | -3.946 | 35
502.7756 | -1.254 | -1.430 | 13 6.1 | [508.0043 | -3.094 | -3.340 | 10 1.2
502.8126 | -1.474 | -1.650 | 11 83| [508.1864 | -2.831 | -2.750 | 25 0.6
502.9621 | -2.050 | -2.300 | 15 11| [5083338 | -2.958 | -3.900 | 21 95
503.0779 | -2.944 | -2.970 | 23 2| [5085677 | -3.005 | -2.900 2 0.6
503.1213 | -3.290 | -2.800 | 35 11| [ 5088166 | -1.775 | -1.790 | 18 3.2
503.1915 | -1.672 | -1.790 | 15 21| [509.0767 | -0.410 | -0.950 9 8.5
503.9250 | -1.640 | -1.940 | 13 73| [500.1715 | -3.541 | -3.400 | 20
504.0252 | -2.205 | -2.500 | 13 1| [509.1725 | -3.392 | -3.800 | 30
504.0853 | -0.682 | -1.350 | 10 509.1729 | -4.093 | -3.900 | 20
504.0001 | -0.533 | -0.930 | 6 509.6998 | -0.277 | -0.850 6 9
504.1071 | -2.156 | -3.920 | 20 11.2 509.857 | -0.990 | -1.450 | 10 7
504.1755 | -2.086 | -3.220 | 25 3| [509.8699 | -2.327 | -2.700 | 14 10.2
504.1847 | -0.822 | -2.100 | 3 14| [509.9075 | -1.534 | -1.675 | 17 5.2
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3. CONCLUSIONS

We confirmed once more that theoretical van
der Waals damping constants are insufficient for
good fitting of observed line wings in stellar spectra.

According to our results the oscillator stren-
gths and enhancement factors in existing atomic data
tables are not suitable for precise line profile cal-
culations. These data have to be improved before
they can be used for calculation of synthetic spectra.
One of the possible ways to improve these data: the
method of comparison of the observed and synthetic
spectra, is presented in this paper. We believe that
these improved data are precise enough for calcula-
tion of medium and low-resolution spectra of (solar
like) stars. As we believe that these improved atomic
data can be helpful for better interpretation of some
spectroscopic observations, we plan to continue this
work by taking other spectral lines into considera-
tion and by extending the spectral range to the larger
part of the spectrum. This could help us to solve the
problems that remain unanswered in this article too.
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O IIOITIPABKAMA AIICOPIIIIMOHMX OCIMNJIATOPHUX
JAUNMHA 1 KOHCTAHTHU IMINPEIHA KO CIIERTPAJIHUX
JIMHMNJA HEYTPAJIHOT I'BOsKRBHA OJI 500 nm JIO 510 nm
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UDK 523.9

Opuzurasnu Hay4HY Pad

Ompenunu CMO AICOPIIMOHE OCHUIATOPHE
ayMHe U IOIpaBKe 3a KOHCTaHTe BaH Iep
aJICcOBOI mupema 3a 84 CcHexkTpaJiHe JIUHUje

HeyTpaJsHOr rBOokba y omcery om 500 nm mo
510 nm, ¢uTOBAmEM CHMHTETETH30BAHOI CIEKTDA
nmpeMa mocMaTpaHoM. BpemHocTu Koje cMO z0-
Ouin 3HAUAJHO Ce Pa3NMKyjy O MOJAa3HuX (Koje

IOTUYY W3 jeNHe OICEXKHE JUCTE CHEKTPAJHUX
JINHUja KOja Ce YeCTO KOPUCTU 3a CHUHTE3y CIIEK-

Tapa). Ycramosuiu cmo caenehie: (1) pacnonmena

pasauka u3MeDy HamMX ¥ MONA3HUX BPEIHOCTU
3a CmJe OCIUIaTOpa MMa Cpellmhy BPETHOCT O
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-0.31 u mupuny oxn 0.42, (2) onamame oBUX pa-
3nuka ca nosehameM exBuBaseHTHe mupuse, (3)
HAllle IONPABKE 3a KOHCTAHTE BaH mep Bascosor
muUpemna Cy HeOOUYHO BEeJIUKE y OMHOCY Ha Pe3yil-
TaTe OPYTrUX ayTtopa, (4) oBe mOmpaBke omamajy
ca HOPACTOM EKCIUTAIMOHOT MOTEeHIUjala I0-
eI HUBOA KON JIMHUja CA eKBUBAJEHTHOM MIUPU-
mom Behiom om 7.5 pm, (5) cmameme darTopa
HONpAaBKe Ca PACTOM EKBUBAJIEHTHE LIIUPUHE JIU-
Huja un (6) cMameme (GakTopa HONpPaBKEe Ca Pac-
TOM aIICOPINMOHE OCHWJIATOPHE jaumnHe JUHUjA.



