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The primary component of v Sagittarius is a neon star
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Abstract.

From photographic and CCD spectra the abundance of neon and other elements

in the atmosphere of the v Sgr primary component has been derived. The values of T,¢s =
13500 + 150K and log g = 2.0 + 0.5 obtained earlier have been confirmed; the value of the
turbulent velocity in the region of neon line formation, Vy(Ne) = 12km/s, has been found; the
abundances of light elements H — 10~%, He — 0.93, C — 0.014, N — 0.023, and O — 0.002 in
mass have been refined. A great overabundance of neon has been found, its abundance with a
high accuracy is log(N(Ne)/ZN;) = —2.76 + 0.16 (about 1% in mass).
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1. Introduction

The unique chemical composition of the bright com-
ponent of the helium binary system v Sgr is associ-
ated with its evolutionary status and some individ-
ual characteristic properties of the star’s history. The
observed proportion of hydrogen, helium and CNO
group elements was discussed in detail in our previ-
ous papers (Leushin, Topilskaya, 1987; Leushin et al.,
1998) and is quantitatively explained by assuming the
main component of v Sgr to be a product of evolu-
tion of a star with a mass of 7 M. The duration of
its evolution from the main sequence is approximately
6-107 years. About 5-10° years ago, when at the cen-
tre of the star the helium-to-carbon conversion was in
progress, at the boundary of the helium core a layer
source of hydrogen burning generated. As a result,
the star lost almost the whole hydrogen envelope.

The processes of light mixing triggered at that mo-
ment created the observed abundances of H, He, C, N
and O in the atmosphere of the system’s bright com-
ponent (Leushin et al., 1998). This kind of processes
are possible in the majority of stars that have reached
the stage of helium depletion. However, an indispens-
able condition for chemical composition anomalies on
the surface like those in v Sgr to arise is the pro-
cess of losing the envelopes (hydrogen and helium)
exactly in multiple stellar systems. The gravitational
interaction between the components in such systems
may stimulate mixing of matter in zones with differ-
ent chemical composition and nuclear processes. The
latter is a necessary condition for the appearance of
the observed anomalies.

Variations of intensity and duration of mixing and
its effects at different stages of nuclear evolution may
change essentially the final chemical composition of
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the atmospheres of helium stars. Thus, evolution and
gravitational effects may cause the chemical compo-
sition of helium stars to be rather diversified, which
is actually observed.

In connection with the above-said the distinctions
in chemical composition of helium stars, members of
multiple systems (binaries, as a rule), are defined by
basic parameters (mass and radius of the components,
distribution of mass along the radius, original chem-
ical composition) and by evolution history of a sys-
tem (duration of evolution, degree of interaction of
the components, size and eccentricity of orbits, etc.).
Thus, each of the characteristic properties of chemi-
cal composition of helium stars may be rigidly deter-
mined by physical properties of a system.

Taking into account all stated above, we cal-
culated the history of chemical evolution of v Sgr
(Leushin et al., 1997) which explains the observed
abundances of hydrogen, helium and CNO group ele-
ments. Light elements from hydrogen to oxygen were
involved in the computation since it was assumed that
the nuclear evolution of matter of the main compo-
nent of v Sgr terminated by helium depletion. The
estimate of neon abundance that we have obtained
(about 9% in mass) demanded more advanced stages
of nuclear evolution. However, this estimate is uncer-
tain since it has been made from blue region spectra,
where neon lines are very few.

The aim of the present paper is to evaluate the
neon abundance in the atmosphere of the main com-
ponent of v Sgr on the basis of spectral data obtained
in the red spectral region, where neon lines are quite
numerous.
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Table 1: Spectral data for analysis of v Sgr

Date No. of the Detector Spectrum Resolu- S/N  Dispersion
spectrum region tion ratio

17.05.78 1,2  Kodakl03aO 3900 - 5000 10000 =40 8 A/mm

14.06.78 33-35 Kodak103a0 3900 - 5000 10000 =40 8 A/mm

13.08.86 21 Kodak103a0 3900 - 5000 40000 ~40 1.8 A/mm

15.06.96 c11604s CCD 3400 - 10000 40000 =200 0.18 A/pic.
1242x1192
Wight Instr.(GB)

2. Observations model (T, = 13500K, logg = 2.0, abundances of

For analysis of the main component of v Sgr we used
spectrograms taken with the SAO RAS 6m tele-
scope Main Stellar Spectrograph on emulsions Kodak
10320 and Kodak OaO with dispersions of 2-8 A /mm
= H, from 1976 to 1986, and the spectra obtained
with the echelle spectrograph of the 1 m telescope of
=40 RAS (Musaev, 1993) using a CCD matrix.

Relevant data are collected in Table 1.

The absorption lines in the spectra of the v Sgr
wright component that we have identified and mea-
wred from the photographic spectra in the region

1 3%00-4680 AA are given in the paper by Kravtsov,
_eushin (1981). The results for the lines Nel measured
the region A\ 5400-8500 AA from CCD spectra are
iszed in Table 2. The table presents atomic parame-

==, equivalent widths and values of neon abundance
wwained from corresponding lines. The abundance
=iue is given in log (N(Ne)/EN;j). Since the spectrum
" the v Sgr main component is rich in spectral lines,
were are practically no lineless regions in the con-
smous spectrum. The latter condition leads to the

« that even with a signal-to-noise ratio of =200

= accuracy of the equivalent width values cannot
etter than 10 %.

To analyse the neon lines in the spectrum of v Sgr,

save employed the log g f values from Kasabov and
“lseev (1973) and also a compilation of log g f data
» the VALD system (Ryabchikova et al., 1999). Ta-

= 2 tabulates the latter. A comparison of oscillator
wwemgths from these papers is shown in Fig.1l and

=:s to a good enough fit between them:
log gf(VALD) = 0.98 x log g f(KE) + 0.07.

should nevertheless be noted that there are some
screpancies in log g f values for some lines.

! Model atmosphere of the bright com-
ponent of v Sgr

Tlwe used procedure of the atmosphere chemical com-
sition analysis is described by Leushin (1995). The
moddel atmosphere was chosen earlier (Leushin, Top-
“imva, 1985). The basic parameters of the computed

hydrogen, helium, carbon, nitrogen, and oxygen are
1074, 0.93, 0.013, 0.042 and 0.008, respectively) were
confirmed in later studies (Leushin et al., 1997).

Nevertheless, the new data, obtained from better
spectra with an essentially higher resolution necessi-
tated some revision when computing the model atmo-
sphere of v Sgr. In particular we had to take more pre-
cise account of the influence of the atmosphere chem-
ical composition anomalies of the star under study
as compared to the standard (solar) anomalies and
backwarming. The original chemical abundance of the
model atmosphere varied within £0.6 dex from those
presented above. The abundance of the rest of the
elements was taken by +0.3 dex higher than the so-
lar one. The model was computed by the programme
SAM1, which we adapted for the input data to be
used in the programme KONTUR (Leushin, Topil-
skaya, 1986).

Calculations of models with different proportions
of hydrogen, helium, elements of CNO group and
neon in the mentioned above limits as compared to
those determined earlier (Leushin, Topilskaya, 1987)
do not practically change the structure of the model
atmosphere. For this reason, the model atmosphere
variations were not included in the iteration process
of determining neon abundance in v Sgr.

The employed model atmosphere is planeparallel,
which is not crucial in our analysis. Calculations show
that the linear depth of the atmosphere H (up to
7=1.0) is = 10°km. Thus, for vSgr H/R=0.04 the
atmosphere may be considered planeparallel.

4. Turbulent velocity from neon lines

The turbulent velocity value V; in the atmosphere
of vSgr, found by Kravtsov, Leushin (1981) and
Leushin, Topilskaya (1987) from Fel, Fell, CrIl, and
Till lines in the blue region of the spectrum, varies
from 5 to 10km/s. Our spectral data made it pos-
sible to determine the turbulent velocity in the at-
mosphere of vSgr from Nel lines in the red region
of the spectrum. With this purpose we made a series
of calculations of theoretical curves of growth for 40
Nel lines with the programme KONTUR (Leushin,
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Table 2: Parameters, equivalent widths (W, mA) and
neon abundance values

A ei,eV loggf W, logN(Ne)/EN;
5433.65 1838 -2.17  28.0 -2.65
5448.51 18,38 -3.35 50 -2.34

5852.49 16.65 -0.46 390.0 -2.61
5881.90 16.62 -0.67 295.0 -2.96
5944.83 16.62 -0.12 495.0 -2.35
5974.63 18.64 -0.71 200.0 -2.59
5975.53 16.62 -1.26 198.0 -2.96
6029.99 16.67 -1.04 258.0 -2.78
6046.14 18.61 -2.19 15.0 -2.73
6074.34 16.67 -047  325.0 -2.96
6096.16 16.67 -0.27  415.0 -2.65
6118.03 18.63 -1.82 60.0 -2.51
6128.45 16.67 -1.94 160.0 -2.44
6143.06 16.62 -0.10  400.0 -2.92
6163.59 16.72 -0.59  390.0 -2.45
6217.28 16.62 -1.14 240.0 -2.80
6266.49 16.71 -0.53 339.0 -2.85
6293.74 18.69 -1.77 51.0 -2.59
6304.79 16.67 -1.41 170.0 -2.93
6313.69 18.69 -1.91 17.0 -2.98
6328.16 18.70 -1.04 140.0 -2.58
6334.43 16.62 -0.31 363.0 -2.92
6351.86 18.71 -2.04 27.0 -2.64
6382.99 16.67 -0.26 390.0 -2.79
6402.25 16.62 0.36 550.0 -2.59
6421.71 1872 -1.97 16.0 -2.89
6506.53 16.67  0.03 417.0 -2.94
6532.88 16.67 -0.70 255.0 -3.10
6598.95 16.85 -0.35 402.0 -2.56
6602.91 18.69 -1.76 51.0 -2.93
6678.28 16.85 -0.11 350.0 -3.10
6678.33 18.70 -1.53 50.0 -2.74
6717.04 16.85 -0.31 320.0 -3.06
6929.47 16.85 0.03 450.0 -2.69
703241 16.62 -0.25  450.0 -2.52
7173.94 16.85 -1.31 150.0 -3.06
7245.17 16.67  -0.60 350.0 -2.68
7304.82 18.96 -2.17 70 -2.80
7438.90 16.71 -1.15 270.0 -2.55
7488.87 18.38  0.05 334.0 -2.64

Topilskaya, 1986) for the model atmosphere with pa-
rameters T.ry = 13500K, and logg = 2.0 and tur-
bulent velocity from 7.5km/s to 15km/s. From the
curves of growth and measured values of equivalent
widths we estimated neon abundance from the num-
ber of atoms — log (N(Ne)/XN;) for each value of tur-
bulent velocity. The observed equivalent widths were
compared with the theoretical ones for abundances
obtained with different values of turbulent velocity.
Fig. 2 shows neon abundance variations as a function

of equivalent width for two values V;=7.5km/s and
V;=12.0km/s. Table3 gives the values of the coeffi-
cients of linear regressions for the relation mentioned

log (N(Ne)/XN;) = log (N(Ne)/ENj)o + k x Wy,

log (N(Ne)/%N;)o is the value in ordinate axis at zero
value of the abscissa axis.

From Fig.2 it is seen that for Vy = 7.5 km the
value log(N(Ne)/ZN;), obtained from the equivalent
width, increases with equivalent width. This increase
is caused by underestimation of the turbulent veloc-
ity at calculation of a theoretical curve of growth. If
the value of the turbulent velocity in theoretical cal-
culations is chosen correctly, the element abundances
obtained are not caused by the value of the line equiv-
alent widths. Thus, the correct value of V; can be
determined from the change of the sign of the linear
regression coefficient in the ratio log (N(Ne)/EN;) =
log (N(Ne)/EN;)o + k x W,. As is seen from the ta-
ble, Vi = 12.0km/s meets this condition. This is also
confirmed by the root-mean-square error presented
in the last column of the table, which decreases when
approaching the correct value of Vy.

Formally V is determined here with an accuracy
of £0.1km/s, however, it should be borne in mind
that the real values of Vy in the atmosphere of v Sgr
vary undoubtedly over a rather wide range (appar-
ently from 5 to 12 km/s), and since the spectral lines
form in the whole depth of the atmosphere, we may
speak only about an average value in the region of
line formation.

On the other hand, the spectrum of v Sgr reveals
all the features of an envelope and expanding inho-
mogeneous atmosphere: non-symmetrical profiles of
P Cyg type in some lines, and also a strong emission
in H,. The extent and non-stationarity of the atmo-
sphere cause inhomogeneous motions in height. For
determination of element abundances the values of
turbulent velocity variations are of great importance.
As it was mentioned earlier Kravtsov and Leushin
(1981) the noted V; variations lie within 5 to 10km/s.
A study of lines in the blue region gives a value close
to 7.5km/s, and in the red region close to 12km/s.
Neon lines that we have measured are in the red re-
gion of the spectrum and give exactly this value of
turbulent velocity.

Because of low hydrogen abundance, the atmo-
sphere of v Sgr is rather transparent and ion lines
with different ionization potentials form at different
depths. The lines in red and blue spectrum regions
form also at different depths. This fact causes a no-
table difference in turbulent velocity determined from
these elements, if the turbulent velocity varies with
depth. The difference in turbulent velocities deter-
mined from Fel, Fell, CrII, Till and Nel lines is in-
dicative of velocity variations with depth, which con-
firms our assumption on mixing of the zones with
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Figure 1: A comparison of the oscillator strength values of Nel.
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“lgure 2: Neon abundance as a function of Wy for Vi = 7.5 km/s (asterisks) and Vi = 12.0 km/s (rectangles).

“Ferent chemical composition (Leushin et al., 1998).  —2.74 £ 0.20. The accuracy of determination of the
element abundance from the line equivalent width de-
pends on the accuracy of continuum level placement

:. Neon abundance in the atmosphere and measurement of the line contour. The problem

of v Sgr of resolving element lines under study and placement
of a continuous spectrum is not a trivial one for the
spectra with strong blending. An analysis of abun-
dance from the line contours with calculation of the
regions of the synthetic spectrum can be made with
more accurate allowance for blending and location of

“unle 2 presents the equivalent widths of Nel lines

(N(Ne)/XN;) obtained with an average value

“tmrbulent velocity, Vi = 12.0km/s. The mean value
- the neon abundance with the standard deviation
sum the average for all 40 lines is log(N(Ne)/EN;) =
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Figure 3: Regions of synthetic spectra round Nel lines. Asterisks — the observed spectrum, lines — calculated
spectrum with the element abundance variations by -0.5 and 1.0 dex relative to the data of Table 4.

the continuous spectrum. The blending here is taken
into account by including into the synthetic profile
of all the lines falling within this spectral interval.
At the same time, the procedure of calculation de-
mands knowledge of the parameters of all lines of
the blend, which cannot be always done especially for
faint lines. Practically for all neon lines in the spec-

trum of v Sgr unidentified components can be found.
Besides, as compared with the equivalent width the
line contours are strongly affected by the influence
of dynamic parameters of the atmosphere envelope
expansion and outflow, differential rotation of the at-
mosphere, meridional flows, variations of turbulent
velocity with height, etc.). Nevertheless abundances

_
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Tzble 3: Coefficients of linear regressions for the relation of the calculated neon abundance and equivalent line

wdth at different values of turbulent velocity; corresponding average values log(N(Ne)/XN;) and the root-mean-

puare error of this average (£A(logN))

V, km/s  log(N(Ne)/EN;)y K Tog(N(Ne)/EN;)  A(logN)
15.0 -2.707 -0.00090 -2.929 +0.040
12.5 -2.732 -0.00018 -2.776 +0.033
12.0 -2.740 -0.000003 -2.740 +0.033
11.9 -2.740 +0.00003 -2.731 +0.033
11.8 -2.741 +0.00007 -2.722 +0.033
11.5 -2.745 +0.00010 -2.698 +0.033
10.0 -2.762 +0.00086 -2.552 +0.039
7.5 -2.756 +0.00220 -2.216 +0.064

determined more reliably from the contours than
wom the net line intensities.
To specify the neon abundance, a calculation of
= synthetic spectra around the Nel line was made.
Table 4 presents the lists of spectral lines with atomic
jarameters for the regions of the synthetic spec-
-wm in which Nel lines are located. The synthetic
=ctrum for each of these regions of the spectrum
== computed with different values of element abun-
nces. The last column of Table4 shows the abun-
nces of log(Ny/XN;) for each of the elements, at
ich the theoretically computed spectrum describes
#=t the observations. Fig. 3 shows the corresponding
sions of the synthetic and observed spectra. The dif-
-ences between the theoretical curves are due to the
“uction of the element abundances (with respect to
¢ given in Table4) by —0.5 and —1.0dex in the
zmber of atoms.
Below are presented some considerations on the
mparison of the synthetic and observed spectra.

Nel )\5852.49. The theoretical synthetic spec-
-um describes well the contour of the neon line and
the blend NI (A5854.05) and Fell (A 5854.19). On
= red side of the Nel line, there is an unidentified
= 15851.6 A with R 0.09. The neon abundance:
£ N(Ne)/ZN;) = —3.06.
Nel )\ 5944.83. A blend with the H5O lines of
»= atmosphere.
Nel A 6074.34. The synthetic spectrum describes
#=.| the observed one, however, in the blue wing of
I the line A 6073.2 with R= 0.08 is not identified.
e neon abundance: log(N(Ne)/ZN;) = —3.01.
Nel )6096.16. Coincidence of the theoretical
wd observed contours is good. The line component
isible on the red side of the neon line. Appar-
v, it is an unidentified line. The neon abundance:
2 N(Ne)/XN;) = —3.04.
Nel ) 6143.06. Coincidence of the theoretical
md observed contours is within the observation er-
<. The line component on the red side of the neon

line can be described by increasing of log(N(Fe) /XN;)
for Ti and Fe by 0.6 dex in the calculation of Till
A6141.51 and Fell A6141.85 lines. The neon abun-
dance value: log(N(Ne)/XN;) = —2.76. Incorrect
placing of the continuous spectrum is possible.

Nel )6163.59. The neon abundance is deter-
mined within —3.06 < log(N(Ne)/ZN;) < —2.86. The
uncertainty is associated with the blend which is not
resolved with NI A6163.21 line.

Nel )X6266.50. The neon abundance is deter-
mined very reliably: log(N(Ne)/XN;) = —2.74.

Nel ) 6328.16 and A 6334.43. The neon abun-
dance is determined reliably: log(N(Ne)/EXN;) =
—2.74. In both neon lines asymmetry of the red wing
is seen, which is determined in other lines as an
unidentified blend.

Nel 16401.08 and ) 6402.25. Nel A6401.08
line gives an abundance log(N(Ne)/EN;) = —2.66 by
0.1 dex higher than the line A 6402.25. Thus, we may
expect here log(N(Ne)/ZN;) = —-2.71.

Nel )6506.30. The theoretical contour does
not describe completely the line wings. Apparently
there are unidentified lines: blue — A 6506.0, R=0.05,
red — A6507.8, R=0.09. The neon abundance:
log{N(Ne)/EN;) = —2.76.

Nel ) 6532.88. The contour and vicinity of Nel
line are strongly blended with H5O lines of the atmo-
sphere. However, the estimate of the neon abundance
is reliable: log(N(Ne)/TN;) = —3.04.

Nel )\6678.28. The neon abundance is deter-
mined from two blending lines Nel A6678.28 and
A6678.33. The weighted mean abundance value:
log(N(Ne)/XN;) = —2.80.

Nel )6929.47. The spectrum is overcrowded
with HyO lines of the atmosphere. Neon abundance
estimate: log(N(Ne)/EN;) = —2.66.

Nel )\7032.41. The theoretical and observed
contours coincide. On the blue side of the neon line
there is a strong unidentified blend A 7031.2, R=0.18.
The neon abundance: log(N(Ne)/ZN;) = —2.64.
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Table 4: Line parameters for calculation of synthetic ~ Table 4: Line parameters for calculation of synthetic

spectra spectra (continued)
MA Ion eeV loggf logN MA Ion eeV loggf logN
5428.64 SI 13.58 -0.31 -3.94 "6046.44 OI 1099 -1.37 -3.26
5429.79 Fell 1289 0.12 -3.90
5429.81 Fel 4,74 -0.98 -3.90 6071.43 Fell 10.71 -0.19 -4.10
5429.82 Fell 10.60 0.46 -3.90 6071.87 Fell 10.84 -1.56 -4.10
5431.54 Fell 834 -2.26 -3.90 6072.45 Till 8.11 0.141 -5.65
5432.77 SII  13.62 -0.61 -3.94 6072.49 Fell 10.85 -1.11 -4.10
5432.97 Fell 3.27 -3.63 -3.90 6073.76  Till 8.10 -0.14 -5.65
5433.66 Nel 18.38 -2.27 -2.74 6074.34 Nel 16.67 -0.47 -3.06
5434.39 Till 7.87 -4.16 -5.65 6075.80 NI 11.60 -2.12 -2.39
5445.81 Fell 10.54 -0.11 -3.90 6091.07 Fell 10.85 -2.25 -4.20
5446.82 Fell 13.52 0.79 -3.90 6092.13 SII 14.16 -0.93 -4.94
5429.92 Fell 0.99 -1.58 -3.90 6092.20 Till 8.10 -2.00 -5.65
544851 Nel 1838 -3.35 -2.84 6092.83 CI 8.85 -3.17 -2.02
6094.29 CI 8.85 -3.75 -2.02
5851.05 CI .77 -1.72 -1.72 6095.56  Till 8.12 -2.16 -5.65
5851.21 Nill 9.21 -2.28 -5.47 6095.78 NI 12.13 -2.14 -1.89
5851.40 VII 9.12 -1.51 -6.63 6095.79 NI 12.12  -2.92 -1.89
5852.49 Nel 16.85 -0.46 -3.06 6095.89 Fell 10.75 -1.92 -4.10
5854.05 NI 11.84 -24 -2.19 6096.16 Nel 16.67 -0.27 -3.06
5854.19 Fell 10.74 -0.19 -4.10 6096.32 Fell 11.21 -0.84 -4.10
5854.27 VII 9.09 -0.27 -6.63
5854.30 CI 10.02 -3.74 -1.72 6118.03 Nel 18.63 -1.82 -2.55
5854.45 Fell 11.09 -1.48 -4.10
5856.00 NI 11.84 -2.08 -2.19 6128.45 Nel 16.67 -1.94 -2.65
5881.90 Nel 16.62 -0.67 -2.80 6138.02 Fell 10.74 -1.21 -3.9
6138.94 SII 17.40 -0.90 -3.94
5944.83 Nel 16.62 -0.12 -2.50 6141.52 Till 8.12 -0.32 -5.05
6141.85 Fell 11.27 -0.87 -3.9
5974.63 Nel 18.64 -0.71 -2.60 6142.51 Nel 18.69 -1.40 -2.76
6142.70 NI 11.60 -3.19 -1.89
5975.53 Nel 16.62 -1.26 -2.82 6143.06 Nel 16.62 -0.35 -2.76
6144.96 Call  9.24 -1.20 -4.52
6024.02 Fell 10.83 -0.48 -3.80 6145.02 Sil 5.62 -0.82 -3.60
6024.05 Fel 4.55 -0.09 -3.80
6024.13 PII  10.76 0.18 -5.22 6158.15 OI 10.74 -1.89 -3.46
6029.87 Sil 598 -0.42 -4.16 6158.17 OI 10.74 -1.03 -3.46
6029.99 Nel 16.67 -1.08 -2.74 6158.19 OI 10.74 -0.44 -3.46
6031.79 Fell 7.71 -3.86 -3.90 6159.70 TIII 8.11 -1.15 -5.65
6034.02 PII 10.74 -0.14 -5.72 6159.71 Till 8.11 -2.82 -5.65
6160.51 Fell 11.24 -1.11 -3.90
6043.05 PII  10.80 0.40 -5.22 6161.03 CrII 11.04 0.573 -4.86
6045.22 Till 8.08 -1.04 -5.65 6163.21 NI 12.12 -3.23 -2.39
6045.46 Fell 6.21 -2.61 -3.90 6163.59 Nel 16.72 -0.59 -3.06
6045.82 Fell 10.71 -0.97 -3.90 6164.66 Fell 10.94 -0.94 -3.90
6046.03 SI 7.87 -1.03 -3.94 6164.93 Till 8.12 -0.40 -5.65

6046.14 Nel 18.61 -2.32 -2.64 6165.89 Fell 974 -230 -5.65
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Table 4: Line parameters for calculation of synthetic ~ Table 4: Line parameters for calculation of synthetic

spectra (continued) : spectra (continued)
MA Ton eeV loggf logN MA Ion eeV loggf logN
6213.13 Fel 222 -246 -4.40 : 6382.99 Nel 16.67 -0.26 -2.74
6214.95 Fell 11.11 -037 -4.40
6217.28 Nel 1662 -114 -2,94 6397.36 SII 1416 -1.02 -3.94
6397.37 VII 478 -1.02  -3.58
6262.29 Lall 0.40 -1.24 -10.6 6397.60 NiIlI 14.88 -3.51 -6.17
6264.21 Fell 9.76 -1.55 -3.90 6397.70 NilI 1291 0.98 -6.17
6264.36 Fell 11.27 0.05 -3.90 6397.86 CrII 11.14 -1.14 -4.78
6265.01 CrII 11.08 -2.78 -4.68 6398.01 SII  14.15 -1.01 -3.94
6265.13 Fel 218 -2.25 -3.90 6398.12 NilI 14.87 -1.56 -6.17
6265.32 Crl 441 -3.59  -4.68 6398.25 NilI 14.68 -0.62 -6.17
6265.90 VII 6.07 -252 -7.23 6398.33 CrII 11.04 -3.70 -4.78
6266.50 Nel 16.71 -0.53 -2.74 6398.40 NI 11.75  -3.43 -1.99
6269.62 Fell 13.78 0.36 -3.90 6398.43 CrII 11.63 -3.48 -4.78
6269.97 Fell 3.24 -496 -3.90 6398.56 CrII  9.30 -444  -4.78
6399.17 CrII 13.04 -0.77 -4.78
6288.74 Fell 1091 -0.75 -3.90 6399.28 CrII 11.14 -0.61  -4.78
6289.73 Fell 11.27 -0.36  -3.90 6399.62 Fell 861 -2.64 -3.90
6291.83 Fell 10.93 0.30 -3.90 6399.78 Fell 11.09 -1.20 -3.90
6293.30 Fell 11.02 -1.00 -3.90 6400.45 Fell 11.05 -2.36 -3.90
6293.74 Nel 18.69 -1.77 -2.76 6400.49 Fell 6.81 -3.06 -3.90
6400.97 CrII 11.63 -3.29 -4.78
6301.50 Fel 3.65 -0.75 -4.10 6401.08 Nel 18.73 -1.65 -2.66
6302.49 Fel 3.69 -1.20 -4.10 6401.93 NiIlI 1499 0.75 -6.17
6304.79 Nel 16.67 -0.90 -2.76 6402.25 Nel 16.62 0.34 -2.76
6305.30 Fell  6.22 -2.04 -4.00 6402.36 NI 11.75 -1.97  -1.99
6305.43 SII  14.17 -0.08 -4.44 6403.71 SI 7.87 -143 -394
6305.48 SII  14.17 -0.09 -4.44 6404.12 Fell 7.14 -3.01 -3.90
6404.43 Till  4.11 -1.04 -5.35
6113.69 Nel 18.69 -1.91 -2.76 6404.87 Fell 7.14 -3.23 -3.90
6328.01 Fell 11.29 -1.29 -4.30 6421.71 Nel 1872 -1.97 -2.76
6328.16 Nel 1870 -1.42 -2.74
6328.50 Fell 10.99 -0.25 -4.30 6502.85 VII 934 -0.34 -7.23
6328.88 Fell 11.29 -1.363 -4.30 6503.40 PII 1091 -0.01 -6.12
6330.40 CrII 11.14 -0.69  -4.68 6503.62 Fell  9.58 -2.60 -3.90
6330.890 Nel 1861 -1.76 -2.74 6505.03 Fell 6.22 -3.06 -3.90
6330.91 Fel 1145 -2.26 -4.30 6506.02 Fell 9.78 -2.81 -3.90
6331.95 Fell 6.22 -1.98 -4.30 6506.30 NI 11.76 -3.37  -2.59
6332.86 Sell 743 -1.74 -7.61 6506.33 Fell 559 -3.11  -3.90
6333.23 CrII 11.08 -0.23  -4.68 6506.53 Nel 16.67 0.01 -2.76
6334.08 Till  8.24 -2.08 -5.65 6507.98 PII  10.89 -0.18 -6.12
6334.43 Nel 16.62 -0.31 -2.74 6508.17 CrIlI 11.14 -0.71  -4.68
6335.70 AIIl 13.65 -0.56  -5.55
6335.71 CI 877 -237 -3.32 6529.73 NI 11.75 -2.89 -1.89
6335.74 CrII 13.09 -0.99 -4.68 6530.61 SII  13.66 -1.33  -4.56

6531.15 Fell 11.05 -0.42 -4.30
6351.86 Nel 1871 -2.04 -2.64 6531.24 Scll 744 -135 -791
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Table 4: Line parameters for calculation of synthetic ~ Table 4: Line parameters for calculation of synthetic

spectra (continued) spectra (continued)
MA Ion eeV loggf logN bW Ion eeV loggf logN
6531.76 Fell 9.74 -1.44 -4.30 7242.50 SI 8.04 -1.30 -3.94
6532,55 NII  23.24 -0.89 -2.29 7245.17 Nel 16.67 -0.60 -2.60
6532.88 Nel 16,71 -0.70  -3.06
6534.24 CrII 13.15 -0.33 -4.48 7304.82 Nel 18.96 -2.17 -2.74

6534.47 Fell 11.08 -0.45 -4.30

743890 Nel 16.71 -1.15 -2.64
6598.95 Nel 16.85 -0.35 -2.66
7485.03 Hel 2292 -3.93 -0.04

6602.91 Nel 18.69 -1.76  -2.85 7485.18 NI 12.01 -1.57  -2.29
7485.26 Fell 1129 -1.52  -4.20
6673.74 PI 796 -145 -4.12 7485.89 Till  8.47 -1.24 -5.90
6674.11 CI 8.85 -2.25  -2.02 7488.87 Nel 1838 -0.30 -2.96
6676.34 CrII 11.49 -0.55  -4.08 7490.32 SilI  14.78 -1.20 -3.30
6677.30 Fell 7.27 -1.59  -4.20 7493.22 ScIl  8.26 0.13 -8.11
6678.15 Hel 21.22 0.33 -0.04 749498 CrII 11.63 -0.33  -4.68
6678.28 Nel 16.85 -0.40 -3.06
6678.33 Nel 1870 -1.53 976 Nel )\ 7242.43. The lines of the stellar spectrum
6678.83 TFell 10.93 -0.45 -4.90 are lost against the background of the atmosphere
6679.62 NI 12.12  -2.51 2219 lines. The neon abundance estimate is not very reli-
6679.75 Fell 1091 -047  -4.20 able: log(N(Ne)/ZNj) = —2.74.
Nel )\7488.87. The wings of the observed con-
6717.04 Nel 16.85 -0.31 -2.90 tour are broader than the theoretical ones by 024
for the line depth of 0.4. The neon abundance:
6926.67 NI ~ 11.84 -147 -2.19 log(N(Ne)/EN;) = —2.94.
6927.85 Fell 11.26 0.33 -4.20 For the rest of the calculated lines the coincidence
6927.96 Fell 11.21 -1.88 -4.90 is the same as shown in Fig. 3.
6928.55 Fell 11.67 -2.29 -4.20 When calculating neon lines, the Stark broaden-
6929.47 Nel 16.85 0.03 -2.66 ing parameters calculated by Griem (1969) were em-
6920.63 Fell 11.24 -1.97 -4.20 ployed. A comparison of the theoretical calculations
6929.72 CI 864 -2.26 -2.62 with the observed spectra, the results of which are
6931.09 CrII 11.53 -1.86  -4.48 given in the last column of Table 4, gives an average
6931.35 Fell 10.40 -2.98  -4.20 value of neon abundance in the atmosphere of the
6932.00 Fell 11.31 023  -4.20 v Sgr main component: log(N(Ne)/ENi) = ~2.78 +
0.13, which within the errors coincides with the values
7030.18 Fell 11.44 -2.68  -3.90 derived from the line equivalent widths. The average
7030.28 Fell 11.29 -0.63  -3.90 over these values is log(N(Ne)/ZN;) = —2.76 &+ 0.16.

7030.78 Fell 1149 -294 -3.90
7031.44 Fel 499 -2.17 -390

6. Conclusions
7031.59 Fell 11.22 -2.54 -3.90 Conclus

7031.61 Fell 11.14 -3.24 -3.90 The analysis made in the paper yields a reliable
7032.21 VII 9.42 -324 -6.53 enough value of neon abundance in the atmosphere
7032.41 Nel 16.62 -0.25 -2.64 of the main component of v Sgr: log(N(Ne)/XN;) =
7033.75 Fell 11.26 -1.45 -3.90 —2.76 +0.16. Besides, the calculation results given in

Table 4 allow us to estimate also the abundances of
7173.94 Nel 16.85 -1.31 -2.94 some other elements. Table 5 presents the abundances

of light elements, which we have redetermined for the
7240.11 CI 8.64 -1.46  -2.32 atmosphere of v Sgr as compared with the solar ones.
7242.43 Nel 19.69 -4.65 -2.74 It should be noted that the value of neon abun-

dance presented here (amounting to 1% in mass) has
been obtained with the turbulent velocity 12km/s.
If the value V¢ = 7.5km/s, found from iron lines, is
used in the calculations, then the neon abundance will
be by 0.6dex higher, which yields in the number of
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Table 5: Light element abundances in the atmosphere of v Sgr and the Sun

From the number of atoms

From the mass

Element log(Ny/XN;) log(px - Nk /(i - Ni))
vSgr  Sun vSgr Sun
H -3.40 -0.05 -4,00 -0.15
He -0.01 -1.00 -0.03 -0.58
C -2.31  -3.50 -1.85 -2.40
N -2.15  -4.12 -1.64 -3.00
(0] -3.41  -3.28 -2.70  -2.15
Ne -2.76  -3.90 -2.06  -2.70

=oms logN (Ne)/ZN; = —2.26, about 3% in mass. So,

»=on is really one of the most abundant elements (af-

ter helium, nitrogen and carbon) in the atmosphere
¢ the star under study.

There is no doubt that the nature of neon over-
sundance is related directly to the nuclear evolution
¢ the star in its interior. Most likely, here we observe

w=on formed as a result of reactions of helium with

2C(,7)'°0(a, 7)*'Ne

n the star’s core and then swept to the layers observ-
iole now owing to loss of the envelope. In this case, we
must assume that during the period of helium burn-
2z in the core of v Sgr in the triple a-process, car-
on is rapidly converted to oxygen and the latter is
nverted to neon. At the same time, another neon
sope may possibly form in a nuclear chain with
ntrogen

i

YN(a,7)"*F(8T,v)#O(a,7)**Ne.

Taking into account that a high nitrogen abun-
{znce (second after helium abundance) is observed in
Szr, we may assume that neon is generated simulta-
w=ously with nitrogen generation. Such a situation is
wossible within the framework of our proposed model
“=volution of v Sgr chemical composition (Leushin et
.. 1998). The mixing between the zones of hydrogen
wnd helium burning, mentioned in that paper, causes
«vbon, generated in the zone of helium burning, after
s=tting into the layer source of hydrogen to convert

into nitrogen. Then the matter enriched with nitro-
gen, when getting into the zone of helium burning,
increases the amount of neon, which is then swept
again to the upper layers. Thus, simultaneous enrich-
ment in nitrogen and neon is provided.
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