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Abstract.

26 spectroscopic criteria in the form ot the ratio of equivalent widths of weak ab-

sorptions in the red spectral region are selected for determination of the effective temperature
for F-supergiants. The grid of these criteria was calculated in the LTE approach. The selected
criteria, being very sensitive to the effective temperature, are practically independent upon the
surface gravity, microturbulent velocity and chemical element abundances.

Using the calculated criteria and high resolution CCD-spectra for some F-supergiants we obtained
the values of the effective temperature, which are in good agreement with the data determined

by other methods.
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1. Introduction

The determination of the fundamental parameter, the
effective temperature of a star Te, is the first step in
solving most problems of astrophysics. Despite the
great attention given to this questicn it has remained
so far complicated and open to argument since the
only method that allows accurate determination of T
from a star total flux is rather a complicated one and
therefore applicable to a small number of the bright-
est stars as yet. The numerous developed photometric
and spectroscopic calibrations differ from one another
to a greater degree than their intrinsic errors. That is
why the choice of T, turns out frequently to be sub-
jective. The situation is especially aggravated when
studyicg peculiar aud =volved stars since in this case
one has to use particular calibrations for each class of
objects.

For the last few years the 6 m telescope has been
used to carry out a number of programs of high res-
olution spectroscopy of F, G-supergiants at differ-
ent stages of evolution: classical cepheids (Klochkova,
1991; Klochkova, Panchuk, 1991), peculiar super-
giants of UU Her type at high galactic latitudes, which
apparently belong to the halo population (Klochkova,
Panchuk, 1989), supergiants with large IR excesses at
the short—time transitional stage from post-AGB to
planetary nebula (Klochkova, 1995). Let us enumer-
ate the distinctions of these type stars which impede
the determination of effective temperatures based on
the traditional approaches.

1. All supergiants have unstable atmospheres (de

stars: supergiants — stars: post-AGB — stars: fundamental parameters

Jager, 1980), their pulsations, but for the cephef™
being of irregular character, which requires that
effective temperature should be determined for e
particular moment of observations.

2. It is not infrequent that the energy distrib
tion in their spectra is distcrted by the presence ofi
cumstellar dust matter ejected at the previous phagy
of evolution. c

3. The abundance of a number of chemicalgjf
ements in the atmospheres of late supergiants
changed in the course of their own evolution as akj
sult of dredge—up to the surface of products of nucleig
reactions in their interiors.

4. The determination of T, for stars of hxghl&u
minosity from some spectral details is complicatedigh
the compound structure of the atmospheres of suppj
giants and by the failure to describe their spectrap
the approach of plane—parallel, stationary model de
mospheres computed for the approach of local thig
modynamic equilibrium (LTE). At the present tin
there is no wide grid of model atmespheres of supeg
giants, although work is being done in this directidg
(Fieldus et al., 1990; Sellmaier et al., 1993). q

For analysis of the spectra of F-supergiants the gn

of Kurucz (1979) or Bell et al. (1976) model atmdﬁ
spheres are mainly used. To decrease the mﬂuena
of non-LTE and atmosphere instability effects, onl]
weak spectral lines formed in deep atmospheric laf
ers have to be used. The most common spectroscopit
method of determining T. is the use of the Bolty
mann equilibrium for the lines of neusral iron. Hor|
ever this procedure is rather labour consuming sint
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it requires accurate measurements of a great number
- of weak lines. Besides, it is necessary to determine
other model atmosphere parameters at the same time:
the surface gravity logg and microturbulent velocity
& To estimate logg the ionization equilibrium for
the lines Sil and Sill, Fel and Fell, Crl and CrlI,
Til and Till is used. The microturbulent velocity is
found from the condition of independence of the ele-
ment abundance (most frequently neutral iron) on the
equivalent width of lines. Thus we have to calculate
chemical element abundances from a great number of
lines for the grid of models with different T, logg
and different &, .

Remaining in the frame of plane-parallel, station-
ary model atmospheres in the LTE approximation, we
seek to promote the determination of T. by applying
the method of spectral criteria. Earlier this technique
in combination with model atmosphere method was
advanced in the series of papers by Kopylov et al.
(1989a, b), Gvozd’ et al. (1991) for normal MS stars
of spectral classes B0-A0. Later the method of spec-
tral criteria was used for analysis of chemically pecu-
liar He-weak and He-rich stars (Gvozd’, Topilskaya,
1992; Topilskaya, 1993). In what follows we investi-
gate the applicability of this method to the atmo-
spheres of F-supergiants.

2. Selection and calculation of spectral
criteria of T,

When selecting criteria for determining T of distant
poorly studied stars we aimed at that the criteria, sen-
sitive to T, were slightly dependent upon others early
unknown atmosphere parameters: chemical composi-
tion, surface gravity, and microturbulent velocity. It
is well known that lines of low excitation potential are
most sensitive to temperature variations. A detailed
analysis of sensitivity of different absorption lines to
the main parameters of the atmosphere: temperature,
pressure and microturbulent velocity is made in the
paper by Sheminova (1993), which was aimed at se-
lecting lines to study local variations of the physical
conditions in the atmosphere of the Sun.

As distinct from the criteria for B-stars, in the
case of F-supergiants we have used weak lines with
equivalent widths Wy in the interval 5 — 200 mA.
This restriction reduced the influence of non-LTE
effects, however it places stringent requirements
upon observational data, therefore originally we were
guided by high S/N spectra obtained on the spec-
trometers with CCDs.

In order to rule out the dependence of the criteria
on the chemical composition, we have used as the T.
criteria the ratios of the equivalent widths of lines
of one element, as has been suggested in the early
paper by Kopylov (1958). It is important here that

the lines included into one criterion should lie on one
part of the curve of growth, i.e. be equally dependent
on the element abundance. By using the lines of close
and small intensities we rule out simultaneously the
dependence of the criteria on &;.

It has been shown in the paper by Sheminova

(1993) that for stars of solar chemical composi-
tion most temperature sensitive are the lines with a
low level excitation potential of € &~ (0 — 2)eV with
depths Rg < 0.35 and W) < 30mA. However, since
for stars whose chemical composition is unknown we
are forced to use the ratios Wy of two lines, one of
them must be only slightly sensitive to T.. Shemi-
nova (1993) has shown that such are the lines with
€~ (5.5 —7.5)eV. However the situation is aggra-
vated by the fact that the high excitation potential
lines become sensitive to logg. In order to find a
sufficient number of weak isolated lines, candidates
for the criteria, we have computed synthetic spec-
tra in a wide region of AA5000 — 8000 AA for two
model atmospheres with the parameters T, = 5700 K,
logg = 2.0 and T. = 6400 K, logg = 1.6 of solar chem-
ical composition from the grid of Kurucz (1979). The
lists of lines BELLLIGHT, BELLHEAVY, GFRION
(Ryabchikova, 1994) have been used. As in forming
the criteria we calculate only the equivalent widths,
the part played by rotation is inessential. It is clear
from the said above that the final choice of the crite-
ria can be made only after these are calculated in the
region of three parameters: Te, log g and the chemical
element abundance. To this end a three—dimensional
net of W, of the selected lines and their ratios for
the following grid of parameters T, and logg and the
chemical element abundance with respect to the Sun
[@] is as follows
T. = 5500, 5700, 6000, 6250, 6500, 7000, 7500 K
logg = 0.5, 1.0, 1.5, 2.0
[@] =-0.3, 0.0, 0.3.
The calculations of W), of the absorption lines were
performed using the programs KONTUR (Leushin,
Topilskaya, 1986) and Kurucz (1979) model atmo-
spheres. For selecting the criteria to meet the above
conditions private derivatives with respect to Te, logg
and [a] were calculated for every candidate for the cri-
teria at each point of the grid. After that the most
sensitive criteria were selected, for which the deriva-
tive with respect to T. was about an order larger
than the derivatives with respect to logg and [a] at
all points of the grid. To check the dependence of
the criteria on £ of individual points the calcula-
tions were accomplished with £& = 0 and 5 km/s. In
the calculations of the final grid of the criteria the
micro-turbulent velocity & = 5km/s, typical of F-
supergiants, was taken.

As a result of analysis of the computations, 26
criteria have been selected, which include 19 lines
of C, O, Fe from the red region of the spectrum


we
Text Box


54 KLOCHKOVA, TOPILSKAYA

Table 1: Spectral criteria of T. lgg=1.0 -0.3 _// !
CI 7483.44/CI 8727.13 40 )
CI 6587.62/CI 8727.13 I 4
CI 7884.49/CI 8727.13 230 | /7S
CI 8018.57/CI 8727.13 z | V2%
CI 8045.34/CI 8727.13 I )

OI 7002.23/01 5577.34 4
OI 7002.23/0I 6300.30 i L
Ol 7982.40/0I 5577.34 1.0 1 A
Ol 7982.40/01 6300.30 /
Ol 7987.33/01 5577.34 VY YT Y oy
Ol 7987 .33/01 630030 5600 6000 6400 6800 7200 Ty
el 5650.02/Fel 5175.71 .
Fel 5650.02/Fel 6498.94 601 1gg=20 /
Fel 5650.02/Fel 6609.68 : 0.3
Fel 5650.70/Fel 5175.71 50}
Fel 5650.70/Fel 6498.94 i
Fel 5650.70/Fel 6609.68
Fel 5805.76/Fel 5175.71
Fel 5805.76/Fel 6498.94
Fel 5805.76/Fel 6609.68
Fell 5813.68/Fel 5175.71 !
Fell 5813.68/Fel 6498.94 1ot
Fell 5813.68/Fel 6609.68
Fell 7515.09/Fel 5175.71
Fell 7515.09/Fel 6498.94
Fell 7515.09/Fel 6609.68

CRIT
W a
(el
N

5600 60b0 6400 6800 7200 Ty

Figure 1: Ctiterion W(OI, A7002)/W(OI, A5577) |
function of T.. Numbers near lines indicate the v

[a].
Table 2: Parameters of the lines included in the cri-
teria

5000 — 9000 AA. The list of the criteria is giver

Species A A loggf c,ev Table 1, while the parameters of the lines involve

CI 6587.62 -1.60  8.54 the criteria are listed in Table 2. As an example,
CI 7483.45 -1.59  8.77 of the criteria is shown in Fig.1 as a function of
CI 788449 -1.58  8.85 for different values of logg and [].

CI 8018.57 -1.93 8.85

CI 8045.34 -1.81 8.85

CI 8727.13 -8.21 1.26 3. Application of the method to
01 5577.34 -8.20  1.97 lected supergiants

0)! 6300.30 -9.82  0.00 . . .

Ol 7002.23 -0.78 10.99 The grid of the calculated theoretical effective t
o1 7982.40 -0.34 10.99 perature criteria was used to determine Te of a m
) 7987.33 -0.47 10.99 ber of F-supergiants, for which Te had alreac_iyb
Fel 5175.71 -6.19  0.09 found using other techniques. For the practlca!
Fel 5650.02 -0.85  5.10 plication of the criteria a program has.been writ
Fel 5650.70 -0.89 5.09 which determines T. of a star from specified obs&?r'
Fel 5805.76 -1.52  5.03 W, of the lines included in the criteria. .The list
Fell 5813.68 -2.90 5.57 stars, their spectral classes are presented in Table
Fel 6498.94 -4.70  0.96 These stars are at different stages of evolutlon_: af
Fel 6609.68 -5.50 0.9 p Cas and HD 10494 are young massive superglianv
Fell 7515.09 -2.36  5.82 the galactic disk; FN Aql - is a classical cepheid ¥

a period P = 99481614 (Moffet and Barnes, 19
IRAS17436+1005 and IRAS18095+2704 are, ap}
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able 3: Temperatures of F-supergiants determined from the spectral criteria (the upper line for each object
corresponds to [a] = —0.3, middle - for [a] = 0.0, bottom — for [a] = 0.3).

Star Te N
logg =05 logg=10 logg=15 logg=20
a Per 6250 + 140 6260+ 100 6420+120 6400+100 15
(F5lb) 6140+ 90 6320+110 6480+110 6450+100
6345+ 130 63904110 6460+120 6420+60
pCas 6030+ 190 5945+120 5960+70 604040 11
(F8lab) 5875+ 150 5925+110 595070 6030+ 80
5860+ 130 5920+ 100 5860+100 6050+ 100
HD 10494 6540+ 70 648070 646060 640035 15
(F5la) 6520+ 80 6460+65 652060 6440+ 50
6660+ 90 653075 645075 6470 £ 45
FNAql 580095 573075 575050 587075 21
(F8-G2) 5785+ 110 571070 5740160 573075
¢ =0.06 5730 £ 80 5710+80 569560 5670+ 70
FN Adql 5950+ 220 6090+£230 6080+225 623090 12
$=10.84 5880+ 220 5970+240 6030+230 6290+ 140
5920+ 230 6000+230 6010+220 61154210
IRAS17436+1005 6210+80 634070 6400+100 62604130 11
(F3Ib) 6240+ 80 6290+80 6415+ 100 6450+ 85
6280+ 90 645050 6445+ 100 6490+ 100
IRAS18095+2704 6320+ 120 6460+130 6460+125 6320+100 12
(F3Ib) 6360 £ 120 6410+ 120 6525+130 6400+120
6320+ 75 6370+ 100 6540+ 160 6390+ 120

ently, post-AGB stars (Volk and Kwok, 1989; Trams
et al.,, 1991). Equivalent widths of the desired lines
were measured from the spectra taken by Klochkova
V.G. and Panchuk V.E. with the high resolution
echelle spectrometer LYNX of the 6 m telescope of the
SAO RAS (Panchuk et al., 1993). The spectra with
a spectral resolution R = 25000 in the wavelength
range 5000 — 8700 A A have the S/N ratio higher than
100. For each star Table 3 presents a set of Te values
obtained at the grid points of theoretical criteria and
the mean-square errors of the temperatures.

It is seen that the T. mean—square error deter-
mined from all the criteria at each point of the grid
18 100 K, while the temperature scatter for individ-
ual star from all values of parameters log g and [a]
18 200-300 K. The last column of Table 3 gives the
number of criteria used in temperature determina-
tion. For FN Aql in Table 3 are presented the results
for both phases separately.

Inasmuch as only weak lines are used in the crite-
ria, the results appear quite sensitive to the errors in

W, measurement. That is why an evident condition
that should be met in determination of reliable T,
from our criteria is the use of highly accurate spec-
trophotometric data. The application of as many cri-
teria as possible requires observations in a wide wave-
length range.

Correct identification of lines is also of great im-
portance. To test the identification we have used syn-
thetic spectra.

For comparison in Table 4 are presented T. and
log g determined by other methods for the stars in-
vestigated. For both phases of FN Aql, the parame-
ters T. and log g have been determined by us. In
addition to T. determined for FN Aql from the con-
dition of Boltzmann equilibrium, we have also esti-
mated T, from the colour index (B-V) from Moffet
and Barnes (1984), taking into account the calibra-
tion by McWilliam (1991) and colour excesses E(B-
V) from Dean et al. (1977).

Taking into consideration the variability of all su-
pergiants and imperfection of all the techniques used,
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Table 4: Parameters of F-supergiants determined by different methods

Star T logg

Reference Method
a Per 6250+ 150 1.8 Parsons 1967 Hy, Hs — profiles
6400 1.6 Parsons 1970 Energy distribution

6250+ 200 0.9-0.3

Luck, Lambert 1985

Boltzmann equilibrium
condition for Fel

6500 1.5 Klochkova, Panchuk 1988a Boltzmann equilibrium
condition for Fel |
6500 — Mc William 1991 Total flux
pCas 6000 0.25 Boyarchuk, Lyubimkov 1983 H,, Hs — profiles
5500 0.2 This paper Boltzmann equilibrium |
condition for Fel
HD 10494 6700 0.0 Klochkova, Panchuk 1988b Wi(Hy), Wi(Hy)
FN Aql 5700 1.75 This paper Boltzmann equilibrium
¢ =0.06 condition for Fel
5875 This paper (B-V)
FN Aql 5700 2.00 This paper Boltzmann equilibrium |
¢ =0.84 condition for Fel
5870 — This paper (B-V)

IRAS17436 +1005 6500+ 200 0.7-0.5

IRAS18095+2704 6000 o

Luck et al., 1990
6600 0.0-0.5 Klochkova, 1995

Van den Veen 1989
67004+ 300 1.1-0.5 Klochkova 1995

(b~Y)) my, ¢ |
Boltzmann equilibrium
condition for Fel

IR-flux
Boltzmann equilibrium
condition for Fel

it can be concluded from a comparison of the data of
Tables 3 and 4 that T. determined by the method
of theoretical spectral criteria are not contradict to
other estimates of this parameter.

It is also seen from Table 4 that some stars
from the list, pCas, HD 10494, and, possibly,
IRAS17436+1005, are beyond the scope of the cal-
culations in their log g values. However T, estimated
from the spectral criteria show good agreement with
T determined by other methods for these stars too.
Due to low sensitivity of the theoretical criterium of
the grid calculated herein to the parameter logg it
can be used to determine T for F-supergiants even
of the highest luminosity.

4. Conclusions

Let us enumerate in brief the principles of the above
described method of theoretical spectral criteria pro-
posed for determination of the effective temperature
of F-supergiants.

1. When determining the temperature we use as
criteria the ratios of the equivalent widths of weak
isolated lines of one chemical element in the red region

of the spectrum. This region is not beneficial from
point of view of energy for observation of cool s

2. Effective temperatures are estimated from
calculated dependences of the criteria on T.. §
weak lines were taken, in the calculations werel
plane-parallel, stationary model atmospheres inl
approximation.

3. The criteria of T. that have been found
very slightly dependent on other parameters of
star atmospheres: surface gravity, chemical elen
abundance, and microturbulent velocity.

The grid of the calculated spectral criteriai
the program for determination of the effective
perature with the use of these criteria can be m
available to people interested in.

The work has been supported by the Federalj
gram “Astronomy”.
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